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Editorial on the Research Topic

New methodological, interventions and neuroscientific perspectives

in sport psychology

This Research Topic introduces selected articles on sport studies, mainly focused on

methodological, interventional, and neuroscientific perspectives, that provide the basis

for the title of the current volume. All of these topics are represented herein and we

believe that our readers will value this balanced framework.

With the aim of providing a panoramic view of the 27 articles that form this

Research Topic, and properly assessing the contributions made, we present a transversal

perspective from the following criteria:

1. Conceptual: Although most of the 27 articles are “original research,” with only

one wholly fitting into the conceptual category, it is beyond any doubt that numerous

articles contained herein highlight the conceptual implications of their research. This

Research Topic includes some reference works focused on the self-determination theory,

including the mini-theory of basic psychological needs (Tristán et al.; Valenzuela et

al.; Vergara-Torres et al.), the achievement goal theory (Martínez-González et al.;

Pineda-Espejel et al.), mental toughness (Moreira et al.), the self-efficacy theory (De La

Cruz et al.; Monteiro et al.), ecological momentary assessment (González-Barato et al.),

and mixed methods (Izquierdo and Anguera).

2. Methodological: For this criterion, a variety of procedural orientations are

differentiated in the empirical studies contained herein. Some of the studies use

selective procedures (Bracero-Malagón, et al.; De La Cruz et al.; López-Aymes et al.;

Martínez-González et al.; Moreira et al.; Pineda-Espejel et al.; Tristán et al.; Valenzuela

et al.; Vergara-Torres et al.), some have a psychometric special interest (Cid et al.;

Monteiro et al.), some are observational (Fernandes et al.; Godoy-Izquierdo et al.;
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Granda-Vera et al.; Menescardi et al.; Nunes et al.;

Pastrana-Brincones et al.; Prudente et al.), some are

experimental/quasi-experimental (Cui et al.; De La Vega et al.;

Hong et al.), and others apply a combination of the preceding

ones, using multimethod studies that employ, for instance,

observational and selective methodology (Escolano-Perez, et al.;

Rodrigues et al.).

Among empirical studies, especially in those that use

observational methodology, there is a clear interest in mixed

methods, which have acquired so much relevance in recent years

due to an eagerness to integrate qualitative and quantitative

approaches. In some articles, the mixed method perspective is

adopted, either in an explicit or implicit way (Escolano-Pérez

et al.; Granda-Vera et al.; López-Aymes et al.; Nunes et al.;

Pastrana-Brincones et al.; Rodrigues et al.). The majority of the

instruments used consisted of questionnaires (Cid et al.; De

La Cruz et al.; Godoy-Izquierdo and Díaz; López-Aymes et al.;

Martínez-González et al.; Moreira et al.; Pineda-Espejel et al.;

Rodrigues et al.), scales (De La Cruz et al.; Monteiro et al.;

Tristán et al.; Valenzuela et al.; Vergara-Torres et al.), inventories

(Escolano-Pérez et al.), and even tests (Bracero-Malagón et al.),

although ad hoc instruments have been built for observational

studies (Escolano-Pérez et al.; Fernandes et al.; Granda-Vera et

al.; Menescardi et al.; Nunes et al.; Pastrana-Brincones et al.;

Rodrigues et al.). Additionally, some studies used structural and

functional magnetic resonance images (Cui et al.).

Moreover, the different types of software used in the

studies featured in this Research Topic can be of interest to

readers. Such software includes programs such as ALCESTE

(López-Aymes et al.), AMOS (Monteiro et al.; Tristán et

al.), AQUAD (Granda-Vera et al.), GSEQ5 (Nunes et al.),

GRETNA (Cui et al.), HOISAN (Granda-Vera et al.; Menescardi

et al.; Pastrana-Brincones et al.), LINCE PLUS (Fernandes

et al.), SPSS (Bracero-Malagón et al.; Escolano-Pérez et al.;

González-Barato et al.; López-Aymes et al.; Martínez-González

et al.; Pineda-Espejel et al.; Rodrigues et al.), and THEME

(Fernandes et al.). In particular, we highlight the new software

“Function Estimation”, contained in the MENPAS platform and

described by Pastrana-Brincones et al..

A diverse range of data analyses are featured in this

Research Topic, including content analysis (López-Aymes et

al.), cluster analysis (Valenzuela et al.), polar coordinates

analysis (Granda-Vera et al.; Menescardi et al.; Nunes et

al.; Pastrana-Brincones et al.), analysis of structural equations

(De La Cruz et al.; Martínez-González et al.; Monteiro

et al.; Pineda-Espejel et al.; Tristán et al.; Vergara-Torres

et al.), factorial analysis (Cid et al.; De La Cruz et al.;

Moreira et al.; Pineda-Espejel et al.; Vergara-Torres et al.),

linear regression analysis (Bracero-Malagón et al.), logistic

regression analysis (De La Vega et al.), sequential delay analysis

(Menescardi et al.), ANCOVA (Hong et al.), ANOVA (Cui

et al.; Escolano-Pérez et al.), T-Patterns detection (Fernandes

et al.), MANOVA (López-Aymes et al.), and temporal series

(González-Barato et al.). In the observational studies data,

quality control was applied before the data analysis, using

either consensual concordance (Escolano-Pérez et al.), the

kappa coefficient (Granda-Vera et al.; Nunes et al.; Rodrigues

et al.), or generalizability theory (Bracero-Malagón et al.;

Pastrana-Brincones et al.; Rodrigues et al.).

3. Technological: we would like to highlight a Brief Research

Report describing the development of the B alert (De La Vega et

al.) and PSIXPORT (González-Barato et al.) apps.

4. Scope of application: All the articles published in

this Research Topic belong in the area of sport psychology,

although many of them focus on specific subjects, such

as physical activity (López-Aymes et al.; Valenzuela et al.),

athletes (Martínez-González et al.; Moreira et al.), basketball

(Granda-Vera et al.; Nunes et al.; Pastrana-Brincones et

al.), quality of life (López-Aymes et al.), team coordination

(Fernandes et al.), elite sports (Monteiro et al.; Pineda-Espejel et

al.), aerobic exercises (Cui et al.), coaches and training (Limballe

et al.; Rodrigues et al.), fatigue (De La Vega et al.), fitness

(Bracero-Malagón et al.), soccer (Godoy-Izquierdo and Díaz;

Monteiro et al.; Tristán et al.), sports injuries (González-Barato

et al.), taekwondo (Menescardi et al.), and motor skills/task

(Escolano-Pérez et al.; Hong et al.). Additionally, some reviews

compile up-to-date knowledge on perceptual aspects of sports

training (Limballe et al.), hypnosis (Li and Li), and the

translation and validation of questionnaires (Cid et al.).

In short, with our best wishes, 27 articles that will help

to expand the knowledge of our readers are presented in this

Research Topic.

Conclusions

Articles featured in this Research Topic offer a wide

spectrum of theoretical and methodological contributions, and

as editors, we would like to express our satisfaction with

the materialization of these works and their transfer to the

scientific community.

The articles that make up this Research Topic already

have a high number of “views” according to inner

metrics. All articles were published between 2021 and

2022. Of the 30 articles that were initially submitted,

27 were accepted, resulting in an acceptance percentage

of 90%.

Author contributions

AH-M coordinated the editorial work. MTA, JC, and

VM-S contributed to the process. MTA wrote the article for

this editorial letter. JC, AH-M, and VM-S reviewed the final

version. All authors contributed to the article and approved the

submitted version.
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University Students’
Motives-for-Physical-Activity
Profiles: Why They Practise and
What They Get in Terms of
Psychological Need Satisfaction
Rafael Valenzuela, Nuria Codina* and José Vicente Pestana

Department of Social Psychology and Quantitative Psychology, University of Barcelona, Barcelona, Spain

Physical activity (PA) is an important habit for overall health and quality of life, but it
tends to recede as young adults transition from high school into university. The present
study sought to understand, in the case of university students that still practice PA,
their motives for PA and their relationships with psychological need satisfaction (PNS)
and characteristics of practice regularity (frequency, duration, team, competitive, coach,
league, federation, and type of day of the week for PA). Participants were 423 university
students who reported to practice PA (203 identified as men, 191 as women, 29 did not
report gender), with ages ranging from 18 to 30 years old (M = 19.91, SD = 1.97).
Measures assessing motives for PA, PNS, and PA characteristics were completed.
Hierarchical, followed by iterative, cluster analysis was used and four naturally occurring
groupings of university students were identified based on their motives for PA: one
extrinsic-motives cluster (with both extrinsic motives—fitness and appearance—above
the mean), one all-motives cluster (with all five motives above the mean), one intrinsic-
motives cluster (with all three intrinsic motives—enjoyment, competence, social—above
the mean), and one low-motives cluster (with all motives below the mean). Groupings
were compared in terms of the characteristics of their practice regularity (frequency,
duration, competition, team, coach, league, federation, type of day of the week used for
PA) and their levels of PNS (of the needs for autonomy, competence, and relatedness
in PA). Significant between-group differences were observed in the duration of single
principal PA sessions, minutes per week practicing main PA, total PA minutes per week,
and type of day of the week used for PA. The number of days per week devoted to the
principal PA and the number of total PAs practiced were similar across all four clusters.
With regard to between-group differences in psychological need satisfaction in PA by
cluster, these analyses showed the existence of four clearly distinguishable naturally
occurring groupings based on motives for PA, which gives researchers and practitioners
the possibility to analyze and implement tailored interventions aimed at promoting PA
among university students.
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INTRODUCTION

Physical activity (PA) is important in preventing severe health
risks (Krishnan et al., 2009; Heath et al., 2012; Piercy et al.,
2018) as well as in yielding positive health benefits derived
from its practice (Kim et al., 2016; Pacesova et al., 2019).
However, regularity of practice has proven to be a critical
aspect, closely linked with both aforementioned types of favorable
consequences of PA. Specifically, the World Health Organization
(WHO) and the European Commission recommend that adults
practice moderate PA a minimum of 150 min per week,
vigorous PA 75 min/week, or a combination of the two
(World Health Organization, 2010; Powell et al., 2011). Yet,
these standards are far from being met among the general
population, as more than two-thirds of Europeans practice
little or no PA (European Commission, 2018), and in the
case of the Spanish population, 34.4% do not engage in
any PA, 38.9% practice insufficient PA, and the remaining
26.7% practice enough PA, but mostly of moderate intensity
(Ministerio de Educación, Cultura y Deporte, 2016).

As a matter of fact, it has been reported that PA tends to
recede in young adulthood and in the transition into university
studies (Maselli et al., 2018). At the same time, a worrisome
decline in health-favorable activities such as physical education
(Marshall and Hardman, 2000) and outdoor play time in
children (Clements, 2004) strongly contrasts with increments
in online entertainment (Chahal et al., 2013). In this regard,
it has been argued that PA requires promotion in schools,
through facilitation of intrinsic motivation (i.e., sports that are
liked by students), teacher support, development of students’
perceived competence, and enhancement of PA values, through
the provision of information about health benefits (Ntoumanis,
2005; Codina et al., 2016).

On the one hand, reasons for concern are that higher
education itself has been linked with lesser PA and that higher
education institutions, in the European and Spanish contexts,
scarcely promote its practice among their students (Moreno-
Arrebola et al., 2018; Mella-Norambuena et al., 2019). On the
other hand, being hopeful is possible, given that higher education
is also a time in which healthy habits and lifestyles can be
built up (Maselli et al., 2018). For these reasons, it is important
to understand both what personal variables drive university
students to practice PA (Gunnell et al., 2014; Ingledew et al., 2014;
Lindwall et al., 2016; Caro-Freile and Rebolledo-Cobos, 2017)
and what contextual variables are associated with this practice,
for instance, support from others (e.g., team or family members),
or the organization and time frame linked to the activity (Codina
and Pestana, 2012; Codina et al., 2020).

Motives for Physical Activity and Their
Relationships With Goals and
Psychological Needs
Motives have been defined as internal processes that give energy
and direction to behavior and may originate in real needs, but
also in cognitions or emotions, which may be aligned with these
needs or not (Reeve, 2009), such as those present in personal

expectations or plans. Thus, needs, cognitions, and emotions
share a common ground as three specific types of internal
motives, which answer the question why do I want (to do) that.

Following the previous reasoning, according to the self-
determination theory (SDT), motives can serve the satisfaction
of basic psychological needs, such as autonomy (feeling as the
cause of one’s actions), competence (perceiving oneself as capable
of accomplishing specific goals), and relatedness (perceiving
oneself as not emotionally isolated from others), which are
key nutriments for the development of quality motivation
and personal growth (Deci and Ryan, 2000; Ryan and Deci,
2017). But, additionally, motives can also serve cognitions and
emotions included in personal goals. Goals have been defined
as cognitive representations of desired endpoints that have
effects on the individuals’ evaluations, emotions, and behaviors;
compete against each other; fluctuate in accessibility; and have
a complex nature, as they are built on multiple integrated
memories (Fishbach and Ferguson, 2007). Goals have structure
and contents, vary in abstractness, and represent memory-based
desired end states, which the individual is likely to pursue with
increasing drive, until it is reached or the costs of pursuit
become excessive (Fishbach & Ferguson, ibidem). As regards
their value, goals can have both intrinsic and extrinsic goal
contents (Sebire et al., 2008); thus, it has been argued that all goals
are not created equal (Ryan et al., 1996) and that distinctions are
required between different types of goals and their contents, as
these distinctions are relevant for understanding the nature of
derived motives.

Motives for physical activity have been theorized (Frederick
and Ryan, 1993) considering the differentiation between intrinsic
motives—obtained or accomplished in the course of practice
(Deci, 1975)—and extrinsic motives—obtained as practice-
derived results (Deci and Ryan, 2000), and also distinguishing
between intrinsic and extrinsic goal contents in exercise,
respectively, reflecting an intrinsic or extrinsic value of the
desired endpoint (e.g., losing weight, respectively, for health or
appearance purposes: Sebire et al., 2008).

Derived from these theoretical underpinnings, an early three-
factor measure of motivation for physical activity within SDT
(Motivation for Physical Activities Measure—MPAM; Frederick
and Ryan, 1993) included enjoyment/interest, skill development,
and body-related motives. The enjoyment/interest motive clearly
represents an intrinsic motive, as it is satisfied within practice
itself, thus, serving intrinsic motivation (which is very much a
synonym of enjoyment and interest). Furthermore, this motive
also serves the satisfaction of both basic psychological needs for
autonomy and competence (Ryan and Deci, 2000), given that
people who practice intrinsically motivating activities value both
experiencing enjoyment and interest, but also feeling competent
in practice (Deci, 1975). The skill development motive also
represents an intrinsic motive, as it is also satisfied within
practice itself, when the individuals’ performance holds up to the
expectations and the level of the challenges faced. Additionally,
this motive serves the basic psychological need for competence,
by supporting growth and development. Lastly, the body-related
motive was theorized as extrinsic, given that, based on this
motive, engagement in practice is instrumental in achieving
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a goal that is an indirect result derived from the activity,
and because the notion of body-related was mostly associated
with appearance.

Building on these early theoretical and measurement
approaches, further developments (Motives for Physical Activity
Measure – Revised—MPAM-R: Ryan et al., 1997) included
enjoyment and competence motives and additionally a social
motive, in this way acknowledging that PA could be prompted
by the pursuit of satisfaction of the basic psychological need for
relatedness or social connectedness. Furthermore, this revised
approach took into account that the goal contents of a so-called
body-related motive could have both an intrinsic (building
health) and an extrinsic value (looking good to others). Thus,
the MPAM-R “split” the body-related motive into two factors:
respectively, fitness/health and appearance motives.

Consequently, research using this measure can distinguish
between intrinsic and extrinsic motives and between motives
with intrinsic and extrinsic goal contents. Both the enjoyment
and competence motives can be considered intrinsic and are
clearly related with intrinsic motivation and with psychological
need satisfaction (PNS) of the needs for autonomy (e.g.,
choosing freely how to participate in enjoyable dance lessons)
and competence (e.g., accomplishing an intended time mark
while running a marathon, or a precise movement while
dancing). The social motive can also be considered intrinsic
and related with the satisfaction of the basic psychological need
for relatedness (e.g., feeling a sense of emotional connectedness
with teammates while playing volleyball, basketball, soccer,
or rugby). Lastly, the MPAM-R can also distinguish between
two extrinsic motives, such as fitness/health and appearance,
which coincide in pursuing PA for its indirect results, but
diverge in the value (respectively, intrinsic vs. extrinsic) of the
goal contents, pursuing, respectively, health-related outcomes
versus outcomes linked to social recognition, both based on
cognitions or emotions.

Research with the Spanish version of the MPAM-R found
that women scored higher than men both in enjoyment and in
appearance motives; young people aged between 16 and 24 years
old scored higher in the appearance motive than older age groups,
and older participants, in turn, scored higher in the fitness motive
relative to younger groups; furthermore, people practicing more
than 3 days per week scored in average higher in all five motives
than people practicing less; people practicing with coach or
direction reported higher enjoyment, competence, and fitness
motives than those practicing on their own; and lastly, people
practicing with friends reported a higher social motive than those
practicing alone (Moreno-Murcia et al., 2007).

Furthermore, research with the MPAM-R in active women
has shown that motives are associated with psychological need
satisfaction, except for the appearance motive (Wilson et al.,
2002). Moreover, all five motives have been positively associated
with participation in PA, but the three intrinsic motives
(enjoyment, competence, and social) have shown the most robust
associations with autonomous forms of motivation, whereas
appearance and fitness motives have shown to be associated with
extrinsic autonomous but also extrinsic controlled (introjected)
types of motivation (Battistelli et al., 2016).

PNS, for instance, in school physical education, is supposed
to originate quality motivation, which in turn enhances several
positive outcomes like affect and intentions to participate
(Ntoumanis, 2005). Furthermore, competence need satisfaction
and relatedness need satisfaction have been shown to interact,
respectively, with achievement and affiliation motives in
predicting outcomes like flow in sport (Schüler and Brandstätter,
2013), suggesting that specific motive profiles may benefit
most from satisfaction of psychological needs that best
produce favorable outcomes at a well-being level through
their interactions with already preferred motives.

Interestingly, previous (longitudinal) research on PNS in
exercise has found that—somewhat contrastingly with SDT
assumptions—adherence to exercise program was associated
with reduced perceptions of autonomy and, furthermore, that
relatedness was not associated with autonomy nor autonomous
regulation (Wilson et al., 2003). This suggests exploring the role
of relatedness as a potential promoter of motive internalization,
leading to less autonomous regulation. Also, autonomy need
satisfaction, in particular, has been linked with the development
of behavioral regulation based on self-concordant cognitions and
emotions (i.e., identified regulation; Ryan and Deci, 2000), which
in turn is consistent with persistence in exercise and well-being
(Wilson et al., ibidem). This, in turn, suggests analyzing the
ways in which the endorsement of distinct motivation bases for
exercise may be associated with distinct adherence behaviors and
aspects of psychological well-being (which has been underlined,
among others, by Gómez-Mazorra et al., 2020).

Lastly, approaches based on SDT, especially on psychological
need satisfaction, have shown favorable effects in the
implementation of interventions aimed at increasing PA practice
among the youth (Kim et al., 2015; Muftuler and Ince, 2015;
Chacón-Cuberos et al., 2019; Corella et al., 2019). In general,
these findings suggest the importance of in-depth analysis of the
whys of PA as indispensable elements for future intervention
programs aimed at increasing PA among university students.

The Present Study
The conceptual and practical overview presented above shows
that internal motives are reasons people have for doing things,
which may be based on needs, cognitions, or emotions (Reeve,
2009). In the case of motives for PA, it is important to understand
if these could predict behaviors of PA practitioners and the
outcomes or benefits derived from the activity.

In this regard, it has been noted that it is most relevant to
address the question if behavior is intrinsically motivated (Deci,
1975): this is a self-satisfying end in itself; or, alternatively, if
behavior is extrinsically motivated, this is an indirect means to
an end or result derived from the activity; or if behavior is the
result of a combination of both intrinsic and extrinsic motivation.
Furthermore, in line with the goal contents theory (GCT, a mini
theory within SDT: Vansteenkiste et al., 2010), it is also relevant
to address the question if the contents of each goal have intrinsic
or extrinsic value (Sebire et al., 2008).

Antecedents of cluster analysis using the Spanish MPAM-
R (Nuviala Nuviala et al., 2013) have reported the emergence
of three groupings: a first one with above-average scores in
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all motives; a second one with average fitness and appearance
motives and below-average intrinsic motives; and a third one
with above-average enjoyment and social motives, an average
competence motive, and below-average extrinsic motives.

By and large, SDT argues that PNS promotes quality
motivation (including intrinsic motives) and, contrarily, low
levels of PNS or unfulfilled intrinsic motives may foster extrinsic
motives, which then may act as compensations for low PNS
(Ryan and Deci, 2000).

Based on the aforementioned antecedents, the present study
focused on three objectives:

• Identifying distinct natural groupings based on motives for
PA among university students (comparable with a previous
work with the MPAM-R).

• Analyzing if potentially emerging clusters would diverge in
their characteristics of PA practice regularity.

• Assessing if potentially emerging clusters would diverge in
their levels of psychological need satisfaction in PA.

In a more general sense, these three objectives allow for
the discussion of naturally occurring groupings with distinct
profiles of motives for PA, based on different combinations of
intrinsic and extrinsic motives and goal contents. The study
also allows for the discussion of associations between profiles
of motives for PA and a) various characteristics of PA practice
regularity and b) diverse levels of psychological need satisfaction
in PA. In this regard, the present study contributes knowledge
about motivational dynamics in physical activity aimed at
improving the understanding, promotion, and management of
PA participation.

MATERIALS AND METHODS

Design
In order to evaluate the research objectives, a cross-sectional non-
experimental predictive design was carried out according to the
taxonomy proposed by Ato et al. (2013).

Participants
A convenience sample of 423 university students who reported
practicing PA participated in the present study. Among the
participants, 203 identified themselves as men and 191 as women,
and 29 did not report gender. Their ages ranged from 18 to
30 years old; M = 19.91, SD = 1.97. In order to study PA motive
profiles in youth and young adults, 10 students over the age
of 30 years old were excluded from the analyses. Participation
in the study was voluntary (i.e., participants did not receive
any payment or academic benefit, such as extra marks in study
subjects or course credit).

Measures
Data was collected using three instruments, accompanied by the
required demographics.

Motives for physical activity were assessed with the Spanish
version (Moreno-Murcia et al., 2007) of the MPAM-R

(Ryan et al., 1997). Cronbach’s alphas for the original English
(and Spanish) language versions were as follows: αenjoyment = 0.92
(0.84), αcompetence = 0.91 (0.85), αsocial = 0.83 (0.81), αfitness = 0.78
(0.80), and αappearance = 0.88 (0.87), whereas in the present study,
alphas were, respectively, 0.91, 0.86, 0.87, 0.82, and 0.89.

Psychological need satisfaction was assessed with the Spanish
version (Moreno-Murcia et al., 2011) of the Psychological Need
Satisfaction in Exercise Scale (Wilson et al., 2006). Cronbach’s
alphas for original English (and Spanish) language versions were
as follows: αcompetence = 0.91 (0.80), αautonomy = 0.91 (0.69), and
αrelatedness = 0.90 (0.73), whereas in the present study, alphas were,
respectively, 0.89, 0.86, and 0.85.

Regularity of physical activity was measured with an ad hoc
self-report questionnaire assessing one main physical activity
and overall weekly time investment in physical activities. The
survey comprised time investment in PA, including months per
year, frequency, days per week, and minutes per session of the
main activity practiced, as well as total number of activities
practiced, total minutes per week, and type of day of the week
practiced. Furthermore, structure and regularity characteristics
of the main physical activity were assessed, such as whether
practice happened in a team, competitively, with a coach, or in
a league or federation.

Procedure
Before collecting data, we contacted the academic office of
the faculties whose students would take part in the sample.
After obtaining the corresponding authorization for the research,
regular course teachers allowed researchers to address their
students in the final minutes of the class, inviting them
to participate in a survey about university students’ uses of
time, habits, and experience. The students were allowed to
continue participating only if they agreed to sign the informed
consent, participating voluntarily, and anonymously accessing
questionnaires on Qualtrics platform via web links or QR codes.

The ethical requirements of the University of Barcelona
Bioethics Commission (CBUB, Institutional Review Board
IRB00003099) were applied to the current study, which
meant that additional approval for the research was not
required because the data obtained did not involve animal
or clinical experimentation. Additionally, this study complies
with the recommendations of the General Council of Spanish
Psychological Associations (Consejo General de Colegios de
Psicólogos), the Spanish Organic Law on Data Protection
(Jefatura del Estado, 1999), and the Declaration of Helsinki
(World Medical Association, 2013).

Analysis
Means, standard deviations, skewness, kurtosis, and normality
are described in Table 1, and bivariate correlations among
study variables are presented in Table 2. To assess if distinct
groupings of university students occurred based on their motives
for physical activity, we conducted hierarchical (Ward’s method)
cluster analysis to assess the number of groups, followed by
iterative cluster analysis to make groupings more precise. We
used final group centers from the hierarchical method as initial
centers for the iterative method, iterating until the change
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TABLE 1 | Means, standard deviations, skewness, kurtosis, and normality for PA
motives, regularity characteristics of practice, and psychological need satisfaction.

Min–max M SD Skewness Kurtosis p

Enjoyment motive 1–7 5.92 1.14 −1.48 2.33 <0.001

Competence motive 1–7 5.61 1.18 −0.95 0.59 <0.001

Social motive 1–7 4.62 1.71 −0.61 −0.54 <0.001

Fitness motive 1–7 5.88 1.08 −1.26 1.87 <0.001

Appearance motive 1–7 4.73 1.54 −0.50 −0.52 <0.001

Months per year
PA1

1–12 9.72 2.85 −1.36 0.99 <0.001

Frequency PA1 1–6 5.61 0.91 −2.57 6.69 <0.001

Days per week PA1 1–7 3.28 1.36 0.41 −0.11 <0.001

Minutes per day
PA1

15–750 109 76 3.32 17.18 <0.001

Minutes per week
PA1

0–3,000 276 304 3.33 20.15 <0.001

Number of PAs total 1–9 1.51 1.09 3.56 16.62 <0.001

Minutes per week
PA total

0–3,000 338 382 2.93 13.15 <0.001

Competence need
satisfaction

1.50–6.00 4.87 0.83 −0.69 0.92 <0.001

Autonomy need
satisfaction

1.33–6.00 4.60 1.03 −0.68 0.03 <0.001

Relatedness need
satisfaction

1.00–6.00 4.12 1.19 −0.81 0.35 <0.001

between cluster centers was less than 2% of the minimum initial
distance between centers. We assessed the stability of hierarchical
and iterative solutions via Cohen’s Kappa.

RESULTS

All study variables had non-normal distributions. The motives
that received the highest average scores were enjoyment and

fitness, followed by competence; in turn, social and appearance
motives yielded the lowest average scores and the highest
variability (Table 1). Scores for PNS were all robust-to-high, the
highest average (with the lowest variability) being competence
need satisfaction (Table 1).

Participants practiced between one and nine PAs (M = 1.52,
SD = 1.09). Regarding their main PA (hereinafter, PA1), a vast
majority practiced it with a close-to-weekly frequency, in average,
9.67 months per year (SD = 2.9), 3.27 days per week (SD = 1.35),
109 min per day (SD = 75), and 274 min per week (SD = 302);
total time devoted to main and additional PAs added up to
339 min per week (SD = 381) (Table 1). Most students practiced
PA only on weekdays (40.9%), a minority practiced only on
weekends (14.1%), approximately one in every three practiced
both on weekdays and weekends (35.6%), and one in every 10
students practiced PA without a specific set day to do it (9.5%).
To some extent, PA was practiced competitively (41%), as a team
(52%), with a coach (50%), in a league (28%), and as part of a
federation (28%).

As can be observed in Table 2, intrinsic motives (enjoyment,
competence, social) showed robust internal consistency; also,
fitness and competence motives showed a positive bivariate
correlation; and, lastly, both extrinsic motives, appearance and
fitness, were also positively related. As regards PNS, competence
was positively related with both autonomy and relatedness,
but relatedness and autonomy were not associated. As regards
the 15 possible associations between the five motives and
the three psychological needs, interestingly, all were positive
and significant except for four: competence need satisfaction
was negatively related with the social motive, and relatedness
need satisfaction was negatively associated with the appearance
motive; and furthermore, relatedness need satisfaction was
not associated with the fitness motive, and autonomy need

TABLE 2 | Intercorrelations between PA motives (1–5), characteristics of practice (6–11), and psychological need satisfaction (12–14).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 Enjoyment motive

2 Competence motive 0.58**

3 Social motive 0.50** 0.35**

4 Fitness motive 0.21** 0.50** 0.05

5 Appearance motive −0.07 0.23** −0.09 0.58**

6 Months per year PA1 0.07 0.14** −0.04 0.19** 0.13**

7 Frequency PA1 0.12* 0.18** −0.04 0.26** 0.19** 0.50**

8 Days per week PA1 0.10 0.05 0.00 −0.07 −0.04 0.24** c

9 Minutes per day PA1 0.13** 0.02 0.25** −0.24** −0.28** −0.17** −0.30** 0.13*

10 Minutes per week
PA1

0.13** 0.13** 0.13** −0.03 −0.08 0.26** 0.40** 0.56** 0.49**

11 Total number of PAs 0.09 0.12* 0.00 0.06 0.03 0.07 −0.04 0.11* 0.04 0.03

12 Total minutes per
week

0.14** 0.12* 0.11* −0.03 −0.06 0.22** 0.31** 0.53** 0.41** 0.85** 0.31**

13 Competence NS 0.45** 0.49** 0.22** 0.16** 0.02 0.21** 0.17** 0.19** 0.09 0.19** 0.13** 0.20**

14 Autonomy NS 0.13** 0.19** −0.13** 0.22** 0.18** 0.08 −0.04 0.02 0.02 −0.08 0.11* −0.06 0.33**

15 Relatedness NS 0.31** 0.24** 0.65** −0.07 −0.17** 0.07 0.04 −0.01 0.24** 0.15** −0.01 0.11* 0.31** −0.06

PA1 = main physical activity in terms of regularity of practice; NS = need satisfaction; *p < 0.05 (two-tailed); **p < 0.01 (two-tailed); c = at least one of the variables is
constant (days per week = 0, for less-than-weekly frequency PA1).
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satisfaction was not correlated with the appearance motive.
Contrarily, positive robust associations were found, respectively,
between autonomy need satisfaction and enjoyment and
competence motives and between relatedness need satisfaction
and the social and enjoyment motives.

Table 2 also shows that frequency of practice (at least once a
year, semester, trimester, month, fortnight, week) was positively
related with all motives except the social motive, the association
with the greatest coefficient being that with the fitness motive.
Number of days per week was not related with motives, but
minutes per day was positively related with the enjoyment and
social motives and negatively with extrinsic motives (fitness
and appearance). Also, minutes per week of main PA and total
minutes per week (all activities) were positively, though weakly,
associated with all three intrinsic motives. Minutes per day
was negatively associated with months per year and frequency;
in turn, frequency was positively and robustly associated with
months per year and minutes per week.

Lastly, Table 2 shows that autonomy need satisfaction
was positively and significantly related with all regularity
characteristics including minutes per week but not minutes per
day and that relatedness need satisfaction was positively
related with minutes per day and per week devoted
specifically to the main PA.

Fusion coefficients resulting from the hierarchical clustering
(Ward’s method) suggested a four-cluster solution (Table 3), and
a subsequent iterative step, using final cluster centers from the
hierarchical step as initial centers for the iterative step, required
only three iterations to reach the stopping criterion (changes in
cluster centers < 2% of initial minimum distances). Nonetheless,
we tested three-, four-, and five-cluster solutions. The four-cluster
solution was preferred over the five-cluster solution, given its
greater stability between hierarchical and iterative steps, as judged
by its strong Cohen’s Kappa of 0.80 (vs. Cohen’s Kappa five-
cluster = 0.76). Also, the four-cluster solution was preferred over
the three-cluster solution (Cohen’s Kappa = 0.84) given its greater
explanation of variance in clustering variables (enjoyment = 37
vs. 28%; competence = 45 vs. 36%; social = 63 vs. 62%; fitness = 50
vs. 43%; and appearance = 56 vs. 36%). The five motives
contributed significantly to distinguishing the emerging clusters,
but the social motive, followed by the appearance motive, was the
most relevant variable for cluster distinction (see Table 4).

TABLE 3 | Fusion coefficients for PA motives.

Group number Fusion coefficient

1 3,850.38

2 2,830.03

3 2,244.61

4 1,932.60

5 1,728.63

6 1,575.19

7 1,467.56

8 1,360.46

9 1,285.82

10 1,223.56

Based on stable distinct naturally occurring combinations of
the five motives for PA, the following four clusters emerged
via hierarchical followed by iterative cluster analysis (Figure 1).
Emerging clusters were as follows: one extrinsic-motives cluster
(n = 103), with fitness and appearance motives above the mean;
one all-motives cluster (n = 140), with all five motives above
the mean; one intrinsic-motives cluster (n = 119), with all three
intrinsic motives (enjoyment, competence, social) above the
mean; and one low-motives cluster (n = 61), with all motives
below the mean. Gender and age did not significantly differ
between clusters. Post hoc tests (Dunnett’s t) to compare cluster
centers one-to-one revealed significant (p < 0.05) differences in
all pairs, except for intrinsic-motives and all-motives clusters, tied
for the highest rank in both enjoyment and social motives; and
extrinsic-motives and low-motives clusters, tied for the lowest
rank in enjoyment.

As reported in Table 4, practice regularity measures were
significantly different between groups. As regards months per
year and frequency of PA, members of the extrinsic-motives
(9.85) and all-motives clusters (10.16) practiced—in average—
10 months per year and nearly once per week (respectively,
5.73 and 5.78, on a six-point Likert scale with 6 = “at
least weekly PA”). Members of the intrinsic-motives and low-
motives clusters practiced slightly above 9 months per year
(respectively, 9.33 and 9.26); out the latter two, intrinsic-
motives cluster members averaged = 5.5 in PA frequency
(between weekly = 6 and biweekly = 5), whereas low-
motives cluster members scored only slightly above (=5.13) the
biweekly mark of 5.

Significant between-group differences were also reported in
duration of single main PA sessions. For extrinsic-motives cluster
members, duration was the shortest (79 min), relative to other
clusters, whereas for intrinsic-motives and low-motives cluster
members, it was the longest (respectively, 133 and 134 min). All-
motives cluster members typically practiced 100 min per session.
Similarly, significant between-group differences were reported
in minutes per week for main PA and total weekly PA time,
but not in the number of days per week devoted to the main
PA (slightly above 3 days per week) nor number of total PAs
practiced (between one and two physical activities) across all
clusters (Table 4).

Among members of the low-motives cluster, only 52.5%
complied with the WHO’s recommendations of 150 min of PA
per week; among extrinsic-motive, all-motives, and intrinsic-
motives cluster members, percentages of compliance were,
respectively, 63.1, 75.7, and 70.6%.

Furthermore, significant between-group differences were
observed in the percentages of members who practiced
competitively, as a team, with a coach, in a league, or as part of
a federation (Table 4). Members of the intrinsic-motives cluster
reported the highest percentages in all five aforementioned
aspects, whereas extrinsic-motives cluster members reported the
lowest. All-motives cluster members ranked the second highest
in the percentage of members practicing competitively, as a team,
and with a coach, and interestingly, low-motives cluster members
ranked the second highest in the percentage of practice in leagues
and federations (see Figure 2).
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TABLE 4 | PA motives, characteristics of practice, and psychological need satisfaction by cluster.

Extrinsic-motives (n = 103) All-motives (n = 140) Intrinsic-motives (n = 119) Low-motives (n = 61) F p

M (SD) M (SD) M (SD) M (SD)

Enjoyment motive 5.13 (1.37) 6.42 (0.62) 6.42 (0.60) 5.13 (1.23) 61.73 <0.001

Competence motive 5.25 (1.21) 6.33 (0.67) 5.89 (0.79) 4.04 (0.99) 100.37 <0.001

Social motive 2. 44 (1.15) 5.57 (0.93) 5.69 (0.95) 4.00 (1.26) 238.07 <0.001

Fitness motive 6.19 (0.66) 6.56 (0.50) 5.70 (0.80) 4.13 (1.05) 168.62 <0.001

Appearance motive 5.46 (1.13) 5.92 (0.66) 3.63 (1.01) 2. 95 (1.26) 201.85 <0.001

Months per year PA1 9.9 (2.7) 10.1 (2.6) 9.2 (3.2) 9.2 (3.2) 2.508 0.058

Frequency PA1 5.7 (0.6) 5.8 (0.7) 5.5 (1.0) 5.1 (1.4) 8.547 <0.001

Days per week PA1 3.3 (1.4) 3.2 (1.3) 3.3 (1.5) 3.4 (1.4) 0.600 0.614

Minutes per day PA1 78 (40) 102 (54) 136 (83) 129 (125) 13.060 <0.001

Minutes per week PA1 212 (191) 280 (214) 320 (365) 275 (483) 3.320 0.020

Total number of PAs 1.4 (0.8) 1.6 (1.3) 1.5 (1.1) 1.5 (0.9) 0.797 0.496

Total minutes per week 256 (266) 357 (346) 379 (412) 360 (562) 2.646 0.049

PA1 competitive (%) 20 41 57 40 14.905 <0.001

PA1 with team (%) 19 56 79 42 35.132 <0.001

PA1 with coach (%) 28 52 69 48 14.448 <0.001

PA1 league (%) 7 25 45 38 19.994 <0.001

PA1 federation (%) 8 27 43 35 13.420 <0.001

WHO recommendation (%) 63 76 71 53 4.100 0.007

Competence NS 4.74 (0.75) 5.11 (0.77) 4.86 (0.83) 4.19 (1.07) 11.983 <0.001

Autonomy NS 4.84 (0.92) 4.83 (0.94) 4.28 (1.07) 4.24 (1.06) 12.796 <0.001

Relatedness NS 3.14 (1.28) 4.41 (0.97) 4.75 (0.70) 3.78 (1.05) 56.890 <0.001

PA = physical activity, PA1 = most regular specific physical activity practiced. NS = need satisfaction. The following characteristics (competitive, with team, with coach,
league, and federation) were coded as 1 if participant opted in or 0 if they did not. Frequency was coded as follows: at least once weekly (=6), at least once every 2 weeks
(=5), at least once monthly (=4), at least once every 3 months (=3), at least once every semester (=2), and at least once per year (=1).

FIGURE 1 | Four profiles of motives for physical activity (Z values).

As can be observed in Table 5, practically half of the members
of the extrinsic-motives and the all-motives clusters practiced
only on weekdays and one-fourth of them practiced both on

weekends and weekdays; smaller percentages practiced only
on weekends or without a specific set day. Contrarily, among
members of the low-motives and intrinsic-motives clusters, close
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FIGURE 2 | Percentages of characteristics of physical activity by motive profile.

TABLE 5 | Type of day devoted to PA by motive profile.

Type of day
devoted to PA

Total sample
(N = 423)

Extrinsic-motives
(n = 103)

All-motives
(n = 140)

Intrinsic-motives
(n = 119)

Low-motives
(n = 61)

χ2 p

n %

Only on weekdays 175 41.4 52.4 50.7 26.9 29.5 24.056 <0.001

Only on weekends 59 13.9 11.7 10.0 18.5 18.0 5.162 0.160

Both weekends
and weekdays

149 35.2 25.2 33.6 45.4 36.1 10.061 0.018

No regular type of
day

40 9.5 10.7 5.7 9.2 16.4 5.904 0.116

to one in every five practiced only on weekends and, respectively,
around 10 and 15% practiced without a specific set day.

Lastly, Figure 3 shows the levels of PNS in PA by cluster.
Extrinsic-motives cluster members reported above-average
autonomy need satisfaction, but below-average competence need
satisfaction and the lowest relative relatedness need satisfaction.
Conversely, intrinsic-motives cluster members reported the
highest relative relatedness need satisfaction, average competence
need satisfaction, and below-average autonomy need satisfaction.
All-motives cluster members were the only participants to report
above-average satisfaction of all three psychological needs in
PA, whereas low-motives cluster members reported the lowest
levels of competence need satisfaction relative to all the three
other clusters. Post hoc tests (Bonferroni for autonomy and
competence need satisfaction and Dunnett’s t for relatedness
need satisfaction in PA) revealed that one-to-one between-cluster

differences in need satisfaction were significant, except for those
in competence need satisfaction, between, respectively, extrinsic-
motives and low-motives clusters and between intrinsic-motives
and all-motives clusters; those in autonomy need satisfaction,
respectively, between intrinsic-motives and low-motives cluster
members and between all-motives and extrinsic-motives cluster
members; and those in relatedness need satisfaction between
all-motives and low-motives cluster members.

DISCUSSION

The present work has analyzed the motive base of university
students in PA and the relationships between motives,
characteristics of practice regularity, and basic psychological
need satisfaction, with the goal of contributing relevant evidence
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FIGURE 3 | Psychological need satisfaction in PA by motive profile (Z values).

useful for the understanding and promotion of university
students’ health habits in PA. As described in the following
sections, the present findings support the relationship between
PNS and motives (in this case for PA) (Ryan and Deci, 2000;
Milyavskaya and Koestner, 2011; Battistelli et al., 2016). To this
regard, we identify distinct motive profiles, which replicate those
found in previous studies (Nuviala Nuviala et al., 2013) and
confirm that these diverse motive profiles indeed are associated
with different levels of PNS, thus, in a broad sense, providing
evidence for SDT assumptions regarding the association between
PNS and motivation (Sebire et al., 2008; Ryan and Deci, 2017).
All in all, our study extends the evidence supporting the existence
of distinct profiles of motives for physical activity, by identifying
and describing four distinct naturally occurring groupings,
specifically, among university students. Furthermore, emerging
clusters are compared regarding the regularity of their practice
and their derived levels of psychological need satisfaction, in
order to help PA researchers and educators in understanding
and supporting their subjects’/students’/coaches’ complex motive
base in simpler and tailored ways.

From the Four Motive-Based Clusters to
the Time Invested in PA
The retained four-cluster solution was stable between hierarchical
and iterative steps, it required few iterations to stabilize,
and it explained considerable proportions of variance in
clustering variables. Furthermore, three out of the four identified
clusters (e.g., all-motives, intrinsic-motives, extrinsic-motives)
are practically identical to three clusters found in previous
studies in the same country with the same version of the
MPAM-R (Nuviala Nuviala et al., 2013), which also emerged

with scores around-and-above average, respectively, for all-
motives, for extrinsic-motives (fitness and appearance), and for
intrinsic-motives (enjoyment, competence, social). Nonetheless,
the additional cluster that emerged in the present study (low-
motives) is theoretically reasonable, given that behavior can
originate in internal motives (needs, cognitions, emotions) and
in external events; thus, it is theoretically plausible (Reeve, 2009)
that some participants may have practiced PA for cognitions or
emotions not considered in the MPAM-R, or even compelled
by external events and not by internal motives. These findings
also dialogue with previous latent profile analysis showing that
two out of the five motivational profiles identified in physical
education scored above-average only in external regulation
(Wang et al., 2016).

Members of clusters with different motive base also reported
different PA time investment and characteristics. Firstly, in
line with SDT, members of intrinsic-motives and extrinsic-
motives clusters reported, respectively, the highest and the
lowest (379 vs. 256 min) average weekly PA practice, whereas
members of all-motives and low-motives clusters scored
similar in total weekly PA practice (357 vs. 360 min).
Furthermore, the proportions of students who reached the
WHO’s weekly PA practice time recommendation (150 min)
were also different when comparing between members of
different clusters: four out of five (all-motives), two out of
three (extrinsic motives), three out of five (intrinsic-motives),
and only one out of two (low-motives). These findings extend
the evidence supporting the notion that types of motives for
PA are related with regularity of time investment in PA.
Regarding PA regularity characteristics, relative to the rest of
the participants, intrinsic-motives cluster members reported the
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highest proportions of practicing PA competitively, in teams,
with coach, in leagues, and in federations and the highest
proportions of practice reported during only weekends and
during both weekdays and weekends. This finding possibly
attests to the fact that competitive team sports require thorough
coordination for participants to find common available time slots
for group practice.

What Is Obtained and Why When
Practicing Physical Activity
The fact that intrinsic-motive cluster members scored relatively
higher in the enjoyment and social motives then in the
competence motive suggests that, as has been theorized,
perceived competence serves the purpose of promoting
enjoyment and, thus, intrinsic motivation (Deci, 1975),
rather than the other way round. In the case of strictly
intrinsically motived PA practice, enjoyment could be
thought of as an end, and competence could be seen as
the means to it. Arguably, the competence motive could be
thought of as partly extrinsic (even though, of course, with an
intrinsic value), given that the natural outcome of expressing
competence (hence, the motivator) could be competence-
derived enjoyment. On the other hand, a true competence
motive, where being competent itself was the motivator,
would depend on a cognitive identification with the goal of
enhancing or expressing high competence. This nuance in the
relationship between competence and enjoyment could provide
an interpretive context for the statistically significant difference
in competence motive levels between intrinsic-motives and
all-motives cluster members: the latter (regardless of being
more extrinsically motived and less competitive) carrying
more competence-striving cognitions, but not necessarily being
more competent or enjoying more than intrinsic-motives
cluster members.

Furthermore, interestingly, both clusters including above-
average extrinsic motives (e.g., all-motives and extrinsic-motives
clusters) reported the greatest proportions of regular physical
activity during weekdays. These findings suggest that the extrinsic
value ascribed to PA may be critical for people to consider
weekday practice as important as to separate specific time for it
from competing typically extrinsic goals. Contrastingly, intrinsic-
motives cluster members reported the smallest proportion of
students participating only on weekdays, suggesting that PA
characteristics integrated more with weekend leisure time than
with regular weekday routine and habit. Future longitudinal
studies are needed to discern if the fact that PA recedes during
higher education is related with weekday-versus-weekend time
use for PA (hints are that intrinsic-motives cluster members
would be at a greater risk of PA slipping out of their
healthy lifestyle during higher education relative to students
with extrinsic motives—or with a combination of intrinsic and
extrinsic motives), given the high demand of studies on weekday
time investment.

Lastly, the four identified clusters also showed different levels
of PNS. It has been established that PNS is positively associated
with autonomous motivation (Milyavskaya and Koestner, 2011),

which suggests that mainly intrinsically motived PA could
depend on PNS. Nonetheless, the present person-centered
approach allows for nuanced observations and interpretations
regarding PNS in PA practice, depending on specific naturally
occurring combinations of motives.

Psychological Need Satisfaction in
Practicing PA
The cluster with the highest relative intrinsic motivation
(intrinsic-motives) not necessarily always yields the highest,
broadest, or more balanced PNS in PA. In fact, seemingly, the
competitive and team-based structure of PA among intrinsic-
motives cluster members (mainly motived by enjoyment and
social relatedness) allows for a high level of relatedness need
satisfaction and a slightly above-average competence need
satisfaction, but limits the satisfaction of the need for autonomy
(to levels similar to those of the low-motives group). This
finding may in part reflect the operationalization of autonomy
implied in the used measure, in which participants reported how
much decision they had about how to exercise in their reported
PA. In other words, participants of league-competitive team-
based sports may logically have less possibility to decide about
how to practice and could thus have reported lesser autonomy
need satisfaction than independent individual practitioners who
could decide how to practice. It is not safe to assume that
intrinsic-motives cluster members feel autonomy-thwarted just
for not being able to change the rules of the sport they practice.
Furthermore, the original scale already recommended caution
given that the autonomy subscale captured only a portion of the
construct’s content (Wilson et al., 2006).

Extrinsic-motives cluster members reported high levels of
autonomy need satisfaction, possibly given the fact that their
practice was the least coached, competitive, and team-league-
or-federation-based of the four clusters. This does not make
the extrinsic-motives cluster members necessarily the most
autonomous practitioners of the four groups, but specifically
reflects their control over their concrete practice behavior, the
trade-off being not practicing with others (which would enable
relatedness need satisfaction), nor having specific criteria for
assessing and socially comparing performance (which would
enable competence need satisfaction), two aspects that may be
perceived as irrelevant by extrinsically motived PA practitioners.

The all-motives cluster had the most robust and balanced PNS
across the three needs. From this perspective, it is reasonable
that this cluster also has the greatest number of participants
reaching the WHO recommendations of weekly PA. The fact
that their PA practice satisfies their three psychological needs in
a balanced manner should be a strong base for their intrinsic
motives to remain in place, but, additionally, having cognitions
and emotions regarding fitness and appearance (as non-need-
based motivators) may promote the allocation of weekday time
for PA practice, rendering this group the one with the greatest
regularity of practice at the same time with the highest autonomy
need satisfaction.

Conversely, low-motives cluster members reported both
below-average need satisfaction in all three needs and
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below-average levels in all five motives, which leads to two
possible interpretations: either these students practice PA due
to external regulation based on external events or, alternatively,
they are amotivated by PA and find themselves in a transition
to another type of practice or to ceasing to practice all in
all. The second interpretation finds some ground in observing
that, regarding scores for practice in leagues and federations,
low-motives cluster members’ PA practice is similar to the
intrinsic-motives cluster, which (given their low motives and
need satisfaction) could be due to the external regulation for
practice implied in practicing PA with coach, or in teams,
contests, leagues, or federations.

Final Remarks
The relevance and robustness of these findings do not mean
that the study was conducted without limitations. Particularly,
we used an intentional sampling method aimed at yielding
participants from diverse fields of study who practiced physical
activity. To this respect, it is relevant to mention that the
specific characteristics of these profiles may set conditions for
the fulfilment of other activities, obligations, or other aspects of
day-to-day life, especially during weekdays (in which a majority
of students practiced PA). In any case, the detailed description
of profiles relative to motive combinations gives researchers
and practitioners the possibility to analyze and implement
tailored interventions aimed at promoting PA, considering its
short- and long-term effects on health. Concretely, programs
could be aimed at promoting higher intrinsic motivation levels
through tailored activities. About such interventions, it has
been argued that, on the one hand, the accumulated knowledge
about motivation in PA requires more examples, systematicity,
and longitudinal approaches (Belogianni and Baldwin, 2019;
Huffman et al., 2020), and on the other hand, there have
been reports of positive effects of the incorporation of new
technologies in increasing PA in the youth (Wibowo et al., 2020).
These evidences highlight that, looking into the future, a joint
venture between longitudinal research designs and more highly
sensitive measurement devices, aligned with day-to-day lives of
the youth, will be important for the understanding of young
people’s motives for physical activity.
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In the sport context, an essential aspect of an athlete’s development and performance 
happens during the interaction with the coach while receiving information on the aspects 
of performance that need to be modified (corrective feedback). Grounded in the Self-
Determination Theory and particularly on the basic psychological needs theory, a structural 
equation model (SEM) was tested with the following sequence: perception of the amount 
of corrective feedback generated by the coach, perceived legitimacy of corrective 
feedback, satisfaction of basic psychological needs, and vitality in soccer players. 
Additionally, simple mediation and serial (double) mediation models were also tested. 
Participants were 377 Mexican soccer players (Maged = 16.46, SD = 1.08), who completed 
the instruments that evaluated the study variables. SEM results reported positive and 
significant variables’ interrelations in the sequence. The analysis of serial mediation model 
showed that the perceived legitimacy of feedback and the satisfaction of basic psychological 
needs fully mediated the relationship between the perception of the amount of corrective 
feedback generated by the coach and the perception of the subjective vitality of Mexican 
soccer players. Results suggest that coaches have to ensure that athletes accept the 
corrective feedback provided and meet their basic psychological needs. Based on SDT 
tenets, this research highlights the importance for coaches to be aware of the athlete’s 
perceptions when they are providing corrective feedback and their implications for athlete’s 
technical development and well-being. It is suggested to incorporate those aspects to 
training programs for coaches.

Keywords: corrective feedback, basic psychological needs, subjective vitality, serial mediation model,  
legitimacy of feedback

INTRODUCTION

Coaches play a fundamental role in athletes’ social environment by facilitating their learning, 
by monitoring their progress, and by providing adequate feedback that should lead them to 
improve their performance, cognitive learning (Nicaise et  al., 2007), value the experience, and 
their behavior in sport (Carpentier and Mageau, 2016).

Clear communication of directions and expectations, as well as conveying that error is 
a part of learning (Smith et  al., 2015), allowing athletes’ to enjoy what they do and 
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enhancing the quality of their participation in sport. Corrective 
feedback (CF) is provided through statements that convey 
information on how to improve, after making mistakes or 
a bad performance (Mouratidis et  al., 2010). CF focuses 
more on the qualitative aspects of the performance or 
processes in which the athlete has failed, in order to do it 
right in the future.

It is important for a coach to know that CF in sport is 
vital and difficult to provide. Nevertheless, corrections has 
been identified in previous literature as a good and necessary 
coach’ behavior (e.g., Álvarez et  al., 2010). What literature 
underlined was not only what, but also how CF is provided 
and perceived by actors (i.e., athletes and coaches), the form 
in which coaches communicates CF has varied effects depending 
on how is perceived by athletes (Mouratidis et  al., 2010). 
Such perception may cause different motivational states and 
diverse results on athletes’ behavior in sport (Hein and Koka, 
2007; Mouratidis et  al., 2010). Hence, the need in sport for 
tools that help coaches to provide such feedback maximizing 
its potential positive effects and minimizing the negative 
ones (Carpentier and Mageau, 2013).

Research has shown that perceived legitimacy, or the degree 
of acceptance of CF, is critical to CF’s effectiveness within a 
learning environment (Mouratidis et  al., 2010; Tristán et  al., 
2017, 2018). However, studies on negative feedback in sport 
have yet to focus on the relevance of athletes’ perceived legitimacy 
and its association with basic psychological needs (BPNs). 
Furthermore, CF may have negative effects on students’ self-
esteem, self-efficacy, and motivation to learn (Kim, 2004; Hattie 
and Timperley, 2007; Shute, 2008; Voerman et  al., 2012).

The Self-Determination Theory (SDT) encompasses the Basic 
Psychological Needs Mini-Theory (BPNT; Deci and Ryan, 2002; 
Ryan and Deci, 2017), which posits that human beings possess 
universal needs to perceive competence, autonomy, and 
relatedness. The need for competence is defined as the desire 
to interact efficiently with the environment; the need for 
autonomy defined as the desire to self-organize experience 
and behavior and to have activity be  concordant with one’s 
integrated sense of self; and the need for relatedness defined 
as the desire to be  connected to others – to love and care 
and to be loved and care for. The BPNT proposes that satisfying 
the BPN improves the psychological well-being (Deci and Ryan, 
2000; Ryan and Deci, 2017). Moreover, BPNT postulates that 
achieving well-being or ill-being is a function of the social 
environment and its potential to satisfy BPNs.

From the eudaimonic perspective, psychological well-being 
describes a person who is active, ambitious, and interested in 
developing his/her skills and potential. Hence, well-being equates 
to optimal growth and development (Ryan and Deci, 2001). 
Subjective vitality, defined as “a positive feeling of aliveness 
and energy” (Ryan and Frederick, 1997), is a variable used 
frequently as an indicator of eudaimonic well-being. The SDT 
states that, in addition to being predictors of well-being and 
influenced by social context, BPNs are mediators of social 
factors (e.g., the environment created by the coach) and 
psychological well-being (e.g., subjective vitality and life  
satisfaction).

Research within SDT has seldom studied CF, players’ legitimate 
perception (perceived legitimacy) and their relation to the 
satisfaction of BPNs in the context of sport, even though when, 
according to SDT, BPNs mediate athletes’ motivation and 
psychological well-being. Thus, it is important to understand 
how a coach should communicate CF to players, so that it is 
perceived by them as legitimate and can satisfy their BPNs. 
This is more relevant in sport when the aim is for players’ 
perception of CF, regardless of whether it conveys messages 
of low competence, is to not generate feelings of incompetence 
nor undermine the intrinsic motivation of players.

There is a body of knowledge that providing evidence of 
a positive relationship between CF supporting autonomy and 
the satisfaction of BPNs. Among these are the SDT (Deci 
and Ryan, 1985, 1991), BPNT principles (Deci and Ryan, 2002; 
Ryan and Deci, 2017), and research in the fields of physical 
education (Vergara-Torres et  al., 2020) and sports (Mouratidis 
et al., 2010; Carpentier and Mageau, 2013, 2016; Tristán et al., 
2017, 2018). Furthermore, previous research has shown a 
positive relationship of autonomy-supporting CF with 
autonomous motivation (Mouratidis et  al., 2010; Carpentier 
and Mageau, 2016) and external regulation. Moreover, future 
intention to continue exercising, well-being (Mouratidis et  al., 
2010), and self-esteem (Carpentier and Mageau, 2016) have 
shown a positive relationship with autonomous motivation 
and external regulation. In contrast, negative relationships has 
been reported between ill-being (Mouratidis et  al., 2010), 
autonomous motivation, and external regulation. Additionally, 
Mouratidis et  al. (2010) reported that these relationships were 
partially mediated by the perceived legitimacy of CF (the 
degree of acceptance to CF). In the context of the physical 
education, when students perceive CF as legitimate, they 
perceive it as a satisfaction of their BPNs and report high 
levels of subjective vitality (Vergara-Torres et  al., 2020).

The contexts of sport and physical education share common 
features, but are also distinct and each has unique attributes 
(Tristán et  al., 2016). However, understanding the phenomena 
in physical education may provide an insight into sport, thus 
making it relevant (Vergara-Torres et  al., 2020). Regardless of 
the fact that the hypothesized model has been tested in the 
context of physical education (Vergara-Torres et  al., 2020), 
there is a gap in the literature about the effects that CF might 
have on satisfaction of BPNs and on the perceptions of vitality 
within the sport.

In sum, athletes value positively their coaches when they 
provide corrections that are clue to improve their sport level 
(e.g., Álvarez et al., 2010). In general and specifically in learning 
levels of competition (including junior level), coaches practice 
tends to reproduce a “traditional” approach to coaching behavior 
(based on instruction; e.g., Cushion et  al., 2012) as probably 
they learned when they were athletes. Therefore, it would 
be  interesting to explore if those coaches behaviors (i.e., CF) 
and well-being of athletes are mediated by personal variables 
(i.e., perceived legitimacy of feedback and satisfaction of BPN) 
in a sample in of Mexican adolescent athletes. To this end, 
and using the hierarchic model of intrinsic and extrinsic 
motivation proposed by Vallerand (1997) as a framework in 
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combination with the review of literature, the purposes of this 
research were to study the relationships between social factor 
(perception of the amount of CF provided by the coach), 
personal factors (perceived legitimacy of feedback and satisfaction 
of BPNs – autonomy, competence, and relatedness), and well-
being (subjective vitality) of young soccer players. Additionally, 
we  analyzed the mediating role of perceived legitimacy of 
feedback and the satisfaction of BPNs on social factor and 
well-being (see Figure  1).

MATERIALS AND METHODS

Participants
The sample included 377 youth male soccer players (Mage = 16.46; 
SD  =  1.08), who were the part of representative teams from 
college preparatory schools or semi-professional teams. 
Participants were a convenience sample reflecting 27.4% of 
the total of representative college preparatory schools players. 
The inclusion criteria considered the participants who trained 
more than 3  days a week (M  =  3.7; SD  =  1.2), in training 
sessions longer than 2  h (M  =  2.2; SD  =  1.1) and had been 
competing under the guidance of the same coach for an average 
of 1.2  years (SD  =  0.4). The sampling error was 4%.

Instruments
The CF Scale (Mouratidis et  al., 2010) in the contextualized 
Mexican version (Tristán et  al., 2012) was used to measure 
the perceptions of CF received by the players and their perceived 
legitimacy. This scale is composed of four subscales with four 
items each (16 items in total), which include CF scale, perceived 
legitimacy, opportunity to learn, and perception illegitimate. 
For the purpose of this study, only the CF and perceived 
legitimacy subscales were used. All items were answered using 
a Likert response scale in a range of 1 (completely disagree) 
to 5 (completely agree). In every item, participants answered 
the question “To what degree is this true regarding your coach?” 
An example of an item in the CF subscale is “my coach points 
out my defects.” In the perceived legitimacy subscale, an example 
of an item is “I think that if my coach points out my defects, 
it is because he/she has a reason for it.” Previous studies have 
shown internal consistency in both scales (Mouratidis et  al., 
2010; Tristán et  al., 2012).

Three instruments were used to evaluate BPN. Satisfaction 
of the need for Competence was evaluated with the Perceived 
Competence subscale from the Intrinsic Motivation Inventory 
(McAuley et  al., 1989) in its Spanish version (Balaguer et  al., 
2008) and applied within the Mexican context (López-Walle 
et  al., 2012). The inventory is composed of five items that 
evaluate perceived competency in the sport context. Responses 
are collected in a 7-point Likert-scale, ranging from 1 “in 
total disagreement” to 7 “in total agreement.” Previous research 
has confirmed the reliability of this scale in various languages 
such as Swedish (Patall et al., 2014) and French (Mascret et al., 
2014). Items in the scale of perceived competency read as the 
following example, “I think that I’m really good at my sport.” 
Satisfaction of the need for Autonomy was evaluated using, 
the Perceived Autonomy in Sport Scale (Reinboth and Duda, 
2006) in its validated Spanish version (Balaguer et  al., 2008) 
and applied within the Mexican context (López-Walle et  al., 
2012). The scale has 10 items that start with the phrase “In 
my sport…” A complete item will read as “I can give my 
opinion.” Responses are collected in a 7-point Likert-scale 
ranging from 1 ‘not true” to 7 “true.” Finally, satisfaction of 
the need for Relatedness was evaluated using the Perceived 
Relatedness Scale (Perceived Relatedness Scale; Richer and 
Vallerand, 1998) in its Spanish version (Balaguer et  al., 2008) 
and applied within the Mexican context (López-Walle et  al., 
2012). The scale has five items that start as follows “When 
I  participate in my sport, I  feel….” A complete item will read 
as “supported.” The Likert-scale ranges from 1 “totally disagree” 
to 5 “totally agree.” To measure satisfaction of BPNs, the average 
was calculated from the 20 items within the three scales (5 
competence, 10 autonomy, and 5 relatedness), since the three 
variables share a significant percentage of the variance. This 
procedure has been proposed by various researchers (e.g., 
Ntoumanis, 2005; Standage et  al., 2005; Álvarez et  al., 2009; 
López-Walle et al., 2009). Subjective vitality was evaluated using 
the Subjective Vitality Scale (Ryan and Frederick, 1997) in its 
Spanish version (Castillo et  al., 2017) and applied within the 
Mexican context (López-Walle et  al., 2012). The scale has six 
items and measures the subjective feelings of energy and 
liveliness. Participants specify the degree to which a series of 
affirmations are true for them. An example of item is “I feel 
alive and vital.” The answers are collected in a 7-point Likert-
scale ranging from 1 “not true” to 7 “totally true.” 

FIGURE 1 | Hypothesized model of the relationship between social factor, personal mediating factors, and well-being of soccer players.
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TABLE 1 | Descriptive statistics, internal consistency and correlations between study variables.

Variables Range M SD 1 2 3 4 5 6 7

1. Amount of corrective FB 1–5 3.46 0.80 0.70
2. Perceived legitimacy of FB 1–5 3.80 0.76 0.59** .70a

3. SBPN Autonomy 1–7 5.29 1.07 0.21** 0.31** 0.93
4. SBPN Competence 1–7 5.76 1.06 0.21** 0.32** 0.37** 0.88
5. SBPN Relatedness 1–5 4.27 0.81 0.20** 0.26** 0.45** 0.40** 0.94
6. SBPN 1–5 5.11 0.77 0.27** 0.39** 0.79** 0.77** 0.75** -
7. Subjective vitality 1–7 5.99 0.93 0.15** 0.28** 0.48** 0.36** 0.48** 0.56** 0.88

FB, feedback; SBPN, satisfaction of basic psychological needs. The correlation diagonal shows the Cronbach’s alpha reliability coefficient.  
aItem 4 was not included.
**p < 0.001.

Previous  research has confirmed the validity and reliability of 
this instrument (Ryan and Frederick, 1997; López-Walle et  al., 
2012; Castillo et  al., 2017).

Procedures
The research project followed research ethics guidelines by the 
American Psychology Association (APA). Permission to contact 
participants was obtained from the Department of Athletics 
as well as from every team coordinator and manager of 
participating high schools. All team coaches were informed 
in a personal interview about the research goals and the 
relevance of participating in the research project. Data were 
collected in each of the facilities, where teams practiced, in 
rooms made available by high schools for this purpose. Prior 
to administering questionnaires, participants received instructions 
about the research project and were informed that help was 
available if needed; at least one researcher was present in the 
classroom. Participation was voluntary, and the data collection 
was confidential and anonymous; coaches and team personnel 
were restricted from being present at the time of data collection.

Data Analysis
Descriptive statistics were calculated for all the variables (means, 
standard deviations, and correlations) as well as scales’ internal 
consistency via Cronbach’s alpha coefficient. The structural 
equations model was tested with the study’s goal sequence, 
via AMOS 21.0 software, mediating models were estimated 
with the regression analysis macro PROCESS (Hayes, 2013) 
for SPSS.

The structural equations model adjustment was tested, 
considering various indices, which included chi-square (χ2) 
divided by degrees of freedom (Wheaton et  al., 1977), the 
incremental fit index (Incremental Fit Index, IFI; Bentler and 
Bonett, 1980), the comparative fit index (Comparative Fit 
Index, CFI; Bentler, 1990), and the root-mean-square error 
of approximation (Root Mean Square Error of Approximation, 
RMSEA; Steiger and Lind, 1980). According to Carmines 
and McIver (1981), a quotient (χ2/df) less than six is a good 
model fit. CFI and NFI values over 0.90 indicate acceptable 
values (Hu and Bentler, 1995). For RMSEA, according to 
Browne and Cudeck (1993), a value of 0.08 or less indicates 
a reasonable error, and values greater than 1 are not admissible.

Model 6 of the macro PROCESS was used to analyze 
the simple and serial mediations (double) of perceived 
legitimacy and satisfaction of BPNs on the amount of CF 
and subjective vitality. To test indirect effects, bootstrap 
confidence intervals corrected for bias were used with 5,000 
replications and 95% CI. This method requires the calculation 
of the product of regression coefficients that estimate the 
indirect effect and to obtain a CI for such effect. The 
mediation effect is confirmed when the confidence interval 
does not include zero (Hayes, 2013).

RESULTS

Internal consistency of instrumentation was satisfactory, with 
values between 0.70 and 0.94 (see Table 1). Item 4 was removed 
from the legitimate feedback perception variable due to its 
low discrimination index (<  0.30), which in turn increased 
the reliability of the instrument. Similarly, all study variables 
had a significant positive correlation between them (p  <  0.01; 
see Table  1).

The standardized solution of the hypothesized model indicates 
that the perception of the amount of CF provided by the 
coach has as positive relationship with the perceived legitimacy 
of feedback (β  =  0.76, p  <  0.01), which in turn correlates 
positively with the satisfaction of BPNs (β  =  0.51, p  <  0.01). 
Satisfaction of psychological needs positively correlates with 
participants’ subjective vitality (β  =  0.86, p  <  0.01). The model 
presents adequate goodness of fit indices χ2  =  385.8, gl  =  116, 
χ2/gl  =  3.32, p  >  0.01, CFI  =  0.89, IFI  =  0.89, RMSEA  =  0.08 
(see Figure  2).

Analyses of mediating models show that the first simple 
mediation analysis was not significant, indicating that the 
perceived legitimacy of feedback dose not mediate the relationship 
between the perception of amount of CF and subjective vitality. 
The second serial mediation (double) analysis was significant, 
indicating that perceived legitimacy of feedback and the 
satisfaction of basic needs are mediators for amount of CF 
and subjective vitality. Lastly, the third analysis of simple 
mediation was not significant, indicating that the basic needs 
satisfaction does not mediate the relationship between amount 
of CF and subjective vitality.
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In the serial mediation (double), the direct effects between 
perception of amount of CF and subjective vitality are 
canceled by the mediation of perceived legitimacy and the 
satisfaction of BPNs, confirming a total mediation of these 
variables (see Table  2).

DISCUSSION

This study tested the BPNT (Deci and Ryan, 2002; Ryan and 
Deci, 2017), derived from the Self Determination Theory (Deci 
and Ryan, 1985; Ryan and Deci, 2017) in the sport context, 
specifically in Mexican youth soccer. We analyzed the relationships 
of perception of amount of CF provided by the coach, perceived 
legitimacy of CF, satisfaction of BPNs, and subjective vitality 
of youth soccer players. Additionally, we studied the mediating 
roles of the perceived legitimacy of CF and the satisfaction 
of BPNs, individually and as a group (serial) between CF and 
vitality. Results support the proposed sequence of BPNT in 
the sport context of soccer at the high school level.

Results confirm the first expected association between amount 
of CF and the perceived legitimacy of CF and their effects 
on the satisfaction of BPNs of soccer players and are in 
agreement with previous studies (Tristán et  al., 2017; Vergara-
Torres et  al., 2020). Coaches need to know how to provide 
CF with reasonable, meaningful, credible, and specific 
justification. They need to be clear and precise and give players 
enough time to improve. These are effective strategies that 
prevent athletes from being discouraged by the corrective 
information provided (Mouratidis et  al., 2010; Tristán et  al., 
2017, 2018) and will lead to the acceptance of the provided 
feedback and to its perception as legitimate. All this will 
be  conducive for students and athletes to feel effective in their 
interactions in the social environment and to demonstrate 
confidence in achieving the desired results. By perceiving the 
CF received as legitimate, athletes will feel more autonomous, 
competent, and related to both their teammates and their coach. 
They will not feel discouraged or forced to continue in training 
or competitions by the corrective information provided (Amorose 
and Weiss, 1998; Mouratidis et  al., 2010; Tristán et  al., 2018).

In relation to previous research in the sport context (e.g., 
Reinboth and Duda, 2006; López-Walle et  al., 2012),  
this study confirms the positive association between satisfaction 

of basic psychologic needs and subjective vitality. This means 
that athletes feel vital and full of positive energy, mainly due 
to the satisfaction of their BPNs. Therefore, it is suggested 
that coaches might pay attention to satisfy the needs of 
competence, autonomy, and relatedness of youth soccer players, 
in order to enhance their positive experiences during practices 
and competitions (Balaguer et  al., 2012).

In regards to mediation results, the sequence of perceived 
legitimacy of feedback and the satisfaction of BPNs as total 
mediators of the relationship between the perception of the 
amount of CF provided by the coach and subjective vitality of 
athletes stands out.

In youth sports, most of the coaches’ tasks are related to 
instruction behaviors (e.g., Cushion et  al., 2012). According 
to SDT tenets, our findings show, specifically in youth Mexican 
athletes, that when a coach provides CF to his/her athletes, 
it can influence their perceptions of vitality as long as the 
feedback is perceived as legitimate and BPNs are met. This 
is a significant contribution of this study, so the coaches 
must first provide CF that is accepted by the athletes (Mouratidis 
et  al., 2010) and provide reasons as to why the quality of 
the activity or process must be  improved, so it is perceived 
as legitimate. Moreover, coaches must contribute to make 
athletes feel autonomous (consider the players’ perspective 
and provide them with various solutions), competent (to have 
clear and achievable objectives known by athletes), and related 
(all athletes must be  taken into consideration and ought to 
receive CF). Therefore, in sport, it is also important for 
coaches to ensure that their players have a high degree of 
acceptance of the CF they have provided and that their BPNs 
are met (Vergara-Torres et  al., 2020).

Limitations of the study include the fact that participants 
are from one sport and within a specific age range, and all 
were boys. Future research should include a larger sample 
size, a variety of sports, and both sexes. Moreover, since 
studies on CF by the coach from the SDT perspective are 
limited, it is important to continue testing the complete 
sequence of the SDT. Lastly, the mediation model proposed 
by this study must be  tested with samples of athletes from 
other countries to test the generalizability of the model in 
other cultures.

It is concluded that CF from the coach and the acceptance 
of CF by soccer players are contextual variables that predict 

FIGURE 2 | Standardized solution of the hypothesized structural model. **p < 0.001.
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the satisfaction of BPNs, and this in turn, predicts players’ 
subjective vitality. Moreover, when CF is perceived as legitimate, 
it has positive effects in soccer players and improves the quality 
of their sports participation. Lastly, it is relevant that coaches 
focus in meeting the psychological needs of the players, due 
to it positive impact in the psychological well-being, relationships, 
respect between players and coach, and the sense of belonging 
to the team.

PRACTICAL APPLICATIONS

Players perceive their coaches’ corrective behaviors (task 
and mastery centered) positively (e.g., Álvarez et  al., 2019). 
These corrections ultimately help them to develop their 
sport more effectively (e.g., Álvarez et  al., 2010). What 
we  bring to this research is empirical evidence that it is 
important that coaches devote effort to relate to their players 
from an autonomy supportive style, ensuring that they 
understand the reasons that lead them to the corrections 
for behavioral changes in their sport. They need to be  clear 
and precise and give players enough time to improve. The 
players will understand these corrections as legitimate when 
they feel their needs and emotions are recognized, they can 
choose between different alternatives of solution to the 
corrections, they have a fluid communication with their 
coach, giving them the opportunity to understand the logic 
and objectives of these corrections. Then, that CF will 
increase their perception of autonomy, competence, and 
relatedness with their teammates, which will improve their 
experience of sports practice through their feeling of vitality. 
We  do recommend seminars, workshops, and training 
programs for coaches in order to practice and develop these 
interpersonal skills.
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TABLE 2 | Complex mediation model: perceived legitimacy of feedback and basic psychological needs satisfaction as mediator between amount of corrective 
feedback and subjective vitality.

DV/Predictor B SE LL CI 95% UL CI 95% R2

Perceived legitimacy of FB 0.34**

Amount of corrective FB 0.55** 0.04 0.47 0.63
BPN satisfaction 0.14**

Perceived legitimacy of FB 0.34** 0.06 0.22 0.46
 Amount corrective FB 0.06 0.06 −0.05 0.17
Subjective vitality 0.32**

 Perceived legitimacy of FB 0.12 0.07 −0.02 0.25
 BPN satisfaction 0.65** 0.06 0.54 0.77
 Amount corrective FB −0.04 0.06 −0.16 0.08
Direct effect B SE LL CI 95% UL CI 95% R2

Subjective vitality 0.02*

 Amount of corrective FB 0.19* 0.06 0.07 0.30
Indirect effect (mediator) B SE LL CI Bootstrap 95% UL CI Bootstrap 95%
(Perceived legitimacy of FB) 0.06 0.04 −0.00 0.14
(Perceived legitimacy of FB and BPN 
satisfaction)

0.12 0.03 0.07 0.20

(satisfaction BPN) 0.04 0.04 −0.03 0.12

FB, feedback; BPN, basic psychological needs; DV, dependent variable; B, non-standardized regression coefficient; SE, standard error; LL, lower limit; UL, upper limit; CI, 
confidence interval.  
**p < 0.001; *p < 0.01.
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Household confinement due to the rapid spread of the pandemic caused by COVID-19
has brought very significant changes, such as the forced stay-at-home of children due
to the closure of schools. This has meant drastic changes in the organization of daily
life and restrictions on their activities, including exercise, which could affect the quality
of life of the children due to its importance. In order to study the relationship between
physical activity and psychological well-being of minors, a study has been carried out
with Mixed Methods Research, combining survey methodology with transversal design
with qualitative methodology using discourse analysis. A total of 234 parents of minors in
Spain and several Spanish-speaking countries in America participated. The instrument
was a questionnaire in Google Forms, which included the Kidscreen-27 quality of life
scale. The results show significant differences in both the type of physical activity and its
frequency due to age, and differences in parents’ perception of whether their children’s
physical activity levels were sufficient or not, both on the health, mood and school
subscales, and in the categorization of open responses referring to concerns due to the
pandemic, analyzed with the ALCESTE technique. The relationship between physical
activity of children and adolescents and quality of life is clearly concluded.

Keywords: home lock down, physical activity, quality of life, pandemic, mixed methods research

INTRODUCTION

At the end of December 2019, the first evidence appeared in Wuhan, China, that a new lethal
viral disease had emerged, for which no vaccine or specific medication was available. In March
the disease became a pandemic and a large majority of countries, either with specific regulations
or through recommendations to the population, established confinement and social distance as the
possible solution to prevent further spread of the disease, to avoid saturation of hospitals and curb
the lethality of the virus. On March 10th, the global situation with regard to COVID-19 was 113,702
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confirmed cases (4,125 new) and 4,012 deaths (203 new) (World
Health Organization [WHO], 2020a). On December 29, the
number of confirmed cases worldwide was to over 79 million,
with a cumulative death toll of over 1.7 million (World Health
Organization [WHO], 2020b).

In the field of Psychology, theoretical formulations have
been made to explain the reasons why COVID-19 evolved so
rapidly and was so widely spread. Urzúa et al. (2020) point out
three factors: (a) illusory optimism; (b) inadequate perception of
absence of contingencies produced by the population’s behavior;
(c) optimistic risk perception. Vera-Villarroel (2020) has stated
that physical and mental health are closely linked, and explains
the expansion of the pandemic based on three psychological
processes: cognitive, with the population having irrational beliefs
about the disease and illusory optimism; emotional, with feelings
such as fear, stress and anger; behavioral, with exposure and
risk behaviors. The author points out that these factors must be
considered in the intervention to save lives.

Several studies have shown the risk that social isolation caused
by the pandemic implies not only for the most exposed groups
(health workers), but also for the mental health of the general
population. Problems of anxiety (Chew et al., 2020; Holmes
et al., 2020; Wang and Zhao, 2020), stress and psychological
distress have been reported, both during and even after the
biodisaster (Liu D. et al., 2020). Along the same lines, the
narrative review conducted by Huarcaya-Victoria (2020) points
out three types of problems for the general population: health
anxiety, depression and stress. Rajkumar (2020) groups the
problems derived from the pandemic into four sections: general
population, health workers, vulnerable people and therapeutic
strategies and interventions. The author emphasizes the need to
study the effect of the situation generated by the pandemic on
children and adolescents.

A particularly vulnerable group in this whole situation is
children and adolescents. Although results in children for
Coronavirus-19 disease are still inconsistent. Changes produced
in their environment since COVID-19, such as the restrictions
that home isolation and not being able to access the main areas
of socialization (Socías et al., 2020), with risks such as stress
from both them and their parents, since COVID-19 can cause
psychological alterations in children such as those caused by
other stressors (Espada et al., 2020; Socías et al., 2020).

Certain factors can have effects not only during confinement
but also afterward, such as the disappearance of healthy habits
like attending classes, which have been replaced by unhealthy
behaviors, such as sedentary lifestyles, inappropriate diets,
excessive use of screens which can produce, in addition to weight
gain, physical problems (Brazendale et al., 2017; Wu et al., 2017).
From this follows the importance of understanding the effects
that a wide variety of personal and contextual factors (Holgado-
Tello et al., 2010) can have on children and adolescents and
their interaction in the way they experience physical activity
and sports during the pandemic situation. Other risks that
have been highlighted, depending on age, include substance
abuse, accommodation issues and overcrowding and change
and disruption of social networks (Holmes et al., 2020). It is
expected that, after confinement, in most cases these problems

will disappear (Barlett et al., 2020), although some may persist
after the situation generated by the pandemic has passed (Espada
et al., 2020). Space restrictions and not being able to go
outside are especially important in childhood for the proper
development of playing, which is essential for its maturation
process (García-Serrano and García-Fernández, 2015).

In view of the difficult situation experienced, the population
has been provided with recommendations, some of which have
been generated by institutions to support their citizens (Socías
et al., 2020). These guidelines have many points in common:
maintaining routines, being active, supporting minors, carrying
out social activities, in short, maintaining a normal life in safety
(Liu J. J. et al., 2020). The support of parents is important, who
can strengthen family ties and meet the needs of children through
appropriate parenting styles (Wang et al., 2020). The need for
physical exercise is also stressed (Holmes et al., 2020; Mera-
Mamián et al., 2020; Romero et al., 2020). Physical exercise plays
a relevant role both on a physical level (Vidarte Claros et al.,
2011) and in mental processes (Ramírez et al., 2004; Zhou et al.,
2020) as well as on a psychological level (Berger and Motl, 2000;
Biddle and Mutrie, 2001; Tessier et al., 2007; Anderson and Brice,
2011). In particular, there is clear evidence of the contribution of
physical activity to psychological well-being (Molina-García et al.,
2007; Jiménez et al., 2008; Romero et al., 2009; Fernández Ozcorta
et al., 2015).

The relationship between physical activity and well-being
linked to the quality of life has been the subject of multiple
investigations in recent years, which have also emphasized its
influence on the general health of the various sectors of the
population (Schwartzmann, 2003; Bize et al., 2007; Anokye
et al., 2012). In particular, different studies have highlighted the
association between high levels of physical activity, or the practice
of sports, and the quality of life in children and adolescents
(Anokye et al., 2012; Marker et al., 2018; Luna et al., 2019).

Likewise, recent reviews of studies on interventions focused
on the promotion of sports practices and their impact on issues
such as mental health, self-esteem, anxiety levels, and perception
of well-being in children and adolescents, underline the benefits
of this kind of activities for the general health of this population
in particular, showing that physical-sport education pilot
programs might promoted significant improvements in specific
indicators of subjective well-being and emotional intelligence of
participating adolescents’ groups (Bermejo-Cantarero et al., 2017;
Luna et al., 2019).

The lack of physical activity is a widely reported public
health problem (Bermejo-Cantarero et al., 2017). For this
reason, evaluation that focuses on the relationships between
physical activity and health-related quality of life is an important
focus of research in this field. On the other hand, there
is little research aimed at exploring parents’ knowledge and
perceptions of their children’s physical activity, their ideas
about its importance and impact on the way they experience
diverse dimensions of a stressful life (Gallego-Méndez et al.,
2020; Spinelli et al., 2020; Yarımkaya and Esentürk, 2020)
particularly during the Coronavirus outbreak. Exploring these
issues, including the different perspectives of persons involved in
families’ life (Izquierdo-Sotorrío et al., 2016), could help provide

Frontiers in Psychology | www.frontiersin.org 2 March 2021 | Volume 12 | Article 64948131

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-649481 March 9, 2021 Time: 15:35 # 3

López-Aymes et al. Physical Activity and QOL of Children Under Home Quarantine

recommendations and support programs for parents to guide
their children’s physical activity.

In the case of children and adolescents, physical activity
has important benefits: it promotes growth and enhances both
physical development (Rosa et al., 2018) and psychomotor,
cognitive and social development, and generally favors all body
systems: metabolism of carbohydrates and lipids, control of blood
pressure, decreases the risk of type 2 diabetes and improves body
composition (Camargo Lemos and Ortiz Dallos, 2010).

Physical activity also favors psychological factors: it helps
to build a balanced self-concept and improves self-perception,
mood, self-image, physical self-concept, perception of health and
life satisfaction, and intellectual function (Camargo Lemos and
Ortiz Dallos, 2010; Reigal-Garrido et al., 2012; Rosa, 2015).

The home quarantine imposed by the COVID-19 may make
physical activity more difficult, and as we have seen in the
studies reviewed, this leads to a decline in the quality of life of
children and adolescents. Quality of life (QoL) is understood
as personal satisfaction (or dissatisfaction) with the cultural or
intellectual conditions in which an individual lives. Health is
one of the domains of quality of life, this domain comprises not
only physical health but also psychological health, as well as the
interaction that people have with others and with the community
(Ravens-Sieberer et al., 2005). For this research, we are interested
in reviewing the quality of life, based on the assessment of the
well-being perceived by parents.

Given that the collection of high quality data is a priority in
order to understand the psychological effects that the quarantine
may have produced in the population, and that there is an
urgent need to discover, analyze and evaluate the psychological
interventions that could alleviate the problems generated and
minimize the risks that could occur in the mental health of
society (Holmes et al., 2020), the aim of this research is to
analyze parents’ perceptions of their children’s quality of life
in relation to observed physical activity in the conditions of
staying in the housing due to the pandemic situation due to the
COVID-19. It hypothesizes the existence of greater quality of life
perceived by parents who consider their children to be sufficiently
physically active.

In this sense, we try to find out if there is any difference
in quality of life between children of different ages and sex in
the conditions of staying in the housing due to the pandemic
situation due to the COVID-19 as perceived by mothers and
fathers. In addition, it is investigated whether the characteristics
of the housing (the space) conditioned the perception of the
parents about their children doing more or less physical activity,
and whether there are differences between the age and the
type of physical exercise done. It is also interesting to know
the relationship between the level of physical activity and
psychological well-being.

MATERIALS AND METHODS

Methodology and Design
This is a non-experimental design. Mixed methodology
was used (Mixed Methods Research, MMR;

Johnson and Onwuegbuzie, 2004; Denscombe, 2008). The
data was collected through a cross-sectional design with survey
methodology, using an ex post facto design, and there are open
questions that allow a qualitative analysis.

To determine the differences in physical activity, three
independent variables were considered: age (children,
adolescents), sex (male, female), as well as a third variable,
grouping parents according to their opinion about the physical
activity developed by their children in confinement (sufficient,
insufficient). The dependent variables used has been the different
scales that make up the KIDSCREEN test, which therefore
requires multivariate analysis.

Participants
A total of 234 participants responded to the survey. The average
age was 42.82 (SD = 7.10), with a range between 24 and 65. More
mothers (203) than fathers (30) participated, and only one of
the informants was guardian of the minors, relative in charge
of the child. Table 1 presents the data regarding age (values
corresponding to the percentiles 25, 50, 75, and over 75) and
educational level. The procedure for selecting the sample was
one of convenience.

Parents and caregivers were asked to think of one of their
children when answering the questionnaires. In this way, for the
data analysis, they were grouped by the ages of the children, the
largest group being children between 8 and 11 years old, 125 (52
female) and 109 adolescents between 12 and 17 (54 female).

The countries of origin of the participants were mainly Spain
(134, 57.3%), and Mexico (86, 36.9%) and others American
countries (Panamá, Colombia, Argentina, and Chile; 13, 5.8%).

Most families (230, 98.3%) reported not having been victims
of the coronavirus. Only four families had a confirmed patient in
the family unit, and in four other cases there was a suspicion that
a family member had the disease.

In the questionnaire, a question was included about family
and housing conditions. Most of the sample lived in the same
dwelling with up to four family members (167, 71.4%), while
it was less frequent for the family size to be greater than four
(67, 28.6%). The average number of rooms, discounting common
services, such as kitchen, living room and bathroom, was 3 (113
of the participants, 48.3%), with a range between 1 and 10 rooms.
Most of the dwellings have at least one exterior space (177 of the
participants, 75.6%).

TABLE 1 | Parents’ age and educational level.

Parental educational level Total

Without
studies

High School University
studies

Age 37 or less 0 24 23 47

38–42 1 10 49 60

43–47 0 24 42 66

48 or plus 0 11 50 61

Total 1 69 164 234
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Instruments
A questionnaire was designed to obtain data on parents’
perceptions of their children’s physical activity, some specific data
on the type of housing during their child’s confinement. This
questionnaire consists of 18 questions (15 closed, 3 open-ended)
distributed in the following categories: (1) descriptive data of
the participants (6 items); (2) family and housing conditions (5
items); (3) issues related to the situation produced by the COVID-
19 pandemic (3 items); (4) complaints and needs caused by the
situation produced by the COVID-19 pandemic (4 items) (see
Supplementary Data Sheet 1). At the end of the questionnaire
it was mentioned that if they wanted to ask for the results of the
research they could leave their e-mail. All questions were marked
as mandatory in the Google form, so there was no room for
incomplete or missing data.

For the HRQoL measure, the Kidscreen-27 Parent
Questionnaire (Ravens-Sieberer et al., 2005). Spanish version was
used, once the authorization for its use in this study was requested
and obtained. This is a questionnaire that assesses health-related
quality of life. This questionnaire was used because it provides
a parameter to contrast the perception of psychological and
health well-being in the child population with the physical
activity observed by the parents. It consists of 27 items, which
are answered in a Likert-type scale of five alternatives (from
nothing to very much), structured in five scales: physical activity
(4 items), mood (7 items), family life (7 items), friends (4 items),
and school (4 items), and a single question about your child’s
general state of health in the last week. The test is filled in by
parents, for children and adolescents between the ages of 8 and
18. The original authors (Ravens-Sieberer et al., 2005) offer
evidence of the factorial validity of the test and its reliability in
all the subscales of the test, in terms of internal consistency, with
the total Cronbach’s Alpha value equal to 0.82. With our data, a
similar Alpha of 0.831 has been obtained.

Procedure
The questionnaires were assembled in electronic format with the
Google Forms application. It was sent out by email and through
social networks (Whatsapp, Facebook, and Twitter) to contacts in
different educational associations, using the snowball technique.
It was sent during the month of May 2020 (it can be defined as
the first period of confinement). Only one of both parents was
asked to answer the questionnaire with one of their children in
mind (in case they have two or more), and who was in the age
range of 8–17 years. The time required to fill in the questionnaire
was 15 to 20 min.

At the time of data collection, all participants (regardless of
country) were in the same conditions of confinement, leaving the
home only for essential activities, with restrictions on going to
school, physical activities or recreation outside the home.

As far as ethical aspects are concerned, the Commission
on Ethics in Research and Animal Welfare of the University
of La Laguna (CEIBA) was asked to authorize the study,
which was granted (Registration Number: CEIBA2020-0396).
In the questionnaire, the corresponding information for the
participants was set out in the Organic Law 3/2018, of

December 5th, on Personal Data Protection and guarantee of
digital rights (BOE, 2018), guaranteeing the anonymity and
confidentiality of the data.

Data Analysis
The relationship between parental consideration of physical
activity sufficiency and having or not having outdoor space in the
home was calculated using the V of Cramer.

To check the absence of univariate outliers, we used Tukey’s
test that takes as reference the difference in interquartile
range, considering a slight outlier at 1.5 times this distance,
and extreme when it is at three times that distance. To
determine the existence of multivariate outliers, the Mahalanobis
distance was calculated.

Regarding quality of life, it was analyzed in two ways taking
three independent variables: age, sex and parents’ assessment.

TABLE 2 | Perception of adequacy of physical activity and space for it.

Outdoor space for physical activity

Physical activity No Yes Total

Insufficient 44 108 152

Sufficient 13 69 82

Total 57 177 234

TABLE 3 | Age and sex level descriptive statistics.

Scale Age Female Male

Mean SD N Mean SD N

Health Children 8.10 3.56 49 7.66 3.83 71

Adolescents 6.56 3.86 52 6.33 4.01 51

Mood Children 14.45 2.10 49 14.31 2.17 71

Adolescents 15.55 2.36 52 13.61 2.33 51

Family Children 20.02 3.90 49 20.11 4.43 71

Adolescents 19.77 4.47 52 20.65 4.48 51

Friends Children 6.82 4.43 49 7.10 4.63 71

Adolescents 9.53 3.60 52 10.13 3.51 51

School Children 11.41 2.54 49 10.83 3.41 71

Adolescents 11.27 2.84 52 10.35 3.27 51

TABLE 4 | Descriptive statistics of physical activity and well-being.

Physical activity Mean Standard Deviation N

Health Insufficient 5.86 3.15 146

Sufficient 9.73 3.85 77

Mood Insufficient 14.20 2.32 146

Sufficient 14.31 2.15 77

Family Insufficient 20.03 4.21 146

Sufficient 20.32 4.55 77

Friends Insufficient 8.39 4.40 146

Sufficient 8.26 4.30 77

School Insufficient 11.37 3.03 146

Sufficient 11.20 3.15 77
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FIGURE 1 | Dendogram corresponding to the question “Explain why you have sufficient physical activity.”

Since the quality of life variable, measured by Kidscreen, is split
into several scales, it requires a multivariate approach, so three
MANOVAs were carried out, one according to each independent
variable studied. All quantitative analyses were conducted with
the SPPS program, v.21.

For the qualitative analysis, the phenomenological discourse
analysis method was used, which identifies the meanings
of language, through lexical analysis using the ALCESTE
software (in French: Analyse des Lexèmes Coocurrents dans
les Enoncés Simples d’un Texte) (Reinert, 2003). This program
facilitates the analysis of linguistic materials that generally
arise in social research, such as answers to open-ended
questions in questionnaires, in-depth interviews or answers
based on projective techniques (De Alba, 2004). The ALCESTE
methodology consists of three stages: the construction of the
data matrix, the classification of the context units (statements)
and the description of the classes (Gil et al., 1994). The
methodology focuses on the statistical distribution of word
succession, taking into account only the simultaneous presence
of several words in the same statement. In this way, classes are
identified as semantic fields, represented in trees or dendograms.
In the ALCESTE method, the initial text is broken down into
elementary contextual units (ECUs), which approximately match
the size of a sentence.

The statistical analysis, although limited to explain in detail
the meaning of a text, allows the elaboration of a “cartography” of
the lexical worlds chosen by the speaker to express himself and,
therefore, of the reference systems from which he constructs his
way of seeing reality (Gil et al., 1994; Reinert, 2003).

RESULTS

Quantitative Analysis
Physical Activity
In order to know if there is a relation between the participant’s
perception of the sufficiency or not of the physical activity
developed by his or her child and the space dedicated to exercises,
these variables were analyzed, considering in the household
conditions whether there was no outdoor space to carry out
activities or if, on the contrary, there was. The results are shown in
Table 2. There is significant dependence between both variables
(V of Cramer = 0.146; p = 0.026).

Elimination of Outsiders
Eleven extreme univariate cases were eliminated and none
multivariate by Mahalanobis distance, with the criterion of
probabilities less than 0.001.
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TABLE 5 | Analysis of the question “Explain why you have sufficient or insufficient physical activity.”

Class ECU % Word

They consider their children’s activity to be sufficient

1 Name Movement and play 27 48.21 Dancing

Phrases Plays a lot at home.

Because he likes to ride his bike, he plays hide-and-seek and tries to always run up and down

Right here in the house he climbs the couches, goes up and down the stairs and starts dancing.

2 Name Sports practice 10 17.86 Activity

Phrases He has performed physical activity every day

We do physical activities together at home

In addition, since we have moderated the children’s outings, we have encouraged them to do activities on the move and not just walk

3 Name Daily physical activity 19 33.93 Day

Phrases Every day practice sport online

Practice two and a half hours a day of conditioning and classical ballet

We do some sport every day

They consider their children’s activity to be insufficient

1 Name Impossibility to leave 20 17.9 Lack

Phrases Lack of time to go out

We still need to go out more

Because we can’t go out on the street

2 Name Little exercise 34 29.06 Sport

Phrases She should do more sport but it is very vague, even the blackmail do it for me that I have a lot of weight and not even

He used to do a lot more. Playground, soccer team, friends.

He does a 20 minutes’ routine of varied exercises. He could do more, but he prefers to spend more time with his friends

3 Name Lack of space for physical activity 21 17.95 Sufficient

Phrases My daughters are active and need the outdoors

Not enough space at home

In the house there is not enough space to release the energy generated every day

4 Name Absence of physical activity 18 15.38 Physical

Phrases No physical activity

Does not do physical activities

Does not do too much physical activity

5 Name Decrease in usual exercise routine 14 11.97 Week

Phrases From working out several times a week to sporadic exercises without a daily routine

She practiced several hours of exercise a day, which is impossible today.

I can’t motivate her to exercise more. Sometimes we go for a walk, but not daily.

6 Name Disinterest in physical activity 10 8.55 Done

Phrases Does not exercise as she is used to or has not been able to go to her pools

Does not exercise as she is used to or has not been able to go to her pools

Has done online classes of ballet, very motivated but with complicated logistics, and some of zumba but was not very motivated with this

She has not done any exercise, neither moderate nor continuous. She started physical activity on Mondays and ended up being very

sore. She does not want to activate herself much. Only from time to time following just dance videos

Psychological Well-Being by Age and Sex
Most parents consider their child’s health to be excellent (88,
39.5%) or very good (114, 51.1%), while only 21 (9.4%) rate it
as “fair.”

The group was divided into two ages: from 8 to 11
(children) and 12 and older (adolescents). Table 3 shows the
descriptive statistics.

To know if there are differences by sex and age, a MANOVA
was calculated, which was for sex (Wilk’s λ = 0.949, F5.215 = 2.3,
p = 0.046, Partial η2 = 0.051), and for age (Wilk’s λ = 0.843,
F5.215 = 8.034, p = 0.001, Partial η2 = 0.157) nor for interaction
(Wilk’s λ = 0.982, F5.215 = 0.796, p = 0.554, Partial η2 = 0.018).

Individual ANOVA results are only significant for the variable age
in the health scale (F1,219 = 7.692, p = 0.006, Partial η2 = 0.034),
with a small effect size and in the friend one (F1,219 = 28.421,
p < 0.001, Partial η2 = 0.115), with a large effect size.

Physical Activity and Well-Being
In order to assess whether the children developed adequate
physical activity, the parents were asked whether they considered
it sufficient or insufficient. A total of 146 considered it to be
insufficient and 77 sufficient. The informants were divided into
two groups according to this variable and it was analyzed whether
there were significant differences in their assessment of the
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FIGURE 2 | Dendogram corresponding to the question “Explain why you have insufficient physical activity.”

FIGURE 3 | Dendogram of the question “How did your child live not being able to go outside?” Sufficient physical activity.
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FIGURE 4 | Dendogram of the question: “How did your child live not being able to go outside?” Insufficient physical activity.

psychological well-being of the children. Table 4 presents the
mean values and standard deviations of each welfare scale.

The result of the MANOVA was significant (Wilk’s λ = 0.743,
F5,217 = 15.001, p < 0.001, Partial η2 = 0.257). Individual ANOVA
results are only significant for the health scale (F1,223 = 64.821,
p < 0.001, Partial η2 = 0.227), with a large effect size.

Qualitative Analysis
In order to find out the perceptions that families have regarding
different aspects of stay-at-home confinement, both required
by law and recommended, four open-ended questions were
analyzed by ALCESTE, separating into two samples parents who
considered that their children were getting enough exercise and
those who thought it was insufficient: (a) Explain why you say you
have sufficient or insufficient physical activity; (b) How did your
child live it?; and (c) What or who does your child miss?

Analysis of the Question “Explain Why
You Have Sufficient or Insufficient
Physical Activity”
The analysis of ALCESTE, for the group of parents who consider
that their children have sufficient physical activity (see Figure 1),
the results are grouped into three classes, which explain 66% of

textual units. The first class is linked to the link between the
second and third classes. The most representative class is 1, as
it groups the largest number of EUs. The details of the analysis,
in terms of class name, UCEs grouped and percentage involved,
most representative word and examples, are presented in Table 5.

The reasons given by parents for considering that their
children could not get enough physical activity are more
dispersed, as they have been grouped into six clases (see Figure
2). In this case, there are two groupings: on the one hand, class 2
connects with the union of classes 5 and 6, while class 1 connects
with the link between classes 3 and 4. Classes 1, 5, and 6 are
related to the impossibility of doing either exercise or sports
that they did before the pandemic, while the difficulties of the
other set of classes go in the direction of lack of space and the
need to go outside.

Analysis of the Question “How Did Your
Child Live Not Being Able to go Out on
the Street?”
The analysis of the group that considers that their son or daughter
has had enough activity explains 51% of the text corpus. The
dendogram is shown in Figure 3.
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TABLE 6 | Information from the analysis to the question “How did your child live not being able to go out on the street?”

Class ECU % Word

They consider their children’s activity to be sufficient

1 Name Pleased to be home 15 40.54 Home

Phrases phenomenal likes to stay at home

well it didn’t seem wrong to stay at home

happy to skip school and stay home

2 Name Acceptance to stay home 12 32.43 Adaptation

Phrases Well he had no problem accepting the situation

Well accepted the situation and adapted to it

Well without problems accepting the situation and adapting

3 Name With tranquility 16 32.65 Quiet

Phrases Quietly did not want to go out and was entertained

Normal, no problem quietly for not being able to leave

Calm had no problem not to go out

They consider their children’s activity to be insufficient

1 Name Stress 20 64.52 Stress

Phrases My son suffered a lot of anxiety and stress at first over-all.

Quiet at first, but when schoolwork began with stress and anguish

Calm at first, a lot of stress because of the lack of physical activity, the lack of contact with children his age, the confinement, etc.

2 Name Being comfortable at home 11 35.48 Comfortable

Phrases Well, he likes to be at home, he is not very sociable.

likes to be at home

Says she likes to be at home but feels she lacks physical activity and refuses to do it.

On the other hand, in the group of parents who consider
the activity performed by their children insufficient, although
it explains only 27% of the corpus, extracting only two
classes (Figure 4).

Table 6 shows the detail of the classes, in terms of their
name, number of UCEs they group, percentage of the corpus
they explain and the most representative word, as well as
representative examples of each class. In both groups, a
distinction is made between positive aspects, of being at home,
or pointing out some kind of problem.

Analysis of the Question “What or Who
Does Your Child Miss?”
The analysis of this question, for the group of parents who
consider that the physical activity developed by their son or
daughter is sufficient, gives two classes, which explain 65% of the
textual units, that is, an average relevance of the treatment (see
Figure 5). These are two antagonistic classes: the second is the
one that groups the most textual units (71.70%), where it is clear
that the child misses both the extended family and the people in
his or her school environment. The first class includes those who
responded that they have not missed anything or anyone and is
quite homogeneous: they do not miss anyone (see Table 7).

In the case of parents who feel that their son or daughter
does not get enough physical activity, there are six classes, with
a grouping of classes on a ladder: from class 1 to 4 are connected
individually, linking class 5 with 6.

It explains 72% of the textual units, which means that the
relevance of the treatment is high. They are presented in Figure 6.

DISCUSSION

The first thing to note is that the data collection was done
in the months of April and early May, at the time of the
most severe confinement, as in Spain, Mexico, Panama, and
Argentina (BBC, 2020). It is true that the regulatory conditions
regarding confinement have differed in the countries where
the participants in this research live, in some cases, such as
Spain, being obligatory by the State of Alarm, while in other
countries governments strongly recommended avoiding going
out and staying at home. This has meant 24-hour family life, with
parents having to telework and children being taught online. The
possibilities of exercising under these conditions have been very
limited, which can have important effects on the psychological
well-being of the minors.

As far as the health of their children is concerned, a large
majority consider it to be good or very good. Furthermore, taking
into account the five scales of quality of life in relation to age
levels (children and adolescents), parents value the health of their
children more the younger they are. In contrast, differences in
contact with friends score higher for adolescents.

Parents’ perceptions of their children’s quality of life
significant differences are observed with respect to sex at the
global level, which is not maintained in the scales separately,
but they do differ by age on two of the instrument’s scales:
health, where younger children score higher, and friends, with
the opposite result, as would be expected: adolescents score
significantly higher on this scale.

Physical activity is conditioned by the type of housing. The
results show that when there is no outdoor space to develop
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FIGURE 5 | Dendogram of the answers: What or who does your child miss? Sufficient physical activity.

physical activity, parents find that exercise performed by their
children is insufficient more often.

The objective of this study, to establish whether there is a
relationship between physical activity and psychological quality
of life in the conditions of confinement at home from the parents’
perspective, has been clearly corroborated, both in quantitative
and qualitative analyses, finding differences between the two
established groups of participants: those who considered that
their children could develop sufficient physical exercise versus
those who thought it was insufficient. Divergences are shown in
both groups at the quantitative and qualitative levels.

With respect to the quality of life instrument, there are
significant differences between the overall scores of the two
groups; however, significant differences are only found in the
health scale; when parents consider that the physical activity
developed by their children is insufficient, lower scores are
obtained in that scale. These results support the hypothesis of a
positive relationship between quality of life and physical activity.

The differences found between the two groups of parents
(those who consider their children’s physical activity sufficient

and those who do not) in the quantitative analyses are also
verified in the qualitative ones. The second group of parents
shows more dispersion in the open responses given, as well as
greater concern.

Thus, in the first open question analyzed qualitatively,
“Explain why you have sufficient or insufficient physical activity,”
the discourse of some parents differs significantly, as it is obvious,
since the reasons they give for the physical activity done by
their children being sufficient must be differentiated from those
who consider it to be insufficient. In the latter, two perspectives
are clearly distinguished in the two branches that appear in the
dendogram: lack of space or impossibility of doing the exercise
they would like to do. Moreover, it also confirms what has already
been commented, that is, how there is a relationship between
physical space and the facilities of households to exercise is
related to the satisfaction or dissatisfaction with the physical
activity performed by their children.

The second question, centered on their child’s experiences of
not being able to go out, parents who feel their children have
enough physical activity, report that their children experienced
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TABLE 7 | Information from the analysis to the question “What or who does your child miss?”

Class ECU % Word

They consider their children’s activity to be sufficient

1 Name He doesn’t miss anything or anyone 15 28.30 Miss

Phrases He doesn’t miss

2 Name Missing extended family and friends 17 71.70 Friends

Phrases Family and friends of the school

Grandparents, friends, outings, trips, school

Grandparents, relatives, friends and teachers.

They consider their children’s activity to be insufficient

1 Name He doesn’t miss anything or anyone 19 17.27 Miss

Phrases He doesn’t miss

2 Name She misses going out to play 20 18.18 To go out

Phrases To be able to go and play basketball or soccer, to be able to be with friends the trainings play chess go out

go out and play

3 Name Missing family and friends 13 11.82 Family

Phrases Family, friends.

Friends, family and outings

Family and friends

4 Name School context 17 15.45 Mates

Phrases The school and his classmates, as well as his teacher.

School and classmates.

The school and his classmates!

5 Name He/she misses her grandparents and friends 24 21.82 Grandparents

Phrases To her friends, her grandmothers and her guardian

To his grandmother, the contact with his friends

To his friends

6 Name Missing the extended family 17 15.45 Their

Phrases To his mother the grandparents the cousins.

Dad, grandparents, cousins, and friends

His cousins and his grandparents

FIGURE 6 | Dendogram of the answers: “What or who does your child miss?” Insufficient physical activity.
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the lock down positively. On the other hand, in the other group
there is a division of opinions: one part considers that their
children lived the lock down without problems, but others think
that their children lived it with stress, being this last one the most
representative class. It confirms again a greater decline in the
quality of life of their children for this group.

Finally, in the question relating to whether their child misses
something or someone, there is greater variability among the
children whose parents consider they do not have enough
activity, since the answers are grouped together in one more class,
where there is content where school life is missing.

The limitations of this work are about convenience samples,
since there is no guarantee of absence of selection bias. However,
having included several countries, all of them with a significant
restriction on going out of the house, it gives indications of cross
validity. This unusual development of the pandemic has evened
out the differences between nations in a common struggle against
an unprecedented biological crisis.

As far as the uncertainty of living under what has come to
be called the new normality, together with the certainty that the
threat of the pandemic is not over and that outbreaks, more
or less virulent, may occur, it is particularly relevant to carry
out research on mental health and psychological well-being, in
order to be able to foresee more precisely the actions to be
taken, knowing the dangers involved. Holmes et al. (2020) point
out how important it is to accumulate experience based on the
evidence that has provided the lessons learned so that those
in power can coordinate measures that will damage the lives
of citizens as little as possible, especially those who are most
vulnerable. In this regard, since children are a vulnerable sector
of the population, knowledge of their reactions and how they
have been affected is particularly relevant. For future research,
this could also include children’s self-report, comparing their
perception with their mothers and fathers’s (Izquierdo-Sotorrío
et al., 2016). As a general recommendation in the light of
the data collected, emphasizing the importance of exercise in
guaranteeing the psychological well-being of minors is vital and
must be conveyed to the population.
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The objective to which this manuscript is oriented to is focused on the analysis of

interpersonal communication in sport. The multimodal essence of human nature adopts

special characteristics in individual and team sports, given the roles that athletes

adopt in different circumstances, depending on the contingencies that characterize

each competition or each training session. The mixed methods framework allows us

to advance in the ways of integration between qualitative and quantitative elements,

taking advantage of the proven possibilities of systematic observation, which we

can consider mixed method in itself, and which provides rigor and flexibility in the

study of the communicative flow in sport. In any sport, the procedure followed by

systematic observation may require direct observation, which is characterized by its

high perceptiveness, or indirect observation, when it comes to verbal behavior or

documentary material. In all cases, the procedure is structured in three macro-stages:

QUAL-QUAN-QUAL. In this work we start from a conceptual positioning about

interpersonal communication, to later show the sequential gear in sports about obtaining

qualitative data, its transformation into other types of data that are still qualitative but

have been structured, analyze them quantitatively, and return to a qualitative stage

where the interpretation of the results is possible. This process of quantitizing constitutes

the cornerstone that gives shape and structure to any research on interpersonal

communication in sport that combines the fine nuances of qualitative data (a motor

action, a gesture, an exclamation,...) with the power of robust quantitative data

analysis suitable for the treatment of organized qualitative data, which will provide

qualitative feed-back.

Keywords: sport communication, interpersonal systems, mixed methods, quantitizing, systematic observation,
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INTRODUCTION

The conceptual and empirical scope of communication in sport
is immense and undoubtedly polyhedral, and the unfolding of
facets that are derived ranges from interpersonal communication
to health, through humanistic, organizational and media
approaches, until reaching the 22 sub-disciplines that Billings
(2017) highlights, and that are grouped into four blocks: (1)
how a certain subdiscipline of communication relates to sport,
(2) specify the theories based on communication relevant to
sport within the subdiscipline (3) search for jobs published that
show the connection between sport and the subdiscipline of
communication, and (4) articulate possible directions for future
research within the framework of sport and the subdiscipline
of communication.

To this we must superimpose the methodological plan,
undoubtedly rich, which is fundamental in its analysis. In this
context of diverse positions and dispositions that characterize
the research agenda in communication and sport, the challenge
of investigating interpersonal communication, incorporating
traditional issues (vs. media) of social and organizational
psychology is considered by Wenner (2015), as an outstanding
provision to be developed under the name of Communication
Studies and Sport. The objective of Wenner (2015) consists
in highlighting the rich potential for an interdisciplinary fit
between communication and sport, addressing new perspectives
offered by interpersonal, group, and organizational interaction in
sports contexts.

Communication and the relationships it generates are central
in managing the perceptions of the various actors who have an
active part in sport (athletes, coaches, managers, family members,
doctors, physiotherapists, journalists, etc.) and taking into
account the interrelation with one of the fundamental aspects,
which is performance (Cunningham et al., 2018). According to
Kassing and Matthews (2017), athletes are motivated by two-way
communication, which is sometimes informal, and the results
obtained show that their motivation is greater when the coaches
give them support and take them into account. This would lead
us to an interesting discursive perspective (Fairhurst and Putnam,
2004), referring to daily speech and the interactive network
developed, including, of course, online communications. These,
according to Riva (2002), consider an intergame from everyday
interactions to reaching different communication levels, and
depending on the organizational structures in which it is
involved, considering, at the same time, that these constitute
“a process constructed and enacted by its individual members”
(Fielding-Lloyd and Meán, 2011, p. 346).

Sport is characterized by generating a complex multi-level
network where competition, support, conflict resolution, and the
creation of new contacts are continuously converged, which, in

short, make up very diverse interpersonal relationships. In fact,

sport itself, according to Turman (2017) can be considered as an
interpersonal relationship, since it allows mediating relationships
between athletes, coaches, families (in the case of children who
practice it), etc.

The connection between the conceptual framework of
interpersonal communication and research in the field of sport

is extremely interesting, in order to know and evaluate the
formation of these relationships, communicative styles, role
played by messages, promotion of coach-athlete relationships,
etc. In this sense, the influence that coaches generate on athletes is
undoubted. Athletes must not only perform, but also understand
and reflect on what the coach tells them (Turman, 2003). Despite
the situation of “power”/power imbalance between athletes and
coaches, the interaction is markedly interpersonal in nature, and
to a large extent it tests coaches to gain complicity, persuade
athletes, build a sincere relationship, and create a positive
environment (Turman, 2017). This process is undoubtedly
related to the prosociality between coaches and athletes (Turman
and Schrodt, 2004). Likewise, the communicative style has a
notable impact, and it is known from studies carried out (Turman
and Schrodt, 2004) that the autocratic style of coaches negatively
correlates with the affection that athletes show to sport, to their
colleagues, and to the coach himself.

The interaction between coaches and athletes takes place
in very different contexts (informal sessions, preparation for
competitions, half-times, conversations in the locker room, etc.),
which provides a wide range of communication possibilities
and different types of messages (Turman, 2017) whose study is
of great importance to delve into the analysis of interpersonal
relationships between them.

From a conceptual perspective, according to Berger and
Calabrese (1975) it is interesting to highlight the influence
of the theoretical frameworks of social psychology and the
convenience of working with theoretical proposals more focused
on interpersonal communication processes. The necessary
coexistence between the adopted theory and the implemented
methodology leads us to point out that we have suitable
theoretical frameworks. The construction of the relationship
with the acquaintance (Newcomb, 1953), the aspects related
to the perception of the person (Kaplan and Anderson, 1973)
and the bases proposed by Berger and Calabrese (1975) on the
reduction of the uncertainty in the development of interpersonal
communication are proposals that fit with the systematic
observation of the relationships that sport favors. Consider, for
example, the communicative exchanges between athletes, around
the behavior of the coach or with other social agents.

Likewise, this conceptual framework contemplates different
levels of analysis, and in the same way that Knapp et al. (1973)
studied the types of non-verbal behavior that occur in each phase
of a communicative exchange, we can contemplate a strategy that
allows a structured procedure, both bottom up (inductive path)
and top down (deductive path). Both ways must be possible in the
analysis of interpersonal communication structured as a problem
of systematic observation.

The conceptual axes indicated and the foundations of the
development theory of interpersonal communication (Berger
and Calabrese, 1975), allow us to connect with the reality
of interpersonal communication in sport, considering the
possibilities that systematic observation offers, and smoothing
out the difficulties posed by the traditional cracking between the
radical qualitative vs. quantitative options, already denounced by
Reichardt and Cook (1986), among many other authors, apart
from other issues that are being developed in recent years, such
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as the compensation for the deficit of perceptivity in indirect
observation (Anguera et al., 2018b; Anguera, in press, 2020).

Over four decades (1960-2000), most empirical studies carried
out in all the sub-fields of the Social Sciences, and also,
specifically, in interpersonal communication in sport, had been
proposed following a qualitative or quantitative methodological
orientation. This position was consolidated by each of the two
options, which were in open confrontation, and radicalized over
time. It was precisely from the beginning of the century and the
millennium, around the year 2000, with variations according to
the countries that mixed methods began to be put into practice. It
initially implied a complementarity between the two perspectives
(qualitative and quantitative), to finally evolve to an integration
between qualitative and quantitative elements.

INTERPERSONAL COMMUNICATION
FROM MIXED METHODS

In line with pragmatic thinking (Rorty, 1982), in the field
of interpersonal communication there is no approach to
the production and use of knowledge based on the conflict
between methodological perspectives. Smith and Wilson (2010)
have summarized the main epistemological and ontological
assumptions that scholars of interpersonal communication take
into account when working under the scientific umbrella of post-
positivism also known as scientific realism (Pavitt, 1999), and
that it is perfectly applicable to the field of sport. We refer
to the dominant perspective (not the only one) of researchers
in interpersonal communication as the empirical or post-
positivist orientation based on a body of assumptions aimed
at promoting: (a) the moderate position in the confrontation
between empiricism and positivism; (b) the recognition of the
role played by the opinions of the observer and the predictability
of people’s actions; (c) the distinction between causal logic and
functional logic of theories; (d) the incorporation of the social
and historical-cultural context; (e) the theoretical consideration
of the sense of control that the social actor has over his life.

The refusal to take extreme positions on the side of empiricism
or positivism and the acceptance that there is no single way
of investigating because different questions require different
answers are two features that help to reduce tension and avoid
the rejection of the study of the more complex qualitative aspects
of a socio-cultural nature that are part of the communicative
interaction. What, then, is the position on the quantitative-
qualitative dichotomy? Levine (2011) pointed out that the useful
and valuable of both methodologies in the field of social sciences,
and, therefore, in sport, is to raise a reasonable doubt about
the veracity of the controversy between methodologies, holding
that “. . . doing both qualitative and quantitative research well
may be too ambitious for many mere mortals” (p. 28). Somehow
we understand that in interpersonal communication in sport
the approach of Mixed Methods (from now on MM) is not
encouraged by the difficulty of training researchers in both
paradigms (Anguera et al., 2017b, 2021a).

On the other hand, MM is a transdisciplinary methodological
movement in which engaged researchers participate with social
and behavioral studies (Creswell, 2016). The primary message

or point of departure was to give visibility and awareness of
a methodological practice, little taken into account when it
comes to pointing out its background (Maxwell, 2016), based
on the combined use of quantitative and qualitative data with
independence of the positivist or interpretative position held by
researchers (Creswell and Plano Clark, 2011).

Without denying or minimizing the urgent need to promote
methodological training in mixed methods (Creswell and Plano
Clark, 2011; Mertens et al., 2016) that is up to the new
challenges of social research and behavior, the purpose of this
work is precisely to show that systematic observation can
structure the complexity of the empirical-analytical situation of
communicative interaction in dyads and small groups (Anguera
and Izquierdo, 2006; Sánchez-Algarra and Anguera, 2013), not
only complying with the characteristics of the Mixed Methods
methodology (Bazeley, 2018), that require evidence on the
integration of qualitative and quantitative elements, but also
making its own and specific contribution, precisely because, in
itself, it constitutes a mixed method (Anguera and Hernández-
Mendo, 2016, 2019; Anguera et al., 2017a), throughout its QUAL-
QUAN-QUAL macro stages.

If our way of synthesizing the position of scientists, affiliated
with the fields of interpersonal communication or mixed
methods, is considered correct, we can fully incorporate these
two independent but related considerations about the coexistence
of different methodological perspectives: first, (i) the good
practice of researchers committed to qualitative or quantitative
methodology does not require them to choose between a certain
line of methods and techniques (Creswell and Plano Clark, 2011;
Levine, 2011) and, secondly, (ii) the criterion of flexibility and
methodological adaptation takes precedence over time to make
decisions in favor of a methodological approach that qualitatively
and quantitatively structures the complexity of the object of study
(Anguera et al., 2018a).

According to these two statements, first of all, we address
a brief general overview on the programmatic proposal of
the MM methodology promoted by the MMIRA (Mixed
Methods International Research Association), whose most
relevant distinctive note is the integration of elements: data,
results, procedures,..., qualitative and quantitative (Mertens et al.,
2016). The next step has to do with the options of observing,
measuring and evaluating human communication processes. In
line with our interests, the selected methodological perspective
is the analysis of the interaction (Poole and McPhee, 1985;
Tardy, 1988; Brauner et al., 2018) focused on the studies that
formalize and compute the nominal data that inform about the
dynamics of the current interpersonal communication observed
in sport. Finally, the observation process linked to the analysis
of the interaction is deepened, adapted and extended to new
approaches on how to obtain a large quantity of qualitative
data and be able to manage, quantify and analyze ensuring the
rigor of the entire process. Specifically, the methodological guide
for systematic observation is synthesized (Anguera and Blanco-
Villaseñor, 2001; Portell et al., 2015a,b; Anguera et al., 2018b)
pointing out the strengths of the observational methodology
and the dispositions that are taken to deal solvency with the
weaknesses associated to the non-existence of measurement
instruments or standard qualifiers, and the potential biases
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attributable to the behavior of the observer-coder. We conclude
by summarizing the permeability and robustness attributes of the
systematic observation considered as a suitable and good strategy
of full integration in MMR.

INTEGRATION IN MIXED METHODS
RESEARCH: MULTI-PARADIGMATIC
MATRIX

The concern for epistemic and social quality also defines
the fundamental axes that move the discourse of the
MM methodological perspective (Mertens et al., 2016): (i)
the requirement of rigor in the design of interpersonal
communication studies in sport applied to a wide variety of
problems detected or expressed in the sport communities, and
(ii) the scientific requirement to be able to share the validity of
the new knowledge obtained, which involves reproducing results
of the research and transferring them to different contexts in the
field of sports.

To this day, the MM community (Creswell, 2016; Mertens
et al., 2016) recognizes having identified the main research
designs, the variants used and their application procedures.
Hence, we can verify the presence of solvent works in some areas,
and specifically in sport. However, the increase in examples of
validated designs with postmodern and emancipatory sensitivity
is lacking (Creswell and Plano Clark, 2011). It follows, therefore,
that the bulk of the MM scientific production moves in the more
pragmatic plane of the combination-integration of quantitative
and qualitative data (Johnson and Onwuegbuzie, 2004; Teddlie
and Tashakkori, 2012; Bazeley, 2018). In addition, the problem
of the evaluation of MM quality is a core issue (Fàbregues and
Molina-Azorín, 2017).

The sustained effort to define the MM methodology in
accordance with the issues that the most influential voices are
raising at different moments of its trajectory has led (Johnson
et al., 2007) to point out some currently shared reference points
by the members of the MMIRA.

MM research, committed to social reality, seeks to enhance the
quality standards of scientific research through the proposal of
new evaluation designs (Greene et al., 1989; Greene, 2006, 2007)
that combine different methodologies. The multi-paradigmatic
dialogue feeds mainly (Shannon-Baker, 2016) of the pragmatic
mentality of dialectical pluralism, which respects the variety of
points of view about the world and the ways of knowing reality
(Onwuegbuzie and Frels, 2013), and critical realism (Maxwell
and Mittapalli, 2010), which puts the accent on the partiality
of knowledge, the importance of context, and on the influence
of emotions, beliefs and values given that they are also part of
this reality.

The MM integration emphasizes the central role of the
research questions (Figure 1) when considering that they are
present in all the related phases of the methodological process
and that the definition of the research problem through
the questions that are posed is, in turn, directly related to
the central and guiding components of a rigorous scientific
study: purposes, theories and beliefs, methods and validity

considerations (Mertens et al., 2016). In other words, the
object of study, which is interpersonal communication in sports,
determines themethodology, and themethodology structures the
object of study.

SYSTEMATIC OBSERVATION AND
INTERPERSONAL COMMUNICATION IN
SPORT

Communication in sports, an area that deserves full attention
as an essential component of the fabric of inter and intra
organizational relationships (Pedersen et al., 2020), includes
two basic questions: what interlocutors do and say and how
they interdependently weave domithe communications that keep
them engaged in conversational activity until their closure.
With the term “interaction analysis” we are referring to a
grouping (cluster) of methods, techniques and perspectives
that have in common the identification, in their interactive
context, of sequences, patterns, uses of language, and so
on, from the obtaining of preferably observational data.
Regarding the constellation of key terms that can guide the
realization of research problems, Figure 2 lists five interpersonal
communication processes that can be structured as systematic
observation problems in the field of communication and
sport studies.

The conversational encounter between athletes and coaches,
between athletes, between athletes and their families, between
athletes and other social agents, etc., involves a visible and/or
audible interaction, direct, either face-to-face or mediated, or
indirect if the exchange is deferred (Poyatos, 1983). To refer to the
interpersonal communicative encounter properly we adopt the
expression “face-to-face interaction,” highlighting the idea that
the behavior manifested in both poles of the interaction can be
understood as a dimension (and potential subdimensions) that
admits different degrees of activity according to the interpersonal
situation that is studied from the individual reading of a book
to daily formal and informal conversations through exchanges
of written messages or voice notes (Nunes, 2020; Nunes et al. in
review).

We will consider the methods of analysis of the interpersonal
communication supporting an objective-negotiated vision of
reality (not all representations of reality are equally acceptable)
that structures the quantitative methodology committed to the
social meaning and the meticulous control of the inference
(Kendon, 1990; Bavelas et al., 2002; Levine, 2011; Krippendorff,
2013).

Gathering the elements that we have just enumerated, we
understand as interpersonal communication analysis (Bakeman
and Gottman, 1997; Keyton, 2018) the systematic observation
study focused on the dynamic process of exchanges of
interdependent behaviors (or actions) between two or more
people with the purpose of classifying them, identifying their
functions in the discourse or its structures (sequences, patterns,
repetitive cycles,...), including the context in which the verbal
and non-verbal interaction is developed: interpersonal conflicts,
classroom, marriages, family, psychotherapy, work meetings, etc.
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FIGURE 1 | Reciprocal relationship between Research Questions and Methodological Process.

FIGURE 2 | Main keywords for interaction analysis through systematic

observation.

Obtaining observational data involves segmenting the stream
of interpersonal communication behavior into units, classifying
them according to a set of discrete categories and recording
the order or sequence in which the behaviors occur. The
instrument of observation is conceived as a system for
channeling information, which the researcher must adapt, if
he borrows it, or build it ad hoc according to the research
problem addressed.

The necessary rigor in the process of obtaining observational
data requires being able to verify its reliability in two different
planes: on the one hand, the coders have to agree and
be consistent in the procedure to be followed (unitizing
reliability) and, on the other hand, the encoders will also
have to show agreement in the classification given to the
units (classificatory reliability). Reliability understood as
agreement between observers is commonly tested with
Cohen’s kappa statistic (Cohen, 1960) or other widely
known and used coefficients -in addition to those collected
in the HOISAN free program (Hernández-Mendo et al.,
2012). Data quality can be compromised by omission
and commission biases introduced in the individual use
of the categories. It is advised (Bakeman and Gottman,
1997) to calculate agreement coefficients for each individual
category in addition to obtaining the overall coefficient of the
instrument used.

In terms of validity (Rogers and Millar, 1982; Tardy, 1988),
we must take into account what the researcher wants to
know about the interaction under study: (i) verify a theory
with the observational data obtained without including the
interpretations of the participants (observer-privileged or

experienced mode); (ii) use a coding system to represent the

shared meanings of interpersonal communication between

members of a culture (generalized subject-privileged or
experiencing mode); (iii) identify the idiosyncratic meaning of
the interaction that people who share a particular relationship
have (restricted subject-privileged or experiencer mode).
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These three modes of observation require different types
of evidence.

QUAL-QUAN-QUAL INTEGRATION
APPLYING SYSTEMATIC OBSERVATION
METHODS

The processes of systematic observation that make up the
analysis of interpersonal communication have been deepened
and enriched in the last 50 years, providing a neo-positivist
vision sensitive to the social burden of behavioral events
while proposing methodological controls, incorporating new
technologies, developing powerful analysis techniques, and
theorizes and protocols the procedure of observation as a
methodological option in the strict sense, and this fit is optimal
in the field of sport.

Creswell and Plano Clark (2011, p. 7) affirmed: “There are
three ways in which mixing occurs: merging or converging the
two datasets by actually bringing them together, connecting the
two datasets by having one build on the other, or embedding

one dataset within the other so that one type of data provides
a supportive role for the other dataset” (highlight is done by
us). This appointment has a fundamental relevance, which is
still increasing because it has been backed by practically all the
relevant MM researchers.

Indeed, of the three forms of integration that schematize,
merging is usually used when initially or at successive moments
of time we have qualitative and quantitative information;
connecting when the data is processed, among the many
possibilities available; and embedding when a minority data type
is nested in data of a different nature, and predominantly.

The process of systematic observation is perfectly located in
the connecting, given that the scientific procedure that supports it
corresponds to the three major stages QUAL-QUAN-QUAL, and
between the first two is where quantitizing is located, so much
studied today (Anguera et al., 2020).

In the first place, and in the field of interpersonal
communication, we graphically show the three major stages in
the procedure of systematic observation, which is a scientific
procedure, but with some peculiarities that characterize it
(Figure 3).

We are particularly interested in highlighting the quantitizing
focus, between the QUAL and QUAN stages, about which much
has been written in recent years. Prestigious mixed methods
authors have referred conceptually, and also technically, to
quantification (Creswell et al., 2003) and to everything that
involves the transformation of data (Sandelowski et al., 2009).
But the great difference with observational methodology (Portell
et al., 2015a,b), in favor of this, is that the quantification is
more robust, since it is not only based on the counting of
behavior occurrences, that is, in the frequency, but in the other
primary parameters (Bakeman, 1978; Sackett, 1987; Bakeman
and Gottman, 1997; Anguera and Blanco-Villaseñor, 2001;
Bakeman and Quera, 2011) of order and duration, which present
a progressive order of inclusion. This quantitizing is situated
between the first qualitative and quantitative macro-stages, and

is produced thanks to the matrix of codes constructed from the
sequence of co-occurrences (Figures 3, 4).

The transformation of the qualitative record register is
possible both in direct observation (Sánchez-Algarra and
Anguera, 2013) and indirect observation (Anguera et al., 2018b),
and both are possible in interpersonal communication in sport.
In many fields of interpersonal communication application,
such as in clinical psychology (Roustan, 2010; Roustan et al.,
2013; Anguera, 2017; Arias-Pujol and Anguera, 2017, 2020;
Del Giacco et al., 2019, 2020; Anguera, in press, 2020), or in
educational psychology (Tronchoni et al., 2018; Belza et al.,
2019a,b; Escolano-Pérez et al., 2019; Sagastui et al., 2020), or in
family psychology (Cuervo, 2014), the focus on verbal, or vocal,
or both behavior is becoming more interesting, so that one more
step of the procedure is the transformation of the registry in a
code matrix.

In direct observation (Anguera, 2017), the modus operandi
is already established, and for some years quantitative analysis
of qualitative data has been carried out (mainly lag sequential
analysis, polar coordinate analysis of polar, detection of T-
Patterns) (Anguera et al., 2021b) which have been systematized
according to the code matrix format, where the columns
correspond to the dimensions or sub-dimensions of the
observation instrument developed ad hoc, and the rows
correspond to each of the observation units. The connecting is
operating, through the transformation of the qualitative data that
make up the record. It is an indisputable integration, given that
we operate quantitatively on data that is textual, which we have
only organized, and are essential when we start with individual
cases and we are interested in accessing a hypothetical multiple
case. It does not follow the proposals of Sandelowski et al. (2009),
but we attest to its effectiveness, which we have repeatedly tested.

In indirect observation, obviously, greater methodological
controls are required, in order to avoid the risk of inference,
but the path to follow is also configured (Anguera et al., 2018b;
Anguera, in press, 2020). The most complex issues are in the
construction of the indirect observation ad hoc instrument, and
in the application of the text segmentation criterion in units.
In indirect observation we intend the “liquefying” of the text
(resulting from the transcription of the communicative flow),
which although it can be considered arduous depending on the
theoretical frame of reference, and the contextual environment in
which it is carried out, offers great methodological possibilities,
with a certainly innovative cutting, as is the use of codes
that have been obtained in the registry -even in programs of
indirect observation (Anguera, in press, 2020). For example, if
the ATLAS.ti program has been used, all the codes that appear
in the window on the right are arranged in the form of a code
matrix, so that the beginning of each row corresponds to the
beginning of the text unit. In the studies carried out, we know
that the quantitizing has been able to be carried out without
problem from the text, and then applying a T-Patterns technique
(Magnusson et al., 2015; Anguera et al., 2018a; Casarrubea et al.,
2018) or applying sequential analysis of delays and analysis of
polar coordinates (García-Fariña et al., 2018).

To continue to guarantee scientific accountability, the QUAL-
QUAN-QUAL conversion must engage and shape the process
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FIGURE 3 | Macro steps of systematic observation process: QUAL-QUAN-QUAL.

FIGURE 4 | Integrating data, Quantitizing, and analysis in systematic observation: Steps (row 1), Control process (row 2), and Accountability (row 3).

of inferring, discussing and concluding the interpretation of
results. The interpretation must be qualitative and based on the
communicative acts and their consequences (how the participants
do social actions and what for. . . in its immediate communicative

context, Bavelas et al., 2002, p. 110) on the results obtained
through robust quantitative analysis of the data sequences
recorded in the studies of direct or indirect observation of
interpersonal communication in sport.
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In effect, the interpretation of communicative behavior
(Poyatos, 1983; Bavelas and Chovil, 2000) is sustained by
assuming the intentional and inferential character of social
interaction in the communicative context of exchanges
(Bateson, 1972). Other fundamental aspects of interpersonal
communication are variability, cohesion, and coherence with the
context (interview, personal papers, reports, rating scales, etc.).

On the other hand, the micro-analytical record of visible and
audible communicative interpersonal behavior (stages 1 and 2 of
the quantitizing process) that includes the use of highly elaborate
notational systems (Anguera and Izquierdo, 2006; Izquierdo
and Anguera, 2018), makes it possible to identify the linguistic
resources of the interlocutors when they have a common or
specialized exchange. For example, the linguistic movement
markers that correspond to fleeting comments produced from
the listener position, the turn and turn change markers,
expressive communicative acts, symbolic gestures performed
with the body, socio-affective adjectives, etc.

Regarding the interpretation of the results that integrate
the quantitative and qualitative analysis within the scientific
community in the field of sport, the similarities and disparities
that other authors have obtained should be commented on,
making a substantive and methodological self-criticism of the
work carried out, and suggesting those elements that may lead
to a continuation of the investigation.

We understand the power of the process of the three
QUAL-QUAN-QUAL macro-stages, summarized in Figure 4,
that fortify the mixed methods approach. Namely, the initially
qualitative information obtained in the record, which is
extremely rich for the intended purpose, allows a wide
range of quantitative and qualitative analysis-interpretation,
integrating both.

CONCLUSION

In this work we have set out to study interpersonal
communication in sport, taking advantage of the wide
opportunities offered by systematic observation, as a scientific
procedure that guarantees objectivity and rigor in the various
stages of this procedure. For its materialization, we have
focused on the systemic purpose of integrating qualitative and
quantitative data forming transparent, rigorous and committed
research designs with knowledge (exploratory and explanatory)
and decision making (based on formal evaluations). The
complexity of the interpersonal communication situations of
daily life in different sports agents (athletes, coaches, families,
managers, physiotherapists, journalists, etc.) and the important
weight arried by the necessary incorporation of different data
sources and analysis techniques, has led researchers in mixed
methods to propose successive approaches to link the different
methods included in the MM designs, from the distinction
between component designs and integrated designs, through

the four families of concurrent, sequential, conversion, and
fully integrated designs, up to the recent reflection on the
integration of the data and the results obtained with the MM
methodology (Maxwell, 2013, among other contributions). We
have incorporated as a reference for the MM framework the
reflection that argues the complete integration of qualitative and
quantitative elements. We have approached the exhibition taking
as a starting point the consideration that systematic observation
is a positive scientific methodology in the strict sense, with
an application protocol that covers all the components of the
scientific method, regulates the conduct of the methodological
process and promotes commitment to quality controls and good
research practice.

The attribute of permeability is part of the process that we
have just defined and that crystallizes in a deep elaboration of
the units of observation, recording and interpretation. Without
this formalizing step of the units, the quantitization would lose
its operative force as a connecting element between the macro-
stages of the systematic observation process. From a systemic
point of view, the need for this synergistic connection emerges
as a result of the reallocation of permeable boundaries between
the qualitative and quantitative elements (Sánchez-Algarra and
Anguera, 2013; Anguera et al., 2017b, 2018b).

We are convinced that our work will allow interpersonal
communication scholars in sport and MM researchers to
consider the possibilities and rigor offered by the observational
methodology conceived as an integrated QUAL-QUAN-QUAL
process applied to the analysis of communicative interaction in
a wide range of sports situations.
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Grounded in achievement goal theory and self-determination theory, the aim of

this study was to analyze the motivational determinants of precompetitive anxiety

in the sports context, considering the horizontal motivational sequence: adaptive

social factors (task-involving climate, autonomy support style), competence need,

types of motivation (autonomous motivation, controlled motivation, amotivation), and

consequences (precompetitive anxiety and self-confidence). This study was also

conducted in order to analyze the mediating role of the need for competition and

motivational regulations on social factors and consequences. The sample consisted

of 217 athletes of both sexes engaged in elite sport, who answered a series of

questionnaires to measure study variables to develop an analysis of the structural

equation model. The results showed that both the task-involving climate and autonomy

support were associated with competence need, and competence need was associated

with autonomous motivation in a positive way and with controlled motivation and

amotivation in a negative way. On the other hand, autonomous motivation was

positively associated with self-confidence, while amotivation was positively related to

somatic and cognitive anxiety before a competition. Furthermore, there was a total

mediation of competence need and autonomous motivation between task climate and

self-confidence. In conclusion, these social factors favor self-confidence, and besides,

these climates disfavor anxiety before a sport competition.

Keywords: motivation, sport, instrumental study, psychological need, contextual level

INTRODUCTION

The achievement goal theory (AGT; Nicholls, 1984, 1989) and the self-determination theory (SDT;
Deci and Ryan, 1985; Ryan and Deci, 2000) have been useful to explain psychological processes that
mediate between social context and the motivational, affective, and behavioral processes of athletes.
The SDT takes into consideration some aspects of the AGT, according to some characteristics of the
social context created by significant others that influence people’s motivation (Vallerand and Losier,
1999).

The AGT conceives the motivational climate as an environment constituted by implicit and
explicit signals from significant others, which represent patterns of success (Ames, 1992). Two
types are distinguished: task-involving climate, where people perceive that they are rewarded for
personal improvement and learning; and ego involving climate, in which people perceive that
only the best performers are valued (Ames, 1992). The first has more positive consequences than
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the second (Ames, 1992). In general, the perceptions of a task-
involving climate are associated withmore adaptive cognitive and
affective patterns.

For its part, the AGT describes the perceiving supportive
interpersonal behaviors and thwarting interpersonal behaviors
(Ryan and Deci, 2017), for example autonomy support
(i.e., self-initiated effort, volition, freedom of choice, and
presentation of alternatives), competence support (i.e., positive
feedback related to a specific task), relatedness support (i.e.,
demonstration of emotional support), autonomy thwarting
(i.e., enforcement, exerts pressure), competence thwarting (i.e.,
expression of behaviors that emphasize guilt and doubt), and
relatedness thwarting (i.e., perception of behaviors of rejection).
When perceiving supportive interpersonal behaviors, people
perform more self-determined actions, compared with thwarting
interpersonal behaviors (Rocchi et al., 2016).

The SDT postulates that the motivational context is related
to people motivation via the psychological needs satisfaction
(Reinboth et al., 2004) and that the type of motivation
experienced by people will have an impact on the emotional,
cognitive, and behavioral state (Ryan and Deci, 2000; Gagné and
Deci, 2005).

In this respect, the SDT assumes that people are born with
three basic psychological needs: competence, which concerns the
desire to be effective in interacting with the environment and
expressing one’s capabilities (Deci, 1975); autonomy, which refers
to feelings that one is the origin and source of one’s own action;
and relatedness, which are the feelings of being related to others.
Regarding motivation, SDT behavior is directed by motivation
regulations that vary in the levels of self-determination. These
motivation regulations are on a continuum ranging from those
that are more autonomous to more controlled (Deci and Ryan,
1985; Ryan and Deci, 2000). When individuals feel that their
behavior is internally regulated from within, they experience
autonomous motivation, a desire to act based on interest in,
enjoyment of, or placing value on the work or the behavior
itself (Gagné and Deci, 2005). When individuals feel that their
behavior is externally regulated by outside forces, such as other
people or rewards and punishments, they experience controlled
motivation, a desire to act based on a sense of pressure and
obligation (Ryan and Deci, 2000). Thus, external regulation can
be more controlled, when it is supported by external control
(extrinsic regulation) and internal contingencies (introjected
regulation), while it becomes more autonomous when it is
directed by an instrumental value (identified regulation) or by
personal values (integrated regulation). SDT also recognizes
that amotivation is characterized by low or lack of motivation
(Ryan, 1995).

Supportive Behaviors, Psychological
Needs, and Motivation
Ryan and Deci (2000) suggested that if the social context
promotes the psychological needs satisfaction, then the forms
of motivation will be as self-determined as possible. It
has been shown that autonomy support favors the most
self-determined motivation, because it contributes to the

psychological needs satisfaction (e.g., Amorose and Anderson-
Butcher, 2007; Vallerand, 2007). This has been supported in the
sports context in works such as those by Álvarez et al. (2009),
who found that autonomy support predicts the psychological
needs satisfaction (measured through an index), and this predicts
self-determined motivation (measured through an index). In
addition, Pope andWilson (2012) showed that autonomy support
was positively related to competence and autonomy, and the
need for competence did so positively, both with controlled
regulations (i.e., external and introjected) and with autonomous
regulations (i.e., identified and intrinsic), and negatively with
amotivation. Similar results were obtained by Isoard-Gautheur
et al. (2012), with the difference that the need for competence
predicted the most controlled regulations and the identified
regulation. This was replicated by Balaguer et al. (2012). Recently,
Rodrigues et al. (2019) showed that supportive behaviors were
positively related to the satisfaction of psychological needs, and
these were also positively associated with both autonomous
motivation and controlled motivation.

Task Climate, Psychological Needs, and
Motivation
Analyzing the social context based on the more adaptive
motivational climate theorized by the AGT (i.e., task climate)
and its association with the motivational regulations and
psychological needs proposed by the SDT, studies in the sports
context show that athletes who perceive a task climate report
a high competence need and that this is associated with self-
determined motivation (measured with an index) (Sarrazin
et al., 2002). Ommundsen et al. (2006) showed that a task-
involving climate is related to competence perception. Likewise,
Ommundsen et al. (2010) demonstrated that a task climate
predicts intrinsic motivation through competence and autonomy
needs. Other studies showed that a task climate positively predicts
each of the psychological needs, and these predict intrinsic
motivation (Almagro et al., 2011).

Despite the aforementioned evidence, there are also
contradictory results, such as those of Kowal and Fortier (2000)
and Reinboth and Duda (2006) who found no relationship
between the task climate and competence need. Ahmadi et al.
(2012) and Sánchez-Oliva et al. (2012) showed that a task
climate predicts the three psychological needs, with greater
force on the competence need, but the latter does not predict
self-determined motivation (measured through an index).
Recently, Monteiro et al. (2018) showed that the task climate
is associated with psychological needs, being associated with
autonomous motivation, while Rodrigues et al. (2020), in the
physical education context, showed that the task climate is
associated with each of the psychological needs.

Motivation and Precompetitive Anxiety
The SDT postulates that motivation leads to different types
of consequences of cognitive, emotional, and affective nature
(Rodrigues et al., 2018). The most positive consequences
would be produced by the more self-determined forms of
motivation (i.e., autonomous motivation), while the most
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negative consequences would be produced by the less self-
determined forms of motivation (i.e., controlled motivation and
amotivation) (Ryan and Deci, 2017).

A maladaptive emotional consequence can be precompetitive
anxiety, which is an immediate emotional state characterized by
feelings of apprehension, tension, and nervousness generated by
sports competition (Martens, 1977). This has been widely studied
in the sports field because, together with self-confidence, they
are psychological variables that considerably influence sports
performance (León-Prados et al., 2014). The multidimensional
theory of competitive state anxiety (Martens et al., 1990) proposes
three components: somatic anxiety, which has to do with the
physiological activation of the organism; cognitive anxiety, which
is associated with cognitive representations of threat, uncertainty,
and worry; and self-confidence, which is the degree of security
that the athlete has about their ability to be successful in sports
tasks. In the sports field, few studies have shown a positive
association between more self-determined motivation and self-
confidence before a competition (e.g., Zarauz and Ruiz-Juan,
2014; Pineda-Espejel et al., 2020) and no influence on the
probability of presenting anxiety (e.g., Garcia-Mas et al., 2015;
Pineda-Espejel et al., 2015, 2020), as well as a positive association
between controlled regulations and precompetitive cognitive
anxiety (e.g., Guillén and Álvarez-Malé, 2010); more studies
reveal a positive association between amotivation and cognitive
and somatic anxieties prior to competition (e.g., Amado et al.,
2013; Zarauz and Ruiz-Juan, 2014; Pineda-Espejel et al., 2016,
2020).

The Present Study
Sport coaches represent an integral part in the sports
environment, interacting with athletes on a regular basis
and having an impact on their motivation to participate in the
sport (Smith et al., 2007); therefore, it is important to understand
the contextual factors behind negative and positive experiences
in high-performance sport.

Although the SDT assumes that the three psychological needs
must be satisfied for self-determined motivation to occur (Deci
and Ryan, 1985), the relatedness need in high-performance sport
does not appear as a primary need (Hodge et al., 2009; Gené
and Latinjak, 2014), while the satisfaction of autonomy and
competence needs are of greater relevance in the mediation effect
(e.g., Hodge et al., 2009). Some studies in the physical education
context show that competence need is the most predictive factor
on autonomous motivation (Rodrigues et al., 2020).

The antecedents mentioned here show contradictory evidence
on the relationship between task climate, competence need,
and its effect on self-determined motivation. In addition,
there are some weaknesses, such as operationalizing motivation
through an index. Howard et al. (2020) recommend using
multidimensional methods for motivation instead of simplified
scoring, in order to maximize the accuracy and predictive power
of SDT’s motivational conceptualization.

Relying on the horizontal organization of Vallerand’s
model (1997), which describes the sequence of social factors–
psychological mediators–types of motivation–consequences,
to our knowledge, no study has analyzed the complete

Vallerand’s sequence, including the impact of the adaptive
social contexts created by the coach in satisfying competence
need, regulation motivation, and possible consequences on
negative emotional and cognitive states. Thus, the aim of
this study was to analyze the motivational determinants of
precompetitive anxiety in elite sport, considering the horizontal
motivational sequence: adaptive social factors (i.e., task climate,
autonomy support), competence need, types of motivation (i.e.,
autonomous motivation, controlled motivation, amotivation),
and consequences (precompetitive anxiety and self-confidence).
Also, this study analyzes the mediator role of competence and
the motivational regulations on social factors and consequences.

The hypotheses of the study are as follows: more adaptive
social factors are positively associated with competence need
(hypothesis 1); competence need is positively associated with
more self-determined motivational regulations and negatively
with less self-determined motivation (hypothesis 2); and more
self-determined motivation is positively associated with self-
confidence, and less self-determined motivation is associated
with anxiety (hypothesis 3). Additionally, competence need and
motivational regulations will have a mediating effect within the
model (Figure 1).

METHOD

Participants
Two hundred and seventeen athletes engaged in elite sport (112
men and 105 women) from ages 14 to 41 years (M = 22.83; SD=

5.68) participated in an intentional non-probabilistic sampling.
They competed in the Central American and Caribbean Games
Barranquilla 2018, in sports such as gymnastics (n = 14%),
softball (n = 25%), synchronized swimming (n = 16%),
swimming (n = 25%), and water polo (n = 10%), among others.
They reported sports experience of 4.28 days per week (SD =

2.32) and an average length of training of 11.37 years (SD= 4.96).
This sample was obtained from athletes who represent different
countries such as Colombia (n = 7%), Costa Rica (n = 6%),
Cuba (n = 12%), El Salvador (n = 6%), Guatemala (n = 18%),
Mexico (n= 20%), Panama (n= 8%), Puerto Rico (n= 6%), and
Venezuela (n= 17%).

Instruments
The task-involved climate by the coach was measured with the
Spanish version of the Perceived Motivational Climate in Sport
Questionnaire (PMCSQ-2; López-Walle et al., 2011). The first-
order subscale (task climate) has 11 items (e.g., “Athletes help
each other to learn”), preceded by the initial phrase “In my
training group....” The items are answered with a five-point Likert
scale ranging from 1 (never) to 5 (always).

The coach’s autonomy support for was measured with the
short version of the Sports Climate Questionnaire (RS-SCQ;
Balaguer et al., 2009), which has six items (e.g., “In my sport
I feel comprehended by my coach”). These items are answered
with a seven-point Likert scale ranging from 1 (not true) to 7
(very true).

The need for competence was measured with the perception
of competence subscale in the Spanish version of the Basic Needs
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FIGURE 1 | The hypothesized structural model. Solid lines represent positive effects and dashed lines represent negative effects.

TABLE 1 | Reliability, descriptive, and correlation matrix to the study variables.

Variable 1 2 3 4 5 6 7 8 9

1 Task climate 0.87

2 Autonomy support 0.42** 0.94

3 Competence 0.37** 0.27** 0.82

4 Autonomous motivation 0.26** 0.18** 0.31** 0.89

5 Controlled motivation −0.7 0.02 −0.17** 0.15** 0.75

6 Amotivation −0.23** −0.17** −0.28** −0.34** 0.49** 0.72

7 Self-confidence 0.30** 0.24** 0.31** 0.35** −0.21** −0.24** 0.80

8 Cognitive anxiety −0.08 −0.09 −0.12 −0.02 0.14** 0.27** −0.23** 0.85

9 Somatic anxiety −0.04 −0.07 −0.13 −0.05 0.20** 0.26** −0.20** 0.59** 0.84

M 4.07 4.93 6.01 5.51 2.88 2.22 3.18 1.93 2.14

SD 0.65 1.42 0.88 1.17 1.37 1.40 0.64 0.65 0.77

Range 1–5 1–7 1–7 1–7 1–7 1–7 1–4 1–4 1–4

**p < 0.01; the diagonal shows McDonald’s omega values.

Satisfaction in Sport Scale (BNSSS; Pineda-Espejel et al., 2019). It
consists of five items (e.g., “I am proficient in my sport”), which
are answered with a seven-point Likert scale ranging from 1 (not
true) to 7 (very true).

The motivational regulations were measured with the Spanish
adaptation of the revised Scale of Motivation in Sports (SMS-
II; Pineda-Espejel et al., 2016). This contains 17 items that
answer the initial question “Why do you practice your sport?”.
These items measure motivational regulations of the self-
determination continuum: intrinsic motivation (e.g., “Because
it is very interesting to learn how I can improve”), integrated
(e.g., “Because playing sports shows the essence of who I am”),
identified (e.g., “Because this is a way to develop myself ”),
introjected (e.g., “Because I wouldn’t feel valuable or important
if I didn’t play it”), external regulations (e.g., “Because I think
others would not value myself if I didn’t”), and amotivation (e.g.,

“I’m not sure; I don’t really think my place is in this sport”). The
answers are collected on a seven-point Likert-type scale ranging
from 1 (does not correspond with me at all) to 7 (corresponds
exactly with me). According to SDT and previous sport research
(e.g., Rodrigues et al., 2019), autonomous motivation (intrinsic
motivation + integrated regulation + identified regulation)
and controlled motivation (introjected + external regulations)
variables were calculated and used as primary variables in the
subsequent analysis.

Precompetitive anxiety and self-confidence perceptions were
measured with the Revised Competitive State Anxiety Inventory-
2 (CSAI-2R; Pineda-Espejel et al., 2014) with 17 items that
respond to the initial question “How do you feel right now before
the competition?”. These items are grouped into three factors:
somatic anxiety (e.g., “I am very anxious”), cognitive anxiety (e.g.,
“I am worried about losing”), and self-confidence (e.g., “I feel
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confident”). Here, responses are collected on a four-point Likert
scale ranging from 1 (none) to 4 (a lot).

Procedure
This work was done in accordance with the ethical guidelines
of the APA. Ethical approval of the Ethics Committee of the
Universidad Autónoma de Baja California (registration reference:
CE-UABC-2018:1149) was obtained prior to data collection. The
study was supported by the vice principal of Medical Services
and Doping Control of the Central American and Caribbean
Games Barranquilla 2018. First, coaches and athletes were asked
to participate; in the case of underage athletes, their coach
or team delegate must present the informed consent to be
part of the research. Participants were told that answering the
questionnaires implied voluntary participation. They were also
informed about data anonymity and confidentiality. Due to the
logistics of the event, only 15min was available to answer. The
application of the instruments took place before the competition,
within the same facilities, with the presence of the researchers to
answer any doubts.

Data Analysis
The data were analyzed at three moments: (1) reliability of
the instruments, through McDonald’s omega coefficient, where
acceptable values are from 0.70 to 0.95 (Zinbard et al., 2005);
(2) descriptive (mean and standard deviation) and Pearson’s
bivariate correlations between variables; and (3) structural
equation models (SEM).

SEM were estimated from its two fundamental components:
a measurement model and a structural model (Kline, 2015). For
the first case, a confirmatory factor analysis (CFA), a model which
confirms if the data fit to the proposedmodel, was conducted. For
the second case, an analysis of structural equations using robust
maximum likelihood with robust Satorra–Bentler corrections for
standard and statistical errors was made (Finney and DiStefano,
2006). This analysis was carried out from compound scores,
using the program LISREL 8.80 with the maximum likelihood
estimation method. To evaluate the fit of the models, absolute
indices were used, such as the relative chi-square (χ2/df ) and
the root mean square error of approximation (RMSEA) plus its
90% confidence interval (90% CI); incremental rates, utilizing

TABLE 2 | Fit indices of the measurement models.

Instrument χ
2 df RMSEA (90% CI) CFI NNFI

Task climate

subscale

(PMCSQ-2)

632.11 229 0.056 (0.043–0.075) 0.90 0.91

RS-SCQ 19.63 22 0.067 (0.050–0.090) 0.99 0.98

Competence

subscale (BNSSS)

38.53 13 0.052 (0.040–0.070) 0.91 0.92

SMS-II 306.55 120 0.079 (0.067–0.093) 0.957 0.962

CSAI-2R 206.39 116 0.062 (0.048–0.075) 0.978 0.974

the non-normed fit index (NNFI) and the comparative fit index
(CFI), were assessed.

Regarding the χ
2/df ratio, values between 2 and 3 are

indicative of a good or acceptable data–model fit, respectively
(Schermelleh-Engel et al., 2003). RMSEA values below 0.07
indicate a good model fit (Steiger, 2007). NNFI and CFI values
≥0.95 are presently recognized as indicative of a good fit (Hu and
Bentler, 1999).

Considering theoretical and practical implications, serial
mediation procedures were used to assess mediation effects.
The SPSS PROCESS macro of Preacher and Hayes (2008) was
used in the model 6 path analysis. The proposed model (i.e.,
model 6) ensures the control of the indirect effects for other
estimated variables, allowing also independent mediator effect
analysis and regression coefficients for each causal step of the
indirect effects. Bias-corrected bootstrapped point estimates for
the indirect effects of the independent variable on the dependent
variable were estimated, considering standard errors and 95%
confidence intervals. Bootstrap with 5,000 samples was used, and
significant indirect effects were considered (at alfa = 0.05) if its
95% confidence intervals do not include zero (Hayes, 2013).

RESULTS

Preliminary Analysis
Values obtained for all reliability coefficients were above 0.72
for the instruments, indicating strong internal consistency
(Table 1). Means, standard derivations, and correlations for each
measure are presented in Table 1. Correlations between study
variables were consistent with expected associations based on
the proposed model. For example, the task climate as well as
the autonomy support was positively related to competence,
and competence was positively associated with autonomous
motivation and negatively with controlled motivation and
amotivation. Autonomous motivation was positively related to
self-confidence; controlled motivation and amotivation were
negatively related to self-confidence and conversely with somatic
and cognitive anxieties.

Confirmatory Factorial Analysis and
Structural Equation Model
The process of validating the measurement model through
CFA determined that the observed variables were indeed good
indicators of the latent variables. Themeasurementmodel of each
scale in the current study provided adequate fit (Table 2).

The structural model provided a good fit: χ
2/df = 1.62;

RMSEA = 0.053 (90% CI = 0.01–0.08); CFI = 0.97; NNFI
= 0.94. As can be seen in Figure 2, there were positive and
significant effects from the task climate and autonomy support
toward competence need, from competence need to autonomous
motivation, and from the latter toward self-confidence. In
addition, there were significant negative effects of competence
need toward controlled motivation and amotivation. Finally,
amotivation was positively related to both anxieties (i.e., somatic
and cognitive). The significant paths (p < 0.05) are presented in
Figure 2.
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Multiple Serial Mediation
From the SEM results, six serial mediation effects were
analyzed: three ranging from task climate to self-confidence,
somatic anxiety, and cognitive anxiety, respectively.
Additionally, there were three effects ranging from
autonomy support to self-confidence, somatic anxiety,
and cognitive anxiety, respectively. In Figure 3, the
mediating effects of competence need and motivational
regulations in the relationship between social factors and
consequences of precompetitive self-confidence and anxiety
are presented.

The task climate, in the mediation models, revealed a
positive and significant association with competence and
autonomous motivation (Figure 3A), and in the other two
models of mediation (Figures 3C,E), there were a positive
association with competence and a negative association with
amotivation. Competence maintained a positive association with
autonomous motivation (Figure 3A), and in the other two
models, competence had a negative association with amotivation
(Figures 3C,E). On the other hand, autonomous motivation
and competence had significant positive direct effects on
self-confidence (Figure 3A), and amotivation had significant
positive direct effects with somatic and cognitive anxieties
(Figures 3C,E). In the direct effect analysis, the model that goes
from task climate to self-confidence showed a total mediation
(Figure 3A).

Autonomy support, in the mediation models, revealed
a positive and significant association with competence
(Figures 3B,D,F) and with autonomous motivation (Figure 3B).
Competence was positively and significantly associated with
autonomous motivation (Figure 3B) and negatively with
amotivation (Figures 3D,F). Autonomous motivation was
positively and significantly associated with self-confidence
(Figure 3B), and amotivation was associated with somatic and
cognitive anxieties (Figures 3D,F). In the direct effect analysis,
there were no significant effects from autonomy support
to consequences.

The comparison between mediators was made for each
proposed mediation. Although the indirect effects are statistically
significant, in statistical terms, the sequences presented inTable 3
were superior.

DISCUSSION

Most of the stated hypotheses were confirmed, and the results
were aligned with the AGT (Deci and Ryan, 1985) and SDT
(Nicholls, 1984, 1989) predictions. In this case, the athlete’s
perception that his coach generates high task-involved climate
and autonomy support helps the athlete to feel effective when
interacting with his training environment and when executing
techniques and sport skills. This agrees with other studies in
the field sport (e.g., Sarrazin et al., 2002; Ommundsen et al.,
2006, 2010; Almagro et al., 2011; Ahmadi et al., 2012; Balaguer
et al., 2012; Isoard-Gautheur et al., 2012; Pope and Wilson, 2012;
Sánchez-Oliva et al., 2012) and disagrees with other studies (e.g.,
Kowal and Fortier, 2000; Reinboth and Duda, 2006).

The result above answers to the fact that when individual
criteria are used to evaluate and reward the performance,
focusing more on aspects of self-improvement and effort, people
feel more competent and less threatened because the results
evaluated are more controllable (Ames, 1992). Meanwhile, the
autonomy support offers the athlete opportunities to learn
and express sport abilities, and this helps to feel capable of
achieving goals and the desired consequences (Deci and Ryan,
2002). It supports that the motivational climate that the trainer
creates is an important environmental factor affecting the need
for competence.

The next part of the sequence explains that when athletes
feel effective in sport abilities and skills, then they participate
in a sport because they experienced actions emanating from
themselves (Ryan and Connell, 1989) and also because they
are interested and experienced enjoyment from the activity
(Amorose and Anderson-Butcher, 2007). This agrees with other
studies (e.g., Frederick and Ryan, 1993; Sarrazin et al., 2002;

FIGURE 2 | Standardized solution of the hypothesized structural model of mediation. *p < 0.05; **p < 0.01.
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FIGURE 3 | Serial mediation models. 95% CI estimate indicates a significant indirect effect. Significant effect—continuous lines; non-significant effect—dashed lines.

(A–F) Refers to each of the serial mediation models tested.

Ommundsen et al., 2010; Pope and Wilson, 2012), but does
not agree with Ahmadi et al. (2012), Isoard-Gautheur et al.
(2012), and Sánchez-Oliva et al. (2012) who did not obtain
significant associations between these variables, which may be
due to the different study designs and the operationalization
of the variables. The result supports the fact that the need for
competence contributes to the facilitation of the internalization
of behavior and the consequent self-regulation of extrinsically
motivated activities (Ryan and Deci, 2000).

Moreover, the need for competence opposes the high-
performing athlete from practicing due to internal and/or

TABLE 3 | Superior combined indirect effects after contrast of mediators in the

tested sequences.

Significantly higher sequences Coefficient (95% CI)

Task climate → autonomous motivation →

self-confidence

0.04 (0.01 to 0.08)

Task climate → amotivation → cognitive

anxiety

−0.03 (−0.09 to −0.01)

Task climate → amotivation → somatic anxiety −0.04 (−0.10 to −0.01)

Autonomy support → competence →

self-confidence

0.03 (0.01 to 0.05)

Autonomy support → competence →

amotivation → cognitive anxiety

−0.01 (−0.02 to −0.01)

Autonomy support → competence →

amotivation → somatic anxiety

−0.01 (−0.02 to −0.01)

external pressures and external control (Ryan and Connell, 1989;
Deci and Ryan, 2002) or from practicing without conviction.
In contrast, the feelings for competence are associated with
intrinsic motivation. This result is partially consistent with
other studies (e.g., Pope and Wilson, 2012), and it opposes
the positive association between these variables offered by
Rodrigues et al. (2019).

The last part of the model explains how motivation is
associated with anxiety consequences. This study replicates
that autonomous motivation is associated with more adaptive
outcomes, since autonomous motivation favors athletes to have a
high degree of certainty that they can succeed in their sport and,
thus, intensify their efforts to achieve their goals. Conversely, if
athletes are not motivated to practice their sport, then, before a
competition, they will have high physiological activation, as well
as uncertainty and concern, according to other studies (Amado
et al., 2013; Zarauz and Ruiz-Juan, 2014; Pineda-Espejel et al.,
2016, 2020). This may be because unmotivated athletes feel
incompetent, leading to uncertainty about their performance and
expected results, so they focus on their mistakes, and these doubts
create anxiety (Weinberg and Gould, 2010), affecting the quality
of attention (Ries et al., 2012).

From the serial mediation analysis, themediators show similar
trends as in the SEM, although different effects are observed
from both adaptive social factors. All models that start from
the task climate had significant direct and indirect effects on
the consequences of precompetitive anxiety and self-confidence.
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For models that start from autonomy support, all the indirect
effects on the consequences were significant, but not for all the
direct effects. In sum, task climate has a greater effect on self-
confidence through autonomous motivation in isolation, than
it does through the effects of the two mediators operating in
series. Autonomy support has a greater effect on self-confidence
through the athlete’s competition need. In addition, when a
task climate is perceived, there is less somatic and cognitive
anxiety through reducing the athlete’s amotivation. On the other
hand, with autonomy support, there is less somatic and cognitive
anxiety when the competition need of the athletes is satisfied and
there is also less amotivation for the sport.

The current study has a number of strengths, including
the population characteristics, exploration of the direct and
indirect effects of the models, and capturing of regulation-
specific effects using more comprehensive scoring practices as
theymaximize construct-relevant information. The present study
contributed to the dissemination of knowledge in the elite sports
context and corroborated the assumptions of Ryan (1995), which
stated that research carried out with SDT should be done in a
specific context.

From a practical point of view, when coaches, of athletes
engaged in elite sport, promote a task climate or autonomy
support, they satisfy the athletes’ need to demonstrate their
own capabilities. This is important because athletes will have
a high degree of assurance of success in competition, as well
as less uncertainty or worry. A model of motivation that
integrates conceptualizations of achievement and support could
be an important tool that promotes adaptive outcomes. Coaches
who promote a task-involving climate and autonomy support
improve the competence need satisfaction of athletes. These
climates will facilitate the regulation of their behavior toward
autonomous motivation, with positive results in the athletes’
self-confidence. Subsequently, sport psychologists can design
intervention alternatives for coaches to set goals, to direct
training, to model attitudes, to create strategies, or to manage
competition situations in a more positive way, for example, by
allowing to select and choose the results to achieve (Deci and
Ryan, 1987).

This study has limitations related to the characteristics of
the sample (high-performance athletes, chronological age, and
cultural diversity) and to the transversal design, which only

allows the adjustment of the model in a given time slot.
Therefore, the results cannot be generalized to populations with
other characteristics nor can be used to establish solid causal
relationships. In addition, the data were collected before the
competition, which influenced the anxiety states. Although the
current results point to a possible role of the social context on
anxiety and self-confidence, future studies are suggested that
integrate the major social environmental dimensions emphasized
within AGT and SDT (e.g., ego climate, thwarting interpersonal
behaviors), and relatedness and autonomy needs are to be
included to enrich the model following the AGT and its
relationship with the constructs of the SDT.

CONCLUSION

Overall, our hypotheses were supported by the present results.
As was empirically demonstrated, task climate and autonomy
support are associated with more adaptive patterns, favoring self-
confidence, while at the same time being opposed to presenting
anxiety states prior to a competition in high-performance sports.
In addition, there is a total mediation of competence need and
autonomous motivation on the association between task climate
and self-confidence.
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Objective: This study used resting-state functional magnetic resonance imaging to

investigate the effects of 8 weeks of Tai Chi Chuan and general aerobic exercise on

the topological parameters of brain functional networks, explored the advantages of

Tai Chi Chuan for improving functional network plasticity and cognitive flexibility, and

examined how changes in topological attributes of brain functional networks relate to

cognitive flexibility.

Methods: Thirty-six healthy adults were grouped into Tai Chi Chuan (Bafa Wubu of

Tai Chi), general aerobic exercise (brisk walking), and control groups. All of the subjects

underwent fMRI and behavioral assessment before and after the exercise intervention.

Results: Tai Chi Chuan exercise significantly enhanced the clustering coefficient and

local efficiency compared with general aerobic exercise. Regarding the nodal properties,

Tai Chi Chuan significantly enhanced the nodal clustering coefficient of the bilateral

olfactory cortex and left thalamus, significantly reduced the nodal clustering coefficient

of the left inferior temporal gyrus, significantly improved the nodal efficiency of the right

precuneus and bilateral posterior cingulate gyrus, and significantly improved the nodal

local efficiency of the left thalamus and right olfactory cortex. Furthermore, the behavioral

performance results demonstrated that cognitive flexibility was enhanced by Tai Chi

Chuan. The change in the nodal clustering coefficient in the left thalamus induced by

Tai Chi Chuan was a significant predictor of cognitive flexibility.

Conclusion: These findings demonstrated that Tai Chi Chuan could promote brain

functional specialization. Brain functional specialization enhanced by Tai Chi Chuan

exercise was a predictor of greater cognitive flexibility.

Keywords: brain plasticity, functional networks, exercise intervention, Tai Chi Chuan, functional magnetic

resonance imaging

INTRODUCTION

Recently, the potential of mind-body exercises for promoting health and preventing diseases
has attracted the attention of investigators. Tai Chi Chuan (also known as Taiji, Taijiquan,
and Tai Ji Quan) is a popular mind-body exercise and a form of traditional Chinese
exercise. Tai Chi Chuan combines the coordination of slow movements with mental focus,
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deep breathing, and relaxation (Cui et al., 2019). Compared
to conventional exercises that usually focus on muscular
strength and endurance, Tai Chi Chuan emphasizes mind-
body cultivation through slow voluntary movements, full-body
stretching and relaxation, diaphragmatic breathing practice, a
meditative state of mind and intense mental concentration
(Zou et al., 2018). The benefits of Tai Chi Chuan have been
widely reported for cognitive function (Lam et al., 2011; Zhang
et al., 2018), emotional regulation (Kong et al., 2019), and
motor function [e.g., postural control (Ni et al., 2014) and fall
prevention (Tousignant et al., 2013)].

To better understand the neural mechanisms underlying
these improvements, researchers have used magnetic resonance
imaging (MRI). Previous studies have shown that long-term
Tai Chi Chuan practice can increase brain volume and cortical
thickness (Wei et al., 2013), improve the fractional amplitude
of low-frequency fluctuations (fALFF) (Yin et al., 2014; Tao
et al., 2017), modulate functional connectivity in older adults
(Wei et al., 2017), and change local functional homogeneities
(Wei et al., 2014). Our studies have shown that 8 weeks of
Tai Chi Chuan intervention has a stronger effect on brain
plasticity than general aerobic exercise, which is demonstrated
by an increase in gray matter volume and the enhancement of
functional connectivity.

The human brain is a formidably complex system in
which billions of neurons constitute a dauntingly complicated
network (Bullmore and Sporns, 2009; Liao et al., 2017). The
characterization of the human brain from a network perspective
provides a comprehensive understanding of the structural and
functional architectures of the human brain (Liao et al., 2017).
Resting-state functional magnetic resonance imaging (rs-fMRI)
analyses rely upon spontaneous coupled brain activity, so an
increasing number of studies have used rs-fMRI to reveal
spontaneous neural activity (Fox and Raichle, 2007). Previous
studies have demonstrated that brain networks exhibit small-
world attributes characterized by dense local interconnectivity
but short characteristic path lengths linking individual network
nodes (Stam, 2004; Achard et al., 2006; Bassett and Bullmore,
2006; Achard and Bullmore, 2007; Wang et al., 2009). It supports
efficient information segregation and integration with low energy
and wiring costs, and several studies suggest that one property
of these networks, cost-efficiency, is an important optimization
principle (Fornito et al., 2011). Graph theory measures assess
the efficiency of information processing within and across
intrinsic connectivity brain networks. It helps demonstrate the
aspects of the intrinsic topological organization of human brain
networks, such as small-worldness, modular organization, and
high connectivity (He and Evans, 2010; Craddock et al., 2013).
It is a powerful and quantitative approach for examining the
segregation and integration of brain networks (Sporns, 2013).

Exploring the small-world architectures is crucially important
for understanding the brain mechanisms underlying cognition
and behavior (Park and Friston, 2013). However, to date, no
research has explored the influence of Tai Chi Chuan on the
topological properties of brain networks. The potential role
of brain functional networks in the effect of Tai Chi Chuan
intervention on cognition remains largely unknown. Besides,

TABLE 1 | Sample characteristics (M ± SD).

Variables TCC AE Control F p

Sex (Male/Female) 2/10 2/10 2/10 — —

Age (years) 21.83 ± 2.48 21.92 ± 2.28 21.75±2.45 0.014 0.986

Handedness

(Left/Right)

0/12 0/12 0/12 — —

Education (years) 16.33 ± 2.23 16.41 ± 2.27 16.33 ± 1.50 0.007 0.993

BMI (kg/m2) 20.21 ± 2.54 19.15 ± 2.06 21.71 ± 2.96 3.07 0.06

whether Tai Chi Chuan, a mind-body exercise that includes
mindfulness, has a better effect on cognitive function and brain
activity than general aerobic exercise (non-mindfulness) is also
worth further discussion. Bafa Wubu of Tai Chi is based on
the existing 24-form Tai Chi Chuan, refined and organized
systematically from the Bafa Wubu techniques, which are the
essence of various types of Tai Chi Chuan (Shaojun Lyu, 2019;
Cui et al., 2019). It is a new set of Tai Chi Chuan that is easy to
learn and practice and is now being popularized in China.

In summary, we used a resting-state fMRI approach to
investigate: (1) whether a long-term Tai Chi Chuan intervention,
represented by Bafa Wubu of Tai Chi, could induce changes in
the topological properties of functional networks and promote
cognitive function and (2) whether this effect is superior to that
of general aerobic exercise.

MATERIALS AND METHODS

Participants and Study Design
The 36 healthy adults without regular exercise habits were
randomly designated the Tai Chi Chuan intervention group
(TCC), general aerobic exercise group (AE), and control group.
The three groups (n = 12 in each group) were matched with
respect to sex. There were no significant differences among the
TCC, AE, and control groups in sex, age, handedness, education,
or body mass index (BMI; see Table 1).

The experiment used a 3 (group: TCC, AE, control)× 2 (time:
pre, post) mixed factorial design with group as the between-
subjects factor and time as the within-subjects factor. Subjects
were assessed with rs-fMRI scanning and the more-odd shifting
task before and after the training period. Each subject first had an
8-min resting-state fMRI scan and then engaged in the more-odd
shifting task (only behavioral).

All subjects were right-handed, with no history of psychiatric
or neurological disease. This study was approved by the
Institutional Review Board of the National Key Laboratory of
Cognitive Neuroscience and Learning. All participants provided
written informed consent and were paid for their participation.
The research was conducted in compliance with the Declaration
of Helsinki.

Exercise Intervention Procedures
The TCC received three weekly sessions of Bafa Wubu of Tai Chi
group training for 8 weeks (a total of 24 sessions) in the gym. The
three core elements of Tai Chi exercise, namely Xing (body), Qi
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(breath), and Yi (mind), are commonly referred to as “building
Xing,” “conveying Qi,” and “using Yi” in the process of Tai
Chi exercise. These three core elements run through the whole
Tai Chi Chuan intervention process, but the emphasis varies at
different stages. The 1–3 weeks is the stage of “Building Xing,”
during which the subject will master all the movements skillfully.
During the process, the subject will also be reminded to breathe
and try to use mind to guide the movements. The 4–6 weeks are
the stage of “Conveying Qi,” which focuses on the respiration
of the subject during the intervention. Week 7–8 is mainly a
stage of “using Yi,” which emphasizes the integration of mind and
finally achieves the harmony of Xing, Qi, and Yi. Each training
session consisted of 5min of warmup, 50min of continuous
sequential practice of learned forms, and 5min of cool-down.
The AE received three weekly sessions of brisk walking group
training for 8 weeks in the same gym. Each training session
consisted of 5min of warmup, 50min of continuous sequential
practice, and 5min of cool-down. Details of the interventions
were introduced in our previous paper (Cui et al., 2019). The
control group was instructed to maintain their original daily
routines and physical activity habits and not to engage in any new
or additional exercise interventions.

Using a Polar watch (Polar Electro Oy, Kempele, Finland) to
monitor the participants’ heart rates during the exercise sessions,
we found that the intensity of the 50-min continuous Tai Chi
Chuan practice stimulated the heart rates of the participants
to reach ∼67.995 ± 1.385% (range = 66.61–69.38%) of the
individuals’ age-predicted maximal heart rates (HRmax) on
average, and thus the Tai Chi Chuan intervention could be
considered moderate intensity (60–69% HRmax) endurance
exercise according to the classification of the American College of
Sports Medicine (Wu et al., 2018). The heart rate under general
aerobic practice reached ∼68.28 ± 1.64% (range = 66.64–
69.92%) of the individual participants’ age-predicted maximal
heart rate (HRmax) on average.

MRI Data Acquisition
For each participant, we applied rs-fMRI scanning (8min)
during both the pre- and post-intervention periods. Images were
acquired on a 3.0 T MRI system (Siemens Magnetom Prisma;
Erlangen, Germany) with a 64-channel head coil in Beijing
Normal University Imaging Center for Brain Research.

Functional images were obtained using an echo-planar
sequence sensitive to blood oxygenation level-dependent contrast
(Xu et al., 2016; Cui et al., 2019): TR= 2,000ms, TE= 30ms; FA
= 90◦, slice thickness = 3.5mm, 33 axial slices, voxel size=3.5
× 3.5 × 3.5mm, FOV = 224 × 224mm, 240 volumes. The
participants were instructed to keep their eyes open (not fixated
condition) without falling asleep and to move as little as possible
(Xu et al., 2014; Zeng et al., 2014; Soares et al., 2016). As
assessed by a questionnaire, no subjects reported falling asleep
during the scanning or being uncomfortable during or after the
procedure. In addition, a high resolution three-dimensional T1-
weighted magnetization-prepared rapid gradient-echo images
were acquired (Xu et al., 2016; Cui et al., 2019): TR = 2,530ms,
TE = 2.98ms, inversion time = 1,100ms, FA = 7◦, slice

thickness= 1mm, 192 sagittal slices, voxel size = 0.5 × 0.5 ×

1mm, FOV= 224× 256 mm.

MRI Data Analysis
Imaging data preprocessing, correlation matrix and graph
construction, and functional networks analysis was implemented
using GRETNA2.0.0 (https://www.nitrc.org/projects/gretna),
which is based on Statistical Parametric Mapping 12 (SPM 12:
http://www.fil.ion.ucl.ac.uk/spm), available on the MATLAB
R2013b platform.

Resting-State fMRI Image Preprocessing
The following conventional steps were accomplished (Xu et al.,
2016; Cui et al., 2019): (1) discarding the first 10 time points,
allowing for signal equilibrium and adaptation of the participants
to the scanning noise, (2) compensation of systematic slice-
dependent time shifts, (3) correction for head movement with
rigid body translation and rotation parameters, no dataset was
excluded according to the criteria of spatial movement in
any direction <2mm translation or 2◦ rotation, (4) warping
individual functional images to the standard MNI space by
applying the transformation matrix that can be derived by
registering the T1 image (co registered with functional images)
into the MN I template by using unified segmentation, and then
resampled to 3-mm cubic voxels, (5) spatial smoothing with a 4-
mm full-width at half-maximum Gaussian kernel, (6) removing
the linear trend of signal with time, (7) bandpass (0.01–0.08Hz)
filtering to decrease physiological noise, and (8) regression of
nuisance variables including head motion parameters (Friston-
24), the whitematter signal averaged from the deep cerebral white
matter (WM) and the cerebrospinal fluid (CSF) signal averaged
from the ventricles to further reduce non-neuronal contributions
(Friston et al., 1996).

Correlation Matrix and Graph Construction
The processing steps were as follows: (1) The AAL90 atlas
(Tzourio-Mazoyer et al., 2002) was used to divide the brain
in each individual space to define 90 network nodes. Each
node corresponded to a brain region, and the time series of all
voxels in each node was extracted. (2) The network’s edges were
defined by calculating Pearson’s correlation coefficients between
the time series of 90 nodes to obtain the 90 × 90 functional
connectivity matrix of each individual space and then converting
the functional connectivity matrix into the Z-value matrix by
Fisher’s Z transform so that the data were closer to the normal
distribution. (3) In this study, we chose the sparsity, S, to define
threshold measurements for the between-group comparisons of
the small-world parameters. The threshold range of sparsity was
identified as 0.05–0.5(Watts and Strogatz, 1998; He et al., 2007;
Sporns, 2013) in increments of 0.02.

Brain Functional Networks Analysis
The brain functional network was analyzed by using graph
theoretical approaches. The following global network
measurements were calculated using different thresholds:
small-worldness (σ), clustering coefficient (Cp), characteristic
path length (Lp), global efficiency (Eg), and local efficiency (Eloc).
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TABLE 2 | Topological parameters of the brain functional networks.

Network

properties

Characters Descriptions

Global

properties

Cp Clustering coefficient of the network. It

measures the extent of local cluster or

cliquishness of the network and is the most

commonly used measure of functional

segregation.

Lp Characteristic path length of the network. It is

the average shortest path length between all

pairs of nodes in the network and is the most

commonly used measure of functional

integration.

Eg Global efficiency of the network. It measures

the extent of information propagation through

the whole network and is the most commonly

used measure of functional integration.

Eloc Local efficiency of the network. It measures the

mean local efficiency of the network and is the

most commonly used measure of functional

segregation.

σ Small-worldness of the network. Small-world

networks, reflects an optimal balance of

functional integration and segregation, often

fulfill the σ > 1.

Nodal

properties

NCp Nodal clustering coefficient. It measures the

extent of interconnectivity among the neighbors

of the node and is the most commonly used

measure of functional segregation.

Ne Nodal global efficiency. It measures the extent

of information transmission of the node with all

other nodes in the network and is the most

commonly used measure of functional

integration.

NLe Nodal local efficiency. It measures the extent of

information transmission among the neighbors

of the node and is the most commonly used

measure of functional segregation.

For regional nodal characteristics, we considered the nodal
clustering coefficient (NCp), nodal efficiency (Ne), and nodal
local efficiency (NLe) of each node. We calculated the integrated
area under the curve (AUC) for each networkmeasure, providing
a summarized scalar for topological characterization of brain
networks independent of the single threshold selection (He
et al., 2007). All topological parameters of the brain functional
networks calculated in this study were presented in Table 2

(Bullmore and Sporns, 2009; Wang et al., 2009; Rubinov and
Sporns, 2010).

For intervention effects in global network measures,
comparisons were performed among three groups (TCC, AE,
and control) using repeated measures analysis of variance
(ANOVA) followed by one-way ANOVA with Bonferroni
post-hoc testing in SPSS 25.0. For intervention effects of regional
nodal characteristics, the property change values (postexercise
intervention minus pre-exercise intervention) at 90 nodes for
each participant were extracted, and one-way ANOVA was
performed in GRETNA to determine the brain regions with
significant changes in node properties, followed by post-hoc

statistical analysis in SPSS 25.0. The results of the brain network
analyses were visualized using the BrainNet Viewer software
package (http://www.nitrc.org/project/bnv/).

Cognitive Flexibility Assessments and
Analysis
The more-odd shifting task (Hillman et al., 2006; Chen et al.,
2014; Huang et al., 2015) was used to assess cognitive flexibility
(Figure 1). The task consists of three conditions. Condition
1 involved 16 homogeneous trials in which the digits were
printed in white. Participants determined whether the white digit
presented was greater or less than 5. Condition 2 involved 16
homogeneous trials in which the digits were printed in green.
Participants determined whether the green digit presented was
odd or even. Condition 3 involved 32 heterogeneous trials that
included both white and green digits (16 trials each). White
or green digits were presented at random and participants
responded accordingly. The cognitive flexibility was calculated
as the reaction time difference between the heterogeneous (the
average of the condition 3) and homogeneous (the average
of the condition 1 and 2) conditions. The task presentation
and data collection were performed using E-Prime software
2.0 (Psychology Software Tools Inc., Pittsburgh, USA) on
the computer.

Statistical analysis was performed in SPSS 25.0 software
(SPSS Inc., Chicago, IL, USA). We compared results before and
after the exercise intervention with 3-group× 2-time Repeated
Measures Factorial ANOVA, followed by Bonferroni post-hoc
testing. Pearson correlation was used to estimate the relationship
between changes in topological parameters of brain functional
networks and changes in cognitive flexibility with Tai Chi Chuan
training. A stepwise regression was undertaken to identify the
statistically significant predictors.

RESULTS

Global Network Properties
Network analysis showed that all three groups satisfied small-
world topology (σ > 1) before and after exercise intervention
over a wide range of sparsity (0.05 ≤ S ≤ 0.5; Wang et al., 2009).

A 3-group× 2-time Repeated Measures Factorial ANOVA
revealed that there were no significant group, time, or interaction
effects on small-worldness, Cp, Lp, or Eg . Moreover, the
interaction between group and time was significant for Eloc
(Wilks’ λ = 0.811, F(1,33) = 3.837, p = 0.032 < 0.05, partial η2 =
0.189). Eloc changes (post minus pre) were compared before and
after the 8 weeks of exercise intervention among the three groups.
The results showed that Eloc was significantly elevated in the TCC
group compared to the control group (p = 0.031< 0.05, Cohen’s
d = 0.911) and AE group (p = 0.016 < 0.05, Cohen’s d = 0.979).
There was no significant difference between the AE group and the
control group (p= 0.781> 0.05, Cohen’s d = 0.123; Figure 2).

Nodal Properties
Nodal Clustering Coefficient
NCp among the three groups was detected in the left thalamus
(THA. L; cluster size: 313; peak MNI coordinates: −10.85,
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FIGURE 1 | More-odd shifting task. (A) Condition1: Participants determined whether the white digit presented was greater or less than 5. (B) Condition 2:

Participants determined whether the green digit presented was odd or even. (C) Condition 3: A white or green digit was presented at random and participants

responded accordingly.

−17.56, 7.98; F = 4.520, p = 0.018 < 0.05, partial η
2

=0.215), right olfactory cortex (OLF.R; cluster size:81; peak MNI
coordinates: 10.43, 15.91, −11.26; F = 4.013, p = 0.028 < 0.05,
partial η

2
=0.196) and left inferior temporal gyrus (ITG. L;

cluster size: 941; peakMNI coordinates:−49.77,−28.05,−23.17;
F = 3.550, p = 0.042 < 0.05, partial η

2
=0.175). Marginal

significance was observed for the left olfactory cortex (OLF. L;
cluster size: 87; peakMNI coordinates:−8.06, 15.05,−11.46; F =

3.133, p= 0.057 < 0.06, partial η2 =0.160).
NCp changes (post minus pre) were compared before and after

the 8 weeks of exercise intervention among the three groups.
The results showed that NCp was significantly elevated in the
THA. L (p = 0.025 < 0.05, Cohen’s d = 0.899) and significantly
reduced in the ITG. L (p= 0.013< 0.05,Cohen’s d= 1.047) in the
TCC group compared to the control group. Compared with the
AE group, the TCC group was associated with a significant NCp

increase in the THA. L (p = 0.008 < 0.01, Cohen’s d = 0.991),
OFL. R (p = 0.008 < 0.01, Cohen’s d = 1.117), and OFL. L (p =

0.023 < 0.05, Cohen’s d = 0.796). No significant differences were
observed between the AE and control groups (Figure 3).

Nodal Efficiency
Ne among the three groups was detected in the right posterior
cingulate (PCG. R; cluster size: 87; peak MNI coordinates: 7.44,
−41.81, 21.87; F = 6.027, p = 0.0059 < 0.01, partial η2 =0.268),
left posterior cingulate (PCG. L; cluster size:137; peak MNI
coordinates:−4.85,−42.92, 24.67; F = 5.362, p= 0.0096 < 0.01,
partial η2 =0.245), and right cuneus (CUN. R; cluster size: 434;
peakMNI coordinates: 13.51,−79.36, 28.23; F= 3.346, p= 0.048
< 0.05, partial η

2
=0.169). Marginal significance was observed

for the left hippocampus (HIP. L; cluster size: 273; peak MNI
coordinates: −25.03, −20.74, −10.13; F = 3.130, p = 0.057 <

0.06, partial η
2
=0.159) and right precuneus (PCUN. R; cluster

size: 935; peakMNI coordinates: 9.98,−56.05,−43.77; F= 3.262,
p= 0.051 < 0.06, partial η2 = 0.165).

Ne changes (post minus pre) were compared before and after
the 8 weeks of exercise intervention among the three groups. The
results showed that Ne was significantly elevated in the PCG. R
(p = 0.011 < 0.05, Cohen’s d = 1.027), PCG. L (p = 0.013 <

0.05, Cohen’s d = 1.054), and HIP. L (p = 0.024 < 0.05, Cohen’s
d = 0.885) in the TCC group compared to the control group.
Compared with the AE group, the TCC group was associated
with a significant Ne increase in the PCG. R (p = 0.008 < 0.01,
Cohen’s d = 1.354), PCG. L (p = 0.008 < 0.01, Cohen’s d =

1.181), and CUN. R (p = 0.023 < 0.05, Cohen’s d = 0.981) and
a marginally significant Ne increase in the HIP. L (p = 0.057 <

0.06, Cohen’s d= 0.815) and PCUN. R (p= 0.052 < 0.06, Cohen’s
d= 0.784). No significant differences were observed in the AE or
control groups (Figure 4).

Nodal Local Efficiency
NLe among the three groups was detected in the OLF. R (cluster
size: 81; peak MNI coordinates: 10.43, 15.91, −11.26; F = 4.456,
p = 0.019 < 0.05, partial η

2
= 0.155) and THA. L (cluster size:

313; peak MNI coordinates:−10.85,−17.56, 7.98; F = 4.209, p=
0.0235 < 0.05, partial η2 = 0.203).

NLe changes (post minus pre) were compared before and after
the 8 weeks of exercise intervention among the three groups. The
results showed that NLe was significantly elevated in the THA.
L (p = 0.021 < 0.05, Cohen’s d = 0.957) in the TCC group
compared to the control group. Compared with the AE group,
the TCC group was associated with a significant NLe increase in
the OLF. R (p = 0.014 < 0.05, Cohen’s d = 1.104) and THA. L
(p = 0.026 < 0.05, Cohen’s d = 0.910). No significant differences
were observed between the AE and control groups (Figure 5).

Cognitive Flexibility
A 3-group× 2-time Repeated Measures Factorial ANOVA
showed that there were no significant group or time main
effects on cognitive flexibility performance. The interaction
between group and time had a significant effect [Wilks’ λ=0.772,
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FIGURE 2 | Results of Bonferroni post-hoc statistical analysis of global network property changes (post minus pre). *p < 0.05. (A) Small-worldness. (B) Cp. (C) Lp.

(D) Eg. (E) Eloc. Cp, clustering coefficient; Lp, characteristic path length; Eg, global efficiency; Eloc, local efficiency.

F(1,33) = 4.863, p = 0.014 < 0.05, partial η2 = 0.228]. Cognitive
flexibility changes (post minus pre) were compared before and
after the 8 weeks of exercise intervention among the three groups.
The results showed that cognitive flexibility was significantly
increased in the TCC group compared to the control group (p
= 0.012 < 0.05, Cohen’s d = 1.179). There was no significant
difference between the AE group and the control group (p =

0.227 > 0.05, Cohen’s d = 0.456).

Correlations Between Topological
Parameters of Brain Functional Networks
and Cognitive Flexibility
We found a significant correlation between NCp, which was
elevated in THA.L and better after the Tai Chi Chuan
intervention, and cognitive flexibility performance (r = 0.680,

p= 0.015 < 0.05; Table 3). Additionally, Tai Chi Chuan induced
NCp changes in THA.L was a significant predictor of cognitive
flexibility (R2 = 0.462, p= 0.015 < 0.05; Table 4).

DISCUSSION

To the best of our knowledge, this study is the first exercise
intervention study to employ whole-brain network analysis
and compare the impact of Tai Chi Chuan and general
aerobic exercise on brain functional network specialization and
efficiency. Compared with general aerobic exercise, 8 weeks
of Tai Chi Chuan significantly enhanced the local efficiency,
significantly enhanced the nodal clustering coefficient of the
bilateral olfactory cortex and left thalamus, significantly reduced
the nodal clustering coefficient in the left inferior temporal gyrus,
significantly improved the nodal efficiency in the right precuneus
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FIGURE 3 | Nodal clustering coefficient results. (A) The results of nodal clustering coefficient changes are presented on axial slices of the gray matter templates (MNI),

Bonferroni-corrected. (B) The results of post-hoc statistical analysis of NCp changes (post minus pre). +indicates p < 0.06 (marginal significance), *p < 0.05, **p <

0.01. THA.L, left thalamus; OLF.R, right olfactory cortex; ITG.L, left inferior temporal gyrus; OFL.L, left olfactory cortex; NCp, nodal clustering coefficient.

and bilateral posterior cingulate, and significantly improved the
nodal local efficiency in the left thalamus and right olfactory
cortex. Moreover, the Tai Chi Chuan induced nodal clustering
coefficient change in the left thalamus was a significant predictor
of cognitive flexibility.

Brain Functional Network Specialization
and Efficiency Enhanced With Tai Chi
Chuan Intervention
ATai Chi Chuan intervention can indeed change brain functional
plasticity. This conclusion agrees with the findings of prior
studies. Several studies have also found that Tai chi Chuan
intervention can change brain function in older adults (Chang
et al., 2014; Li et al., 2014). Brain functional network attributes
can be summarized as functional segregation and functional
integration. Functional segregation in the brain is the ability for

specialized processing to occur within densely interconnected
groups of brain regions (Rubinov and Sporns, 2010). We
found that the Tai Chi Chuan intervention could enhance
local efficiency, which is an indicator of functional separation

and reflects the information transmission efficiency between
a network node and its neighbors, namely, the capability

of local brain information transmission and processing. A

previous cross-sectional design study investigated the differences
in functional specialization (by measuring voxel-mirrored

homotopic connectivity [VMHC]) between TCC practitioners

and healthy controls. These researchers observed reduced

VMHC values in the middle frontal gyrus in Tai Chi Chuan
practitioners and significant negative relationships between total

Tai Chi Chuan practice time and VMHC in the precuneus and

precentral gyrus (Chen et al., 2020). These findings indicate that
Tai Chi Chuan practice could enhance functional specialization.
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FIGURE 4 | Nodal efficiency results. (A) The results for nodal efficiency changes are presented on axial slices of the gray matter templates (MNI),

Bonferroni-corrected. (B) The results of post-hoc statistical analysis of Ne changes (post minus pre). +p < 0.06 (marginal significance); *p < 0.05; **p < 0.01. PCG.R,

right posterior cingulate; PCG.L, left posterior cingulate; CUN.R, right cuneus; HIP.L, left hippocampus; PCUN.R, right precuneus; Ne, nodal efficiency.

Our study found that an 8-week Tai Chi Chuan exercise
intervention could improve the local efficiency, indicating that
Tai Chi Chuan could improve the ability for global brain
functional separation, enhance the efficiency of local information
processing and transmission of brain networks, and make the
brain function more specialized.

Changes in node attributes also confirm the above finding.
As a functional separation indicator, the higher clustering
coefficient is, the more efficient the brain network is in processing
information. The node clustering coefficient indicates how well
a brain region connects with its adjacent region, suggesting that
the modular processing ability between the brain region and
the adjacent brain region is enhanced. A study has shown that
the functional connectivity of the brain during a simple motor
learning task (three training sessions in 5 days) is inhomogeneous
and is segregated into communities that can each perform
unique functions (Bassett et al., 2011). In this study, each Tai
Chi Chuan practice includes a lot of processes of movement

learning and control. Through continuous intensive practice, the
modularization of the brain is enhanced, which is reflected in the
enhancement of clustering coefficients in some brain regions.

The enhanced nodal clustering coefficient in the bilateral
olfactory cortex and left thalamus suggests that the three brain
regions are more closely related to their neighbors. At the
same time, the nodal local efficiency of the left thalamus
and right olfactory cortex was improved, indicating enhanced
modularization between these two regions and the adjacent
regions, and increased transmission efficiency. As a crucial
crossroads in the brain, the thalamus may play important roles in
sensory perception, attention, sleep, arousal, working memory,
behavioral flexibility, goal-directed behavior, and rewarding
responses (Mitchell et al., 2014; Courtiol and Wilson, 2015).
Recent studies have found that elderly people who practice Tai
Chi for a long time have a larger volume of gray matter in
the thalamus, and the volume of gray matter in the thalamus
is positively correlated with meditation levels and emotional
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FIGURE 5 | Nodal local efficiency results. (A) The results of nodal efficiency changes are presented on axial slices of the gray matter templates (MNI);

Bonferroni-corrected. (B) The results of post-hoc statistical analysis of NLe changes (post minus pre). *p < 0.05; **p < 0.01. OLF.R, right olfactory cortex; THA.L, left

thalamus; NLe, nodal local efficiency.

TABLE 3 | The results of Pearson correlation between topological parameters changes and cognitive flexibility changes.

Eloc Ne-PCG.L Ne-PCG.R Ne-CUN.R Ne-HIP.L Ne-PCUN.R NLe-OLF.R NLe-THA.L NCp-THA.L NCp-OFL.R NCp-ITG.L NCp-OFL.L

Cognitive

flexibility

r −0.19 0.10 −0.14 −0.21 −0.36 −0.40 −0.17 −0.54 −0.68* −0.31 0.55 −0.32

p 0.55 0.76 0.67 0.51 0.25 0.20 0.60 0.07 0.02 0.33 0.07 0.32

*p < 0.05.

stability (Liu et al., 2019). A review of Tai Chi and cognition
in the elderly have found that Tai Chi may improve the brain
and cognition by promoting a meditative state (Chang et al.,
2014). Tai Chi Chuan is a mindfulness exercise that includes
lots of meditative elements. The improvement of the level of
mindfulness or meditation may be the reason why Tai Chi Chuan
enhances the thalamic clustering coefficient in this study. For

patients with mild cognitive impairment (MCI) and Alzheimer’s
disease (AD), the entorhinal cortex is vulnerable (Devanand
et al., 2008; Lazarov and Marr, 2010). Odor identification ability
is impaired in patients with AD (Baek et al., 2020). In our
study, the increased nodal clustering coefficient in the bilateral
olfactory cortex indicated that the connections between the
olfactory cortex and the adjacent brain regions were enhanced.
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TABLE 4 | Results of stepwise regression of topological parameters changes with

cognitive flexibility changes.

Model Beta coefficients R2 Adjusted R2 F p

NCp-THA.L −0.680 0.462 0.408 8.589* 0.015

*p < 0.05.

Qi (breath) and Yi (mind) also are the core elements of Tai
Chi exercise. Tai Chi Chuan exercise requires quieting the
mind while concentrating on slow and gentle movements.
The mindful breath and awareness meditation incorporate
attention to somatosensory experiences, thereby promoting the
improvement of sensory and perceptual abilities.

Nodal global efficiency measures the degree and efficiency
of information transmission within the network. This study
also found that Ne was improved in the right precuneus,
bilateral right posterior cingulate, left hippocampus, and right
cuneus in the Tai Chi group, indicating that the Tai Chi (Bafa
Wubu) intervention improved the efficiency of information
transmission between these regions and other regions in the
whole brain. The cingulate gyrus is an important part of the
limbic system, which has rich connections with other brain
regions, such as the thalamus and basal ganglia. The cingulate
gyrus regulates emotion, memory, autonomic nerve function,
and motor behavior. The posterior cingulate and the precuneus
(located in the posterior cingulate) form a functional unit, play
a key role in cognitive function (Raichle et al., 2001; Leech
and Sharp, 2014). The posterior cingulate and precuneus are
central to the default mode network (DMN), can be posited
as a tonically active region of the brain that may continuously
gather information about the world around, and within us
(Raichle et al., 2001). In MCI and AD patients, connectivity
between the posterior cingulate and precuneus is more likely
to be disrupted. Previous studies have found that exercise
can enhance the functional connectivity between the posterior
cingulate and the precuneus (Chirles et al., 2017). Tai Chi
Chuan is a “moving meditation” (Yao et al., 2021). It involves
elements of mindfulness andmeditation that constantly guide the
individual to focus on himself (breathing, movement, etc.) and
the surrounding environment (temperature, wind, etc.). During
the Tai Chi Chuan exercise, the participants’ perceptual ability is
constantly enhanced, and posterior cingulate and the precuneus
are frequently exercised. It may thus increase the efficiency of the
two brain regions in transmitting information to other nodes.
The hippocampus is a key brain region for memory formation
and spatial representation. Regular physical activity has been
found to be associated with increased hippocampal volume and
cognitive function (Killgore et al., 2013). Tai Chi Chuan involves
sequences moving memory and planning, inhibition of incorrect
movements, etc. Compared with normal aerobic exercise, Tai
Chi involves more memory components and frequently activates
participants’ memory function during exercise, which may be
related to the improvement of global hippocampal efficiency. In
addition, the meditative elements of Tai Chi Chuan may also
induce the improvement of hippocampal efficiency. Luders and
his colleagues found that individuals with long-term meditation

experience had larger left and right hippocampal volumes than
in controls (Luders et al., 2013). Our study also produced
results that were inconsistent with the above studies. We found
there is no significant improvement in hippocampal function
in the brisk walking group. The study by Killgore et al. (2013)
was a cross-sectional comparison of subjects with long-term
exercise experience. In our study, the exercise intervention lasted
for 8 weeks, and the effect of brisk walking may not have
been apparent.

Cognitive Flexibility Improved With Tai Chi
Chuan Intervention
This study found that cognitive flexibility performance was
significantly increased in the TCC group compared to the AE
group. This finding indicates Tai Chi Chuan intervention could
promote cognitive flexibility. This conclusion agrees with the
findings of prior studies showing that Tai Chi Chuan participants
presented with greater reductions in task-switching errors (Wu
et al., 2018). In this study, Tai Chi practitioners were required to
shift from one form of Bafa Wubu to the next till the end of a
total of 32 forms. As previous studies have found, the benefits of
cognitive flexibility may be due to the switching between different
movements during Tai Chi Chuan practice (Wu et al., 2018).
Interestingly, we also found that 8 weeks of brisk walking practice
did not affect cognitive flexibility or brain functional network
properties. Although brisk walking is a simple repetitive exercise,
it is the same as Tai Chi Chuan in terms of exercise intensity,
exercise frequency, and the other parameters in this study.
Previous studies have found that moderate-intensity aerobic
exercise can improve individual cognitive function (Guiney and
Machado, 2013; Chen et al., 2014, 2016; Xiong et al., 2018), which
is inconsistent with the results of this study. One reason may
have to do with the subjects. There is evidence that the effects
of physical activity on cognitive function are more pronounced
in adolescents and older adults, while the effects are reduced
in young adults (Voss et al., 2011; Hotting and Roder, 2013).
The improvement of cognitive function and brain function in
young adults may require movement involving more cognitive
operations. Another reason may be related to the exercise
intervention period. In this study, the exercise intervention lasted
for 8 weeks. Our previous studies have found that 8 weeks of
brisk walking can increase the volume of gray matter in the left
precuneus. This indicates that brisk walking has a positive effect
on brain structural plasticity, but its positive effect has not been
seen to be manifested in behavior and brain functional activities.
This suggests that longer intervention periods may be needed.

The Tai Chi Chuan intervention induced nodal clustering
coefficient change in the left thalamus was a significant predictor
of cognitive flexibility. Existing studies indicate that Tai Chi
Chuan exercise improves cognitive function by improving brain
functional plasticity. However, our study is the first to find that
Tai Chi Chuan intervention improves cognitive flexibility by
changing the topological properties of brain networks. Our study
suggests that the brain function mechanism of Tai Chi Chuan
to improve cognitive flexibility may be that TCC makes brain
function more specialized.
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In summary, the changes in global network attributes and
node attributes of the TCC group reflect the improvement
in brain function separation level, and brain function tends
to become more specialized. Additionally, brain regions with
significant changes in node attributes involve the individual’s
sensory perception, attention, working memory, inhibition and
control, behavioral flexibility, meditation, emotion, emotional
stability, decision-making, spatial memory, and other functions.
In particular, the improvement of NCP in the left thalamus
predicted the improvement of cognitive flexibility. However,
brisk walking has no significant effects on the topological
properties of brain functional networks or cognitive flexibility.
All of these findings reflect the unique advantages of Tai Chi (Bafa
Wubu) in brain functional plasticity, as well as the potential to
promote the healthy development of an individual’s body, mind,
and brain.

Study Limitations
These results suggest a potentially more positive effect of Tai
Chi Chuan on brain functional network plasticity and cognitive
flexibility in comparison with general AE. However, the findings
should be interpreted cautiously due to the sample size and
atlas used. There is the possibility of the existence of more
subtle changes in spontaneous neural activity. Larger sample
sizes and longer exercise duration studies are warranted to
confirm these results in future studies. The changes in other
brain regions found in this study may be related to other
behavioral changes caused by Tai Chi (Bafa Wubu), such as
emotion, mindfulness level, and attention. The influence of
Tai Chi (Bafa Wubu) on these behavioral indicators warrants
further analysis. We only explored the difference between Tai
Chi Chuan and general aerobic exercise on global network
property and nodal property changes, and the influence of
interregional functional connectivity, such as NBS, warrants
further analysis.

CONCLUSIONS

Our results demonstrated that Tai Chi Chuan was able to
reshape the brain functional network and enhance functional
specialization. Additionally, the enhancement of brain functional

specialization by Tai Chi Chuan exercise was a predictor of higher
cognitive flexibility.
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This study has assessed the psychometric proprieties of the Mental Toughness Inventory

(MTI) within the context of Brazilian sports. About 12 professionals participated in the

process of adapting and translating the scale to Brazilian Portuguese. Subjects were

575 athletes (23.54 ± 5.79 years old; 58% males) who answered the MTI and the

10-item Connor–Davidson Resilience Scale (CD-RISC-10). Data were analyzed through

confirmatory factor analysis (CFA), Cronbach’s alpha (α), composite reliability (CR),

average variance extracted (AVE), Spearman correlation, and model invariance tests.

Results from CFA showed adequate fit for the original 8-item structure of the scale

[Chi-square (χ2)= 27.041; p= 0.078; normalized chi-square (χ2/df)= 1.50; comparative

fit index (CFI) = 0.988; Tucker–Lewis Index (TLI) = 0.981; root mean square error of

approximation (RMSEA) = 0.03 [0.00–0.05]; standardized root mean residual (SRMR)

= 0.030] assessing mental toughness (MT) as a single factor and the scale presented

satisfactory internal consistency (CR= 0.81; α = 0.82). MT was correlated with resilience

(r = 0.607), age (r = 0.276), and time of experience in the sport (r = 0.215). The

MTI has also shown partial measurement invariance for sex and complete invariance

across sport types. It was concluded that the MTI is a suitable tool for assessing

MT in the present sample of Brazilian athletes; this instrument has potential practical

application for researchers and sports psychologists who seek to develop the well-being

and performance of athletes.

Keywords: mental toughness, psychometrics, athletes, sport, Brazilian

INTRODUCTION

For an athlete to consistently achieve good results, not only physical factors must be trained as
psychological aspects are also essential for success. Different mental resources such as context
knowledge, emotion regulation, attention regulation, self-efficacy, and optimism are important
for an athlete to be prepared for the demands and challenges that are part of competitive sports
(Gucciardi et al., 2015). This set of attributes and psychological capacities can be seen as a single
aspect: mental toughness (MT).

Defined as a psychological resource, MT is an adaptive mental state characterized by clear goals
and efficiency in developing and maintaining goal-directed actions (Gucciardi, 2017). Thus, MT
plays an important role for an athlete to consistently perform at high levels despite the stress,
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challenges, and everyday adversities that are deemed necessary to
be developed by athletes who seek to achieve their best results
(Weinberg, 2013). In this sense, assessing the MT of athletes is
crucial, since it encompasses aspects considered to be essential
for success (Gould et al., 1987; Jones et al., 2002; Anthony et al.,
2020).

The theoretical comprehension of MT has been described as
complex to be structured (Gucciardi and Hanton, 2016). This is
partially due to the different forms in which it is measured (uni
or multidimensional), the lack of a solid theoretical framework,
and the variety of instruments available for assessment (Gucciardi
and Gordon, 2011), which have presented certain psychometric
inconsistencies forMTmeasurement (Gucciardi, 2012; Gucciardi
et al., 2012). In face of these issues, Gucciardi et al. (2015)
have proposed a model that involves the central aspects of
MT and presents both theoretical and psychometric rigor for
its development.

This theoretical model of MT seeks to relate cognitive,
emotional, and motivational domains that are part of the
achieving process of an individual, encompassing seven main
personal resources: generalized self-efficacy, attention regulation,
emotion regulation, success mindset, context knowledge,
buoyancy (ability to adapt and perform under pressure), and
an optimistic style. Based on this theory, the Mental Toughness
Inventory (MTI) was developed and tested across a variety
of different contexts which have attested its theoretical and
statistical soundness (Gucciardi et al., 2015).

The MTI has been used worldwide to assess MT, having
already been translated and adapted to Australia, China, Malaysia
(Gucciardi et al., 2016b), China (Li et al., 2019), South Africa
(Cowden, 2020), Greece and United States (Stamatis et al.,
2019). The scale assesses MT at the specific context of the
subject (e.g., academic, sports, and work) as a unidimensional
factor, being composed of only eight items. Its convenient short
structure represents a single “umbrella” concept encompassing
various resources that are all considered essential for the optimal
performance of athletes (Cowden, 2016, 2017; García and
Santana, 2018).

In Brazil, MT studies are still scarce, possibly due to the lack
of reliable instruments for its assessment. Despite the current
existence of two instruments measuring MT in Portuguese, some
limitations still comprise the applicability of these instruments
for the study of MT of athletes. For instance, the Sports
Mental Toughness Questionnaire has been only translated to the
Portuguese language, without testing its psychometric proprieties
for Brazilian populations (Molchansky, 2014); and the scale
developed by Corrêa (2019) presents important inconsistencies
regarding its theoretical framework, which besides the attempt to
estipulate dimensions for MT, also finds difficulties regarding its
reproducibility and comparability in the international literature,
since there is already a more recent, reliable and widely adopted
model that has been considered as the preferred form of assessing
MT (Gucciardi et al., 2015).

In face of the current gap in the study of MT in Brazilian
sports, the present study has the goal of translating the MTI
to Brazilian Portuguese and test its psychometric proprieties in
athletes from different competitive levels, providing evidence

based on internal structure, relationship with other variables, and
measurement invariance.

MATERIALS AND METHODS

Transcultural Adaptation of the MTI to
Portuguese
The MTI was developed by Gucciardi et al. (2015) to verify the
self-perception of MT of an individual for a certain activity.
This questionnaire comprises eight items assessing MT in a
unidimensional manner, involving seven given characteristics
of a tough mind: generalized self-efficacy (item 1), attention
regulation (item 2), emotion regulation (item 3), success mindset
(item 4), context knowledge (item 5), buoyancy (items 6 and
7), and optimism (item 8). The answers are given by rating the
statements in a 7-point Likert scale ranging from (1) “False, 100%
of the time” to (7) “True, 100% of the time.” The final score is
obtained by calculating the average of all responses, where higher
values represent greater indices ofMT for the activity in question.

TheMTI was translated and culturally adapted by a committee
composed of 12 professionals (four fluent translators, six Ph.D.s
in the field of Sport Psychology, and two athletes). These
professionals agreed to voluntarily participate in this step. Two
bilingual individuals have independently translated the scale
from English to Portuguese. Then, two other independent
translators have performed the step of back-translation, from
the new Portuguese version back to English (Vallerand, 1989;
Pasquali, 2009). All four individuals have Brazilian Portuguese as
their mother language.

All versions of the scale, along with the original
instrument, were analyzed and compared by a group of
PhD professors/researchers from the field of Sport Psychology,

who have experience in translating and adapting psychometric

scales, aiming to find the most adequate version for the MTI
in Portuguese (Cassep-Borges et al., 2010). Thus, the translated

versions were unified, and the semantics of questions were
discussed to obtain a sound instrument for the understanding of

the targeted athletic population (Vallerand, 1989; Pasquali, 2009).
This final version and the original instruments were analyzed by
two English-speaking athletes to further assess divergences and
avoid misinterpretation of any item.

To assess the evidence based on the internal content of the

items of the scale, a group of six Ph.D. professors/researchers

from the field of Sport Psychology have independently rated

each of the eight items according to their clarity of language

and practical pertinence through a provided evaluation sheet
(Supplementary Material), also containing the description of
MT and fields for observations and suggestions to be included
for each item. The obtained results were used to calculate the
content validity coefficient (CVC) of the scale, adopting values
above 0.8 as acceptable (Hernández-Nieto, 2002). Items were
rated on a Likert scale of five points ranging from (1) “Very
low clarity/pertinence” to (5) “Very high clarity/pertinence”
for each of the two criteria. Language clarity represents how
clear the understanding of the item would be for the target
population (athletes), while practical pertinence reflects how
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relevant each item is to identify those aspects of the life of
an individual.

Following the content validity step, a pilot study was
performed with a group of 40 athletes (Brazilian native
Portuguese-speaking athletes aging between 18 and 23 years old)
with the goals of (a) assessing the degree of comprehension
of the athletes regarding the adapted questionnaire; (b) verify
their comprehension of the instructions and rating system of
the scale; (c) find possible weaknesses for the questionnaire
application; (d) verify the average time required for answering
all items. The sample was selected by convenience and counted
with athletes from one team sport (football) and one individual
sport (swimming), who answered to the MTI and provided
feedback, which was used to create evidence based on the
answering process, as recommended by the Standards for
Educational and Psychological Testing (American Educational
Research Association, National Council on Measurement in
Education, and American Psychological Association, 2014). An
open question was left at the end of the questionnaire to collect
any suggestion or observation from these athletes, who were also
verbally questioned regarding the process of filling the scale. This
pilot study further attested to the adequacy of the Portuguese
version of the MTI for sports, with no doubts being presented
by the athletes, who suggested no need for changes in any item of
the inventory.

Participants
This study is part of an institutional project approved by the State
University of Maringá Permanent Ethics Committee of Research
with Human Beings (Opinion n◦ 4.022.246). Athletes were given
orientations from the authors personally before answering the
questionnaire and were provided with information about the
research purpose. The answering time was 15min on average
and responses were given individually using pen and paper. The
athletes answered the MTI (Gucciardi et al., 2015), the 10-item
Connor–Davidson Resilience Scale (CD-RISC-10; Campbell-Sills
and Stein, 2007), and a personal information sheet (e.g., age,
gender, sport, competitive level, and time of experience).

A total of 575 (23.54 ± 5.21 years old) athletes agreed to
participate and have properly filled the scales, being 333 (57.9%)
males, 238 (41.4%) females, and four (0.7%) athletes did not
answer this question. These athletes represent at a variety of team
sports (basketball, futsal, handball, rugby, volleyball, and beach
volleyball) and individual sports (athletics, swimming, judo, table
tennis, badminton, cycling, rhythmic gymnastics, karate, and
taekwondo), and compete at state (26.3%), national (46.0%), and
international (27.7%) levels.

We adopted a non-probability convenience sampling aiming
at a minimum number of ≥200 participants, to allow for proper
use of robust estimation models for ordinal data with a high
number of indicators per factor, such as MLR and weighted least
squares mean and variance adjusted (WLSMV; Kyriazos, 2018).
Inclusion criteria were to agree to voluntarily participate, reading
and signing an informed consent term, and being enrolled in the
state, national, or international competitions. Cases that did not
answer the questionnaires appropriately were excluded.

Data Analysis
Sample characteristics were reported through descriptive
statistics (median, interquartile range, and frequency
distribution). All analyses were performed using R software
(R Core Team, 2014).

Evidence Based on the Internal Structure

Confirmatory factor analysis (CFA) was conducted to test the
internal structure of the scale. TheMardia test showed a violation
of multivariate normality, thus, the models were estimated using
the WLSMV method. The following indicators were used to
assess model fitness (Kline, 2015): Chi-square (X2; p > 0.05),
normalized chi-square (χ2/df

< 3.00), Tucker–Lewis Index (TLI
> 0.95), comparative fit index (CFI > 0.95), root mean square
error of approximation (RMSEA < 0.08), and standardized root
mean residual (SRMR < 0.08). The average variance extracted
(AVE) was also calculated, considering values above 0.50 as
a satisfactory indicator of construct validity (Hu and Bentler,
1999; Hair et al., 2006). The internal consistency of items was
assessed through Cronbach’s alpha (α), McDonald’s omega (ω),
and composite reliability (CR), adopting values above 0.70 as
acceptable for all indicators (DeVellis, 2003).

Evidence Based on the Relationship With Other

Variables

Spearman correlation test was performed to correlate the MT
of athletes and resilience scores. Resilience was assessed using
the CD-RISC-10 (Campbell-Sills and Stein, 2007), adapted and
suitable for Brazilians by Lopes and Martins (2011). This scale
is composed of 10 items that are answered on a Likert scale of
five points, ranging from 0 to 4, which provides a unidimensional
score of resilience.

Moderate to strong correlations between MT and resilience
were previously reported in the literature (Gucciardi et al., 2015;
Cowden et al., 2016), supporting a certain level of convergence
for these two variables. Moreover, since MT is a resource built
and learned throughout life, correlations were also calculated for
age and time of experience in the sport.We hypothesize that these
three variables (resilience, age, and experience) will be positively
correlated with the MT scores of Brazilian athletes.

Evidence Based on the Measurement Invariance

As the next step within CFA, MTI model invariance was
assessed based on the recommendations of Van de Schoot
et al. (2012) to test the configural, metric, and scalar invariance
of the scale according to sex (males and females) and type
of sports (team and individual). Multigroup models were
independently estimated based on the two groups of sex and
sport to test the configural invariance. Then, factor loadings
(FL) were constricted to be equal across groups to test the
metric invariance. To establish scalar invariance, both FL and
intercepts were constricted. Finally, a full uniqueness model was
also estimated, constricting FL, intercepts, and residuals to be
equal across groups. Following significant decreases in model
fit after imposing model constrictions, subsequent analyses
were performed to release variant items and establish partial
measurement invariance.
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TABLE 1 | Portuguese and English versions of the Mental Toughness Inventory (MTI).

Escala de Robustez Mental Mental toughness inventory

1. Eu acredito na minha habilidade para atingir minhas metas. (I believe in my ability to achieve my goals).

2. Eu sou capaz de regular meu foco quando estou realizando tarefas. (I am able to regulate my focus when performing tasks).

3. Eu sou capaz de usar minhas emoções para realizar a tarefa da forma que eu quero. (I am able to use my emotions to perform the way I want to).

4. Eu me esforço para o sucesso contínuo. (I strive for continued success).

5. Eu utilizo meu conhecimento para atingir minhas metas. (I execute my knowledge of what is required to achieve my goals).

6. Eu supero constantemente as adversidades. (I consistently overcome adversity).

7. Eu sou capaz de executar habilidades ou conhecimentos apropriados quando desafiado. (I am able execute appropriate skills or knowledge when challenged).

8. Eu consigo encontrar algo positivo na maioria das situações. (I can find a positive in most situations).

FIGURE 1 | Boxplot of Mental Toughness Inventory (MTI) item scores.

RESULTS

Translation and Transcultural Adaptation
The Portuguese version of the MTI that resulted from the
translation and back-translation process is presented in Table 1.
Items have presented satisfactory CVC for language clarity (0.93)
and practical pertinence (1.00) for a total CVC of 0.97 for
the scale as a whole. These results suggest that the Brazilian
Portuguese version of the MTI can be accurately interpreted by
respondents and has practical relevance for the context of sports.
This version was named “Inventário de Robustez Mental.”

Sample Characteristics
From the total of 575 subjects who agreed to participate, seven
had to be excluded due to incorrect filling of the questionnaires.
Screening the data for outliners, the Mahalanobis distance
suggested the exclusion of another 12 cases, resulting in a final
sample of 554 athletes with an average age of 23.6 ± 5.4 years
(58.3% males) who had an average time of experience in their

sports of 9.7 ± 5.7 years. The majority of athletes trained for
individual sports (60.6%), including athletics (n= 70), swimming
(n = 65), karate (n = 44), judo (n = 37), table tennis (n =

33), taekwondo (n = 30), badminton (n = 26), cycling (n =

25), and rhythmic gymnastics (n = 6); team sports (39.4%) were
represented by athletes from volleyball (n = 59), basketball (n
= 41), rugby (n = 39), futsal (n = 34), handball (n = 27), and
beach volleyball (n= 18). Competitive levels were as follows: state
(n = 146; 26.4%), national (n = 254; 45.8%), and international
(n = 154; 27.8%). Nearly half of these athletes (52.9%) were
receiving some sort of financial support or sponsorship to train
and compete in their sports.

Evidence Based on the Response Process
Median scores for all items (Figure 1) were above five out of
seven points, with item 5 presenting the highest values (Md =

6.0; Q1–Q3= 6.0–7.0) and item 3 having the lower values (Md=
5.0; Q1–Q3 = 4.0–6.0). It was also observed that the majority of
items were most frequently rated from 4 to 7 (Figure 2).
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FIGURE 2 | Representation of the Likert scale frequency of responses for the MTI.

Evidence Based on Internal Consistency
and Reliability
Item correlation matrix (Table 2) suggested that a single factor
could explain all eight items since they were all correlated
(p < 0.001), besides, no correlations were too low or too
high, a possible indication of items singularity. These results
support a good level of relationship between items (Dima,
2018) and agree with the original theoretical model of the scale
(Gucciardi et al., 2015).

The first model (M1) showed acceptable fit and FL above the
recommended cut point (FL > 0.50; p < 0.001; Kline, 2015).
However, model p-value, CFI, and TLI were under the ideal, and
modification indices suggested a covariance between items 2 and
3, which were added for testing in the following model (M2).
Model fit improved after the modification, but modification
indices showed that another improvement could be made by
adding a covariance between items 4 and 5. This final model
(M3) presented the highest fit and attended to all criteria for
model adequacy (Table 3). Reliability measurements were also
satisfactory (α = 0.82; ω = 0.79; CR = 0.81), yet values of AVE
(0.35) were below the recommended value.

The final model for the Brazilian MTI for sports is presented
in Figure 3. The original 8-item structure was confirmed and,
considering that spatial distribution of items in the figure is
determined by an algorithm, it is possible to observe that items
were equally distributed around the latent factor and not too

close or too far from each other, suggesting no collinearity
between them.

Evidence Based on the Relationship With
Other Variables
Correlation analysis shown in Table 2 revealed that all MTI items
were positively correlated to resilience scores (r range from 0.312
to 0.493; p < 0.01), besides, the total MT score presented a
moderate and positive relationship with resilience (r = 0.607; p
< 0.01). Confirming our hypothesis, age (r = 0.276) and sports
experience (r = 0.215) were also positively correlated to MT
(p < 0.01).

Evidence Based on Measurement
Invariance
Model invariance was assessed for sex and type of sports
(Table 4). Model 1 has confirmed that the configural structure is
invariant across male and female athletes, and across individual
and team sports. Model 2 tested the metric invariance and
resulted in a significant decrease in model fit for sex groups,
meanwhile, metric invariance was established based on the type
of sports. Seeking to establish partial invariance between males
and females, FL from items 3 and 8 were released, which
improved the model to satisfactory levels. The following step
(Model 3) constrained FL and intercepts across items, resulting
in a decrease in fit for the model based on sex, and attesting
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TABLE 2 | The distribution of MTI items, omega and correlation matrix of items, mental toughness (MT) total score, and external references of age, experience, and

resilience for a sample of Brazilian athletes (n = 554).

MT MT1 MT2 MT3 MT4 MT5 MT6 MT7 MT8

MT1

MT2 0.312**

MT3 0.354** 0.462**

MT4 0.364** 0.279** 0.230**

MT5 0.384** 0.327** 0.323** 0.525**

MT6 0.331** 0.294** 0.310** 0.370** 0.385**

MT7 0.272** 0.323** 0.291** 0.236** 0.386** 0.408**

MT8 0.322** 0.314** 0.312** 0.260** 0.293** 0.343** 0.323**

MT ω = 0.79 0.642** 0.645** 0.666** 0.593** 0.644** 0.666* 0.605** 0.610**

Age 0.276** 0.199** 0.224** 0.180** 0.102* 0.086 0.134** 0.134** 0.229**

Experience 0.215** 0.144** 0.159** 0.149** 0.085* 0.136** 0.155** 0.120** 0.078

Resilience 0.607** 0.411** 0.425** 0.408** 0.323** 0.312** 0.395** 0.354** 0.493**

Skewness −0.87 −0.61 −0.49 −1.01 −1.72 −0.68 −0.75 −0.84

Kurtosis 3.34 2.96 2.86 3.93 7.09 3.62 3.52 3.16

*p < 0.05; **p < 0.01; MT, Mental Toughness total score; ω, McDonald’s omega.

TABLE 3 | Model fit indices for the Brazilian MTI (n = 554).

X2 (df) p-value X2/df CFI TLI RMSEA [90% C.I.] SRMR

M1 68.778 (20) 0.001 3.44 0.933 0.906 0.07 [0.05–0.08] 0.048

M2 43.564 (19) 0.001 2.29 0.966 0.950 0.05 [0.03–0.07] 0.039

M3 27.041 (18) 0.078 1.50 0.988 0.981 0.03 [0.00–0.05] 0.030

MTO 39.65 (20) 0.005 1.98 0.980 0.972 0.05 [0.02–0.07] 0.027

M1, 8-item original model; M2, covariance added between items 2 and 3; M3, covariance added between items 2 and 3, and 4 and 5; MTO, Mental Toughness original study with

athletes sample (n = 445) (Gucciardi et al., 2015). χ
2, Chi-square; df, degrees of freedom; χ

2/df, normalized chi-square; CFI, comparative fit index; TLI, Tucker–Lewis Index; RMSEA,

root mean error of approximation; SRMR, standardized root mean residuals.

satisfactory scalar invariance between the two sports types. It
was possible to establish partial scalar invariance for sex by
releasing intercepts of items 1, 3, and 8. Finally, FL, intercepts,
and residuals were constrained to test a full uniqueness model,
this last model yielded satisfactory results for groups of sex and
sports, with partial invariance confirmed for sex, with items 1, 3,
and 8 varying between males and females.

DISCUSSION

The present study had the goal of adapting the MTI for
Portuguese-speaking athletes and analyzing its psychometric
proprieties in a Brazilian sample of athletes to provide a series
of evidence of validity and reliability of the data. This is the
first study to assess the psychometric proprieties of the MTI
for Brazilian sports. Present results supported the Portuguese
version of the MTI for Brazilian athletes across all of the
analyses, attesting its internal structure, reliability, measurement
invariance, and expected relationship with other variables.

The MTI original structure (i.e., unifactorial with eight items,
Gucciardi et al., 2015) was confirmed in the present sample of
athletes. All items showed satisfactory FL and were moderately

correlated with each other and the total MT score, indicating
the relationship of items with the global concept of MT (Dima,
2018). In face of recent critics of the use of Cronbach’s α in the
psychometric literature (Padilla and Divers, 2016), we have also
calculated the CR of the scale, which also presented adequate
values (CR > 0.70).

The first model (M1, Table 3) presented an acceptable fit
(RMSEA < 0.08; CFI > 0.90; TLI > 0.90; SRMR < 0.08) for
a model with all eight items presenting FL over 0.50 for a
single factor of MT (Hair et al., 2006). Still, two modifications
were subsequently performed to achieve an ideal fit, adding
covariances between items 2 (attention regulation) and 3
(emotion regulation), and items 4 (success mindset) and 5
(context knowledge). This is the first psychometric study of the
MTI to report covariances between these items. However, such
covariances are likely to be due to the inherent relationship
between emotion and attention regulation (items 2 and 3) and
using the knowledge of the environment while pursuing success
(items 4 and 5), and not due to collinearity between items. It is
worth noting that these covariances were relatively weak (0.26
and 0.28, respectively), and the FL of the items remained above
0.50. Moreover, the improved model showed a satisfactory fit
(M3, Table 3).
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FIGURE 3 | Final confirmatory factor analysis (CFA) model for the MTI in Brazilian sports (coefficients are standardized).

TABLE 4 | Mental Toughness Inventory measurement invariance models for a sample of Brazilian athletes (n = 554).

Model X2(df) p X2/df CFI TLI RMSEA

Sex

1-Configural 53.250 (36) 0.032 1.48 0.976 0.963 0.04 (0.01–0.06)

2-Metric (partial) 61.375 (41) 0.021 1.49 0.972 0.961 0.04 (0.02–0.06)

3-Scalar (partial) 65.749 (45) 0.023 1.46 0.971 0.964 0.04 (0.02–0.06)

4-Full uniqueness 79.166 (53) 0.011 1.49 0.964 0.961 0.04 (0.02–0.06)

Type of sport

1-Configural 53.592 (36) 0.030 1.49 0.975 0.961 0.04 (0.01–0.06)

2-Metric 52.360 (43) 0.155 1.22 0.987 0.983 0.03 (0.00–0.05)

3-Scalar 60.565 (50) 0.146 1.21 0.985 0.983 0.03 (0.00–0.05)

4-Full uniqueness 79.115 (58) 0.034 1.36 0.970 0.971 0.04 (0.01–0.06)

Notes for Sex models: Chi-square difference between models: 1 and 2 (12
X , p = 0.15), 1 and 3 (12

X , p = 0.16), 1 and 4 (12
X , p = 0.09).

Notes for Type of Sport models: Chi-square difference between models: 1 and 2 (12
X , p = 0.60), 1 and 3 (12

X , p = 0.55), 1 and 4 (12
X , p = 0.22).

A limitation was found for the AVE of the scale of 0.35, which
stood below the recommended value of>0.50. Such a result could
be due to the low variance of responses for all items (Figures 1,
2), which mostly varied within the upper portion of the scale

(items 5, 6, and 7). As a consequence, the majority of the evidence
was gathered from individuals with moderate to high levels of
MT, while little evidence was available regarding the individuals
scoring low on this attribute (MT < 4.00). Studies have shown
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that the involvement with sports may promote MT (Gucciardi
et al., 2016a; García and Santana, 2018; Zeiger and Zeiger, 2018),
which was also seen in the results (Table 2) along with a positive
correlation with age and time of sporting experience. Developing
a robust mind is linked to several aspects related to the process,
the time involved, the self-perception of the subject, and the
context in which the individual finds him or herself (Anthony
et al., 2016). Considering the average age of the sample (23.6± 5.4
years) and time of experience in their sports (9.7± 5.7 years), the
majority of the sample may have developed considerable levels of
MT due to sports. Once MT is a personal component developed
over time, age and time of experience contribute together to a
more robust mind (Cowden, 2017). However, more studies are
still required to support this hypothesis. Still, it is also suggested
that future studies include a wider representation of individuals
scoring below four points for MT.

Besides its relationship with age and sports experience, MT
was strongly associated with psychological resilience as well
(Table 2). Both resilience and MT represent a strengthening of
the mind throughout life, a relationship that has already been
reported by other studies (Nicholls et al., 2009; Cowden et al.,
2016) and offers support for the convergent validity of MTI for
Brazilian sports.

Testing the measurement invariance of the scale (Table 4),
it was possible to observe that the MTI is structured and
understood similarly (without divergent interpretations) by
athletes from individual and team sports. On the other hand, only
partial measurement invariance was established according to sex,
showing that male and female athletes have attributed different
importance for some of the items. For instance, item 3 (“I am
able to use my emotions to perform the way I want to”) had
a higher contribution for the MT of male athletes (FL = 0.53)
than it did for female athletes (FL = 0.48), meanwhile, item 8
(“I can find a positive in most situations”) loaded more strongly
for female (FL = 0.64) rather than male athletes (FL = 0.47;
Supplementary Material). Such a result was expected (Nicholls
et al., 2009; Crust and Keegan, 2010; Zeiger and Zeiger, 2018)
considering how MT might be influenced by social idealizations
of male masculinity in competitive sports (Gucciardi et al., 2017).

Although the study design sought to include a heterogeneous
sample comprising athletes from different levels and sports,
there was still a limitation on the understanding of low-MT
athletes. Due to the cross-sectional nature of the investigation,
which is limited to the self-perception of the subject at that
given moment, and the contextual characteristic of the selected
sample, composed of athletes at the final stage of the competition,
the majority of the evidence was predominantly obtained from
athletes scoring at the upper portion of the scale, leading to AVE
values below ideal. Another limitation was the data collection at
a single time point, which does not offer evidence of the temporal
stability of the scale.

It is understood that the validation of a psychometric scale
is an ongoing process, in this sense; we would like to encourage
future studies adopting the MTI for Brazilian athletes to replicate
the findings and offer further evidence of its applicability.

Moreover, future studies should consider including younger
athletes and athletes at the initiation level to look for more
evidence on the lower portion of the scale and test the influence of
sports over the levels ofMT of an individual. Longitudinal studies
are also suggested for improved comprehension of the Sport
x MT relationship. Considering that the recruited sample was
part of a competition involving a single state from the south of
Brazil, more studies are also necessary to assess possible regional
differences across the country or even differences among other
Portuguese-speaking nations.

Finally, the present version of the MTI has shown to be a
reliable tool for assessing MT levels of the present sample of
Brazilian athletes. The results will contribute to MT research in
Brazilian sports, which can allow researchers and professionals
working with sports to draw interventions, investigations, and
approaches based on evidence from their specific context. The
work on improving the MT of athletes should be an essential
part of the psychological training of athletes, once is highly
advisable for those who seek better performances in sports
and life.
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Objective: The purpose of this study was to present the reliability of three
validated measures, namely the System of Analysis of Instruction in Competition, the
Questionnaire on Coach Instructional Behavior Expectations, and the Questionnaire on
Coach Instructional Behavior Perception that could be used in a mix-method approach.

Methods: Three instruments underwent a robust process of construct and reliability
analysis. Inter− and intra-observer reliability was tested for the observational instrument
using Cohen’s k-agreement measure. Reliability values above 0.85 were considered as
a good agreement between and within observers. To verify the internal consistency of
the questionnaires, the correlation coefficients were considered.

Results: The results related to intra-observer and inter-observer reliability showed
that intra-observer reliability k-agreement values ranged between 0.912 and 1 for
observer 1, and 0.82 and 1 for observer 2. For inter-observer reliability, k-agreement
values ranged between 0.885 and 1 between observers. Thus, values for reliability are
above acceptable. The correlation coefficient values recorded for the questionnaires on
instruction expectations in the competitive moment were above 0.82 and significant
(p < 0.05), and for the questionnaire on instruction perception in competition
above 0.88 and significant (p < 0.05). The pilot study showed some divergent
results across expectations, behavior during competition, and perception about the
instruction behavior.

Conclusion: The observational system and the expectations and perceptions
questionnaires, used in a complementary way, can be considered as a mix-method
approach for studies aiming to examine coaches’ competitive behavior.

Keywords: mixed methods, coach behavior, competition, football, observation

INTRODUCTION

Sport coaches play a key role in designing training sessions. In addition, they decisively contribute
to the technical, tactical, physical, and psychological aspects of the players and the team overall
during competition (Pesca et al., 2017). The coach–athlete relationship is a crucial aspect of the
coaching process and the coaching type adopted by the coaches is capable of influencing expected
results (Choi et al., 2020). Specifically, how coaches prepare working strategies and how the team
is oriented from a technical point-of-view is determinant of increased athlete and team confidence
and performance (Almeida et al., 2019; Keatlholetswe and Malete, 2019). In this regard, the coach
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needs to master communication skills since it has been
reported previously to be associated with athlete and team
accomplishments (Kim and Park, 2020; Moll and Davies, 2021).
Coaches’ ability to communicate effectively is critical since
all tasks related to athlete top performance requires high
communication skills from coaches (Gomes et al., 2020).

Several studies have been developed aiming to understand
coaching instructions (Smith and Cushion, 2006; Santos and
Rodrigues, 2008; Santos et al., 2012, 2014b) and coaching
feedback (Mason et al., 2020) in competitive moments. However,
Hague et al. (2021) have indicated that there is still a need for
more research related to the technical information inherent in
sport coaching. Thus, how coaches communicate feedback and
technical strategies as a mean to maximize athlete’s abilities is a
key aspect that needs more investigation (Kim and Park, 2020).
The coaching behavior is a combination of previously made
decisions and reflexive thinking (Moreno and Alvarez, 2004).
The perception of coaches about how they communicate can
be important for a reflection on the strategies to be used in
future competitive moments (Hague et al., 2021). The ability
coaches perceive and analyze their instruction behavior following
a reflective thinking is of enormous value for the development
of learning experiences and increase quality of coaching behavior
(Araya et al., 2015; Keatlholetswe and Malete, 2019).

Systematic observation of coaching behavior allows for
researchers and practitioners to collect quality information
related to the coach–athlete relationship in both training and
competitive moments as a mean to increase performance
(McKenzie and van der Mars, 2015). A systematic review
conducted by Cope et al. (2017), aiming to provide an update of
systematic observation methods in coaching research, identified
26 studies using different measures of coaching behavior.
Cope et al. (2017) urged researchers to adopt a more vital
approach when adopting a systematic observation method.
The same authors offer a clearer rationale for the systematic
observation instruments to be employed on the assessment of
coaching behavior and suggest the use of a mixed methods
approach. It is relevant for research purpose and coach education
to evaluate the coach–athlete relationship aiming to define
better coaching profiles and enable the integration of better
communication behaviors in coaching courses. In addition,
systematic observation enables the assessment on how coaches
perform (Cope et al., 2017) allowing them to analyze their own
behavior through a systematized data collection and analysis
(Anguera et al., 2018a). Systematic observation is considered
by itself a mixed method since it contains a qualitative (e.g.,
resulting from the codification of observed behaviors) and
integrated quantitative (e.g., behaviors duration and frequency)
data (Anguera et al., 2018a,b). Specifically, the use of T-patterns
analysis (Santos et al., 2014a) or sequential analysis (García-
Fariña et al., 2018) provides robustness to the integration of
quantitative and qualitative data considering the mixed method
type of analysis (Anguera et al., 2018b).

Considering the added value of using systematic observation
(i.e., indirect observation) such as mixed method approaches,
it is also possible to develop questionnaires (multi-methods)
collecting data on the variables of interest, for example, the

behaviors displayed by coaches during competition. Additionally,
coach expectations and perceptions about their behavior are both
crucial aspects that can be measured using mixed method type
of investigation.

Bearing in mind the importance of coaching behavior and
its implications on athlete and overall team performance,
this study provides results from the examination of three
instruments regarding the assessment of expectations, behavior,
and perception data related to the instruction behavior during
competition. These instruments provide information that is
aggregated according to the three steps model of coaches’
decision-making related to tactics (Cloes et al., 2001). This
model defines steps related to tactical decision-making of
coaches in competition: (a) pre-interactive decisions (before the
competition), (b) interactive decisions (during the competition),
and (c) post-interactive decisions (after the competition). In
exploring the factors inherent in each of the instruments
under analysis, practitioners and coaches can assess coach
preparations (expectations) and reflections (perception) related
to instructional behavior, as well as the relationship between
the three moments (before, during, and after the competition).
As result, researchers are more prone to understand coaches’
communication strategies and how coaches prepare their
interventions during competitive situations and how they can
enhance coaching behaviors (Araya et al., 2015; Keatlholetswe
and Malete, 2019; Kim and Park, 2020; Hague et al., 2021).
In addition, training programs are re-evaluated according to
coaching expectations and reflections for coaches to develop
more effective instructional behaviors in the competition team
direction (Moreno et al., 2007). In Figure 1, a behavior
analysis model of the football coaching behavior during
competitive moments is presented according to several authors
(Santos et al., 2016, 2019).

Previous studies have found inconsistencies across
expectations, perception, and instruction behavior in
competition (Santos et al., 2016, 2019). This demonstrates
that more research is needed to provide coaches the necessary
tools to help coaching interventions as well as to optimize
instruction behaviors. It is possible to verify that the coach’s
instructional behavior is still strongly rooted in a traditional
view of actions and behavior prescription (Oliva et al., 2010;
Santos et al., 2012, 2014b), limiting the decision-making of the
young players at competitive moments. According to existing
limitations and gaps in the literature, the purpose of this study
was to present the reliability of three validated measures, namely
the System of Analysis of Instruction in Competition, the
Questionnaire on Coach Instructional Behavior Expectations,
and the Questionnaire on Coach Instructional Behavior
Perception that could be used in a mix-method approach.

MATERIALS AND METHODS

Participants
Participants were 16 coaches (male = 16) aged between 35
and 50 years (M = 42.5, SD = 5.59), who participated in
the different stages of the construction and validation of the
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FIGURE 1 | Coach behavior analysis model.

instruments. Regarding their level of education, 16 (100%)
had a bachelors’ degree in sport and exercise science, and
16 (100%) had completed certified postgraduate courses for
professional coaching. Coaches were licensed professionals,
having a mean work experience of 14.5 years (SD = 6.18).
Participants were recruited between September 2011 and January
2012. The participants were professional coaches competing
in Portuguese national championships. These coaches worked
in clubs of the Santarém Football Association (n = 6),
Lisbon Football Association (n = 6), and Leiria Football
Association (n = 4).

Potential participants who agreed to participate voluntarily
in this study had to comply with the following inclusion
criteria: equal or more than 5 years of coaching experience
with young people (Smith and Cushion, 2006); competing
in national championships (Côté and Salmela, 1996; Smith
and Cushion, 2006); have a degree in physical education
and/or sports; and have a professional title of sports coach
recognized by the certified institutions (Potrac et al., 2002).
The coaches were selected according to the characteristics
mentioned above and were invited to participate in this
research voluntarily.

Before data collection, the study was reviewed and approved
by the Ethical Committee. Data collection procedures were
carried out according to the Helsinki declaration and its
later amendments, and all participants completed an informed
consent form. Subsequently, the study’s objectives and data
collection procedures were explained to several football clubs.
After approval, coaches were contacted day and were asked
to participate voluntarily in this study. We specifically asked
for permission to collect data regarding their behaviors during
coaching, reinforcing anonymity, and confidentiality. For the
second phase, coaches who accepted to partake to this study
signed an informed consent form, and meetings were scheduled
to clarify the objectives and methodological procedures to be
developed for data collection.

It has previously been recommended that qualitative studies
require a minimum sample size of at least 12 to reach data
saturation. Therefore, a sample of 14 was deemed sufficient for
the qualitative analysis. In this study we did not conducted
traditional factor analyses for factor validity of the quantitative
measures. We focused solely on the reliability of the measures,

since they had been validated previously (Santos et al., 2016,
2019).

Instruments
Phases for the Development of the Observational
Instrument
Data on the behavior of instruction during competition were
collected using observational instruments (Santos and Rodrigues,
2008). The objective was to code their instructional behaviors
when interacting with the team during the competitive moment.
For this purpose, the Instruction Analysis System in Competition
(Santos and Rodrigues, 2008) was used to measure coaching
behavior. This observational instrument has been tested and
used in previous studies (e.g., Santos et al., 2012, 2014b),
when examining behavioral instructions provided by senior and
youth coaches. This instrument consist of four criteria, namely:
(a) objective, (b) form, (c) direction, and (d) content. These
criterions are grouped by 21 categories and 28 subcategories (for
details see Table 1). For construct reliability and validity, the
observational instrument was put to test in three stages.

Stage 1 – literature review for the observational instrument
construction
In the first phase, the observational instrument was developed
based on existing literature (Pulido et al., 2019). A literature
review was performed exploring available measures of coaching
behavior. The observational instrument was created based on
the Observation System of Instruction in Volleyball (Pina and
Rodrigues, 1994). Adaptations were made for the football context
under analysis regarding categories and subcategories. Through
the review of the specific literature of football, the categories and
subcategories related to the content of the instruction were listed.

Stage 2 – expert panel evaluation
After the development of the observational instrument and after
guaranteeing the completeness and exclusivity of the category
system, the measure was analyzed by a panel of experts to ensure
content validity following Pulido et al. (2019) recommendations.

Stage 3 – reliability analysis
The final version of the observational instrument was
presented for reliability analysis. In this stage, intra− and
inter-observer reliability was tested considering evidenced-based
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TABLE 1 | Instruction analysis system during competition.

Objective Form Direction

Evaluative + (EV+) Hearing (H) Athlete (ATL)

Evaluative – (EV−) Visual (VIS) Substitute Athlete (SA)

Descriptive (DES) Hearing-visual (H-VIS) Group (GRO):

Prescriptive (PRE) Defenses Group (DG)

Interrogative (INT) Midfielders Group (MG)

Affectivity + (AF+) Forward Group (FG)

Affectivity – (AF−) Substitutes Group (SG)

Team (T)

Content

Technique (TEC): Psychological (PSY): Physical (FIS):

Offensive Techniques
(OFTE)

Game Rhythm (PGR) Resistance (PRES)

Defensive Techniques
(DEFTE)

Confidence (PC) Execution speed (PES)

Tactic (TAT): Pressure effectiveness
(PPE)

Displacement speed (PDS)

Game System (TAGS) Attention (PAT) Reaction speed (PRS)

Game Methods (TAGM) Concentration (PCO) Strength (PS)

Tactical Schemes (TATS) Combative pressure (PPC) Warm up (PWU)

Game Principles (TAGP) Adversity resistance (PAR) Opponent’s Team (Opp T)

Functions/Missions
(TAFUNC)

Responsibility (PRE) Referees Team (RT)

Combinations (TACOMB) No content (N/C)

General Effectiveness
(TAGE)

Indeterminate (IND)

Caps and bold = criteria; bold = categories; not bold = subcategories.

recommendations (Brewer and Jones, 2002). The reliability of
observers is one of the utmost crucial conditions in behavioral
observation studies for data quality (Blanco-Villaseñor et al.,
2014). The instrument reliability is assumed when it presents
few errors, demonstrates stability, consistency, and dependence
on the result of the observations made. For this study, the
stability of intra-sessional measurement was analyzed through
a two-facet design (categories and observers = C/O) as
proposed by Blanco-Villaseñor et al. (2014).

Stages for the Development of the Questionnaires
The Coach Instructional Behavior Expectations Questionnaire
and the Coach Instructional Behavior Perception Questionnaire
(Santos et al., 2016, 2019) were used to measure coaches’
expectations and perceptions about their instructional behaviors.
Each questionnaire is composed of 20 questions and has
a relationship with the categories and subcategories of the
observational instrument previously mentioned. Answers
are provided using a Likert scale anchored between 1
(nothing) and 5 (very).

The validation of the questionnaires went through a process
composed of five stages as proposed by Brislin (1980), namely:
(1) preliminary study for the construction of the first version
of the questionnaires; (2) creation of the first version of the
questionnaires; (3) expert assessment and validation of the

questionnaires; (4) reliability analysis of the questionnaires; and
(5) final version and pilot study.

Stage 1 – construction of the questionnaire through literature
review
In the first stage, all variables to be considered were proposed and
listed aiming that the questionnaire was following the objectives
and hypotheses of the study. This procedure was conducted
considering the Instruction Analysis System in Competition.
This first phase also considered the questionnaire on coach
instruction expectations during lecture and competition (Santos
and Rodrigues, 2008), a validated instrument in senior coaches.
The construction of the first version of the questionnaire was
performed according to the type of the desired answer and
considering data treatment. As such, we choose answers to the
questions through a Likert scale, a scale widely used in sports
coaching research (Rhind et al., 2014), which allowed verifying
expectations and perceptions about the amount of instruction.

Stage 2 – expert feedback
In the second stage, the questionnaires were evaluated by a
panel of experienced coaches in youth training and graduated
in physical education and sports. As previously mentioned,
the construction of the questionnaires was based on existing
questionnaires that had been validated for application in senior
coaches (Santos and Rodrigues, 2008) and now adapted for
coaches who train young athletes. According to Rhind et al.
(2014), the application of existing questionnaires in other
populations from the original validation should be carried out
by structurally examining the validity of the instrument in the
context where it will be applied.

Stage 3 – validation by experts
In the third stage, the questionnaires were submitted to content
validation by a panel of ten experts according to proposed
procedures (Cid et al., 2012). The panel consisted of six Ph.D.
researchers and four youth football coaches, of which the last
two were graduates in physical education and sports and two
certified masters in sport training. The experts were asked
for a qualitative evaluation of the questionnaires and all the
comments for improvement were recorded (Quinaud et al.,
2018). According to the request, the experts reported that the
questions were overall following the variables that are intended
to measure the level of expectations and perception (categories
of the observational instrument) and suggested some changes
for clarifying content, objective, and enabling the introduction
of practical examples in the questions. After introducing the
proposed changes provided by the experts, the questionnaires
were applied in a pilot study. This stage was performed to
test all procedures in the application of the used instruments
(observational instrument and questionnaires). In the end, the
participants in the pilot study reported that they had no problem
or doubts answering the questionnaire.

Stage 4 – reliability analysis
In the fourth stage, reliability analysis was performed. Reliability
analysis ensures that the instrument is consistent (Cid et al.,
2012). For this study, consistency was verified by the equivalence
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TABLE 2 | Coach expectations and coach perceptions of behavioral instructions questionnaires.

Coach Instructional Behavior Expectations Questionnaire Coach Instructional Behavior Perception Questionnaire

1 – Há treinadores que emitem a informação com o objetivo avaliativo
positivo (ex.: “Bem jogado”) Emite este tipo de Informação?

1 – Há treinadores que emitem a informação com o objetivo avaliativo
positivo (ex.: “Bem jogado”) Emitiu este tipo de Informação?

2 – Há treinadores que emitem a informação com o objetivo avaliativo
negativo (ex.: “Não é isso”) Emite este tipo de Informação?

2 – Há treinadores que emitem a informação com o objetivo avaliativo
negativo (ex.: “Não é isso”) Emitiu este tipo de Informação?

3 – Há treinadores que emitem a informação com objetivo descritivo, ou seja,
descrevem aquilo que o jogador fez ou está a fazer (ex.: “eles fazem uma boa
circulação de bola”) Emite este tipo de informação?

3 – Há treinadores que emitem a informação com objetivo descritivo, ou seja,
descrevem aquilo que o jogador fez ou está a fazer (ex.: “eles fazem uma boa
circulação de bola”) Emitiu este tipo de informação?

4 – Há treinadores que emitem informação com o objetivo prescritivo, ou
seja, prescrevem aquilo que o jogador deverá fazer futuramente (ex.: “deves
executar o passe longo da seguinte forma. . .”). Emite este tipo de informação?

4 – Há treinadores que emitem informação com o objetivo prescritivo, ou
seja, prescrevem aquilo que o jogador deverá fazer futuramente (ex.: “deves
executar o passe longo da seguinte forma. . .”). Emitiu este tipo de informação?

5 – Os treinadores colocam questões ao jogador sobre o seu
comportamento (ex.: “achas que estás a marcar bem o teu adversário?”).
Emite este tipo de informação?

5 – Os treinadores colocam questões ao jogador sobre o seu
comportamento (ex.: “achas que estás a marcar bem o teu adversário?”).
Emitiu este tipo de informação?

6 – O treinador reage à prestação ou futura prestação do jogador
incentivando-o (“muito bom”). Emite este tipo de informação?

6 – O treinador reage à prestação ou futura prestação do jogador
incentivando-o (“muito bom”). Emitiu este tipo de informação?

7 – O treinador reage à prestação ou futura prestação do jogador criticando-o
simplesmente (ex.: “não estás a jogar nada, qualquer outro fazia melhor que
tu”). Emite este tipo de informação?

7 – O treinador reage à prestação ou futura prestação do jogador criticando-o
simplesmente (ex.: “não estás a jogar nada, qualquer outro fazia melhor que
tu”). Emitiu este tipo de informação?

8 – A informação que transmite tem uma forma exclusivamente auditiva, ou
seja, comunica verbalmente?

8 – A informação que transmitiu tem uma forma exclusivamente auditiva, ou
seja, comunicou verbalmente?

9 – A informação que transmite tem uma forma exclusivamente visual, ou seja,
gestual?

9 – A informação que transmitiu tem uma forma exclusivamente visual, ou
seja, gestual?

10 – A informação que transmite tem uma forma auditiva-visual (verbal e
gestual)?

10 – A informação que transmitiu tem uma forma auditiva-visual (verbal e
gestual)?

11 – A informação que transmitiu foi dirigida individualmente (para um jogador
titular)?

11 – A informação que transmite é dirigida individualmente (para um jogador
titular)?

12 – A informação que transmite é dirigida coletivamente (para toda a
equipa)?

12 – A informação que transmitiu foi dirigida coletivamente (para toda a
equipa)?

13 – A informação que transmite é dirigida para um grupo de jogadores
(conjunto de jogadores)?

13 – A informação que transmitiu foi dirigida para um grupo de jogadores
(conjunto de jogadores)?

13 (a) A informação que transmite é dirigida para o grupo de defesas? 13 (a) A informação que transmitiu foi dirigida para o grupo de defesas?

13 (b) A informação que transmite é dirigida para o grupo de médios? 13 (b) A informação que transmitiu foi dirigida para o grupo de médios?

13 (c) A informação que transmite é dirigida para o grupo de avançados? 13 (c) A informação que transmitiu foi dirigida para o grupo de avançados?

13 (d) A informação que transmite é dirigida para o grupo de suplentes? 13 (d) A informação que transmitiu foi dirigida para o grupo de suplentes?

14 – A informação que transmite é dirigida para um suplente? 14 – A informação que transmitiu foi dirigida para um suplente?

15 – A informação que transmite apresenta um conteúdo técnico, ou seja,
sustentada na execução motora dos diferentes comportamentos dos
jogadores? (ex.: “recebe a bola com a parte interna do pé”)

15 – A informação que transmitiu apresentou um conteúdo técnico, ou seja,
sustentada na execução motora dos diferentes comportamentos dos
jogadores? (ex.: “recebe a bola com a parte interna do pé”)

15 (a) A informação de conteúdo técnico que transmite é relativa aos
comportamentos ofensivos, ou seja, quando a equipa tem a posse da bola
(receção, passe, remate, condução, etc.)?

15 (a) A informação de conteúdo técnico que transmitiu foi relativa aos
comportamentos ofensivos, ou seja, quando a equipa tem a posse da bola
(receção, passe, remate, condução, etc.)?

15 (b) A informação de conteúdo técnico que transmite é relativa aos
comportamentos defensivos, ou seja, quando a equipa não tem a posse da
bola (interceção, desarme, posição de base defensiva)?

15 (b) A informação de conteúdo técnico que transmitiu foi relativa aos
comportamentos defensivos, ou seja, quando a equipa não tem a posse da
bola (interceção, desarme, posição de base defensiva)?

16 – A informação que transmite apresenta um conteúdo tático, ou seja,
baseada na capacidade individual e coletiva que os jogadores têm para
resolver eficazmente as diferentes situações de jogo? (ex.: “a última linha
defensiva tem de jogar o mais à frente possível”)

16 – A informação que transmitiu apresentou um conteúdo tático, ou seja,
baseada na capacidade individual e coletiva que os jogadores têm para
resolver eficazmente as diferentes situações de jogo? (ex.: “a última linha
defensiva tem de jogar o mais à frente possível”)

16 (a) A informação de conteúdo tático que transmite é relativa ao sistema
de jogo, ou seja, à forma como a equipa se distribui dentro do campo? (ex.:
“Jogamos com 2 avançados”)

16 (a) A informação de conteúdo tático que transmitiu foi relativa ao sistema
de jogo, ou seja, à forma como a equipa se distribui dentro do campo? (ex.:
“Jogamos com 2 avançados”)

16 (b) A informação de conteúdo tático que transmite é relativa aos métodos
de jogo, ou seja, à forma como a equipa organiza o processo ofensivo e
defensivo? (ex.: “Mantém a posse de bola” ou “defende à zona”)

16 (b) A informação de conteúdo tático que transmitiu foi relativa aos
métodos de jogo, ou seja, à forma como a equipa organiza o processo
ofensivo e defensivo? (ex.: “Mantém a posse de bola” ou “defende à zona”)

16 (c) A informação de conteúdo tático que transmite é relativa aos
esquemas táticos, ou seja, à forma que a equipa organiza as situações de
bola parada, no plano ofensivo e defensivo? (livres diretos e indiretos, pontapés
de canto e lançamentos de linha lateral)

16 (c) A informação de conteúdo tático que transmitiu foi relativa aos
esquemas táticos, ou seja, à forma que a equipa organiza as situações de
bola parada, no plano ofensivo e defensivo? (livres diretos e indiretos, pontapés
de canto e lançamentos de linha lateral)

(Continued)
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TABLE 2 | Continued

Coach Instructional Behavior Expectations Questionnaire Coach Instructional Behavior Perception Questionnaire

16 (d) A informação de conteúdo tático que transmite é relativa aos
princípios específicos do jogo (ofensivos – progressão, cobertura,
mobilidade e espaço; defensivos – contenção, cobertura, equilíbrio e
concentração)?

16 (d) A informação de conteúdo tático que transmitiu foi relativa aos
princípios específicos do jogo (ofensivos – progressão, cobertura,
mobilidade e espaço; defensivos – contenção, cobertura, equilíbrio e
concentração)?

16 (e) A informação de conteúdo tático que transmite é relativa às
missões/funções ofensivas e defensivas dos diferentes jogadores que
compõem a equipa? (ex.: “jogas a defesa central marcando individualmente o
avançado”)

16 (e) A informação de conteúdo tático que transmitiu foi relativa às
missões/funções ofensivas e defensivas dos diferentes jogadores que
compõem a equipa? (ex.: “jogas a defesa central marcando individualmente o
avançado”)

16 (f) A informação de conteúdo tático que transmite é relativa às
combinações e/ou circulações táticas ofensivas? (ex.: “executem mais
tabelinhas”)

16 (f) A informação de conteúdo tático que transmitiu foi relativa às
combinações e/ou circulações táticas ofensivas? (ex.: “executem mais
tabelinhas”)

16 (g) A informação de conteúdo tático que transmite é relativa à eficácia da
equipa a nível geral? (ex.: “joga no chão”)

16 (g) A informação de conteúdo tático que transmitiu foi relativa à eficácia
da equipa a nível geral? (ex.: “joga no chão”)

17 – A informação que transmite apresenta um conteúdo psicológico, ou
seja, baseada nas competências psicológicas fundamentais para a obtenção
de melhor rendimento? (ex.: “temos de estar concentrados” ou “vamos ter
confiança”)

17 – A informação que transmitiu apresentou um conteúdo psicológico, ou
seja, baseada nas competências psicológicas fundamentais para a obtenção
de melhor rendimento? (ex.: “temos de estar concentrados” ou “vamos ter
confiança”)

17 (a) A informação de conteúdo psicológico que transmite procura
aumentar o ritmo/intensidade de jogo? (ex.: “aumenta o ritmo”)

17 (a) A informação de conteúdo psicológico que transmitiu procurou
aumentar o ritmo/intensidade de jogo? (ex.: “aumenta o ritmo”)

17 (b) A informação de conteúdo psicológico que transmite visa promover a
confiança nos jogadores? (ex.: “tu a seguir fazes golo”)

17 (b) A informação de conteúdo psicológico que transmitiu visou promover
a confiança nos jogadores? (ex.: “tu a seguir fazes golo”)

17 (c) A informação de conteúdo psicológico que transmite visa uma maior
eficácia do jogo? (ex.: “Vamos, equipa”)

17 (c) A informação de conteúdo psicológico que transmitiu visou uma maior
eficácia do jogo? (ex.: “Vamos, equipa”)

17 (d) A informação de conteúdo psicológico que transmite visa solicitar aos
jogadores mais atenção a um determinado aspeto do jogo? (ex.: “Atenção à
marcação a esse jogador”)

17 (d) A informação de conteúdo psicológico que transmitiu visou solicitar
aos jogadores mais atenção a um determinado aspeto do jogo? (ex.: “Atenção
à marcação a esse jogador”)

17 (e) A informação de conteúdo psicológico que transmite visa solicitar aos
jogadores máxima concentração em determinadas situações de jogo? (ex.:
“concentração nas bolas paradas”)

17 (e) A informação de conteúdo psicológico que transmitiu visou solicitar
aos jogadores máxima concentração em determinadas situações de jogo?
(ex.: “concentração nas bolas paradas”)

17 (f) A informação de conteúdo psicológico que transmite visa incentivar os
jogadores, no sentido dum maior nível de combatividade no jogo? (ex.:
“Equipa, vamos ser decididos na disputa da bola”)

17 (f) A informação de conteúdo psicológico que transmitiu visou incentivar
os jogadores, no sentido dum maior nível de combatividade no jogo? (ex.:
“Equipa, vamos ser decididos na disputa da bola”)

17 (h) A informação de conteúdo psicológico que transmite visa apelar à
responsabilidade individual ou coletiva em jogo? (ex.: “Vamos ter
responsabilidade”)

17 (h) A informação de conteúdo psicológico que transmitiu visou apelar à
responsabilidade individual ou coletiva em jogo? (ex.: “Vamos ter
responsabilidade”)

17 (g) A informação de conteúdo psicológico que transmite visa apelar a uma
resistência às adversidades do jogo? (ex.: “Equipa não baixa a cabeça”)

17 (g) A informação de conteúdo psicológico que transmitiu visou apelar a
uma resistência às adversidades do jogo? (ex.: “Equipa não baixa a
cabeça”)

18 – A informação que transmite apresenta um conteúdo físico, ou seja,
sustentada nas exigências físicas se um determinado comportamento
individual ou coletivo? (ex.: “lança (ou remata) com mais força”)

18 – A informação que transmitiu apresentou um conteúdo físico, ou seja,
sustentada nas exigências físicas se um determinado comportamento
individual ou coletivo? (ex.: “lança (ou remata) com mais força”)

18 (a) A informação de conteúdo físico que transmite é relativa à
resistência? (ex.: . . ., resiste ao esforço)

18 (a) A informação de conteúdo físico que transmitiu foi relativa à
resistência? (ex.: . . ., resiste ao esforço)

18 (b) A informação de conteúdo físico que transmite é relativa à velocidade
de execução? (ex.: . . ., executa mais rápido)

18 (b) A informação de conteúdo físico que transmitiu foi relativa à
velocidade de execução? (ex.: . . ., executa mais rápido)

18 (c) A informação de conteúdo físico que transmite é relativa à velocidade
de deslocamento? (ex.: . . ., mais rápido)

18 (c) A informação de conteúdo físico que transmitiu foi relativa à
velocidade de deslocamento? (ex.: . . ., mais rápido)

18 (d) A informação de conteúdo físico que transmite é relativa à velocidade
de reação? (ex.: reage rapidamente)

18 (d) A informação de conteúdo físico que transmitiu foi relativa à
velocidade de reação? (ex.: reage rapidamente)

18 (e) A informação de conteúdo físico que transmite é relativa à força? (ex.:
. . ., remata com força)

18 (e) A informação de conteúdo físico que transmitiu foi relativa à força?
(ex.: . . ., remata com força)

18 (f) A informação de conteúdo físico que transmite é relativa ao
aquecimento? (ex.: . . ., vai aquecer)

18 (f) A informação de conteúdo físico que transmitiu foi relativa ao
aquecimento? (ex.: . . ., vai aquecer)

19 – A informação que transmite apresenta um conteúdo relativo à equipa
adversária? (ex.: “O nř6 junta-se ao avançado”)

19 – A informação que transmitiu apresentou um conteúdo relativo à equipa
adversária? (ex.: “O nř6 junta-se ao avançado”)

20 – A informação que transmite apresenta um conteúdo relativo à equipa
arbitragem?

20 – A informação que transmitiu apresentou um conteúdo relativo à equipa
arbitragem?
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TABLE 3 | Intra-observer reliability of the observational system.

Criteria Categories Observer 1 Observer 2

1st Observation 2nd Observation Kappa value 1st Observation 2nd Observation Kappa value

Objective (+) EV+ 21 21 1.000 20 21 0.972

EV− 2 2 1.000 2 2 1.000

DES 6 6 1.000 5 7 0.826

PRE 111 111 1.000 112 110 0.984

INT 2 2 1.000 2 2 1.000

AF+ 4 4 1.000 5 4 0.885

AF− 0 0 +++ 0 0 +++

Form (+) H 104 106 0.934 103 103 0.967

VIS 0 0 +++ 0 0 +++

H-AUVIS 42 40 0.934 43 43 0.967

Direction (+) ATL 118 118 0.978 118 119 0.978

SA 1 1 1.000 1 1 1.000

DG 2 2 1.000 2 2 1.000

MG 2 2 1.000 2 2 1.000

FG 0 0 +++ 0 0 +++

SG 4 4 1.000 4 4 1.000

T 19 19 0.970 19 18 0.969

Content (+) OFTE 6 6 1.000 6 6 1.000

DEFTE 0 0 +++ 0 0 +++

TAGS 0 0 +++ 0 0 +++

TAGM 25 25 0.975 25 26 0.929

TATS 32 33 0.941 33 32 0.941

TAGP 3 3 1.000 3 3 1.000

TAFUN 3 3 1.000 3 3 1.000

TACOM 0 0 +++ 0 0 +++

TAGE 3 3 1.000 3 3 1.000

PGR 2 2 1.000 2 2 1.000

PC 0 0 +++ 0 0 +++

PPE 27 26 0.912 26 26 0.906

PAT 10 10 1.000 10 10 1.000

PCO 0 0 +++ 0 0 +++

PPC 0 0 +++ 0 0 +++

PAR 0 0 +++ 0 0 +++

PREP 0 0 +++ 0 0 +++

PRES 0 0 +++ 0 0 +++

PES 0 0 +++ 0 0 +++

PDS 0 0 +++ 0 0 +++

PRS 0 0 +++ 0 0 +++

PS 1 1 1.000 1 1 1.000

PWA 0 0 +++ 0 0 +++

Opp T 1 1 1.000 1 1 1.000

RT 2 2 1.000 2 2 1.000

N/C 31 31 1.000 31 31 1.000

IND 0 0 +++ 0 0 +++

+ Occurrences number = 146; +++ Categories without values were not coded by the observers. Evaluative + (EV+); Evaluative – (EV−); Descriptive (DES); Prescriptive
(PRE); Interrogative (INT); Affectivity + (AF+); Affectivity – (AF−); Hearing (H); Visual (VIS); Hearing-visual (H-VIS); Athlete (ATL); Substitute Athlete (SA); Group (GRO):
Defenses Group (DG); Midfielders Group (MG); Forward Group (FG); Substitutes Group (SG); Team (T); Technique (TEC); Offensive Techniques (OFTE); Defensive
Techniques (DEFTE); Tactic (TAT); Game System (TAGS); Game Methods (TAGM); Tactical Schemes (TATS); Game Principles (TAGP); Functions/Missions (TAFUNC);
Combinations (TACOMB); General Effectiveness (TAGE); Psychological (PSY); Game Rhythm (PGR); Confidence (PC); Pressure effectiveness (PPE); Attention (PAT);
Attention (PCO); Combative pressure (PPC); Adversity resistance (PAR); Responsibility (PRE); Physical (FIS); Resistance (PRES); Execution speed (PES); Displacement
speed (PDS); Reaction speed (PRS); Strength (PS); Warm-up (PWU); Opponent’s Team (Opp T); Referees Team (RT); No content (N/C); Indeterminate (IND).
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of the answers given to two versions of the same question
(Hill and Hill, 2009). Therefore, correlations were calculated for
the reliability coefficient estimation. The questionnaires were
applied to five coaches, who did not participate in the previous
stages. The five coaches answered the questionnaires within
the context in which this investigation was carried out. At the
beginning of a competitive game, the coaches answered the
questionnaire about the instruction expectations in competition
and at the final of the game coaches answered to the perception
questionnaire about the instruction behavior during competition.

Stage 5 – construction of the final version of the
questionnaires
In the fifth and final stage, the two questionnaires reached the
final Portuguese version for youth athletes. Both measures of
expectations and perception of behavioral instruction in the
competition are displayed in Table 2.

Data Analysis
Cohen’s Kappa agreement measure for intra-observer and inter-
observer reliability (Cohen, 1960) in this study using LINCE
software (Gabin et al., 2012) was used. Scores ≥ 0.85 were
indicative of acceptable inter-rater reliability (Altman, 1991). For
the calculation of the value of K by category and in total, the
existing functionality was used.

The reliability of the questionnaires was examined through
temporal consistency analysis of the answers provided by the
coaches. For this analysis bivariate correlation coefficients were
considered, accepting significant p-value < 0.05. For these
statistical procedures, the SPSS Statistics for Windows version
23.0 (SPSS Inc., Chicago, IL, United States) was considered.

RESULTS

The results related to intra-observer and inter-observer reliability
for the observational instrument are displayed in Tables 3, 4.
Table 3 shows that intra-observer reliability Kappa values ranged
between 0.912 and 1 for observer 1, and 0.82 and 1 for observer
2. Table 4 shows that inter-observer reliability Kappa values
ranged between 0.885 and 1 between observers. Thus, values for
reliability are above acceptable.

In Table 5 are shown the reliability coefficients of the
Instruction Expectations in Competition Questionnaire. All
correlation coefficients are significant at p ≤ 0.05, ranging
between 0.825 (strong correlation) and 1 (perfect correlation).
In Table 6 are shown the reliability coefficient of the Instruction
Perception in Competition Questionnaire. In this analysis, all
correlation coefficients were also significant at p ≤ 0.05 ranging
between 0.884 (strong correlation) and 1 (perfect correlation).

Table 7 are shown the results from the pilot study, in which
expectations, instructional behavior, and perception of coaching
behavior were recorded. Considering the proposed criteria, the
coaches’ instructional behavior was preferentially prescriptive
(M = 663.3), hearing (M = 491.5), directed to the individual
(M = 701) and tactical content (M = 381.9). Considering the
content, the most issued instruction was related to tactical

TABLE 4 | Inter observer reliability of the observational system.

Criteria Categories Observer 1 Observer 2 Valor de Kappa

Objective (+) EV+ 21 20 0.972

EV− 2 2 1.000

DES 6 5 0.906

PRE 111 112 0.981

INT 2 2 1.000

AF+ 4 5 0.885

AF− 0 0 +++

Form (+) H 104 103 0.967

VIS 0 0 +++

H-AUVIS 42 43 0.967

Direction (+) ATL 118 118 1.000

SA 1 1 1.000

DG 2 2 1.000

MG 2 2 1.000

FG 0 0 +++

SG 4 4 1.000

T 19 19 1.000

Content (+) OFTE 6 6 1.000

DEFTE 0 0 +++

TAGS 0 0 +++

TAGM 25 25 0.952

TATS 32 33 0.942

TAGP 3 3 1.000

TAFUN 3 3 1.000

TACOM 0 0 +++

TAGE 3 3 1.000

PGR 2 2 1.000

PC 0 0 +++

PPE 27 26 0.931

PAT 10 10 1.000

PCO 0 0 +++

PPC 0 0 +++

PAR 0 0 +++

PREP 0 0 +++

PRES 0 0 +++

PES 0 0 +++

PDS 0 0 +++

PRS 0 0 +++

PS 1 1 1.000

PWA 0 0 +++

Opp T 1 1 1.000

RT 2 2 1.000

N/C 31 31 1.000

IND 0 0 +++

+ Occurrences number = 146; +++ Categories without values were not coded
by the observers, with agreement and the value is constant. Evaluative + (EV+);
Evaluative – (EV−); Descriptive (DES); Prescriptive (PRE); Interrogative (INT);
Affectivity + (AF+); Affectivity – (AF−); Hearing (H); Visual (VIS); Hearing-visual (H-
VIS); Athlete (ATL); Substitute Athlete (SA); Group (GRO): Defenses Group (DG);
Midfielders Group (MG); Forward Group (FG); Substitutes Group (SG); Team (T);
Technique (TEC); Offensive Techniques (OFTE); Defensive Techniques (DEFTE);
Tactic (TAT); Game System (TAGS); Game Methods (TAGM); Tactical Schemes
(TATS); Game Principles (TAGP); Functions/Missions (TAFUNC); Combinations
(TACOMB); General Effectiveness (TAGE); Psychological (PSY); Game Rhythm
(PGR); Confidence (PC); Pressure effectiveness (PPE); Attention (PAT); Attention
(PCO); Combative pressure (PPC); Adversity resistance (PAR); Responsibility (PRE);
Physical (FIS); Resistance (PRES); Execution speed (PES); Displacement speed
(PDS); Reaction speed (PRS); Strength (PS); Warm-up (PWU); Opponent’s Team
(Opp T); Referees Team (RT); No content (N/C); Indeterminate (IND).
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TABLE 5 | Reliability of the instruction expectations in competition questionnaire.

Exp3 –
Exp26

Exp6 –
Exp22e

Exp13 –
Exp22b

Exp14 –
Exp21c

Exp24 –
Exp20

Exp25 –
Exp8

Exp28 –
Exp5

Exp29 –
Exp12

Correlation
coefficient

0.825* 0.968* 0.896* 0.896* 0.976* 0.913* 0.968* 1.000*

*p ≤ 0.05.

TABLE 6 | Reliability of the Instruction Perception in Competition Questionnaire.

AutPerc3 –
AutPerc26

AutPerc6 –
AutPerc22e

AutPerc13 –
AutPerc22b

AutPerc14 –
AutPerc21c

AutPerc24 –
AutPerc20

AutPerc25 –
AutPerc8

AutPerc28 –
AutPerc5

AutPerc29 –
AutPerc12

Correlation
coefficient

0.923* 1.000* 0.913* 0.943* 0.976* 1.000* 0.976* 0.884*

*p ≤ 0.05.

schemes (M = 166.5). The coaches’ expectations about the
instruction to be issued during the competitive moment were
related to more positive affective information (M = 4.5), auditory-
visual (M = 5), directed to the athlete (M = 4), group (M = 4),
defenses (M = 4), and psychological combative pressure (M = 5).
Regarding coaches’ self-perception about the instruction applied
during the same competitive moment, behaviors were rated high
on affective positive (M = 4.5), hearing (M = 4.5), directed to the
athlete (M = 4), midfielders (M = 4), and team (M = 4), with
psychological concentration content (M = 5).

DISCUSSION

The purpose of this study was to present the reliability
of three validated measures, namely the System of Analysis
of Instruction in Competition, the Questionnaire on Coach
Instructional Behavior Expectations, and the Questionnaire on
Coach Instructional Behavior Perception that could be used in a
mix-method approach. The results related to intra-observer and
inter-observer reliability showed that intra-observer reliability
k-agreement values ranged between 0.912 and 1 for observer
1, and 0.82 and 1 for observer 2. For inter-observer reliability,
k-agreement values ranged between 0.885 and 1 between
observers. Thus, values for reliability are above acceptable. The
correlation coefficient values recorded for the questionnaires on
instruction expectations in competition were above 0.82 and for
the questionnaire on instruction perception in competition above
0.88. These results were obtained after carefully examining the
reliability of each instrument.

All instruments that were statistically examined can
considered as reliable measures for coaching training programs,
with a perspective of performance enhancement during
competitive moments. Our findings for interrater reliability are
comparable to those obtained for other observational system
studies in the football context (e.g., Santos et al., 2012, 2014b).
In addition, current results from the correlational analysis of the
questionnaires are consistent with previous research considering
these instruments (Santos and Rodrigues, 2006, 2019). Thus,
the process of reliability analysis is crucial and determinant for
instrument quality. The present results provide reliability of

the instruments and thus can be used as measures of coaching
behavior, that is concurrently associated with players and team
performance (Choi et al., 2020). In this sense, the coach needs
to think about the best communication strategies to maximize
the players’ performance during competition (Kim and Park,
2020) and afterward have the ability to reflect on their behavior
during the competitive moments. The coach behavior analysis
model (Santos et al., 2019) can contribute to the development
of coaching training programs, with the intuition of optimize
the communication process. Given the importance of the coach
intervention during competitive moments, the model proposed
by Santos et al. (2019) provides clear guidance for coaches to
prepare their intervention as a mean to increase athlete and
overall team performance (Moen, 2014). Consequently, the
measure of instructional behavior through the observational
instrument, allows researchers better understanding of the
coaches’ performance (Cope et al., 2017) and later perceiving
their intervention to reflect on the instructional strategies used in
the direction of the team during competition (Araya et al., 2015).

According to current results, there is little congruence between
expectations, behaviors during competition, and self-perception
meaning that there could be some variability among coaches.
These results show that these instruments can aid coaches
to reflect about their behaviors during competitive moments
and to improve coach–athlete interactions, at a time of special
difficulties, such as before competitive moments since there is
variability according to these factors between coaches. These
results are consistent with previous research (Keatlholetswe and
Malete, 2019; Hague et al., 2021), as the cycle of expectations-
behavior-perception/reflection can be determined for a more
effective communication process, while bearing in mind the
variability across coaches.

The added value of the mix-method approach allows
researchers and practitioners to study coach instructional
behavior in the context in which it is involved (competition) in
depth, providing ecological validity (Portell et al., 2015; Anguera
et al., 2018). Considering the validated observational instrument
specifically for football, coaching behaviors are encoded with
great reliability and thus present robust results regarding
the application of coaching intervention during competitive
moments (Anguera et al., 2018). The qualitative data collected
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TABLE 7 | Pilot study: expectations – instructional behavior – self-perception.

Criterion Categories Expectations Instructional behavior Self-perception

M %

Objective (+) EV+ 4 84.96 1.04 3.5

EV− 2 19.89 2.35 1.5

DES 2 35.79 4.23 2

PRE 3 663.27 78.39 3.5

INT 2 13.00 1.54 2

AF+ 4.5 28.75 3.40 4.5

AF− 1 0.45 0.05 1

Form (+) H 4 491.50 58.09 4.5

VIS 3.5 3.00 0.35 3.5

H-AUVIS 5 351.61 41.56 5

Direction (+) ATL 4 701.00 82.85 4

SA 2 28.80 3.40 2.5

Group 4 37.02 4.37 3.5

DG 4 13.11 1.55 2.5

MG 3.5 15.68 1.85 4

FG 2.5 2.11 0.25 3

SG 2 6.13 0.72 2

T 3.5 79.29 9.37 4

Content (+) Technique 2 36.79 4.30 2.5

OFTE 2 24.64 2.91 2.5

DEFTE 3 11.75 1.39 3.5

Tactical 3.5 381.88 45.13 3

TAGS 3.5 2.77 2.45 3.5

TAGM 3.5 117.71 18.91 2.5

TATS 4 166.54 19.68 4.5

TAGP 3.5 17.32 2.05 2.5

TAFUN 3.5 26.89 3.18 4.5

TACOM 2.5 14.11 1.67 2

TAGE 3.5 18.54 2.19 4

Psychological 5 231.25 27.33 4

PGR 5 2.21 2.39 3.5

PC 4.5 8.32 0.96 3.5

PPE 5 129.61 15.32 4.5

PAT 4.5 28.88 3.41 4.5

PCO 4 0.55 0.07 5

PPC 5 18.23 2.15 4.5

PAR 4.5 23.34 2.76 3

PREP 3.5 2.11 0.25 3

Physical 3.5 15.54 1.84 3

PRES 2 0.55 0.07 1.5

PES 3 0.00 0.00 2.5

PDS 4 0.00 0.00 3.5

PRS 3.5 5.88 0.69 3

PS 2.5 1.55 0.18 3

PWA 2 7.55 0.89 2.5

Opp T 4 4.45 0.53 3.5

RT 3 2.55 2.43 4

N/C – 156.05 18.44 –

Evaluative + (EV+); Evaluative – (EV−); Descriptive (DES); Prescriptive (PRE);
Interrogative (INT); Affectivity + (AF+); Affectivity – (AF−); Hearing (H); Visual
(VIS); Hearing-visual (H-VIS); Athlete (ATL); Substitute Athlete (SA); Group (GRO):
Defenses Group (DG); Midfielders Group (MG); Forward Group (FG); Substitutes
Group (SG); Team (T); Technique (TEC); Offensive Techniques (OFTE); Defensive
Techniques (DEFTE); Tactic (TAT); Game System (TAGS); Game Methods (TAGM);
Tactical Schemes (TATS); Game Principles (TAGP); Functions/Missions (TAFUNC);
Combinations (TACOMB); General Effectiveness (TAGE); Psychological (PSY);
Game Rhythm (PGR); Confidence (PC); Pressure effectiveness (PPE); Attention
(PAT); Attention (PCO); Combative pressure (PPC); Adversity resistance (PAR);
Responsibility (PRE); Physical (FIS); Resistance (PRES); Execution speed (PES);
Displacement speed (PDS); Reaction speed (PRS); Strength (PS); Warm-up
(PWU); Opponent’s Team (Opp T); Referees Team (RT); No content (N/C);
Indeterminate (IND).

as a result of the observation can be quantified or analyzed in a
qualitative perspective using T-patterns and sequential analysis
(Anguera et al., 2018). In addition, the validation and reliability
process of the questionnaires allows researchers to mention
that they effectively measure what they want to measure in a
consistent way (Rhind et al., 2014).

Limitations and Future Directions
Even though the current study shed some new insight related
to coaching behavior and the mix-method approach in the
football context, certain limitations should be acknowledged.
First, the small number of coaches who participated in the pilot
application. Although the sample was large enough to achieve
adequate statistical power and collecting data from targeted
samples such as sport coaches in the football context presents
additional difficulties and barriers, especially considering these
times of COVID pandemic, larger sample size may have yielded
greater external reliability. On the other hand, the competitive
context of football should not be extrapolated to other contexts
where competition is of greater importance or where training and
learning are much more relevant. Therefore, we suggest that mix-
method studies should be developed in the diverse contexts of
sport and especially in football with young athletes. Also, future
studies can be carried out, in a prolonged period of the sports
season, to apply this mix-method approach, thus evaluating
progress in the communication process during competition. We
suggest the continuous development of the study regarding the
metric qualities of the instruments. Hence, future studies are
welcomed with more robust tests that can be carried out favoring
greater validity in their application.

CONCLUSION

The three instruments displayed adequate reliability to be used
concurrently during a competitive moment, as a mean to measure
expectations, behaviors and perpections of coaching behavior.
The mixed-method approach on coaches’ behaviors could be
an interesting approach on football research, specifically those
related to coaching behavior, and the coach training, education,
and development could benefit from this type of assessment.
These instruments proposed in the study constitute the basis
for coaches training program considering their professional
intervention in football. While we do not suggest that the mixed
method approach outlined in this study should be the only one
for studying coaches’ expectations and perceptions, it offers a
possible and comprehensive approach to study coaching behavior
processes and is particularly useful for studying specific coaching
conducts in youth football. Each coaching process is unique,
and it not easy to capture this contextual element and resultant
situational effect within all competitive moments each coach
goes through. This is particularly challenging in interpersonal
coaching behavior.

Practical Implications
The assessment of different coaching behaviors may prove fruitful
for examining the role of coaches before, during, and after
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competition and their association with global functioning of
athletes and team performance. More specifically, the inclusion
of a mix-method analysis can be helpful to examine the extent to
which coaches show higher levels of expectations or reflections as
a mean to attempt to regulate their behaviors toward coaching
during a competitive setting. These reliable instruments could
also be used to examine if coaches with high/low levels of
expectations and reflections show more resilience in face of
adversity (e.g., defeat or a set-back in a performance), or
show more positive outcomes (e.g., more concentration, better
performance, and sustained engagement) and less negative
psychological outcomes.
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Traditionally, research in taekwondo has focused on athletes’ overall performance

considering the entire sample of the tournament or analyzed selected bouts while

ignoring behavioral differences of athletes according to their gender and weight

category. Thus, the aim of this study was to analyze the behavioral patterns used

to score points in the London Olympic Games according to gender and weight

category [fin (FW), feather (FTW), light (LW), and heavy (HW)] of the athletes. A

total of 24,940 actions were analyzed by using observational methodology, a mixed

method methodology where lag sequential and polar coordinate analysis were applied.

Different patterns could be seen in the actions performed prior to score between

the weight categories for both genders. To score one point, females FW performed

dodges, LW used indirect attacks and HW used direct attacks, posterior counterattacks,

dodges and blocks. After scoring one-point, female athletes used a variety of actions,

defensives like dodges (FW/LW) and blocks (LW), and offensives like simultaneous

counterattacks (FW, FTW, LW) and posterior (FTW) as well as direct (FTW, HW) and

indirect (FW) attacks. No patterns were found in males when scoring one-point, only

LW competitors performed a sequence characterized by the performance of dodges

followed by indirect attacks prior scoring while simultaneous counterattacks occurred

after score one point. To score two points, similar patterns were found for all weight

groups among female competitors. Females performed openings prior to scoring

(LW/HW), while anticipatory (FW/FTW) and posterior counterattacks (LW) occurred after

scoring, followed by cuts (FW), direct attacks (LW) and openings (HW). In males,

FTW and HW used counterattacks prior to scoring (posterior and simultaneous), while

FTW and LW also used counterattacks after scoring (anticipatory and simultaneous).

Prior to scoring three points different patterns were found according to the weight

category, while FW females used cuts and openings, LW used dodges and posterior

counterattacks. After scoring three points, FW continued to use cuts, openings and

posterior counterattacks while FTW used indirect attacks and HW used simultaneous

counterattacks. On the contrary, similar behavior was found in males. FW and LWs

used simultaneous counterattacks prior to scoring while they used defensive actions
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such as openings (FW) and dodges (LW) after scoring. Male FTW used also posterior

counterattacks after scoring. Prior to scoring four points females reported different key

behaviors. FW used anticipatory counterattacks and LW direct attacks whereas after

scoring, FTW used dodges and openings. Similarities were found in males to score

four points. LW and HW performed blocks prior scoring, FW and HW performed also

direct attacks while FTW performed posterior counterattacks prior score. After scoring,

defensives actions were performed such as dodges (LW) or cuts (FW, FTW, HW) and

indirect attacks (LW, HW). This is one of the first studies analyzing behavioral patterns in

taekwondo according to the weight category and gender of the athletes. The observed

relationships identified different behavioral patterns according to the weight category

for each gender and demonstrate the necessity to individualize trainings according

to the athlete’s characteristics (weight and gender). It is suggested that coaches and

psychologists train athletes to improve their decision-making according to the successful

patterns extracted in this study.

Keywords: behavior, tactics, combat sport, competition group, olympians

INTRODUCTION

In the field of sports performance analysis, technological

advances have opened opportunities to study behavioral patterns
in a new way, and thereby inform how to improve and train
the performance of athletes in competition (e.g., tactics, space,

time, etc.) (Menescardi et al., 2020d). In combat sports, such as
taekwondo, the tactic used is vital to overcome the opponent and
obtain the victory of the bout, being broadly studied in different

populations such as cadet (Casolino et al., 2012;Menescardi et al.,
2020a), college (Falco et al., 2014; Menescardi et al., 2015) and
Olympic athletes (Menescardi et al., 2019a,b, 2021).

Previous studies have identified a development in technical-
tactical dynamic patterns as a response to changes in sport

regulations (Moenig et al., 2012). In this sense, attacks were

mostly used to score in college championships (Falco et al.,
2014; Menescardi et al., 2015) and Olympic games until the

2004 Olympic Games (Kazemi et al., 2006, 2009), while this
trend was reversed in the next three Olympic tournaments
(2008, 2012 and 2016 Olympic Games). Here counterattacks
were the predominant tactic used to score, which can be seen
as a way of neutralizing the opponent’s attack by breaking
the rhythm of the combat (Kazemi et al., 2010; Cular et al.,
2011;Menescardi et al., 2019b, 2020b,c). Several counterattacking
patterns were found, the predominant approach was the use
of simultaneous and posterior counterattacks while anticipation
was the least counterattacking type used (Menescardi et al.,
2019b). In-depth analyses of the kicking score identified a
mix of scoring patterns (Menescardi et al., 2021). One point
(to the chest protector) was mainly scored with direct attacks
and anticipatory counterattacks, two points (to the chest
protector with turning kicks) were scored with simultaneous
counterattacks, three points (to the head) with indirect attacks
and anticipatory counterattacks and indirect attacks and
simultaneous counterattacks for scoring four points (to the head
with turning kicks).

Other relevant actions in any tactical sequence (Menescardi
et al., 2020d) are defensive ones (e.g., cuts, dodges, blocks), which
are used to neutralize the opponent’s attacks and counterattacks.
Defensive actions could suppose a mean of 64.7 (SD = 21.4)
actions per bout as observed in World Cups and Championship
competitions (González-Prado et al., 2015). Moreover, in the
Olympic Games in London 2012 it was observed that athletes
used dodges to avoid opponents’ attacking and counterattacking
actions as well cuts and finally blocks to avoid being kicked
(Menescardi et al., 2019c). Further, kicking patterns could be
affected by whether the athletes are winning or losing the bout.
Clear patterns were seen through six World Cups of 2000–2008
(González-Prado et al., 2015), where losing competitors tried to
minimize the score difference by attacking more, while winning
athletes tended to maintain the score difference with a more
defensive behavior. Further, analysis of defensive actions used
by the athletes in the different weight categories showed that
light categories performed more dodges than the heavier ones,
with fin competitors using the fewest. This could be because the
lighter categories, except fin, have less body mass and can react
quickly to an attack (Menescardi, 2016). Thus, not only offensive
but also defensive actions should be considered in the analysis of
behavioral sequence in combat sports such taekwondo.

Despite the influence of these factors on taekwondo bout
success, there are few comparative studies regarding the
performance of athletes based on their weight category (Falcó
et al., 2012;Menescardi et al., 2012, 2020c). These studies revealed
different behavioral patterns according to the weight category
of the athletes with lower weight categories performing more
actions than heavier ones. The bout outcome is also related
to the tactics applied (Menescardi et al., 2020c), where fly and
feather female winners performedmore anticipated and posterior
counterattacks than heavies who performed more cuts and
posterior counterattacks than light weight category. For lighter
categories the anticipation is related to the winning of the bout
while being defensive is related to the winning in heavies. With
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regard to males, more one-point and two-point actions were
performed by fly and feather in comparison with light and heavy
weight categories as well as more direct actions were performed
by fly than heavies who preferred to use more indirect actions
(Menescardi et al., 2020c). The use of defensive and indirect
actions is congruent with previous systematic review reporting
more non-fighting phases (characterized by observation and low
intensity actions) in heavier than lighter weigh categories (Santos
et al., 2020).

In order to provide more precise information to coaches
it is important to analyze the competitors’ behavioral patterns
(technical and tactical) based on their competition weight
category (Falcó et al., 2012; Menescardi et al., 2012, 2020c). For
that reason, the aim of the present study was to analyze the
behavioral patterns used to score points in an Olympic Games
tournament according to the gender and weight category (fin,
feather, light and heavy) of the athletes.

METHODOLOGY

Participants
A total of 76 female and 75male bouts at an Olympic tournament
(London 2012) was recorded and analyzed across four weight
categories. Only one male bout was not performed due to injury
of one competitor. In taekwondo the four weight categories are
distributed as follows: fin [<49 kg for females and <58 kg for
males, (FW)], feather [>49 and <57 kg for females and >58 and
<68 for males, (FTW)], light [>57 and <67 kg for females and
>68 and <80 kg for males, (LW)] and heavy [+67 kg for females
and+80 kg for males, (HW)].

A total of 24,940 actions were performed in the mentioned
bouts. Since the analyzed videotapes, on which public behavior
can be observed, are in the public domain, it is not necessary
to acquire informed consent from the athletes concerned
(American Psychological Association, 2002). The study protocol
was approved by the Human Research Ethics Committee at the
first author’s university.

Measures and Instruments
For codifying tactical actions in taekwondo, the taekwondo
observational tool (TKDOT) tactical criteria validated by
Menescardi et al. (2017) was used (Table 1). HOISAN 1.5.6
software was used for recording and coding the data (Hernández-
Mendo et al., 2012), including all of the constituting criteria of the
observational tool. With regard to computerized encoding, the
data were codified as multi-events as they have been proposed
in the context of a multidimensional design. This software also
provides information of the duration of actions performed.

Design and Procedures
The current observational study followed a design characterized
as follows (Anguera and Hernández-Mendo, 2013): follow-
up between sessions—Olympic championship; nomothetic—
focusing on 128 athletes; and multidimensional—analysis of two
criteria: tactical actions used and their effectiveness. A procedure
was developed to train the observers (Menescardi et al., 2017,
2020b). Six observers, divided into two groups (A and B), were

involved in the reliability analysis of the data. To evaluate the
inter-observer reliability, each observer analyzed six combats.
To evaluate the intra-observer reliability, one of the observers
analyzed the same six combats twice. Cohen’s kappa (κ) was used
to calculate intra- and inter-observer reliability, whose results
showed Cohen’s κ values above 0.85, showing almost perfect
conformity (Landis and Koch, 1977; López-López et al., 2015).

Statistical Analysis
To discover the most effective actions, the adjusted residuals
(z) were used to indicate whether the difference between the
frequency observed and the frequency expected was statistically
significant (≥|1.96| implies a 95% confidence interval). When
z ≥ 1.96 shows an excitatory relationship, this means that it
contributes significantly to the effectiveness of this action related
to the criterion.

After determining effective actions of one- (SC1), two- (SC2),
three- (SC3), and four-points (SC4), lag sequential analyses,
followed by polar coordinate analyses of the tactical actions
used to score, were performed using HOISAN software and
drawn with Matlab (Perea et al., 2012; Menescardi et al.,
2019a). Previous studies have applied both statistical analysis
due to its complementarity in observational studies (Castañer
et al., 2017). Lag sequential analysis allows researchers take into
consideration both prospective and retrospective perspectives
(i.e., actions that follow and precede the score) in order to
construct sequences and detect when a technical-tactical element
facilitate the occurrence of a given score (retrospective). On the
contrary, the prospective perspective is based on considering
those elements as posterior to the scoring action (z > 1.96; p
< 0.05). The number of negative (−1 and −2) and positive
lags (+1 and +2) were used as suggested by previous studies
(Anguera et al., 2018). Polar coordinate analysis used z from lag
sequential analysis to calculate Zsum statistics (Zsum = Pz/

√
n)

(Cochran, 1954). This process presents a polar coordinate map
that shows the associations between the behavior of interest or
focal behavior (scoring actions) and the conditional behaviors
(technical-tactical behaviors). Thereafter, the relationships are
shown in four different quadrants depending on their angle
and the strength of the relationship (Arias-Pujol and Anguera,
2017):

• Quadrant I (0◦-90◦). Indicates that the focal and conditional
behaviors are mutually activated in both perspectives. That
is, the conditioned behaviors occur before and after the focal
behavior (+,+).

• Quadrant II (90◦-180◦). Indicates that the focal behavior
inhibits the conditional behaviors but is also activated by them.
That is, the conditioned behavior precedes but does not follow
the focal behavior (+, –).

• Quadrant III (180◦-270◦). Indicates that the focal and
conditional behaviors are mutually inhibited. That is, the
conditioned behavior neither precedes nor follows the focal
behavior (–, –).

• Quadrant IV (270◦-360◦). Indicates that the focal behavior
activates the conditional behaviors but is also inhibited by
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TABLE 1 | Criteria, categories, codes and categorical core of the observational tool used.

Criteria Categories Code Categorical core or description

Tactics Direct attack DIA Offensive action with the objective of scoring, ending with an impact on the opponent but without previous

movement

Indirect attack INA Offensive action in order to score, ending with an impact on the opponent and with previous movement such

as a step, skip, opening, guard change, kicking trajectory modification, etc.

Anticipated counterattack ACA Action that starts during the opponent’s attack with the purpose of scoring. The athlete kicks the attacker

during the preparatory phase (guard) and/or initial phase (when the opponent’s knee is being raised)

Simultaneous counterattack SCA Action that starts at the same time as the opponent’s attack and has a scoring purpose. The athlete kicks at

the same time as the opponent. Thus, the counter attacker kicks at the end of the attacker’s initial phase (leg

raised) or during the impact momentum (impact phase) of the attacker’s kick

Posterior counterattack PCA Action that begins after the opponent’s attack (during the descending phase, or when attacker’s leg touches

the ground) with a scoring purpose. Athletes kick at the same time. This action (sometimes) includes a

previous backward displacement to dodge the opponent’s attack

Opening OPE Movement to control the distance with the opponent or bridge the gap between both competitors

Block BLO Defensive actions to avoid the impact of a kick by placing one arm or leg between the protector and the leg

of the opponent. This does not have a scoring objective

Dodge DOD Defensive actions to avoid the impact of a kick by placing one arm or leg between the protector and the leg

of the opponent. This does not have a scoring objective

Cut CUT Defensive forward movement to avoid being beaten by a close opponent, and to prevent the attacking action

from being completed. This does not have a scoring objective

Score 1 point SC1 Effective action performed on the protector with linear, circular or punch techniques that scores 1 point

2 points SC2 Effective action performed on the protector with a previous spin technique that scores 2 points

3 points SC3 Effective action performed on the head with linear or circular technique or to the chest protector with a

spinning technique that scores 3 points

4 points SC4 Effective action performed on the head with a technique with previous spin that scores 4 points

them. That is, the conditioned behavior does not precede but
follows the focal behavior (–,+).

In this work, only relationships with a module or radium length
(r) of the vector > 1.96 are considered significant (p < 0.05) and
included in the results. A total of four lag sequential and polar
coordinates analyses (i.e., one point, two points, three points, and
four points) were conducted for each weight category according
to their sex, in accordance with the aims of the study.

RESULTS

Results for Females
One point was mostly scored by FW and FTW throughout
direct (z = 5.3 and z = 4.1, respectively) attacks. FTW also
obtained one point with the use of anticipatory (z =6.3) and
simultaneous (z = 2.1) counterattacks. LW mainly used direct
attacks (z = 5.3) and posterior counterattack (z = 3.1) while HW
used direct attacks (z = 4.6) and simultaneous counterattacks
(z = 4.6). Two points were scored by FW with anticipatory
(z = 5.1) counterattacks while FTW and HW used simultaneous
counterattacks (z = 4.5 and z = 4.6, respectively). LW weight
scored two points by performing indirect attacks (z= 2.2). Three
points were predominantly scored by FW with anticipatory
counterattacks (z = 3.7) and indirect attacks (z = 3.9) while
FTW used indirect attacks (z = 3.3), and posterior (z = 2.2)
and simultaneous (z = 2.5) counterattacks. LW used direct and
indirect attacks (z = 4.5 and z = 3.3, respectively) to score
three points while HW used direct attacks and anticipatory

counterattacks (z = 3.2 and z = 4.9, respectively) to score
three points. Four points were scored largely with posterior
counterattacks by FW (z = 2.0) and simultaneous counterattacks
by FTW and HW (z = 2.1 and z = 3.4, respectively). Different
patterns could be seen in the actions performed to score between
weight categories. Lag sequential analyses is shown in Table 2

while polar coordinate analyses for females are shown in Figure 1
and Table 3.

Results for Males
One point was mostly scored by FW and FTW males with
direct (z = 4.0 and 3.1, respectively) and indirect attacks
(z =2.6 and 2.0, respectively) and anticipatory counterattacks
(z = 3.4 and 5.1 respectively). FW also scored one point
with simultaneous counterattacks (z = 3.2). LW competitors
scored only with attacks (direct, z = 3.2; indirect, z = 3.9).
HW scored with direct (z = 3.9), anticipatory (z = 3.2)
and posterior counterattacks (z = 6.2). Two points were
scored by FW with indirect actions (z = 4.0), FTW with
indirect (z = 2.1) and simultaneous (z = 3.5) actions and
HW mainly with simultaneous actions (z = 3.3). Three
points were predominantly scored by FW with anticipatory
and simultaneous counterattacks (z = 2.0). FTW scored three
points with direct and anticipatory actions (z = 3.5 and 2.8,
respectively) while HW used anticipatory and simultaneous
counterattacks to score (z = 4.9 and 2.2 respectively). LW
competitors scored with indirect attacks (z = 4.1). Four
points were scored largely with posterior counterattacks by
FW (z = 2.0), indirect attacks by LW (z = 3.7) and
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TABLE 2 | Positive relationships between tactical actions and effectiveness in retrospective and prospective perspective for females.

Retrospective Prospective

Effectiveness WC R-2 R-1 R+1 R+2

1 point Fin DOD (3.09) - DOD (2.36)* INA (2.30)

SCA (2.27)*

Feather - - BLO (2.18) DIA (3.05)

SCA (3.92)†*

PCA (2.82)

Light - INA (3.15) DOD (3.43)† –

SCA (2.56)†

Heavy DIA (2.02) BLO (2.10) DIA (2.86) –

DOD (2.40)

PCA (2.30)

2 points Fin – – ACA (2.51)‡ CUT (2.69)

Feather – – ACA (3.07)† –

Light – OPE (2.41)U PCA (3.65) DIA (2.79)

Heavy – OPE (5.15)* – OPE (2.49)

3 points Fin CUT (2.32) – CUT (3.07) OPE (3.18)

OPE (3.56) PCA (2.30)

Feather – – – INA (2.78)

Light – DOD (2.94) – –

PCA (2.70)

Heavy – – SCA (3.02) –

4 points Fin ACA (3.51) – – –

Feather – – DOD (3.35) OPE (3.90)

Light – DIA (2.05) – –

Heavy – – – –

Only significant patterns are shown.

WC, Weight category; DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD, Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA,

Posterior counterattack.
†Similar behavior found in the lag to fin; ‡Similar to feather; *Similar to light; USimilar to heavy weight category in the same effectiveness.

simultaneous counterattacks by HW (z = 2.5). Different
patterns could be seen in the actions performed to score
between weight categories. Lag sequential analyses is shown
in Table 4 while polar coordinate analyses are shown in
Figure 2 and Table 5.

DISCUSSION

To the best of the authors’ knowledge this is the first study
identifying the most effective actions and behavioral patterns of
taekwondo competitors according to their weight category and
sex. The major relevance of the current study was the effective
actions and significant patterns extracted which can help coaches
and psychologists to prepare athlete’s for future competitions.

Female Behavior According to Their
Weight Category and Effective Actions
To score one-point, similar patterns were found between the four
weight categories. That is, the use of direct attacks followed by
simultaneous counterattacks emerged as one of the most used
patterns. As previously reported in elite competition (Menescardi

et al., 2019b), both actions allow athletes to react within a
short period of time (Falco et al., 2014). Despite their extensive
use in competition and their proven effectiveness, it should be
noted that sometimes the opponent has not enough space or
skills to perform defensive actions to defend themselves from
the opponent’s action. For one-point score, it should be noted
the tactical repertoire mastered (Menescardi et al., 2020d) by
FTW female athletes as they did not only score with attacks
but also with counterattacks (anticipatory and simultaneous).
Additionally, LW females used posterior counterattacks (to an
indirect action) to score one point. This is in line with findings
from previous studies (Menescardi et al., 2019c) following the
‘if-then’ statements based on stimulus and responses (Falco
et al., 2014). The use of posterior and indirect actions by
FTW and LW competitors, prior to and after scoring, supports
their tactical repertoire mastery to continue the tactical schema
initiated by their opponents. As taekwondo is a combat sport
where actions can be enchained by competitors (De la Fuente
García and Castejón, 2016; Menescardi et al., 2020c), and
wheremastering offensive and defensive actions remain essential.
Defensive actions, such as dodges and blocks, performed by FW
and FTW, which were performed prior to and after scoring,
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FIGURE 1 | Polar coordinate analysis of one-point (A), two-point (B), three-point (C), and four-point (D) actions for females. Color arrows indicate significant

relationships (z > 1.96) in each weight category: fin (blue), feather (green), light (red), and gray (heavy). DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD,

Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA, Posterior counterattack.

as well as openings by LW which were performed prior to
scoring, are revealed as essential to avoid being scored against
by the opponents. In this sense, lighter weight competitors (i.e.,
FW and FTW) opt to face the opponent (through dodges and
blocks which required a close combat/clench) while heavier
weights (i.e., LW) opt to gain distance from the opponent
and re-structure their strategy. This explanation is plausible
according to previous studies (Vasconcelos and Del Vecchio,
2021) noting the different effort: pause ratio of wushu sanda
heavy competitors (1.6:1) in comparison to other weight
categories (ranging from 2.6:1 to 2.9:1). Likewise, the more static
behavior of HW categories has also been pointed out in the
current study.

To score two points a similar pattern was found, characterized
by the performance of counterattacks (anticipatory for FW,
and simultaneous for FTW and HW) to respond to opponent’s
openings. That resulted in effective actions (Menescardi et al.,
2019b), except for LW who used indirect attacks to score
(which were counterattacked with posterior counterattacks).
The LW category can be characterized by an approach
where they mostly meet their opponent through indirect
actions. They choose the correct moment to initiate the
attack, revealed as an effective characteristic of elite athletes
(Chiodo et al., 2012), which could explain why indirect
actions are effective, while posterior counterattacks are not
always effective, if the attack is not properly feinted and
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TABLE 3 | Polar coordinate significant patterns for effective actions in females.

Effectiveness WC Category Q Radium Angle

1 point Fin DOD I 2.81 51.03

INA III 2.03 233.49

Feather BLO I 2.18 0.00

ACA III 2.62 180.00

PCA I 2.36 0.00

Light OPE II 2.11 158.95

INA I 2.28 77.99

Heavy BLO IV 2.20 325.34

2 points Light OPE I 2.31 47.48U

PCA IV 2.37 351.24

Heavy OPE I 3.94 67.63*

3 points Fin PCA I 2.47 15.47

CUT I 2.28 46.13

OPE I 2.61 74.46

Light OPE II 2.11 158.95

INA I 2.28 77.99

4 points Fin ACA II 2.51 98.43

Feather DOD I 1.98 0.00

OPE I 2.43 0.00

WC, Weight category; DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD, Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA,

Posterior counterattack.

*Similar to light; USimilar to heavy weight category in the same effectiveness.

the attacker hits the target area (Borysiuk and Waskiewicz,
2008).

To score three points, similar patterns were found for
the different weight categories regarding the use of attacks
and counterattacks (Menescardi et al., 2019c). FWs used
anticipatory and indirect attacks to score, which were defensed
or posteriorly counterattacked, following the pattern found
to score one point (Falco et al., 2014). FTWs used indirect
attacks and simultaneous counterattacks while attacks (direct
or indirect) were used by LWs in response to defensive
actions and posterior counterattacks used prior to scoring.
HW competitors used direct attacks to score, which were
not properly simultaneously counterattacked. They also used
anticipatory actions to score three points. Thus, attacks are
mainly related to scoring three points as also found in
other studies (such as Lee Dae Hoon; Menescardi et al.,
2019c).

Finally, to score four points, the use of anticipatory actions

prior to scoring was found in FW competitors while defensive

actions such as dodges and openings were used after scoring in

FTW competitors. The scarce use of four- point actions (Lystad
et al., 2020; Menescardi et al., 2020b) is also highlighted in this
study which could explain the lack of difference across the weight
categories. Despite the lack of sequences found, it should be
noticed the use of counterattacks (simultaneous and posterior) to
score by the different weight categories. It seems that elite athletes
tended to observe their opponent and execute counterattacks to
the head to achieve four-points as they manage to surprise the
opposite and then score (López-López et al., 2015).

Male Behavior According to Their Weight
Category and Effective Actions
To score one point, it is surprising the scarce relationships
found with weight categories, acknowledging the highly variable
behavior of competitors. It is well-known that the more variable
the athlete’s behavior is, the more reaction time is required by the
opponent to analyse the number of possible stimulus–response
options to choose the appropriate response (Borysiuk and
Waskiewicz, 2008; Kwok, 2012). Further, mastering the tactical
repertoire, as occurred in the lighter weight categories in females,
are important characteristic of elite athletes. According to the
female competitors’ results, LW male competitors used attacks
followed by simultaneous counterattacks, in line with previous
studies (Menescardi et al., 2019b). The use of simultaneous
counterattacks seems the main option chosen to respond to
opponent’s direct attack as it is expected to stop the opponent’s
advance and break the rhythm of the combat. The fact that
both kicks were performed at the same time and legs crash
made the attacker lose their balance. Equal pattern was also
found between FW and LW male competitors, who used cuts
prior to and after scoring as well as posterior counterattacks and
blocks after scoring, highlighting the relevance of a structured
defense in every moment of the bout. On the contrary, FTWwere
characterized by use of simultaneous counterattacks and HW by
use openings, pointing out their more static form of competing
over other weights categories, as previous studies have suggested
(Santos et al., 2020).

To score two points, in FTW males a pattern characterized
by indirect attacks and anticipatory counterattacks was found.
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TABLE 4 | Positive relationships between tactical actions and effectiveness in retrospective and prospective perspective for males.

Retrospective Prospective

Effectiveness WC R-2 R-1 R+1 R+2

1 point Fin – – – –

Feather – – – –

Light DOD (1.97) INA (1.97) SCA (2.14) –

Heavy – – – –

2 points Fin – – – –

Feather PCA (2.20) – ACA (3.21) –

Light – – – SCA (2.45)

Heavy SCA (3.19) – – –

3 points Fin BLO (2.24) – OPE (2.59) –

SCA (1.97)*

Feather – – – PCA (4.14)

Light SCA (2.20)† – DOD (2.22) –

Heavy – – – –

4 points Fin – – – CUT (2.70)‡

Feather DIA (2.56) – – CUT (2.30)†

Light BLO (3.63)U BLO (2.70) DOD (2.07) INA (2.14)

PCA (3.08)

Heavy BLO (3.11)* DIA (2.21) AIN (2.6) CUT (3.77)

Only significant patterns are shown.

WC, Weight category; DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD, Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA,

Posterior counterattack.
†Similar behavior found in the lag to fin; ‡Similar to feather; *Similar to light; USimilar to heavy weight category in the same effectiveness.

In this sense, attackers optimized their offensive action to
score. Despite previous studies reporting the effectiveness of
anticipatory actions (López-López et al., 2015), these kinds of
actions should be performed in the right time to score and
surprise the opponent (Falco et al., 2014; Menescardi et al., 2015).
This could explain the effectiveness of simultaneous actions for
the two-point scores observed in the present study. Our results
are in line with previous studies that reported athletes’ persistence
to perform counterattacking actions (such as posterior by LWs
and simultaneous by FTWs) to score by performing turning
kicks (i.e., the only type of kick that allows this score; López-
López et al., 2015). Defensive behaviors (blocks and dodges) were
found after scoring, and performed by all competitors (except
FWs). The use of attacks, counterattacks and defensive actions
in a sequence support the relevance to master all possible tactical
schemes to respond to opponent’s actions.

To score three points, an offensive pattern characterized by
counterattacking the opponent (anticipatory or simultaneously)
was found in FW competitors. In this weight category, being
offensive by kicking to the head is an effective strategy when
the opponent does not use a defensive action in an appropriate
manner. Similarly, the use of indirect attacks is used by LW
competitors when they observe an opponent that does not dodge
in an appropriate manner. For that reason, the use of the
first rounds of the bout to study and test the technical-tactical
behavior of the opponent remains essential (González-Prado
et al., 2015). Moreover, athletes should explore the opponent’s
responses to different attacks (e.g., giving or cutting distance, or

performing a counterattack) (Franchini et al., 2008) and, from the
point of view of the opponent, to observe the characteristics of
the attack (i.e., short or long) (Menescardi et al., 2019b). Athlete’s
behavior was also similar across weight categories after scoring
by performing defensive actions (i.e., blocks by FW, FTW, and
LW, and dodges by HW). This could be because lighter (FW,
FTW, and LW) categories opt to adopt a close combat position,
which requires a quick response to opponent’s action, while HWs
prefer to increase the distance with the opponent to re-structure
their bout strategy, as occurred in females. Taekwondo athletes
spend time in well-defined distances from their opponent, and
especially HW competitors (Vasconcelos and Del Vecchio, 2021),
who can rest and perceive how to better reach the target and score
while controlling also the distance from the opponent. The major
use of defensive style by heavier competitors are in line with
prior studies (Menescardi et al., 2019b, 2020c), reporting that
HWs used less blocks and preferred to perform less risky actions
than those requiring less time to respond to the opponent (as it
could be expected by blocks and cuts performed by lighter weight
competitors who need to be continuously moving forward,
invading the opponent and compete over a shorter distance).
This is also in line with previous studies (Engwerda and Lidor,
2020), which found differences in pace, and explosivity, and sport
performance in judo athletes of different weight categories.

To score four points, in line with previous results (Menescardi
et al., 2019b), LW competitors took advantage of when their
opponent was in a close combat (clench) after a block and
posterior counterattack to initiate a new (indirect) attack which
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FIGURE 2 | Polar coordinate analysis of one-point (A), two-point (B), three-point (C), and four-point (D) actions for males. Color arrows indicate significant

relationships (z > 1.96) in each weight category: fin (blue), feather (green), light (red), and gray (heavy). DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD,

Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA, Posterior counterattack.

was not well dodged by the opponent. The continuation of
the sequence (also known as counter-counterattacks, Fargas,
1990) supposed to the opponent a more complex stimulus
identification and response selection (Kwok, 2012), ending in
a scored point. On the contrary, HWs preferred to perform
counterattacks (simultaneous) to score, continuing the sequence
with a cut. The shorter sequence performed by heavier
competitors is congruent with previous judo studies (Kuvačić
et al., 2017), showing lighter weight competitors outscored

their heavier peers in muscular endurance, jumping ability,
and balance ability. Finally, all competitors performed defensive
actions after scoring (blocks, cuts or dodges), preventing kicks
from longer distances (Lystad et al., 2020). The behavior of FW
competitors was characterized by performing counterattacking
actions (anticipatory prior and after score, and posterior prior)
and HW competitors used direct attacks after scoring. Once
again it can be observed the more direct patterns chosen by
HW category in comparison with longer (and indirect) actions
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TABLE 5 | Polar coordinate significant patterns for effective actions in males.

Effectiveness WC Category Q Radium Angle

1 point Fin BLO IV 3.00 315.00*U

CUT I 2.19 87.97

PCA IV 2.38 272.05*

Feather SCA I 2.39 12.84

PCA III 2.27 206.09

Light BLO IV 3.00 315.00†U

CUT II 3.53 148.35

PCA IV 2.89 307.54†

Heavy BLO IV 3.00 315.00†*

OPE I 2.09 67.16

2 points Fin BLO IV 3.00 315.00‡*

Feather BLO IV 3.00 315.00†*

SCA I 2.09 15.07

Light BLO IV 3.00 315.00†‡

PCA I 2.17 58.75

Heavy DOD IV 3.00 315.00

3 points Fin BLO IV 3.00 315.00‡*

DOD II 2.46 93.13

Feather BLO IV 3.00 315.00†*

Light BLO IV 3.00 315.00†‡

CUT IV 3.21 335.92

ACA III 2.22 198.20

PCA II 2.44 139.34

Heavy DOD IV 3.00 315.00

4 points Fin BLO IV 3.00 315.00‡

ACA I 2.05 11.15

PCA II 2.25 111.40

Feather BLO IV 3.00 315.00†

Heavy DOD IV 3.00 315.00

CUT II 2.02 98.67

DIA IV 2.39 349.59

WC, Weight category; DIA, Direct Attack; INA, Indirect Attack; BLO, Blocks; DOD, Dodge; OPE, Opening; ACA, Anticipatory counterattack; SCA, Simultaneous counterattack; PCA,

Posterior counterattack. †Similar to fin; ‡Similar to feather; *Similar to light; USimilar to heavy weight category in the same effectiveness.

initiated by lighter weights (González-Prado et al., 2015; Santos
et al., 2020).

Additionally, it should be noted that the scoring behaviors
for each weight category are independent of the athletes’ sex
(e.g., the use of attacks and simultaneous counterattacks by
LW competitors, the use of anticipatory counterattacks to score
two and three-points as well the use of posterior ones to
score four-points by FW athletes). Thus, it is suggested to
organize the training together attending building on their similar
characteristics in competition. On the contrary, when a different
behavioral pattern is observed, for different weight categories
and sex, it is necessary to individualize trainings according
to the athlete’s characteristics (weight and gender). Lastly, it
might be interesting that coaches and psychologists train athletes
to improve their decision-making according to the successful
patterns extracted in this study.

This study is not absent of limitations. It should be
acknowledged that athletes’ behavior to score was not analyzed

according to the round of the bout and/or championship, which
could further explain the effectiveness of the actions and whether
the behavior shown varies depending according to the round
or phase of the championship. Likewise, the presentation of the
results of the 2012 Olympic Games could also be considered a
limitation, since in 2016 a more current Olympic championship
has been held. Despite the mentioned limitation it should be
noted that observational studies of Olympic taekwondo are
scarce given the complexity and detail of this type of study,
as well as the high volume of data obtained and aspects to be
reviewed in each bout. Therefore, future studies are necessary
to confirm whether these trends are maintained with the new
regulations. Further studies including not only polar coordinates
and lag sequential analysis but also T-Pattern analyses should
be conducted for a better understanding of performance in this
sport. Despite these limitations, the results of the current study
provide a better understanding of technical-tactical behavior
used to score according to the athletes’ weight category and
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gender in Olympic taekwondo bouts and constitute a basis for
future research in this sport.

From a practical point of view, coaches should design
technical-tactical strategies to physically train actions that permit
scoring (QI/QII) according to the athletes’ sex and weight
category according to their bout strategy, as well as psychologist
should help athletes to train psychological aspects such as
attitude, confidence, motivation and stress control. To do this,
mental training protocols of the technical-tactical visualization
to enhance strengths and exploit the opponent’s weak points are
suggested. In addition, simulate training methods to mechanize
and automatize tactical scenarios and coping strategies for
stress through or self-regulation work to make good decisions
(‘if-then’ sequences) as well as relaxation work, imagery,
attention and concentration training, self-instruction or positive
reinforcement can be used to produce adaptive behaviors for
motor improvement, helping athletes reach their maximum
sports performance.

CONCLUSION

Taekwondo coaches, athletes and researches could also use the
observational methodology described in the current study to
highlight the most important factors that affect the effectiveness
during competition, and train the preceding actions used to score
(as triggers of behavior of interest: scoring point/s).

One point was mostly scored by direct attacks in every weight
category independently of their gender. Athletes also used other
techniques to score by surprising their opponents according to
their categories and sex, such as FW and FTW males who used
indirect and anticipatory actions. FW males as well as FTW
and HW females also used simultaneous counterattacks while
LW females and HW males used posterior counterattacks and
LW males also indirect and anticipatory attacks. To score one
point, females used attacks (indirectly by LW and directly by
HW) as well as defensive actions (dodges by FW and HW
competitors and blocks by HW). After scoring, female athletes
used defensive actions (dodges and blocks), counterattacks
(simultaneous and posterior) and attacks (direct and indirect).
In males, LW competitors performed dodges and indirect attacks
prior to scoring while simultaneous counterattacks occurred
after that.

Two points were scored by counterattacking actions
(anticipated by FW females and simultaneous by FTW and HW
competitors) as well as indirect actions by LW females, and FW
and FTW males. Prior to scoring two points, all weight female
competitors performed openings, followed by counterattacks
(anticipatory and posterior), and thereafter defensive actions
(cuts and openings) and direct attacks. In males, FTW and
HW used counterattacks prior to scoring (posterior and

simultaneous), while FTW and LWs also used counterattacks
after scoring (anticipatory and simultaneous).

Three points were predominantly scored by anticipatory (FW
competitors, FTW males, HW competitors) and indirect actions
(FW, FTW and LW competitors), as well as FTW females
used posterior and simultaneous actions. LW females and HW
competitors also used direct attacks. FW and HW males also
used simultaneous counterattacks. Prior to scoring three points,
FW and LW females used defensive actions (cuts, openings
and dodges) and posterior counterattacks (only LWs). After
scoring, FW females continued using defensive actions and
posterior counterattacks while FTW females used indirect attacks
(and posterior counterattacks) and HW used simultaneous
counterattacks. Male FW and LW competitors used blocks and
simultaneous counterattacks prior to scoring while they used
openings and dodges after scoring.

Four points were scored largely with posterior actions by FW
competitors, simultaneous by FTW and HW competitors and
indirect attack by LW males. Prior to scoring four points, FW
males used anticipatory counterattacks and LW direct attacks
whereas after scoring, FTW used dodges and openings. FTW
females used direct attacks prior to scoring four points while
LW and HW also used blocks and posterior counterattack. After
scoring, they used defensive actions (dodges and cuts) in addition
to indirect attacks.
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The teacher’s instructions in physical education class have important implications for the 
psychological well-being of their students. The aim of this study was to analyze, under 
the postulates of the Self-Determination Theory (SDT), a model with the following sequence: 
the perception of the quality of the instructions (task presentation, amount of corrective 
feedback, and its legitimate perception) generated by the physical education teacher, the 
satisfaction of the three basic psychological needs and the subjective vitality in young 
students. The participants were 890 students (462 males and 428 females) of primary 
level from the metropolitan area of Monterrey, Mexico, between ages 11 and 13 (M = 11.36; 
SD = 0.49). The structural equation modeling showed positive and significant associations 
in all model interrelations, that is, task presentation and the amount of corrective feedback 
(B = 0.88, p < 0.001), and this in turn with legitimate perception (B = 0.81, p < 0.001); 
the legitimate perception of feedback and the satisfaction of the need for autonomy, 
competence, and relatedness (B = 0.63, p < 0.001; B = 0.90, p < 0.001; B = 1.01, 
p < 0.001, respectively); finally, the satisfaction of the three psychological needs and the 
subjective vitality (B = 0.12, p < 0.01; B = 0.43, p < 0.001; B = 0.24, p < 0.001, respectively). 
Therefore, the importance of a quality task presentation, as well as providing corrective 
feedback based on support for autonomy, is evident, so that students perceive it legitimately 
and thus facilitate the satisfaction of their basic psychological needs and in consequence, 
indicators of psychological well-being such as subjective vitality.

Keywords: task presentation, corrective feedback, legitimate perception, basic psychological needs, subjective 
vitality, physical education

INTRODUCTION

In the instructional process, it is expected that significant changes are generated in the behavior 
of learners. In this interaction, students experience sensations and perceptions that can affect 
their behavior and emotions either favorably or unfavorably, depending on the social context 
that the teacher promotes by providing a sense of structure (Mageau and Vallerand, 2003; 
Haerens et  al., 2013; Curran and Standage, 2017; Ryan and Deci, 2017) or task presentation 
and corrective feedback (Tristán et  al., 2016). In the context of physical education, teacher’s 
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instructions refer to quality task presentation (Tristán et al., 2016) 
or structure before the activity (Haerens et  al., 2013). Firstly, 
this involves communicating with students the meaning and 
importance of what is to be  learned as well as organizing 
students, spaces, equipment, and times to practice (Tristán 
et  al., 2016). Secondly, it entails also providing corrective 
feedback or structure during the activity (Haerens et  al., 2013) 
that is accepted or perceived as legitimate by learners 
(Vergara-Torres et  al., 2020).

Quality task presentation and corrective feedback are among 
the most important behaviors in the instructional process in 
the context of physical education (Hall et  al., 2011) and are 
variables that can be  considered as predictors of pedagogical 
effectiveness (Hall et  al., 2011; Rink, 2019). Therefore, it is 
important for the teacher to develop the ability to present 
tasks in a way that allows students to feel able to begin to 
engage in learning tasks (Garza-Adame et  al., 2017; Tristán 
et  al., 2019) and to provide corrective feedback that allows 
students to maintain a sense of confidence in improving their 
own mistakes. In this way, feelings of incompetence in 
the tasks they perform will be  avoided, even though the 
corrective feedback contains information of poor performance 
(Mouratidis et  al., 2010; Vergara-Torres et  al., 2020).

The topic of teachers’ instructions in the physical education 
classroom has been studied through the Self-Determination 
Theory (SDT; Ryan and Deci, 2017; for a review of studies 
based on SDT, see: Vasconcellos et al., 2019) and more specifically, 
through one of its mini-theories, the Basic Psychological Needs 
Theory (Deci and Ryan, 2000; Curran and Standage, 2017; 
Ryan and Deci, 2017). This theory postulates that human beings 
possess the universal psychological needs of autonomy (feeling 
that behavior and decisions originate from the inner self, that 
is, self-determination of one’s own behaviour), competence 
(experience of being able to perform effectively in context), 
and relatedness (bonding and attachment to others whose 
response is reciprocal). All three of them are essential for 
optimal physical, psychological, and social development of the 
organism (Ryan and Deci, 2017; Vansteenkiste et  al., 2020).

Self-determination Theory also states that contextual factors 
(i.e., the physical education class) can influence personal factors 
(i.e., the satisfaction or frustration of basic psychological needs) 
and these, in turn, can influence the physical, psychological, 
and social well-being or discomfort (i.e., vitality, positive or 
negative effect, and life satisfaction) of students (Ryan and Deci, 
2017). Through their instruction in the classroom, teachers can 
promote the satisfaction of basic psychological needs, and thus 
they can improve their students’ perception of well-being (Sierens 
et  al., 2009; Curran and Standage, 2017; Tristán et  al., 2019; 
Vergara-Torres et  al., 2020).

From a pedagogical perspective, task presentation and 
corrective feedback can be  conceptualized as phases of the 
instructional process (William and Hodges, 2005), while studies 
that have addressed instructional aspects from psychological 
perspectives have named these phases as structure before and 
structure during the activity (Haerens et al., 2013; Tristán et al., 
2016), respectively. Structure has been studied as a single 
construct or as two dimensions: structure before and structure 

during activity (Haerens et  al., 2013). Both cases relate to the 
social context and are associated with the autonomy-supportive 
and relationship-supportive style (Sierens et  al., 2009; Curran 
et  al., 2013; Haerens et  al., 2013; Curran and Standage, 2017) 
of the teacher; as well as the satisfaction and frustration of 
basic psychological needs, engagement and disaffection (Curran 
et  al., 2013; Curran and Standage, 2017), and self-regulated 
learning of the students (Sierens et  al., 2009).

Previously, other studies have analyzed the relationship 
between task presentation (Tristán et  al., 2019) and corrective 
feedback (Vergara-Torres et  al., 2020) with the satisfaction of 
psychological needs and subjective vitality as an indicator of 
well-being in physical education students under the SDT. 
However, it seems to be  unclear whether teachers who are 
able to deliver quality task presentations are also able to give 
corrective feedback that, far from hindering the satisfaction 
of psychological needs, favors it. In this regard, the work of 
Haerens et  al. (2013) concluded that the two dimensions of 
structure were unrelated to each other, noting that structure 
before the activity had better scores. Similarly, the research 
by Chen et  al. (2012) found that the teachers who participated 
in their study demonstrated that most of the time their task 
presentations were performed with quality, while the dimension 
of instructional response, which includes all the elements of 
structure during the activity, was only partially demonstrated.

These studies seem to indicate that, although the teachers 
in these studies are able to deliver quality presentations of 
the tasks, they do not provide adequate feedback during the 
activity. Furthermore, it is necessary to mention that there is 
evidence that, in order for corrective feedback not to have a 
negative impact on the satisfaction of basic psychological needs, 
it is necessary that it is given under certain characteristics 
that make students to see it as fair and justified, that is, that 
they have a legitimate perception of this feedback (Mouratidis 
et  al., 2010; Vergara-Torres et  al., 2020; Tristán et  al., 2021). 
In this sense, the question arises as to whether teachers who 
are able to deliver quality task presentations are also able to 
provide corrective feedback that is perceived as legitimate by 
their students and, therefore, has a positive impact on their 
well-being, a question that this study aims to answer.

Currently, the physical education classroom represents the 
only space in which children and adolescents can engage in 
physical activity throughout the week (Villagrán et  al., 2010; 
Abarca-Sos et  al., 2015). Therefore, it is particularly relevant 
to study the factors involved in optimal development and health 
in this context. In this study, and in accordance with previous 
studies that have found that quality in the presentation of 
tasks (Tristán et al., 2019) and corrective feedback are perceived 
as legitimate by students (Vergara-Torres et al., 2020), we consider 
that there may be a positive relationship between both variables, 
which, in turn, will have an impact on the satisfaction of 
psychological needs and greater perceptions of vitality in students. 
Taking all the above into account, the aim of this paper is 
to analyze a model that associates the relationships between 
task presentation and corrective feedback as variables associated 
with the teacher, and the legitimate perception of such feedback, 
the satisfaction of the three basic psychological needs and 
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subjective vitality, as variables related to the students in the 
physical education class (see Figure  1).

MATERIALS AND METHODS

Study Desing and Participants
This study is a cross-sectional, correlational study (Awang, 2012; 
Pandey and Pandey, 2015). Given the complexity of including 
all schools in the metropolitan area of Monterrey (Mexico), 
convenience sampling was used. The vast majority of the 
population in the area where the study was conducted are 
identified as Mexican-Latin American. The schools selected 
had in common that they were located in middle and lower-
middle socio-economic areas. Participants were 890 students 
(462 males and 428 females) in sixth grade of primary school 
in the metropolitan area of Monterrey, Mexico, aged 11–13 years 
(M = 11.36; SD = 0.49), who had between one and two physical 
education classes per week with an average duration of 46.03 min 
(SD  =  5.24).

Regarding the power analysis, it has been estimated that, 
assuming a small effect size (f2 = 0.02), for a maximum number 
of six predictors, and a type I  error probability of 0.05, to 
achieve a statistical power of 0.80, a sample size of 688 individuals 
would be  required (Faul et  al., 2009). Therefore, this study, 
with 890 participants is considered as having sufficient statistical 
power to detect relevant relationships.

Procedure
Approval was obtained from the Research Committee of the 
Faculty of Sport Organization. Prior to the start of data collection, 
permission for the application of the instruments was requested 
from the principals of the selected schools and a copy of the 
instruments was provided. In those schools where authorisation 
was obtained, informed parental consent was requested. Inclusion 
criteria were that the participant was a regular student at the 
school and had at least one physical education class per week 
taught by a physical education professional. The exclusion 
criteria were if the student had a cognitive disability that 
prevented him/her from answering the questionnaire consciously/
autonomously. Data were collected between January and February 
2020. According to the procedure established at least one 
researcher attended the group classrooms on a normal school-day. 
Students were informed of the aims of the study, the voluntary 

nature and anonymity of participation, as well as the 
non-existence of right and wrong answers, and asked to give 
honest answers. Only those students who presented the informed 
consent form signed by their parents participated in the study. 
Upon completion of the questionnaires, the researcher ensured 
that all items were answered, so there was no loss of sample 
due to incomplete questionnaires. The application of the 
instruments lasted approximately 25  min and the physical 
education teacher was not present. At all times during the 
study, the ethical protocols established by the American 
Psychological Association (APA) were followed.

Measures
To measure task presentation, the Coach’s Task Presentation 
Scale (Tristán et  al., 2016) adapted to the context of physical 
education (Tristán et  al., 2019) was used. The instrument 
consists of 11 items with a Likert-type response option ranging 
from 1 (Strongly disagree) to 5 (Strongly agree), where an 
example item is: “My teacher verbally explains to me the 
movement, task, exercise or activity to be  performed.”

In the assessment of corrective feedback and legitimate 
perception, we used a version adapted to the context of physical 
education (Vergara-Torres et al., 2020) of the Corrective Feedback 
Scale (Tristán et  al., 2013), which comprised four subscales 
(amount of corrective feedback, legitimate perception, illegitimate 
perception, and opportunity to learn) with four items each 
(16 items in total) and Likert-type response option, ranging 
from 1 (Strongly disagree) to 5 (Strongly agree). For the purposes 
of this study, only the subscales of amount of corrective feedback 
and legitimate perception were used. An example item for the 
amount of corrective feedback subscale is: “Is it true that your 
physical education teacher points out your mistakes?,” while for 
the legitimate perception subscale an example item is: “If my 
teacher points out my mistakes, I  find that he/she has a fair 
reason for doing so.”

In measuring the satisfaction of basic psychological needs, 
the Mexican Version of the Basic Psychological Needs Satisfaction 
in Physical Education Scale (Zamarripa et  al., 2017) was used, 
which is composed of 16 items, divided into three subscales 
that assess the psychological needs of autonomy (six items), 
competence (five items), and relatedness (five items). The scale 
has Likert-type response options with ranges from 1 (Strongly 
Disagree) to 7 (Strongly Agree). As examples of items, for the 
autonomy subscale, it is: “My opinion counts as to what activities 

FIGURE 1 | Hypothesized model.
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I want to do,” for the competence subscale: “I think I am pretty 
good,” and for the relatedness subscale: “Supported.”

Finally, to assess subjective vitality, an adapted version 
(Tristán et al., 2019; Vergara-Torres et al., 2020) of the Mexican 
Version of the Subjective Vitality Scale (López-Walle et  al., 
2012) was used. This scale is composed of six items with 
Likert-style response ranging from 1 (Not true) to 7 (True). 
An example of an item for this scale is: “I feel encouragement 
and enthusiasm (alive) and full of life (vital).”

Data Analysis
Descriptive analyses, reliability and correlation of each of the 
study variables were performed with SPSS version 25 software. 
The normality of the data was determined according to the 
criterion of skewness and kurtosis values in a range of −1, 1 
(Muthén and Kaplan, 1985, 1992; Ferrando and Anguiano-
Carrasco, 2010). The reliability of the instruments was determined 
through Cronbach’s alpha coefficient. The Pearson’s correlation 
test was used to determine the level of association between 
the variables studied.

To analyze the factorial structure of each of the study variables 
and the degree of association between them in the hypothesized 
model (see Figure  1), confirmatory factor analysis (CFA) and 
structural equation modeling (SEM) were used, respectively, 
using the Weighted Least Square Mean and Variance (WLSMV) 
estimation method, since a certain percentage of items were 
far from the normal distribution. Concretely, 42.8% of the 
items (15 out of 35 items) had skewness and/or kurtosis values 
lower than −1 or higher than +1 (Muthén and Kaplan, 1985, 1992; 
Ferrando and Anguiano-Carrasco, 2010).

To assess the fit of the models, the following goodness-of-fit 
indices were used: the Chi-square statistic (χ2), the Comparative 
Fit Index (CFI), the Tucker Lewis Index (TLI), and the Root-
Mean-Square-Error of Approximation (RMSEA; Hu and Bentler, 
1999; Kline, 2005). The CFA, structural equation modeling, 
and indirect effects analysis were performed using Mplus 8 
(Muthén and Muthén, 1998–2010).

The hypothesized mediation model included all the study 
hypotheses. To test the mediated or indirect effects involved 
in the mediation model, it was used the bias-corrected (BC) 
bootstrap confidence interval method (MacKinnon et  al., 2004; 
William and MacKinnon, 2008) as implemented in Mplus (Lau 
and Cheung, 2012). This method involves the calculation of 
the product of the regression coefficients that estimate the 
indirect effects (abc1d1; abc2d2; and abc3d3), where a is the 
coefficient estimating the relationship between task presentation 
and corrective feedback, b is the coefficient estimating the 
relationship between corrective feedback and legitimate 
perception, c1, c2, and c3 are the coefficients estimating the 
relationship between legitimate perception and autonomy, 
competence, and relatedness, respectively, and d1, d2, and d3 
are the coefficients estimating the relationship between autonomy, 
competence and relatedness (respectively), and subjective vitality. 
Then, the BC bootstrap confidence interval for the indirect 
effects (abc1d1; abc2d2; and abc3d3) is obtained. If the confidence 
interval does not include zero, the null hypothesis of no mediation 
is rejected, providing empirical support for the indirect effect.

RESULTS

Descriptive Statistics
Table  1 presents the descriptive statistics for each of the study 
variables. According to the skewness and kurtosis coefficients, 
the data follow a normal distribution, being in the range of 
−1, 1. Regarding the reliability values, most of the scales were 
satisfactory, presenting values above 0.70 (Peterson, 1994). With 
the exception of the autonomy subscale, which, with a score 
of 0.67, is considered as adequate, so, together with the theoretical 
relevance of the variable, it was decided to keep it in the 
study. Finally, all the correlations were positive and significant 
(r values between 0.27 and 0.63; p  <  0.01).

Confirmatory Factor Analysis
Table 2 shows the goodness-of-fit indices for each of the scales 
and subscales used in the study. Since the obtaining values 
above the recommended 0.90 for the CFI and TLI (Hu and 
Bentler, 1999; Kline, 2005) and below 0.08 for the RMSEA 
(Browne and Cudeck, 1992), it was concluded that all the 
subscales presented a good fit.

Structural Equation Modeling
To determine the coefficient of association between the variables 
in the hypothesized model, a structural equation modeling 
analysis was performed. The model presented a satisfactory fit 
(χ2  =  3137.20, df  =  771, p  <  0.001; CFI  =  0.92; TLI  =  0.91; 
RMSEA = 0.06). Figure 2 presents the non-standardized solution 
of the model, in which a positive and significant association 
(B = 0.88, p < 0.001) can be observed between task presentation 
and corrective feedback, and a positive and statistically significant 
association was also found between corrective feedback and 
legitimate perception (B = 0.81, p < 0.001). Legitimate perception 
was positively and significantly associated with the basic 
psychological needs of autonomy (B = 0.63, p < 0.001), competence 
(B  =  0.90, p  <  0.001), and relatedness (B  =  1.01, p  <  0.001) 
and, finally, all three psychological needs were positively and 
significantly associated with subjective vitality (Bautonomy  =  0.12, 
p < 0.01; Bcompetence = 0.43, p < 0.001; Brelatedness = 0.24, p < 0.001).

Basic Psychological Needs Mediation
The BC bootstrap CI for the estimated mediated effects 
[abc1d1  =  0.05; CI 95%  =  (0.01, 0.11); abc2d2  =  0.28; CI 
95%  =  (0.21, 0.35); abc3d3  =  0.17; CI 95%  =  (0.12, 0.23)] did 
not include zero. Therefore, it was concluded that corrective 
feedback, legitimate perception, and the basic psychological 
need (autonomy, competence, and relatedness) mediated the 
relationship between task presentation and subjective vitality.

With the purpose of further testing the aforementioned 
mediation effects, a partial mediation model (M2) was tested 
in which a direct path from task presentation to subjective 
vitality was added. The hypothesized model (M1) was compared 
with the partial mediation model (M2) that included the direct 
path from task presentation to subjective vitality. To compare 
the mediation models, differences between the chi-square 
statistics for the two nested models (M1 and M2) were estimated. 
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The difference between the chi-square statistics provided by 
the two alternative models was statistically significant 
(Δχ2 = 66.54, Δdf = 1, p < 0.01). Furthermore, the relationship 
between task presentation and subjective vitality was statistically 
significant (B  =  0.26, p  <  0.01). Thus, it was chosen M2 as 
the best fitting model and concluded that partial mediation 
was supported.

DISCUSSION AND CONCLUSION

The main purpose of the present study was to analyze, under 
the postulates of SDT (Ryan and Deci, 2017), a model that 
associated the existing relationships between task presentation 
and corrective feedback as variables linked to the teacher’s 
quality instruction, and the legitimate perception of such 
feedback, the satisfaction of the three basic psychological needs 
and subjective vitality, as variables related to the well-being 
of students in the physical education class.

The results obtained showed a positive and significant 
association between task presentation and perceived corrective 
feedback, which is different from that reported by Chen et  al. 
(2012) and Haerens et  al. (2013). This provides empirical 
evidence that, when teachers are able to perform task 
presentations with quality, they are also able to provide an 
adequate amount of corrective feedback to their students during 
task practice. Previously, the work of Tristán et  al. (2019) and 
Vergara-Torres et al. (2020) found that the teachers participating 
in those studies demonstrated quality task presentations and 
provided an adequate amount of corrective feedback, respectively. 
This allowed us to hypothesize that there could be  a positive 
association between both behaviors, which, according to these 
results, could be  corroborated.

In the same way, a positive and significant association was 
found between the corrective feedback provided by the teacher, 
and the legitimate perception of such feedback by the students, 
which is in accordance with what was hypothesized and reported 
in studies in the field of physical education (Vergara-Torres 
et  al., 2020) and sport (Mouratidis et  al., 2010; Tristán et  al., 
2021). This indicates that the student participants in this study 
had a high degree of acceptance of corrective feedback, and 
furthermore, it seems to reaffirm the previous finding by 
demonstrating that when teachers demonstrate quality task 
presentations, they are also able to provide corrective feedback 
under characteristics that allow their students to perceive it 
as fair and justified, that is, as legitimate.

On the other hand, legitimate perception, as hypothesized 
and reported in previous studies in the context of physical 
education (Vergara-Torres et  al., 2020) and sport (Ríos, 2015; 
Tristán et  al., 2021) was positively and significantly associated 
with the basic psychological needs of autonomy, competence, 
and relatedness. This result suggests that when students perceive 
the corrective feedback they have received as fair, reasonable, 
and justified, then they experience a greater sense of choice 
regarding the activities to be performed and the way of working 
to correct their mistakes. They also experiment a greater sense 
of ability and efficiency to perform the tasks and exercises, TA
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FIGURE 2 | Non-standardized solution of the hypothesized model. ∗∗∗p < 0.001; ∗∗p < 0.01.

as well as a feeling of being related and belonging to a group. 
The literature has made clear the relevance of the satisfaction 
of basic psychological needs in the physical and psychological 
health of physical education students (Vasconcellos et al., 2019; 
Piñeiro-Cossio et  al., 2021), so it is essential for the teacher 
to ensure that their students have legitimate perceptions of 
the corrective feedback granted.

To achieve this, the teacher should consider several guidelines. 
First, to satisfy the need for autonomy, when presenting learning 
tasks, the teacher should explain the relevance of the activities 
(Reeve and Jang, 2006; Curran et al., 2013; Curran and Standage, 
2017) and their relation to prior knowledge (Chen et al., 2012). 
As well as showing sincere interest in their students’ preferences, 
listening to their opinion (Haerens et  al., 2013; Reeve and 
Cheon, 2016) and providing opportunities for them to take 
initiative and make their own decisions (Reeve and Jang, 2006; 
Moreno-Murcia et al., 2012). Similarly, when providing corrective 
feedback, the teacher should do so in an autonomy-supportive 
style (Reeve, 2006; Mouratidis et  al., 2010; Carpentier and 
Mageau, 2013, 2016) and thus be perceived legitimately by their 
students (Mouratidis et  al., 2010). As well as offering a variety 
of choices to correct the problem (Deci et  al., 1994; Mageau 
and Vallerand, 2003; Carpentier and Mageau, 2013, 2016) or 
providing fair and reasonable explanations in case it is a limited 
option (Henderlong and Lepper, 2002; Mouratidis et  al., 2010).

Furthermore, to satisfy the need for competence, the teacher 
should in his or her task presentation, to provide clear 

expectations and task objectives (Haerens et  al., 2013; 
Tristán et  al., 2019), and to explain and demonstrate how to 
perform the activity effectively by focusing on the critical 
elements of the task (Chen et  al., 2012; Smith et  al., 2015; 
Tristán et  al., 2016). When providing corrective feedback, the 
teacher should do so in an autonomy-supportive style (Reeve, 
2009; Mouratidis et  al., 2010; Carpentier and Mageau, 2013, 
2016) in order to have high levels of perceived legitimacy 
(Mouratidis et al., 2010). It is also important that when providing 
corrective feedback, teachers should use familiar and informative 
language (Hattie and Timperley, 2007; Mouratidis et  al., 2010; 
Reeve and Cheon, 2016), focusing on the error (Henderlong 
and Lepper, 2002) and attributing it to the strategy employed 
rather than lack of skill (Deci et  al., 1994; Henderlong and 
Lepper, 2002), and providing sufficient time to work on the 
error (Henderlong and Lepper, 2002; Hattie and Timperley, 2007).

Finally, to satisfy the need for relatedness, during task presentation, 
it is necessary for the teacher to provide warm, friendly, and 
caring guidance and attention to all the students (Haerens et  al., 
2013; Smith et  al., 2015; Curran and Standage, 2017; Ryan and 
Deci, 2017) and to involve them in explanations and demonstrations 
(Cox and Williams, 2008; Soenens et  al., 2009; Rink, 2019). 
Similarly, when providing corrective feedback, the teacher needs 
to do so in an autonomy-supportive style (Reeve, 2009; Mouratidis 
et al., 2010; Carpentier and Mageau, 2013, 2016) that allow students 
to perceive it as legitimate (Mouratidis et  al., 2010); transmitting 
it in an empathetic way, with an appropriate tone of voice 

TABLE 2 | Goodness-of-fit indices for study variables.

Subscale χ2 df CFI TLI RMSEA

Task presentation 133.74 40 0.96 0.95 0.05
Corrective feedback 2.45 2 0.99 0.99 0.01
Legitimate perception 6.79 2 0.99 0.97 0.05
Autonomy 35.74 7 0.97 0.95 0.06
Competence 14.86 4 0.99 0.98 0.05
Relatedness 6.74 3 0.99 0.99 0.03
Subjective vitality 17.86 7 0.99 0.98 0.04
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(Carpentier and Mageau, 2013, 2016), enabling the student to 
rejoin the group if the tasks are group tasks and that the student, 
despite having received corrective information, does not stop feeling 
part of the group (Haerens et  al., 2013).

In the case of the relationship between basic psychological 
needs and subjective vitality, a positive and statistically significant 
association was found. This is in accordance with what has 
been hypothesized and with what has been proposed by the 
SDT (Ryan and Deci, 2017), as well as with previous studies 
in the area of physical education (Tristán et  al., 2019; Vergara-
Torres et  al., 2020) and sport (Garza-Adame et  al., 2017). The 
evidence obtained from this research indicates that, when 
students in physical education class perceive themselves to 
be  more autonomous, competent, and related to their peers 
and teacher, they feel more vital.

On the other hand, this research had some limitations. 
First, due to the complexity of coverage of all the schools 
that could be  selected in a representative sample in the 
metropolitan area of Monterrey (Mexico), convenience sampling 
was used, in addition to only having students in the sixth 
grade of primary school, which means that these results cannot 
be  extrapolated to other populations. Future studies could 
include older and younger students to determine whether the 
variables studied behave in the same way. Second, the cross-
sectional nature of this study is a limitation when it comes 
to establishing cause-effect relationships between the variables 
analyzed. Future studies would allow further analysis of the 
variables in this study with longitudinal designs. Third, all 
data were collected using self-report questionnaires. It is 
suggested, therefore for future studies, to use other types of 
data collection techniques regarding teacher intervention (e.g., 
teacher-answered questionnaires or rubrics completed by an 
external evaluator) and to extend the study variables associated 
with quality in physical education teaching (e.g., task design, 
classroom organization, among others).

In conclusion, when physical education teachers provide 
quality task presentations, they are also able to give corrective 
feedback that is perceived as legitimate by their students and 
therefore this helps students to maintain a sense of confidence 
in improving their own mistakes and not to feel incompetent 
in the learning tasks, they perform even though the corrective 
feedback contains information of poor performance. In addition, 
task presentation and an adequate amount of legitimately 
perceived corrective feedback favors the satisfaction of basic 
psychological needs, and these in turn promote higher perceptions 
of subjective vitality in physical education students.

PRACTICAL APPLICATIONS

The findings resulting from this study can be used in the training 
of pre-service and in-service physical education teachers and thus 
contribute to achieving quality instructional practices that facilitate 
the creation of environments that allow their students to experience 
psychological well-being. Similarly, the findings and guidelines 
raised throughout the manuscript can be used for the development 
and validation of scales or rubrics to assess teacher instruction 
before and during class, and thus, explore aspects that can 
contribute to understanding the possible complications and strengths 
of teachers to achieve teaching practices of excellent quality.
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FIGURE 2 | Non-standardized solution of the hypothesized model. ***p < 0.001; **p < 0.01.
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This study proposed a model to examine the role of self-efficacy, career goals, and
athletic identity (AI) on the career planning of elite soccer players. Two hundred and
eighty-one elite soccer players (males) participated in this study. Means, SD, and
bivariate correlations were calculated for the variables under analysis. The hypothesized
effect of self-efficacy, career goals, and AI on career planning was tested using structural
equation modeling (SEM). Results supported the adequacy of the proposed model in
explaining the career planning. Career planning is positively influenced by the level of
self-efficacy of players through the definition of career goals and is negatively influenced
by the level of AI. At the same time, the self-efficacy of players through the definition of
career goals positively influenced AI. These findings reinforce the important role of self-
efficacy and career goals for the development of AI and career planning and at the same
time the opposite relationship between AI and career planning. Thus, it is suggested that
a balance on AI, maintaining high levels of self-efficacy and career goals, is required to
improve the process of career planning and retirement.

Keywords: career planning for life after sport, social cognitive factors, soccer players, career management,
athletic identity, self-efficacy

INTRODUCTION

Understanding the career of players through the umbrella of the Holistic Athletic Career Model
(Wylleman, 2019) underlines a holistic life span and “beginning-to-end” approach of the career
development of athletes, describing career pathways and predicting normative transitions between
adjacent stages in a multilayer process. The predictability of normative transitions, such as career
retirement, creates an opportunity to prepare athletes to cope with them in advance (Stambulova
et al., 2009). In fact, the career of players is a process that should be prospectively managed to
balance individual resources and barriers to prepare a smooth retirement and the life after sport
(Alfermann and Stambulova, 2007; Demulier et al., 2013). In line with the social cognitive career
theory (Lent and Brown, 2013), a positive relationship among self-efficacy, career goals, and career
planning seems to be key individual resources to such processes (Demulier et al., 2013).

For instance, the self-efficacy of athletes has been one of the most important internal factors
reported to explain successful career transitions (Wendling and Sagas, 2020). Self-efficacy could
be defined as the belief or ability of an individual to perform a specific task or behavior to bring
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forth the desired outcome (Bandura, 2004). According to Lent
and Brown (2013), self-efficacy in career transitions refers to the
ability to manage specific tasks necessary with the preparation of
such transitions, adjustments, or changes, i.e., the tasks related
to career planning and management. In its turn, influenced by
self-efficacy levels, career goals are defined as the intentions
of athletes to be engaged with a certain task to achieve a
specific outcome. Thus, career goals influenced by self-efficacy
levels contribute to a better definition of career objectives
and the consequent steps or planning to achieve them. More
precisely, career goals refer to the definition of the intended
set of professional, life, and after sport life achievements, the
subsequent plans to achieve them, and to face the expected
problems during the process (Creed et al., 2013; Demulier et al.,
2013). When objectives are clearly identified, career plans are
made to pursue those previously identified objectives, triggering
career achievements and facilitating transitions. Career planning
is defined as the definition of the actions or behaviors needed
for career development. This kind of task, specific to career
management, seems to be a crucial aspect in the context of
sports career termination (Rogers and Creed, 2011). Individuals
with high self-efficacy tend to better define career goals and
plan their careers (Lent and Brown, 2013). In this regard, it is
reasonable to assume that definitions of self-efficacy and goals are
proximal antecedents of career planning (Demulier et al., 2013).
Besides the theoretical point of view among the variables, several
empirical studies have been shown the associations among self-
efficacy, career goals, and career planning (e.g., Wendling and
Sagas, 2020), which reinforces the importance of these variables
in career transitions.

Previous study also pointed out that individual differences
and the level of consciousness (Rogers et al., 2008) about career
transitions and particularly the retirement have implications
to the level of career planning and consequently to the
retirement. In line with that, the level of athletic identity (AI)
is another important internal factor that could contribute to
explain career planning through variations in the consciousness
about career development and retirement (Martin et al., 2014).
High levels of AI may lead to an over-involvement and
commitment in sports practice, with a reduction of attention
to other social and career aspects, consequently decreasing
the consciousness about career management and development
(Cecić-Erpič et al., 2004). Variations in emotional stability
associated with career choice, humor disorders, substance abuse,
unrealistic expectations regarding a sports-related career, and
a lack of preparation for life and work outside of the sports
world were also the consequences related to the high levels
of AI (Brown et al., 2000; Lally and Kerr, 2005; Stambulova
and Ryba, 2014). In fact, a previous study with Olympic
athletes revealed that athletes with strong AI tend to not
plan career retirement with consequences for life after sports
(Torregrosa et al., 2015). The intensity of AI varies in association
with the past relationship to sports and current athletic
experiences, as well as the personal experiences of athletes
with athletic failures and successes (Horton and Mack, 2000).
However, this study also revealed that athletes with higher
AI tend to reveal higher levels of self-efficacy, particularly

in relation to future career development related to the sport
(Cabrita et al., 2014).

Despite the previous study in the context of sport revealed
that career planning is influenced by the levels of self-efficacy,
AI, career goals, consciousness, competence, or even some
personality traits (Demulier et al., 2013; Cabrita et al., 2014;
Wendling and Sagas, 2020), to the best of our knowledge, any
study analyzed the role of self-efficacy, career goals, and AI on
career planning. This study proposed a model to examine the
role of self-efficacy, career goals, and AI on the career planning of
professional soccer players (see Figure 1). It is hypothesized that
(a) self-efficacy positively predicted career goals, career planning,
and AI, (b) career goals positively predicted career planning and
AI, and (c) due to narrow focus in sports practice and despite
the positive relationship with self-efficacy and career goals, it was
expected that AI negatively predicted career planning.

MATERIALS AND METHODS

Participants
A total of 281 active professional Portuguese soccer players (all
males) aged between 18 and 39 years (M = 26.23; SD = 4.96),
with a mean of 18.85 ± 2.32 years of practice, from several first
and second professional league clubs in Portugal were recruited
to participate in this study.

Instruments
The instruments (i.e., Self-Efficacy Scale-Short Form, Career
Goal Setting Scale, and Career Planning Scale) previously not
validated in Portuguese were translated to Portuguese and back-
translated to the original scale (Beaton et al., 2000). In addition,
the factor structure of each scale was examined before testing the
hypothesized model.

Self-Efficacy
The Self-Efficacy Scale-Short Form (Betz et al., 1996) was used
to measure the self-efficacy of athletes. This scale comprises
12 items grouped into 1 factor (e.g., “select career options
that best match your interests, values, skills, personality, and
lifestyle”), which are preceded by the following sentence: “How
confident are you about.” Athletes responded to each item
using a 5-point Likert scale varying from 1 (no confidence)
to 5 (total confidence). A confirmatory factor analysis (CFA)
of this scale provided an acceptable fit to the data as follows:
[χ2 = 354.92, DF = 54, SRMR = 0.021, Bollen–Stine (B–S)
p = 0.032, Standardized Root Mean Square Residual and Root
Mean Square Error of Approximation (RMSEA) = 0.076 (90%
CI = 0.019, 0.143), Tucker–Lewis Index (TLI) = 0.969, and
Comparative Fit Index (CFI) = 0.990].

Career Goals
Career Goal Setting scale (Wendling and Sagas, 2020) was used
to assess the career goals of athletes. This scale is composed of
five items grouped into one factor (e.g., “I have a clear set of
goals for my career after sport”), preceded by the stem: “About
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FIGURE 1 | Hypothesized model to examine the role of self-efficacy, career goals, and athletic identity on career planning of elite soccer players.

my career goals . . .” Athletes responded to each item using a 7-
point Likert scale, varied from 1 (totally disagree) to 7 (totally
agree). The CFA exhibited the following fit: [χ2 = 91.30, DF = 5,
SRMR = 0.025, B–S p = 0.019, RMSEA = 0.070 (90% CI = 0.052,
0.088), TLI = 0.958, and CFI = 0.986].

Career Planning
The Career Planning Scale (Wendling and Sagas, 2020) was used
to measure the career planning of athletes after sport. This scale
is composed of eight items, grouped into one factor (e.g., “I have
a good understanding of the steps I need to take to reach my
career goals”), preceded the stem: “About my career planning
. . .” Athletes responded to each item using a 7-point Likert scale,
which fluctuates from 1 (totally disagree) to 7 (totally agree).
The items 1, 6, and 7 are reverse-coded. The CFA revealed
an adequate fit to the data as follows: [χ2 = 72.46, DF = 20,
SRMR = 0.018, B–S p = 0.218, RMSEA = 0.054 (90% CI = 0.001,
0.126), TLI = 0.987, CFI = 0.996].

Athletic Identity
The Portuguese version of the Athletic Identity Measurement
Scale (AIMS-plus Portuguese version) (Cabrita et al., 2014) was
used to assess the AI in line with the original AIMS (Brewer
and Cornelius, 2001) and AIMS-plus (Cieslak et al., 2005). This
questionnaire is comprised of 15 items distributed throughout
5 subscales, namely, social identity, exclusivity, self-identity,
positive affectivity, and negative affectivity. The questionnaire
contains a sliding-scale answer format, oscillating from 0 (totally
disagree) to 10 (totally agree), thus, partial scores may be
calculated for each dimension along with a total AI score.
Higher scores indicate a greater level of identification with
the role of athletes. The CFA revealed an adequate fit to the

data as follows: [χ2 = 704.99, DF = 90, SRMR = 0.033, B–S
p = 0.118, RMSEA = 0.046 (90% CI = 0.001, 0.092), TLI = 0.931,
and CFI = 0.943].

Data Collection
Written informed consent was obtained from soccer players.
Approval for this study was granted by the Research Center
in Sports Sciences, Health Sciences and Human Development
(CIDESD), the institution that is registered in the Portuguese
National Science Foundation (FCT) under the reference
UID04045/2020. All procedures were under the 2013 Helsinki
declaration and its later amendments.

The data were collected during the period from March
to September 2020. Each athlete received an e-mail with a
link to access the questionnaires using the Survey Monkey
platform. Participants filled the multi-section survey in
approximately 15 min.

Data Analysis
Descriptive statistics were calculated for all variables under
analysis. A two-step approach via the maximum likelihood
estimator method (ml) was employed in Amos 23.0 IBM SPSS.
(a) CFA was conducted to test the psychometric properties of
the measurement model. Convergent validity, through average
variance extracted (AVE), was calculated, and scores ≥0.50
were considered adequate (Hair et al., 2019). Discriminant
validity was verified when the average variance factor of each
factor was less than or equal to the square correlations across
each construct underlying the measurement model (Hair et al.,
2019). Finally, the composite reliability of each construct was
calculated via the formula suggested by Raykov et al. (2016), and
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scores ≥0.70 were considered acceptable. (b) Structural equation
modeling (SEM) to test the model fit was performed. In addition,
standardized direct and indirect effects on the outcome variables
were analyzed. Therefore, bootstrap resampling (1,000 samples)
via bias-corrected 95% CI was used to assess the significance
of the direct and indirect effects. The magnitude of effects was
evaluated through the following suggestions by Cohen (2013):
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large
(0.80 and greater). The traditional incremental and absolute
goodness-of-fit indexes are as follows: CFI, TLI, RMSEA, and its
respective CI (90%) were employed to test the model fit for both
CFA and SEM, and the cut-off values suggested by Hair et al.
(2019) were assumed as follows: CFI and TLI ≥ 0.90 and SRMR
and RMSEA ≤ 0.08.

RESULTS

A prior analysis showed no missing values, neither univariate of
outliers nor multivariate emerged. The values of skewness and
kurtosis (i.e., between −2 and +2 and −7 and +7, respectively)
revealed no deviations from univariate normality. However, the
Mardia coefficient for multivariate kurtosis exceeded the expected
value (>0.5). Thus, Bollen–Stine bootstrapping (2,000 samples)
was employed for subsequent analysis. Possible collinearity
diagnosis was tested by the variance inflation factor (VIF) and
the tolerance test assuming values <10 for VIF and <0.01 for
tolerance test. Consequently, the results displayed that both
in VIF and tolerance tests scores were below 10 and above
0.1, respectively, guaranteeing the proper conditions to test the
regression model.

Descriptive Statistics
Descriptive results revealed high values (above midpoint) for
all studied variables, and bivariate correlations exhibited a
significant pattern across all variables. The highest correlation
value was observed between career goals and career planning
(r = 0.87), while the lowest values were observed between self-
efficacy and AI (r =−0.29) (Table 1).

Measurement Model
The analysis of the measurement model included self-efficacy,
career goals, career planning, and AI. Results showed the
measurement model fit to the data as follows: χ2 = 1,927.79
(734), SRMR = 0.069, B–S p ≤ 0.001, RMSEA = 0.059 (90%
CI = 0.047, 0.070), TLI = 0.922, and CFI = 0.935). Additionally,
the measurement model revealed no problems of convergent
(all factors presented scores above 0.50 in AVE). In terms of
discriminant validity, a slight problem was identified involving
the career goals and career planning factors, due to the square
correlation between them are above the AVE of each factor. The
remaining factors did not present discriminant validity problems.
In addition, all of the constructs present an adjusted value of
composite reliability since all of them are ≥0.70. Therefore,
the psychometric properties of the measurement model were
guaranteed (Table 1).

Structural Model
The results from structural model displayed a good fit to the
data as follows: [χ2 = 1,927.79 (734), SRMR = 0.049; B–S
p ≤ 0.001, RMSEA = 0.042 (90% CI = 0.032, 0.052), TLI = 0.959,
and CFI = 0.965].

Overall significant associations were observed among
variables under analysis, specifically (a) self-efficacy displayed
a positive and significant effect on career goals, AI, and career
planning, (b) career goals displayed a positive and significant
effect with career planning and AI, and (c) AI displayed a
negative and significant effect with career planning.

Self-efficacy displayed an indirect positive and significant
effect with career planning and AI via career goals. Career
goals also displayed a positive and significant effect with career
planning via AI. The observed effects varied from trivial to
large (Table 2).

DISCUSSION

The aim of this study was to test a model examining the role
of self-efficacy on career goals and AI on career planning of
elite soccer players. It was a first attempt to integrate AI with
self-efficacy and career goals to further explain the process of
career planning. In general, the model revealed a good fit to data,
helping to reinforce the positive contribution of self-efficacy and
career goals and the negative contribution of AI to the career
planning of professional soccer players.

More specifically, the results confirmed all the hypotheses,
revealing that (a) self-efficacy positively predicted career goals,
career planning, and AI, (b) career goals positively predicted
career planning and AI, and (c) AI negatively predicted career
planning. Thus, while self-efficacy and career goals acted as
mediating facilitators (Creed et al., 2013; Demulier et al., 2013;
Wendling and Sagas, 2020), the AI played as a mediating barrier
for career planning.

In this study, we aimed to look into the individual resources
that positively or negatively constraint the process of career
planning (Lent and Brown, 2013; Wendling and Sagas, 2020).
Looking into each variable in the analysis, the results revealed
that soccer players with higher self-efficacy seem to better define
career goals and directly and indirectly career planning. The
self-efficacy of players seems to contribute to a better definition
of objectives of career and consequently to clarify their career
plans for the future (Creed et al., 2013; Lent and Brown, 2013).
Such results are in line with a previous study that showed that
the definition of career goals of players was positively related
to the quality of career retirement (Park et al., 2013; Debois
et al., 2015). Furthermore, career planning seems to be influenced
by the level of self-efficacy of players through the definition of
career goals and building plans, helping to trigger the confidence
of players in career self-management and decision-making. In
fact, as previously pointed out by Monteiro et al. (2020), more
than only the definition of goals, the achievement of goals
demonstrated strong relation with the age of career retirement
and also the level of retirement. However, the most important
issue is not to achieve a high level of performance but to maintain
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TABLE 1 | Descriptive statistics, bivariate correlations, average variance extracted, and composite reliability coefficients.

Variables Range M SD 1 2 3 4 AVE CR

1. Self-efficacy 1–5 4.32 0.64 0.57 0.88

2. Career goals 1–7 5.53 0.88 0.34** 0.50 0.74

3. Career planning 1–7 5.24 0.71 0.27** 0.87** 0.50 0.79

4. Athletic identity 1–10 8.6 0.94 −0.29** 0.33* 0.42** 0.54 0.82

M, mean; SD, standard deviation; AVE, average variance extracted; CR, composite reliability; *p < 0.05; **p < 0.01.

TABLE 2 | Direct and indirect regression paths.

Regression path Direct Regression path Indirect

β 95% CI p β 95% CI p

SE→ CG 0.24 [0.132; 0.388] 0.001 SE→ CP 0.16 [0.091; 0.188] 0.002

SE→ AI 0.22 [0.127; 0.334] 0.001 SE→ AI 0.35 [0.242; 0.440] 0.001

SE→ CP 0.41 [0.263; 0.563] 0.001 CG→ CP 0.18 [0.063; 0.347] 0.001

CG→ CP 0.83 [0.626; 0.881] <0.001 – – – –

CG→ AI 0.28 [0.162; 0.425] 0.001 – – – –

AI→ CP –0.32 [−0.468; −0.203] 0.002 – – – –

SE, self-efficacy; CG, career-goals; CP, career planning; AI, athletic identity; β, standardized coefficient; 95% CI, confidence interval at 95%; p, level of significance.

such level over the career. The feeling of self-achievement in these
cases seems to be crucial to maintain high levels of self-efficacy
and a better definition of career planning (Demulier et al., 2013;
Torregrosa et al., 2015).

Looking into the relationship among self-efficacy, career goals,
and AI, according to our model, the results revealed that players
with high self-efficacy revealed a better definition of career goals
and directly and indirectly increased the level of AI. The results
were in line with a previous study that revealed that players with
a strong self-efficacy tend to reveal a strong sense of AI (Lamont-
Mills and Christensen, 2006). During athletic career, high levels
of AI contributed to soccer players exclusively maintain the focus
on sports performance and on the management of professional
activities (e.g., training seasons, game schedule, request rest,
and pregame stages) (Torregrosa et al., 2015). That is, with the
increase in self-efficacy and achievement of goals, soccer players
become more confident and tend to develop their thinks and
feels around the sports world (Creed et al., 2013; Demulier et al.,
2013; Wendling and Sagas, 2020). Also, the level of AI seems
to be positively associated with athletic performance, a desirable
quality encouraged by coaches and structure of clubs (Martin
et al., 2014). However, the major issue is that, as previously
demonstrated, at the moment of career retirement, the high
levels of AI tend to negatively impact the process and quality of
retirement (Park et al., 2013).

In line with that, and according to our expectations, the
results highlighted a negative relationship between AI and career
planning. As observed with Olympic athletes (Torregrosa et al.,
2015), soccer players (Carapinheira et al., 2019), handball players
(Ekengren et al., 2018), and student athletes (Lally and Kerr,
2005; Wendling and Sagas, 2020), a strong AI is related to
a lack of career planning. The behavior of elite athletes, and
particularly the elite soccer players, to delay “undressing the
sports sweater” could be related to the need to maintain the

financial support and social status (Demulier et al., 2013; Martin
et al., 2014) and to the lack of self-awareness and planning about
the advantage to prepare the other career when the sports ends.
Moreover, Cabrita et al. (2014) showed that AI could constraint
the choices or opportunities for post sports career, being this
a primary determining factor in whether an athlete chooses a
sport-related career.

According to our model, the career goals could act as a
mediator variable among sell efficacy, AI, and career planning.
That is, the definition and management of objective and
achievable career goals for the development and also to the end
of career could ensure a more balanced and planned career
development and retirement. Particularly, the identification and
link between career goals and life goals could be assumed of
particular interest to decrease the level of AI, promoting the
process of career planning and career retirement (Torregrosa
et al., 2015; Stambulova et al., 2020). Despite the lack of
time and energy that athletes need to engage in non-sports-
related activities (López de Subijana et al., 2015; Ekengren
et al., 2018; Stambulova and Wylleman, 2019), it seems a
key issue to decrease the level of AI and consequently allows
a better career planning process. Recently, the International
Society of Sport Psychology assumed that to improve the
AI foreclosure in athletes, there is a need to create new
possibilities for the self-exploration of multidimensional personal
identities and the development of a dual career of athletes
(Stambulova et al., 2020). Thus, based on our results and
in line with the holistic athletic career model (Wylleman
et al., 2004), it is suggested that the career management of
elite athletes should start with the definition of career goals
through the definition of some key performance indicators that
help soccer players and managers to identify the achievement
of goals (Monteiro et al., 2020) followed by the definition
of parallel life goals and exploration of a dual career
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perspective in order to decrease AI and improve the career
planning (Torregrosa et al., 2015).

In summary, the proposed model demonstrated the mediating
positive influence that career goals have on the relationship
among self-efficacy, career planning, and AI. These findings
reinforce the important role of self-efficacy in this process
and reinforce findings about the decision-making process on
sports career retirement (Park et al., 2013). Although this study
contributes to the understanding of the role of self-efficacy, career
goals, and career planning as well as AI in active soccer players, it
has some limitations. All the variables were assessed at the same
time, so we can only address the associations among the variables
without determining causality. In this sense, longitudinal or
experimental studies are necessary to further examine the effects
of the studied variables. In addition, future studies should try
to examine the respective effects of each studied variable and
possibly to examine whether these effects are invariant for soccer
players of different genders and different ages. It is possible that
studied variables may play different roles for male or female
players or that their effects may fluctuate according to the
variations in their educational, social, or financial status. Finally,
in this study, we included active soccer players, and future studies
should also explore other sports (e.g., futsal) and assess the
perspective of soccer players after their career retirement.

Despite the positive interactions with self-efficacy and career
goals, AI revealed a negative relationship with career planning.
Thus, managers, coaches, and sports psychologists should start
since the beginning of careers of soccer players to encourage the
definition of realistic career and life goals as well as the promotion

of a dual career project that allows decreasing the level of AI of
players. The definition of career goals and the integration of life
goals in the process of career management seems to be crucial for
career planning and consequently for the process of retirement.
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The performance of professional tasks with a high cognitive, emotional, and even

physiological demand, can cause a state of mental fatigue, which implies attentional

alterations, greater errors in the tasks performed and a decrease in personal and work

productivity caused by a deterioration of the cognitive control processes. The present

study presents a mobile phone application named BAlert that allows monitoring and

controlling the body’s fatigue processes based on the scores obtained in the Stroop

effect and the heart rate variability. A pilot study has been carried out with a sample of 63

adults who have used the application a total of 942 times. The results allow us to classify

the subjects, by logistic regression analysis, in their fatigue levels in 74% of the occasions.

These results highlight the importance of this mobile application to control work fatigue

processes in different possible scenarios (military, health, sports, business, etc.).

Keywords: mental fatigue, heart rate variability, stroop, laboral fatigue, APP

INTRODUCTION

Fatigue, either central or peripheral, has become one of the most important research topics
throughout decades (de la Vega et al., 2021). Besides, the analysis of psychophysiological fatigue
is considered very important in different contexts (Lohani et al., 2019) resulting in studies related
to human’s response to external and internal loads (Wijesuriya et al., 2007; Wilson et al., 2007). The
external loads exerted on the individual are added to their skills and coping strategies, leading to
a level of tolerance and adaptation to each situation (Folkman and Lazarus, 1988). Along the last
decades, there has been shown differences between physical and mental fatigue roles, highlighting
clear limitations in the study of central fatigue due to its indirect ways of measuring it, which
emphasizes the importance of developing new central fatigue analysis procedures (Bittner et al.,
2000). On the contrary, in order to measure physiological fatigue, there have been indicated clear
methodologies (de la Vega et al., 2021).

One of the main and most studied areas involving fatigue is physical activity and sports
performance (Rampinini et al., 2008). Those physically fatiguing activities, such as team
sports, also demand cognitive efforts, as it requires sustained attention to make accurate and
quick decisions sustained by processing information from a changing environment (Walsh,
2014). According to these demands, sports may also produce mental fatigue (understood
as a psychobiological state characterized by tiredness and lack of energy produced by
demanding and sustained periods of cognitive activity (Marcora et al., 2009; Smith et al.,
2016). This mental fatigue combined with the implicit physical fatigue usually results in a
reduction of performance (Pageaux et al., 2015; Smith et al., 2016). It is also important
to assess the impact of mental fatigue on decision-making skills because it is well-known
in the literature that decreases cognitive performance resulting in a negative impact during
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laboratory-controlled tests on decision-making (Pageaux and
Leppers, 2018). Stoop effect can be defined as the inference
between two stimuli with different levels of relevance that are
happening at the same time (Banich, 2019) which has no single
locus on the brain. This could be useful to measure fatigue.

In the occupational and labor field, different technological
applications are being developed that allow analyzing the
response of workers to demands and requirements. Given
the important role of sleep debt and the effect on cognitive
performance as a relevant factor of fatigue (Belenky and
Akersted, 2011), mathematical models, techniques and
procedures have been developed, measuring performance
in the operating environment and clinical practice to reduce risks
of poor performance, lost productivity, errors, incidents and
accidents in the workplace and play a crucial role in managing
the risk of fatigue to improve performance, productivity, safety,
and in the long run, term, improve the health and well-being of
workers (Thomas et al., 2006; Van Dongen et al., 2010). Certain
detection technologies may be helpful in determining both types
of fatigue, but technology aimed at increasing alertness may only
be suitable for countering TR fatigue. Technologies currently
exist which enable detection of driver fatigue and interventions
that have the potential to dramatically reduce crash probability
(May and Baldwin, 2009). The successful implementation of
these technologies depends on the cause and type of fatigue
experienced (Begum et al., 2012; He et al., 2013).

As we know, fatigue is a function of the interaction of multiple
factors, including the background of the sleep/wake cycle, the
circadian rhythm phase and the workload, being modulated by
individual differences in response to these factors (Van Dongen
et al., 2005). A fatigue-inducing factor is one that shifts the
distribution of fatigue risk in the direction of increasing the risk
of error, incident or accident as is the case with the workload
and cognitive performance People vary from each other in their
sensitivity to these factors. This relative variability in sensitivity
to sleep loss appears to be a lasting individual trait (Belenky and
Akersted, 2011).

Fatigue measurements is operationally defined by subjective
self-assessment and objectively by decreased alertness that
reflects lower performance. The fatigue self-report consists of
a verbal response (for example, the subject says “I’m tired”)
or a written response responding to a fatigue scale. The lower
performance can also be measured by a variety of forms such as
cognitive test and others (Thomas et al., 2006).

There are individual differences in response to factors that
cause fatigue which could have an association with genetic
markers. There are also age-related differences as older people
perform less than younger people when both are in rest, but
perform better than younger people when both have sleep
restrictions. In addition, there are individual differences which
are likely to affect fatigue measured by self-perception and
objective measures.

As we have presented, detection of fatigue could be very
useful. However, there are very few reliable Apps that can
provide a suitable tool for that purpose. Even some cutting edge
technologies, such us eye-tracker, have proven that are useful
classifying mental fatigue (Li et al., 2020), but it demands much
more materials than a simple smartphone.

Certain detection technologies may be helpful in determining
both types of fatigue, but technology aimed at increasing alertness
may only be suitable for countering TR fatigue.

In this sense, virtual platforms and applications for evaluation
and research will provide a useful tool to obtain individual
subjects and collect all the information (Hernández-Mendo
and y González-Ruiz, 2012; Huberty et al., 2019). Technologies
currently exist which enable the detection of driver fatigue
and interventions that have the potential to dramatically
reduce the crash probability. The successful implementation
of these technologies depends on the cause and type of
fatigue experienced.

The main goal of this research is to analyze the usefulness
of the BeAlert application for the detection of fatigue processes
through the measurement of heart rate variability and the values
obtained in the Stroop test.

MATERIALS AND METHODS

This study followed a quasi-experimental design (Montero and
León, 2007) and it received the approval of the University Ethical
Commission in compliance with the Helsinki Declaration. All
subjects were informed about the procedure and gave their
written consent to participate. This study was carried out
complying with the Standards for Ethics in Sport and Exercise
Science Research (Harriss et al., 2019).

Participants
The participants included 63 individuals from Madrid, Spain, 20
of whom were female and 43 male. The participants were aged
between 18 and 42 years (Myears = 23.62, SDyears = 4.87). All of
the participants regularly engaged in physical activity, between 4
and 14 h per week (Mhours/week = 8.15, SDhours/week = 3.02), BMI
between 16.4 and 31.4 (MBMI = 23.18, SDBMI = 2.4); and number
of hours aware between 0 and 10 (Mhoursaware = 4.4, SDhoursaware

= 3.01). Six participants were excluded from the study for not
completing the measurements correctly. Intentional sampling
methods were used (Montero and León, 2007). Participants were
asked to complete the mobile app task at least once a day for a
period of 1 week. The total data collected was N= 942 (Nfemale =

285; Nmale = 657).

Instrumentation and Study Variables
The number of hours of physical activity per week and the scores
obtained on the DT test were used as controlled variables. This
allows us to have a relatively similar population in the variable
“level of physical activity,” which can affect the fatigue results
obtained in the mobile app. Therefore, only the subjects in which
there were no statistically significant differences in their weekly
level of physical exercise were used in our pilot study (de la Vega
et al., 2021).

To carry out this research, a mobile application (AP Móvil),
has been created based on the application of two independent
tests: (i). The Stroop effect, which allows the evaluation of
the speed in making decisions simple (identify “same color—
same word” -e.g.: “the green word written in green letters);
and complex (identify “color—word of another color “e.g.: “the
green word written in red”). The number of correct responses
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TABLE 1 | Summary of descriptive data.

Term No. of studies Range Mean SD

SDNN (ms) 942 0–137 55.2 27.4

RMSSD (ms) 942 0–207 54.4 32.9

STRESS (Amo/2VRMo) 846 0–1,745 194.9 206.1

Age (years) 942 17–69 23 9.4

BMI (kg/m2 ) 942 16.4–31.4 23.1 2.4

AVNN (ms) 942 0–1,487 844.7 284.9

HR (bpm) 942 40–107 67.8 12.3

Hours awake 942 0–10 4.4 3

Epworth score 942 0–14 5.9 3.4

TABLE 2 | Summary of descriptive data of SDNN-Stroop distribution.

Frequency Valid percentage Accumulated percentage

Fast stroop—Low SDNN 186 21.3 21.3

Fast stroop—High SDNN 370 42.3 63.5

Slow stroop—Low SDNN 150 17.1 80.7

Slow stroop—High SDNN 169 19.3 100.0

Total 875 100.0

and the reaction time to the appearance of the stimuli on the
screen are taken into account; and (ii). The temporal parameters
of the Heart Rate Variability (AVNN, RMSSD, SDNN, and
PNN50). The app is available for download on Android and
IOS systems (https://play.google.com/store/apps/details?id=net.
alertplus.amfsmovil&hl=es_419&gl=US). The engineering team
implemented both tests with the previous considerations offered
to be able to properly record the values of both tests. The
application allows the registration of all the values that, later, are
used to offer the results on fatigue to the participants.

The duration of this test was 5min approximately. In addition,
the values of the bodymass index and the number of hours awake
were taken.

Procedure
All participants voluntarily participated in the research. An
informational meeting was held where participants completed
their informed consent. Instructions were offered to all
volunteers so that they could download the application on their
mobile phones, explaining its use. In order to carry out this pilot
study, they were asked to carry out the test at least once a day for
a period of 2 weeks.

Statistics
We have used the Multinomial Logistic Regression Analysis
(MLRA), which allows us to analyze the relationship between
multiple explanatory variables and different categorical variables
(Schulte et al., 2003). It has been decided that group 1 (Fast
STROOP and low SDNN) is the reference group on which the
statistics of the rest of the groups will be analyzed (Fast STROOP
and High SDNN; Slow STROOP and Low SDNN; Slow STROOP
and High SDNN). The dependent variable used is composed of

deviation in SDNN score, as a result of subtracting the SDNN
of each person with respect to the theoretical SDNN that they
should have according to their age (Nunan et al., 2010). From
this variable, we can therefore interpret values>0 as High SDNN,
and values <0 as low SDNN. On the other hand, we have the
variable “Average STROOP Milliseconds” as the average time it
takes each person to click for each of the 35 stimuli that were
presented. For the purpose of this research, values <500ms were
interpreted as fast STROOP, and values≥500ms were interpreted
as slow STROOP.

The classification variables based on the dependent variable
are the scores offered in the mobile app in terms of stress level
(S), RMSSD, AVNN, perceived quality of food (PQF), gender
(male, female), body mass index (BMI) and the number of
hours awake (HA). The global fit of the model was checked
with the Nagelkerke R-squared statistic (Nagelkerke, 1991).
All computations are carried out using the R Commander
statistical language (see R Project http://cran.r-project.org). The
significance level was set at p < 0.05.

RESULTS

The global fit of the model was checked with the Nagelkerke R-
squared statistic with a value of 0.81 and with the classification
table that shows a classificatory success rate of 74%. Both
indicators reflect a very good fit of our logistic regression model
with the chosen variables.

Descriptive statistics are presented in Tables 1, 2. The
descriptive statistics values of each of the study variables are
presented, as well as the grouping variables used.

SD = standard deviation; SDNN = standard deviation of
normal to normal intervals; RMSSD = root mean square
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TABLE 3 | Results from multivariate logistic regression model containing all

explanatory variables (full model).

Fast stroop—Low SDNN β estimate Standard error Sig

Stress (β0) −0.048 0.95 0.000

Age 17–21 (β1) −10.454 0 0.000

Age 22–30 (β2) −8.515 0 0.000

RMSSD (β3) 0.065 1.07 0.000

HR (β4) 0.417 1.52 0.000

AVNN (β5) 0.019 1.02 0.000

Alimentation (β6) 0.431 1.54 0.143

Female (β7) −0.303 0.74 0.503

Epworth (β8) −0.162 0.85 0.009

BMI (β9) 0.335 1.40 0.000

Hours awake (β10) 0.054 1.06 0.373

Slow stroop—Low SDNN β estimate Standard error Sig

Stress (β0) −0.001 1.00 0.999

Age 17–21 (β1) −4.208 0.01 0.000

Age 22–30 (β2) −4.75 0.01 0.000

RMSSD (β3) 0.009 1.01 0.529

HR (β4) 0.227 1.25 0.002

AVNN (β5) 0 1.00 0.857

Alimentation (β6) −0.922 0.40 0.000

Female (β7) 0.227 1.25 0.535

Epworth (β8) 0.196 1.22 0.000

BMI (β9) 0.12 1.13 0.062

Hours awake (β10) 0.051 1.05 0.302

Slow stroop—High SDNN β estimate Standard error Sig

Stress (β0) −0.043 0.96 0.000

Age 17–21 (β1) −10.317 0.00 0.000

Age 22–30 (β2) −10.222 0.00 0.000

RMSSD (β3) 0.069 1.07 0.000

HR (β4) 0.377 1.46 0.000

AVNN (β5) 0.016 1.02 0.000

Alimentation (β6) −0.843 0.43 0.004

Female (β7) 1.325 3.87 0.003

Epworth (β8) −0.033 0.97 0.585

BMI (β9) 0.29 1.34 0.001

Hours awake (β10) −0.065 0.94 0.303

of successive differences; BMI = body mass index; Amo =

mode amplitude—% intervals corresponding to Mode; VR =

variational range—difference between min and max r-r intervals;
Mo=mode—most frequent R-R interval value.

In theTable 3, all the independent explanatory variables of the
model are presented in the first column. The order, from highest
to lowest importance for the model as a whole, is as follows: (1).
Stress; (2). Age; (3). RMSSD; (4). HR; (5). AVNN; (6). Food; (7).
Female; (8). Epworth; (9). BMI; and (10). Hours awake.

The interpretations summarize the meaning of each exponent
of the β : how much the probability of occurrence of the event

increases or decreases given a score in each independent variable
(ceteris paribus).

The global fit of the model was checked with the Nagelkerke
R-squared statistic with a value of 0.81 and with the classification
table that shows a classificatory success rate of 74%. Both
indicators reflect a very good fit of our logistic regression model
with the chosen variables. Based on the odd ratios and Wald’s
statistic, the order of importance of the independent variables is:
(i). stress; (ii). Age; (iii). RMSSD; (iv). HR; (v). AVNN; (vi). Food;
(vii). gender (female); (vii). Epworth; (viii). BMI.

The profiles that maximize the probability for each group
are: (i). Person older than 30 years, low STRESS, low RMSSD,
high HR, high AVNN, low EPWORTH, and high BMI for
fast STROOP and low SDNN; (ii). Person older than 30 years,
with high HR, low alimentation and high EPWORTH for slow
STROOP and low SDNN. (iii). Women, older than 30, low
STRESS, high RMSSD, high HR, high AVNN, low alimentation
and high BMI for slow STROOP and high SDNN; and (iv). Men
between 17 and 21 years, high STRESS, low RMSSD, low HR, low
AVNN, high alimentation, and low BMI for fast STROOP and
low SDNN.

DISCUSSION

Given the poor subjective perception of the level of fatigue,
it is advisable to emphasize the establishment of objective
parameters in the assessment (Shahid et al., 2010). For a more
objective profile, various psychometric evaluations have been
used, such as the PVT, the WAFA and the Stroop test, among
others. In addition, the incorporation of biometric measurements
that evaluate the psychophysiological status such as heart rate
variability (HRV) has been very useful as a marker of fatigue
and has been an element used in the evaluation of stress and
acute mental load in workers from various areas and also as a
relevant element in the detection of driver fatigue (Castaldo et al.,
2015; Fallahi et al., 2016; Abtahi et al., 2018; Digiesi et al., 2020)
The relationship between the variability of the heart rate of the
people evaluated with sleep debt has also been described (Heinze
et al., 2011). We use this evaluation together with objective
elements such as the evaluation of the cognitive level with the
Stroop Test and in this way the structure of the Balert device is
organized to include the fundamental variables responsible for
the development of fatigue.

Early detection of mental fatigue could be very practical in
order to prevent occupational hazard and it has also importance
in productivity (Li et al., 2020) in different sectors such as
education, sports, the military context or the professions that
must manage fatigue situations such as drivers. In the present
study, a Stroop task had to be carried out with a large proportion
of congruent trials. This large proportion of congruent trials
paradoxically increases working memory load (Kane and Engle,
2003), since congruent trials encourage goal neglect such that
the goal of naming the color has to be actively maintained
in working memory and cannot be automatized during the
time course of the task. Due to this complication, the task
was more cognitively demanding than tasks used previously
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in the analysis of mental fatigue; in addition, since the Stroop
task has also been employed in studies of self-control loss, an
analysis of the time evolution of this loss of cognitive control
was possible.

Finally, it should be noted that it would be of interest to
weight all these average time results in the Stroop taking into
account the success/error of the person clicking on each color,
and check if the results change by weighing these successes/errors
in the average time of the Stroop. A study on Stroop should be
sought and consulted with which to replicate the construction
of an indicator that summarizes the temporal information of the
Stroop relativized with the rate of successes/errors of people in
each click.
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Retrospective self-reports have been commonly used to assess psychological variables

such as feelings, thoughts, or emotions. Nevertheless, this method presents serious

limitations to gather accurate information about variables that change over time.

The Ecological Momentary Assessment (EMA) approach has been used to deal

with some of the limitations these retrospective assessment methods present, and

for gathering real-time information about dynamic psychological variables, such as

feelings, thoughts, or behaviors. In the sports injury rehabilitation context, athletes’

thoughts, feelings, behaviors, and pain perceptions during the rehabilitation process

can influence the outcomes of this process. These responses change over different

stages of the rehabilitation and taking them into account can help therapists to adapt the

rehabilitation process and increasing their effectiveness. With this aim, an EMA mobile

app (PSIXPORT) was designed to gather real-time information about severely injured

athletes’ cognitive appraisals, emotional responses, behaviors, and pain perceptions

during their rehabilitation process. The goals of this study were to evaluate Psixport’s

ability to gather real-time information about injured athletes’ psychological responses

during the rehabilitation, to test the users’ perceived usability of Psixport, and to

compare the reliability and differences between real-time data gathered with Psixport

and the data gathered through the one-time retrospective method. Twenty-eight severely

injured athletes (10 men and 18 women) were assessed using Psixport, a retrospective

questionnaire, and the uMARS usability test. Results showed that Psixport can be

considered as a good tool to gather information about injured athletes’ cognitive

appraisals, emotional responses, behaviors, and pain perceptions. Moreover, multiple

data assessments gathered with the app showed to be more accurate information about

injured athletes’ psychological responses than one-time retrospective reports.

Keywords: sports injuries, ecological momentary assessment, psychological response to injury, mHealth app,

rehabilitation process
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INTRODUCTION

Assessing coping strategies from subjects that went through a
stressful event involves gathering information about individuals’
inner events, such as thoughts or mental images, which can be
only provided by the participant (Smith et al., 1999). One-time
self-reports have been the prevailing method for assessing such
variables (Smith et al., 1999).

However, one-time retrospective assessments could be
inaccurate due to different factors, such as subjects’ altered
recalls based on reconstructive memory processes or incomplete
recording of the stressful event (Loftus, 1980; Bradburn et al.,
1987; Christianson, 1992; Schwarz and Sudman, 1994). Lack
of clear recall of subjects’ own thoughts, feelings, or behaviors
triggered by or related to those stressful events, could bring
participants to base their retrospective reports on the way they
generally cope with this type of events (Schwarz and Sudman,
1994; Smith et al., 1999) regardless what they truly feel, though, or
behave. That is because authors such as Reis and Wheeler (1991)
asserted that gathering information by multiple assessments
across time based on diary methodologies could provide more
accurate information than one-time retrospective reports.

Ecological Momentary Assessment (EMA) is an assessment
approach that allows collecting information about sampling
subjects’ experiences and behaviors in real-time (or closer
to real-time) in their natural environment (Shiffman et al.,
2008). Ecological Momentary Assessment approach, compared
to retrospective methods, provides multiple advantages such
as collecting real-time information about subjects’ habits and
behaviors from their context (Hicks et al., 2010) or allowing
to explore antecedents and consequences after individuals’
behaviors appearance (Sala et al., 2017). Consequently, an EMA
approach deals with some of the limitations of traditional
retrospective methods’ such as inaccurate subjects’ retrospective
answers due to their autobiographical memory biases (Schwarz,
2007).

Moreover, fields such as health or sports demand collecting
information about variables that are changing and/or dynamic
in nature. Variables such as frequent behaviors, subjective
perceptions, or intensity of feelings, change through time
and a one-time aggregate gathering prevent investigators from
an accurate collection of the variability and complexity such
variables present (Schwarz, 2007). For instance, Eich et al.
(1985) assessed the maximum, minimum, and current pain
levels of chronic pain patients through daily reports and weekly
retrospective measures. Comparing retrospective responses with
patients’ daily diaries responses, they found that retrospective
scores were similar to patients’ current level of pain at the time
the recall was requested, overestimating or underestimating last
week’s pain. Ecological momentary assessment allows an accurate
assessment of such dynamic variables that change through time
and cannot be retrospectively assessed as an aggregate score
without a significant reduction in variability (Schwarz, 2007).

Ecological momentary assessment approach has been also
incorporated to sport psychology research and recent times
have shown several studies using such an approach to assess
different variables. For instance, Sala et al. (2017) carried out

a study analyzing the relationships between daily stress and
exercise behaviors in female undergraduate students gathering
subjects’ exercise behaviors and affective responses to exercise
using handheld electronic diaries. Williams et al. (2016) studied
the mediation effects of affective responses to exercise on exercise
adherence. They collected female college students’ stress and
exercise measures through four daily assessments across seven
days using an automatic EMA telephone system. Moreover,
Kim and James (2019) have also used mobile devices to collect
information about the subjective well-being perception of college
students gathering the fluctuations of their daily responses.

Mobile devices became particularly useful tools for an
EMA approach (Kenny et al., 2016). Mobile apps have
been used for assessing the relationships between physical
and psychological variables such as time-varying associations,
momentary behavioral cognitions, and changes in physical
activity in adults (Maher et al., 2016), or gathering real-time
information of cognitive and physical activity (Wiebe et al.,
2016). This is possible nowadays due to almost everyone owns
a smartphone and its use it’s widely extended (Ltd, 2021) and
Mobile Health apps (mHealth apps) use have increased over lasts
years (Riley et al., 2011).

When referring to the psychological variables involved
in sports injury rehabilitation, the aforementioned changing,
and dynamic nature of variables such as individual thoughts,
emotions, and behaviors play an important role in the sports
injury rehabilitation process (Brewer et al., 2000b). In the sports
injury rehabilitation process, athletes experience a range of
psychosocial challenges that change during the rehabilitation
(Clement et al., 2015). These psychological factors influence
athletes’ adherence to the rehabilitation contributing to or
hampering this process (Brewer et al., 2000a; Almeida et al., 2014;
Palmi, 2014).

The Integrated Model of Psychological Response to Sports
Injury and Rehabilitation Process (Wiese-Bjornstal et al.,
1998), sets athletes’ personal and situational factors affect
their cognitive appraisals, emotional responses, and behavioral
responses during the rehabilitation process (Wiese-Bjornstal,
2014). These responses directly affect athletes’ recovery outcomes
and return to play process (Wiese-Bjornstal et al., 1998, 2015;
Brewer et al., 2000a; Mitchell et al., 2014). Injured athletes’
psychological responses to stressors related to sports injuries such
as incapacitation thoughts or loss of confidence beliefs, could
intensify feelings of frustration (Johnston and Carroll, 1998;
Magyar and Duda, 2000), influencing athletes’ rehabilitation
behaviors such as adherence and conditioning the rehabilitation
outcomes (Brewer et al., 2000b). This influencing cycle usually
follows this path, but it could go in the opposite direction instead
(Wiese-Bjornstal et al., 1998).

In this vein, Wiese-Bjornstal et al. (1998) postulated that
assessing athletes’ psychosocial responses by repeated measures,
tracking the different phases of their rehabilitation and return
to play process, must show a most accurate and wider view
of the associated risks and their effects across the athlete’s
rehabilitation journey.

With this aim, an EMA approach mobile app (PSIXPORT)
was designed to collect real-time data about injured athletes’
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psychosocial responses (cognitive appraisals, emotional
responses, and behavioral responses) and pain perception across
their rehabilitation process according to the Integrated Model
of Psychological Response to Sports Injury and Rehabilitation
Process (Wiese-Bjornstal et al., 1998).

The present study has three main goals; Firstly, to study the
feasibility of Psixport to collect real-time data of injured athletes’
responses during their rehabilitation process; Secondly, to test
Psixport’s usability for subjects, collecting athletes’ opinions
using the app; Thirdly, to compare the differences between
EMA data gathered with Psixport and the data gathered by the
retrospective method.

MATERIALS AND METHODS

Participants
Severely injured athletes were recruited from Madrid’s (Spain)
sports medicine unit, the Regional football Players’ Mutual
Benefit Society, and different sports clubs. Inclusion criteria were
(a) being over 18, (b) having sustained a severe sports injury
(ACL tear) that need surgery but have not been operated yet, and
(c) having a rehabilitation prescription with a physical therapist
after the surgery. The resulting sample was 28 participants, 10
males (35.7%) and 18 women (64.2%) whose mean age was
24.7 (Mdn = 24, SD = 4.1), who completed Psixport and
retrospective questionnaire assessment. Of those 28 subjects,
all but one completed the uMARS test. Those severely injured
athletes came from multiple sports such as football (Soccer) (n
= 17; 60.7%), Basketball (n = 7; 25%), Indoor football (soccer)
(n = 1; 3.6%), Frisbee (n = 1; 3.6%), Judo (n = 1; 3.6%), and
Handball (n= 1; 3.6%).

This study is part of a wider research project focused on
studying the influence of mediation and moderator effects
of psychosocial variables on rehabilitation and return to play
process of severely injured athletes.

Instruments and Variables
Psixport

A mobile app was designed for assessing athletes’ cognitive
appraisals, emotional responses, behavioral responses, and pain
perception during their rehabilitation process from an EMA
approach. Psixport assessment laid on several instruments
used for assessing injured athletes’ psychological, emotional,
behavioral responses, and pain perception, which were adapted
to this format. Item responses ranged from 0 to 100 in a
continuous Visual Analog Scale, with just the exception of the
items regarding whether the athlete has got a rehab session that
day and if he/she attended it.

Cognitive Appraisals
Evans et al. (2008) developed the Psychological Responses to
Sports Injury Inventory (PRSII) to provide a tool that allowed
assessing injured athletes’ cognitive appraisals regarding their
injuries. This test gathers psychological responses resulting on six
different dimensions: Devastation, Dispirited, Reorganization,
Feeling cheated, Restlessness, and Isolation. Psychological
Responses to Sports Injury Inventory was demonstrated to be

a valid and reliable test to assess injured athletes’ psychological
responses to injury (Cronbach’s α = 0.86) (Lepley et al., 2018).
The six items, one from each dimension, which showed the
highest factor loadings were included in Psixport. The items
were: Devastation, “I experience a feeling of emptiness. My
world has fallen apart”; Dispirited, “I’m lack of motivation”;
Reorganization, “I am beginning to feel like myself again”;
Feeling Cheated, “I can’t help but feel bitter”; Restlessness, “I’m
unable to relax, I feel uneasy”; Isolation, “I feel isolated.”

Emotional Responses
An adaptation of the picture-oriented Self-Assessment Manikin
(SAM) instrument (Lang, 1980; Hodes et al., 1985) assessing two
dimensions of emotion; Emotional Valence and Arousal, were
used to gather information about athletes’ emotional responses
during their rehabilitation process. Self-Assessment Manikin
was demonstrated to be an effective method to assess feeling
states, emotional responses to an event, and their changes over
time (Bradley and Lang, 1994). Self-Assessment Manikin was
validated as an easy and non-verbal method for assessing affective
experiences due to the relationships with the semantic differential
methodology (Bradley and Lang, 1994). The two questions
included in the app related to emotional responses were “Today I
feel. . . Sad/Happy”; and “Today I feel. . . Apathetic/Active.”

Behavioral Responses
Athletes’ compliance with the rehabilitation was the variable
selected for assessing injured athletes’ behavioral responses. In
this case, an adapted version of the “Sports Injury Rehabilitation
Adherence Scale” (SIRAS) (Brewer et al., 2000a) was used. Sports
Injury Rehabilitation Adherence Scale registers athletes’ exercise
intensity perceived by their therapist during the rehabilitation
sessions, the way athletes follow their instructions, and the
receptiveness of individuals on rehabilitation changes with
three items. An adapted version of SIRAS was designed to
gather athletes’ self-perceptions instead of therapists’ perceptions.
Higher scores show higher compliance with the rehabilitation.
Sports Injury Rehabilitation Adherence Scale has shown positive
correlations with adherence to rehabilitation and exercise
completion out of the rehabilitation sessions (Brewer et al., 2002).
Moreover, SIRAS has shown internal consistency (α = 0.86)
for adherence to rehabilitation sessions across the rehabilitation
process (Brewer et al., 1996) and an over 1-week period test-
retest reliability coefficient of.65. Four items were adapted and
included in the app for assessing athletes’ compliance with
the rehabilitation process asking them directly: “Did you have
rehabilitation session today?” (for this item, the response options
were yes/no); “Did you go to the rehabilitation session?” (for this
item, the response options were yes/no); “With which intensity
did you complete the exercises during today’s appointment?”;
and “To what extent did you complete the prescribed exercises
by yourself?”

Pain Perception
Two questions of the “Universal Pain Assessment Tool” (UPAT)
were included in Wong-Baker’s (Wong and Baker, 1988) Faces
Pain Rating Scale format to make easier the response choice.
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This test has provided to be a useful tool for assessing pain levels
on athletes (Dugashvili et al., 2017): “Which is the greatest pain
you’ve experienced today due to your injury?” and “How much
pain has you experienced today, on average, due to your injury?”

Interfaces
Psixport starts with a welcome message, explaining the
investigation goals, shows examples about the questions to be
answered and the correct way to do so.

Once the athlete joins the study by accepting and signing
the informed consent included in the app, the app gathers
demographic information such as name, surname, birth date,
gender, sport, and competition. Then, subjects must select
the date to begin the assessment. This period must start
when the athlete attends his/her first rehabilitation session.
Likewise, athletes must choose the schedule to complete the daily
assessment, which must always be after finishing their regular
rehabilitation session. Once completed the daily assessment,
Psixport congrats the athlete for the completion and grants him
one point.

Furthermore, a four-chart made-up feedback module was
included, one for each dimension assessed (cognitive appraisals,
emotional responses, behavioral responses, and pain perception)
to allow the athlete to check his/her progress in the different
areas. Each chart gathers all the scores given by the athlete during
his rehabilitation process. The feedback module was included to
serve as a motivational factor to improve athletes’ commitment
and engagement with the app.

Retrospective Questionnaire

A retrospective questionnaire (see Appendix) based on Psixport
items about the psychosocial variables assessed (cognitive
appraisals, emotional responses, behavioral responses, and
pain perception) was designed to collect data with a classical
retrospective approach to compare the accuracy and quality
between Psixport and traditional retrospective collected
information. Psixport items were written up retrospectively and
presented in a 0–100 point scale format to achieve this purpose.

User Version of the Mobile Application Rating Scale

Developed by Stoyanov et al. (2016) the uMARS main goal
is to assess mHealth mobile apps quality through users’
opinions. This test consists of 20 items including four objective
quality subscales (Engagement, Functionality, Aesthetics, and
Information quality), one subjective quality subscale, and app
perceived impact items.

uMARS items are presented in a five-point Likert scale
from “1—Inadequate to 5—Excellent” for assessing the “App
Quality Assessment” (Engagement, Functionality, Aesthetics,
and Information quality), “1—Strongly disagree to 5—Strongly
Agree” items for assessing App Perceived Impact, and with
different answering options for Subjective Quality Scale.

uMARS has demonstrated fairly high internal consistency
(Cronbach alpha = 0.90) for the full scale and good levels for
the subscales (engagement alpha = 0.80; functionality alpha =

0.70; aesthetics alpha = 0.71; information alpha = 0.78; and
satisfaction alpha= 0.78), and good levels of internal consistency

for 1–2 months test-retest period (0.66) and for 1–3 months
period (0.70). This test was used to gather information about
users’ feedback on Psixport’s quality.

Procedure
After obtaining the University Autonoma of Madrid’s IRB
approval (CEI-75-1370), we contacted to one of Madrid (Spain)
orthopedics clinic specialized in sports medicine, the Madrid’s
Regional Soccer Association Players’ Mutual Benefit Society,
and different sports clubs to recruit athletes who fulfill the
inclusion criteria.

Participants were informed about the research goals and were
provided with a written consent prior to joining the study. No
economic compensation was offered to any subject or institution.

In this preliminary phase, athletes downloaded Psixport
and answered at least 15 daily assessments about cognitive
appraisals, behavioral responses, emotional responses, and pain
perception. The initial assessment period was 15 days, giving
the option to continue completing the daily assessments after
the initial 15-day period requested. Subjects could only complete
one assessment per day and must have always been after the
prescribed rehabilitation session finished.

Approximately 2 months after completing their last Psixport
assessment, subjects were asked to complete a retrospective
questionnaire designed to assess the mentioned variables
(cognitive appraisals, emotional responses, behavioral responses,
and pain perception) from the traditional one-time retrospective
approach, and the User version of the Mobile Application
Rating Scale (uMARS) to collect information about the designed
app quality. Data from the retrospective Psixport test and
uMARS test was collect with Qualtrics software, version
03/2020 of Qualtrics. Copyright ©2020 Qualtrics. Qualtrics and
all other Qualtrics product or service names are registered
trademarks or trademarks of Qualtrics, Provo, UT, USA.
https://www.qualtrics.com.

Data Analysis
We calculated descriptive statistics for participant’s age and
gender, uMARS objective quality subscales, subjective quality,
and perceived impact for Psixport.

The longitudinal records gathered with Psixport were
summarized averaging the subject’s scores through time, for
each item. We calculated descriptive statistics for the items
(both the average scores and the scores from the retrospective
questionnaire). We used autoregressive (AR) models for
analyzing time-series data. Autoregressive models are specific
regression models which account for the autocorrelation in time-
series data (i.e., the extent to which the dependent variable
value depends on past values of itself). These models are
consistently used in behavioral research (Crosbie, 1993; Velicer
and Colby, 1997; Velicer and Fava, 2003). To graphically show the
examples of within-subject, longitudinal scores, and to illustrate
the process of forecasting, we used Autoregressive Integrated
Moving Average (ARIMA) models (Box and Jenkins, 1970; Glass
et al., 1975;McCleary andHay, 1980; Gottman, 1981) on variables
from our dataset, which captures the effects of trend, season,
and autocorrelation in time-series data. The first forecasted value
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for each item was stored as variables, and descriptive statistics
were calculated.

The Friedman’s test was used to compare the means between
Psixport averaged, forecasted, and retrospective scores of 11 out
of 14 items (the three remaining items could not be compared,
as they were nominal variables), adding post-hocWilcoxon’s tests
analyses when needed. Also, we used non-parametric correlation
to study the relationship between those three variables.

The significance level was set at α = 0.050. However, to
avoid an increase in Type I error for multiple comparisons, the
Bonferroni correction was applied in post-hoc Wilcoxon’s
tests and non-parametric Rho, setting α at 0.017. All
statistical analyses were performed using SPSS 25 (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.).

RESULTS

The total number of evaluations gathered with Psixport was 621
from 1,116 possible (summative of the total days of app’s use by
the participants during their rehabilitation processes), which sets
the compliance ratio at 55.7%.

The number of days which participants completed the app
ranged from 16 to 98 and the mean average in the number
of assessments per subject was 22.2 (SD = 10.3), above the
15 initially requested, though not necessarily consecutive. The
highest number of assessments completed by an athlete was 58
and the minimum was 15. Moreover, the highest number of
consecutive assessments completed for one athlete was 22 and the
minimum was 1. Furthermore, the consecutive evaluations’ ratio
decreased over time until the athlete finally stopped completing
the app.

Tables 1, 2 show the descriptive statistics of uMARS
objective quality subscales, and subjective quality and perceived
impact, respectively.

TABLE 1 | uMARS objective subscale scores for Psixport.

Subscale M (From 1 to 5) SD Mdn IQR

Engagement 3.6 0.6 3.63 2.4

Functionality 4.4 0.4 4.33 1.75

Aesthetics 3.8 0.6 3.74 2.34

Information 4.4 0.5 4.39 2.00

App quality 4.1 0.4 4.09 0.80

N = 27.

TABLE 2 | uMARS subjective quality score and perceived impact for Psixport.

Subscale M (From 1 to 5) SD Mdn IQR

Subjective app quality 3.3 0.6 3.25 2.75

Perceived impact 3.4 0.9 3.33 4.00

N = 27. T
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Table 3 depicts the descriptive statistics and comparison of
averaged, forecasted, and retrospective means of Psixport items.
On 5 items (out of 11) we did not find mean differences. On one
item we found statistical differences between the averaged and
forecasted means, but not between any of those and retrospective
scores. On five items out of 11 we found statistical differences
between the retrospective and both averaged and forecasted
means, but no differences between the latter two.

Table 4 shows the correlations between averaged, forecasted,
and retrospective scores of Psixport items. Most of the
correlation values were statistically significant, except for
one item on the averaged—retrospective correlations, and
four items in the forecasted—retrospective correlations. More
interestingly, the effect size was higher for the averaged—
forecasted correlations (R2 ranging from 0.63 to 0.98), and lower
for the averaged—retrospective (0.18 to 0.58) and forecasted—
retrospective correlations (0.14 to 0.57).

Figure 1 depicts three examples of observed scores, and
forecasts obtained via ARIMA models. These examples, chosen
from three different participants and two distinct items
which were selected due to they clearly depict forecasts with
upward, horizontal, and downward trends, respectively, based on
previous values.

DISCUSSION

The present study assessed the Psixport mobile app feasibility
to collect real-time data about injured athletes’ psychological
responses (cognitive appraisals, emotional responses, behavioral
responses, and pain perception) during their rehabilitation
process, to test the app’s usability for subjects, and check
if gathering information by multiple assessments from EMA
approach provides more accurate information about injured
athletes’ thoughts, emotions, and behaviors than one-time
retrospective reports.

Regarding Psixport’s feasibility to collect real-time data, the
app’s compliance ratio (55.7%) was similar to othermHealth apps

compliance ratio used in previous studies where subjects were
assessed during periods longer than 10 days (Mulvaney et al.,
2012; Könen et al., 2015, 2016). For instance, Mulvaney et al.
(2012), assessing diabetes adherence patterns in adolescents, got
59% EMA’s response rate for a 10-day calling period, and Könen
et al. (2015, 2016) assessing sleeping behaviors consequences on
childhood, founded similar surveys’ compliance ratios depending
on the daytime where surveys were prompt, ranging from 57%
(afternoon) to 66% (morning). Han et al. (2018) reported a
49.29% response rate for the mHealth app designed to gather
information about drug use through daily assessments during a
4-week assessment period. Therefore, we can consider Psixport’s
user engagement in line with what similar apps have obtained in
previous studies.

App’s compliance over the time was good according to the
fact that the average number of evaluations completed per athlete
was higher (M = 22.2) than the minimum of evaluations initially
requested (15). However, this commitment varied widely through
subjects. Some subjects completed daily assessments almost four
times more than the minimum requested. These results lead us
to confirm that the time length the record was required did not
suppose an obstacle for subjects to commit with the app.

Psixport’s response ratio decreased over time, which is a
phenomenon that has been reported on previous mHealth EMA
approach app’s studies too (Kenny et al., 2016). Heron et al.
(2017) conducted a systematic review of Mobile-Technology-
based EMA methods which analyzed 24 studies and reported
that, in 23 of them, the number of days of EMA data collection
ranged from 4 to 31, in line with Psixport’s number of evaluations
requested (15). Moreover, Heron et al. (2017) set that research
questionmust be considered to establish EMA surveys’ frequency
and duration.

Concerning the second goal of the study, the app’s
usability according to engagement, functionality, aesthetics, and
information, as well as subjective quality has shown to be fairly
satisfying. Comparing Psixport’s scores with other mHealth apps
scores assessed with the original MARS test (Bardus et al.,

TABLE 4 | Correlation of Psixport items scores using ecological momentary assessment (EMA) average, EMA forecast, and retrospective measurement.

EMA average—EMA forecast EMA average—retrospective EMA forecast—retrospective

Rho p Rho p Rho p

Exercise commitment 0.79 <0.001 0.52 0.005 0.37 0.052

I feel: active–apathetic 0.99 <0.001 0.42 0.024 −0.41 0.029

I feel: happy–sad 0.95 <0.001 0.54 0.003 −0.45 0.018

Devastation 0.86 <0.001 0.70 <0.001 0.59 0.001

Dispirited 0.90 <0.001 0.50 0.006 0.50 0.007

Re-organization 0.94 <0.001 0.54 0.003 0.44 0.019

Feeling cheated 0.87 <0.001 0.76 <0.001 0.61 0.001

Restlessness 0.88 <0.001 0.75 <0.001 0.76 <0.001

Isolation 0.96 <0.001 0.65 <0.001 0.63 <0.001

Maximus pain 0.95 <0.001 0.46 0.002 0.56 0.002

Pain average 0.93 <0.001 0.53 0.004 0.48 0.009

N = 28. EMA forecast was estimated with ARIMA models, predicting the next value after the last reported. Corrected α = 0.017.

Frontiers in Psychology | www.frontiersin.org 6 July 2021 | Volume 12 | Article 697293140

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


González-Barato et al. Psixport: EMA Approach to Sport Injury

FIGURE 1 | PSIXPORT observed and predicted scores with ARIMA models in three participants.

2016), Psixport gathers higher scores in all domains; engagement,
functionality, aesthetics, information, and total score.

The presence of features and techniques such as semi-
automated tracking (self-monitoring) inside the apps were
associated with higher app quality scores in MARS in
previous research, specifically for engagement, functionality, and
aesthetics (Bardus et al., 2016). The high scores obtained by
Psixport in those aspects could be explained due to the app

included a “feedback” module that allowed athletes to self-
monitoring their progress during the rehabilitation process.
Psixport included prompt notifications as well, which has been
also associated with high scores for app quality in previous
research (Bardus et al., 2016).

Moreover, this app has demonstrated Good/Excellent levels of
functionality and information for subjects, becoming the strong
characteristics of the app for users. This could be due to Psixport
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is a user-friendly app. Only two subjects asked some doubt related
to the app functioning and no one reported questions regarding
items’ understanding or the answering method. In line with this,
perceived information quality provided by mHealth apps has
been associated with a specific techniques’ combination such as
feedback and self-monitoring (Bardus et al., 2016), both included
in Psixport, which could explain the high scores obtained by the
app too.

Respecting the app’s subjective quality and perceived impact
scores assessed by items “Would you recommend this app to people
who might benefit from it?” and “Would you pay for this app?” the
results show an Acceptable/Good assessment from users, being
most of the participants willing to recommend the app use for
future injured athletes though not paying for it. These athletes’
good appreciations about app usefulness may be related to the
feedback the app provided, which made them aware of their own
evolution in their rehabilitation process.

Finally, considering Psixport total score in uMARS and taking
into account previous research conclusions obtained by accessing
multiple mHealth apps with original MARS (Bardus et al., 2016),
we can suggest that Psixport could be considered as a high-
quality app.

Our third goal was to compare the differences between EMA
data gathered using the app and the data gathered by a one-
time retrospective method. The comparison between means
of Psixport’s averaged and forecasted data and retrospective
data revealed that the app gathers more accurate information
about athletes’ cognitive appraisals, emotional responses, and
pain perception than the one-time retrospective method. Higher
correlations were found between EMA averaged data gathered
with Psixport and EMA forecasted data compared to correlations
between those two and one-time retrospective data gathered,
supporting our initial hypothesis and previous research, which
found that multiple assessments across time such as diary-based
methodologies could gather accurate information about subjects’
behaviors and experiences than retrospective reports (Reis and
Wheeler, 1991).

For emotional responses, positive correlations between
averaged—forecasted scores were also found, particularly for the
emotional valence dimension (Happy–Sad). These results are
aligned with previous research findings, which concluded that
subjective experiences such as the intensity of feelings are difficult
to be accurately assessed by retrospective methods because these
experiences are poorly represented in thememory (Robinson and
Clore, 2002).

Similarly, positive correlations were found between
averaged—forecasted scores for three cognitive appraisals’
dimensions (devastation, feeling cheated, and isolation), and
maximum pain dimension, but not between averaged and
forecasted scores with retrospective scores. This could be
explained by Schwarz’s (2007) conclusions where he set that
subjects’ retrospective reports about their past behaviors and
experiences were similar to their present behavior or experience
at the time of the assessment. Moreover, Eich et al. (1985) also
found similar results regarding subjects’ pain perceptions.

However, positive correlations between averaged and
forecasted scores were not found for all cognitive appraisals,

emotional responses, and pain perception dimensions assessed.
This could be explained due to gathering real-time data can
reduce the influence of biases related to retrospective reports
(Schwarz, 2007), but does not eliminate other kinds of self-
reports biases such as problems on question comprehension,
or the order in which responses alternatives or questions are
presented (Schwarz, 1999; Sudman et al., 2004).

Therefore, we can conclude that gather information about
changing and dynamic variables such as injured athletes’
cognitive appraisals, emotional responses, or pain perceptions
through multiple assessments across the time may provide more
accurate information than the one-time assessment approaches.

STRENGTHS AND LIMITATIONS

There are some limitations to this study. Firstly, the convenience
sample and its small size can limit the generalization of the results
obtained. Nevertheless, Heron et al. (2017) reported population
size ranged from 6 to 303 in the EMA studies included in their
systematic review, which shows that EMA studies’ sample sizes
are quite variable.

Secondly, we have obtained a response rate which is clearly
in line with the compliance ratio found in previous studies
where the subjects were assessed during periods longer than
10 days. Nevertheless, there is room to an improvement of
the commitment to complete the assessment. Therefore, we
think gamificationmight contribute to improve participation and
keep participants committed to the task. In the current form
of the app, we included a feedback module associated to the
collection of different points. We know that PSIXPORT is far
from being a gamified app. However, we are currently working on
incorporating more aspects of gamification. Based on Plass et al.
(2015) model, future versions of the app will include different
levels or phases, a progress bar, more badges, and a public ranking
of response ratio, as well as trying to revamp the visual aesthetics
to foster the commitment with the task.

Thirdly, there should be noted that perception of usability
was measured using the uMARS. This test was designed to assess
users’ perceptions about the mHealth apps used. Psixport cannot
be fully considered as a mHealth app due to the app’s main goal
is to gather real-time information about injured athletes avoiding
any kind of intervention across their rehabilitation processes.
However, uMARS main focus is to assess apps’ engagement,
functionality, aesthetics, and information quality Stoyanov et al.
(2016), not intervention effectiveness.

CONCLUSIONS

In conclusion, we can set that Psixport could be considered as a
reliable and appropriate tool for gathering real-time information
about injured athletes’ behaviors, cognitive appraisals, emotional
responses, and pain perceptions.

This app could be used to register athletes’ thoughts, emotions
and behaviors, and their changes, across their rehabilitation
process. This can help therapists to design specific rehabilitation
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programs adapted to athletes’ needs and progress, which could
increase the likelihood of their effectiveness.
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APPENDIX

Retrospective Questionnaire
Please, move and place the bar where fits for each one of
the items below based on what happened to you during the
rehabilitation process:

1- My commitment to the rehabilitation sessions has been:
Nothing A lot
0 ————————————————————– 100
2- The intensity I put on the exercises during the

rehabilitation sessions has been:
Nothing A lot
0 ————————————————————– 100
3- The degree I have done by myself the exercises prescript by

therapists during the rehabilitation process has been:
Nothing A lot
0 ————————————————————– 100
4- During the rehabilitation process, I have felt sad:
Nothing A lot
0 ————————————————————– 100
5- During the rehabilitation process, I have felt apathetic:
Nothing A lot
0 ————————————————————– 100
6- During the rehabilitation process, I have experienced a

feeling of emptiness, that my world felt apart:
Nothing A lot
0 ————————————————————– 100

7- During the rehabilitation process, I have had a lack
of motivation:

Nothing A lot
0 ————————————————————– 100
8- During the rehabilitation process, I have felt like

myself again:
Nothing A lot
0 ————————————————————– 100
9- During the rehabilitation process, I haven’t been able to

avoid feeling bitter:
Nothing A lot
0 ————————————————————– 100
10- During the rehabilitation process, I have been unable to

stay calm:
Nothing A lot
0 ————————————————————– 100
11- During the rehabilitation process, I have felt isolated:
Nothing A lot
0 ————————————————————– 100
12- During the rehabilitation process, the highest level of pain

I have experienced has been:
Nothing A lot
0 ————————————————————– 100
13- During the rehabilitation process, the average level of pain

I have experienced have been:
Nothing A lot
0 ————————————————————– 100
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This study examined the relationships between grit personality, self-efficacy, motivation

(autonomous, controlled, and amotivation), and the readiness to change index toward

exercise. Participants were 391 adults aged between 18 and 64 years old (M = 31.16;

SD = 12.45) from Hermosillo, Sonora (Mexico) who completed questionnaires (i.e.,

the Grit Personality Scale, the Exercise Self-Efficacy Questionnaire, the Treatment

Self-Regulation Questionnaire and the Stages of Change Questionnaire for Physical

Activity) measuring the variables of interest. The reliability of the instruments was tested

using Cronbach’s alpha, whereas confirmatory factor analyses were performed for

each instrument separately. A measurement model and a structural equation model

were assessed as well. The results of the structural equations model showed that grit

personality was positively associated with self-efficacy, and in turn, with autonomous

motivation and with the readiness to change index. On the other hand, self-efficacy

was negatively correlated with controlled motivation, and positively correlated with the

readiness to change index. Finally, self-efficacy also showed a negative correlation with

amotivation, which, in turn, was negatively correlated with the readiness to change index.

These results provide information to develop psychological intervention programs based

on grit personality and motivation, with the aim of increasing the number of participants

who engage in exercise.

Keywords: grit, self-efficacy, motivation, stages of change, exercise

INTRODUCTION

Most people acknowledge that maintaining a sedentary lifestyle may lead to negative consequences
on health and life quality in the long term, and that regularly engaging in physical activity
provides health benefits and prevents medical complications. Nevertheless, the World Health
Organization (WHO) has underscored that only few people are successful in overcoming sedentary
behaviors, resulting in the high levels of sedentary lifestyles seen around the world (World Health
Organization, 2018). In some cases, physical inactivity (i.e., insufficient physical activity level to
meet present physical activity recommendations; e.g., adults ≥18 years, not achieving 150min
of moderate-to-vigorous-intensity physical activity per week, World Health Organization, 2018),
and low activity adherence stem from psychological factors (Andia et al., 2014; Fernández-Ozcorta
et al., 2016). Grit personality is a construct that has gained relevance in the study of maintaining
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healthy behaviors (Duckworth et al., 2007; Reed et al., 2013).
This construct refers to the individual’s continuous effort and
interest to achieve a long-term goal in life. Grit personality
is defined as the perseverance and passion to reach goals
attainable after years of work. This leads to being able to work
determinedly toward challenges, maintaining the same effort and
interest throughout the years despite the setbacks along the way
(Duckworth et al., 2007).

The grit personality has been associated with self-efficacy. Self-
efficacy is defined as the belief that people have about their own
ability to organize and execute the necessary courses of action
to attain specific achievements (Bandura, 1977), for example,
modifying a behavior or conduct with regard to a particular habit.
Self-efficacy theory suggests that control and personal action
are two crucial factors for the individual to develop self-efficacy
(Bandura, 1977). In other words, an individual seeking to work
on self-efficacy must first convince themselves that they are in
control of the situation and that their actions uphold an intention
and a motivation. In a recent study, Ciaccio (2019) explored
the relationships between grit and its dimensions (perseverance
of effort and consistency of interest), and self-efficacy toward
exercise in 366 university students. Results revealed that grit
and perseverance of effort were positively correlated with self-
efficacy toward exercise, whereas consistency of interest was not
correlated. This suggests that both constructs can work together
for the adoption and maintenance of healthy behaviors in people.

Motivation, on the other hand, is another variable that has
been widely employed to explain behaviors toward exercise.
According to Deci and Ryan (1985), motivation conveys the
energy (intensity) and direction (giving meaning to internal
and external stimuli) of behavior. In Self-Determination Theory
(SDT; Deci and Ryan, 1985; Ryan and Deci, 2017), motivation
is seen as a gradient that varies according to the level of
volition or self-determination of behaviors, where the most and
the least self-determined forms are intrinsic motivation and
amotivation, respectively. Between these two forms of motivation
is extrinsic motivation, which has different types of regulations
depending on their level of self-determination: integrated
regulation, identified regulation, introjected regulation and
external regulation. The most self-determined motivation is
intrinsic motivation, characterized by behaviors exercised for the
sole enjoyment or pleasure inherent to the activity. Integrated
regulation is characterized because the behavior is carried
out freely; the individual evaluates the behavior and acts in
accordance with their principles and needs. Identified regulation
refers to a conscious assessment of an objective or behavior; this
is related to aspects that are relevant to the individual: “I must
exercise because it is important to me.” Introjected regulation
is related to expectations of self-approval, ego enhancement
and pride. External regulation refers to an external demand,
expecting some reward or avoiding some punishment; this is the
lowest self-determination level for extrinsic motivation. Lastly,
amotivation is the mere absence of all the aforementioned
(Deci and Ryan, 2000).

SDT indicates that these regulations can be grouped in a
broader sense to form autonomous motivation vs. controlled
motivation. Autonomous motivation stems from an internal

feeling where the person shows the need to explore the
environment, and the curiosity and the pleasure experienced
from carrying out an activity for the mere sake of doing it.
On the other hand, controlled motivation is conditioned by
an external factor or feeling (Deci and Ryan, 2000). Studies
have examined the relationship between self-efficacy and the
different types of motivation toward physical activity and sports;
these studies have revealed positive and significant correlations
between self-efficacy and autonomous motivation and controlled
motivation (Nicholls et al., 2015; Sari, 2015; Neace et al., 2020),
and negative correlations between self-efficacy and amotivation
(Nicholls et al., 2015).

According to Roberts (2009), when individuals are gritty, their
motivation increases, and this helps them to reduce obstacles
or even overcome them. Previous studies have examined the
relationship between grit personality and motivation and found
a positive relationship between intrinsic motivation and gritty
individuals (Muenks et al., 2018; e.g., Lozano-Jiménez et al.,
2021). For a review in the sport domain see Cormier et al. (2021).

The transtheoretical model (Prochaska andDiClemente, 1982;
Prochaska and Marcus, 1994) is another theoretical framework
that has been widely used to study how people shift into and
maintain healthy behaviors such as physical exercise. In this
model, actions are reflected so that people can modify their
behavior when facing problematic behaviors that affect their life
quality. This model outlines the different stages for behavioral
change in people. These stages are time dimensions that indicate
at which stage people who want to modify an undesirable
behavior are. Thismodel comprises five stages of change: The first
stage is pre-contemplation: an absence of behavior and the non-
existent intention of making a change toward any potential issue.
The second stage is contemplation: the person intends to make a
change within the next 6 months. Then, during the preparation
stage, the person intends to change in the near future. The next
stage is action; at this stage, the subject makes the most visible
changes to modify their behavior. Finally, the maintenance stage
is a state in which the person is able to maintain their modified
behavior (Prochaska and Marcus, 1994).

In order to determine the degree of readiness to start a
behavioral shift, some authors have proposed the readiness to
change index. The readiness to change index has been used as
an important variable in predicting the long-term success of
weight management (Dixon et al., 2009). Readiness to change
refers to the degree to which an individual is motivated to change
problematic behaviors and implies willingness or behavioral
readiness to initiate a behavioral shift (Dunn et al., 2003). For
example, people going to gyms may seem ready to start an active
lifestyle, but they might not have actually embraced the effort
and discipline that this activity requires. Some of these people
may have been compelled by family or friends to exercise, but
they are not ready to change their habits yet. The readiness
to change index is calculated by subtracting pre-contemplation
from the sum of the contemplation, action, and maintenance
scores (Ghannadiasl et al., 2014). Several studies have examined
the relationships among the types of motivation and how these
relate to the stages of change toward exercise. These studies
have found positive correlations with motivations (autonomous
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FIGURE 1 | Hypothesized structural equation model of the relationship between grit personality, self-efficacy, motivation (autonomous, controlled, and amotivation)

and readiness to change index.

and controlled), and negative correlations with amotivation. It
is also noteworthy that less self-determined regulations (external
and introjected) and amotivation prevail during the pre-
contemplation and contemplation stages, but decrease during the
action and maintenance stages. On the other hand, the more
self-determined regulations (identified, integrated and intrinsic)
prevail during the action and maintenance stages, and have less
dominance during the pre-contemplation and contemplation
stages (Matsumoto and Takenaka, 2004; Zamarripa et al., 2018).

Other studies (e.g., Reed et al., 2013) have examined the
relationship between grit and the stages of change of the
transtheoretical model (TM) indicating that higher scores on
Grit were associated with higher TM stage levels for moderate
and high-intensity exercise, whereas grit was not associated
with low-intensity TM stage. Previous studies examining the
relationship between self-efficacy and stages of change showed
that self-efficacy ratings increased with each progressive stage of
change, supporting previous studies that showed that adherence
to exercise was better maintained in participants with high self-
efficacy (Simonavice and Wiggins, 2008).

In Hermosillo, Sonora, 49.7% of the population aged 20 or
older suffers from obesity, whereas 35.8% of the population
does not engage in physical activity due to a lack of motivation
(Ensanut, 2016). It is necessary that physical education teachers,
coaches, directors and health-promoting government agencies
achieve a deep understanding that motivation is a fundamental
tool that should be used in physical activity programs so
that more people adhere to this practice (Standage et al.,
2005). The results will provide information on how to develop
intervention programs for adherence to physical exercise focused
on developing and strengthening grit personality and self-
efficacy. These programs will help to develop a higher quality
motivation so that people have a greater predisposition to shift

from sedentary behaviors into a more active and healthier
lifestyle. Similarly, benefits in terms of physical, mental, social
and economic health can also be obtained.

Based on the previous studies and the relationship between
the different variables, the aim of this study was to examine the
relationship between grit personality, self-efficacy, autonomous
motivation, controlledmotivation, amotivation and the readiness
to change index toward exercise in the adult population.
In addition, the following hypotheses were established (see
Figure 1). H1: Grit personality is expected to be positively
correlated with self-efficacy, and this in turn to be positively
correlated with autonomous motivation and with the readiness
to change index toward exercise. H2: Grit personality is expected
to be positively correlated with self-efficacy, and this in turn to
be positively correlated with controlled motivation, and with the
readiness to change index toward exercise. H3: Grit personality
is expected to be positively correlated with self-efficacy, and this
in turn to be negatively correlated with amotivation and, in the
same way, with the readiness to change index toward exercise.

MATERIALS AND METHODS

Type of Study
This study is an empirical research of associative strategy with
an explanatory, cross-sectional purpose with latent variables (Ato
et al., 2013).

Population and Sample Size
Sampling was non-probabilistic for convenience. The total
sample consisted of 391 adults aged between 18 and 64 years
old (M = 31.16; SD = 12.45) from Hermosillo, Sonora Mexico,
of which 47.8% were men and 52.2% women, complying
with the minimum sample size recommended (Catena et al.,
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2003; Stevens, 2009; Hair et al., 2014). The inclusion criterion
considered the ages ranging from 18 to 64 years, as this range
is the one used to refer to the adult population (World Health
Organization, 2018). Similarly, residents of Hermosillo, Sonora
were chosen because of the high percentage of obesity among the
adult population of this city (Ensanut, 2016).

Procedures
The different questionnaires of the variables to be studied were
combined in an instrument created using Google Forms. The
participants were advised of the purpose of the study and that
their data would remain confidential. Once the instrument was
prepared, a pilot study was conducted (n = 30; 14 men, 16
women) on subjects aged between 19 and 49 years old (M
= 25.57, SD = 7.17) to monitor possible errors and doubts.
Adjustments were made taking into account the feedback from
the examinees and the experts. Finally, the revised Google Forms
instrument was applied in different areas of Hermosillo, Sonora.

The study was conducted according to the guidelines of
the Declaration of Helsinki, and ethical review and approval
were waived for this study because at the time the research
was conducted it was not necessary to request approval
from the Ethics Committee of the University of Sonora
(Mexico). Participants provided their written informed consent
to participate in this study and none refused to participate.

Measurements
Grit personality was assessed using the Mexican Spanish version
by Marentes-Castillo et al. (2019) of the Grit Personality Scale
by Duckworth et al. (2007). This scale consists of 12 items split
into six items measuring consistency of interest (e.g., “I often
set a goal but later choose to pursue a different one”), and six
items measuring persistence of effort (e.g., “I have achieved a
goal that took years of work”). The questionnaire begins with
the heading “On a scale from 1 to 5, how much do you relate
to the following descriptions. . . .” Answers are given on a Likert
scale ranging from 1 (not at all) to 5 (very much). The scale
has shown acceptable reliability and validity (Duckworth et al.,
2007; Marentes-Castillo et al., 2019). In this study we used a grit
composite measure instead of analyzing consistency of interest
and persistence of effort separately, that is, the grit latent variable
was created by calculating the mean of all the items that made
up the two subscales. Confirmatory factor analysis (CFA) results
revealed satisfactory goodness-of-fit indices: χ2

= 140.60; df =
53; NNFI= 0.96; CFI= 0.97; RMSEA= 0.06.

Self-efficacy was evaluated using the Mexican version
(Delgado et al., 2017) of the Exercise Self-Efficacy Questionnaire
(Marcus et al., 1992). This scale consists of five items preceded
by a brief explanation: “Physical activity or exercise includes
activities such as: brisk walking, jogging, cycling, swimming,
or any other activity in which the effort is at least as intense
as in these activities. Please select the number that indicates
how confident you are of being physically active in each of the
following situations. . . ”; an item example is “When I’m tired.”
Answers are given on a Likert scale ranging from 1 (not confident
at all) to 5 (extremely confident). This questionnaire has shown
adequate validity and reliability (Delgado et al., 2017). The latent

variable was created by calculating the mean of all the items that
made up the scale. CFA results revealed satisfactory goodness-
of-fit indices: χ2

= 7.76; df = 4; NNFI = 0.99; CFI = 0.95;
RMSEA= 0.04.

Motivation was measured using the Mexican version
(Marentes-Castillo et al., 2019) of the Treatment Self-Regulation
Questionnaire (Williams et al., 1996). This instrument consists of
15 items divided into three dimensions: autonomous motivation
(6 items, e.g., “Because I feel that I want to take responsibility for
my own health”), controlled motivation (6 items, e.g., “Because
I would feel guilty or ashamed of myself if I did not exercise
regularly”), and amotivation (3 items, e.g., “I really do not think
about it”). The questionnaire is introduced by the heading:
“The following sentence relates to the reasons why you would
start exercising regularly or continue to do so. People do this
for different reasons, and we want to know how much do you
relate to each of the given reasons. The 15 reasons shown refer
to the sentence inside the quotation marks. On a scale from
1 to 7, indicate how much do you relate to each reason: “The
reason why I would exercise regularly is. . . .” Responses are
given on a Likert scale ranging from 1 (not at all) to 7 (very
much). The questionnaire has shown acceptable validity and
reliability (Marentes-Castillo et al., 2019). The latent variables
were created by calculating the mean of all the items that made
up the different dimensions. CFA results revealed satisfactory
goodness-of-fit indices: χ2

= 356.41; df = 87; NNFI = 0.95;
CFI= 0.96; RMSEA= 0.08.

The stages of change were measured using a Mexican version
(Zamarripa et al., 2021) of the Stages of Change Scale for Exercise
by Reed (1995), which consists of 24 items divided into six
dimensions: pre-contemplation non-believer (4 items, e.g., “As
far as I am concerned, I do not need to exercise regularly”), pre-
contemplation believer (4 items, e.g., “I do not have the time or
energy to exercise regularly right now”), contemplation (4 items,
e.g., “I have been thinking that I might want to start exercising
regularly”), preparation (4 items, e.g., “I have set up a day and
a time to start exercising regularly within the next few weeks”),
action (4 items, e.g., “I am finally exercising regularly”), and
maintenance (4 items, e.g., “I have been exercising regularly for
a long time and plan to continue doing so”). The instrument
is presented by the heading: “Regular exercise is any planned
physical activity (e.g., brisk walking, sports, aerobics, jogging,
biking, swimming, rowing, etc.) with the purpose of improving
fitness. This activity should be done 3 to 5 times a week for at
least 20 to 60min per session. Exercise does not need to be painful
to be effective but must be done at a pace that increases your
breathing rate and causes sweating. On a scale from 1 to 5, tell
us how much do you agree with the following statements. . . .”
Answers are given on a Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). The instrument has shown good
reliability and validity (e.g., Lerdal et al., 2008). The readiness
to change index is calculated by subtracting pre-contemplation
from the sum of the contemplation, action, and maintenance
scores. The higher the index score the higher the readiness to
change and the lower the index score the lower the readiness to
change. CFA results revealed satisfactory goodness-of-fit indices:
χ2

= 603.34; df = 237; NNFI= 0.98; CFI= 0.98; RMSEA= 0.06.
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Data Analysis
Data normality tests, and descriptive and scale reliability
analyses were performed using the statistical program
SPSS Statistics V.24.0. The internal consistency of
each instrument was evaluated using Cronbach’s alpha.
Confirmatory Factor Analyses (CFA) were performed for
each instrument; in addition, the measurement model
was tested. Finally, the hypothesized structural equation
model (Figure 1) was examined, using latent variables.
Polychoric correlation matrices and asymptotic covariances
were used as input for the analyses, using the Maximum
Likelihood estimation method and the LISREL 8.80 software
(Jöreskog and Sörbom, 2006). Fitness indices examined
were: The Non-Normed Fit Index (NNFI), the Comparative
Fit Index (CFI), and the Root Mean Square Error of

TABLE 1 | Descriptive statistics, and internal consistency, of the study variables.

Variable Range Mean SD Skewness Kurtosis Alpha

Grit personality 1–5 3.34 0.71 −0.71 −0.10 0.82

Self-efficacy 1–5 3.11 0.95 −0.26 −0.62 0.75

Autonomous

motivation

1–7 6.05 1.14 −1.78 3.58 0.89

Controlled motivation 1–7 2.96 1.24 0.47 −0.30 0.73

Amotivation 1–7 2.52 1.40 0.89 0.24 0.51

Precontemplation

non-believer

1–5 1.96 0.88 0.84 0.40 0.53

Precontemplation

believer

1–5 2.62 1.27 0.28 −1.04 0.87

Contemplation 1–5 4.02 0.93 −1.03 0.74 0.76

Preparation 1–5 2.82 1.21 0.21 −1.00 0.80

Action 1–5 3.34 1.33 −0.43 −1.07 0.92

Maintenance 1–5 3.28 1.31 −0.28 −1.09 0.89

Readiness to change

index

−5.25–13 6.06 4.10 −0.31 −0.63 –

Approximation (RMSEA). NNFI and CFI values above
0.90 indicate an acceptable data fit (Hu and Bentler, 1995),
whereas RMSEA values below 0.08 are considered optimal
(Cole and Maxwell, 1985).

RESULTS

Descriptive Statistics, Reliability, and
Bivariate Correlations
Table 1 shows descriptive statistics (range, means, standard
deviations, skewness, kurtosis, and Cronbach’s alphas),
Participants’ responses showed that values for the grit
personality, self-efficacy, and autonomous motivation were
above the mean value of the questionnaire, while controlled
motivation and amotivation were under the mean value. In
relation to the stages of change, participants’ reported values
in pre-contemplation, and preparation stages were below the
mean value of the questionnaire, whereas contemplation, action
and maintenance stages were above this value. The descriptive
results of the scales revealed values between 2 and −2 for
skewness and kurtosis, indicating a normal distribution of
data (Muthén and Kaplan, 1985, 1992; Bandalos and Finney,
2010).The internal consistency analyses for the instruments
revealed acceptable Cronbach’s alpha values above 0.70, with the
exception of the amotivation subscale and the pre-contemplation
non-believers stage subscale. Nevertheless, as they are composed
of a small number of items and have no diagnostic purpose, these
scales are still considered acceptable (Nunnally and Bernstein,
1967; Schmitt, 1996; Graham, 2006; Dall’Oglio et al., 2010)
(see Table 1).

Finally, most of the variables were significantly correlated
and in line with expectations (see Table 2). The self-efficacy
and controlled motivation variables were not related to each
other, as expected. The relationships between grit, self-efficacy
and autonomous motivation, and the readiness to change index
toward exercise were high and positive.

TABLE 2 | Correlations between study variables.

Variable 1 2 3 4 5 6 7 8 9 10 11

1. Grit personality –

2. Self-efficacy 0.49** –

3. Autonomous motivation 0.38** 0.31** –

4. Controlled motivation −0.28** −0.02 −0.14** –

5. Amotivation −0.30** −0.26** −0.50** 0.42** –

6. Pre-contemplation non-believer −0.29** −0.18** −0.40** 0.15** 0.30** –

7. Precontemplation believer −0.32** −0.34** −0.31** 0.16** 0.31** 0.41** –

8. Contemplation 0.01 0.03 0.25** 0.04 −0.14** −0.14** 0.02 –

9. Preparation 0.12* 0.19** 0.14** 0.09 −0.01 −0.11* −0.27** 0.36** –

10. Action 0.36** 0.47** 0.35** −0.07 −0.28** −0.27** −0.61** 0.15** 0.48** –

11. Maintenance 0.41** 0.46** 0.35** −0.14** −0.28** −0.29** −0.63** 0.08 0.47** 0.84** –

12. Readiness to change index 0.41** 0.45** 0.46** −0.14** −0.37** −0.56** −0.79** 0.32** 0.49** 0.88** 0.87**

*p < 0.05, **p < 0.01.
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FIGURE 2 | Standardized solution of the hypothesized structural model of the relationship between grit personality, self-efficacy, motivation, and readiness to change

index. All regression coefficients were significant (p < 0.05). This figure does not include observed variables for clarity of presentation.

Measurement Model
Following the two-step approach suggested by Anderson and
Gerbing (1988), a measurement model was examined prior
to performing the structural equation model to determine
whether the indicators (i.e., the latent variables items) correlate
with their factors satisfactorily. The items previously discussed
in the CFA sections of the instruments serve as indicators
for all latent variables as appropriate. The goodness-of-fit
indices of the measurement model were satisfactory (χ2

=

1,431.62, p < 0.001, df = 454, NNFI = 0.93, CFI = 0.94,
RMSEA= 0.07).

Structural Equations Modeling
The hypothesized model was tested (Figure 1) as the second
step of the Anderson and Gerbing approach (1988). The
goodness-of-fit indices of the structural equations model
were satisfactory (χ2

= 1,742.86, p < 0.001, df = 489,
NNFI = 0.92, CFI = 0.92, RMSEA = 0.08). The structural
equations model (see Figure 2) showed that grit personality
was positively correlated with self-efficacy, whereas self-
efficacy had positive correlations with autonomous motivation
and with the readiness to change index. On the other
hand, self-efficacy was negatively correlated with controlled
motivation, which was positively correlated with the readiness
to change index. Finally, self-efficacy was negatively correlated
with amotivation, and this in turn with the readiness to
change index.

In addition, the model revealed indirect effects of grit
personality on autonomous motivation (β = 0.36), controlled
motivation (β = −0.21) and amotivation (β = −0.47)
through self-efficacy.

DISCUSSION

This study aimed to test a structural equation model in which the
relationships among grit personality, self-efficacy, different types
of motivation, and the readiness to change index toward exercise
were examined in a sample of adult population. Overall, the
results provided support for the hypothesized model confirming
most of the proposed relationships. Results are discussed
according to the established hypotheses.

Hypothesis number one was confirmed as grit personality
was positively correlated with self-efficacy, which in turn was
positively correlated with autonomous motivation and with the
readiness to change index toward exercise. These results are in
line with findings by other authors such as Ciaccio (2019), who
found positive relationships between grit personality and self-
efficacy. Similarly, other studies confirm positive relationships
between self-efficacy and autonomous motivation, asserting the
idea that the more efficacy individuals see in themselves, the
higher level of motivation they will have to achieve their goals
(Sari, 2015; Neace et al., 2020). Regarding the types of motivation
(autonomous, controlled, and amotivation) and the readiness
to change index, the results of the study by Matsumoto and
Takenaka (2004) presented similarities with those presented here,
since positive relationships were found between autonomous
motivation and the readiness for change index. The results of
Zamarripa et al. (2018) shared similarities as well by showing that
people who were at the maintenance stage presented higher levels
of autonomous motivation.

Further results revealed a negative relationship between
self-efficacy and controlled motivation, and because a positive
correlation between self-efficacy and controlled motivation was
expected, hypothesis number two is rejected. However, some
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studies (Neace et al., 2020) have found a positive relationship
between self-efficacy and controlled motivation with a sample
of university students rather than the older age range sample
examined in this study. The results obtained may stem from
the fact that the higher the quality of a person’s motivation
(autonomous motivation), the greater their affinity for the active
stages, that is, for the action stage and the maintenance stage. On
the other hand, the lower the quality of motivation (controlled
motivation and amotivation), the more a person will relate to
inactive stages such as pre-contemplation and contemplation
(Zamarripa et al., 2018).

Hypothesis number three is deemed confirmed according to
the results of the structural equation model. Grit personality
was positively correlated with self-efficacy, which in turn
was negatively correlated with amotivation and, likewise, was
negatively correlated with the readiness to change index toward
exercise. The results of this research are in line with the results
obtained by Nicholls et al. (2015) using a sample of athletes as
opposed to the sample of this study composed of adults from
the general population. In addition, the study by Zamarripa
et al. (2018) found that amotivation is more predominant
at pre-contemplation stages. Our findings are consistent with
the assumptions proposed by self-determination theory and
with previous research (e.g., Daley and Duda, 2006) where it
was shown that higher self-determination appeared to be a
prerequisite for regular exercise practice and classification in
one of the higher stages of readiness to change for exercise,
and thus lower self-determination (amotivation) would be placed
in the lower levels of readiness to change. People who do
not have a clear motive for being physically active perceive
themselves as less prepared to make attempts to change their
sedentary behavior. Amotivation occurs when individuals are
not clear about their motives for performing a behavior, and
are unable to foresee the consequences of their behaviors,
have doubts about their actions and are likely to desist in the
future, this being the main characteristic of precontemplators,
people who do not act and have no intention of acting shortly
(Prochaska et al., 1992).

Limitations and New Lines of Research
This study faces some limitations as well, for example, its design
and type of study; since cross-sectional studies do not allow
to establish causal relationships, it would be convenient to
conduct a longitudinal or experimental study with the same
variables and a determined population. Another limitation is
the non-probabilistic convenience sampling method, so it is
suggested to carry out studies with stratified random sampling,
as well as with a larger sample, to ascertain the behavior of the
people of Hermosillo in regard to the examined variables with
greater accuracy.

CONCLUSION

Grit is a personality trait that has a positive effect on self-
efficacy; namely, it contributes positively to the belief that people

have about their own ability to perform physical exercise on
a regular basis. Perhaps due to the component of passion
and perseverance that characterizes grit and the perception
of competence provided by self-efficacy, this promotes higher-
quality motivational regulations (intrinsic, integrated, and
identified) and contributes to making people more willing to
embrace or to maintain a regular exercise behavior. In addition,
grit and self-efficacy limit the development of lower-quality
motivational regulations (introjected, external, and amotivation),
which were correlated with a lower disposition to change
sedentary behaviors.

Despite the numerous benefits of regular physical exercise,
only 42.1% of Mexican adults are physically active, with only
half of them (54.8%) meeting the current recommendations
for healthy physical activity (INEGI, 2020). Therefore, it
is imperative to design procedures based on psychological
theories, such as the ones used in this study, to effectively
promote the adoption and maintenance of active behaviors
and lifestyles by the nearly 60 million sedentary Mexicans.
Because developing a grit personality bolsters confidence
in one’s ability to exercise regularly, as well as higher-
quality motivation and a willingness to shift from sedentary
behaviors into a more active and healthier lifestyle, the results
of this study provide valuable information with regard to
these programs.
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Nowadays, getting advantageous offensive situations in high-level basketball is being

increasingly harder, so taking advantage of any situation in the game since the team has

the ball is essential to be competitive. Therefore, the goal to achieve in this study is to

evaluate using a mixed method strategy the behaviors happening in the application of

the technical–tactical means performed in the transition play of professional basketball

in Spain. An ad hoc observation tool made of 11 criteria and 83 exhaustive and

mutually exclusive categories (E/ME) has been designed and validated by means of data

quality and generalizability analyses. Indexes obtained show high reliability and validity

allowing the proposed actions to be recorded (correlation coefficients are above 0.95 and

generalizability coefficients are above 0.90 in all cases). A total number of 128 situations

corresponding to eight games of Unicaja de Málaga in the Endesa League in the 18/19

season were observed with the Hoisan software. The analysis of the relationships among

behaviors was performed using the polar coordinates technique where the one-on-one

initiation, outside the zone, has been used as focal behavior. The estimation of the

functions representing the vectors has also been performed to model the best fit that

estimates, starting from a focal category, the relationship among this focal behavior

and the rest of the mating behaviors for possible future observations. The results show

significant relationships between the selected focal behavior and the mating behaviors,

showing indications of behaviors allowing tactical interpretation of the game and the

definition of intervention programs to improve the performance of the team.

Keywords: mixed method, systematic observation, polar coordinates, basketball, prediction

INTRODUCTION

Basketball is a team sport, where interactions occur with both teammates and opponents.
Therefore, although it is a sport that has been studied from many different disciplines such as
biomechanics (Morales-Toapanta et al., 2018), psychology (Rodríguez-López and Sáez-Rodríguez,
2009), or physiology (Calleja et al., 2008), it must also be analyzed from a perspective where motor
interaction is taken into account (Hernández-Mendo et al., 2000) because the player and his/her
technical–tactical reading are the protagonists.
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Nowadays, basketball is more physical, technical, tactical, and
studied by coaches than before, and it is increasingly harder to
get offensive advantages that allow to score points, so we try to
take advantage of any situations in the attack phase from the first
moment when the team has the ball. Most authors (De Torres and
Arjonilla, 1999; Carballo and Dopico, 2005; Bazanov et al., 2006)
differentiate three ways of attacking: counterattack, transition,
and positional attack.

Generally called as transition play, the second wave of
counterattack or as defined by the National School of Coaches
(2010) play on, it involves those intermediate movements
that a team performs after a direct counterattack is not
completed, keeping the control of the ball. It arranges the
players in the appropriate position on the field to initiate some
movements, previously established by the coach, and without
stopping the ball, with the aim of surprising and creating
an offensive advantage. Individual and/or collective technical-
tactical effectiveness makes that going along with the defense,
carrying out the defensive balance, becomes as transcendental in
high competition sport (Lozano, 2014).

Transitions are one of the least studied tactical aspects in
basketball as they only represent approximately from 7 to 12%
of all possessions in a game (Cruz and Tavares, 1998; Fernandes
and Tavares, 2004). These play situations require the athlete to
take decisions quickly, processing intuitively, automatically, and
unconsciously the information coming from the environment
(Kahneman, 2011). As they are unpredictable situations, it makes
them difficult to defend, so improving this facet of the game using
incidental strategies by manipulating contextual variables could
make teams be more competitive (Camacho-Lazarraga, 2016).

One of the most recurrent offensive tactical means is the
direct block (Nunes et al., 2016; Romarís-Durán, 2016), defined
as the collective action of the two-on-two (2×2) play, where the
attacker without the ball performs a block (hinders an opponent
by placing himself/herself in his path) helping to his/her mate
who is having the ball (Cárdenas, 2010; Muñoz-Arroyave et al.,
2015; Nunes et al., 2016). It is so important that it is the most used
action to end attack situations in ACB League (Romarís Durán
et al., 2013). On the other hand, the one-on-one (1×1) is present
in 58% of attacks finished outside the zone and 23% of attacks
finished inside the zone (Lehto et al., 2010). Therefore, its study
added to other tactical means is extremely interesting for coaches
who aim to optimize their team play (Nunes et al., 2016).

Nowadays, using Observational Methodology (OM) in high-
performance sport links in an optimal way the relationship
between science and its practical application because it is
applied on its natural context, being focused on the spontaneous
and habitual behavior of the observed participants (Anguera,
1990; Anguera and Hernández-Mendo, 2013; Sánchez-Algarra
and Anguera, 2013), such as competition. In addition to the
possibility of developing an ad hoc observation instrument
(Sarmento et al., 2010) adapted to the reality of a given context, it
allows a detailed analysis of the behaviors involved in the tactical
development of the game.

OM has been successfully applied in basketball (Hernández-
Mendo et al., 2000; Romarís Durán et al., 2013; Muñoz-Arroyave
et al., 2015), highlighting the impact of using polar coordinate

analysis as a specific technique for studying the relationships
established among the behaviors happened (Nunes et al., 2016).
It is a technique that has also shown useful for other collective
sports studies as taken for soccer (Echeazarra-Escudero et al.,
2015; Castañer et al., 2016, 2017; Maneiro and Amatria, 2018;
Maneiro et al., 2019), handball (Sousa et al., 2015; Morillo-Baro
et al., 2017; Jiménez-Salas et al., 2020a,b; Quiñones et al., 2020),
or beach handball (Morillo-Baro et al., 2015; Vázquez-Diz et al.,
2019a,b).

The polar coordinate technique uses a sequential prospective
and retrospective lag analysis of recorded behaviors (Sackett,
1980; Anguera, 1997; Anguera et al., 1997). It allows a great
reduction in the amount of the analyzed data as well as in
the graphical representation of the relationships established
between focal and conditioned categories in a system of vectors
(Hernández-Mendo and Anguera, 1999). The contrast statistic of
this analysis is the Zsum (Zsum=Σz/

√
n, where n is the number

of lags) (Cochran, 1954). The distribution of this Zsum parameter
has a x = 0 and an Sx = 1. The relationships among behaviors
and their vector representation are obtained from those values.
A value is considered statistically significant when the module of
the vector is equal to or greater than 1.96. This value is obtained
by the square root of the addition of the square of the Zsum of X
(prospective) and the square of the Zsum of Y (retrospective):

Module =
√

ZsumP2 + ZsumR2 (1)

The angle of the vector (φ = Arc sine of Y/Radius) will determine
the excitatory or inhibitory nature of the relationship (Castellano
and Hernández-Mendo, 2003).

Considering that background, the aim of this study is
to evaluate using polar coordinates analysis the behaviors
happening in the application of the individual technical–
tactical means one-on-one in the transition play of professional
basketball teams in Spain. And subsequently, make predictions
using different statistical modeling techniques in order to
estimate the best model explaining the relationship between focal
behaviors and mating behaviors.

MATERIALS AND METHODS

The design of this study was placed in the fourth quadrant
(Anguera et al., 2011); defined as follow-up, nomothetic,
and multidimensional.

TABLE 1 | Dates, results, and games played by Unicaja Baloncesto.

Date Party Result

28/09/18 Unicaja—Valencia 86–73

16/12/18 Unicaja—Barcelona 78–73

23/12/18 Unicaja—Baskonia 64–81

27/1/19 Barcelona—Unicaja 94–83

7/4/19 Unicaja—Juventut 88–63

24/4/19 Valencia—Unicaja 96–57

3/2/19 Unicaja—Real Madrid 103–102

9/2/19 Unicaja—Manresa 99–97
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TABLE 2 | Observation instrument for the tactical evaluation of transition play.

Criteria Categories Description Criteria Categories Description

Fourth 1C First Player Creates BV Point guard

2C Second Advantage EV Shooting guard

3C Third AV Small forward

4C Fourth APV Power forward

5C Extension PV Center

Zone TLD Collaborators BC Point guard

TC EC Shooting guard

TLI AC Small forward

PC APC Power forward

FZI PC Center

FZD NC Nobody collaborates

DZI EIC Exterior blocks interior

DZD IEC Indoor blocks outdoor

EEC Exterior blocks exterior

IIC Interior blocks interior

Location L Local Defensive FPP Big Flash, Small chase

V Visitor Action PPA G Push, P Back.

N Neutral APP G Back, P Pursue.

Marker GM7 Winning + 7 APD G at the back, P at the back.

GU7 Winning 7 or – APML G back, P sends side

PM7 Losing + 7 CW Defensive change

PU7 Losing 7 or – UXU One by one

E Tie ETD Defensive tactical error

Defensive Balance AJ Adjusted NXT Def. Next

DJ Misaligned OAD Other Acc. defensive

1st Medium PR Pick and Roll Continuation JLV Cont. free play advantage

Tactical PP Pick and Pop of the Play JLN Cont. J. Free No advantage

Collective UxE 1x1 Outdoor JT Cont. tactical play

UxI 1x1 Interior PP Loss pass

BIE Indirect External Blocking PB Lost boat

BII Indirect Blocking to Interior PR Loss reception

PAT Back door TS Solo shooting

FBD False side BD. TO Opposition shooting

OMT Another Media Tac. Col. PV Advantageous pass

PS Pass PNV Non-Advantageous pass

MM Hand in hand FA Foul on attack

FD Foul in defense

OC Other continuations

Final AT2 Hit Shot 2

ET2 Error Shot 2

AT3 T3 Hit

ET3 Error Shot 3

MP Maintains possession

CP Change of possession

FAC Missing attack cont.

FDC Lack of defense cont.

OF Other finals
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Participants
Unicaja De Málaga team from the Spanish ACB Endesa League
has been chosen for this study, a total of eight matches have
been observed where a total of 128 analysis situations have been
obtained in the 2018/2019 season. The number of games has been
estimated through a generalizability analysis.

As UNICAJA ends the 18/19 season in Play Off place, it
has been decided to make the analysis using regular season
matches against opponents that have ended that season in Play
Off qualifying places, so they would have a similar level (Table 1).

The observations have been taken from official competitions
and belonging to publicly available videos and so, in accordance
with the Belmont Report (1) and the competition rules (2), as the
videos analyzed for this study are in a public domain, it is not
necessary to obtain an informed consent from the participants.
The Belmont Report describes the basic ethical principles and
guidelines regarding ethical issues in human research. According
to those guidelines, images of public behaviors can be used for
researching without the informed consent of the athletes. In
addition, neither a review by a research ethics committee nor
a written informed consent is required in this study because
of the following reasons: (a) it involves observation of people
in public places (stadium); (b) the individuals or groups being
observed have no reasonable expectation of privacy; (c) it does
not involve any staged intervention by the researcher or direct
interaction with individuals (https://student.societyforscience.
org/human-participants).

Instruments
Hoisan software (Hernández-Mendo et al., 2012a, 2014) was
used in this study in order to code and record the behaviors,
perform the data quality analysis and the polar coordinates
analysis. The optimization of the polar coordinates analysis
graphical representation has been performed with the R program
(Rodríguez-Medina et al., 2019). Generalizability analysis has
been done by the Software for Generalizability Theory analysis
(SAGT) program (Hernández-Mendo et al., 2012b, 2016).

Previously, an ad hoc observational instrument has been
developed to code the behaviors occurring in offensive transition
situations. Table 2 shows the criteria and categories of the
multidimensional design created.

The observational instrument passed the data quality tests
required by observational methodology. Table 3 shows Kendall’s,
Pearson’s, and Spearman’s Tau b correlation coefficients results,
reaching minimum indexes of 0.952 and Cohen’s Kappa index
shows a minimum value of 0.962.

The generalizability theory (Cronbach et al., 1972; Cardinet
et al., 1976, 1981) allows to control the adequate quality of
the data coming from the Observational Methodology, setting
an accurate estimation of the different sample sizes (Blanco-
Villaseñor et al., 2014).

In the interobserver reliability estimation, a two-facet
crossover design, categories and observers (C/O), has been used.
The results obtained by the SAGT program show that the
variability is almost entirely associated with the (categories)
facet (98.57%), being 0 in the (observers) facet and 1.42% in
the (categories/observers) interaction facets. The generalizability

TABLE 3 | Values of Kendall’s, Pearson’s, and Spearman’s Tau b correlation

coefficients.

Whole session coefficient Intra

(Obs. 1 vs.

Obs. 1 bis)

Concordance Inter

(Obs. 1 vs. Obs. 2)

Correlation coefficients and concordance index

Kendall’s Tau b 0.986 0.977

Pearson 0.991 0.993

Spearman 0.994 0.952

Cohen’s Kappa 0.981 0.962

TABLE 4 | Evolution of the generalization coefficient as a function of the number

of matches to be observed.

Matches 2 4 6 8

Categories 83 83 83 83

Relative G Coefficient 0.738 0.849 0.894 0.918

Absolute G Coefficient 0.737 0.849 0.894 0.918

coefficients estimated in this design structure are 0.99, for
both the relative G coefficient (reliability) and the absolute G
(generalizability) coefficient, which is considered as excellent
results. A similar design has been performed for the intraobserver
reliability calculation, and the results indicate that the variability
is associated with the (categories) facet in 99.15%, being 0 in
the (observers) facet and 0.84% in the (categories)/(observers)
interaction facets. The results obtained are optimal because the
two coefficients of generalizability, relative G and absolute G, are
at 0.99.

A two-facet observer–category (O/C) crossover design has
been used to calculate the fit and homogeneity of the categories
in the sense of differentiators. The generalization coefficients
in this measurement design are 0 (0.00). The 98.57% of
variance is applied to the (categories) facet, being 1.42% in the
(observers/categories) interaction and 0 in the (observers) facet.
As soon as the generalization coefficients approach to 0, the fit
and homogeneity of the categories, in the sense of differentiators,
can be considered as optimal (Blanco-Villaseñor et al., 2014).

Categories andmatches (C/P) have been chosen for estimating
the minimum number of sessions needed to generalize accurately
the two-facet design. The evaluation of the variance components
has been performed in an infinite randomized manner for
categories and matches. The measurement study result is shown
in Table 4. The researchers are entrusted with the decision to
assess the cost/benefit of observing a larger number of matches
because an aprioristic study was agreed. So, it was decided to
carry out eight observations, which is the point where the G
indices exceed 0.90.

A new software called1 “Function Estimation” has been
used in this work. This program is a software tool running

1This program can be downloaded from the MenPas Psychosocial Assessment

Platform (www.menpas.com) from the Work Area II in Decision Making (http://

150.214.108.138/menpas/Eval_Individual/Descarga%20E%20Funciones.aspx). All

programs are free of charge, platform registration is just needed.
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on Windows operating system and developed under the .NET
platform whose main objective is the estimation of the function
that best fits a point cloud using different regression and
interpolation techniques, as well as plotting them and calculating
the absolute and relative errors made.

This application implements linear and nonlinear regression
models in the analysis of functions applied in psychology,
especially applied to sports. Its versatility allows using it
in any other field of knowledge where the analysis and
comparison of two-dimensional functions are necessary,
which makes this program a very interesting tool for
any problem where you want to model and simulate the
behavior of a variable where a set of points are known
(Figure 1).

This software [called (see Footnote 1) “Function Estimation”]
allows estimating the function that models a cloud of
points. It also has methods that allow the user to choose
between generating linear and nonlinear regression models.
To achieve greater accuracy, it provides the possibility
of generating polynomial interpolation functions, with a
minimum margin of error and exact to the specified cloud

of points by the Newton’s divided differences method.
The implemented approximation methods offered by the

tool are:

• Linear regression model:

◦ Method of least squares

• Nonlinear regression models:

◦ Logarithmic regression
◦ Exponential regression
◦ Polynomial interpolation (divided difference method)

In addition to the different cloud of points approximation

function calculations and plotting, the application allows saving

and loading both the cloud of points and the generated functions,

in a file on the local machine as well as on the MenPas platform

account (www.menpas.com) (González-Ruiz et al., 2010, 2015,

2018; Pastrana et al., 2019; Reigal et al., 2020) associated to logged

in user.
It also allows the export of graph as a Joint Photographic

Experts Group (JPEG) format image as well as the analysis

FIGURE 1 | Main application screen.

Frontiers in Sports and Active Living | www.frontiersin.org 5 September 2021 | Volume 3 | Article 739308159

http://www.menpas.com
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles


Pastrana-Brincones et al. Mixed Methods Polar Coordinates Prediction

FIGURE 2 | Function analysis.

of the functions generated, obtaining the absolute and relative
errors made by each function with respect to the cloud of
points (Figure 2).

Procedures
Once the tool has been validated and the reliability of the
observers has been estimated by means of the data quality and
generalizability analyses, the observations of the eight matches
are coded and the polar coordinate analyses have been carried
out using the Hoisan program (Hernández-Mendo et al., 2012a).

First, a sequential analysis of all the observations has
been made with the selected focal behavior being performed,
obtaining the Z results with a delay range between −5 and 5.
Taking those values, calculations were made to determine the
Zsum parameters (prospective and retrospective), the quadrant
assignment, the module, the angle, and the transformed angle
(TA) for the rest of the categories (Castellano and Hernández-
Mendo, 2003). Each quadrant characterization is as follows
(Castellano and Hernández-Mendo, 2003):

Quadrant I [+,+]: Criterion behavior is excited with
respect to mating behavior in the retrospective and
prospective perspective.
Quadrant II [–,+]: The criterion behavior has a
relationship with respect to the mating behavior of
excitation in retrospective perspective and inhibition in
prospective perspective.
Quadrant III [–,–]: The criterion behavior has a relationship
with respect to inhibition mating in the retrospective and
prospective perspective.
Quadrant IV [+,–]: The criterion behavior has a relationship
with the mating behavior of excitation in prospective
perspective and inhibition in retrospective perspective.

The behavior selected as focal (given) has been the one-on-one
outside the zone play initiation (UxE).

Finally, an estimation of functions was carried out. The

objective of regression analysis is to determine a simple

mathematical function describing the behavior of a variable given

the values of one or more other variables. In simple regression

analysis, the aim is to study and explain the behavior of a
variable, called as dependent variable or variable of interest,
noted as y, from another variable, called as explanatory variable,
predictor variable or independent variable, noted as x. This
function should validate the observed values and work as a
predictive model for unobserved values. The function estimation
software developed allows the use of the following approximation
techniques or methods:

• Linear regression. The generated function to model the
observations is a line. Using the least squares method, the
coefficients a and b of the equation of the line are determined:
y = a + bx, which best fits the n pairs (xi, yi) observed.

• Polynomial regression. It is based on linear regression but
manages to add curvature to the model by introducing new
predictors obtained by raising all or some of the original
predictors to different powers.

• Exponential regression. In certain occasions, the dependence
between the variables X and Y is exponential, in which case it
is of interest to fit to the cloud of points a function of type
y = ebx and by means of a linear transformation, taking
neperian logarithms, the problem is converted into a question
of linear regression: Ln

(

y
)

= bx + LN(a).
• Logarithmic regression. The function that is generated is a

logarithmic curve = Ln(x) + b , which can be analyzed
as a straight line, but instead of being referenced to
the original variables X and Y, it is referenced to Ln(x)
and Y.

• Polynomial interpolation. This is a nonlinear regression that
uses a polynomial of degree n to estimate a function of the
type y =

∑n
i=0 aix

i. To solve this function, the tool uses
Newton’s divided differences method (Beltrán Álvarez, 2019).
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TABLE 5 | Significant relationships and vector representation between outdoor 1x1 focal behavior (UxE) and mating behaviors for all observations.

Category Quadrant P.Prospective P.Retrospective Ratio Radio Angle

Location_V I 4.55 3.67 0.63 5.84 38.85

Marker_PU7 I 2.23 3.22 0.82 3.92 55.31

Action_Zone_FZI I 1.85 0.93 0.45 2.07 26.72

Cont_JLN I 0.37 2.62 0.99 2.65 82.07

Action_Zone_TLD II −1.92 1.43 0.6 2.39 143.25

Location_L III −4.55 −3.67 −0.63 5.84 218.85

Marker_GM7 III −2.06 −0.15 −0.07 2.07 184.24

Action Zone_DZI III −0.51 −1.95 −0.97 2.01 255.37

Action Zone_DZD III −0.11 −2.04 −1 2.05 267

Cont_TO IV 0.61 −1.95 −0.95 2.04 287.3

This approximation method manages to obtain a polynomial
representing the approximation of the points displayed in the
panel. This function has a minimum margin of error as this is
a characteristic of this interpolation method.

STATISTICAL ANALYSIS

Polar Coordinates
The polar coordinates analysis shows the results obtained from
the UxE focal category: one-on-one outside the zone play
initiation. Table 5 shows the relationship between this focal
behavior and the rest of the mating behaviors for all the
observations made.

Function Estimation
Quadrant I: Focus Behavior UxE

It can be seen that polynomial interpolation is the only acceptable
model with an absolute error order of 10−13 and a relative error

for each observation of the order of 10−14. The rest of the models
present an absolute error and a relative error for each observation
of the order of unity and are therefore not adequate (Table 6).

Quadrant II: UxE Focal Conduct

As quadrant II has only one significant vector, the only possible
model is a linear regression passing through the origin (Table 7).

This model has a practically 0 error for the observation made
but it is not very suitable for predictive purposes because it is
based on a single significant vector.

Quadrant III: Focus Behavior UxE

It can be seen how polynomial interpolation offers the only
acceptable model with an absolute error of the order of 10−14

and a relative error for each observation of the order of 10−14.
The linear and polynomial regression models present an absolute
error and a relative error for each observation of the order of
unity and are therefore not adequate (Table 8).
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TABLE 6 | Function estimation quadrant I: focus behavior UxE.

Formal definition Approximation method Absolute error Relative error

f(x) = 1.83894777847031 + x *

0.34268987623542

Linear regression 3.085848099 0.771462025

f(x) = [0.20606049394221615 *

(x2)] + [−0.709708643139346 *

(x1)] + (2.70089123951601)

Polynomial regression 2.461177597 0.615294399

f(x) = 1.72153168717492 *

(1.14102197932492x)

Exponential regression 3.521748478 0.880437119

f(x) = 0.312405123672677 *

Log(x) + (2.45863486091638)

Logarithmic regression 3.441644013 0.860411003

f(x) = 2.62−1.14189189189189189 * (x−0.37)

+ 3.85387509750838 * (x−0.37) * (x−1.85) −

1.43875713587674 * (x − 0.37) * (x − 1.85) *

(x − 2.23)

Polynomial interpolation 1.59983E−13 3.99958E−14

Quadrant IV: Focus Behavior UxE

It can be seen that polynomial interpolation is the only acceptable
model with an absolute error of the order of 10−15 and a relative
error for each observation of the order of 10−16. The rest of the
models present an absolute error and a relative error for each
observation in the unity order, so they are not adequate (Table 9).

RESULTS

Polar Coordinates
Polar coordinates analysis results for the one-on-one outside the
zone play initiation focal behavior (UxE) show that conditioned
behaviors V (Visitor), PU7 (Losing by 7 or less), FZI (Outside
Left Zone), and JLN (continuation Free Play No advantage)
in quadrant I, where the established relationship is a mutual
excitation in both perspectives. In the second quadrant, with
a relationship of inhibition in the prospective perspective and
excitation in the retrospective one, only the action zone behavior
TLD (Triple Right Side) manifests itself as significant; while in
quadrant III, several mating behaviors appear again: L (local),
GM7 (gaining of more than 7), DZI (within zone left), and
DZD (within zone right); behaviors that are related to the focal
category with mutual inhibition in both perspectives. Finally, in
quadrant IV, where a relationship of excitation in the prospective
perspective and inhibition in the retrospective perspective is

established, only the TO (shooting with opposition) behavior
shows a significant relationship.

Function Estimation
There are two options for the function estimation modeling
the behavior of the variables calculation: on one hand, all
the generated vectors in the polar coordinates analysis can
be taken or on the other hand, taking only those that are
significant. Using only the significant ones would generate a
simpler function, but could increase the error generated in the
interpolation. To determine whether this increase in error is
significant and so undesirable, the percentage of error made with

respect to the interval of possible values has been calculated,

that means, determining how significant the increase in error
committed is, because an absolute 0.1 error is not the same

for values in the range from 0 to 100 than values in the range

from 0 to 1.
This calculation has allowed us to determine that when

there are many significant vectors (case quadrant I), we
have many points corresponding to the vectors, so, the error

increase in the nonsignificant points when using only the

significant vectors approximation is less than 1% (0.48% on an

average). However, in quadrant II, since there was only one

significant vector, the position (0,0) had to be assumed, i.e.,

no stimulus implies no response. In this case, when using only
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TABLE 7 | Function estimation quadrant II: UxE focal conduct.

Formal definition Approximation method Absolute error Relative error

f(x) = 0 + x *

−0.74402020404308778

Linear regression 2.22E−16 1.11E−16

TABLE 8 | Function estimation quadrant III: focus behavior UxE.

Formal definition Approximation method Absolute error Relative error

f(x) = −1.3411038820748 + x *

0.338255113651562

Linear regression 3.775818832 0.943954708

f(x) = [−0.540506071985558 *

(x2)] + [−2.21923904436031 *

(x1)] + (−2.55611350389291)

Polynomial regression 0.813419944 0.203354986

Calculation is not feasible if there is a point <0 Exponential regression

Calculation is not feasible if there is a point <0 Logarithmic regression

f(x) = −3.67 + 1.4136546184739 *

(x + 4.55) – 0.637362609171916 *

(x + 4.55) *

(x + 2.06) + 0.251691777600587 *

(x + 4.55) *

(x + 2.06) *

(x + 0.51)

Polynomial interpolation 4.82669E−14 1.20667E−14
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TABLE 9 | Function estimation quadrant IV: focus behavior UxE.

Formal definition Approximation method Absolute error Relative error

f(x) = −2.2063070709768096 + x *

0.937104708362614

Linear regression 0.074546732 0.024848911

f(x) = [0.200742240215876 *

(x2)] + [0.490215924426558 *

(x1)] + (−2.15635273279353)

Polynomial regression 2.06501E−14 6.88338E−15

Calculation is not feasible if there is a point <0 Exponential regression

f(x) = 0.63224848268029558 * Log(x) +

(−0.707156373780864)

Logarithmic regression 0.18847619 0.062825397

f(x) = −2.1 + 0.915789473684211 * (x – 0.11)

+ 0.200742240215924 * (x – 0.11) * (x – 2.01)

Polynomial interpolation 1.47105E−15 4.90349E−16

the significant vectors approximation error increase is 0.32%
for significant vectors but error increases on an average by
38% for the nonsignificant. Therefore, it can be concluded that
when there are few significant vectors, all of them should be
used to calculate the function estimation, but when there are
many significant vectors, it would be enough using only the
significant vectors.

DISCUSSION

This study, carried out by observing games of a professional
basketball team in the Spanish league (ACB), has the objective
of analyzing the relationships between the behaviors occurring
when using individual technical-tactical means at the beginning
of the transition phase and the defense carrying out the
defensive balance.

Data quality and generalizability analyses results show that
the design of the ad hoc tool is correct and it allows the reliable
recording of the actions under study. Polar coordinates analysis
has been shown to be a useful technique for the exploration of
the relationships established between the behaviors of a tactical
situation in competitive sport as it has also been shown in other
collective sports (Vázquez-Diz et al., 2019a,b). Thus, the results
of polar coordinate analysis have shown statistically significant
mating behaviors in the onset with outside one-on-one play.

Although transitions take about only 10% of all game
possessions (Cruz and Tavares, 1998; Fernandes and Tavares,
2004), according to Cruz and Tavares (1998), winning teams

have a significantly higher percentage of transitions in the game
compared with losing teams. In addition, Gómez (2007) observed
an efficiency of around 60% in transitions. Therefore, its study
can be very interesting to optimize the play and achieve a victory.

The results found seem to indicate that the observed team,
Unicaja de Málaga, does not play enough this type of game
by concepts and is less predictable, so it could become a more
predictable team from the tactical point of view and, so, easier to
analyze by the rivals. From this point of view, this mixed method
study allows us to explore the tactical behaviors of the teams
defining intervention procedures that will optimize resources
during training for the competition (Jiménez-Salas et al., 2020b),
showing indications of behaviors that allow to make tactical
interpretation of the game and the definition of intervention
programs to improve the performance in the team (Vázquez-Diz
et al., 2019a).

Direct blocking as a tactical means to create and benefit from
a greater advantage produced by a defensive disorganization is
one of the most used tactical means in the ACB League and it is
the second most used means for finishing an action in transitions
(Romarís-Durán, 2016). The one-on-one at the beginning of this
phase of the game has been shown in more than 15% of the
transitions in the ACB League; and just like the direct block, this
action is used to obtain advantage finishing the play, being more
used in the outside the zone play than in the inside the zone play,
because transitions without inside the zone play obtain better
results than transitions with inside the zone play (Romarís Durán
et al., 2013; Serna-Bardavío et al., 2017).
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The results obtained after the polar coordinates analysis
with the focal behavior one-on-one outside the zone show a
clearly defined tendency. Relationships of mutual excitement are
established with a tight score but not managing to overcome
the opponent, so those actions lead to situations without
tactical advantage that support an offensive success achievement,
executing outside the left zone, which is consistent with the
results obtained in other studies where the most used areas were
outside of the zone and the sides (Muñoz-Arroyave et al., 2015;
Serna-Bardavío et al., 2017). On the other hand, the one-on-one
outside of the zone presents a mutual inhibition relationship with
the play inside the zone as well as an unbalanced score in favor.

The findings of this research can be used by coaches and
trainers, from both, teams and national teams, in order to analyze
the possible patterns in the play of the opponents they are going
to face, with the aim of improving the level of preparation of their
own players against those opponents. Those data could help in
the design and planning of training sessions where those patterns
are simulated as well as the best way to counteract them. For all
these reasons, it would be of great interest to continue exploring
this researching line, in order to have more and more studies to
compare the results with. Function estimation combined with
polar coordinate analysis is a powerful and novel tool allowing
to estimate from the focal category (UxE in this case), the
relationship between this focal behavior and the rest of themating
behaviors for possible future observations.

This study, focused on only one team, has shown all the virtues
in the analysis technique; however, it also shows limitations that
should be considered, such as the impossibility of contrasting the
information obtained with highly relevant facets of the game, as it
could be the receiver of a possible rebound or the reception place
for the first pass. Limitations that could be solved by designing
new observation tools focused on the other phases in the play,
proposals that become future lines of research for this sport, as
well as applying them to several national and/or international
competitions in different categories and/or gender to explore how
they behave in those areas.
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In a social and sports world dominated by weight-centred beliefs and highly exigent and

gendered athletic and beauty body standards, the vulnerability for eating pathology, i.e.,

disordered eating and eating disorders (EDs), is elevated among women athletes. The

aim of this study was to explore body image facets and ED risk among female athletes

in masculinised sports such as soccer. Forty-five federated amateur female soccer

players from Spain participated in this study, voluntarily complying with an extensive

evaluation protocol on attitudes towards body and appearance and eating practises.

The participants overall reported self-representations of their bodies that corresponded

to their reality as athletes, but their body ideals were also more demanding in terms of

low fat and muscularity, in association with the functionality of their body and the physical

demands of their athletic activity. Despite having a fairly high positive body image and

body satisfaction, they also expressed negative attitudes towards their bodies. Around

2 out of 10 players were at risk of suffering from an ED. Players with negative attitudes

towards their bodies had an odd 12 times likely to develop an ED compared to those

with lower self-devaluation, after adjusting for BMI and body perceptions (OR = 12.3, p

< 0.01). On the contrary, players who appreciate their bodies and hold a positive body

image had an odd 83% lower to suffer from eating pathology, after adjusting for BMI and

body satisfaction (OR = 0.17, p < 0.05). Our findings support the healthy and protective

role of positive body image in sports contexts. Body attitudes should be addressed in

preventive and therapeutic efforts for reducing the prevalence of EDs in women’s sports,

within both a “negative” and a “positive” paradigm of body image.

Keywords: body image, body positivity, eating pathology, women, gender, soccer (football), feminist sport

psychology

INTRODUCTION

Female athletes in general have better body perceptions and higher body satisfaction than
non-athletes, and a poorer body image is associated with lower sport commitment and performance
(Voelker and Reel, 2018; Sabiston et al., 2019). Some scholars have emphasised that sport
participation may protect athletes from body image and eating dysfunctions, but also that special
attention should be devoted to issues affecting female athletes, e.g., internalisation of beauty
ideals emphasising appearing both thin-feminine and athletic, pressures focused on weight and
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appearance added to pressures for excellence, participation
in traditionally feminine vs. masculine sports and increased
sexual objectification in the media and society (Varnes et al.,
2013). These phenomena may explain the increased risk for
eating pathology among sportswomen compared to the general
population (Bratland-Sanda and Sundgot-Borgen, 2013; de
Bruin, 2017). A feminist framework is helpful for a deeper
understanding of all these issues (Busanich and McGannon,
2010).

Sportswomen, in addition to the strict societal canons of
feminine beauty, also experience specific body-focused pressures
due to the sport they practise. Many female athletes claim
to have positive body perceptions in sports contexts but feel
concerned about their current and “ideal” body weight, size
and shape and are dissatisfied with their body image, mainly
due to the perceived tensions between the performative body
–which emphasises strength, size and functionality– and the
hegemonic ideals of the female body –which privilege thin,
curved, toned, heterosexual bodies– (Kong and Harris, 2014;
Liechty et al., 2015; Bennett et al., 2016; Lunde and Gattario,
2017; Cosh et al., 2019; Devonport et al., 2019). Vicky Krane
called “paradox” to the continuous negotiation that athletes have
to make regarding femininity and athleticism (Krane et al., 2004).
As she stated, sportswomen live simultaneously in two cultures,
being marginalised in both: the sports culture, that is inherently
masculine, and the larger social culture, where femininity is
celebrated for women. For female athletes, being feminine
contrasts with being athletic. Within hegemonic femininity,
the athlete is (self)perceived as “other” by their physicality; as
women, they are perceived as different from “normal” women.
Even so, they are also proud of their strong and powerful bodies
and express feelings of empowerment that generalised beyond
the sport context. Thus, a contextual body image perspective (i.e.,
sport context, daily life context) is needed to understand how the
athletes self-perceive and value their bodies and the transiency of
their bodily experiences (de Bruin et al., 2011).

In addition, some sports have been identified as associated
with a higher risk for problematic attitudes and behaviours
related to body image and thus for disordered eating and eating
disorders (EDs), particularly those in which body and weight are
more relevant for sport performance, namely weight-sensitive or
leanness sports (Smolak et al., 2000; Sundgot-Borgen et al., 2013).
Research on body image and eating pathology is extensive in
aesthetic sports, in which a slim, small and slender body is valued
and required not only because it is stereotypically associated
with better performance, but also because athletes’ bodies are
noticeable (e.g., outfits) and appearance is a component in the
evaluation of athletes’ performance. Among sportswomen in
thesemodalities, a high risk of eating pathology has been reported
(e.g., Kong and Harris, 2014; Neves et al., 2017; de Bruin and
Oudejans, 2018; Kantanista et al., 2018; Teixidor-Batlle et al.,
2019; Mancine et al., 2020). There is also abundant research
on body image in endurance, weight-classes and power sports
(e.g., Folscher et al., 2015; Rodríguez et al., 2015; de Bruin and
Oudejans, 2018; Kantanista et al., 2018; Mathisen and Sundgot-
Borgen, 2019; Stoyel et al., 2021). In recent years, interest has
grown on these issues in other sports such as ball sports, in

which, with some exceptions such as volleyball, it has been
traditionally assumed that there is a low pressure on the body, and
consequently low risk for disordered eating (Díaz et al., 2018).
However, contrary to expectations, research in ball sports such
as soccer is demonstrating that concerns about body weight and
appearance are also high, and pressures regarding size, shape and
weight are also elevated (e.g., Liechty et al., 2015; Lunde and
Gattario, 2017; Kantanista et al., 2018; Godoy-Izquierdo et al.,
2019a; Kampouri et al., 2019; Heradstveit et al., 2020). In the
dual-pathway etiological model proposed by Petrie andGreenleaf
(2012) and Stoyel et al. (2020), body dissatisfaction is a result of
the internalisation of societal and sport-specific pressures, and
considered a risk factor for eating pathology among athletes.
Nevertheless, this model ignores the gendered nature of body
image (Krane et al., 2001). In sports, bodily experiences of women
and men differ, and men are not exposed to the same social
and sport pressures regarding their body than women athletes
(Wilson et al., 2016).

Furthermore, the pressures experienced by female athletes
who play sports such as soccer are different to those of
sportswomen in other sports. As each sport requires an optimal
physique to conquer excellence, the bodies of soccer players
diverge from those in other modalities. Within the current ideals
of beauty and femininity, not all bodies and shapes are accepted
for a female athlete. A large, muscular and strong body such as
that of a female soccer player is particularly sanctioned, because
it is “virile,” a masculinised body that is distant from the docile,
fragile and beautiful body valued for a woman, and a female
athlete. Yet currently a toned, firm body is also (self)valued for
girls and women as long as it is thin and feminine, with beauty
patterns changing over time from the glorification of extreme
thinness to demanding slim and athletic bodies in women (Kong
and Harris, 2014), this is not the same as accepting bodies that
are entering the domain of men and defying their power. Thus,
female athletes in power-based sports, where the focus tends to
be on more masculine qualities such as strength and muscularity
(e.g., soccer, field hockey, rugby), have reported feeling that
their bodies are under constant scrutiny as they are permanently
tasked with the responsibility of promoting/conforming to a
brand image that emphasises femininity (Perry et al., 2021).
For all this, women competing in masculinised sports face a
double pressure regarding their weight and appearance: on the
one hand, the eternal battle between the social or aesthetic body
and the athletic or instrumental body and, on the other, an
added continuous struggle between the feminine athletic body
and the masculinised athletic body by the sport they compete
in, giving place to new phenomena such as the stigma of being
called “butch” and “lesbian” as an insult due to their appearance
(Liechty et al., 2015; Bennett et al., 2016; Lunde and Gattario,
2017; Cosh et al., 2019; Perry et al., 2021).

Therefore, female athletes in sports such as soccer navigate
two opposed realities in their day-to-day lives, one in which
their bodies are perceived as too large and muscular for the
sociocultural standards of female beauty (in their daily life, with
their feminine identity being affected), and another one in which
their bodies are not cultivated or powerful enough and could be
even more big and muscular for performance enhancement (in
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their athletic life, with their athletic identity being affected). As
others have claimed (Lunde and Gattario, 2017), female athletes
are in the intersection between the culture within the sport
–emphasising physical performance– and the culture outside
the sport –emphasising physical appearance–, articulating a
permanent internal dialogue and witnessing a conflict for not
fully fitting into either of these two scenarios. In fact, these
athletes have reported that they feel satisfaction and pride in their
physique, but concerns regarding being (necessarily) excessive
muscled, and that they tend to value their bodies differently
depending on whether they are in a sports or a social context
(e.g., they feel satisfied with their bodies in sports settings and
when surrounded by teammates, but dissatisfied in social settings
due to comparisons with the bodies of their non-athlete peers)
(Liechty et al., 2015; Bennett et al., 2016; Lunde and Gattario,
2017; Cosh et al., 2019; Devonport et al., 2019). Moreover, it
has been found that female athletes are often judged on their
appearance rather than their performance and most express a
desire to change their physique for aesthetic reasons rather than
health or functionality (Bennett et al., 2016; Lunde and Gattario,
2017; Cosh et al., 2019). In addition, attitudes and behaviours
such as eating large amounts of food due to physiological needs
can cause criticism that affects athletes (Lunde and Gattario,
2017); these criticisms are beyond the myth that “the lower
the weight and the fat percentage, the better the performance,”
entailing an expectation of what is appropriate for women.

Feminist scholars have critically analysed and discussed
female athletes’ body image and bodily experiences to interpret
them within the framework of the hegemonic patriarchy and
to confront them as a form of discrimination, subordination,
exploitation and invisibility towards women in the fields, courts,
tracks and competitions. These researchers propose sport activity
as a double-edged sword for women which can both promote
and harm body satisfaction, and warn about the paradox of the
female athlete, which argues that the strong and athletic body
does not align with the feminine ideal (Liechty et al., 2015; Lunde
and Gattario, 2017; Eke et al., 2020). A further assumption is that
gender is performed (Butler, 1990) and that femininity acting in
the case of athletes is performed both in everyday and sports
life spheres (Devonport et al., 2019). As a consequence, there is
a permanent transiency of self-perceptions, bodily satisfaction
and personal identity and agency across both contexts (Bennett
et al., 2016; Lunde and Gattario, 2017; Devonport et al., 2019).
Through their sports participation, female athletes, and soccer
players in particular, can experience an improvement in their
body image as a result of body changes and the appreciation of
their bodies’ functionality over their appearance, this modifying
their beliefs and values of beauty. They can thus value and
celebrate “other” bodies, based on the recognition of diversity.
Sport can provide an opportunity to resist and challenge the
hegemonic discourses on the body and the various forms of
control and constraint imposed on their bodies, to negotiate the
contrary demands of femininity and athleticism, to inspire self-
constructions that claim other corporealities or “somebodiness”
and to subvert the dominant discourses on (hetero)sexual
attractiveness. But sportswomen have to constantly articulate
their body image as well as their personal and gender identity

inside and outside the field (Wilinski, 2012). Many athletes,
particularly those who compete in masculine sports such as
soccer, find it very difficult to adjust to non-dominant forms of
corporality and engage in surveillance andmanagement practises
(e.g., dieting, clothing, make-up) that serve to comply and thus
perpetuate the sociocultural values of the feminine, assuming
a heterosexual(ised) body and legitimising athletic participation
through an emphasis on hyperfemininity (Fisher and Dennehy,
2015; Heinecken, 2015; Bennett et al., 2016; Lunde and Gattario,
2017; Cosh et al., 2019; Devonport et al., 2019; Sanders, 2020).

Alternative discourses on females’ body image in sports
are necessary to help athletes to gain empowerment regarding
their corporeality and embodiment experiences. Recently, the
field of positive body image is flourishing (Tylka and Wood-
Barcalow, 2015a; Tylka, 2018). Based on seminal contributions
in the study of negative and positive facets of body image
along with feminist influences such as the embodiment theory,
positive body image is proposed as a multidimensional, holistic
and protective construct distinct from negative body image,
which is mostly raised from and focused on pathology. It
is not a continuum similar to negative self-representations,
nor the opposite endpoint in a continuum of body image.
It is composed of several facets involving much more than
body satisfaction or appearance evaluation, including body
appreciation, body acceptance and love, conceptualising beauty
broadly, adaptive investment in appearance, inner positivity and
interpreting information in a body-protective manner. Positive
body image has been defined as “an overarching love and
respect for the body that allows individuals to (a) appreciate
the unique beauty of their body and the functions that it
performs for them; (b) accept and even admire their body,
including those aspects that are inconsistent with idealised
images; (c) feel beautiful, comfortable, confident, and happy with
their body, which is often reflected as an outer radiance, or a
“glow”; (d) emphasise their body’s assets rather than dwell on
their imperfections; and (e) have a mindful connection with
their body’s needs; and (f) interpret incoming information in
a body-protective manner whereby most positive information
is internalised and most negative information is rejected or
reframed” (Wood-Barcalow et al., 2010, p. 112). As such, positive
body image involves appreciating the unique body beauty and
functionality, valuing body qualities beyond or regardless of
actual physical appearance, feeling self-worth by highlighting
body’s assets while minimising perceived imperfections, defining
beauty broadly and appreciating diverse appearances, having
favourable opinions on and accepting one’s own body despite
incongruence with appearance ideals, filtering information (e.g.,
appearance commentaries, media ideals, external pressures) in a
protective manner against unrealistic beauty ideals (e.g., contrary
to internalisation, self-objectification and social comparison)
and respecting and taking care of the body by attending to its
needs and decreasing body-appearance investment (e.g., healthy
behaviours). Individuals high in body positivity appreciate,
respect, celebrate and honour their bodies, they are connected
with their bodies in an appreciative and caring manner. As
such, positive body image has unique associations with well-
being, health, self-care and behaviour that are not accounted for
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solely by (lack of) negative body image. Yet positive body image
operates similarly across a range of populations, it is also shaped
by social identities. Thus, gender, age, culture, race, size, ability,
sexual orientation, religion/spirituality and socioeconomic status
(Tiggemann, 2015; Tylka and Wood-Barcalow, 2015a) allow
body positivity to express uniquely in different contexts. Thus, to
gain understanding on positive body image, additional research
with an intersectional approach is paramount.

The nuances of positive body image in female athletes have
been recently, yet still scarcely, studied, supporting its role
in promoting positive sport experiences related to the body
and eating attitudes and behaviours. For instance, it has been
found that student athletes report higher body appreciation and
higher functionality appreciation than non-athletes, and that
female athletes report lower levels of positive body image than
male athletes; moreover, positive body image has been related
to sport-related variables such as sport confidence, positive
subjective states and subjective sport performance (Soulliard
et al., 2019). Among athlete girls, greater body appreciation has
been found compared to non-athletes, irrespective of whether
they were involved in weight-sensitive or non-weight-sensitive
sports. Furthermore, body appreciation and body functionality
are associated with lower disordered eating (Jankauskiene et al.,
2020). Self-compassion—as closely related to body appreciation
(Homan and Tylka, 2015; Andrew et al., 2016)—helps female
athletes to recognise the uniqueness of sport contexts, promote
compassionate body awareness and set realistic standards and
expectations for themselves, feeling higher body appreciation
in their sporting experiences and adhering to intuitive eating
(Killham et al., 2015). Consequently, it has been proposed that
positive body image can help female athletes to experience more
positive embodiment experiences, greater health and well-being
and lower risk for negative body image and disordered eating
(Menzel and Levine, 2011).

The present study aims to explore the body image of female
athletes in masculine sports such as soccer. In the literature
reviewed, there are hardly any studies on Spanish soccer players,
hence the need to further understand how female soccer players
perceive their bodies, regulate their bodily self-values and
negotiate their identities, and the influences of these issues on
their body and appearance management behaviours. Specifically,
we addressed players’ body perceptions, their attitudes towards
their weight and appearance, their body appreciation and their
body satisfaction, within a “positive” and a “negative” body
image paradigm for a more comprehensive understanding of
body image facets. We further addressed the associations of
body self-representations and attitudes with risk for disordered
eating. Based on previous evidence, we expected to find that a
noticeable percentage of the participants would show negative
body perceptions, unfavourable attitudes towards their body and
appearance and a high risk for eating pathology. Specifically,
based on previous research with Spanish athletes (Teixidor-Batlle
et al., 2021) and soccer players (Godoy-Izquierdo et al., 2019a;
Petisco-Rodríguez et al., 2020), we expected to find that ∼1 in
10 players exhibited high-risk beliefs, attitudes and behaviours
related to body, food and weight. In addition, we expected that
the participants would also report high body appreciation, and

these positive self-perceptions would in turn diminish their risk
for eating pathology.

MATERIALS AND METHODS

Participants
A total of 45 Spanish federated non-elite female soccer players
participated in this study. They voluntarily completed an
extensive evaluation protocol on attitudes towards the body
and appearance and eating practises as a part of a broader
research on body image in female athletes. Their age ranged from
13 to 44 years (20.9 ± 7.5 years). These players belonged to
national soccer clubs and teams competing at the two highest
levels of amateur (non-professional) female soccer. Regarding
their athletic history, there is great diversity in trajectories. The
time competing in soccer ranges from 1 to 21 years, but many
indicated practising/having practised and competing/having
competed in other sports modalities and soccer specialties.
Other sociodemographic and athletic data are displayed in
Table 1. Interestingly, none indicated suffering from diagnosed
disordered eating or EDs.

Measures
This study is part of a larger investigation on body image in
women’s sports. In the present study, measures were used to
collect information on personal data (age, nationality and place of
residence, with indication of time of residence, educational level,
employment status and relationship status; all the participants
self-identified themselves with female sex-gender) and sports
data (team/club, non-competitive and competitive practise in
soccer and other sports with indication of sport type, weekly
training volume –time and frequency–, playing position and
injuries at the time of the study with indication of type, time
and severity), as well as self-reported weight and height (from
which BMI was calculated as kg/m2; Santos et al., 2015), body
image and attitudes and issues related to nutrition and weight
management, including risk for EDs. Body image has been
traditionally understood as a multidimensional construct that
broadly incorporates the experiences and self-representations
related to the weight, shape and appearance of the body and/or its
parts, involving perceptual (i.e., weight and shape estimations),
evaluative (i.e., attitudes, evaluations and judgments with a
subjective or affective dimension, such as body satisfaction)
and behavioural components (i.e., strategies to manage weight,
control the body and transform the appearance, including eating,
exercise, hiding/exposing, ornamentation, etc.) (Thompson et al.,
1999; Cash and Pruzinsky, 2002; Grogan, 2017). All these facets
of body image were evaluated: the perceptual, by means of
body estimations; the evaluative-attitudinal, by means of body
satisfaction and body attitudes; and the behavioural dimension,
by means of disordered eating and eating symptoms. Body
appreciation was also assessed as a core facet of positive
body image.

Specifically, body perceptions were evaluated using silhouettes
corresponding to different values of BMI and muscle tone, thus
accounting simultaneously for the dimensions of weight/shape
and composition/muscularity (Ramírez et al., 2015, 2018). For
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TABLE 1 | Female soccer players’ sociodemographic and athletic data.

%

Nationality Spanish 93.3

Residing in Spain > 3 years 6.7

Education level Primary school 6.7

Secondary school 44.4

Professional training 20

University (graduate, postgraduate) 28.9

Work status Student 75.6

Employed 13.3

Professional athlete 2.2

Unemployed 8.9

Relationship status Single 11.1

Non-stable commitment 53.3

Stable commitment 35.6

Athletic history (soccer)a 1–2 years 37.8

3–5 years 37.8

6–8 years 13.3

9 years or more 11.1

Performance levelb 1st National 22.2

Regional Preferente 77.8

Playing positionc Goalkeepers 4.4

Defenders/Centre-backs/Full-backs 24.4

Midfielders/Half-backs 20.0

Central/Inside forwards 13.3

Wingers 37.8

Training volume: weekly frequency 1–2 days 44.4

3–4 days 44.4

5 days or more 11.1

Training volume: weekly duration 3 h or less 11.1

4–6 h 48.9

7 h or more 40

Previous experience in practising/ No 55.6

competing in other sports Non-competitive practise 37.8

Competitive practise 6.7

Current competition in other sports No 77.8

Yes 22.2

Athletic injury at the time of the study No 100

aWhen a participant indicated a stoppage in her athletic career, history was considered

from the moment of restarting the activity (although this decision implies losing an

important practise history, it was not easy many times to determine her previous practise

time or the duration of the withdrawal period).
bPerformance level in Spanish female soccer is categorised in: 1st Division (professional

soccer) and 2nd Division (semi-professional soccer), both dependent on the Professional

Soccer National League and competing at a national level; 1st National Female Soccer

(amateur soccer), dependent on the Spanish Royal Soccer Federation and competing

at an autonomic level; and Regional-Preferente, 1st Regional and 2nd Regional (amateur

soccer), dependent on the Autonomic Federations and competing at a regional level.
cPlaying positions were grouped according to the body required or expected for each

position by the players’ performance in each one; the specific nutritional requirements of

each playing position were also considered (Randell et al., 2021).

this, 15 silhouettes corresponding to women’s bodies were
presented, with silhouette number 1 being that of a body with
a high degree of obesity and very low muscle tone, number

8 that of a very thin and very flabby body and number
15 that of a very muscular body with very low level of
fat. The participants indicated which one of these silhouettes
corresponded to their current body perceptions (perceived body
image, PBI) and ideals (ideal body image, IBI). Figural rating
scales or anatomical models have been widely used to evaluate
representations of the body, usually with different shapes in
terms of body size or weight and sometimes also including
body structure or composition, and they have good psychometric
properties as well as cross-cultural validity (Gardner and Brown,
2010).

Body satisfaction was assessed by a face-valid question about
the degree of satisfaction with the current body and physical
appearance (“How satisfied are you with your current body
shape and weight?,” 1 = extremely dissatisfied, 7 = extremely
satisfied), as well as through the PBI-IBI discrepancy, computed
as the difference between PBI and IBI values (Ramírez et al.,
2015, 2018). This type of indicators have been widely used
to evaluate the subjective-evaluative component of body image
and their psychometric properties have been widely established
(Thompson, 2004).

To assess negative attitudes towards the body and appearance,
the Ben-Tovim and Walker’s Body Attitudes Questionnaire
(BAQ) (Ben-Tovim and Walker, 1991) was used. Through 44
items (1 = completely disagree, 5 = completely agree), six
dimensions of experiences related to the body are evaluated:
(Absence of) Attractiveness (5 items); Salience of weight
and shape (8 items); Body self-disparagement (8 items);
Feelings of overall fatness (13 items); Feelings of fatness
in the lower part of the body (4 items); and (Absence
of) Strength/Fitness (6 items). Higher scores indicate more
unfavourable or unhealthy attitudes. The BAQ psychometric
properties in terms of reliability and convergent validity
with other measures of attitudes towards body weight and
appearance, drive for thinness, body dissatisfaction and eating
pathology are satisfactory and it appropriately discriminates
between females with and without eating pathology (Probst
et al., 2008, 2009). Translation and backtranslation procedures
were used for obtaining the Spanish version (available upon
request). Cronbach’s alpha in this study was 0.92 for the
total scale.

Positive body image was assessed with the Body Appreciation
Scale-2 (BAS-2) (Tylka and Wood-Barcalow, 2015b; Spanish
version by Swami et al., 2017), which is the most used scale to
evaluate components of the positive body image (Webb et al.,
2015). This self-report assesses the three core facets of body
image under the conception of positive body self-representations:
(a) acceptance and favourable valuation of one’s own body
with its weight, shape, features and functions; (b) respect and
attention to the needs of the body through the adoption of
self-caring healthy behaviours; and (c) self-protection through
rejecting the unrealistic bodily ideals presented in the media as
the only model of beauty and resistance to the internalisation
of these ideals. The 10 items on the BAS-2 are answered
on a scale of 1 = never to 5 = always, and are averaged
to obtain an overall body appreciation score. Higher scores
reflect a greater appreciation of the body. The BAS-2 has been
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validated in the Spanish population (Swami et al., 2017) and
adequate psychometric properties have been found, showing
direct associations with healthy evaluations of appearance, body
satisfaction and self-esteem and inverse with BMI. The BAS-
2 has also been inversely associated with drive for thinness,
body shame, body dissatisfaction, internalisation of the media
appearance ideals, body surveillance and risk for EDs (Tylka and
Wood-Barcalow, 2015b). The scale Cronbach’s alpha was 0.96 in
this study.

The risk for eating pathology was evaluated through a
general screening questionnaire and a specific one for the sports
population (Pope et al., 2015):

- Eating Attitudes Test (EAT-26) (Garner et al., 1982; Spanish

version by Rivas et al., 2010). The EAT-26 assesses the risk

for eating pathology through three dimensions evaluating

attitudes towards weight and food, concerns about the

body and eating and risky weight management practises:

Dieting/eating restriction (13 items on food avoidance

behaviours, eating practises and preoccupation with

appearance), Bulimia and preoccupation with food (6

items referring to bulimic behaviours and concerns associated

with eating) and Oral and external control (7 items on

self-control of food intake and external pressures to eating).
Responses on a 6-point Likert scale are recoded from 0 =

never, rarely, sometimes to 3 = always. The EAT-26 has
been widely used as a screening, not as a diagnostic, tool in
non-clinical and clinical samples, also in the sports population
(e.g., Teixidor-Batlle et al., 2021). In Spanish samples, it has
been proposed that a score between 10 and 19 indicates
moderate risk, and 19 or above indicates high risk (Rivas et al.,
2010), thus lowering by 1 point the established cut-off point
(Garner et al., 1982) (However, adopting the classical cut-off
does not alter any of the findings). Cronbach’s alpha was 0.92
for the total scale.

- Athlete’s Eating Habits Questionnaire-Brief (CHAD-B)
(Godoy-Izquierdo et al., 2017), revised, brief version of the
Athlete’s Eating Habits Questionnaire (CHAD) (Dosil et al.,
2012) (available upon request). The original CHAD was
specifically designed to assess risk for eating pathology in
athletes and it has been used in both sporting and exercise
contexts. It consists of 30 items in four factors: FI: Fear of
gaining weight during resting periods and use of exercise
for weight control, FII: Distress related to weight and body
appearance due to attitudes and comments from significant
others, FIII: Obsessive worries and concerns about food, diet
and weight and FIV: Body image and body dissatisfaction.
The athlete responds on a Likert-type scale from 1 = totally
disagree to 6 = totally agree, with higher scores indicating
higher risk. The psychometric properties of the original
CHAD had been previously demonstrated (Dosil et al., 2012;
Godoy-Izquierdo et al., 2019b). Content and psychometric
analyses led its authors to develop the abbreviated 20-item
version (FI: 4 items; FII: 5 items; FIII: 6 items; FIV: 5
items). Preliminary findings support the good psychometric
properties of the CHAD-B (Godoy-Izquierdo et al., 2017,
2019b). A score of ≥60 points indicates high risk, and ≥66

is the cut-off point for determining very high risk (Godoy-
Izquierdo et al., 2017). The scale Cronbach’s alpha was 0.96 in
this study.

Procedure
As part of a research-intervention parent study, several national
women’s soccer clubs and teams contacted the authors requesting
psychological advice for their players on issues related to eating
behaviours, weight management and the prevention of eating
pathologies. The contactands—mainly coaches—were unaware
of the potential eating or body image issues of their players, nor
were they particularly concerned about the participating players.
In addition, their demand was not based in turn on demands
from players. All the players in their teams were informed of this
interest by the technical bodies of their teams or clubs and were
offered the opportunity to voluntarily participate. Those who
accepted were contacted by the researchers to provide them with
detailed information on the objectives, components and contents
of the research, as well as their rights and tasks as participants.
Then, all of them signed an informed consent for participation.
The underage players informed their parents/legal guardians and
both the participants and the latter gave their consent.

In a second phase, they all participated in a baseline
assessment. To do this, we previously created an online survey
that included all the self-reports described in the Measures
section, along with others whose information is not analysed in
this paper. A link was then provided to the coaches of each team
so that they could disseminate it among the players of their teams.
The players accessed this survey in 2 specific weeks (01/27/2021–
06/02/2021). The database was then downloaded and checked
in detail for the detection and correction of possible errors or
missing data. The final sample comprised all the participants who
were initially contacted, once they reported their willingness to
collaborate. Thus, no participant was excluded and there was no
withdrawal during the study.

The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Ethics
Committee of the first author’s institution (Ref. 2230).

Study Design and Data Analyses
This is an observational-descriptive study with a correlational,
cross-sectional design. Descriptive analyses (mean and standard
deviation, n and %) and non-parametric analyses of Spearman’s
rho correlations and Mann-Whitney’s U pair comparisons were
performed. In addition, in order to determine the Odds Ratio
(OR) for eating pathology vulnerability considering the main
study variables as predictors, a multivariate logistic regression
with maximum likelihood method was conducted for each
screening tool separately (i.e., EAT-26 and CHAD-B). The
predicted variable was dichotomised in 0 = no risk, 1 =

risk considering the participants’ scores and the cut-points in
each screening tool. Due to the sample size, we decided to
include the lowest number of variables as possible in order to
increase the statistical power (Ranganathan et al., 2017; Norton
et al., 2018). Thus, two models were tested for each dependent
variable, one including negative body image indicators (i.e.,
the discrepancy between perceived and ideal body image,
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negative body attitudes) and another one including positive
body image indicators (i.e., body satisfaction, positive body
image). Furthermore, we considered as confounding factors only
those variables significantly correlated (univariate analyses) with
the predicted variables, namely BMI. Given the sample size,
bootstrapping (n = 1,000) was used for resampling and 95%
intervals of confidence were also calculated for each parameter
estimation. For assessing goodness of fit of the final models,
several tests were considered (i.e., Wald’s coefficient, omnibus
test of model coefficients and Nagelkerke’s test) along with the
Hosmer Lemeshow’s test, more appropriate for reduced sample
size and continuous numerical predictors. Predictive power was
considered appropriate when >75% of cases were correctly
classified. The SPSS statistical package (IBM SPSS Statistics 25.0,
2017) was used for data analysis. The level of significance was
established at p < 0.05.

RESULTS

Table 2 presents the descriptive findings for all the study
variables. The participants’ average weight was 62.7 ± 13.7 kg,
with great between-subjects variability (range = 39–104 kg) due
to factors such as age, height and body composition. The average
BMI was 23.1 ± 3.9 kg/m2, also with great dispersion (range
= 16.2–33.6). According to their BMI, 60% of the participants
were classified in the normal weight category (19.5–24.9 kg/m2),
22.2% in the overweight category (25–29.9 kg/m2) and 6.7% in
the obesity category (>30 kg/m2), while 11.1% were classified as
underweight (<19.5 kg/m2).

The participants identified themselves with an average
perceived body image (PBI) corresponding to a small and
normal-weight body with little muscle tone, while the
average ideal body image (IBI) was notably more athletic
(i.e., thin and muscular); therefore, the average PBI-IBI
discrepancy corresponded to 2 silhouettes with a higher
level of athleticism (Table 2). In terms of percentages, 48.9%
of the players chose for PBI silhouettes below the average
value, their perceptions corresponding to bodies ranging from
overweight/mild obesity (13.3%) to normal weight (35.6%);
26.7% indicated silhouettes corresponding to thin and not
muscular bodies; and 24.4% reported to be represented by
silhouettes corresponding to slightly to remarkably muscular
bodies. Regarding players’ ideal body image, 8.9% selected
as desirable a figure with overweight and no muscularity,
33.3% wanted their bodies to be slimmer but not toned
and 57.8% indicated silhouettes corresponding to larger and
more muscular bodies with lower fat mass. The players’ body
satisfaction was on average moderately high (Table 2), with
62.2% stating that they felt quite or very satisfied with their
bodies, 22.2% moderately satisfied and 25.6% not very satisfied.
None indicated feeling very little or not satisfied at all with their
body and weight.

Regarding their attitudes towards body weight and
appearance, the average total score on the BAQ and the
subtotals in each dimension were moderate, with no score
highlighting as elevated (Table 2). However, comparatively,

mean scores were higher for the (Absence of) Attractiveness
and (Absence of) Strength/fitness dimensions. Considering their
answers in each dimension, ∼20% of the participants obtained a
score ≥ 3 in any of them, showing negative body attitudes and
feelings of self-disparagement and reduced personal worth due
to appearance.

Positive body image was also moderately high among the
players (Table 2). Whereas, 84.4% of the participants showed a
moderate-to-high body appreciation, with scores in the BAS-2
items ≥ 3, a total of 15.6% scored ≤ 3 in any item. Considering
their responses to each item, in general the participants reported
feeling love and respect for their body and being attentive to their
bodies’ needs at a higher degree than being able to value their
appearance by rejecting the sociocultural standards of beauty, yet
the differences in the patterns of scoring were minimal.

Regarding the EAT-26, the participants did not show high
scores either in its dimensions (i.e., Restriction, Bulimia and
Control) or in the global score (Table 2). Considering the
possible range of scores in this instrument, the mean score is
apparently not very high, and in fact 84.4% obtained a score
< 19 (reduced risk). However, 15.6% reached ≥ 19, the cut-off
point for establishing a very high risk. Considering 10 points
as an indicative value of existing risk, the players’ average score
is slightly higher than this value, and in fact 42.2% of the
participants scored on this value.

As for the CHAD-B, the subtotal scores are generally low
(Table 2), although they are comparatively higher for Fear of
gaining weight in periods of rest and use of exercise to lose weight
and Excessive concern about body image and dissatisfaction
with the body and appearance, compared to Distress in relation
to weight and appearance due to the attitudes and comments
of other people (e.g., coach, teammates, family, friends) and
Obsessive worry about food, diet and weight. The mean global
score is below the cut-point for high risk, and 75.6% scored < 66
(reduced risk). However, 31.1% scored≥ 60 points (notable risk),
and 24.4% demonstrated a very high risk for an ED (≥66 points).

In general, the study variables were associated in the expected
way (see Table 2). Weight and BMI (rho = 0.9, p < 0.001)
showed the same pattern of correlations with the remaining study
variables, and thus only BMI was considered in further analyses.
The participants’ age was associated only with weight, rho =

0.39, p < 0.01, and BMI, rho = 0.37, p < 0.05, so it was not
considered for the remaining analyses. Body perceptions towards
athleticism (i.e., lower fat and greater muscularity), greater body
satisfaction and body appreciation were associated with each
other and inversely with BMI, unfavourable self-representations,
negative attitudes towards body weight and appearance and risk
for eating pathology, which in turn, were directly related to each
other. Notably, the correlation between the two instruments used
to assess eating symptoms was robust, but in general the CHAD-
B showed the above-mentioned associations more clearly than
the EAT-26.

Finally, the ORs for eating pathology vulnerability were
calculated for both the EAT-26 and the CHAD-B tests.
A multivariate logistic regression was conducted for each
screening tool including negative body image indicators (i.e.,
the discrepancy between perceived and ideal body image and
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TABLE 2 | Descriptive findings and Spearman’s rho correlations for all the study variables (N = 45).

Variable (possible

range of values)

M ± DT (range) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1. BMI 23.1 ± 3.9 −0.61** −0.58**−0.53** 0.40** 0.58** 0.47** 0.44** −0.37* 0.39** 0.30* 0.36* 0.43** 0.50** 0.43**

(16.2–33.6)

2. Silhouettes PBI 7.7 ± 2.2 0.53** 0.69** 0.58** −0.37* −0.43**−0.47** −0.36* −0.50**0.40** −0.38** −0.43** −0.30*

(1–15) (4–12)

3. Silhouettes IBI 9.8 ± 1.6 −0.27†

(1–15) (6–12.5)

4. PBI-IBI −2.0 ± 1.8 0.49** −0.26† −0.37* −0.46** −0.33* −0.43** 0.33* −0.35* −0.31* −0.44** −0.36*

(−14 to 14) (−6.00 to 1.00)

5. BODY 4.9 ± 1.5 −0.45**−0.39**−0.66**−0.73**−0.50**−0.33* −0.74**0.79** −0.49**−0.44** −0.44**−0.34* −0.61**−0.56**−0.72** −0.65**

SATISFACTION (1–7) (2–7)

6. BAQ_ 2.9 ± 0.7 0.30* 0.28† 0.43** −0.35* 0.27†

Attractiveness (1–5) (1.6–4.4)

7. BAQ_ 2.3 ± 0.8 0.58** 0.60** 0.38** 0.72** −0.61**0.66** 0.53** 0.30* 0.60** 0.52** 0.40** 0.67** 0.68** 0.66**

Salience (1–5) (1.0–4.4)

8. BAQ_ 1.7 ± 0.6 0.74** 0.54** 0.28† 0.83** −0.74**0.59** 0.41** 0.34* 0.57** 0.58** 0.49** 0.63** 0.67** 0.69**

Disparagement (1–5) (1.0–3.2)

9. BAQ_ 2.4 ± 0.9 0.61** 0.28† 0.91** −0.69**0.61** 0.49** 0.54** 0.46** 0.63** 0.72** 0.78** 0.75**

Overall obesity (1–5) (1.2–4.5)

10. BAQ_ 2.5 ± 0.8 0.63** −0.51**0.50** 0.33* 0.34* 0.47** 0.39** 0.46** 0.52** 0.53**

Lower obesity (1–5) (1.3–4.5)

11. BAQ_ 2.6 ± 0.8 0.46** −0.43**

Fitness (1–5) (1.2–4.4)

12. BAQ_TOTAL 2.4 ± 0.6 −0.80**0.58** 0.51** 0.27† 0.56** 0.46** 0.54** 0.64** 0.78** 0.71**

(1–5) (1.5–3.7)

13. BAS2_TOTAL 3.9 ± 0.9 −0.47**−0.35* −0.37* −0.44**−0.43**−0.54**−0.70** −0.61**

(1–5) (1.7–5.0)

(Continued)
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TABLE 2 | Continued

Variable (possible

range of values)

M ± DT (range) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

14. EAT26_ 0.5 ± 0.5 0.56** 0.48** 0.85** 0.75** 0.49** 0.86** 0.64** 0.80**

Restriction (0–3) (0–2.6)

15. EAT26_ 0.4 ± 0.6 0.29† 0.67** 0.36* 0.48** 0.58** 0.60** 0.60**

Bulimia (0–3) (0–2.3)

16. EAT26_ 0.5 ± 0.6 0.78** 0.32* 0.35* 0.27† 0.36*

Control (0–3) (0–2.6)

17. EAT26_TOTAL 12.1 ± 12.5 0.59** 0.47** 0.72** 0.62** 0.72**

(0–78) (0–64.5)

18. CHAD-B_F1 3.0 ± 1.5 0.52** 0.79** 0.55** 0.81**

(1–6) (1.0–6.0)

19. CHAD-B_F2 2.3 ± 1.5 0.64** 0.72** 0.82**

(1–6) (1.0–5.6)

20. CHAD-B_F3 2.3 ± 1.3 0.78** 0.93**

(1–6) (1.0–6.0)

21. CHAD-B_F4 2.6 ± 1.5 0.89**

(1–6) (1.0–6.0)

22. CHAD-B_TOTAL 51.0 ± 25.1

(20–120) (20.0–114.0)

**p < 0.01.

*p < 0.05.
†
p < 0.10.
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TABLE 3 | ORs for eating pathology considering both negative and positive body image indicators.

Criterion Indicators Predictors S.E. Wald’s coeff. (p) OR 95% CI L-U

EAT-26 Negative BI (1) BMI 0.140 0.427 (0.508) 0.913 −8.404 to 0.721

PBI-IBI 0.334 0.976 (0.355) 1.391 –.593 to 114.821

Negative attitudes 0.987 5.871 (0.021) 10.925 0.135 to 440.794

Positive BI (2) BMI 0.124 0.032 (0.879) 0.978 −0.458 to 0.291

Body satisfaction 0.555 0.027 (0.883) 0.913 −1.599 to 1.583

Body appreciation 0.825 0.095 (0.745) 0.776 −3.414 to 1.882

CHAD-B Negative BI (3) BMI 0.242 1.680 (0.056) 0.731 −122.735 to 16.771

PBI-IBI 0.437 1.757 (0.067) 1.785 −6.429 to 62.020

Negative attitudes 2.628 7.333 (0.002) 12.312 5.146 to 1,831.180

Positive BI (4) BMI 0.122 0.013 (0.916) 0.986 −0.516 to 0.337

Body satisfaction 0.582 0.025 (0.868) 0.912 −1.879 to 2.817

Body appreciation 0.972 3.379 (0.043) 0.168 –10.063 to 0.048

0 = no risk, 1 = risk. S.E., Standard error; 95% CI, 95% Confidence Interval; L, Lower limit; U, Upper limit. 95% CI not including the value 1 are bolded, noting significant prediction

estimations. Bootstrapping n= 1,000. Omnibus test models 1= χ
2
= 7.887, p< 0.05, 2= χ

2
= 0.647, p> 0.05, 3= χ

2
= 30.530, p< 0.001, 4= χ

2
= 16.464, p= 0.001. Nagelkerke’s

R2 models 1 = 0.28, 2 = 0.03, 3 = 0.73, 4 = 0.46. Hosmer Lemeshow’s test models 1 = χ
2
= 10.336, p > 0.05, 2 = χ

2
= 2.125, p > 0.05, 3 = χ

2
= 5.528, p > 0.05, 4 = χ

2
=

5.773, p > 0.05. Predictive power models 1 = 86.7% of cases correctly classified, model 2 = 84.4%, model 3 = 88.9%, model 4 = 82.2%.

total score on negative body attitudes) and positive body image
indicators (i.e., body satisfaction and positive body image),
controlling for BMI. Table 3 presents the findings. The risk for
EDs established with the CHAD-B was predicted by negative
attitudes towards the body (BAQ total score), so that higher
scores were associated to an odd of ×12-fold of increased
risk (OR = 12.3, 95% CI = 5.146–1,831.180), and by body
appreciation (BAS-2 total score), so that higher scores were
associated with an odd of 83% risk reduction (OR = 0.17,
95% CI = −10.063 to 0.048). Contrarily, only negative body
attitudes predicted the risk for EDs as established with the
EAT-26, with an odd of ×11-fold of increased risk (OR =

10.9, 95% CI = 0.135–440.794). BMI, the discrepancy between
body perceptions and body ideals and body satisfaction were
non-significant in establishing the ORs for EDs vulnerability in
any model.

DISCUSSION

We explored the body-related self-representations and attitudes
of amateur female soccer players and their vulnerability to
disordered eating behaviours. This study contributes to the
research on body image dysfunctions and EDs in Spanish female
sports, a context in which around 1 in 10 athletes have symptoms
or a high risk for alterations of eating behaviour and body
image (Teixidor-Batlle et al., 2021). In addition, it contributes
to research on positive body image and its protective role in
women, and specifically in sportswomen, an emerging area
in which studies are scarce. Moreover, this study contributes
to research on women’s soccer. Soccer is one of the most
popular sports worldwide. Despite the increase in women’s
participation, soccer continues to be a domain of the male
athlete, and female players find many barriers to compete
in that territory traditionally constructed as masculine both
at a social and a sporting level and to be recognised and

valued as athletes (Fisher and Dennehy, 2015; Pfister, 2015;
Lunde and Gattario, 2017). However, resisting and defying
normative discourses, more and more girls and women are
playing soccer at varying levels of performance, from recreational
to competitive elite.

We found that the participants’ mean BMI corresponded
to a normal and “optimal” weight and composition among
female soccer players, in line with other findings with Spanish
players (Petisco-Rodríguez et al., 2020). Nikolaidis (2014) found
in female soccer players in varied high performance levels an
average BMI range of 21–24 kg/m2 (22.2 ± 0.7), associating a
BMI = 22 with an optimal performance (e.g., greater aerobic
and anaerobic power, isometric muscle strength, force-speed
ratio, flexibility, optimal body composition and general fitness).
Likewise, a BMI ≤ 20 and ≥25 entails reduced performance,
although it may also have certain advantages (e.g., in terms
of speed or strength-power, respectively). The importance of
considering body composition instead of BMI or weight has been
stressed repeatedly in terms of athletic performance achievement
and athletes’ optimal health (Kasper et al., 2021). Nevertheless,
BMI was used in the present study because a body composition
exploration was not possible, and self-reported weight and height
were instead easily collected. In addition, BMI can be very useful
in athletes with underweight and serves to warn them regarding
conditions due to low weight (e.g., disordered eating, low
energy availability, female athlete triad/relative energy deficiency
syndrome) that can impair performance and well-being.

As for perceived and ideal body image and body satisfaction,
the participants as a group reported body perceptions that
coincide with their sporting bodies, although they would like
to have more athletic bodies, i.e., with lower fat and higher
muscularity, corporealities with a higher conformity to the
physical demands of their sport. With the same silhouette-based
tool, it has been found that Spanish young women (18–40 years)
from the general population have an average body image of 6.8
± 2.4, corresponding to self-perceptions of slightly overweight
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bodies with little muscle tone or definition, and an ideal body
image corresponding to a figure two silhouettes thinner and
more toned (Ramírez et al., 2015). In brief, athletes show self-
representations of their bodies that correspond to their reality
as athletes compared to non-athletes counterparts, but their
body demands are also greater in terms of muscularity and
low percentage of fat mass, in association with the functionality
of their body and athletic activity (Fisher and Dennehy, 2015;
Heinecken, 2015; Devonport et al., 2019). However, it is
important to recognise the diversity of self-perceptions and body
ideals, namely not all of them had body perceptions of an athletic
body, nor all of them wished a more athletic body.

The participants reported having a fairly high level of body
satisfaction. Compared to the body satisfaction of Spanish non-
athlete young women (4.0 ± 1.5 in the same 1-to-7-point scale)
(Ramírez et al., 2015), female athletes are more satisfied with
their bodies. Different studies and meta-analysis support that
female athletes have better body perceptions and greater body
satisfaction compared to non-athlete women (Sabiston et al.,
2019), suggesting that women who participate in sports may
encounter unique benefits in terms of body image, as they
experience the embodiment of the activity and the physical
changes related to performance, allowing them to appreciate
body functionality over appearance; moreover, a shift in beauty
ideals may occur as a larger body size is approved, the acceptance
and celebration of bodies diversity is promoted and self-
objectification is reduced (Heinecken, 2015; Liechty et al., 2015;
Lunde and Gattario, 2017). However, even when having positive
self-perceptions, they are not protected for having dysfunctional
attitudes towards the body, weight and appearance and unhealthy
management practises. Female athletes face particular internal
and external performance pressures, body- and weight-related
pressures, increased public exposure of the body, common
regulatory external practises such as a strict control of food
and weight –sometimes in public weigh-ins–, rigid beliefs on
the relationship between weight and maximum performance,
devaluation by the media, etc. Additionally, athletes have to
continually, on and off the field, negotiate their femininity as it
is embodied in their athletic bodies (Fisher and Dennehy, 2015;
Liechty et al., 2015; Bennett et al., 2016; Lunde andGattario, 2017;
Allan and Owen, 2019; Cosh et al., 2019; Devonport et al., 2019),
and they are subject of greater social (sexual) objectification,
which increases a focus on appearance, thin-ideal internalisation
and body shame and surveillance (Varnes et al., 2015).

Therefore, the results obtained in terms of their body attitudes
are not surprising. Although their average scores on the BAQ
differ considerably from the scores observed in young women
with anorexia or bulimia and are similar to those of healthy
females (Probst et al., 2008; de Souza et al., 2014), 20% of the
participants showed negative attitudes towards their weight and
body and feelings of contempt and lack of personal worth due
to appearance, which is consistent with the prevalence observed
in the present study for body dissatisfaction as well as with the
percentage of players with the worst body perceptions and the
greatest discrepancy between their perceived and ideal bodies.
Women with disordered eating show significantly higher scores
on the BAQ and its dimensions and this self-report—particularly

the subdimensions of attractiveness, strength/fitness and self-
disparagement—allows discriminating between womenwith EDs
and healthy females (Probst et al., 2008). To our knowledge, this
questionnaire has not previously been used with athletes, so this
study can make a contribution in this regard. Nevertheless, it
has not been used either with Spanish females, and thus more
research is needed to support its usefulness in Spanish and
athletic samples.

Body attitudes can be harmful when they are centred on
weight and appearance and are a result of the internalisation
of the sociocultural beauty canons and the subsequent body
objectification, producing feelings of shame, fear, concealment,
insecurity, worry and distress pivoting on food and body
concerns and unhealthy control strategies. On the contrary,
healthy and positive attitudes towards the body are based on
body respect, acceptance, appreciation and care from a critical
personal position confronting social pressures (Tylka, 2018).
They are associated with feelings of satisfaction, recognition,
pride, love, de-objectification and overall well-being and are
translated into a relationship with food and with the body with
attention to its needs, and thus a higher use of healthy self-caring
strategies; moreover, being self-compassionate and confident
with their bodies, respecting and treating their bodies with
kindness, the athletes can experience higher body satisfaction
and a shift to an adaptive focus on functionality (Killham
et al., 2015; Lunde and Gattario, 2017; Eke et al., 2020). In
our study, the participants reported a moderately high body
appreciation on average, particularly in terms of feeling love
and respect for their body and being attentive to their bodies’
needs. Their scores were similar to those of other female
athletes (Soulliard et al., 2019; Voelker et al., 2019). Their
scores were also similar to those of young and adult Spanish
non-athlete women (Swami et al., 2017), which is contrary to
expectations, since recent research suggests that focusing on body
functionality instead of appearance-related features can improve
body appreciation (Alleva and Tylka, 2021). Noteworthy, 1 in
6 players had low positive body image. It has been argued
that participation in sport can be a rewarding experience for
women, protecting them against negative self-perceptions and
body attitudes and problematic eating behaviours, but it can
also involve unpleasant experiences that translate into threats to
body image by reinforcing negative self-thoughts and behaviours,
ultimately affecting athletes’ well-being (Fisher and Dennehy,
2015; Lunde and Gattario, 2017; Cosh et al., 2019; Devonport
et al., 2019; Eke et al., 2020). Research highlights the need to better
understand the experiences of women in the sports environment
to obtain valuable information on how to make the sport context
a positive scenario for females’ body image (Lunde and Gattario,
2017).

On the other hand, the risk for eating pathology is elevated
among young females (Lindvall Dahlgren et al., 2017; Qian et al.,
2021). The social pressures on women’s bodies are increasing,
and currently girls and women must conform the slim and
toned expectations known as the ideal athletic body, to be
socially accepted (Hartmann et al., 2018; Henn et al., 2019;
Aanesen et al., 2020; Lang and Rancourt, 2020; Steinfeld et al.,
2020). These pressures are rooted in the prevailing sociocultural,
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patriarchal canons of feminine beauty, transmitted through all
channels and considered valid, accepted and internalised, guiding
females’ experiences. The athletic ideal has thus disciplinary
effects (Aanesen et al., 2020). The athletic ideal is linked to
higher body dissatisfaction than the thin ideal, as it is more
exigent and less attainable (Betz and Ramsey, 2017). In athletes,
body-related pressures are higher than in the general population,
since sportswomen have also to face the tensions arising from
the pressures for results, the belief that low weight leads to
better performance, the reality that weight and appearance
are sometimes relevant for athletic performance (e.g., weight-
classes and aesthetic sports), the constant visibility of the body
(e.g., uniforms) and the continuous scrutiny of the body (e.g.,
coaches, public weigh-ins, weight control strategies, fans or
the sports press). Therefore, the risk for disordered eating
and EDs is considerably higher among athletes compared to
non-athletes (Dilyara and Zuzanna, 2016; Joy et al., 2016;
Díaz et al., 2018; Mancine et al., 2020), particularly in sports
emphasising weight and appearance. One of the most extensive
and cited reviews (Bratland-Sanda and Sundgot-Borgen, 2013)
indicates prevalence rates of subclinical eating pathologies and
manifestations of altered behaviours among female athletes of
20–62%, and of clinical EDs of 6–45%. As repeatedly pointed
out, these figures probably underestimate the real numbers,
since dysfunctional behaviours and symptoms tend to be hidden
or denied for fear of reprisals or stigma (Joy et al., 2016).
Specifically on ball sports such as soccer, basketball, handball, etc.,
there is currently growing research on body perceptions, body
satisfaction and risk for EDs. Body and eating issues in these
sports are more common and frequent than expected (Díaz et al.,
2018), such that the label of “low risk” sports does not fit with the
reality of athletes.

In the present study, about 2 in 10 athletes are at risk for,
or are already suffering from, eating pathology. It is a very
high and, unfortunately, very common number in sports, also
among Spanish female athletes, although other studies report
lower prevalence rates (Godoy-Izquierdo et al., 2019a; Petisco-
Rodríguez et al., 2020; Teixidor-Batlle et al., 2021). Compared to
males, there is double or even triple incidence and prevalence
rates among females (Teixidor-Batlle et al., 2021). Recent
research on EDs in Spanish athletes of both sexes-genders and
different levels of performance and sports modalities concludes
that ∼5–10% have a high vulnerability to an ED (Teixidor-
Batlle et al., 2021), including soccer players (Godoy-Izquierdo
et al., 2019a). These findings coincide with other previous studies
carried out with elite athletes from national high-performance
centres (Dosil et al., 2012). Specifically in women, 8% of the
athletes showed high risk in the studies by Dosil et al. and
Teixidor-Batlle et al., with a prevalence among them 3 times
higher than that of male athletes in both studies. In the most
recent of both studies, female athletes in ball sports showed a
prevalence of 4%, compared to 13–14% in aesthetic and technical
sports, yet prevalence was not explored specifically for soccer.
In the study by Godoy-Izquierdo et al., the authors performed
a cluster analysis to detect risk configurations and identified
three profiles of high risk (8.7%), moderate risk (45.1%) and low
risk (46.2%), and found that the soccer players showed a profile

very similar to that of the moderate, but existent, risk cluster.
Furthermore, almost 2/3 of the soccer players were grouped into
moderate and high risk clusters. Although this study did not
explore differences by sex-gender (36% of the total sample and
15% of the subsample of soccer players were women), the authors
found, considering all participating athletes, that low-risk and
moderate-risk clusters were made up of twice as many males
as females. More recently, Petisco-Rodríguez et al. (2020) have
found that between 5 and 12.5% (depending on the screening
instrument) of adolescent and young female soccer players have
a high risk for EDs, these figures being considerably higher than
those observed in gymnasts, but lower than those of non-athlete
controls. Studies carried out with non-Spanish female soccer
players indicate a prevalence of 11%, also lower than those found
among non-athlete girls and women (Abbott et al., 2021); others
indicate that while only 0.5% are at high risk, an additional
7.7% could be at moderate risk (Prather et al., 2016). Studies
such as these support questioning classifications of athletes into
risk gradients attending exclusively to the sport modality (i.e.,
high and low risk sports) (Díaz et al., 2018) and highlight the
need to consider mainly individual factors (e.g., beliefs and
attitudes regarding weight and appearance, unhealthy weight
management behaviours) and contextual factors (e.g., pressures
from coaches and teammates, sociocultural pressures on the
aesthetic body and the athletic femenine vs. masculinised body),
as well as intersectional factors, gender in particular (Chang et al.,
2020).

It is interesting to note how the two screening self-reports,
one of them general and the other specific for sport, detected
potential clinical cases. According to the CHAD-B, between 11
and 14 players were at high or moderately high risk for eating
pathology, respectively; according to the EAT-26, 7 players were
at risk. Both instruments coincide in 6 participants, 5 athletes are
detected by CHAD-B but not by EAT-26, and 1 was detected by
EAT-26 but not by CHAD-B. It seems clear then that assessment
instruments specifically designed for the sports context, which
take into account particular risk factors and eating pathology
manifestations, are more sensitive to detect vulnerability than
tools designed for the general population (with or without eating
symptoms) (Pope et al., 2015).

More importantly, we found that the vulnerability for eating
pathology was determined mainly by both negative and positive
attitudes towards the body, irrespective of body perceptions and
body satisfaction as well as BMI. Among the two screening
tools, the CHAD-B demonstrated the most interesting findings.
After controlling for confounders, those players holding more
negative attitudes towards their body were more likely to report
eating subclinical or clinical pathology. The odds for them
developing an ED was about 12 times as high compared with
athletes with lower negative attitudes regarding their body weight
and shape (OR = 12.3, p < 0.01). On the contrary, those
athletes celebrating their bodies, caring for them and resisting
the sociocultural pressures of beauty were less likely to suffer
from eating and body image pathologies. The odds for them
developing an ED was >80% lower compared with athletes
with lower positive attitudes regarding their body (OR = 0.17,
p < 0.05). Nevertheless, there is still a noticeable part of the
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variance which remained unexplained, pointing to the need of
considering other factors by future research in order to fully
understand the risk for eating pathology in female sports. The
results of this study support the protective role of positive
body image in preventing dysfunctional eating and contribute
novel findings in sports context, with potential implications for
coaches, nutritionists and psychologists to encourage a culture
that focuses less on body weight and appearance and more on
cultivating body positivity.

Our findings have interesting practical applications. Given
the high incidence and prevalence of EDs in the sports context,
it is necessary that all instances related to sports activity
take responsibility and that multidisciplinary preventive and
therapeutic programs including psychological and nutritional
counselling are carried out in order to reduce current rates (Bar
et al., 2016; Joy et al., 2016; de Bruin, 2017; Voelker and Reel,
2018; Voelker and Galli, 2019; Chang et al., 2020; Sandgren
et al., 2020). Previous evidence indicates that despite increasing
awareness on the importance of an adequate diet for better
athletic performance, gender stereotypes continue to bother
female athletes, influencing their nutritional choices and limiting
their food intake (for instance, yet they are attentive to their
increased needs, they report feeling shame for eating “too much”
when compared to non-athlete females; Lunde and Gattario,
2017). This is further linked to social and athletic prejudices
against overweight as well as the athletes’ struggle for attaining
a functional body or a physically attractive body according
to the hegemonic beauty ideals, with many athletes reporting
feeling that they are unable to adjust to both ideals at the
same time (Lunde and Gattario, 2017). Furthermore, the sports
subculture, namely the “normative” beliefs and practises accepted
and expected within the soccer subculture, as well as dietary
practises and preferences in everyday life (e.g., sociocultural
and family values) collide with nutritional recommendations for
athletes, and this causes them to find a conflict regarding their
diet as an athlete or as a woman (Ono et al., 2012). In addition, the
influences of coaches and teammates on athletes’ health choices,
including behaviours for weight and appearance regulation, have
also been stressed (Beckner and Record, 2016; Bennett et al., 2016;
Díaz et al., 2019).

An alternative to traditional proposals derived from dominant
gendered cultures and subcultures of appearance and food
should be a priority in sports. With a focus on the pursuit
of improving athletes’ health and performance, some recent
attempts (e.g., Tylka and Homan, 2015; Voelker et al., 2019,
2021) have been conducted based on the non-weight-and-
appearance-centred paradigm of positive body image and
intuitive eating. By deconstructing concepts of beauty, weight,
food and performance, unmasking myths and highlighting
the importance of approaching psychological, emotional and
physical health in amore holistic, friendly, flexible and integrative
way, based on a person-as-a-whole principle, this new approach
can help athletes to listen to their bodies and to identify their
internal signals to guide their food intake, thus achieving better
performance. Given that positive body image interventions are
helpful for women (Guest et al., 2019), instructing athletes
on positive ways of inhabiting the body can be promising in

EDs prevention in the sports contexts (Piran, 2015; Wood-
Barcalow and Augustus-Horvath, 2018). Given that a healthy
diet adapted to the condition of each athlete is a requirement
formaximumperformance (FIFA, 2010; Escalante, 2016; Thomas
et al., 2016; Gastrich et al., 2020), providing athletes an adequate
nutrition education in sports combined with an individualised
training in intuitive eating (Oh et al., 2012; Plateau et al.,
2017) and positive body image in the sports context could be
a promising approach for increasing athletes’ well-being and
performance while also decreasing their risk for body image and
eating pathology.

Despite the contributions of this study, it is important to
stress its limitations, so that future research can adequately
address them. First, the sample is small, given that it was
composed of those players who willingly accepted to participate
among all the invited players; although this was our interest,
it is also limited to female soccer players. Thus, the present
study has to be considered as a preliminary report with limited
generalizability of the findings, and more research is needed with
women from this and other sports, of different performance
levels and from other nations. Second, only self-reports have
been used to assess the study variables including the risk for
eating pathology, instead of other more appropriate strategies
for the diagnosis of EDs (i.e., clinical interview). In addition,
athletes may have underreported their unhealthy attitudes and
practises due to the non-anonymous nature of the evaluation,
or contrarily these might have been overreported due to the
possibility that the participants were those players with higher
concerns on these issues. Third, some of the assessment tools
have been scarcely used to date in the Spanish population or
athletic females. More research is needed to confirm their utility
with these samples. In addition, yet previously supported by
other researchers (Pope et al., 2015; Rodríguez et al., 2015), it
is necessary to confirm that standardised screening tools such
as the EAT-26 must be substituted with specific tools such as
the CHAD-B for a more suited identification of eating pathology
vulnerability in the sports context. Moreover, other important
dimensions (e.g., altered but normal behaviours in sport) or
influencing factors (e.g., pressure from the coach or teammates)
have not been considered. These factors may explain the what,
when and how certain attitudes and practises regarding weight
and body management become problematic in the sporting
context, and should be considered by future research. Previous
research indicates that variables such as being an athlete,
sex-gender, age, educational level, sport modality or level of
performance can be important factors regarding nutritional
knowledge and food intake, since they can be associated with
aspects such as a greater interest in performance or greater
availability of resources, although the evidence is not conclusive
for any of these factors (Trakman et al., 2016). Due to the
numbers in the present study, we were not able to analyse
the possible influence of these factors. Finally, the correlational
and cross-sectional nature of this study prevents us from
drawing conclusions about possible cause-effect relationships;
more suitable designs (e.g., longitudinal, experimental) and other
statistical analyses can offer more conclusive answers to our
research questions. Moreover, the nature of the study impeded
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us to explore more deeply the players’ conflict with their
athletic and aesthetic bodies, the performativity of athleticism
and femininity and the balances with instrumental-functional
and appearance-social dimensions of their body image. Other
methodologies, such as qualitative designs, are more appropriate
for understanding the complexities of body image in female
soccer players.

In conclusion, the soccer players in general showed self-
representations of their bodies that corresponded to their reality
as athletes, but their body ideals were also more demanding
in terms of low fat and muscularity, in association with the
functionality of their body and their athletic activity. Despite
having a fairly high body satisfaction, they expressed a desire
to adjust more to the ideal body determined by the physical
demands of soccer. Interindividual variability was also observed
and is worthy to be noted. Although sports such as soccer have
been traditionally classified as low risk for having a disorder
related to body image and eating behaviour, we found that
around 2 in 10 players were at risk of suffering from an
ED, which is related mainly to their negative and unhealthy
body attitudes. Players with negative attitudes towards their
bodies were an odd 12 times more likely to develop an ED
compared to those with lower self-devaluation, after adjusting
for BMI and body perceptions. On the contrary, players who
appreciate their bodies and hold a positive body image had
an odd 0.17 times likely to suffer from eating pathology,
after adjusting for BMI and body satisfaction. Our results
point to the need to change the conceptual paradigm that
guides the interventions for the prevention and management
of dysfunctions related to body image and eating behaviour in
sportswomen, among which the positive body image paradigm
appears as a promising approach.
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This article aims to study the coordination of the defenders’ tactical and technical
behaviour of successful teams to recover the ball according to contextual variables.
A total of 15,369 (480.28 ± 112.37) events and 49 to 12,398 different patterns in 32
games of the 2014 FIFA World Cup’s play-offs were detected and analysed. Results
evidenced a T-pattern of the first defender pressuring the ball carrier and his teammates
concentrating at the same zone to cover him or space, leading to ball recovery. Field
zones, first defender tactical and technical behaviours, and ball carrier first touch
constituted opportunities for defenders to coordinate themselves. Moreover, the third
defender had a predominant role in his teammates’ temporisation and covering zone
behaviours. In the draw, first half, second-tier quality of opponent and play-offs excluding
third place and final matches, the ball regularly shifted from upper to lower field zones in
short periods, resulting in ball recovery or shot on goal conceded. Defenders performed
behaviours farther from the ball carrier, and player-marking were most recurrent to an
effective defence. This study’s findings could help coaches give specific tips to players
regarding interpersonal coordination in defence and set strategies to make tactical
behaviour emerge globally.

Keywords: performance analysis, interpersonal coordination, defensive phase, tactics, pattern recognition

INTRODUCTION

Team coordination involves arranging the team members’ behaviours according to their type,
timing, and location to achieve the most significant outcome for the team (Eccles, 2010). It is often
called interpersonal coordination due to its social nature (Cornejo et al., 2017), which consists of
the extend of synchronisation, specification, and stabilisation of behaviours (e.g., body movements
or verbal remarks) between two or more people in social interaction (Bernieri and Rosenthal, 1991;
Castañer et al., 2010, 2016). For some authors, interpersonal coordination in team sports requires
shared cognition to be effective (Gershgoren et al., 2016); for others, it requires shared affordances
(Silva et al., 2013; Araújo et al., 2016). The cognitive perspective of coordination function through to
the shared cognition or knowledge is helpful to explain discrete tasks. However, it is less valuable to
explain activities performed in dynamic and complex environments, focusing on the ecologic and
systems perspective (Wharton and Rossi, 2015). Ecologic and systems theory supports the idea that
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perception-action produces behaviour directly instead of planned
movements, and it is integrated into environmental and task
constraints (Pinder et al., 2011; Serra-Olivares et al., 2017).

According to previous lines of thought, in sports, the
spatial–temporal relationships change continuously, and by
consequence, the opportunities to act (Gibson, 1979; Araújo and
Davids, 2009; Castañer et al., 2012). The opportunities of actions’
concept, also referred to as affordances, hypothesised that the
environment is perceived directly to what is possible for an
individual to do (Castañer et al., 2018). For example, a specific
opponent’s relative positioning information can be perceived as
an opportunity for a player to act (Davids et al., 2005). Thus, team
functioning reveals player coordination according to common
principles and idiosyncratic behaviours (Araújo et al., 2016).
Even so, there is a current discussion that both mechanisms
are intimately involved in interpersonal coordination, leading
to the development of an integrative perspective to explain
interpersonal coordination in situations for which neither shared
mental models nor shared affordances can explain clearly
(Steiner et al., 2017).

Methodologically, interpersonal coordination can be
measured by the following techniques (Cornejo et al.,
2017): (i) behavioural coding – tracks global behaviours
(ii) video recording; (iii) motion tracking systems –
tracks body movements; and (iv) psychophysiological and
neurophysiological methods – studies the physiological
changes and the neural activity in social interaction. However,
video analysis has the advantage to allow the assessment of
interpersonal coordination in natural settings (Cornejo et al.,
2017). According to the previous authors, the next research of
interpersonal coordination should address experimental design
sensible to this concept. In addition to the instruments, to
study interactive, complex, and dynamic behaviour in sports,
researchers have turned to coordinative or collective variables
(Hristovski et al., 2014; Low et al., 2020), i.e., “single variables
that capture and synthesize the interactive behaviours between
the individual parts of a system” (Passos et al., 2014, p. 106).

In football, researchers often use the following collective
variables (Clemente et al., 2015; Araújo and Bourbousson, 2016;
Sarmento et al., 2018; Low et al., 2020): (i) team centre – lateral
and longitudinal cartesian coordinates mean of every player
and incorporates variables such as the centroids and “weighted”
centroids; (ii) team communication networks – representation
and measures of preference and efficacy of players’ connections,
and includes variables such as density, centralization, and
heterogeneity; (iii) team dispersion – overall spatial distribution
of players and includes the variables of stretch index, team spread,
surface area, team length per width ratio, and effective space; (iv)
team synchrony – consists of the compression dimension of a
synergy, i.e., the degree of similarity of behaviours and includes
the relative phase and cluster phase measures; and (v) labour
division – contribution of players to the team task and integrates
the measures of Voronoi, dominant regions, heat maps, major
ranges, and player-to-locus distance.

Studies concerning those variables can evidence, for example,
that defending types of coupling, in the cases of small-sided
games, were consistent, and positioning measures such as surface

areas and players’ distances to team centre decreased (Travassos
et al., 2014). Teams presented stable patterns concerning
defensive, e.g., small stretch index, team width, and effective
playing, medium length and team centroid placed in the middle
defensive sector and at the right side; and offensive behaviour,
e.g., broad stretch index, stable team centre positioned in the
central offensive sector at the right and left side, extended length,
medium width, and significant players’ dispersion (Ric et al.,
2016). Alternatively, general network analysis has shown that
high network variables (i.e., total links, density, and clustering
coefficient) correlate positively with goals scored. Further, in a
multilevel hypernetworks approach, teams revealed changes in
dynamics and configurations, e.g., 1v1 and 1v2 interaction of
players (i.e., simplices) behind and ahead of the ball position
were the most frequent; or that local and global dynamics can be
mutually affected (Ribeiro et al., 2020).

Nevertheless, the previous studies, and literature in general,
present at least one of the following limitations (Mackenzie
and Cushion, 2013; Sarmento et al., 2014; Low et al., 2020):
(i) overvaluing of how dyads led to the collective or tactical
behaviours, instead of how dyads are formed; (ii) overfocus on
attack phase and the spatial–temporal relationships excluding
tactical and technical behaviours; (iii) limited analysis of full
sided-games or official matches; and (iv) little reflection of
complexity and dynamics in data collection and analysis.

In this sense, the defensive theoretical model from Fernandes
et al. (2019) that allows the analysis of the defenders’ tactical and
technical behaviours (e.g., covering) according to the ball carrier
in matches makes possible the study of how dyads are formed.
The model also includes situational variables as environmental
constraints (e.g., game location or quality of opposition). Weak
explanatory power and limited implications have been found
when not taking these situational variables into account in the
analysis (Mackenzie and Cushion, 2013; Sarmento et al., 2014).
Moreover, the T-pattern detection and analysis (TPA) technique
facilitates recognising recurrent patterns in information like
behaviour events over time, which deals effectively with rare
events contrary to the traditional statistical theory (Magnusson,
2017). Recent studies using this technique have shown benefits
in studying coordination and sports behaviours (Camerino et al.,
2012; Lapresa et al., 2013, 2018; Amatria et al., 2017, 2019;
Castañer et al., 2017; Fernández-Hermógenes et al., 2017; Prat
et al., 2019; Tarragó et al., 2019).

Therefore, we hypothesised that particular coordination
dynamics of tactical and technical behaviours among defenders
are related to team performance (Figure 1). The aims of this study
are: (i) to detect and analyse the defensive patterns of tactical
and technical behaviours among defenders and (ii) to explore
the influences of opponent quality, type and stage competition,
match status, and halves in those patterns.

MATERIALS AND METHODS

Participants and Sample
Tactical and technical data from the 2014 FIFA World Cup play-
off matches of Germany, Argentina, Netherlands, and Brazil,
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known as successful teams (Delgado-Bordonau et al., 2013), were
collected. Sixteen observations of 12 matches, four observations
for each team were analysed. The detailed information about
non-ball possessions sample of those matches and per team is
available in Fernandes et al. (2020). No sequences were excluded
in regular time, and extra-time was not included, procedures
similar to previous works (Barreira et al., 2015).

Instrument and Variables
The Soccer-Defence (SOC-DEF) Theoretical Dynamic System
Model was used to collect the data. The criteria and categories’
definitions, validity, and reliability are presented elsewhere
(Fernandes et al., 2019). We used the Lince 1.4 recording
software (Gabin et al., 2012) and LINCE PLUS (Soto et al., 2019,
2021) to implement the instrument, record the behaviours and
organise the data. FIFA database provided tactical and broadcast
cameras, which were utilised to decrease data exclusion and
ambiguous actions.

Design and Procedures
This study consists of a nomothetic (i.e., plural unit), followed-up
(i.e., diachronic), and multidimensional (i.e., multiple responses)
design, which corresponds to the fourth quadrant of the
observational methodology (Chacón-Moscoso et al., 2018). The
sample is made of sequences of the non-possession of the ball
from the play-offs matches of semi-finalists teams, according to
the definitions of Barreira et al. (2012). Multi-codes of behaviours
were recorded at the first touch, the following three touches, and
the last touch (Fernandes et al., 2019).

The data were recorded by a football performance analyst with
8 years of previous experience coded the data of all matches.
The operator followed the procedures of the instrument protocol
severely to ensure measurement blinding.

Data Analysis
According to previous research (Lapresa et al., 2013, 2018;
Amatria et al., 2017), the following search parameters were
set: free critical interval, significance level at 0.005, minimum
occurrence equal or more than three events, lumping factor of
0.90, types of randomisations (shuffling and rotation), and 2000
randomisations (1/0.005 × 10). An empirical selection of the
criteria was made to decrease the event types and increase the
number of events, i.e., reduce variability. Pattern recognition
analysis on each coded interaction session and criteria selection
was performed using THEME Edu v6. THEME is a software
package featuring algorithms that process the enormous range
of combinatorial patterns underlying behaviours; it compares all
behavioural patterns and retains only the most complete ones.

RESULTS

The total number of event types, i.e., the various combinations
of players’ behaviours, analysed in the 32 games was 15,073
(478.00 ± 112.10) from a total duration (i.e., unit of analysis)
of 2,277,370 (71,167.81 ± 2448.59). Only 296 event types were
repeated; however, this value increased with the criteria selection

ranging between 3432 and 11,305. THEME software detected a
minimum of 49 and a maximum of 12,398 different patterns in
the five sessions performed. The results of the T-patterns of the
five sessions are presented in Figures 2–4.

Figure 2 shows that in the Delay (TSaa) subphase, when the
first defender pressured the ball carrier (i.e., DDcp) at the centre
of the entry of the box (i.e., zone five), the second defender did
contention (i.e., DSc), and the third defender covered (i.e., DTcb),
this was a precedent of the ball going to the left strip of the
medium defensive sector (zone four) with the first, second and
third defenders doing pressure (DDcp), contention (DSc) and
player marking (DTmh), respectively. However, if a ball went
inside the box (i.e., B2), it could result in a shot off goal conceded
(FIrf). On the other hand, if the defenders performed efficiently,
the opponent team could retreat to their midfield (zone 9 and
10), which triggered the defending team to perform recovering
and positioning displacements (i.e., DDdr, DSpe, and DTpe). The
T-pattern was most seen in both the Netherlands and Argentina.

The analysis without the defenders’ location resulted in a more
informative T-pattern, as shown in Figure 3. The T-pattern starts
with the first defender pressuring the opponent with the ball (i.e.,
DDcp), the second and third defenders covering (i.e., DScb) the
first defender and the zone (i.e., DTcz) being the right strip of the
field (i.e., B7). Then, the first defender temporised the opponent
action (DDct) when the ball went to the central zones (i.e., B6)
and returned to pressure in the sides of the field (i.e., B4) with
the second and third defenders performing contention (i.e., DSc)
and covering (i.e., DTcb). If a ball moved to the central zones of
the opponent field (i.e., B9), the first defender restrained himself
again (i.e., DDct) and the second defender and third defender
adopted behaviours with emphasis to space (i.e., zonal covering
and closing transversal spaces). Shifting the ball to zones four and
five made the first defender pressure and the second defender
covered the first defender’s pressure (i.e., DDcp and DScb). In
these dynamics, the third defender performed cover (DTcb) and
player marking (DTmh). Next, if the ball continued in the same
zone (i.e., B4), the first defender temporised the ball carrier
actions (i.e., DDct), and the second and third defenders focused
on the space (i.e., DScz and DTpe). When this occurred, shifts to
the other side of the field (i.e., B7 and B3) were frequent, and the
first defender was making pressure (DDcp), the second and third
defenders doing covering (DScb) and closing longitudinal spaces
(DTel). However, getting into zone 3, their behaviours changed
to the displacement of recovering (i.e., DSdr and DTdr). More
or fewer parts of the pattern were detected in all teams, but the
complete ones are evidenced in Germany and Brazil.

Further, the analysis considering the contextual variables
(Figure 4) detected T-patterns in the draw (Re), first half (FH),
second-tier quality of opponent (Tt), and play-offs excluding
third place and final (Csk). In Figure 4A, when the subphase
and the numerical relationship (i.e., centre of the game) were
considered, we can see that teams performed more actions far
from the ball carrier (i.e., DDpe and DSpe), which could result
in the opponent moving the ball along the zones near to their
goal (i.e., B10 and B13) and consequently lose it for infraction
of the laws (FEil) in the other side of the field (i.e., B2). On the
other hand, it could also result in a shot on goal (FIrb). Then,
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FIGURE 1 | Tactical–technical defensive actions according to distance. The distance and area associated with the tactical and technical behaviours correspond to
the ellipse or background’s colour in which they are pointed. However, distance is only one criterion to assess the behaviour. For example, in the “close transversal
spaces,” the defender should be positioned to the side and facing the ball carrier, and in the “close longitudinal spaces,” the defender should be placed to the front
and facing the ball carrier. For more details, see Fernandes (2017).

FIGURE 2 | T-pattern detection and analysis of the first, second, and third defender’s tactical–technical actions and field zones, type of subphase, ball field zone, and
end of defensive phase, using a lumping factor of 0.90 and minimum occurrence of 3. Pattern: ((TSaa, DDcp, DSc, DTcb, D5, S5, T5, B5 (TSaa, DDcp, DSc, DTmh,
D4, S4, T4, B4 B2, FIrf)) TSaa, DDdr, DSpe, DTpe, D9, S9, T9, B10); A, Argentina; B, Brazil; B2, ball in the central strip and ultra-defensive sector field zone; B4, ball
in the left strip, defensive sector, and defensive midfield field zone; B5, ball in the central strip and defensive sector field zone; B10, ball in the central strip and
offensive sector field zone; D4, first defender in the left strip, defensive sector, and defensive midfield field zone; D5, first defender in the central strip and defensive
sector field zone; D9, first defender in the central strip and offensive midfield sector field zone; DDcp, first defender pressure; DDdr, first defender displacements of
recovering; DSc, second defender contention; DSpe, second defender control or balance positioning; DTcb, third defender cover; DTmh, third defender player
marking; DTpe, third defender control or balance positioning; FIrf, end of defensive phase by shot off goal conceded; G, Germany; N, Netherlands; S4, second
defender in the left strip, defensive sector, and defensive midfield field zone; S5, second defender in the central strip and defensive sector field zone; S9, second
defender in the central strip and offensive midfield sector field zone; T4, third defender in the left strip, defensive sector, and defensive midfield field zone; T5, third
defender in the central strip and defensive sector field zone; T9, third defender in the central strip and offensive midfield sector field zone; TSaa, delay subphase.
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FIGURE 3 | T-pattern detection and analysis of the first, second, and third defender’s tactical–technical actions and ball field zones, using a lumping factor of 0.90
and minimum occurrence of 3. Pattern: ((((DDcp, DScb, DTcz, B7 DDct, DScb, DTcz, B6) (DDcp, DSc, DTcb, B4 DDct, DScz, DTet, B9)) (DDcp, DScb, DTcb, B5
DDcp, DScb, DTmh, B4)) ((DDct, DScz, DTpe, B4 DDcp, DScb, DTel, B7) (DDcp DSdr, DTdr, B3 DDcp DScb, DTet, B7))); A, Argentina; B, Brazil; B3, ball in right strip
and ultra-defensive sector field zones; B4, ball in the left strip, defensive sector and defensive midfield field zone; B5, ball in the central strip and defensive sector
field zone; B6, ball in the central strip and defensive midfield field zone; B7, ball in the right strip, defensive sector, and defensive midfield field zone; B9, ball in the
central strip and offensive midfield sector field zone; DDcp, first defender pressure; DDct, first defender temporisation; DScb, second defender cover; DScz, second
defender zonal cover with player marking; DSdr, second defender displacements of recovering; DTcb, third defender cover; DTcz, third defender zonal cover with
player marking; DTdr, third defender displacements of recovering; DTel, third defender close longitudinal spaces; DTet, third defender close transversal spaces;
DTmh, third defender player marking; DTpe, third defender control or balance positioning; G, Germany; N, Netherlands.

when the subphase is not considered (Figure 4B), at the same
situation, i.e., Re, FH, Tt, and Csk, but in zone 4, the successful
teams’ first defender performed player marking (DDmh), while
the second and third defenders performed contention (DSc)
and closed longitudinal spaces (DTel). The ball going to zone
11 encouraged the first defender to perform pressure (DDcp),
and both the second and third defenders made displacements of
recovering (DSdr and DTdr). Sequentially, the second defender
performed player marking (DSmh), and the third defender
continued to recover the positioning (i.e., DTdr). Despite this
moment of instability, the result was recovering the ball by
opponents’ infraction of game laws (i.e., Feil). Brazil, Argentina,
and Germany demonstrated this same dynamic pattern.

DISCUSSION

All aims proposed for this article were accomplished as the
defensive tactical and technical behaviours patterns among
players were identified and discriminated, and the influences of
opponent quality, type and stage competition, match status, and
halves on those defensive patterns were explored.

The number of events shows how heterogeneous is the game
of football. Spatiotemporal data do not reveal direct or clear

information on the tactical and technical behaviour of the player.
In other words, the same coordinates can have completely
different meanings since the player can perform different actions
in the same space.

The T-patterns of Figure 2 had the most event and event types,
meaning that great complexity was considered. Players placed on
the sides, especially in the left side of Argentina and Netherlands,
coordinate in the first touch of the ball carrier; this could be due
to the fact that the delay subphase is the most common in football
matches (Fernandes et al., 2020); in other words, teams often
play in one and two touches. Not having patterns considering
more than one and two touches indicates the players’ significant
behaviour variability indirectly, i.e., loss of coordination, but
deductive reasoning should be tested empirically.

Also, it seems that the coordination of the players following
the reasoning of pressuring the ball carrier and having teammates
saving their back seems coherent with the concentration of
players at the same zone (i.e., pressure zones) and indicates the
successful end of the defensive phase even if it is an indirect type
of ball recovery. Despite the methodological differences, one
can make a parallelism with the results found in European
professional football, specifically defensive effectiveness
against shooting conceded is correlated with winning matches
(Brito Souza et al., 2019), and defensive pressure decreases the
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FIGURE 4 | T-pattern detection and analysis of the first, second, and third defender’s tactical–technical actions and ball field zones, with and without the type of
subphase and centre of the game, according to match status, opponent quality, type and stage of competition, and halves, using a lumping factor of 0.90 and
minimum occurrence of 3. Pattern (A) ((Re, FH, Csk, Tt, Tsaa, SPr, DDpe, DSpe, DTmh, B13 Re, FH, Csk, Tt, TSaa, SPr, DDpe, DSpe, DTmh, B10) (Re, FH, Csk, Tt,
B2, FEil Re FH, Csk, Tt, B2, FIrb)); Pattern (B) ((Re, FH, Csk, Tt, DDmh, DSc, DTel, B4 (Re, FH, Csk, Tt, DDcp, DSdr, DTdr, B11 Re, FH, Csk, Tt, DDcp, DSmh, DTdr,
B11)) (Re, FH, Csk, Tt, DDcp, DImh, DTdr, B11 Re, FH, Csk, Tt, FEil)); A, Argentina; B, Brazil; B2, ball in the central strip and ultra-defensive sector field zone; B4,
ball in the left strip, defensive sector, and defensive midfield field zone; B10, ball in the central strip and offensive sector field zone; B11, ball in the right strip,
offensive midfield, and sector offensive sector field zone; B13, ball in the central strip and ultra-offensive sector field zone; Csk, play-offs excluding third place and
final; DDcp, first defender pressure; DDmh, first defender player marking; DDpe, first defender control or balance positioning; DSc, second defender contention;
DSdr, second defender displacements of recovering; DSmh, second defender player marking; DSpe, second defender control or balance positioning; DTdr, third
defender displacements of recovering; DTel, third defender close longitudinal spaces; DTmh, third defender player marking; FEil, end of defensive phase by
interruptions and laws infractions; FH, first half; FIrb, end of defensive phase by shot on goal conceded; G, Germany; N, Netherlands; Re, draw; SPr, relative
numerical inferiority; TSaa, delay subphase; Tt, tier 2.

probabilities of scoring a goal (Gonzalez-Rodenas et al., 2020).
Moreover, the significant frequency and complexity in the results
found in Figure 3 resulted from the criteria selection, which

means that partial information of the game was lost. However,
the results generally expressed how defenders coordinate
themselves related to ball location, mainly in the right and left
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sides of the defensive and midfield sectors. Interestingly, previous
research using T-patterns in the attack phase, but in a single elite
club, showed opposed patterns, making sense considering the
different phases (Camerino et al., 2012). However, one should be
aware of the methodological differences and limitations of this
comparison. Either way, zones in this study showed affordances
for the coordination of the players, at the right strip and ultra-
defensive sector seems to be a zone of 1v1 situation that the first
defender pressured even without the backing of the second and
third defenders. Despite the methodological differences, one can
compare to the results of the studies of Laakso et al. (2017) and
Laakso et al. (2019), who found lower values of interpersonal
distance in the middle and left zones in 2v1 and 1v1 (isolated)
situations, respectively.

However, the typical behaviour of the first and second
defenders at the right and the left strip was to pressure from the
defensive sector and defensive midfield zones, but only when the
third defender was near to them. It still, it depends on the third
defender – if the third defender was far from the centre of the
game, the defenders adopted temporisation and covering zone
behaviours. Also, it seems that the third defender was responsible
for conditioning the next move of the attack. For instance,
while in his team’s midfield, he appeared to be concerned about
avoiding the ball from getting between the lines, in the opposite
midfield, he was focused on channelling the attack to one side of
the field, reducing the attacking team’s options to proceed.

Nevertheless, the tactical and technical behaviours differed
from the right and left sides. The difference of the second
defender’s behaviour between the right and left strip can be
explained by the difference between the roles and characteristics
of the right and left players (Laakso et al., 2017, 2019) or different
tactics set by the coach to the wider players, giving emphasis to
what Gesbert and Hauw (2019) addressed about the importance
of phenomenological data in studying team coordination. On the
particular zone 9, the third defender seems to be preoccupied
with not letting the ball go to a side of the field, which could mean
that the defending team was trying to manipulate the attacking
team to go to a specific zone of the field or trying to create a
zone of pressure.

The results of the analysis of the contextual variables
seem to be related to the size of the sample, as the tier 2
of opponent quality of opponent (i.e., TT), draw (i.e., Re),
and play-offs excluding third place and final (i.e., Csk) were
the variables where most non-possessions of the ball were
found. On the other hand, the halves variable results do
not support this argument entirely, as they are very similar.
Still, the more significant time in defence in Csk defense
to group stage result corroborates the one found by Alves
et al. (2019) in the 2018 FIFA World Cup. On the non-
possessions of this study, the shift of zones from upper
field to lower zones and the defenders’ distance to the ball
indicates that the attack proceeded with a long pass, resulting
in either an effective or ineffective end of the defensive
phase. The information of this study does not support a
reasoned explanation for this result. Thus, more research is
needed to understand which mechanisms relate to long passes’
defence effectiveness.

Further, it seems that the first defender is player marking
the ball carrier, the second defender is making contention, and
the third defender is closing the longitudinal space, i.e., space
which penetration or through ball can happen (Zani et al.,
2021), against teams who lost in the eight-or quarterfinals in
the first half, induce the ball going to the opposing side of
the field. In there, the pressure and player marking from the
first and second defenders emerge as an effective end of the
defensive phase. These results align with the findings of Frias and
Duarte (2014), who found different trends of spatial–temporal
variables according to man-to-man (or player marking) and
zone marking. However, their study results suggest that zonal
defence is most effective, which opposes the results of this study,
as one can argue that winner teams are supposed to have a
more effective defence, or can player marking be enough to
win against lower teams? An explanation for player marking
against lower teams is that fewer resources are required to
visual search in zonal defence and thereby it is less mental
demanding (Fan et al., 2015; Krzepota et al., 2016). Also, it
can be effective against less skilful and less tactically intelligent
players, as previous studies showed, despite the methodological
differences, that skilled players produced the most unpredictable
behaviour. Besides, at the sides of the field, the attacking players
have fewer degrees of freedom (i.e., the lateral lines limit their
space). On the other hand, and quite paradoxically, player
marking can be immensely challenging physically (Casamichana
et al., 2015) and thus makes sense that this happens more often at
the first half of the match as football players tend to have higher
values in physical and physiological variables (Ngo et al., 2012;
Torreño et al., 2016).

Future research should extend this observation for all 11
players and combine them with spatiotemporal data and
social network theory (Ribeiro et al., 2020). However, there
are many behaviours that an individual player can perform
in football, but there are also too many combinations of
behaviours among players. Also, it seems relevant for practice
weighting how well an action is performed (Pizarro et al.,
2020). Besides, most researchers choose not to incorporate
all the complexity because it is likely that the results
would not have a coherent interpretation or interpretation
would not be possible. This research has the limitation of
a small sample compared to the complexity included. In
research often the Occam’s razor argument is raised (Riesch,
2010), meaning, practically in football, for example, that
researchers should include the minimum behaviours that
describe reality, i.e., the behaviour that makes a difference and
not only the regular ones. Thus, we argue that the decision
to eliminate variables and have less data is an advantage
rather than a limitation; plus, it could be compared to the
techniques of selection of variables in traditional statistics
(Heinze et al., 2018). Thus, expert knowledge is required to
understand the data and its implications. This complexity
makes the computation and statistical analysis extremely hard;
however, researchers should consider the oversimplification bias
(Arp et al., 2018).

Similar data to the one of this study can be challenging
to collect and, nowadays, there are techniques to collect data
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(e.g., automatic tracking systems) quicker and exhaustively.
However, those instruments still do not evidence the number
and the quality of players’ actions completely. Therefore, further
studies should consider incorporating more player behaviours
in automatic systems and big data procedures (Goes et al.,
2020). It can also be argued that the FIFA World Cup
2014 data are outdated and that rules have changed since
(Augste and Cordes, 2016). However, we argue that previous
editions of tournaments and specifically successful teams can
provide relevant and tactical knowledge as it underlines into
regular principles of the game’s essence (e.g., Delgado-Bordonau
et al., 2013). For instance, some tactical principles of the
Netherlands of the 1970s still influence today’s coaches and
players (Winner, 2012).

Finally, this study’s findings could help coaches give specific
tips to players to have interpersonal coordination in defence.
Further, such information can be delivered either to elite players
or young players. For instance, the patterns found can be
followed as defensive principles or heuristic strategies but in
an integrative approach of cognitive and ecologic perspectives
(Steiner et al., 2017). In the same line of thought, the demands
of how dyads are formed among defenders can help coaches
anticipate settings and set strategies to promote favourable
tactical team behaviour.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

TF: introduction, data collection, and discussion. OC and MC:
methods and data analysis. All authors contributed to the article
and approved the submitted version.

FUNDING

This work was supported by the National Institute of Physical
Education of Catalonia (INEFC). We are grateful for the
support of the Spanish Government subprojects Integration
ways between qualitative and quantitative data, multiple
case development, and synthesis review as main axis for
an innovative future in physical activity and sports research
(PGC2018-098742-B-C31) and Mixed method approach
on performance analysis (in training and competition) in
elite and academy sport (PGC2018-098742-B-C33) (2019–
2021) (Ministry of Science, Innovation and Universities/State
Research Agency/European Regional Development Fund),
which are part of the coordinated project New approach of
research in physical activity and sport from mixed methods
perspective (NARPAS_MM) (SPGC201800 × 098742CV0),
and the Generalitat de Catalunya Research Group, Research
group and innovation in designs (GRID). Technology and
multimedia and digital application to observational designs
(Grant number 2017 SGR 1405). This work was also funded by
the Fundação para a Ciência e a Tecnologia, I.P. (FCT). TF was
the beneficiary of a Ph.D. Research Scholarship (2021.05810.BD)
from FCT.

REFERENCES
Alves, D. L., Osiecki, R., Palumbo, D. P., Moiano-Junior, J. V. M., Oneda, G., and

Cruz, R. (2019). What variables can differentiate winning and losing teams in
the group and final stages of the 2018 FIFA World Cup? Int. J. Perform. Anal.
Sport 19, 248–257.

Amatria, M., Lapresa, D., Arana, J., Anguera, M. T., and Jonsson, G. K.
(2017). Detection and selection of behavioral patterns using theme: a
concrete example in grassroots soccer. Sports 5:20. doi: 10.3390/sports50
10020

Amatria, M., Maneiro-Dios, R., and Anguera, M. T. (2019). Analysis of the success
of the Spanish National Team in UEFA-Euro 2012. Apunts. Educación Física y
Deportes 137, 85–102.

Araújo, D., and Bourbousson, J. (2016). “Theoretical perspectives on interpersonal
coordination for team behaviour,” in Interpersonal Coordination and
Performance in Social Systems, eds P. Passos, K. Davids, and J. Y. Chow
(Milton Park: Routledge).

Araújo, D., and Davids, K. (2009). Ecological approaches to cognition and action
in sport and exercise: ask not only what you do, but where you do it. Int. J. Sport
Psychol. 40, 5–37.

Araújo, D., Ramos, J. P., and Lopes, R. J. (2016). “Shared affordances guide
interpersonal synergies in sport teams,” in Interpersonal Coordination
and Performance in Social Systems, eds P. Passos, K. Davids, and
J. Y. Chow (Milton Park: Routledge). doi: 10.3389/fpsyg.2016.
01449

Arp, R., Barbone, S., and Bruce, M. (2018). Bad Arguments: 100 of the Most
Important Fallacies in Western Philosophy. Hoboken, NJ: Wiley Blackwell.

Augste, C., and Cordes, O. (2016). Game stoppages as a tactical means in soccer –
a comparison of the FIFA World CupsTM 2006 and 2014. Int. J. Perform. Anal.
Sport 16, 1053–1064.

Barreira, D., Garganta, J., Castellano, J., Machado, J., and Anguera, M. T. (2015).
How elite-level soccer dynamics has evolved over the last three decades? Input
from generalizability theory. Cuadernos de Psicología del Deporte 15, 51–62.

Barreira, D., Garganta, J., Prudente, J., and Anguera, M. T. (2012).
Desenvolvimento e validação de um sistema de observação aplicado à
fase ofensiva em futebol: SoccEreye. Revista Portuguesa de Ciências do Desporto
12, 32–57.

Bernieri, F. J., and Rosenthal, R. (1991). “Interpersonal coordination: behavior
matching and interactional synchrony,” in Fundamentals of Nonverbal
Behaviour, eds R. S. Feldman and B. Rimé (Cambridge: Cambridge University
Press).

Brito Souza, D., López-Del Campo, R., Blanco-Pita, H., Resta, R., and Del Coso, J.
(2019). A new paradigm to understand success in professional football: analysis
of match statistics in LaLiga for 8 complete seasons. Int. J. Perform. Anal. Sport
19, 543–555.

Camerino, O. F., Chaverri, J., Anguera, M. T., and Jonsson, G. K. (2012). Dynamics
of the game in soccer: detection of T-patterns. Eur. J. Sport Sci. 12, 216–224.

Casamichana, D., Roman-Quintana, J. S., Castellano, J., and Calleja-Gonzalez,
J. (2015). Influence of the type of marking and the number of players on
physiological and physical demands during sided games in soccer. J. Hum.
Kinet. 47, 259–268. doi: 10.1515/hukin-2015-0081

Castañer, M., Andueza, J., Hileno, R., Puigarnau, S., Prat, Q., and Camerino, O.
(2018). Profiles of motor laterality in young athletes’ performance of complex
movements: merging the MOTORLAT and PATHoops tools. Front. Psychol.
9:916. doi: 10.3389/fpsyg.2018.00916

Castañer, M., Andueza, J., Sánchez-Algarra, P., and Anguera, M. T. (2012).
“Extending the analysis of motor skills in relation to performance and laterality,”
in Mixed Methods Research in the Movement Sciences: Cases in Sport, Physical
Education and Dance, eds O. Camerino, M. Castañer, and M. T. Anguera
(Milton Park: Routledge).

Frontiers in Psychology | www.frontiersin.org 8 December 2021 | Volume 12 | Article 798201192

https://doi.org/10.3390/sports5010020
https://doi.org/10.3390/sports5010020
https://doi.org/10.3389/fpsyg.2016.01449
https://doi.org/10.3389/fpsyg.2016.01449
https://doi.org/10.1515/hukin-2015-0081
https://doi.org/10.3389/fpsyg.2018.00916
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-798201 December 3, 2021 Time: 14:37 # 9

Fernandes et al. Defensive Behaviour Patterns in Football

Castañer, M., Barreira, D., Camerino, O., Anguera, M. T., Fernandes, T., and
Hileno, R. (2017). Mastery in goal scoring, T-pattern detection, and polar
coordinate analysis of motor skills used by Lionel Messi and Cristiano Ronaldo.
Front. Psychol. 8:741. doi: 10.3389/fpsyg.2017.00741

Castañer, M., Camerino, O., Anguera, M. T., and Jonsson, G. K. (2010). Observing
the paraverbal communicative style of expert and novice PE teachers by means
of SOCOP: a sequential analysis. Procedia Soc. Behav. Sci. 2, 5162–5167.

Castañer, M., Camerino, O., Anguera, M. T., and Jonsson, G. K. (2016). “Paraverbal
communicative teaching T-Patterns using SOCIN and SOPROX observational
systems,” in Discovering Hidden Temporal Patterns in Behavior and Interaction,
eds M. S. Magnusson, J. K. Burgoon, and M. Casarrubea (Berlin: Springer),
83–100.

Chacón-Moscoso, S., Sanduvete-Chaves, S., Anguera, M. T., Losada, J. L., Portell,
M., and Lozano-Lozano, J. A. (2018). Preliminary checklist for reporting
observational studies in sports areas: content validity. Front. Psychol. 9:291.
doi: 10.3389/fpsyg.2018.00291

Clemente, F. M., Couceiro, M. S., Martins, F. M. L., and Mendes, R. S. (2015).
Using network metrics in soccer: a macro-analysis. J. Hum. Kinet. 45, 123–134.
doi: 10.1515/hukin-2015-0013

Cornejo, C., Cuadros, Z., Morales, R., and Paredes, J. (2017). Interpersonal
coordination: methods, achievements, and challenges. Front. Psychol. 8, 1–16.
doi: 10.3389/fpsyg.2017.01685

Davids, K., Araújo, D., and Shuttleworth, R. (2005). “Applications of dynamical
systems theory to football,” in Science and Football V, eds T. Reilly, J. Cabri, and
D. Araújo (Milton Park: Routledge). doi: 10.3389/fpsyg.2019.02090

Delgado-Bordonau, J. L., Domenech-Monforte, C., Guzmán, J. F., and Méndez-
Villanueva, A. (2013). Offensive and defensive team performance: relation
to successful and unsuccessful participation in the 2010 Soccer World Cup.
J. Hum. Sport Exerc. 8, 894–904.

Eccles, D. (2010). The coordination of labour in sports teams. Int. Rev. Sport Exerc.
Psychol. 3, 154–170.

Fan, X., Zhou, Q., Liu, Z., and Xie, F. (2015). Electroencephalogram assessment
of mental fatigue in visual search. Biomed. Mater. Eng. 26, S1455–S1463. doi:
10.3233/BME-151444

Fernandes, T. (2017). Análise da Performance Tático-técnica no Futebol de alto
Rendimento : Estudo dos Padrões Sequenciais da fase Defensiva e Transição
Ataque-Defesa das Equipas Semifinalistas do Campeonato do Mundo FIFA
2014 (Tactical-Technical Performance Analysis in High-Performance Soccer:
Sequential Analysis Study of Defensive Phase and Transition Attack-defense of
FIFA World Cup 2014 semifinalists Teams). Master dissertation. Portugal: The
University of Porto.

Fernandes, T., Camerino, O., Garganta, J., Hileno, R., and Barreira, D. (2020). How
do elite soccer teams perform to ball recovery? effects of tactical modelling
and contextual variables on the defensive patterns of play. J. Hum. Kinet. 73,
165–179. doi: 10.2478/hukin-2019-0141

Fernandes, T., Camerino, O., Garganta, J., Pereira, R., and Barreira, D. (2019).
Design and validation of an observational instrument for defence in soccer
based on the Dynamical systems theory. Int. J. Sports Sci. Coach. 14, 138–152.

Fernández-Hermógenes, D., Camerino, O., and García, A. D. A. (2017). Set-piece
offensive plays in soccer. Apunts Educación Física y Deportes 129, 78–94.

Frias, T., and Duarte, R. (2014). Man-to-man or zone defense? Measuring team
dispersion behaviors in small-sided soccer games. Trends Sport Sci. 21, 135–144.

Gabin, B., Camerino, O., Anguera, M. T., and Castañer, M. (2012). Lince:
multiplatform sport analysis software. Procedia Soc. Behav. Sci. 46, 4692–4694.

Gershgoren, L., Basevitch, I., Filho, E., Gershgoren, A., Brill, Y. S., Schinke, R. J.,
et al. (2016). Expertise in soccer teams: a thematic inquiry into the role of shared
mental models within team chemistry. Psychol. Sport Exerc. 24, 128–139.

Gesbert, V., and Hauw, D. (2019). Commentary: interpersonal coordination in
soccer: interpreting literature to enhance the representativeness of task design,
from dyads to teams. Front. Psychol. 10:1093. doi: 10.3389/fpsyg.2019.01093

Gibson, J. (1979). The Ecological Approach to Visual Perception. Hove: Psychology
Press.

Goes, F. R., Meerhoff, L. A., Bueno, M. J. O., Rodrigues, D. M., Moura, F. A.,
Brink, M. S., et al. (2020). Unlocking the potential of big data to support tactical
performance analysis in professional soccer: a systematic review. Eur. J. Sport
Sci. 21, 481–496. doi: 10.1080/17461391.2020.1747552

Gonzalez-Rodenas, J., Mitrotasios, M., Aranda, R., and Armatas, V. (2020).
Combined effects of tactical, technical and contextual factors on shooting

effectiveness in European professional soccer. Int. J. Perform. Anal. Sport 20,
280–293.

Heinze, G., Wallisch, C., and Dunkler, D. (2018). Variable selection - a review and
recommendations for the practicing statistician. Biometrical J. 60, 431–449.

Hristovski, R., Serre, N. B., and Schöllhorn, W. (2014). “Basic notions in the science
of complex systems and nonlinear dynamics,” in Complex Systems in Sport, eds
K. Davids, R. Hristovski, D. Araújo, N. B. Serre, C. Button, and P. Passos (Milton
Park: Routledge).
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Athletes have to face several challenges during the sport season, and one of them
could involve dealing with unattainable goals. In these situations, being able to reengage
in other goals as a form of goal adjustment and in response to contextual demands
is adaptive. According to previous literature, some aspects of the athletes’ social
context, such as coach-created motivational climates, could encourage more adaptive
responses in athletes, and so it is possible that these climates would also promote
athletes’ goal regulation and goal reengagement. The purpose of this study was twofold:
to analyze whether athletes’ perception of empowering and disempowering climates
were related to their goal reengagement through the mediation of goal motives; and to
examine the interaction between the two climates when they predict reengagement
through athletes’ goal motives. Participants were 414 Spanish university athletes
(49.5% male, 50.5% female) who belonged to different university teams, with ages
ranging from 17 to 33 years old (M = 20.61, SD = 2.58). In the sport facilities, all
of them completed questionnaires that evaluated their perception of empowering and
disempowering climates, their goal motives, and their goal reengagement. Structural
equation modeling (SEM) results showed that perceived empowering climate positively
predicted autonomous goal motives, which in turn had a positive relationship with
goal reengagement. Conversely, perceived disempowering climate positively predicted
controlled goal motives, which were not related to goal reengagement. Thus, we only
found support for the indirect relationship between perceived empowering climate and
goal reengagement through autonomous goal motives. Moderated mediation analyses
revealed that interaction effects between perceived empowering and disempowering
climates were not significant in the prediction of goal reengagement through goal
motives. Findings revealed that the perception of empowering climates promotes
athletes’ goal reengagement when goals become unattainable via the increase in their
autonomous goal motives. Conversely, when athletes perceive disempowering climates,
they have more controlled goal motives, which are not related to goal reengagement. In
addition, the study supports the need to educate coaches to create more empowering
and less disempowering climates.

Keywords: motivational climate, goals, motives, reengagement, athletes, empowering climate, disempowering
climate
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INTRODUCTION

Across the lifespan, people are continually pursuing personal
goals in different contexts, which is a way for them to organize
their behavior and even mature as individuals (Sheldon, 2014).
However, in the process of pursuing valuable goals, people may
encounter obstacles or changes in the context that make their
goal attainment more difficult, sometimes threatening their well-
being. In these situations, some people adapt and maintain their
psychological health and well-being better than others, even
when their important goals are frustrated (Barlow et al., 2020). In
sport, athletes have to deal with the challenges of the competitive
context, where personal goals may sometimes not be feasible due
to injuries, biological capabilities, or time constraints (Ntoumanis
et al., 2014a). Understanding the functioning of effective self-
regulation processes when goals are unattainable in sport, and
how coaches can enhance athletes’ responses, could be the key to
promoting athletes’ well-being and maintaining good functioning
during the season.

Although some past literature in different contexts has
defended the importance of perseverance in personal goals and
confidence in their attainability (e.g., Emmons, 1986; Taylor and
Brown, 1988), more recent evidence has shown that in situations
where goals become unattainable, it is more adaptive to give
them up and start a process to search for and engage in other
goals (Wrosch et al., 2003a; Wrosch, 2011). In fact, evidence
suggests that when people are highly committed to unattainable
goals, the positive impact of goal commitment on well-being
disappears or even becomes negative (Boudrenghien et al., 2012)
because they invest personal resources without getting results
and, thus, accumulate failure experiences. If some people in these
situations are not able to achieve goal adjustment, they are likely
to experience a decrease in their quality of life (Wrosch et al.,
2013), an increase in psychological distress levels (Carver and
Scheier, 1999; Wrosch et al., 2007a), or even depressive symptoms
(Brandtstädter and Renner, 1990). Two distinct self-regulation
capacities are involved in goal adjustment: goal disengagement
and goal reengagement. Whereas goal disengagement implies
abandoning the unattainable goals, goal reengagement refers to
the capacity to identify, commit to, and pursue alternative goals
when current goals become unattainable (Wrosch et al., 2003b).

Research with different populations (e.g., general, clinical,
school) has largely demonstrated that both capacities, by serving
distinct mechanisms, contribute to a person’s quality of life
(Wrosch, 2011), predicting effective biological functioning,
subjective well-being, and mental and physical health (e.g.,
Wrosch et al., 2003b, 2007b; Brassen et al., 2012). More
specifically, goal disengagement, which implies investing less
time and effort in unattainable goals, is adaptive because it
involves less emotional distress and fewer health problems (Mens
et al., 2015; Jobin and Wrosch, 2016). These findings suggest that
disengagement protects individuals from negative psychological
states associated with experiences of failure (Wrosch et al.,
2007b), whereas goal reengagement has been related to both
low levels of negative indicators and high positive levels of
subjective well-being (North et al., 2014; Haase et al., 2021). These
possible benefits of goal reengagement stem from the fact that

pursuing meaningful alternative goals fosters people’s purpose in
life, positive affect, and life satisfaction (Barlow et al., 2020), and
it promotes a sense of coherence and feelings of control (Ryff
and Keyes, 1995). Although there is less research than in other
contexts, the investigation in the sport domain has found that,
in line with findings in other domains, goal reengagement (and
not disengagement) predicts greater psychological well-being in
athletes (Nicholls et al., 2016). Therefore, and given that sport is
a highly goal-driven environment, more explorations about goal
adjustment, in terms of goal reengagement and disengagement,
in this context are necessary (Healy et al., 2018).

Various studies over the years have expressed the need to
identify the conditions that facilitate these processes of goal
adjustment (e.g., Wrosch et al., 2013). However, until now,
researchers have focused more on studying and identifying
predictors of goal disengagement (e.g., Wrosch and Miller, 2009;
Koppe and Rothermund, 2017), whereas less is known about goal
reengagement and its predictors (Wrosch and Scheier, 2020).
Based on this background, recent research projects have pointed
out the need to study which variables can predict individual
differences in the capacity to reengage in new goals (e.g., Haase
et al., 2021), and how reengagement capacities can be developed
over time through suitable training (Herrmann et al., 2019).

Previous literature on sport has suggested that goal motives
could be involved in the process of athletes’ goal reengagement
(Ntoumanis et al., 2014b; Smith and Ntoumanis, 2014; Smith,
2016). According to the self-concordance model (SCM; Sheldon
and Elliot, 1999), depending on whether people’s goals are
more or less concordant with their interests and values, the
motives that underlie goal striving (called goal motives) can be
differentiated as autonomous or controlled. Autonomous goal
motives are aligned with an individual’s personal values, being
perceived as important and enjoyable. In contrast, controlled
goal motives are regulated by pressures from external (others’
expectations) or internal (guilt) factors. Evidence has revealed
that when athletes pursue goals for autonomous motives, they
have greater psychological and physical well-being (Smith et al.,
2011; Healy et al., 2014). Conversely, controlled goal motives
have been positively related to subjective ill-being (Healy et al.,
2014; Gaudreau and Braaten, 2016), whereas other results have
shown that they are unrelated or negatively related to athletes’
well-being (Smith et al., 2007, 2010; Healy et al., 2014). Some
literature has highlighted the importance of coaches and their
influence on athletes’ goal pursuits with more autonomous or
controlled motives. In this line, Smith et al. (2007) found that
when coaches supported athletes’ autonomy, athletes reported
more autonomous goal motives and need satisfaction, which
in turn led to greater psychological well-being. These findings
support the self-determination theory (SDT; Deci and Ryan,
1985, 2000) proposal about how a person in a position of
authority (e.g., a coach), through autonomy support, can
provide opportunities for choice and volition to others (e.g.,
athletes) while minimizing pressure (Black and Deci, 2000).
Previous literature within this framework showed that the social
environment can contribute to the use of the appropriate self-
regulatory strategy, given that it is able to help people to openly
experience events and reflectively and congruently choose and
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regulate behavior (Ryan and Deci, 2017). In fact, it has been
reported that autonomy-supportive climates allow individuals
to self-regulate in the process of goal pursuit, facilitating goal
adjustment or even resetting goals (Koestner et al., 2015). In
addition, feelings of competence would lead to athletes’ belief that
they can meet the demands of the situation (Blascovich, 2008).
Therefore, coaches, through their behaviors, could influence
their athletes’ strategies when a goal becomes unattainable and
they have to adapt. Smith and Ntoumanis (2014) studied the
relationships between coach behaviors and athletes’ responses to
unattainable goals through athletes’ goal motives. They found
that perceptions of autonomy-support positively predicted the
intention to reengage in alternative goals through autonomous
goal motives. In contrast, athletes’ perceptions of controlling
coach behaviors did not positively or negatively predict goal
reengagement. Although more research is needed, the existing
evidence suggests that coaches can play an important role
in promoting athletes’ self-regulation by assisting athletes in
pursuing goals regulated by autonomous motives and fostering
their goal reengagement (Kitsantas et al., 2018).

In addition to the autonomy support and controlling
behaviors mentioned above, other dimensions of the
motivational climate created by the coach might help us to obtain
complementary information about the promotion of goal motives
and goal reengagement. Specifically, it would be interesting to
know whether the concept of competence promoted by the
coach contributes to this question. Achievement Goal Theory has
established (AGT; Nicholls, 1989; Ames, 1992) that the climate
the coaches create promotes more adaptive or maladaptive
emotions, thoughts, and behaviors (Duda and Balaguer, 2007).
On the one hand, task-involving climates promote task mastery
and cooperation, emphasize effort (Nicholls, 1989), and lead
athletes to more self-determined motivation (e.g., Balaguer et al.,
2011). Thus, when athletes are in task-involving climates, their
perceptions of competence are based on self-referenced criteria,
which are more within the individual’s control (Duda, 2001) and
could, therefore, also lead to more autonomous goal motives.
On the other hand, ego-involving climates increase rivalry and
cause athletes to focus on normative comparison rather than
on the process, promoting maladaptive outcomes and reducing
self-determined motivation (Álvarez et al., 2009; López-Walle
et al., 2011). These normative-based criteria to judge competence
lead athletes to focus on outcomes that are outside their personal
control, such as attaining social approval or external rewards
(Reinboth and Duda, 2006); therefore, they could enhance
controlled goal motives.

A growing body of conceptual and empirical research in
sport psychology addressing the coach-created motivational
climate dimensions of SDT (autonomy support and controlling)
and AGT (task-involving climate and ego-involving climate)
developed by Duda (2013) can be helpful to continue to
clarify the relationship between other dimensions of the
motivational climate created by the coach with goal motives
and goal reengagement. Based on the theoretical principles
of these theories, Duda’s model proposes a hierarchical
and multidimensional conceptualization of the coach-created
motivational climate, suggesting that it could be more or less

empowering and more or less disempowering. In addition to
the dimensions discussed above, Duda also introduces social
support as a positive dimension that contributes to athletes’
optimal functioning. Specifically, the author argues that when
coaches bring social support to their athletes, they are willing
to help them and give them confidence (Duda et al., 2018), and
this will have positive consequences for them (Sheridan et al.,
2014). Integrating all these dimensions, an empowering climate is
characterized by high task-involving, autonomy supportive, and
social supportive behaviors, whereas a disempowering climate
includes high degrees of ego-involving and controlling behaviors
(Duda, 2013; Duda and Appleton, 2016). Duda and her colleagues
(Duda, 2013; Duda et al., 2018), in their proposed model
of features of empowering and disempowering motivational
climates, stated that empowering climate is an antecedent of
autonomous motivation, whereas disempowering climate is an
antecedent of controlled motivation. Thus, this model offers the
rational to support the idea that these climate dimensions could
be related to autonomous or controlled goal motives and optimal
or compromised functioning.

Existing literature based on this model shows that perceived
empowering climates are related to adaptive outcomes, whereas
perceived disempowering climates are related to maladaptive
ones (e.g., Smith et al., 2015, 2017; Appleton and Duda, 2016;
Krommidas et al., 2016; Zourbanos et al., 2016; Castillo et al.,
2017; Fenton et al., 2017; Mosqueda et al., 2019). Two of these
studies (Fenton et al., 2017; Mosqueda et al., 2019) found
that an empowering climate positively predicts sport-related
enjoyment through the mediation of autonomous motivation.
In this line, another study (Castillo et al., 2017) reported that
perceived empowering climate promotes athletes’ satisfaction
of basic psychological needs of competence, autonomy, and
relatedness, and this in turn enhances their self-determined
motivation. Taking these two climate dimensions into account,
the study conducted by Zourbanos et al. (2016) examined the
relationship between perceived empowering and disempowering
climates and athletes’ self-efficacy. They found that only
perceived empowering climate was a positive predictor,
whereas no relationship emerged between this variable and a
disempowering climate. Furthermore, perceived empowering
climate was a positive predictor of self-reported health, life
satisfaction, subjective vitality, and enjoyment, whereas perceived
disempowering climate negatively predicted life satisfaction and
enjoyment (Krommidas et al., 2016). Finally, with regard to
athletes’ motivation and emotional experiences, Ruiz et al.
(2021) recently found that the perception of an empowering
climate predicted athletes’ autonomous motivation and pleasant
emotions (i.e., happiness, excitement), whereas perceived
disempowering climate predicted controlled motivation and
unpleasant emotions (i.e., anxiety, dejection, anger).

In order to extend the previous literature on the relationship
between the social environment and the use of the appropriate
self-regulatory strategy, in the current study, the empowering
and disempowering dimensions of motivational climate are
used. Based on the conceptual model by Duda et al. (2018)
and literature mentioned above that supports the relationship
between perceived empowering climate and adaptive outcomes
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and between disempowering climate and less adaptive ones (e.g.,
Krommidas et al., 2016; Fenton et al., 2017), we propose that
athletes who perceive a more empowering climate would be
more capable of (re) engaging in new or alternative goals. By
contrast, the perception of a disempowering climate would not
encourage this self-regulatory capacity. Furthermore, taking into
account reported evidence that coaches’ autonomy supportive
behavior is related to athletes’ autonomous goal motives, whereas
the prevalence of coaches’ controlling behaviors is related to
a greater probability that athletes will present controlled goal
motives (Smith et al., 2010; Healy et al., 2014; Smith and
Ntoumanis, 2014), in the current research, these relationships will
be tested along with empowering and disempowering climates. It
is important to highlight that empowering and disempowering
climates can co-exist, and that a coach-created climate can to
some degree be both (Tessier et al., 2013; Smith et al., 2015,
2017). Based on this premise, some researchers have examined
the interaction between these climate dimensions, finding, for
example, that an empowering climate significantly moderates the
debilitating effects of a disempowering climate on outcomes such
as enjoyment, reduced accomplishment, and physical symptoms
(Appleton and Duda, 2016).

In sum, the purpose of this study is to analyze whether
athletes’ perceptions of empowering and/or disempowering
motivational climates predict athletes’ reengagement, and the
role of autonomous and controlled goal motives as mediators.
Specifically, we will examine the pathway through which the
perceived coach-created motivational climate could be related to
athletes’ individual responses of goal reengagement when faced
with unattainable goals through the mediation of their goal
motives. Additionally, the interaction between the two climates
in predicting athletes’ autonomous and controlled goal motives
will also be explored.

Specifically, the objectives and hypotheses of this study are the
following:

Objective 1: Analyze the predictive role of perceived
empowering and disempowering climates in goal reengagement
through the meditation of athletes’ goal motives (autonomous
and controlled).

Objective 2: Explore the interaction between perceived
empowering and disempowering climates when climates predict
reengagement through athletes’ goal motives (autonomous
and controlled).

Hypothesis 1: Athletes’ perceptions of motivational
climates will predict goal motives, which in turn will
predict reengagement.
H1a. Athletes’ perceptions of empowering climate will
positively predict autonomous goal motives, which in
turn will positively predict goal reengagement. Conversely,
perceived empowering climate will negatively predict
controlled goal motives, which in turn will negatively
predict goal reengagement.
H1b. Athletes’ perceptions of disempowering climate will
negatively predict autonomous goal motives, which in
turn will positively predict goal reengagement. Conversely,
perceived disempowering climate will positively predict

controlled goal motives, which in turn will negatively
predict goal reengagement.
Hypothesis 2: Perceived empowering and disempowering
climates will interact to predict goal reengagement through
goal motives (autonomous and controlled).
H2a. Perceived disempowering climate will diminish
the positive relationship between perceived empowering
climate and goal reengagement through autonomous and
controlled goal motives.
H2b. Perceived empowering climate will buffer the
negative relationship between perceived disempowering
climate and goal reengagement through autonomous and
controlled goal motives.

MATERIALS AND METHODS

Participants
The participants were 414 athletes (49.5% male, 50.5% female)
from different university teams that compete in the Regional
University Sports Championship (CADU), which takes place
annually in the Valencian Community (Spain). The age range
of the athletes was between 17 and 33 years (M = 20.61,
SD = 2.58). A total of three Valencian universities, with twelve
sports teams each, participated in the research, including the
male and female basketball, handball, football, indoor football,
rugby, and volleyball teams. All athletes were recruited by the
sport services at the beginning of the sport season to form part
of the college team, and at the time of data collection, they had
had at least 4 weeks of interaction with their coach an average of
1.8± 0.78 h per week.

Procedure
Before the data collection, the research obtained ethical approval
from the university Human Research Ethics Committee
(Procedure number: 1129330). Afterward, researchers
requested the participation of each university sport service
and programmed the instrument administration during regular
training sessions. Because of the specific demands of the Spanish
language, the questionnaires were adapted to refer to male or
female using the corresponding conjugations in each case.

During the month of November 2019, trained researchers
collected data in the sports facilities of each university (at the
training field or in rooms equipped with tables and chairs). Prior
to questionnaire administration, athletes were informed about
the procedure, which guaranteed confidentiality and anonymity,
and they signed a consent form to participate voluntarily. The
time spent on completion was approximately 25 min.

Instruments
Athletes’ perceptions of empowering and disempowering
climate were measured using the Spanish version1 of the

1Appleton, P. R., Viladrich, C., Balaguer, I., Hall, H., Ommundsen, Y.,
Papaioannou, A., et al. (under review). Measurement Invariance of the Empowering
and Disempowering Motivational Climate Questionnaire-Coach (EDMCQ-C) in
Youth Sport.
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Coach-created Empowering and Disempowering Motivational
Climate Questionnaire (EDMCQ-C; Appleton et al., 2016).
The questionnaire contains 34 items, 17 corresponding to
Empowering Climate and 17 corresponding to Disempowering
Climate. On the one hand, the empowering climate scale is
composed of three subscales: task-involving climate (9 items;
“My coach encouraged players to try new skills”), autonomy-
supportive coach (5 items; “My coach gave players choices and
options”), and socially supportive coach (3 items; “My coach
could really be counted on to care, no matter what happened”).
On the other hand, the disempowering climate scale is composed
of two subscales: ego-involving (7 items; “My coach substituted
players when they made a mistake”) and controlling coaching
(10 items; “My coach was less friendly with players if they didn’t
make the effort to see things his/her way”). Participants rated
the extent to which these behaviors had been present on this
team in the past 3–4 weeks, using a 5-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). Both the original and
Spanish versions have shown adequate validity and reliability
(α = 0.82 to 0.90) in previous studies with athletes (e.g., Appleton
and Duda, 2016; Appleton et al., 2016; see text footnote 1;
Castillo et al., 2017).

The Spanish version of the Goal Motives Questionnaire
(Martínez-González et al., 2021a) was used to assess the athletes’
personal goal motives. Based on the idiographic methodology
proposed by Sheldon (2002), and following the procedures used
in previous studies with athletes (e.g., Smith et al., 2007, 2011;
Smith and Ntoumanis, 2014), this questionnaire was adapted to
measure personal goals in the Spanish sport domain. Although it
was created recently, the first data have shown acceptable validity
and reliability (α = 0.67 and 0.70) (Martínez-González et al.,
2021a). Athletes were instructed to “identify your most important
sporting goal that you hope to make progress on during the
current season,” and then they had to rate the extent to which
they were striving for the goal for external (two items; e.g.,
“Because someone else wants me to”), introjected (two items; e.g.,

“Because I would feel ashamed, guilty, or anxious if I didn’t”),
identified (two items; e.g., “Because I personally believe it’s an
important goal to have”), and intrinsic (two items; e.g., “Because
of the fun and enjoyment the goal provides me”) motives. All
responses were rated on a 7-point Likert scale from 1 (Not at
all) to 7 (Very much so). Consistent with past research (e.g.,
Healy et al., 2014; Ntoumanis et al., 2014b), controlled and
autonomous goal motives were calculated by aggregating the
introjected and external scores and the intrinsic and identified
scores, respectively.

Athletes’ goal reengagement was measured with six items
corresponding to the reengagement subscale from the Spanish
version (Soubrier et al., 2017) of the Goal Adjustment Scale (GAS;
Wrosch et al., 2003b). Past literature using this subscale found
adequate validity and internal consistency, with alphas ranging
between 0.87 and 0.94 in Spanish samples (Soubrier et al., 2017;
Ramírez-Maestre et al., 2019). Regarding the six items that assess
the capacity to reengage in new goals, two items focus on the
intention to identify new goals (e.g., “I think about other new
goals to pursue”), two on the intention to commit to new goals
(e.g., “I tell myself that I have a number of other new goals to draw
on”), and two on intentions to begin actively pursuing new goals
(e.g., “I start working on other new goals”). Corresponding to the
aims of this research, the generic stem used put the respondents
in the situation of having to stop pursuing an important goal
because it is unattainable. Participants responded on a Likert
scale ranging from 1 (never) to 5 (always). In the current study,
the item “I convince myself that I have other meaningful goals
to pursue” was removed, following the recommendations of the
authors of the Spanish version (i.e., Soubrier et al., 2017).

Data Analysis
First, preliminary analyses, such as the estimation of descriptive
statistics, scale reliability coefficients, and bivariate correlations
among the variables of interest, were carried out using the
IBM SPSS Statistics 25 software. Second, to test Hypothesis 1,

FIGURE 1 | Structural equation model of the associations between empowering and disempowering climates, goal motives, and goal reengagement. Statistics are
standardized regression coefficients, ∗∗p < 0.01.
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structural equation modeling (SEM) with latent variables was
performed using Mplus (Version 7; Muthén and Muthén, 2012)
to check a model that included all the relationships hypothesized
in H1a and H1b (see Figure 1). Specifically, maximum likelihood
was used as the estimation method, provided there was a normal
distribution of the variables (skewness and kurtosis values in the
range+1/−1). Model fit was assessed using the following indices:
chi-square (χ2), the Comparative Fit Index (CFI), the Tucker-
Lewis Index (TLI), the Standardized Root Mean Square Residual
(SRMR), and the Root Mean Square Error of Approximation
(RMSEA). The cut-off points used to indicate an acceptable fit
were: CFI and TLI > 0.90, and SRMR and RMSEA < 0.08 (Hu
and Bentler, 1999). In addition, the significance of indirect effects
was tested by using bias corrected (BC) bootstrap 95% confidence
intervals (CI), as implemented in Mplus. If the confidence
intervals did not include zero, mediation was supported.

Finally, to test Hypothesis 2, two moderated mediation models
were carried out using the PROCESS macro (model 7) for
SPSS version 3.5 (Hayes, 2018). We used observed variables
to test the second hypothesis due to simplicity. Prior to the
analysis, the means of variables that defined the products were
centered. Figures 2, 3 represent the moderated mediation models
hypothesized in H2a and H2b, respectively. The total, direct,
indirect, and conditional indirect effects of empowering and
disempowering climates on goal reengagement were analyzed.
Specifically, the bootstrapping method based on 5,000 samples
was used to assess the significance of indirect and conditional
indirect effects.

RESULTS

Preliminary Analysis
All the participants provided complete data for the variables
of interest. Analysis of outliers was carried out through
Z-scores, and the criterion applied was to consider values
higher than ± 3.29 extreme values (Field, 2013; Tabachnick
and Fidell, 2013). This procedure identified six participants who
showed extreme values for: goal reengagement (3 participants),
empowering climate (2 participants), and autonomous goal
motives (1 participant). After removing these participants, using
the univariate trimming method, the final sample consisted
of 408 athletes.

Descriptive Statistics, Reliabilities, and
Bivariate Correlations
An inspection of skewness and kurtosis shows that most of
the coefficients were in the range of (−1, 1) recommended
for normal-distributions (Muthén and Kaplan, 1992; Ferrando
and Anguiano-Carrasco, 2010). The values for autonomous goal
motives were an exception because they were a little higher but
within the acceptable range of (−1.5, 1.5) (Forero et al., 2009).
Mean scores revealed that athletes perceived high empowering
climate and low disempowering climate. Moreover, they reported
high levels of autonomous goal motives and low levels of
controlled goal motives. Finally, athletes’ goal reengagement
showed medium levels (see Table 1).

FIGURE 2 | Moderated mediation model of the effect of empowering climate
on goal reengagement through goal motives, ∗∗p < 0.01.

FIGURE 3 | Moderated mediation model of the effect of disempowering
climate on goal reengagement through goal motives, ∗∗p < 0.01.

Cronbach’s alpha coefficients (see Table 1) revealed
satisfactory reliability for the empowering and disempowering
climate, controlled goal motives, and goal reengagement scales.
In the case of autonomous goal motives, the item “Because it
teaches me self-discipline” was removed, and so the reliability
coefficient increased (from 0.63 to 0.70), which was acceptable.

With regard to the relationships among the study variables,
bivariate correlations indicated that empowering climate
correlated significantly and positively with autonomous goal
motives, whereas the relationship with controlled goal motives
was not significant. Conversely, disempowering climate was
significantly related to both goal motives, with this relationship
being negative with autonomous motives and positive with
controlled motives. Moreover, the relationship between
empowering and disempowering climate was significant and
negative, consistent with the model framework (Appleton and
Duda, 2016). Regarding goal reengagement, only its positive
correlation with autonomous goal motives was significant
(see Table 1).

Structural Equation Modeling
The hypothesized model that comprises the associations between
empowering and disempowering climate, goal motives, and goal
reengagement was tested with SEM (see Figure 1). Empowering
and disempowering climate items were parceled in order to
maintain an acceptable ratio of number of participants per
estimated parameter (Bentler and Chou, 1987). Specifically, the
17 empowering climate items were parceled in three indicators,
forming one indicator for each subscale (task-involving climate,
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TABLE 1 | Descriptive statistics, reliabilities, and bivariate correlations.

Range M SD α Skewness Kurtosis 1 2 3 4 5

Empowering climate 1–5 4.10 0.48 0.90 −0.32 −0.01 –

Disempowering climate 1–5 2.37 0.56 0.84 −0.01 −0.46 −0.50** –

Autonomous goal motives 1–7 6.32 0.75 0.70 −1.30 1.34 0.27** −0.18** –

Controlled goal motives 1–7 2.47 1.20 0.71 0.56 −0.46 −0.09 0.26** −0.19** –

Goal reengagement 1–5 3.58 0.72 0.83 −0.20 −0.10 0.09 0.08 0.24** −0.05 –

**p < 0.01.

autonomy-supportive coach, and socially supportive coach),
whereas the 17 disempowering climate items were parceled in two
indicators that corresponded to their subscales (ego-involving
climate and controlling coach).

Results indicated that the model had an acceptable fit to
the data: χ2 (112) = 293.59, p < 0.05, RMSEA = 0.06,
CFI = 0.93, TLI = 0.91, SRMR = 0.06. Empowering climate
positively predicted autonomous goal motives (a1 = 0.26,
p < 0.01), which in turn positively predicted goal reengagement
(b1 = 0.26, p < 0.01). Conversely, disempowering climate
positively predicted controlled goal motives (a4 = 0.31, p < 0.01),
which not was significantly related to goal reengagement
(b2 = 0.02, p > 0.05). Empowering climate did not have a
significant relationship with controlled goal motives (a3 = 0.07,
p > 0.05), and disempowering climate did not have a significant
relationship with autonomous goal motives (a2 = −0.09,
p > 0.05). Moreover, empowering and disempowering climates
were negatively related (β = −0.60, p < 0.01), consistent with
previous research (Appleton and Duda, 2016). Regarding the
effect sizes, R-squares were 0.10 (p < 0.01) for autonomous goal
motives, 0.07 for controlled goal motives (p < 0.05), and 0.07 for
goal reengagement (p < 0.05).

Results of bias corrected (BC) bootstrap 95% confidence
intervals (CI) supported the indirect effect of empowering
climate on goal reengagement through autonomous goal motives
(IEa1b1 = 0.10; BC bootstrap 95% CI = [0.02, 0.20]), but
not through controlled goal motives (IEa3b2 = 0.002; BC
bootstrap 95% CI = [−0.02, 0.02]). Furthermore, the indirect
effect of disempowering climate on goal reengagement was not
significant through autonomous goal motives (IEa2b1 = −0.002;
BC bootstrap 95% CI = [−0.09, 0.04]) or through controlled
motives (IEa4b2 = 0.005; BC bootstrap 95% CI = [−0.04, 0.05]).

Moderated Mediation Model
Results of moderation analyses for the two tested models showed
that the interactions between empowering and disempowering
climate were not significant in the prediction of autonomous
goal motives (Interaction = −0.09, p > 0.05) or controlled
goal motives (Interaction = 0.37, p > 0.05). The conditional
indirect effects (CIE) were not statistically significant, as indicated
by the moderated mediation indices for both autonomous
goal motives (CIE = −0.020; bootstrap 95% CI = [−0.07,
0.04]) and controlled goal motives (CIE2 = 0.002; bootstrap
95% CI = [−0.02, 0.03]). Accordingly, the conditional indirect
effect at different values of the moderator did not change in
any of the models (see Tables 2, 3). These results indicated

that perceived disempowering climate did not moderate the
relationship between perceived empowering climate and goal
reengagement through autonomous and controlled goal motives.
In the same way, perceived empowering climate did not moderate
the negative relationship between perceived disempowering
climate and goal reengagement through autonomous and
controlled goal motives.

TABLE 2 | Conditional indirect effects of moderated mediation model of the effect
of empowering climate on goal reengagement through goal motives.

Indirect effect Disempowering
(−1SD, Mean, +1SD)

Indirect
effect (SE)

LL 95%
CI

UL 95%
CI

Empowering
climate
→ Autonomous
goal motives→
Goal
reengagement

−0.56
0.00
0.56

0.09 (0.03)
0.08 (0.02)
0.07 (0.03)

0.04
0.04
0.02

0.15
0.13
0.13

Empowering
climate
→ Controlled
goal motives→
Goal
reengagement

−0.56
0.00
0.56

−0.00 (0.01)
0.00 (0.01)
0.00 (0.01)

−0.01
−0.01
−0.02

0.01
0.01
0.02

SE = standard error. LL95%CI = lower limit of 95% confidence interval;
UL95%CI = upper limit of 95% confidence interval.

TABLE 3 | Conditional indirect effects of moderated mediation model of the effect
of disempowering climate on goal reengagement through goal motives.

Indirect effect Empowering
(−1SD, Mean, +1SD)

Indirect
effect (SE)

LL 95%
CI

UL 95%
CI

Disempowering
climate
→ Autonomous
goal motives→
Goal
reengagement

−0.48
0.00
0.48

−0.01 (0.02)
−0.02 (0.02)
−0.03 (0.02)

−0.05
−0.05
−0.06

0.04
0.01
0.01

Disempowering
climate
→ Controlled
goal motives→
Goal
reengagement

−0.48
0.00
0.48

0.00 (0.01)
0.00 (0.02)
0.01 (0.02)

−0.02
−0.03
−0.04

0.03
0.04
0.05

SE = standard error. LL95%CI = lower limit of 95% confidence interval;
UL95%CI = upper limit of 95% confidence interval.
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With regard to mediation, consistent with previous results, the
findings confirmed that empowering climate positively predicted
autonomous goal motives (a1 = 0.38, p < 0.01), but it did
not significantly predict controlled goal motives (a3 = 0.11,
p > 0.05). Regarding goal reengagement, it was positively
predicted by autonomous goal motives (b1 = 0.21, p < 0.01),
but not by controlled goal motives (b2 = 0.01, p > 0.05).
Moreover, the direct effect of empowering climate on goal
reengagement was not significant (c′ = 0.05, p > 0.05), whereas
the indirect effect through autonomous goal motives (but not
controlled) was significant (see Figure 2 and Table 2). Moreover,
results with disempowering climate as a predictor showed
that disempowering climate positively predicted controlled goal
motives (a4 = 0.61, p< 0.01), but this in turn did not significantly
predict goal reengagement (b2 = 0.01, p > 0.05). In addition,
disempowering climate did not predict autonomous goal motives
(a2 =−0.08, p> 0.05), but autonomous goal motives significantly
predicted goal reengagement (b1 = 0.21, p < 0.01). Neither
the interaction between the climates nor the direct effect of
disempowering climate on goal reengagement (c′ = −0.06,
p > 0.05) was significant. Neither of the indirect effects were
significant (see Figure 3 and Table 3).

DISCUSSION

Literature has largely demonstrated that a self-regulation process
that has been related to a wide range of adaptive outcomes
in situations where important goals become unattainable is goal
reengagement (Wrosch et al., 2003b). In sport contexts, being
able to carry out this type of self-regulation is essential because
athletes are continually driven by goals (Healy et al., 2018),
and some of them become unattainable. In these situations,
goal reengagement is an alternative. Previous evidence has
shown that goal reengagement can be developed over time and
with repeated experience with unattainable goals (Wrosch and
Miller, 2009; Mens et al., 2015), which may be due in part
to internal (Haase et al., 2021) or external factors (Wrosch
et al., 2003b; Smith and Ntoumanis, 2014). The external factors,
and specifically the role of coach-created motivational climates
and their relationship with athletes’ goal motives and goal
reengagement, are the principal interest of the present study.
Taking into account that previous studies reported that athletes’
perceptions of coach autonomy-support positively predicted the
intention to reengage in alternative goals through autonomous
goal motives, whereas perceptions of controlling coach behaviors
did not positively or negatively predict goal reengagement, in
this paper these and other dimensions of motivational climate
are incorporated in order to have a broader vision of the
phenomenon under study. Based on Duda’s 2013 and Duda et al.
(2018) model of empowering and disempowering motivational
climates, the main interest of the current study was to analyze
whether athletes’ perceptions of empowering and disempowering
climates could predict their goal reengagement through the
mediation of their goal motives (Objective 1). Furthermore,
we examined whether empowering and disempowering climates

interacted in predicting goal reengagement through goal
motives (Objective 2).

Regarding the first hypothesis formulated, a model was
tested that examined the relationships between perceived
empowering and disempowering climates, goal motives, and
goal reengagement. Results showed that the perception of
an empowering climate predicted athletes’ autonomous goal
motives, which in turn predicted their goal reengagement.
Conversely, the perception of a disempowering climate predicted
athletes’ controlled goal motives, which were not related to
athletes’ goal reengagement. These findings partially support
the sub-hypotheses and add evidence about goal reengagement
and how it can be promoted by coaches who enhance their
athletes’ autonomous goal motives, as previous researchers
have suggested, creating adaptive motivational climates (e.g.,
Smith and Ntoumanis, 2014). In the current study, additional
dimensions of motivational climate included in the higher
dimension of empowering climates are explored. Therefore,
we can state that not only coaches’ autonomy support, but
also coaches’ promotion of task-involving climates and social
support, lead athletes to have more autonomous goal motives.
These findings imply that, when coaches carry out autonomy
supportive behaviors, they enhance self-referenced criteria to
judge athletes’ competence, creating task-involving climates, and
when they provide athletes with an environment of confidence
through social support, athletes are more likely to engage
in goals with autonomous motives. That is, when athletes
perceive empowering climates, they pursue goals that are more
concordant with their personal values and interests. In contrast,
the perception of a disempowering climate leads athletes to
pursue goals that are more regulated by external or internal
pressures. The latter means that coaches who have coercive,
pressuring, and autocratic behaviors typical of a controlling
interpersonal style lead athletes to more controlled goal motives,
as previous literature has shown (Smith and Ntoumanis, 2014),
and this also occurs when coaches create ego-involving climates.
This suggests that, as other studies have revealed, a focus
on outcomes located outside of the athletes’ personal control
is fostered when coaches promote rivalry among athletes,
comparison, and normative-based criteria to assess competence
(Reinboth and Duda, 2006), and this also seems to be the case
with controlled goal motives.

Regarding goal motives and goal reengagement, autonomous
goal motives foster athletes’ goal reengagement when the
situation requires it, whereas controlled goal motives do not
contribute to reengaging in other goals. In line with previous
findings, these results reflect the positive contribution of
autonomous goal motives to future goal striving (Smith and
Ntoumanis, 2014). Additionally, they support past literature
within the framework of SCM, which has provided evidence
about the adaptive role of autonomous goal motives in different
contexts such as the school (e.g., Sanjuán and Ávila, 2018) and
the sport context (e.g., Healy et al., 2014; Gaudreau and Braaten,
2016; Martínez-González et al., 2021b).

After SEM, moderated mediation analyses were carried
out to test the second hypothesis. The results showed
that the interaction between perceived empowering and
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disempowering climates was not significant in predicting
athletes’ goal reengagement through goal motives, contrary to
expectations. Therefore, these results revealed that, in these
mediation models, perceived empowering climate always
predicted autonomous goal motives, regardless of the levels
of perceived disempowering climate. In contrast, perceived
disempowering climate predicted controlled goal motives,
regardless of the perceived empowering climate score. Although
other studies have found significant interactions between
the two climates in their prediction of certain adaptive and
maladaptive outcomes (Appleton and Duda, 2016), the current
study shows that, in predicting goal reengagement through
goal motives, this interaction was not significant. Consequently,
perceived disempowering climate did not weaken the positive
effect of perceived empowering climate on goal reengagement
(through autonomous goal motives or through controlled
motives). On the other hand, perceived disempowering
climate did not predict goal reengagement, although it had
a positive effect on controlled goal motives, which was not
buffered by an empowering climate. These findings suggest
that the perception of each climate predicts a different type
of goal motives in athletes: an empowering climate predicts
autonomous motives, whereas a disempowering climate
predicts controlled motives. The current results are consistent
with past literature that showed the positive relationship
between empowering climates and athletes’ more optimal
functioning (Duda et al., 2018), in contrast to disempowering
climates, which have been related to maladaptive outcomes
(Krommidas et al., 2016).

With regard to the study limitations, it is necessary to note
that the design was cross-sectional. Further research is needed
to examine the relationships of interest longitudinally, in order
to understand how goal reengagement processes take place over
a sport season and whether changes in motivational climates
predict changes in athletes’ goal reengagement through changes
in goal motives. Moreover, when motivational climates are
examined, some researchers have indicated that the perception
of a group or team may differ from the individual perspective
(e.g., Papaioannou et al., 2004; Ntoumanis et al., 2012), and so
future multilevel analyses could examine team-level perceptions
of climate (González et al., 2017; Pineda-Espejel et al., 2017).
Finally, it should be kept in mind that the current findings
were obtained in university-level athletes, and so future studies
could analyze whether these relationships can be generalized
to other samples.

In spite of these limitations, the strength of this study
is its contribution to the knowledge about how empowering
and disempowering climates predict, through goal motives,
athletes’ goal reengagement when they have to face unattainable
goals. Specifically, it confirmed the importance of empowering
climates (independently of the disempowering climate levels)
in promoting athletes’ autonomous goal motives, which in turn
facilitate athletes’ goal reengagement. Moreover, the results also
show that empowering climates do not buffer the effects of
disempowering climates on athletes’ controlled goal motives;
that is, disempowering climates promote athletes’ controlled
goal motives (independently of the empowering climate levels).

Although moderation effects were not found in this study,
evidence suggests that empowering and disempowering climates
may coexist (e.g., Smith et al., 2015, 2017). Taking this into
consideration, more research is needed to examine moderation
effects and continue to explore how these climates might
interact in predicting other important variables in the sport
context. In addition to the theoretical contributions, the results
of this study are a first step toward further research that
includes longitudinal and experimental designs, building on
the reported findings. Thus, more evidence will be provided
about the importance of not only promoting empowering
climates, but also reducing disempowering climates. In this
line, athletes may benefit from having a more empowering
and less disempowering coach because they will have better
well-being (Krommidas et al., 2016) and, as this study shows,
better goal adjustment. Thus, educational workshops based
on this theoretical framework and addressed to coaches are
necessary, such as the empirically evaluated training program
Empowering CoachingTM (Duda, 2013). Via different workshops,
this program provides coaches with theoretical knowledge and
promotes the development of practical skills, in order to
generate and maintain more empowering climates while reducing
disempowering behaviors (Duda, 2013; Duda and Appleton,
2016; Balaguer et al., 2021). Finally, based on the current study,
coaches can be encouraged to take part in these workshops
to become more empowering and less disempowering because,
in addition to providing benefits for athletes’ well-being, as
previous literature has described, they also promote better
goal adjustment.
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Previous studies have shown that the color red can affect basic motor functioning.
However, these studies utilized simple gross motor tasks rather than those assessing
complex fine motor skills. Moreover, these empirical studies were theoretically based
on the threat–behavior link in human and non-human animals, and neglected the
relationship between arousal and motor performance. According to the Yerkes–Dodson
law and the inverted-U hypothesis in sport psychology, for simple motor tasks,
high arousal (associated with the color red) is more advantageous than low arousal
(associated with the color blue); for complex motor tasks, low arousal (blue color) is
more advantageous than high arousal (red color). The current research examined the
effect of color on different kinds of motor skills (fine motor and gross motor) based on
the inverted U-hypothesis. In Experiment 1, we examined the effect of red and blue on
dart-throwing performance, whereas in Experiment 2, we examined the effect of red
and blue on grip strength performance. The results showed that performance of fine
motor skill (dart-throwing) in the blue condition was better than in the red condition, and
performance of gross motor skill (handgrip) in the red context was better than in the
blue context. These results indicate that the type of motor skill assessed moderates the
influence of red and blue on motor performance.

Keywords: color effect, red, blue, arousal, dart-throwing, grip strength

INTRODUCTION

Color is perceived visually and has been found to affect psychological function. Over the past
decades, a variety of studies have examined the psychological effects of color, and most have focused
on the color red, which has been explored in widely different domains. For example, some studies
have found that red undermined performance on tests assessing intelligence as compared with blue
in academic contexts (Mehta and Zhu, 2009). Other studies have found that red increases individual
attraction in relational contexts (Elliot and Niesta, 2008). Further domains in which color has been
studied include driving, dieting, financial prediction, and competitive sports (Hill and Barton, 2005;
Guéguen et al., 2012; Bruno et al., 2013; Jiang et al., 2014).

In competitive sports, Hill and Barton (2005) reported that athletes wearing red uniforms had a
higher ratio of wins as compared with athletes wearing blue uniforms. This work provoked further
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interest in testing the advantages of wearing red uniforms
although subsequent findings have been inconsistent (Attrill
et al., 2008; Sorokowski and Szmajke, 2011; Piatti et al., 2012;
Curby, 2016). One explanation for these inconsistent findings
might be that many factors may affect the performance of athletes
in competition, and the impact of color in this context might
not be strong enough. To explore the psychological effect of
color in competitive sports more thoroughly, it is necessary to
investigate the effect of red on motor behavior. While there
are many studies on the relationship between red and cognitive
performance in academic contexts, the relationship between red
and motor behavior remains poorly studied.

In terms of the relationship between color and motor behavior,
older studies have examined the effect of color on muscular
strength (Green et al., 1982; Ingram and Lieberman, 1985;
Profusek and Rainey, 1987; Crane et al., 2008). However, due
to the lack of an explicit theoretical basis and methodological
problems, these results were also inconsistent. Taking into
account the threat–behavior link, Elliot and Aarts (2011)
examined the effect of the color red on basic motor functioning
and showed that red improves strength output and velocity
of force. Payen et al. (2011) designed an experiment in which
participants had to perform a maximal muscle contraction
while viewing either color red, a chromatic control color,
or an achromatic control color. Results showed increased
strength while viewing red but no significant difference in
the peak amplitude of power. Dreiskaemper et al. (2013)
created an artificial fighting situation to examine the influence
of red jerseys on physical parameters in combat sports.
Results showed that participants in red jerseys had significantly
higher heart rates and significantly higher pre-contest values
on the strength test. However, these studies only examined
the effect of red on gross motor skill performance (e.g.,
a strength task). What effect does the color red have on
fine motor skill performance? Elliot and Aarts (2011) argued
that future work should focus on whether red facilitates
certain types of overt actions more than others. In addition,
Elliot and Aarts (2011) only used the red-threat link to
explain why red improved basic motor performance, and
did not consider the relationship between emotional arousal
and performance.

Although the relationship between color and emotional
arousal is still debated, it is generally believed that long-wave
colors (e.g., red) can cause higher arousal than short-wave colors
(e.g., blue) (Wexner, 1954; Wright and Rainwater, 1962; Jacobs
and Suess, 1975; Walters et al., 1982; Stone, 2003). Red is
commonly associated with danger and aggression, and blue is
commonly associated with tranquility, meaning that red may
cause higher emotional arousal than blue. According to the
Yerkes–Dodson law, for simple tasks, high arousal is preferable
to low arousal; for difficult tasks, low arousal is preferable to
high arousal due to the effects on performance (Yerkes and
Dodson, 1908). Based on an analysis of previous studies, Xia
et al. (2016) argued that the influence of red and blue on
cognitive tasks may be modulated by the difficulty of the tasks
due to the relationship between color and emotional arousal.
They examined the effect of color on cognitive performance

while manipulating the difficulty and type of task. The results
showed that the difficulty of the task moderated the relationship
between red and performance on a detail-oriented task, while
blue enhanced performance on both a simple and difficult
creative task. We postulate that creative tasks are difficult tasks (as
compared with detail-oriented tasks), and as such, high arousal
would not help performance.

The results of Xia et al. (2016) supported the assertion that
the relationship between color and cognitive performance is
influenced by emotional arousal. For motor tasks, is the effect
of color on motor performance related to emotional arousal?
Compared with gross motor skills, fine motor skills involve
very precise movements which are accomplished using smaller
muscles. On the difficulty–simplicity dimension, fine motor skills
might be required for difficult motor tasks, while gross motor
skills might be required for simple motor tasks. Therefore,
the relationship between color and motor performance is
consistent with the Yerkes–Dodson law. Moreover, the inverted-
U hypothesis in sport psychology also indicates that optimal
arousal depends on the type of motor task (Williams, 1994).
Specifically, the optimal arousal for gross motor skills is higher
than for fine motor skills (Oxendine, 1970).

On this basis, we conducted two experiments to further
explore the effect of color (red versus blue) on different types
of motor performance. Experiment 1 examined the effect of
red/blue on fine motor skill (dart-throwing) performance and
Experiment 2 examined the effect of red/blue on gross motor
skill (handgrip) performance. Given the documented relationship
between color and arousal, as well as arousal and motor
performance, we predicted that blue would enhance fine motor
skill (dart-throwing) performance, and red would improve gross
motor skill (handgrip) performance. In addition, we also assessed
anxiety and self-efficacy as process variables to explore these
as possible mediators of the relationship between color and
motor performance.

EXPERIMENT 1

The aim of Experiment 1 was to examine the influence of red
versus blue on dart-throwing performance, anxiety, and self-
efficacy.

Materials and Methods
Participants
Participants were 34 male college students and graduate students
(age range = 19–25 years) who were right-handed. The
study protocol was approved by the Wuhan Sports University
Medical Ethics Committee. Written informed consent was
obtained from each participant, and participants could freely
withdraw at any time. All participants were healthy and none
was color blind.

Materials and Procedure
Participants came into the research laboratory individually and
the researcher explained the dart-throwing task and scoring
method. Next, participants were directed to stand behind a
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throwing line that was positioned 237 cm from the wall in front
of a standard dartboard that was mounted at a height of 173 cm.
Participants were free to practice for 5 min (about 20 warm-
up darts). After the warm-up, participants were instructed to
perform 20 dart-throws in the control condition (white wall) as
the baseline measure. Then, all participants completed 20 dart-
throws in red (laboratory A) and blue (laboratory B) conditions
separately. Participants took about 5 min to complete the 20 trials
in each condition. During this period, participants adjusted each
throwing movement and completed all the throwing process.
To avoid sequence effects, half the participants completed 20
dart-throws in the red condition and then completed 20 dart-
throws in the blue condition. The remaining half completed the
conditions in reverse order. In laboratory A, the dartboard was
hung on a red wall which was 2 m long and 1.5 m wide. The
dimensions of laboratory B were identical but the dartboard
was hung on a blue wall. The temperature of each laboratory
was 20◦C, and each was moderately bright and soundproof.
The RGB criteria of red (255, 0, and 0) and blue (0, 0, and
255) were applied to the background wall. The HSL (hue,
saturation, and lightness) criteria were as follows: red (0, 240,
and 120) and blue (160, 240, and 120). When participants
completed 20 dart-throws in the red or blue condition, they
were asked to close their eyes for 3 min to eliminate visual
after-sensation from the color.

The dartboard was an 18-inch international standard board
with black and white on the reverse side. To avoid the influence
of the red bull’s-eye, it was changed to black. The darts were made
of pure copper and weighed 25 grams. They were a metallic color.
Darts that hit the bull’s-eye were awarded 10 points, darts that
hit the circle adjacent to the bull’s-eye were awarded 9 points,
and darts that hit the next adjacent circle were awarded 8 points,
and so on. Darts that missed the dartboard completely were
awarded 0 points.

After completing the first 10 darts, two assessments were
administered sequentially. Participants were asked to complete
measures of anxiety and self-efficacy. A single item was used
to assess anxiety (“I am anxious about the task”) and another
to assess self-efficacy (“I will perform my best in the next
task”) on a 9-point scale, from 1 (“not at all true of me”) to 9
(“very true of me”).

Statistical Analysis
Firstly, all data were tested for normal distribution to examine
whether they were conformed to normal distribution. Secondly,
to test the influence of red versus blue on dart-throwing
performance, we performed analysis of covariance (ANCOVA)
to control for baseline performance. The dependent measure was
the total score across the 20 trials. Thirdly, paired-samples t-tests
were used to compare anxiety and self-efficacy in the red and blue
background conditions.

Results and Discussion
A sample K-S analysis proved that the data was a normal
distribution (Z = 0.067, P = 0.200). A repeated measures
ANCOVA revealed a significant effect of color background
condition, F(1, 67) = 8.61, p = 0.005 (p < 0.01), η2 = 0.12.

Dart-throwing performance was higher in the blue background
condition (M = 133.29, SD = 15.87) than the red (M = 124.53,
SD = 10.84), consistent with the hypothesis that blue would
enhance the performance of fine motor skill (i.e., dart-throwing).
Thus, it appears that background color had a differential effect
on motor performance as the high arousal induced by red had a
minimal positive influence on fine motor skill whereas the low
arousal induced by blue was beneficial.

Paired-samples t-tests showed significant differences for
anxiety in the different color conditions, t = 3.65, p = 0.001,
Cohen’s d = 0.3929(a small to medium effect size for anxiety;
Cohen, 1988). Participant anxiety was higher in the red condition
(M = 3.59, SD = 2.35) than the blue (M = 2.71, SD = 2.07).
There was also a significant difference for self-efficacy, t = –2.72,
p = 0.01, Cohen’s d = 0.427(a nearly medium effect size for self-
efficacy; Cohen, 1988). Participant self-efficacy was higher in the
blue background condition (M = 7.24, SD = 1.52) than the red
(M = 6.56, SD = 1.66).

In order to further explore whether anxiety and self-efficacy
influenced performance independent of color condition, we
conducted a mediational analysis on the results of Experiment
1. An indirect effect of color on motor performance via anxiety
was not significant (B = −0.29, p > 0.05), and the bootstrapping
revealed the null mediation effects (95% CI: [−0.12, 0.07]).
The above interval contained 0, which indicated that the
mediating effects of anxiety were not significant. An indirect
effect of color on motor performance via self-efficacy was also
not significant (B = −0.41, p> 0.05), and the bootstrapping
revealed the null mediation effects (95%CI: [−0.16, 0.08]). The
above interval contained 0, which indicated that the mediating
effects of self-efficacy were also not significant. Although the
results of dart-throwing performance confirmed the inverted-U
hypothesis, null mediation of anxiety and self-efficacy indicated
that anxiety and self-efficacy may be not strong contributors to
dart-throwing performance.

EXPERIMENT 2

The aim of Experiment 2 was to examine the influence of red
versus blue on handgrip performance, anxiety, and self-efficacy.
Experiment 2 used a between-subject color manipulation and
different procedure than Experiment 1 based on a study by Elliot
and Aarts (2011).

Materials and Methods
Participants
A total of 64 male college students and graduate students were
recruited from Wuhan, China (age range 18–25 years). All
participants were male, right-handed, and with no experience in
combat sports or weight lifting. They were instructed to refrain
from participating in any rigorous physical activity or consuming
caffeine prior to the experimental session. The study protocol
was approved by the Wuhan Sports University Medical Ethics
Committee. Written informed consent was obtained from each
participant, and participants could freely withdraw at any time.
All participants were healthy and none was color blind.
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Materials and Procedure
A total of 64 participants were randomly assigned to a red (n = 32)
or blue (n = 32) condition. Participants entered a soundproof
laboratory with comfortable light and were told that the purpose
of the experiment was to test their maximum handgrip force. The
experimental task included two handgrip force tests. Following
instructions provided by the research assistant, participants
performed a 5-min arm warm-up. After the warm-up, they were
presented with a grip dynamometer, shown how to operate it, and
were allowed to get acquainted with it.

The research assistant recorded participant performance on
the first handgrip task as a baseline measure. Next, participants
were given a piece of red or blue paper, on which they completed
a brief demographics questionnaire and two items relating to
anxiety and self-efficacy (as in Experiment 1). The RGB criteria
of red (255, 0, and 0) and blue (0, 0, and 255) were applied to
the red and blue paper. The HSL criteria were as follows: red (0,
240, and 120) and blue (160, 240, and 120). Finally, participants
completed the second handgrip force test.

Statistical Analysis
Firstly, all data were tested for normal distribution to examine
whether they were conformed to normal distribution. Secondly,
to compare participant handgrip force test performance between
the red condition and blue condition, we performed ANCOVA
to control for baseline performance. Thirdly, independent
t-tests were used to examine anxiety and self-efficacy in
the two conditions.

Results and Discussion
A sample K-S analysis proved that the data was a normal
distribution (Z = 0.112, P = 0.058). ANCOVA revealed a
significant effect of color condition, F(1, 2) = 5.44, p = 0.023,
η2 = 0.10. Participant performance in the red condition
(M = 52.83, SD = 0.57) was higher than in the blue condition
(M = 50.94, SD = 0.57). This result was consistent with the
hypothesis that red rather than blue would enhance gross motor
skill (handgrip) performance. This suggests that the motor skill
improvement induced by red has a significant effect on strength
(gross motor skill) in contrast to Experiment 1 where a positive
effect on performance was induced by blue (fine motor skill).

However, independent t-tests showed that there were no
significant differences in anxiety (t = 0.58, p = 0.57) or self-
efficacy (t = 1.41, p = 0.16) between the two color conditions.
Although this was inconsistent with our hypothesis, it does not
mean that viewing red enhanced grip strength independently
of arousal. The possible reason is that anxiety and self-
efficacy are not strong contributors to performance on this
task. Nonetheless, these results revealed that the red condition
enhanced participants’ gross motor performance compared to
the blue condition.

GENERAL DISCUSSION

The results of Experiment 1 showed that in the fine motor
skill condition, dart-throwing performance in the blue context

was better than in the red context. Participant anxiety and
self-efficacy scores provide an explanation for the relationship
between color and dart-throwing performance. Compared
with blue, red caused higher anxiety and lower self-efficacy.
Thus, the results of Experiment 1 were consistent with our
predictions. According to the inverted-U hypothesis, higher
arousal is detrimental to fine motor skill performance. In
Experiment 1, participants’ anxiety scores were higher and
dart-throwing performance was lower in the red condition,
consistent with the assertion that red is detrimental to fine
motor skill. The results are also consistent with previous
research on cognitive tasks demonstrating that high arousal
is disadvantageous when completing difficult tasks (Xia et al.,
2016). In addition to the relationship between arousal and
motor performance, one possible reason that red reduces
fine motor skill may also be related to the red-threat link
(Elliot and Aarts, 2011). As a threat signal, red could
increase participant anxiety and task distraction, meaning
that participants need to mobilize mental resources to inhibit
distraction and maintain their attention on the task. We
suggest that viewing red depletes individuals’ resources for self-
control, and this impairs performance on skill-based motor tasks
(e.g., dart-throwing).The results of Experiment 1 showed that
participants’ anxiety scores were higher in the red condition
than in the blue condition. An alternative to the idea that
red depletes individuals’ resources for self-control is that the
red color increased anxiety, which in turn interfered with
coordination and control of dart throwing by increasing
muscular tension.

The results of Experiment 2 showed that participants had
stronger grip strength in the red context compared to blue. These
results are in line with our hypothesis, and also in agreement
with the findings of Elliot and Aarts (2011). It is suggested
that red could improve gross motor skill performance. As the
results of Experiment 2 are consistent with Elliot and Aarts
(2011), the red-threat link could explain why red enhanced
grip strength. More specifically, the red-threat link activated
participants’ avoidance/defense systems, which enabled them
to mobilize resources for defense. There were no significant
differences in participant anxiety or self-efficacy scores between
the red and blue conditions. These null findings for anxiety
and self-efficacy do not mean that viewing red enhances grip
strength independently of arousal. There are two possible reasons
for these null findings. First, in contrast to Experiment 1, the
red/blue stimulus (which was the questionnaire) was presented
before the grip task in Experiment 2, and the duration of
viewing red/blue in Experiment 2 may have been too short.
Most participants completed the questionnaire in around 30 s,
which means participants were exposed to the red/blue stimulus
only for this time. Payen et al. (2011) found no effect of
color on general arousal and mood when the duration of
red stimulus in their study was about 2 s. Although the
duration of viewing red in Experiment 2 is longer than Payen
et al. (2011), it may still be difficult to improve participant
anxiety levels so quickly. In addition, in contrast to the two
grip strength tests, anxiety and self-efficacy were assessed
only once. The lack of pretest measurements for anxiety and
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self-efficacy scores may also lead to the lack of difference
between the two groups.

The study by Hill and Barton (2005) showed that combat
athletes wearing red uniforms won significantly more often than
athletes wearing blue uniforms. Namely, athletes in red had
advantages over those in blue. However, this study failed to
clarify whether the red uniform reduced the performance of the
opponents or improved the performance of the wearers. Later
studies confirmed the association between red and aggressiveness
(Geng et al., 2021), and found that the red-aggressiveness link
affects observers’ subjective judgments (e.g., that of referees)
(Hagemann et al., 2008; Krenn, 2014, 2015). Based on the red-
aggressiveness link, it seem to suggest that red affect observers’
(referees) judgment of competitive performance, but it not
answer the question of how red affect opponents’ motor behavior.

From an applied perspective, the results of Experiments1
could explain the advantage of red uniforms as found by
Hill and Barton (2005). There are many movements requiring
target hitting in combat sport. The athlete’s aim is to hit
opponents accurately (e.g., boxing, tae kwon do). This is similar
to dart-throwing, which emphasizes the precision of movement.
Red might be distractive when completing fine motor skills
because it is associated with threat and high arousal. Thus,
red may be detrimental to fine motor skills requiring precision
over an extended period of time, as it depletes individuals’
cognitive resources.

However, the results of Experiment 2 show that viewing
red before a motor task enhances grip strength, suggesting
that red may be beneficial for gross motor skills requiring
short bursts of brute force. From this point of view, combat
athletes wearing red uniforms would serve to enhance the
strength of their opponents (Falcó et al., 2016). It should be
noted that, like Elliot and Aarts (2011), the duration of viewing
red in Experiment 2 was relatively short. Elliot and Maier
(2014) argued that prolonged exposure to a certain color may
cause participants to adapt to that color and thus weaken
the psychological effect of it. It is unclear whether a longer
duration of viewing red still leads to improved gross motor
skill performance.

The present study explored the effects of red and blue on
different types of motor performance. In addition to comparing
the effects of red and blue on cognition and behavior (including
motor skills), red and green are often compared (O’Connell et al.,
1985; Zhang and Han, 2014; Briki et al., 2015; Krenn, 2015;
Hong et al., 2020). Similar to blue, green is also a naturally color
with shorter wavelength (Goldstein, 1942).An early study showed
that long-wavelength colors may induce feelings of high arousal
while short-wavelength colors may induce feelings of low arousal
(Walters et al., 1982). Future research should compare the effects
of red and green on motor skills, and test whether green has the
same effects as blue.

LIMITATIONS

Based on the results of the present study, it can be concluded
that performance of fine motor skill (dart-throwing) in the

blue condition was better than in the red condition, and
performance of gross motor skill (handgrip) in the red
context was better than in the blue context. However, the
present study has limitations that need to be taken into
consideration. Firstly, although the results of the present
study are consistent with the inverted U hypothesis, the
study only measured anxiety rather than arousal. Arousal
is a general physiological and psychological activation
of the organism that varies on a continuum from deep
sleep to intense excitement (Robert, 2011). In terms of the
definition of arousal, arousal includes physiological arousal
and psychological arousal. Physiological arousal is a solid
foundation for psychological arousal. Psychological arousal
is a kind of subjective experience and cognitive evaluation
based on physiological arousal. Physiological arousal is
typically measured using heart rate, skin conductance, or
EEG. Psychological arousal is typically measured by asking
participants about their level of excitement, energy, or tension.
In addition, psychological arousal can be negative (e.g.,
anxiety) or positive (e.g., excitement). Anxiety is a negative
emotional state in which feelings of nervousness, worry, and
apprehension are associated with activation or arousal of the
body (Robert, 2011). Therefore, anxiety may be a negative
psychological arousal, which is an emotional response that
can be triggered by arousal and can also increase arousal.
Obviously, anxiety cannot be equated with arousal, and it
is a part of arousal. As the study lacked a direct measure
of arousal, this may be the reason why the study did not
find anxiety as a modulating factor that affects grip strength
performance. Secondly, all participants were males, there
is evidence about differences between males and females
regarding color effect (Falcó et al., 2016). Therefore, further
research should include more subjects, such as females.
Finally, the methodology conducted in two experiments
was different. In Experiment 1, a within-subjects design
was used to expose participants to the different colored
walls during dart-throwing. However, in Experiment 2, the
participants were exposed to the two different colors in a
between-subjects design. Moreover, the timing and duration
of exposure as well as the size of the colored stimulus was
different in the two experiments. Consequently, it may be
inappropriate to make comparisons across the two experiments.
Indeed, the measures of anxiety and self-efficacy were quite
crude in present study. Future research should adopt more
rigorous methods to explore this issue. In order to increase
ecological validity, future research should also conduct a more
ecologically valid approach.

CONCLUSION

Our experiments identified differential influences of red
and blue on two types of motor skill. More specifically,
red was associated with poorer performance than
blue on dart throwing whereas red was associated
with better performance than blue on a hand
grip task.
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As an ancient science, hypnosis has been used by humans since the primitive societies
during theocratic times. By the 20th century, scientists and psychologists had re-
recognized and studied hypnosis and explored its applications in fields such as
medicine, education, and military uses. A local form of traditional Chinese “hypnosis”
appeared in Huangdi Neijing, but it has not received enough attention from Chinese
people; China’s modern hypnosis development is later than that of American and
European countries. Therefore, people’s understanding and applications of hypnosis
remain inadequate. With the development of China’s economy and state power in the
last decades, Chinese people were beginning to attach importance to the investment
and development of the sports industry and realized that the psychological quality of the
athletes is often a decisive factor in the success or failure of the competition. Meanwhile,
hypnosis is an effective psychological training method to be used in daily training and
competitions. In light of this, this essay firstly reviews the history of hypnosis before
carrying out the methods of a literature review and a logical analysis to explore the
applications of hypnosis in sports. Thus, evidence is provided in favor of the use of
hypnosis in the sports industry.

Keywords: hypnosis, athletes, anxiety, relaxation, sports

A BRIEF HISTORY OF HYPNOSIS

Hypnosis is generally believed to have existed since ancient societies (Hammond, 2013). In China,
the earliest recorded text on hypnosis was in the Huangdi Neijing [written during the Warring States
period (475-221 BC) and the Han dynasty (206 BCE–220 CE)]. It mentioned a healing method
called “Zhu You,” which appears to have many elements in common with hypnosis from a modern
perspective (Yao, 2010). “Zhu You” was a sort of witchcraft. It used spells to cure diseases. Apart
from China, the “Sleep Temples” in ancient Greek and Roma centuries were used to induce a sleep-
like state (Muthu, 1930), which can be regarded as the earliest hypnosis-like state. Sleep temples
could heal a variety of ailments. Many of them were psychological in nature. The treatment involved
chanting, meditation, fasting, placing the patients into a trance-like or hypnotic state, and analyzing
their dreams, etc.

Modern hypnosis could be traced back to Franz Mesmer’s (1734–1815) animal magnetism
theory in the 1770s. He believed that all things in nature shared a common magnetic force, and
disease could be cured through a magnetic field (Hammond, 2013). His mesmerism was regarded
as mysterious witchcraft and was not adopted by the scientific community. The mesmerism in
that era performed under the exaggerated background of various spells and astrological wall
decorations, with mesmerists using various strange props to inspire the souls of sleepwalkers to
come and communicate with them (Darnton, 1968). Later, James Braid (1795–1860) ended the
old witchcraft era of hypnotism mystification. He believed that hypnosis was not produced from
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magnetism. It was a kind of sleep-like state and defined as “a
peculiar condition of the nervous system, induced by a fixed and
abstracted attention of the mental and visual eye, on one object,
not of an exciting nature” (Braid, 1843). At the same time, he
coined the term “hypnosis” (to sleep) from the ancient Greek
term “Hypnos” (the god of sleep in ancient Greek mythology). He
also emphasized a theoretical conception of hypnosis as a state of
increased suggestibility and a form of sleep (Hammond, 2013).
With the in-depth study of hypnosis by scientists, there were two
opposing schools in hypnosis academia in the 19th century. They
were the Paris School represented by Jean-Martin Charcot (1825–
1893) and the Nancy School represented by Hippolyte Marie
Bernheim (1840–1919) and Ambroise-Auguste Liébeault (1823–
1904). The Nancy School advocated the “suggestion theory,”
which believed that the role of suggestion was very important in
the process of hypnosis. The phenomenon produced by hypnosis
was a reaction caused by the hypnotized person accepting the
hypnotist’s suggestion and that the person could be put into
a hypnotic state by purely verbal suggestion (William and
Edmonston, 1986). The Paris School believed that hypnosis was
a form of hysteria, and those who could be hypnotized were
psychotic (Sheehan and Perry, 1976). Although there were many
different understandings of hypnosis between these two schools,
they contributed to the development of hypnosis. Subsequently,
scholars such as Sigmund Freud (1856–1939) and Ivan Petrovich
Pavlov (1849–1936) were also involved in hypnosis research,
making hypnosis a valuable applied science.

HYPNOSIS IS A SORT OF SCIENTIFIC
PSYCHOTHERAPY

Hypnosis is a technique of communication using psychological
suggestions. Under hypnosis, the hypnotized person is more
open to suggestions. The result of hypnosis is that they gain
greater control over their own minds and their own actions.
In the process of hypnosis, the hypnotist will repeatedly use
the auditory, visual and tactile stimuli to induce the hypnotized
person into a trance state. In the meantime, the hypnotized
person will also be asked to relax, imagine and concentrate
on the hypnotist’s suggestions. After the hypnotized person
enters the hypnotic state, the hypnotist will implement various
treatments to address the patient’s psychological disorders.
Nowadays, hypnosis has been used in numerous industries such
as medical/psychotherapeutic uses, sports training, military uses,
self-improvement, employee training, and police confession.
Moreover, studies have shown that the hypnotic effect is closely
related to the hypnotized person’s attitude and belief in the
hypnotic process (Franquelo et al., 2020, 2021a,b). More and
more evidence show that hypnosis is a scientific psychological
therapy technique.

ATHLETES’ PSYCHOLOGICAL STRESS

Psychological training for athletes is an essential part of sports
training because, in any competitive event, there is always

the possibility of misplaying and losing. Many of the best
athletes have worked hard for decades to perform at the top-
level competition but may not always win the championship.
At the same time, athletes’ misplay is a sort of publicity
trick and a conversation topic among the ground. Therefore,
the more higher up into the top elite classes athletes are,
the more they are under tremendous psychological pressure.
A study from Australian academics mentioned that athletes’
emergence of mental illness is usually at the peak of their
competitive careers (Allen and Hopkins, 2015). Moreover, they
experience unique stresses, including sport-related stress (Noblet
and Gifford, 2002), injuries (Smith, 1996; Appaneal et al.,
2009), life away from home (Bruner et al., 2008), and burnout
(Gustafsson et al., 2011). For these reasons, it is important
to pay attention to athletes’ psychological problems. Hypnosis,
used as an adjuvant technique, can help to prevent the mental
illness of athletes, but also can improve their training results
and competition performance. Sports psychologists may apply
hypnosis to athletes’ psychological training because hypnosis may
help athletes attain relaxation during practice and competition
and help athletics control anxiety and manage stress (Paccagnella,
2004). Meanwhile, hypnosis is a simple and easy way to adjust the
physical and mental conditioning without special requirements
in terms of venues or equipment. A previous review indicated
that hypnosis was effective for improving performance across
multiple sports, with the strongest results found for basketball,
golf, soccer and badminton (Milling and Randazzo, 2016).
Therefore, hypnosis is widely used in sports and competitions.

THE APPLICATIONS OF HYPNOSIS IN
SPORTS

Hypnosis Can Explore the Potentials of
Athletes
Hypnosis appears to restructure cognitive processes that are
essential for athletic performance, including self-confidence,
attention, and memory. The enhanced positive self-affirmations
and rational-emotive strategies are commonly reached through
the use of hypnosis (Taylor et al., 1993). Athletes may take
advantage of this “believed-in” state to enhance and tap into the
potentials of their physical conditions. The result can be achieved
by the suggestions that hypnotists convey to them, such as “you
can perform well today” or “you can push your limits”. These
positive suggestions can help them rebuild their self-confidence,
allowing them to concentrate more on their task to reach their
goals more easily.

Hypnosis Can Relieve the Anxiety of
Athletes
It is common for athletes to experience nervousness and stress
before a significant event. These negative moods and mental
strain cannot only affect their daily training and life, but
may also affect their performance in competition. Research
(Ji, 1992) has shown that stress can affect both physiological
and psychological functions. The former includes increased
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respiratory rate, heart rate, and increased blood pressure;
the latter includes blurred perceptions, slowed reactions, and
thinking and distracted attention. These negative factors can
influence athletes’ performance during competitions. Hypnosis
can be used to reduce athletes’ different levels of tension and
stress before and during the competition. The hypnotist can give
the hypnotized athlete suggestions such as “you may be noticing
that you are feeling quieter and quieter and nicer and nicer, and
your breathing is getting smoother and smoother,” “you can win
the competition.” These suggestions can have a positive effect on
athletes both psychologically and physically (Ji, 1992).

Hypnosis Can Reduce the Fears of
Athletes
In gymnastics, fears are an obstacle to athletes’ training and
competitions. At the same time, the fears of an individual
athlete may develop into a group effect that makes it challenging
to continue group training. What is more, fears may lead
to athletes’ thinking disorder, inability to concentrate, related
muscle tension, increased heart rate and breathing, weakness
of the limbs and even collapse (Xu and Cao, 2013). These
phenomena can cause distortions in the athletes’ movements
and cause boredom to athletes with gymnastics and, in severe
cases, accidents and injuries. Fortunately, Reid’s study has shown
that hypnosis can relieve fear, stress, anxiety and can be used to
help in coping with panic disorder (Reid, 2017). This is because
hypnosis makes athletes relaxed and hypnotists will use calming
words to encourage them. For instance, “you are safe although
your discomfort,” “you can control your mind.” The hypnotist
will also suggest ways for athletes to cope with their fears, such
as “taking deep breaths when you are afraid of training makes
you feel calmer.” In this way, hypnosis provides athletes an ideal
chance to learn how to remain relaxed while facing these fears
and performing at the competitions.

Hypnosis Can Help Athletes Learn and
Improve Their Technique
The enhancement of individual techniques and tactics of athletes
not only relies on the improvement of muscle strength and
physical qualities, but also depends on athletes’ mentality.
Therefore, any physical activity is a brain-body combination.
Sports psychologists place particular emphasis on imagining
skills training for athletes as it helps them build on their
strengths, eliminate their weaknesses, develop their sports skills,
stay confident, focused, and motivated (Ji, 1992). Athletes are
often encouraged to imagine the critical event in their training
and identify with the performance as much as possible. They
could note everything influencing them, their thoughts, their
physical experiences, their competitors, and other significant
things. This process can help athletes become aware of aspects
of the performance experience that are unnoticed, and this can
lead to the discovery of key information. Moreover, it is evidenced
that hypnosis can enhance the imagining skills’ quality on self-
efficacy, skill acquisition, and athletic performance (Taylor et al.,
1993). Due to the relaxed state that athletes are when they are
hypnotized, the results of imagining skills training are better than
that of training in a waking state, which can help athletes gain and

improve their individual technique more efficiently. Even a 10-
min hypnosis intervention can improve throwing accuracy in a
tennis ball test and the retention of the effect can last for a 1-week
(Jalene and Wulf, 2014).

Be it from multiple or one hypnotic intervention, hypnosis
has been found to have positive effects on ball games, including
basketball, golf, soccer, cricket, and badminton (Pates and
Maynard, 2000; Pates et al., 2001a,b, 2002; Pates and Palmi, 2002;
Barker and Jones, 2006, 2008; Barker et al., 2010; Pates, 2013),
and other sports, including archery, weightlifting, shooting sports
(Lee Howard and Reardon, 1986; Robazza and Bortoli, 1995;
Mattle et al., 2020), in either a control study or a single case
study. There have also been conflicting reports of studies that had
not found a positive effect of hypnosis on athletic performance,
such as in tennis (Greer and Engs, 1986), fencing (Wojcikiewicz
and Orlick, 1987), and boxing (Heyman, 1987). However, these
studies have defects such as small sample size or poor design,
which require further research in the future.

Hypnosis Can Help Athletes Quickly
Relieve Fatigue and Restore Energy
The training athletes undergo is continuous and of high intensity,
which can lead to frequent muscle soreness and physical exertion.
Therefore, athletes usually require adequate sleep, massage,
hydrotherapy, and nutritious meals to restore their physical
strength and energy. However, during competition, fatigue and
physical exertion can be decisive factors in the success or failure of
the competition. If an athlete has more energy than his opponent,
he may also have a better chance of winning than his opponent.
Therefore, it is vital to replenish energy and restore physical
strength during the competition quickly. Hypnosis can quickly
relieve fatigue and restore physical strength (Niu, 2013); it can
be performed before or between training and match. When
the athlete enters the hypnotic state, their muscles can be fully
relaxed. The suggestion can be “you have entered the state of
hypnosis, your muscles are fully relaxed, and the fatigue will
be relieved immediately by the massage.” During the process,
suggestion can be “fatigue has been relieved and that your energy
and strength have now been restored,” “you have had three
(or more) hours of rest, the fatigue has all been relieved and
you feel energetic and strong again,” “continue to join in the
match, your energy and physical strength will be very abundant.”
These positive suggestions can help athletes quickly replenish
themselves and gain more confidence.

Hypnosis Can Help With Sleep
It is natural that athletes could be nervous before a competition,
especially when facing a competition related to their country’s
reputation. They could tend to have difficulty falling asleep
due to extreme tension. Insufficient sleep will affect them and
hinder them from replenishing their bodies and restoring
their strength, which will affect their performance in the
next day’s game. There had been several studies on the
procedures involving relaxation help sleep (Graham et al.,
1975), and scientists found that procedures involving
relaxation can play an influential role in reducing the time
required for subjects to fall asleep. Hypnosis can help
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athletes enter a relaxation state. Hypnotists will help athletes with
sleep problems by encouraging them to relax and creating them
an opportunity to reorient thoughts and emotions (Becker, 2015).
Studies have shown that modest sleep can benefits from hypnosis,
and the suggestion of “sleep deeper” can help participants
prompted increased slow-wave sleep (Feng, 1995). Slow-wave
sleep often is referred to as deep sleep. This period of sleep is
called slow-wave sleep because the EEG activity produces slow
waves with a frequency of less than 1 Hz and a relatively high
amplitude. Hypnosis may also reduce symptoms such as anxiety
and depression as well as treat pain, and these factors are strongly
related to sleep problems or can cause disturbed sleep.

LIMITATIONS AND PROSPECTS

At present, there are several defects in hypnosis application
in sports. Firstly, in most studies, the sample size was small.
Some had fewer than 10 subjects. Secondly, the design of the
research scheme is not rigorous enough. For example, some
studies were just pre - and post-comparison studies without
different types of hypnosis for comparison. The evaluators of
hypnosis effect were not blind to the research scheme. Results
could easily be influenced by subjective factors when evaluated.
Thirdly, no randomized placebo-controlled studies have been
found. Fourth, there are very few studies on the effect of hypnosis
on performance in competitions. In the future, studies on the
application of hypnosis in sports can be appropriately conducted
with large sample sizes, setting up different types of hypnosis for
comparison, blinding the evaluators of effects of hypnosis, and
setting up reasonable and scientific placebo control. In addition,
the effect of hypnosis on performance in competitions should also
be further studied.

CONCLUSION

There is a lot of evidence that hypnosis may be a helpful
tool to address a variety of issues in sports; for example,
hypnosis may help athletes improve their psychological quality,
increase their self-confidence, relieve their fatigue, restore
energy, help them better concentrate on the daily training and
competition, and better improve their skills. However, there is
little methodologically rigorous empirical research substantiating
its value, and there is still a lack of extensive experimental
evidence to prove its mechanism. As a result, hypnosis in sports
still needs to be studied in more depth and breadth, and empirical
verification is necessary and required. But it is undeniable
that hypnosis is a simple and easy way to adjust physical and
mental conditioning without special requirements in terms of
venues or equipment.
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The aim of this article is to know the role of learning tasks within the pedagogical
content knowledge (PCK) of novel sports coaches in initial stages of sports training of
children/young people and their impact on their daily work. Participants are two coaches
in their first or second working year. A mixed methodology was used by means of polar
coordinates analysis. The results agree with previous studies that established that (1)
PCK of novel coaches presents deficits in task selection and modification, (2) motivation
is the key factor determining tasks selection process, and (3) they do not know how
much time they should dedicate to each task. Even so, better development was found
in the PCK of the coaches.

Keywords: mixed methods research, pedagogical content knowledge, novel basketball coache, polar coordinate
analysis, observational methodology

INTRODUCTION

The concept of “practical knowledge” has been central in numerous studies. Villar (1986:25) points
out that recent investigations stand up for rationalization of professional behavior in classroom,
since it is the space where practicing teachers develop their theories, knowledge, and beliefs.

This research on development and construction of pedagogical content knowledge (PCK)
suggests that practicing teachers have developed professional knowledge of teaching; therefore,
they have learned to apply theoretical knowledge to practical situations. However, this knowledge is
linked to action and personally acquired by teachers who do not only connect theory and practice,
but they include beliefs, values, theories, concepts, and forms of intervention in practice. Therefore,
this knowledge is not acquired in initial training, but it is related to professional practice and
teaching process. Unfortunately, it is not socially acknowledged, even for practical teachers who
elaborate this knowledge (Del Villar, 1993).

Teaching is a reflexive practice and, therefore, an act of knowledge, since teachers elaborate a
theory about their praxis. This theory is not usually explicit, but it is guiding an action. By signifying
it, practical knowledge allows understanding practice and theorizing about it. Practical knowledge
is “idiosyncratic, personal, arising from one’s own experience, and delimited in its nature and
extension by the characteristics of the working context; it is knowledge about practice and emerging
from practice” (Zabalza, 1991, p. 123).

For its clarity and ability to synthesize other contributions, we chose the structure elaborated
by Grossman (1990) who develops a scheme to explain how teachers organize their knowledge,
distinguishing among (a) general pedagogical knowledge, (b) subject matter knowledge, (c)
knowledge of context, and (d) pedagogical content knowledge.
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Physical education content has been studied in recent years
by many authors, although the term they use is “Pedagogical
Knowledge of Content” (Rovegno, 1992; Granda, 1998; Castejón
Oliva and Giménez Fuentes-Guerra, 2017; Cañadas et al., 2019).
Some of the conclusions reached by these studies on PCK are (a)
“it is very specific to the domain of the ongoing activity,” (b) “it is
related to action analysis,” (c) “it undergoes a long-term evolution
in relation to professional competence,” and (d) “it depends on
the system limitations” (Amade-Escot, 2000).

Studying the PCK of teachers implies delving into key
issues of the teaching profession, such as professional
ethics, and contributing to change perception on teachers
as knowledge transmitters to professionals able to apply
pedagogical, disciplinary, and didactic knowledge in the
classroom. This transition should be done from a reflective,
critical, integrative, and complex conception of the human
and educational phenomenon, favoring the discovery of new
learning and teaching styles (Jimenez et al., 2017). PCK is
continuously reworked during teaching action, so teachers
can adapt it to context in order to create a new practical
structure with important repercussions for student learning and
for the teacher’s own reconfiguration of the teaching process
(Vázquez-Bernal and Jiménez-Pérez, 2019).

In this sense, Cañadas et al. (2019) state that “an adequate
mastery of what and how to teach the subject content, implies that
teacher must design the tasks so that students learn the content,
and implement activities using different techniques, styles and
teaching strategies” (p. 284), so these activities are related to PCK.
These decisions of teachers must emerge from the relationality
of the classroom.

PCK in the field of Physical Education is controversial
when determining the specific aspects related to content
knowledge that a PE teacher should know. Castejón Oliva and
Giménez Fuentes-Guerra (2017) state that “facing this disjunctive
(knowing in depth the content and how to teach it in PE classes),
it seems necessary to deepen on PE teacher’s perspective on
Knowledge of Context and Pedagogical Content Knowledge at
different times” (p. 147).

Among other studies on PE teachers’ PCK, Kim et al.
(2018) focused on the role of learning tasks; they conducted a
retrospective analysis of teachers and students’ data comparing
two randomized group with one controlled quasi-experimental
group, which was focused on improving PCK and student
performance. Seven teachers and 32 student groups participated
in this research.

PCK was measured using four variables: task selection,
representation, adaptation, and an aggregate variable called total
PCK. The findings of this study stated that the professional
development of teachers’ content knowledge is necessary to
improve the PCK of teachers and student performance (Kim
et al., 2018).

Nkala and Shehu (2016) conducted a study with beginner and
under-training teachers aimed at finding out how to facilitate
the acquisition of general knowledge and particularly their
PCK. Participants were assigned to control and experimental
groups. The latter participated in a workshop aimed at
fostering their PCK, while the teachers in the control group

continued with their usual activity. Classroom lessons
were recorded, and subsequent interviews were coded. The
results showed that PCK improved significantly among
the experimental groups that had attended the training
workshop on their PCK.

Araújo et al. (2017) indicated that study on PCK can be useful
to examine the effectiveness of Physical Education training. They
conducted a study to examine the evolution of the PCK of a group
of coaches under training and novice coaches over three seasons
of Sport Education, and to examine the impact of protocols
that had been specifically implemented to improve the PCK of
coaches. Twenty-one students and one teacher from a school class
in northern Portugal participated, and data were collected from
multiple sources: (a) video observations of all lessons, (b) field
notes, and (c) pre-lesson interviews with coaches.

Among the most relevant conclusions after the first season,
error diagnosis, feedback, task modification, and deficit in task
presentation were remarkable. After the end of the third season,
better development of the PCK of the coaches was found,
revealing the importance of coach education protocols when
designing Sports Education.

Toward the Use of Mixed Methods
Research
In Behavior and Social Sciences, and particularly in Education
Sciences, there are intensive and frequent debates posed in
dichotomous terms about the most appropriate methods for the
development of knowledge, finding contrary positions between
qualitative and quantitative advocates (Jacobs, 1989). Although
this dichotomy is central in the discussion among researchers
in the field of Education, the need to overcome it is becoming
increasingly evident (Medina, 1992, p. 10).

According to Alvarez (1986, p. 13) “there is not an exclusive
method for scientific research or science” and “both perspectives
are necessary and can work together by complementing each
other.” Therefore, combining methods comes up as a solution to
overcome this antagonism, and it has already been suggested by
many researchers in the field of Behavioral and Social Sciences
(Granda, 1998; Cameron, 2009; Cabrera and Rosales, 2017).
Mixed methods offer different possibilities in studies that focus
on daily or spontaneous behaviors in natural contexts (Portell
et al., 2015; Vázquez-Diaz et al., 2019), such as teaching behavior
during a Physical Education class.

The mixed methods approach involves the collection, analysis,
and interpretation of qualitative and quantitative data for the
same purpose and within the framework of the same study.

Qualitative and quantitative data can be combined in three
different ways, as Creswell and Plano Clark (2007, p. 7)
summarized: “There are three ways in which we can mix data:
merging two data sets by bringing them together, connecting two
data sets using one of them as a reference, or incorporating one
data set within the other so that one type of data provides a
supporting structure for the other data set.” For our proposal,
we chose the second option. According to Sandelowski et al.
(2009), this connection can be achieved through transformation,
i.e., quantifying qualitative data or qualifying quantitative data.
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Collecting information about human behavior by analyzing
texts and transforming it into properly systematized and
organized categorical data without missing key information is a
great challenge in Behavioral and Educational Sciences. There
are multiple situations where the information coming from
systematic observation is irreplaceable, such as information
that arises from observation of the interaction between
teachers and students during Physical Education classes
(García-Fariña et al., 2018).

Indirect observation is an appropriate method for studying
both verbal behavior and textual material by analyzing transcripts
and original material produced by participants. Verbal behavior
conveys a wide range of messages that can be transmitted
using different channels. Thus, messages are analyzed differently
depending on whether they are spoken or written.

Indirect observation is considered a valid scientific method
using similar techniques to systematic observation and
presenting an identical structure, although there are important
differences related to the nature of the source data (verbal
behavior and text). Indirect observation involves the analysis
of a textual material generated indirectly from transcriptions
of audio recordings of verbal behavior in natural settings (e.g.,
conversation, group discussions) (Anguera, 2017).

Data collected during indirect observation invariably emerge
as qualitative data, and the source material varies according to the
level of involvement of the observed person and the source nature
(textual or non-textual).

Based on these data, the objective of this study is to explore
how learning tasks influence PCK and their impact on the daily
teaching of novice basketball coaches.

MATERIALS AND METHODS

Design
This research applies a mixed methodology using data collected
through direct and indirect observations (Anguera et al., 2018).

It was a nomothetic investigation, as there were more than
one participant, point because a follow-up record was applied
over eight sessions (one per week to each participant for
2 months), and multidimensional because there were several
levels of response (five dimensions with different categories
collected through an ad hoc instrument developed for this study).

Participants
The coaches who participated in this study were María and
Joseph, who are novice coaches specializing in basketball (first or
second training year). Both were committed to the subject and
showed interest throughout their initial training period, so they
met the ideal characteristics for selection.

Likewise, their great capacity for analysis and clarification in
group discussions and for debating in working groups with other
professionals of the field was also valued, since these abilities were
considered essential for reporting on issues relevant to the study.
Finally, we would like to highlight their willingness and interest
in participating in the research.

Instruments
According to Sánchez-Algarra and Anguera (2013), in systematic
observation, a distinction is made between recording instruments
(i.e., those used to record or code data) and observational
instruments (instruments specifically designed to analyze
a certain topic).

Recording Instruments
To ensure the validity of the data, we carried out triangulation
procedures in data collection using the following instruments:

(1). Participant observation: the performance of the coaches
was observed, and field notes were taken throughout
practice sessions. Moreover, audiovisual recordings of
these sessions in the research setting provide the researcher
with the opportunity to re-witness the content. Erickson
(1990) calls this recording process “microethnography.”
It should be noted that technological records are not
sufficient and they cannot replace field notes, but rather
they are an additional source of data apart from
direct observation.
These recordings are also used to make the participants
relive the significant events related to the object of study, so
they can remember and explain the thoughts that guided
their actions, as well as the opinions, judgments, beliefs,
and knowledge that influenced or justified such actions.

(2). Interviews to stimulate recall: a total of eight semi-
structured interviews were conducted over the research
period with every participant. The video recordings of
each of the participants during their performance in class
were used as a reference for the interviews. The interviews
were conducted on the same day of the recording using
as a semi-structured script of the field notes taken during
participant observation. The interview was selected as an
instrument because “the interview is based on the idea that
teachers/coaches are able to offer an explanation of their
behavior, their practices and their actions to those who ask
them about them” (Walker, 1989, p. 125).

(3). Diaries of participants: The contributions of the coaches
were collected in personal diaries during the research.

Observation Instruments
The ad hoc observation instrument used in the study
was transformed into a category system instrument
in which the different dimensions were divided into
different categories according to theoretical framework and
experience (see Annex 1).

All the texts were transcribed and coded using the category
system shown in Annex 1. The AQUAD 8.0 software package was
used for the whole process. Finally, polar coordinate analysis was
performed to analyze the data extracted from the reduction of the
texts, a process named “liquefaction” by Anguera (2020).

Procedure
The teachers participating in the study were informed about
the objective of the study, and both accepted to collaborate in
the research. They were contacted based on the data obtained
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through observation in the training course and the practice
session carried out afterward.

All practice sessions were recorded in video, and the
interviews were conducted immediately after each practice
session was totally transcribed. There were 8 1-h sessions over a
2-month period, and one session was conducted per week. Along
with these sessions and subsequent interviews, the coaches kept a
diary throughout these 2 months in which they wrote down issues
related to their teaching that they found significant. In addition
to these 8 sessions, a final interview was conducted and included
in the final analysis. Each participant performed 8 interviews in
addition to the final interview.

All the interviews and diaries were categorized by assigning
each piece of text a code according to a previously designed
category system, allowing for the qualitative data to be
transformed into quantitative data.

Quantification is essential in the mixed methods framework to
move on to the second phase in the QUAL-QUAN-QUAL cycle
(Anguera, 2020). Afterward, code matrices are quantitatively
analyzed, which enables the connection of functions and
integration of qualitative and quantitative values, so qualitative
data can be analyzed quantitatively after the transformation
process (Anguera et al., 2018).

Data Quality Control: Interobserver
Agreement
For data quality control analysis, four of the interviews were
analyzed and coded by two observers who had been previously
trained using the approach described by Anguera (2003). Before
recording the data, the observers agreed on the category or
code to which each of the observed actions was assigned
(consensual agreement).

Agreement was quantitatively assessed using Cohen’s kappa
statistic (Cohen, 1968). The level of agreement was “almost
perfect,” with kappa values ranging from 0.85 to 0.9 for
all the sessions.

Data Analysis
Data were constructed by assigning paragraphs to codes specified
in the category system. A polar coordinate analysis was
conducted, which is considered a categorical data reduction
technique that would allow us to construct a vector image of
the complex network of interrelationships between codes of the
observation instrument. In this research, we used the categories
of the subdimensions as codes for this procedure. The HOISAN
program (Hernández-Mendo et al., 2012) was used for the polar
coordinate analysis.

The structure of the polar coordinate analysis, proposed
by Sackett (1980), complements the prospective (forward)
(Bakeman and Quera, 2011) and retrospective (backward)
(Anguera, 1997) perspectives of the lag sequential analysis
carried out from a series of sequentially recorded codes. In this
study, the codes correspond to the textual units of each of the
participants throughout the interviews and diaries. Anguera and
Losada (1999) suggest analyzing at least five prospective and five
retrospective lags (−5 to+ 5).

This technique provides interpretable data through the
application of an extremely powerful data reduction algorithm
based on the Zsum statistic, introduced by Cochran (1954).
Sackett (1980) applied the Zsum statistic to perform both
prospective and retrospective calculations. Precisely, he applied
it to obtain adjusted residual values considering the criterion
behavior of the sequential analysis as the focal behavior and
conditional behaviors in positive lags to obtain prospective Zsum
values. Later, he did the same with negative lags to obtain
retrospective Zsum values. Sackett (1980) recommended using
the same number of prospective and retrospective lags.

Associative relationships are sought between one code (known
as focal behavior) and the rest of the codes (conditional
behaviors) to perform this analysis. In this study, the codes were
categories of the dimensions described in our category system.
The focal behavior selected was TAR (classroom activities)
following the studies conducted by Kim et al. (2018) and Cañadas
et al. (2019).

The relationship between the focal behavior and each of the
conditional behaviors is depicted by the length and angle of the
corresponding vectors shown in a graphical polar coordinate
map whose interpretation is shown in Figure 1 (quadrant I
(0 < ϕ < 90) = ϕ; quadrant II (90 < ϕ < 180) = 180 −
ϕ; quadrant III (180 < ϕ < 270) = 180 + ϕ; quadrant IV
(270◦ < ϕ < 360◦) = 360◦ − ϕ) and whose interpretation is
presented in Table 1 (Arias-Pujol and Anguera, 2020).

These vectors depict the complex network of interactive
associations among behaviors, both quantitatively (length of the
vectors) and qualitatively (angle of the vectors).

Of all the interviews, only those that showed significant
relationships between the task category and the rest
of the categories were considered for inclusion in the
subsequent analysis.

Learning tasks (LTs) were considered as focal behavior, and
the rest of the tasks were defined as conditional behaviors.
This choice is justified by the fact that in PCK studies, tasks
are considered the key element of curriculum by teachers and
coaches (Zabalza, 1991). We present in the next sections the
results of the polar coordinate analysis (see Tables 2, 3).

RESULTS

In the following sections, we describe the existing relationships
among the categories that were directly related to PCK in the
analysis, although more relationships have emerged from the
polar coordinate analysis (see Figures 1, 2). A relationship is
considered statistically significant when the value of the vector
is equal to or greater than 1.96.

Joseph’s Results
Table 2 shows the significant relationships between learning tasks
(TAR), which was considered the focal behavior, and Joseph’s
diary and interviews, which were taken as conditional behaviors.

The results reveal significant relationships between the TAR
category and methodology (MET), and preactive decisions (PCC)
and objectives of the curriculum (OBJ), on more than one

Frontiers in Psychology | www.frontiersin.org 4 January 2022 | Volume 12 | Article 706276222

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-706276 January 27, 2022 Time: 17:15 # 5

Granda-Vera et al. Novice Basketball Coaches PCK

FIGURE 1 | Graphics showing the relationships between Joseph’s focal behavior (TAR) and conditional behaviors.
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TABLE 1 | Interpretation of polar coordinate maps.

Quadrant Sign of Zsum
prospective

Sign of Zsum
retrospective

Interpretive meaning

I + + Focal and conditional
behavior activate each
other

II − + The focal behavior
inhibits the conditional
behavior, which
activates the focal one

III − − Focal and conditional
behavior mutually
inhibit each other

IV + − The focal behavior
activates the
conditional behavior,
which inhibits the focal
behavior.

occasion over time, while the rest of the behaviors do not present
any relationship throughout the research.

Regarding methodology, Figure 1 shows that relationships
evolve from a position where the tasks are activated (dependence)
by the methodology and the tasks do not show any influence
on the methodology (quadrant II), to a position in quadrant IV,

where the learning tasks activate the use of a certain methodology
without conditioning task structure.

As for preactive decisions (PCC), in early phases of the
learning process, the relationships between TAR and PCC
categories show that the tasks inhibit curriculum decisions
in the preactive phase of the teaching/learning process
(quadrant II) and activate the learning tasks. Subsequently,
these relationships evolve to mutual inhibition (no active
relationship) in quadrant III.

In the relationship between TAR and OBJ, initially, these two
categories inhibit each other (quadrant III), evolving toward a
relationship in which tasks are not related to learning objectives
but to other learning variables; objectives were selected according
to the learning tasks implemented by Joseph in the classroom.

The relationships between TAR and O do show total
interdependence between them (quadrant I), which reveals
Joseph’s interest in task organization and selection of tasks
according to their organization.

Initially, the duration time of the tasks shows a high
relationship with the tasks, and they influence each other;
it reveals a high concern between learning time needed to
acquire the content presented in the task and interest shown
by athletes/students when approaching it. Finally, the mutual
interest between tasks and task duration disappears.

The relationship between the level of athletes/Students’
motivation (MOT) when approaching a task is also a relationship

TABLE 2 | Polar coordinate analysis results for the relationship between the focal category TAR and Joseph’s diary and interviews.

Category Quadrant ProspectiveP. RetrospectiveP. Ratio Radius Angle

DIARY

Curriculum_MET IV 2.14 −1.05 −0.44 2.38 (*) 333.88

Curriculum_MAT II −1.29 2.07 0.85 2.44 (*) 121.95

Dec_preactive_PCC II −0.7 2.69 0.97 2.78 (**) 104.51

Var_org_and_context_TIE I 2.15 0.01 0.01 2.15 (*) 0.38

INTERVIEW 1

Curriculum_DIS III −0.55 −2.31 −0.97 2.38 (*) 256.66

Curriculum_OBJ III −2.39 −0.48 −0.2 2.43 (*) 191.39

Curriculum_CON IV 2.37 −0.33 −0.14 2.39 (*) 352.11

Curriculum_EVA IV 2.06 −1.96 −0.69 2.85 (**) 316.44

Var_org_and_context_ORG I 1.23 1.67 0.81 2.08 (*) 53.71

Var_org_and_context_MOT IV 1.31 −1.6 −0.77 2.06 (*) 309.28

Dec_preactive_PCC III −0.15 −2.46 −1 2.46 (*) 266.54

INTERVIEW 2

Curriculum_OBJ II −0.92 1.93 0.9 2.14 (*) 115.42

Curriculum_MET II −1.31 2.77 0.9 3.07 (**) 115.33

Dim_pers_JUC II −1.31 2.77 0.9 3.07 (**) 115.33

INTERVIEW 8

Curriculum_MET IV 2.59 −0.69 −0.26 2.68 (**) 345.06

INTERVIEW 9

Curriculum_INS I 0.27 6.04 1 6.05 (**) 87.43

Dec_interact_DCP IV 1.99 −0.78 −0.37 2.14 (*) 338.49

Dec_interact_DCC I 0.56 2 0.96 2.08 (*) 74.25

Focal behavior: TAR.
Conditional behavior: The rest of the categories.
*p < 0.05, **p < 0.01.
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TABLE 3 | Relationships between the TAR category and the rest of the categories in the diary and interviews of Maria.

Categories Quadrant ProspectiveP. RetrospectiveP. Ratio Radius Angle

DIARY

Curriculum_CON II −1.44 1.35 0.68 1.97 (*) 136.98

Var_org_and_context_ESP I 0.34 2.37 0.99 2.4 (*) 81.84

Dim_pers_COD IV 2.69 −1.28 −0.43 2.98 (**) 334.48

Dec_preactive_PCC II −1.73 1.8 0.72 2.49 (*) 133.83

INTERVIEW 1

Curriculum_MET III −1.91 −1.95 −0.71 2.73 (**) 225.6

Curriculum_TAR I 2.72 2.72 0.71 3.84 (**) 45

Curriculum_EVA III −0.96 −1.72 −0.87 1.97 (*) 240.8

Dim_pers_COD IV 1.59 −1.44 −0.67 2.15 (*) 317.79

Dec_interact_DCC IV 3.04 −0.94 −0.29 3.18 (**) 342.85

INTERVIEW 4

Curriculum_CON IV 3.38 −0.55 −0.16 3.42 (**) 350.79

Var_org_and_context_TIE II 0.78 2.05 0.93 2.2 (*) 110.84

Dec_interact_DCC I 2.52 0.21 0.08 2.53 (*) 4.8

INTERVIEW 6

Curriculum_TAR I 1.87 1.87 0.71 2.65 (**) 45

Curriculum_EVA IV 1.88 −1.37 −0.59 2.33 (*) 323.89

Var_org_and_context_MOT III −2.16 −1.92 −0.67 2.89 (**) 221.74

Dec_preactive_PCC I 2.51 0.41 0.16 2.54 (*) 9.29

INTERVIEW 7

Var_org_and_context_ESP II −0.47 2.14 0.98 2.19 (*) 102.31

INTERVIEW 8

Curriculum_OBJ I 3.14 1.56 0.45 3.51 (**) 26.49

Curriculum_MAT I 3.83 1.19 0.3 4.01 (**) 17.3

Dec_preactive_PCC I 4.35 2.23 0.46 4.89 (**) 27.11

INTERVIEW 9

Curriculum_CON III −2.67 −0.46 −0.17 2.71 (**) 189.83

Dim_pers_COD I 2.18 1.96 0.67 2.93 (**) 41.95

Focal behavior: TAR.
Conditional behavior: The rest of the categories.
*p < 0.05, **p < 0.01.

of great concern in the early stages of the training process,
since the degree of motivation has a considerable impact on the
tasks (quadrant IV).

Figure 1 shows the graphs with vectors representing the
relationships between TAR and the other behaviors of Joseph,
and how they evolve over time (change among the different
quadrants). The figures show all the significant relationships
found, although they have not been incorporated into the
final analysis, because they are not related to the objective
of this article.

Maria’s Results
Table 3 shows the significant relationships between learning tasks
(TAR) and the diary and interviews of Maria.

Maria shows a greater number of relationships
between the focal behavior (TAR) and the rest of the
behaviors than Joseph. From all the relationships, this
research focuses only on those more relevant to PCK
and learning tasks.

The results show that TAR and teaching content (CON)
appear in quadrants II, III, and IV, which means that tasks

inhibit the content, and that the content influences the design
and selection of the tasks. It evolves toward a position where
tasks activate (influence) content (she selects the tasks; according
to these tasks, she selects the content they address). Finally,
no mutual influence is observed in the relationship, since they
mutually inhibit each other.

As for the connection between TAR and her behavior as
trainer (COD), the results reveal that tasks have a great influence
on it, evolving as the learning process goes on toward a
relationship of mutual influence, which indicates the importance
that the tasks have for Maria as a coach (mutual activation
between both categories).

The relationships between ART and preactive decisions (PCC)
show that in the early stages of the training process, tasks
inhibit curriculum decisions in the preactive learning phase
(quadrant II), activating the learning tasks. These relationships
evolve to mutual activation (quadrant I), being taken into
consideration when planning the session and influencing the
planning of the tasks.

Regarding evaluation (EVA) (assessment of their
behavior of their athletes), the relationship between
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TAR and EVA evolves as time goes by; the tasks are
not considered initially in the evaluation, but finally the
tasks influence (activate) the evaluation although the
latter does not influence the type of tasks selected for
the session.

The relationships between the tasks and the decisions
made during the practice session to modify some curricular
element (DCC) reflect a clear evolution. It starts from
a position in which the tasks activate the decisions
made in the session, although these will not affect

FIGURE 2 | Graphics showing the María’s relationships between focal behavior (TAR) and conditional behaviors.
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FIGURE 2 | (Continued)

the tasks (inhibition), to a relationship in which both
categories activate each other, with the tasks being also a
curricular element that can be modified throughout the
practice session.

The relationships between TAR and the action
space where the task is performed (ESP) also change
from a position where task and space are readjusted
(mutual activation), to a position where only the
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space activates the task and modifies the structure of
the tasks.

Regarding the results of Maria, the relationships between TAR
as focal behaviors and TIE and MOT as conditional behavior do
not present the same directionality; duration time influences the
task (quadrant II), and TAR and MOT are located in quadrant III
(mutual inhibition quadrant).

Figure 2 shows the graphs with vectors representing the
María’s relationships between ART as the focal behavior and
the conditional behaviors, and how they evolve over time
(change among the different quadrants). The figures show all
the significant relationships found, although they have not been
included in the final analysis, because they are not related to the
objective of this article.

DISCUSSION

The aim of this study was to find out the role of learning tasks
in relation to PCK and what influence they have on their daily
practice in novice basketball coaches.

The results present data reduced through an analysis of
polar coordinates without missing relevant information about the
behaviors of the coaches related to learning tasks and the rest
of the behaviors, or the impact of these factors on the PCK of
the novice coaches.

The results reveal that the novice coaches consider students,
tasks, and instructional environment or context as key elements
in their teaching process.

The results indicate that PCK development led to discernment
of content knowledge in relation to the interactions among new
tasks, new environments, and new capabilities and intentions of
athletes/students (Rovegno, 1992).

The dynamics among athletes/students, learning tasks, and
learning environment is, thus, the fundamental unit of how
PCK is developed.

Moreover, evidence supports that tasks are the basic unit of
planning (Tillema, 1984), and it is confirmed that learning tasks,
both in the preactive phase (task design) and during the practice
session (interactive phase), are central in the learning process of
athletes/students.

This selection of learning tasks is not based on the analysis
systems leaned during their previous training, but they used
as criteria the educational potential of the tasks (the possibility
for athletes/students to acquire the teaching contents), their
own convictions, and level of the athletes/students and their
motivation.

These criteria are presented without clearly stating which
elements and references are used to establish the adequacy or
inadequacy of the tasks with respect to these elements of analysis,
assuming an initial lack of analysis and reflection that would have
avoided this problem.

I also realize during the realization of the activity that the partners
organization had not been adequate because of the difference in
height between the partners, so they could not balance each other
because of the difference in weight, and when I realized that and I
have modified the partners (JOSEPH, DIARY).

The structural potential of the tasks and what they can teach
at the time of selection are factors considered in their selection.

Q: Why did you select this game?

A: It is a game where you work on displacement

I like this game because it highlights very much how they have
to solve the fact of being chasers and not being able to catch.
(JOSEPH, INTERVIEW 2).

The factor “level of motivation” is crucial, since the
participants in this study pointed out that involving
athletes/students in the learning tasks is extremely difficult
if they do not have fun during the practice, giving importance to
the factor “motivation” over any other element both in the task
selection and design process and in the performance of these
tasks. Moreover, María noted that, although motivation was the
main criterion, the age of the students and available material and
space were also considered.

The changes that I introduced were related to organization
(individual, pairs and trios). The last two options were more
motivating for the students (MARY, DIARY).

This approach reinforces the motivation of and interest of the
students/athletes during their activity in the training session.

I look for other strategies but as I see that they are working well
and they like it, which I think is important, that they like what they
do, so I am working it this way (JOSEPH, INTERVIEW 8)

This suggests that this decision may be influenced
by his interest in ensuring that the proposed tasks
motivate their students.

As for the TAR-TIE relationship, this is conditioned by the
degree of interest and participation of the students. The duration
of the classroom tasks is not predicted in the preactive phase,
and with this behavior being usual among beginner Physical
Education teachers; they struggle to calculate the necessary time
for each task, and on many occasions, students do not have time
enough to learn and adequately retain the main points of new
skills (Smytj, 1992).

Regarding the duration of each task, practice time, and
learning time, they point out that they do not plan them,
emphasizing that it is a decision they make according to their
previous experience as players. They use as criteria to establish
the duration of each one, level of activity or involvement of the
athletes/students in the tasks, and their motivation.

on top of the mats and jump into free spaces. Throughout the
activity the placement of the mats was varying. This activity
turned out to be quite motivating, more than I expected, so I let
them doing the activity longer (JOSEPH, INTERVIEW 2).

Besides, they also struggle to understand task progression and
identify the tasks that would be adequate and motivating for their
students. Thus, they progressively learn in every session, and they
adapt content and instruction for the next practice according to
the experience learned in the previous one (Graham et al., 1993).

A: Sincerely, you know many of these things as you advance
in experience, as you set up activities, what problems they may
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involve, how you solve them. At the beginning you should make
a contingency plan about what things can happen to you, what
things can’t, but a lot of times there are so many unexpected events
that you can’t control them, that they come up depending on the
group of athletes, depending on the situation, and that is like a
knowledge that you accumulate and when you have to do any
plan, you think about what happened to you and you know how to
control those variables and you have don’t have so many surprises
over time (MARY, INTERVIEW 7).

He incorporates modifications depending on how the sessions
evolve and would improve the initial proposal.

Q: It is noted in your diary that you normally carry out few tasks
per session, and you usually leave a few undone, what do you think
is the reason?

A: I always organize a wide range of activities and especially
this usually happens to me more with games because of the
variants I find, that the children have come up with or that
the children or the ones that I see that can improve the game
(JOSEPH, INTERVIEW 9).

Granda and Canto (1997) found that beginner coaches
and teachers assume some ideas on type of athletes/students
and training context that initially led to frustration and
discouragement. These feelings are manifested both at the level
of the relationships with their athletes/students and training
environment, as well as in relation to the improvement of the
teaching-learning process during the performance of tasks and in
the teaching methodology (assumption of methods that are not
adequate for them).

The latter is determined by teaching contents, learning tasks,
and possibilities of action presented by athletes/students when
they respond to proposals. In most of the didactic situations
proposed, he has been able to work with the methodology with
which he is most identified as a trainer.

Q: How do you select or determine the methodology to use in the
session?

A: The methodology varies a lot depending on the type of content
and the possibilities of the athletes, although I haven’t had any
problem and I have been able to work most of the time with
the methodology with which I feel more comfortable, problem
solving, perhaps because it is the one I have gone in depth in my
initial training, so perhaps I feel I am inclined toward this type of
methodology because, as I have already said, I feel identified with
it. (JOSEPH, INTERVIEW 8).

Regarding the evaluation of the learning process and
athletes/students (understanding as evaluation the degree of
effectiveness and efficiency they show during task performance),
they decided to carry it out from the very beginning using diverse
and varied situations, which allowed them access to data they
consider relevant for every evaluation task.

quite specific I did not want to push them in the level of demand
but rather that each one set it for themselves, providing a range
of opportunities. I also did this to explore how they worked in
this type of situation. I already have commented that in these first
weeks I am going to have a lot of variety and to know the group
(MARY, INTERVIEW 6).

This process helps him to know the level of student and
identify the most appropriate tasks to propose in the sessions
depending on their characteristics.

Also the initial evaluation that I have been doing during the first
few months has helped me to determine what kind of activities
I can and can’t do, and e.g. I’ve seen that the games that require
the children to throw and catch while they are moving are very
difficult for the children (MARY, INTERVIEW 9).

The results of data analysis showed that coaches’ PCK
variables, including task selection, task adequacy, and task
adaptations, can be turned from immature into mature
depending on the CK of coaches (Kim, 2011; You, 2011).

Besides, the results confirmed that the CK of beginner coaches
is still not well established, pointing out that proposing tasks and
processes focused on individualized learning during the session
is closely related to the structure and components of the teaching
contents proposed in the previous planning.

This relationship between learning tasks and teaching
contents favors or complicates these processes, missing the
structural components of different teaching contents in their
selection and design at different levels of curricular planning.

On the other hand, this selection is characterized for
being global, open, and sometimes ambiguous, which makes
two processes difficult: selection of tasks, which does not
aim at teaching and learning specific components but at
global improvement of content, and learning evaluation,
which implies high complexity when establishing criteria
to guide teachers on the performance levels achieved
by their students.

CONCLUSION

The main conclusions obtained from this study point
out, on the one hand, and in accordance with Cañadas
et al. (2019), that coaches should design tasks to facilitate
Students’ acquirement of content and implement activities
according to different techniques, styles, and teaching
strategies. In the case of Joséph and María, they select
the teaching methodology guided by the teaching content
and tasks. This methodology selection is influenced by
knowledge gaps of the content, not adequately associating
a certain type of teaching content with the appropriate
methodological approach.

In the case of Joseph and Maria, task selection is revealed as an
evidence-based practice to improve the PCK of coaches/teachers,
as indicated by Kim et al. (2018).

Finally, the most relevant conclusions were the deficit in task
presentation and task modification, although better development
of the PCK Of the coaches was found, as Araújo et al.
(2017) asserted.

Practical implications derived from the findings of the present
study would be aimed at encouraging reflection by coaches
during their training period. This reflection can be developed
through discussion in small groups (using a seminar model)
or protocols that motivate them to consider the difficulties
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encountered to facilitate their access to PCK and to become more
involved in their professional development as coaches.

As for limitations of this study, the small number of
participants limits the possibility of generalizing these results
to all basketball coaches during their training and first
years of experience, although this circumstance does not
undervalue the importance and acquisition of knowledge of
the findings.
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ANNEX 1

System of Categories Used in the Research
Dimensions, Categories, and Codes

Curriculum Components
DIS: Planning for teaching-learning process
OBJ: Objectives
CON: Contents
MET: Methodology
INS: Information for students
MAT: Materials
TAR: Classroom activities
EVA: Evaluation
NEE: Curricular adaptations for students with special educational needs

Organizational and Contextual Variables
ORG: Group organization
CNT: Classroom control
ESP: Spaces where class takes place
HOR: Class schedules
TIE: Time dedicated to each learning task
EPA: Previous PE experiences of students
RAT: Relationship of the Students’ group with the classroom tutors
MOT: Students’ motivation

Personal Dimension
REL: Relationships with students
EXD: Teaching experience
FOE: Initial training
EXA: Experiences as student
OCV: Opinions on beliefs and values
OCC: Opinions on curriculum
OVO: Opinions on organizational and contextual variables
OCN: Opinions on non-curricular issues
OCP: Opinions on problematic issues
JUC: Judgment on a curricular component
JVO: Judgment on organizational and/or contextual variables
JUP: Judgment on a problematic situation
JUA: Judgment on students
DIL: Dilemmas
REF: Reflection on their teaching performance
REC: Reflection on curricular components
REV: Reflection on organizational and/or contextual variables
COD: Teaching behavior and attitudes toward teaching

Preactive Decisions
PCC: Decisions related to a curricular component
PVO: Decisions related to organizational or/and contextual variables

Interactive Decisions
DCP: Decisions to face conflict in the classroom
DCC: Decision related to a curricular component
DVO: Decision related to organizational or/and contextual variables
DAA: Decision based on Students correct performance on tasks
DAE: Decision based on Students’ erroneous performance on tasks
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Fundamental motor skills (FMS) of children can be affected by different variables, such as
executive functions (EF), gender and relative age. However, the effects of these variables
on FMS have been scarce studied, especially in early childhood, and show inconsistent
results. To clarify these relationships, this study was carried out. Its aim was to analyze
whether EF, gender and relative age influenced FMS in 43 Spanish kindergarteners.
A multimethod and mixed methods approach was used. Kindergarteners’ teachers
completed the Childhood Executive Functioning Inventory to know the children level
of EF (working memory and inhibition control). Kindergarteners’ parents complimented
ad hoc questionnaire reporting the children gender and birth data (to know their
relative age). A Nomothetic/Punctual/Multidimensional observational design was used
to observe children FMS in their habitual motor sessions at school. Two-way ANOVAs
were performed to know the independent and interactive effects of working memory
level (lower/higher), inhibition control level (lower/higher), gender (boys/girls) and relative
age (according to the birth semester in the year) on FMS. Results showed these
variables have independent and interactive effects on some FMS, but not on others.
FMS influenced by these variables vary depending what independent variable(s) is/are
considered. Therefore, it can be concluded that the influences of teacher-rated EF,
gender and relative age on observed FMS in kindergarteners are complex and specific.
Results obtained must be taken into to design and implement instructional and
intervention strategies, as well as educational and sport policy changes, especially in
early childhood, when FMS are more malleable.

Keywords: fundamental motor skills, executive functions, gender, relative age, kindergarteners, mixed methods,
systematic observation, motor education

INTRODUCTION

Fundamental motor skills (FMS) are organized series of basic movements patterns that involve
various body parts to perform a specific act, i.e., they are movements necessary for goal-directed
activity (Logan et al., 2018; Lawson et al., 2021). They include three types of skills (Goodway et al.,
2019; Bolger et al., 2020): locomotor skills (different movements to transport the body from one
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location to another such as running or sliding); manipulative
or object-control skills (movements to impart force to an object
or receive force from an object such as throwing or catching);
and stability or balance skills [they are necessary to maintain
controlled positions during both static (still) activities, e.g.,
standing on one leg, and dynamic (moving) activities, such
as climbing].

Fundamental motor skills are the foundation or base for
future more complex motor skills. In other words, they are the
initial building blocks to acquire the more complex specialized
skills required in play, games, recreational activities, physical
activities and sports for children, adolescents and adults (Hulteen
et al., 2018; Logan et al., 2018; Morley et al., 2019; Gu
et al., 2021; Lawson et al., 2021). Consequently, failure to
develop competency in FMS will make difficult to learn more
advanced/specialized forms of these skills (Getchell et al., 2020).
In turn, it will decrease the probability of applying motor skills to
life-long physical activities, playing sports and becoming an elite
athlete (Koch and Krenn, 2021).

The general functional capacity to perform various motor
skills is the result of the interaction between: (1) task
characteristics, such as its difficulty level depending, for example,
if it a rapid coordination of several movements is required;
(2) individual genetic and biological factors, such as the height,
body weight or the muscle tone, and (3) physical and social
environmental conditions, which include, for example, the
housing conditions, the opportunity to practice motor activities,
the characteristics and variability of these practices or the
instructions and feedback received during them (Haywood and
Getchell, 2020). Motor skills development shows a protracted
maturation trajectory across the life span. It occurs from early
childhood (even from the prenatal stage, where the fetus already
shows certain reflexes), to early or young adulthood, when peak
performance is reached. Later, in middle and late adulthood,
they decrease (Goodway et al., 2019; Haywood and Getchell,
2020). This general pattern of development is advocated by
different models of motor development such as Gallahue’s
Triangulated Hourglass (Gallahue et al., 2012) and Clark and
Metcalfe’s Mountain of Motor Development (Clark and Metcalfe,
2002), which are two of the most important models used
to help explain motor development. Although these models
present some differences in the motor development phases/stages
identified within that general model they share, both agree that
the development stage of the FMS (extending from ages 2 to
7, approximately) is one of the most important. It builds on
the skills learned in the previous period (where the reflexes
disappeared and the child’s voluntary behaviors began). At this
stage the child begins to establish a fundamental framework for
future movements, leading to the establishment of an array of
solid movements that enable a quantity and quality of movement
skill in later life. Thus, during this stage of FMS development,
they go through a defined, observable process from immaturity
to proficiency (Goodway et al., 2019; Lawson et al., 2021). The
movement choices made later in life (for example, whether
an individual ultimately decides to engage in exercise, physical
games, sports, or even) will hinge on these FMS. Given that
this stage of FMS development coincides with preschool years

(Barnett et al., 2019; Wainwright et al., 2019; Wang et al., 2020;
Lopes et al., 2021; Shams et al., 2021) and its importance is such
that preschool years are considered the golden age for motor
development (Wang et al., 2020).

It was previously mentioned that one of the elements that
affect motor development and learning is the task characteristics.
In this regard, some authors indicate that during the preschool
years, given that FMS of children are still in a very intensive
stage of development, most of the motor tasks are challenging
and new for children (Med̄edović et al., 2018; Stuhr et al., 2018,
2020). Consequently, to overcome this challenge and novelty that
they face, children must implement their executive functions (EF)
(Oberer et al., 2017; Stuhr et al., 2018, 2020; Maurer and Roebers,
2019, 2020; McClelland and Cameron, 2019; Brick et al., 2020;
De Waelle et al., 2021). EF are higher-order cognitive processes
required for goal-directed, adaptive and flexible behavior in
novel, demanding, changing or complex situations as well as
when learning a new skill, including new motor skills (Zelazo
et al., 2016; Maurer and Roebers, 2019; Diamond, 2020). EF are
fundamentally required in those situations in which we do not
have resolution strategies at our disposal (Zelazo et al., 2016;
Diamond, 2020). Their main role is, therefore, supporting action
control and facilitating the adaptation of the subject to new
situations that continually appear in the context and in which
learned responses are not sufficient. Thus, when children are
faced with a new and challenging motor task (such as jumping
10 times over the same point with their eyes closed), they need to
remember instructions and the goal of the task (e.g., execute 10
jumps on the same point keeping eyes closed); to plan how to do
best (e.g., to jump the same pace and strength from the beginning
until the end); to implement strategies even in case of distraction
(e.g., not to be influenced by other children); or inhibit impulses
(e.g., open eyes or stop jumping). All these processes are part
of EF and are necessary to solve the new and challenging motor
task. Therefore, EF influence motor performance. Consequently,
children with a strong skill set of EF can better perform the motor
tasks (Houwen et al., 2019). There are studies that go further and
indicate that infant EF can even predict the athletic success of
an athlete, being children with higher levels of EF the ones with
the strongest chance to become elite athletes (Koch and Krenn,
2021). Thus, there are several studies that show that individual
differences in children’s EF are concurrently and predictively
related to execution in motor and sport tasks (Krenn et al., 2018;
Ishihara et al., 2019).

Executive functions, like FMS, show a prolonged development
throughout the life cycle. EF begin to develop very early (7–
12 months). Between 2 and 6 years of age they show significant
and rapid development that will continue later, albeit at a
slower rate, until early adulthood (around 20 years), when the
maximum level of executive development is reached (Diamond,
2013; Zelazo and Carlson, 2020; Zelazo et al., 2021). Thus, as in
the development of FMS, the preschool years represent one of the
most critical period for EF development.

At this stage of life there are significant improvements in
numerous processes related to EF, in parallel with important
changes of the prefrontal cortex, both at the structural and
functional levels (as such wide pruning of synaptic connections;
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maturation of subcortical prefrontal myelination; change in
the activity pattern of relevant areas; etc.) as well as in other
brain regions and connections (such as parietal, temporal, or
hippocampal areas) (Smith et al., 2017; Zelazo and Carlson,
2020; Zelazo et al., 2021). These rapid changes that occur in EF
during the preschool years make it difficult to determine the
structure and organization of EF at this stage of life (Scionti
et al., 2020), which justifies the existence of different models
in the literature about the processes that make up children’s
EF (Stalnacke et al., 2019). While there is consensus about the
multidomain structure of EF in adulthood, the structure of EF
in childhood is still an open question (Metaferia et al., 2021).
Different studies have found empirical evidence both in favor of a
one-dimensional model and of multidimensional models formed
by two factors/functions or even three, which nature varies
according to studies (Miyake and Friedman, 2012; Diamond,
2013; Stalnacke et al., 2019; Hartung et al., 2020; Scionti et al.,
2020). Despite these discrepancies, a certain consensus currently
begins to exist which indicates that EF are a unidimensional
construct in early childhood but multidimensional one in late
middle childhood and beyond. However, the time when EF
structure changes from an undifferentiated one-factor to a
multidimensional model is still up for debate. Recent studies
indicate that at 5–6 years (ages of the participants in this
study) the best model to summarize and explain the structure
and organization of EF is a two-factor structure comprising
working memory and inhibition control, considered as diverse
but united components (Monette et al., 2015; Simanowski and
Krajewski, 2019; Stalnacke et al., 2019; Scionti et al., 2020).
Working memory refers to the capacity to retain information in
mind while mentally manipulating it to perform tasks (Baddeley,
2012). Inhibitory control implies the voluntary control of goal-
irrelevant stimuli, cognitions, and behavioral responses (Nigg,
2000; Diamond, 2013, 2020). It restrains the impulse to react,
providing space for focus and decision. Inhibitory control enables
an individual to persist in problem solving and attain future goals
through managing competing/conflicting stimuli (maintaining
focus on a relevant cue while ignoring an irrelevant cue), and
suppressing automatic or not appropriate responses to the task
at hand (Tiego et al., 2018).

In short, and according to various authors (McClelland
and Cameron, 2019; Michel et al., 2020), EF are cognitive
prerequisites to successfully perform FMS tasks during
preschooler period, which implies that individual differences
in children’s EF are concurrently related to running on FMS
tasks. Thus, the term motor, in childhood, implies cognition.
However, they have traditionally been considered and studied
as two separate developmental domains, so that studies about
the influence of EF on FMS in childhood ages are scarce and
inconsistent. Hence our interest in the subject and the conduct
of this study in order to help eliminate this gap.

On the other hand, the literature indicates that, in addition
to the EF, other relevant variables that also seem to influence
the execution of FMS tasks are gender and relative age, i.e., age
difference between individuals of the same group, or what is
the same, difference in days between people born in the same
calendar year (Navarro-Patón et al., 2021). However, the studies

that analyze these sociodemographic variables and preschool
FMS are scarce and show disparate results. That is why it was
considered interesting to include both variables (gender and
relative age) in this study.

Regarding the influence of gender on FMS, more and more
studies show that during the preschool years there are differences
in the level of certain FMS that students acquire based on their
gender. At this early stage of life, these differences do not seem
to be due to maturational issues but rather to differences in the
socialization of boys and girls and/or in the opportunity that
each of them has to carry out some motor activities or others.
Thus, the social context could be of great importance when it
comes to practicing different motor skills and, consequently,
achieving a higher degree of performance in one or the other
(Bolger et al., 2020). Several studies indicate that boys and girls
show different levels of competence in some FMS but not in
others, in which there are no gender differences (Kokštejn et al.,
2017; Matarma et al., 2020). However, there is no total consensus
when determining in which FMS these differences are shown,
or not, and if these differences are in favor of one gender or
another. Thus, with regard to locomotor skills, the discrepancies
between studies are large, with evidence both toward the absence
of differences (Bakhtiar, 2014; Foulkes et al., 2015; Barnett et al.,
2016; Bolger et al., 2018, 2020; Honrubia-Montesinos et al.,
2021) and in favor of them. Among the latter studies, some
find that girls outperform boys (Bolger et al., 2018, 2020; Wang
et al., 2020), and others show opposite results (Robinson, 2010;
Pahlevanian and Ahmadizadeh, 2014). Regarding control object
skills, most of the works show that boys outperform girls (Foulkes
et al., 2015; Barnett et al., 2016; Venetsanou and Kambas,
2016; Kokštejn et al., 2017; Bolger et al., 2018, 2020; Honrubia-
Montesinos et al., 2021; Mecías-Calvo et al., 2021), although
there are also studies that do not find differences between the
two genders (LeGear et al., 2012; Bakhtiar, 2014). About balance
skills, there is again disparity of results: some indicate that girls’
performance on the balance tasks is significantly better than
boys (Pahlevanian and Ahmadizadeh, 2014; Venetsanou and
Kambas, 2016; Kokštejn et al., 2017; Mecías-Calvo et al., 2021)
and others show no differences between the two genders (Singh
et al., 2015; Barnett et al., 2016). This disparity of results about the
existence or not of differences between genders in FMS requires
further research. It is necessary to know if there are weaknesses
and strengths of girls and boys in different FMS in order to
determine educational priorities or retrieve different motor skills
weaknesses in each gender.

Concerning relative age and its influence on FMS, there are
also no conclusive results on the existence, or not, of significant
differences in the FMS level of preschool children born during
the same calendar year. In the educational system (context where
this study was developed), and as in the rest of systems (sports,
social.), a series of criteria is established based on which to group
the collectives (students). This pretends to minimize significant
differences between the subjects that make up this group and,
therefore, to be able to adjust the difficulty of the proposed tasks
to the average maturational level, avoiding differences in their
result or training. In the Spanish educational system (where this
study was carried out) the criterion for grouping children is

Frontiers in Psychology | www.frontiersin.org 3 February 2022 | Volume 13 | Article 848525235

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-848525 February 22, 2022 Time: 11:25 # 4

Escolano-Pérez et al. Effects on Kindergarteners’ Observed FMS

the year of their birth. All children born in the same calendar
year belong to the same grade. However, although as already
mentioned, this grouping mode tries to minimize the differences
between the children of the same grade, being reduced to one
chronological year, this difference is enough for the so-called
relative age effect (RAE) to appear: that is, the effects (advantages
or disadvantages) that occur as a function of the difference
in the month of birth with children belonging to the same
group, or what is the same, the consequences attributed to the
chronological age difference between individuals belonging to the
same group. These effects or consequences in the area in question,
the FMS, would be specified in that children who were born
shortly after the cut-off date (beginning of the year), that is, the
oldest, would show higher levels of FMS than the smallest (born
later in the year). However, recent studies indicate that this is not
always the case: RAE seems not to be evident in all FMS. However,
there is no consensus about which FMS evidence RAE and which
do not. Regarding control object skills, some studies show RAE
on these skills (Imbernón-Giménez et al., 2020; Navarro-Patón
et al., 2021) and others do not (Imamoglu and Ziyagil, 2017;
Mecías-Calvo et al., 2021). A similar situation is found for balance
skills: some studies reveal RAE (Mecías-Calvo et al., 2021) and
others do not (Imbernón-Giménez et al., 2020; Navarro-Patón
et al., 2021). Regarding RAE on locomotor skills, although the
results are disparate between the studies once more, more specific
results have been found in that only some of the locomotor
skills (not all) have RAE. However, other authors disagree when
finding that none of these skills have RAE (Imbernón-Giménez
et al., 2020). This variety of results requires further investigation.
Determine whether or not there is RAE on the FMS level of
preschoolers, and if there are, in which ones, it is essential since
it implies knowing if certain preschoolers (the youngest) are
at a disadvantage with respect to their older companions. This
disadvantageous situation could have effects not only in the
short term but also in the medium and long term in children.
Younger children, in addition to presenting lower levels of FMS,
have a greater probability of being less physically active and
abandoning sports more, in addition to a lower probability of
being subsequently selected to enter sports training programs,
being full members of good sports teams and become sports stars
(Pérez-González et al., 2021). Therefore, if there is RAE on FMS,
the school or sport staff will have to create equal opportunities
for all children, taking into account that equal opportunities does
not mean that everyone must learn the same thing at the same
time, but rather implies that making sure that all students have
the best possible opportunities to grow into their full potential.
This will require an individualization of teaching, adapting it to
the needs of the students, and therefore, it will mean addressing
the heterogeneity of the students and the educational responses
that are offered to them (OECD, 2018; UNESCO, 2018).

Taking into account all the above, and in order to contribute
to the different gaps already mentioned, this study was carried
out. Its aim was to analyze independent and interactive effects
of executive functions, gender and age relative on FMS in
preschoolers (exactly, in 5–6 years old kindergarten children).

Based on the existing literature, the following hypotheses were
proposed:

H1: Differences will be found in FMS based on the level of
executive functions: children with higher level of EF will
have higher FMS level than children with lower level of EF.

H2: Some differences will be found in FMS based on gender:
boys will show higher levels than girls in some FMS, while
in other FMS girls will show higher levels. In other FMS
there will be no differences between boys and girls.

H3: Some differences will be found in FMS based on relative
age: older kindergarteners (i.e., born in the first half of
the year) will show higher scores in some FMS than their
younger peers (born in the second half of the year). On
the other hand, in other FMS there will be no differences
between the kindergarteners born in different semesters.

Given our lack of knowledge of studies that had jointly
addressed all the variables of interest in our study, no hypothesis
was raised regarding the interaction effects of the variables.

Determining the nature of the possible effects between these
variables may offer valuable information to teachers, movement
specialists and other professionals who work with children
during the critical developmental phase of FMS – in addition to
researchers and politicians to design and implement instructional
and intervention strategies, curriculum development, and policy
changes that contribute to the development of physically active
people and even future sports stars.

MATERIALS AND METHODS

Methodology and Design
We used a multimethod (use of multiple methodologies to
address different goals within a research project) and mixed
methods (integration of qualitative and quantitative components
to address the same aim) perspective (Anguera et al., 2018a). The
multimethod perspective consisted of selective methodology to
know information referring to the sample’s inclusion/exclusion
criteria (questionnaire and a standardized battery were used),
the sociodemographic variables of gender and relative age
(questionnaire was used), and to assess EF (questionnaire), in
addition to observational methodology to assess kindergarteners’
motor skills in their habitual motor skills sessions in their
school. Given that observational methodology itself is nowadays
considered a mixed methods (because it achieves total integration
between qualitative and quantitative elements), it can be affirmed
that the study was also carried out from a mixed methods
perspective (Anguera et al., 2018a, 2020a,b). In the observational
methodology the integration between qualitative and quantitative
elements is achieved thanks to the succession of QUAL-QUAN-
QUAL macro-stages. The first QUAL stage implies to build
an ad hoc observation instrument and to apply it to code the
behaviors that are interesting for the study, considering the
natural setting in which they occur. The QUAN stage involves to
test the observational data quality and to carry out the analyses
using quantitative techniques to respond to the study aims.
In the following and last stage (QUAL stage), the quantitative
results obtained are qualitatively interpreted. In this way, full
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integration between qualitative and quantitative elements is
achieved (Anguera et al., 2020b).

Observational methodology plays a crucial role in this
study since it is the idoneous methodology for studying the
behavior of young children, and, more specifically, those that
occurs in natural contexts such as the school (Bakeman and
Gottman, 1987; Anguera, 2001; Escolano-Pérez et al., 2017,
2020; Cohen et al., 2018; Palaiologou, 2019; Anguera et al.,
2020a,b). The observational design followed, according to
the classification established by Anguera et al. (2018b), was
Nomothetic/Punctual/Multidimensional. It was “Nomothetic”
because different participants were individually observed, more
exactly, 43 kindergarteners were studied; “Punctual” because for
each kindergartener, we collected data referring to each motor
ludic task in an observation session; and “Multidimensional”
because various response levels referred to distinct aspects of FMS
were observed (They compose the observation instrument).

The observation was based on scientific criteria, active (given
the aim was determinate), non-participatory (the observers did
not interact with the kindergarteners) and direct (the level of
perceptibility of the behaviors was complete). It was performed by
direct observation of recorded film (Anguera et al., 2018b). The
recommendations of the Guidelines for Reporting Evaluations
based on Observational Methodology (GREOM) (Portell et al.,
2015) and the Methodological Quality Checklist for Studies based
on Observational Methodology (MQCOM) (Chacón-Moscoso
et al., 2019) were followed.

Participants
The study participants were recruited using non-probabilistic
convenience sampling approach. They were 43 Spanish
kindergarteners aged 5 to 6 years (M = 68.6 months; SD = 3.59;
range = 69–74 months). Being kindergartener in Spain (country
where the study was carried out) implies being a student in
the last year of the second cycle of Pre-school Education or
Early Childhood Education and Care, which corresponds to
International Standard Classification of Education (ISCED)
level 020- and consequently, be 5–6 years old. Early Childhood
Education and Care in Spain is a not mandatory educational
stage, but currently 98% of 5-year-olds are enrolled in it (Spanish
Ministry of Education and Professional Training, 2020). Of all
participants, 15 (34.88%) were boys and 28 (65.12%) were girls.
All had a medium-high socioeconomic level and were students
of the same kindergarten (although they attended 2 different
groups/classes). It was a publicly funded private school located
in the center of a city in Northern Spain.

Inclusion/exclusion criteria were the following, in agreement
with other similar studies such as Van Der Veer et al. (2020). As
inclusion criteria were applied: (1) having completed the entire
second cycle of Early Childhood Education and Care in this
same center (or what is the same, being a student of this school
since the age of 3); (2) normal or corrected to normal hearing
and vision; and (3) adequate IQ according to their chronological
age. Exclusion criteria were: (1) birth weight < 2,000 g and/or
gestational age < 36 weeks or significant pre, peri-, or postnatal
events; (2) signals of a medical condition, genetic, psychiatric or
neurological disorder, or physical disability.

The study was part of a broader research project endorsed
by the Research Unit of the university to which the first
author belongs. School staff approval and written consent
from the parents was obtained. The participants were treated
according to the international ethical principles indicated in
Declaration of Helsinki.

Instruments
Instruments Used for Selective Methodology
In order to obtain information about inclusion criteria 1 (having
completed the entire second cycle of Early Childhood Education
and Care in the same center where the study was conducted) and
2 (normal or corrected hearing and vision), in addition to the
exclusion criteria 1 (birth weight < 2,000 g and/or gestational
age < 36 weeks or significant pre, peri-, or postnatal events)
and 2 (signals of a medical condition, genetic, psychiatric or
neurological disorder, or physical disability), and gender and date
of birth (to be able to calculate relative age), ad hoc questionnaire
to be completed by the kindergarteners’ parents was used.

To become acquainted with information related to inclusion
criterion 3 (adequate IQ according to the chronological age) the
Battery of Differential and General Abilities I (BADyG-I; Yuste
and Yuste, 2001) was used. It is a reliable and very useful Spanish
standardized battery to assess IQ in students between 4 and
6 years of age. It is composed of six tests that allow knowing the
Verbal IQ (evaluated through three tests: Numerical Quantitative
Concepts; Information and Graphic Vocabulary) and the Non-
verbal IQ (evaluated with three other tests: Non-verbal mental
ability; Reasoning with Figures and Logic puzzle). Adding both
(Verbal and Non-verbal IQ) also gives the General IQ. In each
of the items that make up the battery (a total of 108 items, 18
in each of the 6 tests), the evaluator reads the statement of the
item aloud. The child must mark the correct answer with a cross,
selecting it from among five images that appear in the answer
booklet. For example, in the Information test, in each item the
child must select the drawing that meets the definition given by
the adult. In the Reasoning with Figures test, each item consists
of selecting the draw that differ the most from the others.

To assess kindergarteners’ EF, the Spanish-language version
of the Childhood Executive Functioning Inventory (CHEXI) was
used (Thorell and Nyberg, 2008). It is a very useful questionnaire
that allows to detect executive deficits in children aged 4–12
(Thorell and Catale, 2014; Acero-Ferrero et al., 2017; Camerota
et al., 2018; Pérez-Pereira et al., 2020). CHEXI is composed by 24
items/statements divided in two subscales: working memory (13
items, e.g., “Has difficulty remembering lengthy instructions”);
and inhibition control (11 items, e.g., “Has difficulty holding
back his/her activity despite being told to do so”). It can be
responded by children’s teachers or parents in a 5-point Likert
scale indicating the extent to which each item describes the
child’s habitual behavior, where 1= absolutely uncertain; 2= not
true; 3 = partially true; 4 = true; 5 = very true. Higher
scores indicate greater executive deficits, and therefore, worse
executive functioning, while lower scores indicate good executive
functioning. CHEXI has been translated into different languages
showing good psychometric properties (Thorell et al., 2010;
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Thorell and Catale, 2014; Catale et al., 2015). The questionnaire
is free available for download in several different languages from
www.chexi.se. The Spanish-language version (used in this study)
can be downloaded from https://chexi.se/onewebmedia/CHEXI_
Spanish.pdf.

Instruments Used for Observational Methodology
Observation Instrument
The observation instrument used combined a field format and
category systems, according the multidimensionality of our
observational design. It was composed by 21 criteria and 71
categories which fulfilling the requirements of exhaustiveness
and mutual exclusivity. They were adapted from an observation
instrument built ad hoc for a previous study (Escolano-Pérez
et al., 2020). This instrument allowed observing different
elements of children behavior referring to FMS. The observation
instrument used is available in Supplementary Material.

Recording Instruments
A video digital camera was used to record kindergarteners’ motor
sessions. The Lince software program (Gabin et al., 2012) was
employed to code the behaviors referred to FMS in accordance
with the observation instrument. It can be free downloaded from
http://www.observesport.com.

Data Analysis Software
IBM SPSS Statistics 25.0 software package (IBM Corp, 2017) was
used to analyze the data.

Procedure
The research team held an informational meeting with the
school management team to explain the research and request its
collaboration. Once this was obtained, another meeting was held
with the teachers and, later, another with the parents. Informed
consent and the questionnaire prepared ad hoc (to know the
information referred to the inclusion criteria 1 and 2; the two
exclusion criteria; the gender and date of birth of their child)
were given to the parents. In case of authorizing the participation
of their child in the study, the parents had to deliver both
completed documents (consent and questionnaire) to their child’s
teacher 10 days later.

To the kindergarteners who met the inclusion criteria 1 and
2 and did not present the exclusion criteria, the research team
administered the BADyG-I (Yuste and Yuste, 2001) to check if
they met the inclusion criterion 3 (adequate IQ according to
their chronological age). Its application was collective in each
group/class. For each group, it was applied in two sessions of
approximately 30 minutes, on non-consecutive days, following
the instructions of the battery manual both in this aspect and
in others (distribution and order of administration of the tests
in each session). BADyG-I was always administered by the
same researcher, with three more researchers who provided
support ensuring that all participants answered each item in
its corresponding place in the answer booklet. To correct the
BADyG-I, the computer-automated procedure offered by the
battery itself was used.

To assess kindergarteners’ EF, teachers completed the CHEXI
(Thorell and Nyberg, 2008) in reference to each of their students.

Each teacher had 15 days to do so, being free to do so at the most
suitable time for her (either during school hours or outside). After
this time, each teacher returned the completed questionnaires to
the research team.

To observe the kindergarteners’ FMS, different ludic motor
activities/tasks were designed. In order to make them age-
appropriate tasks, the Spanish Early Childhood Education
and Care curriculum (Spanish Ministry of Education and
Science, 2007) and theorical and empirical studies about motor
development in kindergarten students were taken into account
(Lincolnshire Community Health Services NHS Trust, 2018; De
Waal, 2019; Goodway et al., 2019). In the design of the motor
tasks, the physical and temporal characteristics of the natural
context where the research was carried out were also considered
(that is, the dimensions of the school’s motor skills room and the
materials available in it, as well as the schedule and duration of
habitual motor sessions). Despite the fact that different authors
defend that most of the motor tasks are new and challenging for
children, and therefore imply the implementation of EF, to ensure
that the designed tasks meet these characteristics (unfamiliar,
challenging and demanding), they were explained and shared
with the children’s teachers. Thus, it was ensured that the type of
designed tasks and motor patterns required in them had not been
worked on in their usual motor sessions: that is, participants did
not have experience with this kind of movement (at least in their
usual school motor sessions). In addition, given that according
to the literature, motor practice and repetitions of a task reduce
its novelty, making it easier and more familiar, and decreasing
the involvement of EF in its execution (Med̄edović et al., 2018);
and (2) given that certain motor patterns can be learned very
quickly, even with only two trials (Maurer and Roebers, 2020),
it was decided that the child only had a single trial in each task. In
this way, we tried to make sure again that the tasks was new and
challenging for children and therefore, they implied recruitment
of EF (Spedden et al., 2017; Stuhr et al., 2018, 2020).

From all designed tasks, eight motor tasks were selected to
be used in this study. The execution of each task, according
to the literature (Goodway et al., 2019; Lawson et al., 2021),
fundamentally reflected one of the domains of FMS: locomotor,
object control, static balance and dynamic balance (already
explained in section “Introduction”). So, each domain of FMS
was evaluated through the execution of two tasks. Table 1
describes these tasks and indicates which FMS was fundamentally
required in the execution of each of them.

The motor tasks were performed in the usual motor sessions
that were part of the children’s ordinary school schedule,
respecting, as already mentioned, their distribution in the
calendar and their duration. These and other organizational
aspects of the school and curricula determined (1) that for each
class group, four motor sessions were necessary on alternate
days, and (2) that the distribution of tasks was the following:
first session, hopping with one leg and squatting tasks; second
session, throwing a ball and walking heel-to-toe tasks; third
session, standing on one leg and long jump tasks; fourth session,
vertical jumps and catching a ball tasks. Each teacher, explained
and executed each task once before it was completed by their
students, thus using their conventional motor teaching strategies.
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TABLE 1 | Motor tasks and fundamental motor skills (FMS) required in the execution of each of them.

Motor tasks Description motor tasks FMS

Hopping with
one leg

Jump on the limp by moving (without stopping) on each of the sides (1 m long) of a square drawn
on the ground. Two consecutive sides must jump on the same leg; and the other two, on the
other leg. Locomotor skills

Long jump Jump with your feet together as far as possible, starting from a given point, and land without
touching the ground with your hands.

Throwing a ball Throw a tennis ball with one hand so that it passes through a hoop placed at a distance of 1.5 m.
Object control skills

Catching a ball Catching a tennis ball thrown by an adult from a distance of 1.5 m.

Squatting Squat on the balls of the feet, keeping the feet 30 cm apart, the body bent, the arms extended
horizontally to the sides and the eyes closed. Maintain this position for as long as possible.

Static

Balance skills

Standing on
one leg

Stand on one leg with your eyes closed, for as long as possible. It is done first with one leg and
then with the other.

Walking
heel-to-toe

Walk on each of the sides (1 m long) of a square drawn on the ground, placing the heel of the foot
to be supported next to the tip of the foot already supported, without leaving space between them.

DynamicVertical jumps Jump vertically 10 times in a row, always landing at the same starting point, and always keeping
your eyes straight ahead.

The performance of each participant in each of the tasks was
recorded with a video camera.

Subsequently, an expert observer, both in kindergarten FMS
and observational methodology coded the recorded sessions.
To carry out it, video recordings were imported into the Lince
software and were coded using the observation instrument.

The quality control of the observational data was carried
out both qualitatively and quantitatively. Regarding qualitative
perspective, consensual agreement was used to get an agreement
between two observers (observer 1 and another observer also
expert in kindergarten FMS and observational methodology). It
was used in three sessions for each activity (therefore, a total of
24 sessions). Subsequently, data quality control was performed
using quantitative perspective, calculating both intra-observer
and inter-observer reliability. To calculate the intra-observer
reliability, observer 1 coded all the sessions a second time,
comparing them with the records that she had previously carried
out. To calculate inter-observer reliability, observer 2 also coded
all sessions. Her records were compared with those that observer
1 made for the first time.

Data Analysis
To calculate the quality of the observational data, a classical
perspective was used in which the correlations were assessed
both between the categories and between the criteria of the
observation instrument coded by observer 1 in her two records
(intra-observer reliability), as well as the correlations between the
categories and the criteria coded in the first record of observer
1 and those coded by observer 2 (inter-observer reliability),
through the correlation coefficients of Pearson, Tau-b of Kendall
and Spearman. In addition, Cohen’s Kappa coefficient was used,
which refers to the concept of association. In all the cases, intra-
observer agreement was ≥ 0.90; and inter-observer agreement
was ≥ 0.70. Thereby, the quality of the data was guaranteed.

In order to carry out the pertinent analyzes that would allow
responding to the study aim, it was previously necessary to
prepare the data as follows: (1) Based on the scores obtained
by the participants in each of the two EF evaluated (working
memory and inhibition control), two groups were created. That

is, based on the scores obtained in working memory, two groups
were established: one corresponding to those participants who
showed a lower level of working memory (therefore, higher
scores obtained in the work memory scale of the CHEXI, since
as already mentioned, this questionnaire assesses difficulties in
EF) and another group corresponding to those who showed a
higher level of working memory (lower scores on this scale of
the CHEXI). To establish the cut-off point between both groups,
the group median was considered as a criterion, thus following
the same grouping procedure as that used in other studies in
the educational field (Diaz-Bilello and Briggs, 2014; Honrubia-
Montesinos et al., 2021). The same procedure was carried out
with the scores referring to inhibition control, that is, two groups
were established (lower and higher level of inhibition control)
using the median of the group as a criterion. (2) Considering
the gender of kindergarteners, two groups were created: boys
and girls. (3) Taking into account the date of birth of the
participants, and more specifically, based on the semester of the
year in which they were born, thus, using the same grouping
criterion that other studies (Kasuga et al., 2012; Imbernón-
Giménez et al., 2020; Martínez-Moreno et al., 2020) two groups
were established: group 1= children born in the second semester
of the year, i.e., from July 1 to December 31. Thereby, they
were the youngest participants (range age: 63–68 months); group
2 = children born in the first semester of the year, i.e., from
January 1 to June 30. They were the oldest participants (range
age: 69–74 months). (4) Regarding the observational data referred
to FMS, it was necessary to transform them as follows. For
each participant and task, each category observed during the
execution of the task was transformed into a score based on the
degree of suitability that the category implied for the execution
of the task, according to the literature on the subject (Payne
and Isaacs, 2017; Goodway et al., 2019; Haywood and Getchell,
2020). For each participant and task, the scores referring to
the categories observed in said task were added, thus obtaining
eight scores for each participant (one per task). Subsequently,
for each participant, the scores of the two tasks in which the
same FMS were involved (indicated in Table 1) were added,
thus obtaining four new scores referring to: locomotor skills,
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object control skills, static balance and dynamic balance. Adding
these scores, each participant obtained a final score referred
to total FMS. In this way, a total of 13 scores were obtained
per participant.

Descriptive statistics (group means and standard deviations)
were calculated. It was found that in the models used the
data fulfilled the assumptions of normality of the distribution,
homoscedasticity and independence of the observations.

Two-way ANOVAs were performed. Levels (lower/higher
level) in working memory and inhibition control, gender
(boys/girls) and relative age (youngest/oldest participants) were
used as independent variables, and scores referring to FMS skills
as dependent variables. All p-Values < 0.05 (two-tailed) were
considered statistically significant. The effect size was calculated
through Cohen’s d (Cohen, 1988).

RESULTS

The results obtained indicate that there are significant differences
in some FMS depending on the level of working memory
of the participants, but not in others. Specifically, there are
differences in the scores referring to the following FMS: long
jump [F(1,34) = 8.593, p = 0.006; P = 0.810; d = 1.28;
CI: 95%: 1.12–1.45]; total locomotor skills [F(1,34) = 8.880,
p = 0.005; P = 0.825; d = 1.27; CI: 95%: 1.1–1.43] and total FMS
[F(1,34) = 6.912, p = 0.013; P = 0.724; d = 1.11; CI: 95%: 1.05–
1.17]. Children with higher working memory obtained higher
scores on this FMS (Table 2).

Taking into consideration the level of inhibition control of the
participants (lower/higher level), significant differences are found
in the following FMS scores: vertical jumps [F(1,34) = 10.389,
p = 0.003; P = 0.879, d = 1.75; CI: 95%: 1.53–1.97]; total
dynamic balance [F(1,34) = 13.107, p = 0.001; P = 0.940,
d = 0.76; CI: 95%: 0.66–0.85]; total balance [F(1,34) = 9.192,
p = 0.005; P = 0.838; d = 0.29; CI: 95%: 0.17–0.40] and total
FMS [F(1,34) = 7.456, p = 0.01; P = 0.756; d = 0.93; CI: 95%:
0.66–1.19]. In all of them, the group of children with higher
inhibition control obtained higher scores (Table 3).

There are significant gender differences in squatting
[F(1,34) = 6.679, p = 0.014; P = 0.709; d = 0.83; CI: 95%:
0.72–0.94] and total static balance [F(1,34) = 6.846, p = 0.013;
P = 0.720, d = 0.78; CI: 95%: 0.68–0.88]. Girls outperformed
boys in both FMS scores (Table 4).

TABLE 2 | Means (M) and standard deviations (SD) obtained in the fundamental
motor skills (FMS) in which there are significant differences based on the
working memory level.

FMS score Lower working
memory

Higher working
memory

M SD M SD

Long jump 30.38 16.97 51.08 15.15

Total locomotor skills 52.08 17.46 73.92 16.87

Total FMS 255.15 20.90 283.80 29.70

TABLE 3 | Means (M) and standard deviations (SD) obtained in the fundamental
motor skills (FMS) in which there are significant differences based on the
inhibition control level.

FMS score Lower inhibition
control

Higher inhibition
control

M SD M SD

Vertical jumps 47.13 16.69 71.20 9.84

Total dynamic balance 82.44 17.15 95.55 17.15

Total balance 145.65 16.85 150.28 14.22

Total FMS 259.50 21.32 284.55 31.48

Results show significant differences based on relative age
in vertical jumps [F(1,34) = 9.108, p = 0.005; P = 0.834;
d = 0.64; CI: 95%: –0.018–0.146] and total dynamic balance
[F(1,34)= 10.981, p= 0.002; P = 0.896; d = 0.77; CI: 95%: 0.72–
0.86]. In both cases, the oldest participants obtained higher scores
than the youngest ones (Table 5).

Regarding the working memory × gender interaction,
significant differences are obtained in long jump [F(1,34)= 4.34,
p= 0.045; P= 0.521; d= 2.12; CI: 95%: 1.86–2.41], obtaining the
highest score in girls with higher working memory (M = 54.06;
SD = 13.05) and the lowest score in girls with a lower level
of working memory (M = 25.25; SD = 14.06) (Figure 1).
Significant differences are also obtained in total locomotor skills
[F(1,34) = 4.315, p = 0.045; P = 0.523, d = 2.01; CI: 95%:
1.73–2.28], where, as in the case above, the highest and lowest
mean was obtained in girls. The highest in those who presented
higher working memory (M = 77; SD = 15.27) and the lowest
in those who presented lower working memory (M = 46.75;
SD= 13.84) (Figure 2).

The working memory × relative age interaction produces
significant differences in squatting [F(1,34) = 4.445; p = 0.042;
P = 0.553; d = 1.03; CI: 95%: 0.71–1.35]. The highest mean
was obtained by the youngest participants with higher working
memory (M = 35.80; SD = 8.64) and the lower mean by

TABLE 4 | Means (M) and standard deviations (SD) obtained in the fundamental
motor skills (FMS) in which there are significant gender differences.

FMS Score Boys Girls

M SD M SD

Squatting 26.25 10.13 34.15 8.66

Total static balance 52.08 11.29 60.46 9.92

TABLE 5 | Means (M) and standard deviations (SD) obtained in the fundamental
motor skills (FMS) in which there are significant relative age differences.

FMS Score Younger participants Older participants

M SD M SD

Vertical jumps 59.45 18.87 69.28 10.82

Total dynamic balance 85.15 15.81 95.44 10.30
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FIGURE 1 | Interaction effect of working memory and gender on long jump.

FIGURE 2 | Interaction effect of working memory and gender on total locomotor skills.

children also younger but with lower working memory (M = 27;
SD= 8.38) (Figure 3).

About inhibition control × gender interaction, significant
differences are obtained in the FMS of vertical jumps
[F(1,34) = 96.18, p = 0.004; P = 0.854, d = 3.1; CI: 95%:
2.5–3.7] and total dynamic balance [F(1,34) = 8.370, p = 0.005;
P = 0.834; d = 1.57; CI: 95%: 1.27–1.87]. In the case of vertical
jumps, the highest mean corresponded to girls with higher
inhibition control (M = 72.05; SD= 4.06) while the lowest mean
was obtained by girls with lower inhibition control (M = 50.22;
SD = 17.39) (Figure 4). In the case of total dynamic balance,
and as in the previous case, the highest mean occurred in girls
with higher inhibition control (M = 98.29; SD = 4.40) and the
lowest mean in girls with lower inhibition control (M = 78.08;
SD= 17.64) (Figure 5).

Inhibition control × relative age interaction shows significant
differences also in vertical jumps [F(1,34) = 9.108, p = 0.005;
P = 0.834; d = 1.75; CI: 95%: 1.63–1.87] and in total dynamic
balance [F(1,34) = 10.981, p = 0.002; P = 0.896; d = 1.95;

CI: 95%: 1.79–2.11]. In vertical jumps, the highest mean is
obtained by the oldest participants with higher inhibition control
(M = 71.20; SD = 9.84) while the lowest scores are obtained
by the youngest participants with lower inhibition control
(M = 47.13; SD = 16.69) (Figure 6). In total dynamic balance,
exactly the same occurs: the highest mean is obtained by the
oldest participants with higher inhibition control (M = 97.70;
SD = 9.09) while the lowest score is obtained by those
of younger age and lower inhibition control (M = 72.25;
SD= 16.06) (Figure 7).

Gender × relative age interaction did not show significant
differences in any of the FMS studied.

DISCUSSION

The aim of this study was to analyze whether there were
independent and interactive effects of executive functions
(attending to the level of working memory and inhibition

Frontiers in Psychology | www.frontiersin.org 9 February 2022 | Volume 13 | Article 848525241

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-848525 February 22, 2022 Time: 11:25 # 10

Escolano-Pérez et al. Effects on Kindergarteners’ Observed FMS

FIGURE 3 | Interaction effect of working memory and relative age on squatting.

FIGURE 4 | Interaction effect of inhibition control and gender on vertical jumps.

control), gender and age relative on kindergarteners’ FMS. The
results obtained indicate that these variables have independent
and interactive effects on some kindergarteners’ FMS, but not
on others. The FMS that are affected by these variables vary
depending on which variable or variables (working memory,
inhibition control, gender or relative age) are involved. Therefore,
it can be concluded that only certain FMS are specifically
influenced by some of these variables.

Regarding the power of the test, which was carried out because
the sample size was small, it was adequate (>0.80) or close
(>0.70) in most of the analyses. However, in some cases (working
memory × relative age, and working memory × gender) the
power of the test decreased. Nonetheless, Cohen’s d was good
in all the cases, except in one of them (inhibition control effect
on total balance). To corroborate the results in these cases, the
sample size should be increased (as we indicate later, when study
limitations are mentioned).

More specifically, and in relation to the first hypothesis
postulated (kindergarteners with higher level of EF will have
higher FMS level than their peers with lower level of EF),
the results found only allow us to partially corroborate this
hypothesis, given that higher levels of EF are only associated with
higher levels of certain FMS but not all. Furthermore, depending
on whether it is a higher level of working memory or inhibition
control, the FMS in which higher scores are obtained vary.
Thus, it has been found that participants with higher working
memory obtained higher FMS scores in long jump (referring
to locomotor skills), total locomotor skills and total FMS, but
not in the remaining FMS. Therefore, neither the control objects
skills nor the balance skills are influenced by the level of working
memory. In fact, not even the level of working memory affects
all locomotion tasks, since the performance in hopping with one
leg (which, like long jump, implies locomotor skills) does not
vary depending on the level of working memory. This denotes
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FIGURE 5 | Interaction effect of inhibition control and gender on total dynamic balance.

FIGURE 6 | Interaction effect of inhibition control and relative age on vertical jumps.

the specificity of the relationships between the working memory
level and the FMS. Similar results are found in regard to the
inhibition control levels in that only some FMS are affected by
this variable. Participants who showed higher inhibition control
obtained higher scores in vertical jumps (referred to dynamic
balance skills), total dynamic balance, total balance and total
FMS. Thus, only some skills related to balance, and especially
some related to dynamic balance such as vertical jumps (but not
all of them such as walking heel-to-toe), in addition to the other
total scores mentioned, are influenced by the level of inhibition
control. None of the locomotor and object control skills assessed
in this study are affected by the level of inhibition control. Again,
these results reflect the specificity of the relationships between
inhibition control and FMS.

The specificity of all these results are difficult to explain
because of a lack of previous studies focusing on this topic. It is a
very complex and open issue for further research. Nevertheless,
some studies have tried to address this question taking into

account different separable stages of acquisition that can be
identified during the motor sequence learning. The different EF
components would have a fundamental role in one or other
stages of motor learning. For example, working memory would
be involved in updating motor control after an error in order
to improve de execution for subsequent trials (Seidler et al.,
2012). Since in our study the participants only had one trial
in each task, this argument would help explain why working
memory hardly affected FMS in our study. However, it does not
allow understanding why long jump, total locomotor skills and
total FMS are affected by working memory. Another issue that
could explain our results is the different pattern of development
shown by working memory and inhibition control. Although
a central time window for the development of EF is the first
5 years of life, each EF component may follow a somewhat
different developmental trajectory (Ackerman and Friedman-
Krauss, 2017). Working memory shows a somewhat linear
improvement from preschool stage through adolescence, while
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FIGURE 7 | Interaction effect of inhibition control and relative age on total dynamic balance.

inhibition control presents a rapid increase during the preschool
stage followed by a moderate improvement rate thereafter (Best
and Miller, 2010). It could be that many of the preschoolers that
make up our sample had not yet developed a sufficient level
of working memory to used it, i.e., the steady development of
working memory would be still underway. However, the rapid
improvement in inhibition control might already have occurred
in them, and consequently they might have used it. In that regard,
it seems reasonable that the interplay between EF and motor skills
is different and mutable as long as the development of each EF are
occurring (Stuhr et al., 2020). More research is needed to obtain
evidence to support these arguments. In conclusion, our findings
support the idea that the performance of the different FMS tasks
differ in the degree to which the different EFs are required. In
other words, the role that each EF plays for the performance of
the different FMS tasks is specific, so that several types of FMS
depend on the effectiveness of different EFs. Or in other words,
motor performance in some tasks, but not in others, is not an
independent process of the level of efficiency of different EF. All
this shows that the relationships between EF and FMS are specific
and very complex.

These results are in line with those obtained by other authors
(Stuhr et al., 2018; Ludyga et al., 2019) who did not find
behavioral evidence to support a global-to-global relationship
between higher-order cognitive abilities (EF) and motor skills
in typically developing children. Instead, support founded for
some distinct and specific associations between both aspects
in preschoolers (Wassenberg et al., 2005; van der Fels et al.,
2015; Houwen et al., 2017; Stuhr et al., 2018). However, the
few studies that have investigated the relationships between EF
and motor performance in preschool children show inconsistent
results about what these specific relationships are (van der Fels
et al., 2015; Stuhr et al., 2018). Livesey et al. (2006), like us,
found that working memory was related to locomotor skills.
Regarding inhibition control, and unlike our results, there is
evidence in literature on its influence on the three types of FMS:

locomotor skills (Roebers and Kauer, 2009), object control skills
(Livesey et al., 2006) and balance skills (Rigoli et al., 2012; Stuhr
et al., 2018), this last aspect is the only one that coincides with
our results. On the other hand, considering the relationships
between inhibition control and total motor skills, our results are
consistent with those of Livesey et al. (2006), who also found
associations between inhibition and overall motor performance
in typically developing 5- to 6-year-olds. However, making a
direct comparison between the studies is complex and should
be done with caution, since the studies present differences at
a theoretical level, methodological perspective used, tasks used,
etc. (Leonard and Hill, 2015; Ruddock et al., 2016; Houwen
et al., 2017). In this regard, several studies suggest that motor
competence could vary even between tasks considered similar
since the relationships between EF and motor skills in preschool
children are task-specific (Roebers and Kauer, 2009; Michel et al.,
2011; Stöckel and Hughes, 2016; Van Der Veer et al., 2020). This
helps to explain some of the most striking results found in our
study, in that not all tasks related to locomotion nor all those
related to dynamic balance were affected by EF level. According
to various authors (Roebers and Kauer, 2009; Michel et al., 2011;
van der Fels et al., 2015; Stöckel and Hughes, 2016; Houwen
et al., 2017), we consider that more research is required that
includes a more exhaustive variety of FMS tasks to gain a deeper
understanding of the complex and specific relationships between
EF and FMS as well as the specialized processes that underlie
these relationships. It is a very complex issue given, in addition,
these specific EF-FMS relationships differ depending upon the
age and ability level of the participants under investigation
(Stuhr et al., 2020).

Numerous neuroimaging, clinical and developmental studied
have been carried out trying to clarify the interaction between EF-
FMS. They have shown that cognitive and motor performance
share some common underlying processes, i.e., there is an
overlap in neural networks that are important for both EF
and FMS since: (1) some regions important to cognitive and
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motor performance are co-activated both during cognitive
and motor tasks (Diamond, 2000; Leisman et al., 2016); (2)
cognitive and motor problems often co-occur in children with
neurodevelopmental disorders (Higashionna et al., 2017), and
(3) prefrontal cortex (area traditionally considered the neural
base of EF) and the cerebellum (important in the motor aspect)
show a common developmental timetable (Ludyga et al., 2019).
This evidence is in line with the notion that cognitive and
motor performances are inter-related, but does not elucidate
the specific specialized processes underlying the different EF
and motor skills relationships. In this regard, although much
remains to be known, recent studies show that cerebellar
cortex exhibits fine-scale functional specialization similar to the
degree of specialization observed in cerebral cortex (Brissenden
and Somers, 2019; Stein, 2021). So, different cortico-cerebellar
networks may play highly specific functional roles in a broad
range of cognitive processes. To determine what are these
different cortico-cerebellar networks activated based on different
aspects (age of the individual, his/her experience, complexity of
the movements, characteristics of the task, etc.) is still an open
question to the researchers. There are still scarce number of
studies in this field and no conclusive explanations or conclusions
have been found so far (van der Fels et al., 2019). Consequently,
as already mentioned, future research is needed.

The results obtained have shown that having certain high
levels of EF help to better perform certain FMS tasks, since
EF would help children to better control their body, retain
movement sequences and form mental representation, focus on
what is relevant and ignore other distracting stimuli (Diamond,
2020; Stuhr et al., 2020). This, and especially the specificity
of the relationships between EF and FMS, must be taken into
account when designing interventions. Thus, it is expected
that interventions targeting specific EF influence specific motor
skills, yet not all motor skills. According to this assumption,
professionals should choose interventions carefully by selecting
those that target the specific skills of interest.

Although our study was carried out in the school context, its
results also have implications in other areas, such as the field of
physical and sports activity, and especially, the preparation and
selection of future sports talents. Preschoolers with certain higher
EF may be more likely to reach the highest levels of certain FMS
and consequently, could reach the highest performance levels in
certain sports, whereas preschoolers with lower EF may be more
likely to reach lower levels of certain FMS and consequently, they
would be more likely to drop out the motor and physical-sports
activities or not reach elite status (Ishihara et al., 2019; Koch and
Krenn, 2021). This means that the level of certain childhood EF
establish if a child has the capacity to reach top levels in some
sports and allows distinguishing between potential elite and non-
elite athletes in said sports (Krenn et al., 2018; Holfelder et al.,
2020). Therefore, this implies that EF constitutes a variable to take
into account for the identification of sports talents, in addition to
physical and technical performance usually considered (Ishihara
et al., 2019; Scharfen and Memmert, 2019; Sakamoto et al., 2021).

This study also tried to analyze whether there were gender
differences on FMS. H2 hypothesized that there would be
differences in certain FMS between boys and girls, outperforming

one gender or another in different FMS, but not in others. The
results obtained allow us to partially corroborate the hypothesis
insofar as there are gender differences in some FMS scores
(squatting and total static balance) but not in others (all the
remaining FMS scores). However, unlike what was postulated,
in those FMS where there are gender differences, it was always
the girls who obtained higher scores. These results are hardly
directly comparable with those obtained in other studies given
the differences between studies in age and other characteristics
of the participants, tasks and evaluation tools used, etc. Despite
this, it can be said that our results are congruent with those of
some previous works, but not with those of others. Thus, the
absence of gender differences in locomotor skills found in our
study is in line with the results of previous studies (Bakhtiar,
2014; Foulkes et al., 2015; Barnett et al., 2016; Bolger et al.,
2018, 2020; Honrubia-Montesinos et al., 2021). On the contrary,
other studies found both differences in favor of girls (Bolger
et al., 2018, 2020; Wang et al., 2020) and in favor of boys
(Robinson, 2010; Pahlevanian and Ahmadizadeh, 2014). Non-
gender differences on control objects skills obtained in our study
are also coincident with the results of other studies (LeGear et al.,
2012; Bakhtiar, 2014), but they do not match with numerous
works who defend that boys outperform girls (Foulkes et al.,
2015; Yang et al., 2015; Barnett et al., 2016; Venetsanou and
Kambas, 2016; Kokštejn et al., 2017; Bolger et al., 2018, 2020;
Honrubia-Montesinos et al., 2021; Mecías-Calvo et al., 2021).
Regarding balance skills, comparing our results with those of
other studies becomes even more complex since few studies
consider static and dynamic balance separately. Some studies,
even using tasks referring to both types of balance skills, finally
offer only a sum total score of both (Kourtessis et al., 2008;
Engel-Yeger et al., 2010). These studies also present conflicting
results. Some indicate that even at the preschool age, girls have
higher scores than boys on balance tasks (Fjørtoft, 2000; Lejarraga
et al., 2002; Lam et al., 2003; Sigmundsson and Rostoft, 2003).
However, other studies show no significant differences between
preschool boys and girls (Du Toit and Pienaar, 2002; Venetsanou,
2007; Kourtessis et al., 2008; Waelvelde et al., 2008; Singh et al.,
2015). Among the few works that differentiate the two types of
balance, the following results are detected. Several studies, like
ours, show gender differences in static balance (Demura et al.,
1994; Demura, 1995; Livesey et al., 2007). It is striking that Livesey
et al. (2007) found these gender differences using a task that
has also been used in this study (standing on one leg), but in
which we have not found gender differences (instead, we have
found them in the other task referred to static balance, squatting,
and in total static balance). These discrepancies between studies,
despite having used the same task with preschoolers, may be
due to the different parameters used in the assessment of their
performance. While Livesey et al. (2007) only considered the
time that children were kept on the limp —product oriented
evaluation—, we have attended to numerous criteria —both
product and process oriented—. (These criteria can be consulted
in the observation instrument, available on the Supplementary
Material). Regarding dynamic balance, some research (Livesey
et al., 2007; Aoki et al., 2011, 2015; Kasuga et al., 2012; Latorre-
Román et al., 2021), and in line with the results of this study, show
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that there are no differences between genders in preschoolers. The
non-gender differences on total FMS showed by our results are
also consistent with those of other studies (Hardy et al., 2010;
Kordi et al., 2012). However, these results disagree with other
investigations that found that boys demonstrated higher levels of
total FMS compared to girls (Barnett et al., 2009; Cohen et al.,
2015; Charlesworth, 2016). Once again, the variety of results
found in the literature highlights the need for further research
to learn more about the specific relationships between gender
and motor skills.

However, in general and given the few preschoolers’ FMS
scores in which gender differences have been detected in our
study (only squatting and total static balance scores), we can
conclude that our results are in line with the general assumption
defended by some authors who indicate that for most of
the motor skills, there are no consistent gender differences
before adolescence (Handelsman et al., 2018). At this stage
of life, adolescence, a significant concentration of testosterone
is produced in boys that contributes to creating bigger and
stronger bones, as well as greater muscle mass and strength.
This produces a significant improvement in their motor skills,
generating differences with respect to girls (Xu et al., 2021).
However, in stages prior to adolescence, the absence of important
physical differences for motor skills would explain why boys
and girls, in most FMS tasks, show similar performance.
Nonetheless, other authors, according to a socio-ecological
approach (Bronfenbrenner and Morris, 2006; Mehtälä et al.,
2014) and Dynamical Systems Theory (Thelen and Smith, 1996;
Newell and Liu, 2014) defend that social and environmental
aspects cannot be forgotten, since not only maturation but also
practice helps to improve motor skills. In this way, the existence
or absence of differences in FMS proficiency between genders
during early childhood could be ascribed to a complex interaction
of biological, environmental, and sociocultural factors, such as
the physical environment and the influence of family, peers, and
teachers (Kokštejn et al., 2017; Newell, 2020). In this sense, it
has been found that even in “modern” countries, the types of
opportunities offered to children to practice FMS and engage in
structured FMS programs vary according to gender, which can
affect the level and type of FMS competence demonstrated by
each of them (Spessato et al., 2013; Venetsanou and Kambas,
2016). Thus, the higher dynamic balance score obtained by the
girls participating in our study could be due, at least in part,
to the greater practice of the girls of activities that promote
this type of skills (such as dancing and gymnastics) than the
boys (Chatzopoulos et al., 2018). In other types of activities
and experiences (such as running, volleyball or handball) that
essentially enhance other motor skills (locomotor and object
control skills), currently the gender difference in their practice
is less than in dancing or gymnastics (Nielsen et al., 2011). This
could help explain the absence of significant gender differences
in our study in this type of motor skills (locomotor and object
control skills).

All these aspects indicate that, when offering opportunities
to practice FMS skills, gender stereotypes are maintained more
with boys than with girls (Rodríguez and Miraflores, 2018).
This is consistent with studies carried out in other areas (for

example, professional vocation) in which it is also detected that
traditional gender role beliefs are more strongly endorsed in
boys than in girls (Dicke et al., 2019; Hentschel et al., 2019;
Spinner et al., 2021). Thus, there is a change in gender stereotypes
traditionally assumed by girls, assuming traits and activities
considered typically masculine, but there is no change in the
opposite direction (Gustafsson et al., 2019). It could be that
the policy of equality in sport and, in general, the policies of
empowerment of women, in which Spain has been working for
a few years, are bearing fruit. However, in view of our results,
we consider it relevant to also pay attention to the experiences
that are being offered to boys from the earliest ages. Children’s
gender stereotype knowledge rapidly increases from 3 years of
age through direct and indirect experience, and observation of
their social worlds. At 5–6 years, adherence to gender stereotypes
seems to peak. In this age children are highly rigid in their
thinking about and observance of gender stereotypes, so that
gender stereotypes can act as a barrier to children’s practice motor
or physical activities deemed appropriate for the other gender
(Spinner et al., 2021). Given that these years coincide with the
Early Childhood Education and Care stage, and practically all
children attend it, it acquires a very relevant role in curbing
gender stereotypes and working from co-education. However, if
education practitioners are not aware of the essential role they
play in this matter, they can also spread gender stereotypes. They
have their own implicit beliefs and subconscious understandings
of gender and this is transferred to the different expectations and
different ways of interacting with their students depending on
their gender (Culhane and Bazeley, 2019; King et al., 2021). This
is key to the way in which children learn about gender. Therefore,
as a first step to stop gender stereotypes, it is necessary that
education practitioners (but also other professionals who work
with minors) are aware of how their beliefs and practices may
be favoring gender stereotypes. On the basis of this knowledge,
they will be able to practice a “gender flexible teaching” (Culhane
and Bazeley, 2019). For all this, including mandatory training
on this subject in the training plans for teachers and other
professionals would be a useful strategy. Of course, creating
parenting schools to help families to “gender flexible parenting”
would also be necessary, since they also have their own implicit
and subconscious belief about gender that they transmit in
their parenting patterns to their children. Collaborations between
practitioners and researchers would also need to be facilitated
from the policymakers in order to design effective interventions
against gender stereotypes, few to date (Spinner et al., 2021).

H3 hypothesized that some differences would be found in
FMS based on relative age. More exactly, H3 stated that older
kindergarteners (born in the first semester of the year) would
show higher scores in some FMS than their younger peers
(born in the second semester of the year); but in other FMS
there would be no relative age differences. This hypothesis has
been corroborated since the oldest kindergarteners only obtained
significantly higher scores than their younger companions
in vertical jumps (a task related to dynamic balance) and
total dynamic balance. There are no significant differences
in the other FMS scores. These results corroborate those
of other authors as they did not find RAE on locomotor
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skills (Imbernón-Giménez et al., 2020) or in control object
skills (Imamoglu and Ziyagil, 2017; Mecías-Calvo et al., 2021).
However, they are contrary to those studies that reported RAE
on some locomotor skills (Imamoglu and Ziyagil, 2017) as well as
in control object skills (Imbernón-Giménez et al., 2020; Navarro-
Patón et al., 2021). Regarding balance skills, some studies, in
line with our results, show RAE on these skills (Mecías-Calvo
et al., 2021) and others, on the contrary, do not (Imbernón-
Giménez et al., 2020; Navarro-Patón et al., 2021). However, these
studies do not differentiate between static and dynamic balance.
More research is needed to gain more insight on this topic.
In addition, as previously indicated, several discrepant aspects
between studies (methodological differences, tasks and measures
used to assess functioning in each domain, specific ages and other
characteristics of the preschoolers that made up samples, etc.)
may be contributing to the disparity of results.

In summary, and despite the fact that some studies show RAE
on FMS, in our study most of these skills were not affected by
RAE (specifically, only two FMS were affected). Consequently,
we can conclude that there was limited RAE on the FMS of the
studied participants. These results are very similar to those found
by Imamoglu and Ziyagil (2017), who state that, in generally, RAE
at the age of 5–6 years did not influence the FMS.

Many studies have tried to justify the existence of RAE on
motor skills by assuming that older children were biologically
more mature and, thus, physically and functionally superior in
comparison to their relatively younger peers (Baker et al., 2010).
Other authors, according to a socio-ecological approach and
Dynamical Systems Theory (Bolger et al., 2020), and therefore,
highlighting the role that the child’s environment also plays
in motor development, have also highlighted the increased
opportunities of older children for motor practices, experiences,
and feedback, which helped to refine their motor skills. However,
in relation to this last aspect, opportunities for motor practices,
there are studies that indicate that it is not so important the
“when” is born (that is, the relative age) but the “where” (Côté
et al., 2006); understanding the “where” in a broad sense. Thus,
this would include the place of early development and its
contextual factors such as the experiences offered in it, among
which are the motor support and training programs (Campbell
et al., 2019). In this sense, there are studies that indicate that
in Western societies FMS are essentially promoted in school,
where the child spends more hours a day (Lopes et al., 2021).
In this regard, let us remember that one of the inclusion criteria
for the participants in this study was to have completed the
entire second cycle of Early Childhood Education and Care
at the same school they attended when the study was carried
out. Given that school is the context where children spend the
most hours, and it was the same for all participants, it could
be thought that their motor experiences were similar, which
would help to explain that only two FMS had RAE in our study.
Furthermore, it should be noted that regarding the possible
motor experiences of our participants outside of school, the
literature indicates the following. In “small” or “medium” size
communities (between 1,000 and 499,999 inhabitants), the effects
of RAE among children are lower than in large communities
(more than 500,000 inhabitants), since in the former the motor

experiences are more accessible to all children than in large
communities (Campbell et al., 2019). This aspect could also
help to explain that in the studied sample (from a medium
community) RAE was only detected in two FMS. Furthermore,
in Spain, it is common for children to go to a school close
to their family residence, so it is likely that the participants
lived mainly in the same neighborhood where their school was
located. That is why it is likely that their environmental and social
opportunities to develop their motor skills outside of school
were very similar. Also, belonging to the same socioeconomic
class would contribute to the absence of differences in their
opportunities and social experiences and, therefore, to the almost
absence of RAE on their FMS.

In short, and in accordance with other authors, our results
show that RAE is not an omnipresent phenomenon (Van Rossum,
2006). The information provided is relevant to facilitate a
work plan for education practitioners and other professionals,
which can result in important pedagogical and/or therapeutic
contributions. In this sense, given the practically absence of
differences between our participants born in the first and second
semester of the same year, the school organization could be
considered adequate based on current criteria (in Spain, natural
year of birth), without the need for to propose another criterion
for grouping students. However, these results should be viewed
with caution and cannot be generalized to other samples given
the limitations of this study (which are discussed later).

Referring to interaction effects, significant interaction between
level of working memory and gender was found for long jump
and total locomotor skills scores. In both cases being a girl and
having a higher working memory was associated with obtaining
higher scores, while girls with lower working memory had the
lowest scores. The results referring to the interaction between
working memory and relative age show that only squatting was
the task affected by the interaction of these variables. Surprisingly,
the highest scores on this FMS task were found in younger
participants with higher working memory. More research is
needed to explain these results, since it would have been expected
that the higher scores were obtained in the older participants, not
the younger ones with higher working memory.

Results also revealed a significant interaction between
inhibition control and gender for vertical jumps and total
dynamic balance scores. In both FMS, the girls with the most
inhibition control obtained the highest score in each of these
two FMS, while the girls with the lower inhibition control
obtained the lowest score in both FMS. These same FMS (vertical
jumps and total dynamic balance) are affected by interaction
between level of inhibition control and relative age. In both
FMS, the oldest participants with higher inhibition control
obtained the higher score, while the youngest participants with
lower inhibition control obtained the lower score. No significant
interactions between gender and relative age were found. It is not
possible for us to make a detailed comparison of all these results
with those of other studies since we are unaware of studies that
have jointly analyzed these same variables. We can only cite the
work of Latorre-Román et al. (2021) focused on dynamic balance
in preschoolers (but not in the other FMS), where, as in our
results, no effect of gender × relative age on dynamic balance
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was found. More research is needed to analyze and clarify the
influences of these and other possible variables on FMS, as well
as the mechanisms underlying them.

Despite the fact that with the existing research so far it
is difficult to draw firm conclusions about the complex and
specific influences of EF, gender and relative age on FMS,
the results found in this study have contributed to a greater
knowledge about it.

According to the socio-ecological perspective for
development, there are numerous variables that affect FMS,
not being possible to address all of them in a single study. To
our knowledge, this is the first study to address the independent
and interactive effects of EF, gender and relative age on FMS
in children of such a young age. The results obtained —as
has already been indicated in previous paragraphs— provide
information of interest both at a theoretical and practical level,
so they should be attended by researchers and professionals who
work with children, as well as politicians and other stakeholders.

The results obtained in this study contribute to increase
the corpus of literature regarding the link between cognition
and motor skills, and more precisely, between EF and FMS
in kindergarteners. Given that the period from 3- to 6-years
is one of very rapid change, both in EF and FMS, it is an
important time for examining the relationship between both
skills. However, it is a topic so far scarcely studied in such a young
age group (Houwen et al., 2017; Hocking et al., 2020), perhaps,
among other issues, due to the difficulty involved in research
with minors (Dubois et al., 2021). Our study has contributed
to diminish this gap. It should also be noted that, although
there are neuroimaging, clinical and developmental data in the
literature that show that the relationships between EF and FMS
are bidirectional (McClelland and Cameron, 2019), until now
the investigations have essentially focused on a direction of
these relationships (motor skills influences on EF), forgetting
the other (EF influences on motor skills) (Musculus et al., 2021;
Veraksa et al., 2021). Our study has contributed to reduce
this gap by addressing this last direction in the relationships
between EF and FMS.

This study also supposes a comprehensive approach on
preschoolers’ FMS. Addressing the entire main types of FMS in
the same study and assessing each one of them in two motor tasks,
and not only in one like most existing research, are two highlights
of our study. This has allowed overcoming the limitations of
other published studies and responding to the demands of the
literature (Van Der Veer et al., 2020; Veraksa et al., 2021). In
addition, in our analyses we have considered 13 FMS scores
as dependent variables. This also implies a broader perspective
of the FMS than usually found in the literature. The in-depth
and detailed perspective on FMS adopted in this study has been
possible not only because of the number and variety of FMS
tasks analyzed but also because of the systematic observation
has been used, this aspect being another of the elements to be
highlighted in this study.

Spanish educational regulations order that systematic and
direct observation is the procedure to be used to assess the
development and learning of students in the Early Childhood
Education and Care (Spanish Ministry of Education and Science,

2007). Therefore, this study, and in particular the observation
instrument used, can be very useful for the daily practice of
teachers (more specifically, for the evaluation of the FMS of their
students, an aspect that is part of the curricular content of this
educational stage). Other free materials and resources elaborated
for this research (such as the designed motor tasks) can also
be useful for the Early Childhood Education and Care teacher
(but also for the sport monitors and trainers) to enhance the
FMS of the kids. This is especially relevant given that there are
various authors that evidence that teachers, despite recognizing
the importance of motor skills in the preschool stage, spend less
time learning FMS than other skills because they do not feel
sufficiently prepared to address their assessment and teaching
(Padial-Ruz et al., 2019; García-Marín and Fernández-López,
2020). There are many teachers who manifest a lack of training
in this regard as well as a lack of tools and resources in this area
(Aadland et al., 2020; Lawson et al., 2021). This makes increasing
the motor training and competence level in professional staff
in the preschool sector has become an international challenge
(Aadland et al., 2020). As has already been noted, this study
provides some elements to achieve it.

In addition, the observation instrument used entail the
FMS assessment from both a process and product perspective,
a characteristic that is lacking in most of the motor skills
assessment instruments used in the literature (Lopes et al., 2021).
Furthermore, taking into account that during the childhood the
FMS development process is more important than the result of
the skill (Palmer et al., 2021), in our observation instrument the
process approach predominates over the product. This allows
a comprehensive understanding of the strategies employed by
children to execute the task and therefore, makes it possible to
offer feedback to the child about its execution process, which in
turn facilitates its motor learning.

Other aspects to highlight in our study are that (1) it was
carried out in the participants’ own school context without
altering or modifying it; (2) motor tasks used were designed
according to the content of the Early Childhood Education
and Care curriculum and taking into account the physical
and organizational characteristics of the school and the usual
motor sessions that take place in it; (3) these motor tasks
were also playful tasks, since play is an essential pedagogical
methodology in this educational stage; (4) in the motor sessions
analyzed, the teachers used their conventional motor teaching
strategies, and (5) direct and systematic observation, which is the
methodology required by the educational regulation for assessing
children was used to assess the spontaneous behavior of children
referring to their FMS. These aspects are in line with ecological
approaches claimed by the literature regarding the assessment
and intervention of motor skills in similar conditions to real life,
in order to improve ecological validity of the research (Woods
et al., 2020; Latorre-Román et al., 2021). This helps to establish
bridges between research and practice.

On the other hand, it should be mentioned that the use of
other free instruments to carry out this study (even though they
are not self-elaborated, such as the CHEXI questionnaire and
the Lince software) and disseminating/facilitating their access
can also help to advance and improve educational practice
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and research. There are many occasions in which teachers and
researchers barely have the budget to carry out our work, even
more so taking into account the economic crisis in which we find
ourselves worldwide.

Despite the highlights and relevant contributions of this
study, these should be considered with some caution given that
this study has some limitations. The first and foremost is the
use of questionnaires, especially the use of a questionnaire to
evaluate children’s EF. It is true that the literature indicates
that (1) teacher reports are a useful and attractive option
for receiving information about the development of the child
given they are time and cost effective, and easy to implement
(van Tetering and Jolles, 2017). In fact, this method (rating
scales completed by teachers) is one of the most common
method used to evaluate child EF (Tamm and Peugh, 2019); (2)
Teachers are good informants when filling out questionnaires
referring to the EF of their students, since their experience
allows them to compare each child with others their age (van
Tetering and Jolles, 2017). For all these reasons, it can be
said that teacher ratings of EF are good measures of child
development (van Tetering and Jolles, 2017; McClelland and
Cameron, 2019). However, and despite these positive aspects
highlighted in the literature on teacher ratings of EF, the known
limitations associated with the use of questionnaires cannot
be forgotten, such as assessor variance, also known as rater
bias (e.g., the halo effect, central tendency bias, leniency bias)
(Waterman et al., 2012). In order to overcome these drawbacks,
in the future it would be interesting to complement teacher-
rated EF with measures obtained through systematic observation
referring to children’s performance in EF tasks in their own
habitual context. This implies a more time intensive cost, but
in return, systematic observation allows obtaining more and in-
depth information, and its objectivity is also greater. Thus, given
that both EF observing measures and EF rating measures clearly
have their pros and cons (Van Der Veer et al., 2020), their
complementary use constitutes an ideal option. Furthermore,
this complementarity would be especially interesting insofar as
some researchers have suggested that measures assessing EF
across informants or by systematic observation tap into different
aspects of EF (Toplak et al., 2013; Miranda et al., 2015; Ten
Eycke and Dewey, 2016; O’Meagher et al., 2019; Tamm and
Peugh, 2019; Van Der Veer et al., 2020). In this sense, in the
future it would be interesting to analyze whether, and how,
the influence of EF on FMS differs depending on the type of
measure adopted to assess EF: indirect (by the teacher’s rating) or
direct (observation of child’s behavior) (Ten Eycke and Dewey,
2016). This would contribute to a holistic understanding of the
EF-FMS relationships.

Another limitation of this study, as in most of the studies
conducted on early childhood (Zeng et al., 2017; Hall et al.,
2019), is the size of the sample, which also affects when
the gender variable is taken into account to analyze the
differences based on it. Furthermore, the sample was not
randomly selected and belonged to a single kindergarten.
These aspects prevent generalizing the results to all Spanish
kindergarteners. Although it is a true challenge (even more
so with the current situation caused by the COVID-19
pandemic that restricts entry to educational centers for outsiders,

such as researchers), in the future it would be advisable
to increase the size of the sample including schoolchildren
from different types of centers and located in different cities,
being also selected at random. This would allow increasing
the power of the analyzes and more transferable statements.
However, it cannot be forgotten that expanding the sample
could pose a difficulty to be able to assess the FMS through
observation, as it has been done in this work. This is so
given that systematic observation constitutes an intensive (and
not extensive) methodology; in other words, its purpose is to
study a small sample but to do it intensively, obtaining more
in-depth information (Anguera, 2003). Nonetheless, applying
the generalizability theory would allow us to know to what
extent the sample size could be increased to generalize the
results obtained, while maintaining a satisfactory cost/benefit
(Blanco-Villaseñor and Escolano-Pérez, 2017).

On the other hand, it should be noted that although it was
tried to create new and challenging motor tasks for children, it
could be that this novelty and challenging was not achieved for
all children or was not achieved in all designed tasks. Thus, (1)
although the teachers affirmed the novelty of the tasks designed
for the children in that they had not been worked on in the
motor sessions, and (2) only a single trial was permitted for
each task, thus avoiding the familiarity and learning that the
repeated practice of a task implies, all this does not allow to
rule out the possibility that the participants, or some of them,
had a certain degree of familiarity with some tasks due to
their motor experiences outside the school. Despite we have
previously exposed different aspects that suggest that motor
experiences outside the classroom did not differ between the
participants, some measure should have been assessed to ensure
this. Future studies could ask parents about the type of leisure
and extracurricular physical-sports activities that their children
carry out, as well as the time they dedicate to them. Analyzing
these issues in depth and their influence on FMS would be
an interesting aspect to address in future research. Although
the literature indicates, in general terms, that the practice of
extracurricular physical activities favors FMS (Kokštejn et al.,
2017), when the results obtained in different studies are analyzed
in detail, it is found that not all FMS are benefited by this
type of activity. Thus, for example, there are studies that show
that in children as young as those that make up this sample,
and also Spanish, only some motor components were benefited
by these extracurricular activities (Gil-Madrona et al., 2021;
Honrubia-Montesinos et al., 2021). Further research is required
to clarify what characteristics should have motor extracurricular
experiences to enhance the different FMS.

It should also be mentioned as a limitation of this work the
fact that it is a punctual study, limitation frequently present
in studies focused on early childhood (Zeng et al., 2017; Hall
et al., 2019), and therefore the impossibility of establishing
causal relationships. Furthermore, longitudinal studies would be
necessary to analyze what changes occur in the EF-motor skills
relationships as children reach other stages of life.

Likewise, should be noted as a limitation that some possible
moderating or confounding variables, such as fitness level of the
participants, parenting practices, different characteristics of the
teachers such as their personality, experience, etc., in addition
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to the aforementioned practice of sports extracurricular activities
carried out by the children and time dedicated to them (Elferink-
Gemser et al., 2018; García-Marín and Fernández-López, 2020;
Holfelder et al., 2020), etc., were not contemplated. Thereby, it
remains open to future studies.

It would also be interesting in future studies to consider
the order and distribution in which the motor tasks were
performed. (In this study, as already explained, this question
was determined by organizational aspects of the natural context
in which the study was carried out). The literature indicates
that when motor tasks are learned, it is inevitable that there are
relationships between them, either because they are being learned
simultaneously, or because a task learned earlier can influence
(both positively and negatively) another learned later.

It would be interesting to extend this study to children with
disorders in which EF, motor skills, or both are affected. It would
allow us a more in-depth knowledge about how EF, gender
and age relative influences on motor skills vary in typical and
atypical development.

CONCLUSION

FMS are a complex area of children development. Our results
show that some FMS are specifically affected by independent
and interactive effects of teacher-rated EF, gender and relative
age. This valuable information must be taken into to design
and implement instructional and intervention strategies, as well
as educational and sport policy changes, especially in early
childhood when FMS are more malleable.
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Dynamic, interactive sports require athletes to identify, pick-up and process relevant

information in a very limited time, in order to then make an appropriate response.

Perceptual-cognitive skills are, therefore, a key determinant of elite sporting performance.

Recently, sport scientists have investigated ways to assess and train perceptual-cognitive

skills, with one such method involving the use of blurred stimuli. Here, we describe

the two main methods used to generate blur (i.e., dioptric and Gaussian) and then

review the current findings in a sports context. Overall, it has been shown the use of

blur can enhance performance and learning of sporting tasks in novice participants,

especially when the blur is applied to peripheral stimuli. However, while intermediate and

expert level participants are relatively impervious to the presence of blur, it remains to be

determined if they are positive effects on learning. In a final section, we describe some of

the methodological issues that limit the application of blur and then discuss the potential

use of virtual reality to extend the current research base in sporting contexts.

Keywords: blur, perceptual-cognitive skills, sport, perception, training

1. INTRODUCTION

For more than two decades, sport scientists have investigated the contribution of
perceptual-cognitive skills such as anticipation, attention, and decision making to expertise, and
thereby expert performance (Mann et al., 2007b; Williams et al., 2011; Williams and Jackson, 2019).
It is nowwell-accepted that experienced/skilled athletes in dynamic and interactive sports are better
at anticipating an opponent’s movement (Williams and Jackson, 2019) and consequently make
earlier and more appropriate decisions (Raab et al., 2019). In addition, they can achieve high levels
of performance on the basis of less information, whether that be due to temporal (e.g., information
determined earlier) or spatial (e.g., information determined from fewer stimuli) constraints
(Mann et al., 2007b; Williams et al., 2011; Williams and Jackson, 2019). Compared to novices,
overall performance of experts is better when the environment is impoverished, thus indicating
that the experts’ ability to extract basic kinematic information is more resistant to visual stimuli
deterioration. In part based on such findings, the role of visual functions such as acuity and contrast
sensitivity have often been overlooked. Indeed, it is found in most sports that there is no additional
advantage of supra-threshold levels of visual function (i.e., above the general population average),
and thus little or no benefit of general visual training programmes aimed at improving vision to
above-normal levels (Williams and Jackson, 2019). Somewhat counterintuitively, however, several
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studies have shown that perceptual and perceptual-motor
behavior does not deteriorate (Mann et al., 2010a; Ryu et al.,
2018; van Biemen et al., 2018), or can even be improved (Jackson
et al., 2009; van Biemen et al., 2018), when the visual stimulus
is artificially blurred by the experimenter. Early signs of an
improvement of performance in the presence of blur (Jackson
et al., 2009) has led to several studies on the use of blur to
improve perception, anticipation, and decision making, with
the largest improvements typically found in novices and/or less
skilled participants (Jackson et al., 2009; Ryu et al., 2013, 2015,
2016). However, it seems there is less evidence for a positive
impact of blur on performance of experts (van Biemen et al.,
2018), and even a negative effect in some studies and particular
tasks (Ryu et al., 2013, 2015, 2016).

In this article, we review and synthesize the current research
on the use of blur in a sporting context, with an overall aim to
provide some guidance for future research on perceptual training
in sport. We include published articles that have manipulated
blur in a sport setting/task using lenses (i.e., refractive blur) or
image filtering (i.e., Gaussian blur). Accordingly, we begin by
describing the potential impact of these different methods on
the visual stimulus. We then consider the effect of blur on the
perceptual-cognitive skills (i.e, anticipation and decisionmaking)
of novice and expert sports performers, followed by a section that
describes the findings from perceptual-motor tasks where blur
has been applied to the entire visual field or areas surrounding
gaze location. We next consider if training in conditions of blur
can facilitate learning and transfer, and finally we provide a
critical reflection and discuss some perspectives for extending the
applicability and scope of manipulating blur through the use of
virtual reality.

2. DIOPTRIC VS. GAUSSIAN BLUR –
CONCEPTUAL ASPECT

Normal healthy vision typically involves a seamless integration
of high acuity and low acuity (i.e., blurred) inputs from the
central and peripheral retina. Indeed, one does not normally
notice that objects located away from the point of fixation are
in fact blurred, even though this can provide useful information
on spatial location (e.g., depth from crossed and uncrossed
disparity). In normal or corrected-to-normal vision, high acuity
input is perceived from cone cells that are concentrated at the
center of the eye in the area known as the fovea. Cone cells
detect light of different wavelengths, which is the basis of color
perception, operate best in bright light, and enable perception of
fine details (i.e., high spatial frequency). They thus play a critical
role in being able to distinguish shapes and details of objects in
our surrounds. The other main photoreceptor cells, known as
rods, are not attuned to the same light wavelengths as cones, but
they are more sensitive to light and are located mainly in the
peripheral region outside the fovea. Although more numerous
than cone cells, multiple rod cells converge onto single retinal
ganglion cells, thus resulting in a specialization for processing low
spatial frequency visual stimuli, as well asmotion. Accordingly, in
those with normal healthy vision, individuals fixate gaze location

in a way to best combine high acuity and low acuity input. For
example, in combat sports such as French boxing (Ripoll et al.,
1995) and Karate (Williams and Elliott, 1999; Milazzo et al.,
2016), experts direct their eye gaze mainly to the head and trunk
of the opponent, whereas less experienced individuals tend to
look at the opponent’s fist and arms. Presumably, fixating gaze on
a relatively static location (i.e., the center of the opponent’s body)
facilitates perception of information from central and peripheral
vision. Indeed, minimizing the number of saccades to distal
locations (i.e., opponent’s fists and feet) would result in fewer
periods of saccadic suppression, and thus a more continuous
input of information1.

In the presence a partial central blur (e.g., macular
degeneration), and hence the removal or alteration of high spatial
frequency stimulus characteristics, individuals often respond by
changing gaze fixation to a location that still enables a reasonable
perception of object characteristics (Shima et al., 2010; Van der
Stigchel et al., 2013). Similar effects on gaze location and outcome
performance have been reported when a partial central blur
has been artificially introduced by the experimenter (Ryu et al.,
2015, 2016). Even when there is a full blur applied across central
and peripheral vision, individuals can still exhibit high levels
of performance in some tasks (Mann et al., 2010a) presumably
from processing low spatial frequency input such as motion and
spatial layout. Importantly, however, while the impact of both
experimenter-imposed partial and full blur has been studied in
a sporting context, this has been achieved using two different
methods (i.e., dioptric blur and Gaussian blur). As we highlight
below, these methods do not influence the stimulus in the same
way and could thus impact upon the experimental findings.

A dioptric blur is equivalent to optical defocus caused by a
visual impairment (e.g., myopia) or inaccurate accommodation.
Experimentally, this is achieved using lenses (i.e., contact lenses
or glasses) that alter focal length, thereby increasing focal length
error and creating a so-called blur disk on the retina that is
a function of defocus (in diopters) and pupil diameter. The
consequence of wearing such lenses is a perturbation of high
spatial frequency information, and thus a reduction in contrast
sensitivity and visual acuity due to the stimulus edges being more
difficult to discriminate (Watson and Ahumada, 2011; Kwon
et al., 2016; Strasburger et al., 2018). The relative reduction
in visual acuity (i.e., acuity with blur / best corrected acuity)
can be derived as 1 / 1+D2, where D is the spherical error in
diopters. Accordingly, as was reported by Bulson et al. (2008),
it is possible to create different conditions of optical defocus,
using convex and cylindrical lenses (PLANO, +0.50 D, +1.00 D,
+1.50 D, +2.00 D, +1.00 D x 90, +2.00 D x 90, and +10 D) and
estimate the corresponding level of visual acuity (20/20, 20/25,
20/60 20/100, 20/180, 20/25, 20/60, and 20/2000). Improving on
this relative course estimation, Mann et al. (2010b) recognized

1In addition, when gaze is fixated on an object at a particular depth, surrounding

objects not located on the horopter will be perceived at different depths. Just

beyond the horopter, disparity in the retinal images provides a reliable cue to depth.

However, as the surrounding objects move further away from the point of gaze,

blur can also provide an important contribution to depth perception (Held et al.,

2012; Langer and Siciliano, 2015).
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the importance of taking into account best corrected visual
acuity, although they did rely on the mean habitual visual acuity
across participants (i.e., 6/5.3) when estimating the effect of three
dioptric lenses (i.e., +1.00D, +2.00D, and +3.00D) on mean
visual acuity (i.e., 6/11, 6/20, and 6/49).

The other experiments described in this review applied a
Gaussian blur on images viewed on a computer monitor. A
Gaussian blur is the result of an image or video processing
procedure, whereby the optical system of the eye is unperturbed
but the displayed stimuli are altered by removing the high
frequency information (Watson andAhumada, 2011; Kwon et al.,
2016;Ma et al., 2018; Oleskiw et al., 2018; Strasburger et al., 2018).
A Gaussian blur is different from dioptric blur in the sense that it
does not create spurious resolution (see below) and does have a
simple relationship with visual acuity. In terms of computation,
the method requires the calculation of the transformation that
needs to be applied to each pixel when rendering the image; it
is the result of applying a Gaussian function to the pixel matrix.
The Fourier transform decomposes the domains of frequencies
contained in the image. Applying a Fourier transform to a
Gaussian results in another Gaussian, and is thus similar to a low
pass filtering to remove the high spatial frequencies (Ma et al.,
2018; Strasburger et al., 2018). The new pixel coloration is the
weighted average of the neighbored pixel characteristics included
in the computation. Different software can be used to apply the
processing, with directly implemented tool or custom processing.
For example, Jackson et al. (2009) added 20% and 40% blur in
both horizontal and vertical dimensions using the special effects
module in Pinnacle editing software. Unfortunately, details on
this method of applying the Gaussian were scant, thus making it
difficult to compare both the experimental condition and results
to other studies. van Biemen et al. (2018) also used software
(Premiere Pro CC software) and the camera blur option to create
their blur video, whereas Ryu et al. (2015, 2016) used the Adobe
Premiere CS 4 software to apply a low-pass Gaussian filter with
the 20, 50, and 100 units option.

It is often assumed that the dioptric and Gaussian blur
are equivalent because they both alter the spatial frequencies
of an image. However, as described by Strasburger et al.
(2018), dioptric blur is a consequence of naturally occurring
or experimenter-imposed alterations in physiological optics and
is not identical to low-pass filtering (i.e., Gaussian blur) of
a computer image. This becomes particularly evident when
considering the point-spread function (PSF) that results from
different methods of blur, and the resulting spurious resolution
that is available in conditions of dioptric blur (see Figure 1). For
example, Strasburger et al. showed that high spatial frequencies
are detectable under dioptric blur, meaning that the orientation
of a sine-wave grating may still be discernible but the appearance
of blurred optotypes are likely too dissimilar from the original
unblurred counterparts to permit identificationwithout extended
practice. No such spurious resolution is present when blur
is created by low-pass Gaussian filtering (Strasburger et al.,
2018). Consequently, while dioptric blur is easy to implement
and is closest to the naturally-occurring blur caused by some
visual impairments (e.g., myopia and presbyopia), it is debatable
whether it is suitable for experimentation in a sporting context

unless the study aims to investigate the effect of a visual
impairment. That said, the application of Gaussian blur is not
without limitations, such as the use of diverse software and
computer algorithms, as well as a lack of coherence between the
level of induced blur and visual acuity. These differences between
dioptric and Gaussian blur have not been explicitly recognized in
most research to date on blur in a sport context.

3. THE EFFECT OF BLUR ON
ANTICIPATION AND DECISION MAKING

Jackson et al. (2009) examined the influence of applying a low-
pass Gaussian blur on configural information and anticipation
during a dynamic perception task. Anticipation performance of
tennis players (N = 32) with varying levels of competitive playing
experience was examined using a 2-choice prediction task (i.e.,
judgement of direction). Video clips of a tennis serve occluded at
4 different times relative to final frame before ball contact (i.e., t1:
-320 ms, t2: -160 ms, t3: 0 ms, t4: +160 ms) were presented on a
computer screen, and viewed under 3 levels of blur (0% [no blur],
20%, and 40% blur). Based on performance in normal vision
condition (i.e., 0%), participants were assigned to two groups:
“good anticipators” and “poor anticipators.”

An interaction was found between anticipation skill (“good
anticipators” vs. “poor anticipators”) and the level of blur.
Performance of “good anticipators” was more disturbed with a
low level of blur, such that performance declined significantly
from the 0 to 20% blur condition (approximately -0.2 mean
transformed accuracy). In contrast, performance of “poor
anticipators” was slightly better in the 20% compared to
0% blur condition (approximately +0.03 mean transformed
accuracy). Despite these significative group differences between
the 0% and 20% blur conditions, performance of both groups
was equal in the 20% blur condition. Moreover, both groups
exhibited a similarly small increase in performance from the
20 to 40% blur condition. Overall, then, participants who were
better at anticipating in the normal vision condition did not
maintain this advantage with the introduction of the blur, as the
authors expected. Only participants who were less competent
in the normal vision condition exhibited an improvement in
performance following the introduction of 20% and 40% blur,
thus providing some preliminary support for the suggestion that
the application of blur can make participants more attuned to
basic kinematic information (i.e., motion).

According to the Jackson et al. (2009), an explanation for
the non-linear effects of blur could be a change in participant’s
strategy. That is, in 20% blur condition, better anticipators
could have still been looking for the high spatial frequency
visual information, which was missing and thus performance
declined. However, in 40% blur condition, participants may
have changed strategy and thereby become more attuned
to the essential movement kinematics that was present in
the low spatial frequency information. While a reasonable
account for the findings, the strategies used by players, whether
unconscious or conscious, cannot be determined based on the
recording of performance alone. Moreover, because there was
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FIGURE 1 | Illustration from Strasburger et al. (2018) of the effect of blur on Sloan letters. Top row: original, unblurred letters, together with point-spreadfunction

profiles (right) for the lower rows. FWHMs of the three PSFs are equal. Note that PSF amplitudes are necessarily different since their volume needs to be normalized to

unity (light is neither added nor lost). Second row: letters with dioptric blur simulated by using a disk with a diameter equal to the letter height as blur kernel. The effect

of spurious resolution is so strong that the blurred letters look quite unlike their original. Third row: PSF with exponential drop-off (analogous to a first-order low-pass

filter). Energy is spread over a wide spatial range, such that amplitude is rather low. Bottom row: letters with simulated Gaussian blur. For display, blurred images were

increased in contrast to enhance the visibility of structures. Isolumes for all three patterns represent luminance steps of 7 percentage points (white 1/4 100%). The

gray scale representation of the PSF in the right column uses a different scale than the blurred images (Strasburger et al., 2018) (CC BY 4.0).

only a single testing session, it is likely that blur acted as a
momentary perturbation.

Based on the above findings, Ryu et al. (2018) designed a
study using videos that showed either normal or blurred (i.e.,
low-pass Gaussian filter) badminton shots. Participants were
46 novices in badminton, who anticipated the direction of
badminton shots across a pre-intervention/post study design.
The pre-test and post-test comprised 96 video clips with different
occlusion times (i.e., one frame before contact between racquet

and shuttle, at the moment of contact, or one frame after contact)
that showed deceptive actions. For the intervention, participants
were divided into three training groups: low spatial frequencies
only (i.e., blurred video), high spatial frequencies only (only
detailed information conserved in the video) and normal vision.
The frequency manipulations were made using low-pass and
high-pass filters applied to the video images. The video clips
showed non-deceptive action (n = 360) with different occlusion
times, plus a direct performance feedback. The intervention
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lasted three days, with a total of 4 days from the pre-test to
the post-test. A retention test was performed one week after the
post-test. Eye movements were recorded in all sessions using an
Eyelink II operating at 250 Hz.

The authors reported different effects on anticipation accuracy
and reaction time when comparing the type of video training.
When facing deceptive actions, the low frequency training group
(i.e., blurred video), improved the most from pre-test to post-
test, and then kept this advantage in the retention test one
week later. This observation is consistent with the performance
improvement of novices reported by (Jackson et al., 2009). The
high frequency training group also improved from pre-test to
post-test, and to a greater extent than the normal vision group.
However, the advantage did not persist such that in the retention
test, there was no difference compared to the normal vision
(i.e., control) group. In addition, both groups performed worse
than the low frequency group. When facing the non-deceptive
trials, all groups exhibited a similar improvement in performance
after training (response accuracy and reaction time). That is,
the type of video (low frequency, high frequency, or normal)
used in training did not influence performance while facing non
deceptive trials.

In terms of gaze behavior, no changes were noted in fixation
duration and breadth of search after training. A small change
in saccadic amplitude was reported (p = 0.058), with larger
saccades during retention test compared to pre-test and post-
test, but this was the same for all groups. The time spent on the
area of interest revealed some more notable differences between
groups. The low frequency group (blurred video) spent more
time with gaze located on racquet-shuttle contact in post-test and
retention compared to normal group. However, they also spent
less time fixating on the head compared to normal group but
in the retention test only. The high frequency group spent less
time fixating the head, compared to normal group but only in the
post-test. There were no differences between these two groups at
pre-test and retention test.

As described above, the trials used in training did not contain
deceptive intent. Still, such training seemed to help participants
recognize deceptive movement in post-test and retention, even
though they did not face any examples of deceptive actions.
According to the authors, the training intervention encouraged
participants to rely more on the meaningful information, which
they were then able to disambiguate from deceptive information
in the post-test. This was supported by the finding that the low
frequency training group decreased the time spent directing gaze
toward the face of the opponent, instead locating gaze toward the
racquet-shuttle contact, presumably to extract the most useful
information. This pattern can be considered an improvement
of visual strategy, and is consistent with the pattern of eye
movement observed in experts (Mann et al., 2007a). Indeed,
gaze direction and facial expression can be used to fake one’s
intention and mislead an opponent, thus indicating that the head
area could be a source of distracting information (Petri et al.,
2019). Conversely, the racquet-shuttle contact point contains
important information about the direction of the shuttle and the
type of shot.

The studies discussed up to this point were primarily based
on novice populations (Applegate and Applegate, 1992; Bulson
et al., 2008; Jackson et al., 2009; Ryu et al., 2018) and indicated
some evidence that blur can improve anticipation performance,
and potentially maintain this improvement following a relatively
short, 7-day intervention (Ryu et al., 2018). These positive
effects on performance and learning could have occurred because
blur alters the process of visual information extraction. That
is, applying a blur removes some irrelevant or even distractive
information, which helps novices avoid an overload in visual
processing when confronted with a multitude of stimuli. In
the blur condition, the task could in effect become easier as
participants are guided to the most useful information. However,
such positive effects of manipulating blur are more limited
for experts, and could even be detrimental. For example, it
could be that experts have already learned to extract useful
kinematic information from the environment, and as such
removing high frequency information conveys no advantage, or
even a disadvantage if experts use some aspect of high frequency
information to support their perceptual-motor behavior. One
such study of an expert population was reported by van Biemen
et al. (2018), who investigated decision making of skilled football
referees in a blurred condition. This represents an interesting
population because although they are not skilled in performing
the motor activity per se, referees are skilled in observing and
detecting deceptive intent and movement of players. The 22
participants in this study were divided into two training groups:
normal vision training and blurred vision training. The training
took 45 min and was run the same day as a pre-test and
post-test, which required the referees to make judgments on
whether the situation shown in a video clip was a foul or not
(26 clips, 13 foul, and 13 no foul). The training intervention
comprised 70 clips in which all situations showed a foul. In
this phase, the referees had to judge the severity of the foul,
choosing to award a red card, yellow card, or no card as quickly
as possible. Feedback on the correct response was given after
each trial.

The authors found that the blurred vision group improved
their response accuracy to a greater extent than the normal
vision group, although this was not associated with a change
in reaction time. The blurred vision group appeared to become
more sensitive to genuine fouls, which echoed the results from
Jackson et al. (2009) and Ryu et al. (2018) but this time with
an expert population. However, at the individual level, some
participants in the blur training group exhibited a decrease in
performance. Although this was not discussed by the authors,
one can suppose this could have been related to inattention or
participant skill level. Therefore, although there is some evidence
of a possible advantage afforded by blurring video images in
training decision making of skilled participants, this requires
further investigation. In addition, most of the above studies
(Jackson et al., 2009) and (Ryu et al., 2018) used tasks where
perception was not coupled to a motor response. This raises
questions about the representativeness of the tasks compared
to the actual sport setting and thus whether the findings from
laboratory tasks are transferable.
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FIGURE 2 | Illustration of Mann et al. (2010a)’s experiment: simulation of the four refractive blur conditions experienced by the participants. Reprinted from Mann et al.

(2010a). Copyright 2010, with permission from Elsevier.

4. PERCEPTUAL-MOTOR BEHAVIOR IN
THE PRESENCE OF BLUR

In an early investigation, Applegate and Applegate (1992)
compared basketball shooting performance under five conditions
in which dioptric blur was achieved using 6/6, 6/12, 6/24, 6/48,
and 6/75 diopter lenses. The 19 male participants (all with a
visual acuity of 6/6) performed 25 shots from one position in each
condition. The authors observed a small drop in performance as a

function of dioptric blur from 6/6 to 6/12. However, the decrease
was not significant, and participants were still able to shoot the
basket even with strong level of blur. Moreover, performance
remained constant across all other levels of blur (from 6/12 to
6/75), thus showing that a static aiming task does not depend on
high acuity information.

In another static aiming task (i.e., golf putting), Bulson
et al. (2008) examined the effect of dioptric blur on 16
young participants. Similar to Applegate and Applegate (1992),
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participants performed the task while wearing different lenses:
PLANO, +0.50 D, +1.00 D, +1.50 D, +2.00 D, +1.00 D, +2.00
D, and +10 D. These corresponded to visual acuity levels of
approximately 20/20, 20/25, 20/60 20/100, 20/180, 20/25, 20/60,
and 20/2000. It was found that the different levels of blur had
little or no effect on completion of the golf putting task. The
authors suggested that an adaptation to the blur could have
explained the maintenance of performance. In addition, they
suggested that automaticity related to repetition of practice
at a fixed distance could have minimized the effect of a low
level of blur. In fact, it is notable that in both (Applegate
and Applegate, 1992; Bulson et al., 2008), the target was fixed
and there was no need to consider information from moving
teammates and/or opponents. Thus, it is questionable whether
these findings generalize to dynamic sport situations where it is
important to follow moving stimuli and anticipate future events.

To this end, Mann and colleagues conducted a series of studies
using a cricket batting interception task, with intermediate to
skilled cricket batters (Mann et al., 2007a, 2010a,b). In the first
studyMann et al. (2007a), 11 intermediate batters faced a bowling
machine under 5 conditions of refractive blur (PLANO,+1.00D,
+2.00D, +3.00D, and normal correction lenses to control the
effect of wearing lenses), with 4 different ball end locations. The
authors confirmed that the performance of the cricket batting
task did not require normal levels of visual acuity. In fact, there
was even a tendency for better performance in +1.00D and
+2.00D conditions compared to the PLANO condition. The only
decrement in performance was found in +3.00D blur condition,
which is recognized as the point of legal blindness.

In the second study, Mann et al. (2010a) compared the
performance of 10 skilled male cricket batters when receiving
balls delivered by a real bowler vs. a projection machine.
Participants faced 196 trials, comprised of the 2 ball projection
conditions, 4 blur conditions (PLANO, +1.00D, +2.00D,
+3.00D, see Figure 2) and 3 different paced ball deliveries
(medium-pace only for the machine, slow and fast-pace for
the bowler). They found no differences in batting performance
between the projection machine and real bowler, irrespective
of the blur condition. Again, a significant decrease in batting
performance was only found in the +3.00D blur condition. The
authors suggested that the resilience of interception to refractive
blur could be explained by the batting task being regulated
by visual information processed in the dorsal stream, which is
sensitive to motion and thus less affected by reduction in visual
acuity. Moreover, they concluded that visual acuity is not a
primary limiting factor in cricket batting and thus called into
question whether there is benefit to improve visual acuity above
an average level.

At this point, Mann and colleagues considered whether the
effect of blur depended on the type of response required by
the participant. To this end, Mann et al. (2010b), examined the
influence of refractive blur in conditions where participants (10
skilled male cricket batters) responded to real ball deliveries by
verbal response only (uncoupled) or verbal response plus batting
movement (coupled). Two ball speed conditions were included
(fast and slow), as well as 4 levels of blur (PLANO, +1.00D,
+2.00D, +3.00D). In the uncoupled condition, performance

(response accuracy) improved slightly from normal vision to
the lowest level of blur, consistent with previous observations
(Jackson et al., 2009; Ryu et al., 2018; van Biemen et al., 2018)
and remained quite constant as the level of blur was increased.
In the coupled condition, performance did not change from
normal vision to the lowest level of blur and was better than
the uncoupled condition. However, performance did deteriorate
at the greater level of blur such that it was no better than
performance in the uncoupled condition with the +2.00D
blur manipulation, and somewhat worse than the uncoupled
condition with the+3.00D blur manipulation.

Overall, then, the findings again indicate that anticipation
performance can be improved (uncoupled condition) or
maintained (coupled condition) in conditions of blur, and further
that coupled anticipation is better than uncoupled anticipation
(Farrow andAbernethy, 2003;Milner andGoodale, 2008; Van der
Kamp et al., 2008). The authors suggested that the improvement
in performance of the uncoupled task (fast-pace bowler) in
some conditions of refractive blur could be explained by a shift
in contribution from ventral to dorsal stream processing. A
greater reliance on dorsal stream processing could also explain
the maintenance of performance in the coupled condition. This
interpretation is consistent with the notion that perceptual and
perceptual-motor tasks are not dependent on a single processing
stream and that the contribution from ventral and dorsal stream
processing depends on the task demands and nature of the
visual stimuli. For example, although in Mann et al. (2010b)
there was no need to regulate a complex motor response
when giving a verbal response, performance was influenced
by the ability to anticipate motion of a fast moving visual
object. Accordingly, while blurring the visual stimuli could
impact negatively upon perceptual or perceptual-motor tasks that
depend on normal levels of visual acuity to identify features
and characteristics, this may not be the case if low spatial, high
temporal frequency information such as object motion played a
major role.

5. PERIPHERAL AND CENTRAL BLUR

Many dynamic sporting tasks involve motion between oneself
and surrounding objects, and thus require attention to be
distributed successively and/or concurrently to different
locations. Defined relative to gaze location, overt attention is
involved in the processing of color and high acuity stimulus
details in central vision, whereas covert attention is more
involved in processing object location and motion in peripheral
vision. Covert attention to information available in peripheral
vision is suggested to play a major role in perceptual-cognitive
expertise in dynamic sport settings (Hausegger et al., 2019;
Vater et al., 2020). For example, novices tend to overtly attend
to and process information in central vision, which means
they often fail to perceive a large amount of information
in the periphery. Experts, on the other hand, are better
attuned to the relevant information, which they perceive
simultaneously (overt and covert attention) in both central and
peripheral vision.
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As the perception of an object or limb as it moves through
peripheral vision is based on processing of low spatial, high
temporal frequency visual inputs, there should be minimal
impact of applying a refractive blur to the entire visual field
(Mann et al., 2007a, 2010a,b). In addition, it follows that
blurring the entire visual field has limited ability to identify
the contribution of specific sources and types of information
that experts use to regulate perceptual-motor tasks in dynamic
sport settings. This can potentially be overcome using a gaze-
contingent blur manipulation (Ryu et al., 2013, 2015, 2016).
The general idea is that because eye gaze does not necessarily
coincide with covert attention, simply reporting spatial-temporal
patterns eye gaze (i.e., visual search behavior) does not actually
indicate what information is being extracted. Indeed, without
additional manipulation, it can only be assumed that relevant
information is picked-up in peripheral vision. With a gaze-
contingent manipulation on a video display, the content of the
video is adapted relative to gaze location, with an image artifact
applied to a specific area of the display. For example, this method
allows the experimenter to alter (e.g., occlude or blur) central
vision whilst preserving normal peripheral vision, and vice versa.

To this end, Ryu et al. (2013) used an interesting approach to
examine the role of central and peripheral visions, based on the
gaze behavior, in a basketball decision-making task. Specifically,
they used a gaze contingency display-change paradigm composed
of 2 display conditions: a moving window or moving mask. In
the moving window condition, only a circle of 5◦ surrounding
the fixation point (i.e., gaze location) was visible, whereas in the
moving mask condition, only information outside of a 5◦ circle
surrounding the fixation point was available. In effect, the two
conditions provided access to information in central vision (i.e.,
moving window) or peripheral vision (i.e., moving mask). The
authors compared expert and novice participants in a full vision
condition and the two gaze-contingent conditions. Video clips
were presented showing sequences of a 5x5 basketball situation,
where the participants viewed from a third person perspective
and had to decide (i.e., button press response) the best action
given the sequence presented (i.e., pass or drive to the basket).
Overall, it was found that experts exhibited better decision-
making performance in all conditions, thereby indicating a better
capacity to use both central and peripheral visions. However,
when discussing the limitations of their study, the authors
pointed out that applying an opaque mask on the manipulated
area could have changed a participant’s gaze behavior. That is, by
completely removing the visual information from some locations,
participants may have shifted their gaze to another location in
order to find sufficient information to make a correct decision.

To overcome the limitations of using an opaque mask, Ryu
et al. (2015) revised their earlier 2013 protocol by applying
a different level of blur to the gaze-contingent location. In
total, there were 19 different viewing conditions (see Figure 3)
comprised of 5 levels of blur (no blur, low, moderate, high blur,
and opaque mask) and 5 configurations of visual alteration (see
Figure 3, (i). Moving window—clear/blur. (ii). Moving mask—
blur/clear. (iii). Moving window—blur/opaque. (iv). Moving
mask—opaque blur. (v). Central + peripheral blur, complete
blur). The moving window condition will be referred as

peripheral blur and the moving mask as central blur. Only one
aspect of vision was altered in conditions a to i (peripheral blur
or central blur). In condition j to o, two aspects of vision were
altered by combining the gaze-contingent blurmanipulation with
an opaque mask (e.g., condition j – low level central blur and
opaque peripheral vision). In condition p to r, the combination of
central and peripheral blur resulted in a uniform blur across the
entire visual field. In experiment 4 of the paper, the video clips
were occluded at a critical moment (i.e., when the ball carrier
had to make a decision to which teammate to pass the ball).
The participants (18 skilled and 18 less skilled male basketball
players) were required to click on a vacant court (response slide)
to indicate the position of the most appropriate teammate to
receive the ball. Performance was measured in terms of response
accuracy and response time.

Overall, in both the peripheral blur (clear central vision,
blurred peripheral vision) and the central blur condition (blurred
central vision, clear peripheral vision), performance of the
experts was better than the novices for all levels of blur. When
only one aspect of visionwas altered, the experts performed above
level of chance in all conditions. Noticeably, when information
from a part of the visual field was unavailable (opaque central
or opaque peripheral vision), experts were still able to perform
above the level of chance. The authors suggested that experts
were able to adapt and use information based on what was
available. Findings for the novices indicated that they were
unable to perform above the level of chance when central
vision was blurred. However, it was interesting to note that
novices did improve their response accuracy with moderate
and high blur applied in peripheral vision (NB. there was no
improvement for the experts in these conditions). This positive
effect is in accordance with the previous results observed on
novices (Jackson et al., 2009; Mann et al., 2010b; Ryu et al.,
2018), although one should probably exert some caution when
interpreting the facilitatory effect of blur because this was not
evident when blur was applied to the whole field (c.f. Jackson
et al., 2009; Mann et al., 2010b; Ryu et al., 2018).

In terms of the conditions where a part of vision was occluded
by an opaque mask and the other part was blurred (see panel
j. to o.), it was found that performance accuracy of experts was
better than novices when a central blur (low and moderate blur)
was applied (i.e., peripheral vision opaque). However, experts
still performed better when there was no alteration of central
vision. Performance of the novices was below the level of chance
with blurred central vision and no peripheral vision. Moreover,
when the opaquemaskwas applied to central vision, performance
of experts was above the level of chance (contrary to novices),
although it did decrease with the introduction of a peripheral
blur. For both expert and novice participants, there was an
increase in response time in the presence of blur (central or
peripheral). Analysis of gaze behavior revealed somewhat mixed
findings. Overall, fixation duration was affected to the same
extent by central or peripheral blur when remaining visual field
was occluded by an opaque mask, although there were some
subtle differences for some levels of central blur. For example,
fixation duration increased for the low and moderate central blur
but decreased for the high level of central blur, all of which were
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FIGURE 3 | Screenshots of the 19 different viewing condition studied by Ryu et al. (2015): (a) full-clear, (b–e) moving window (clear/blur) conditions (low, moderate,

high, and opaque, respectively), (f–i) moving mask (blur/clear) conditions (low, moderate, high, and opaque, respectively), (j–l) moving window (blur/opaque)

conditions (low, moderate, and high, respectively), (m–o) moving mask (opaque/blur) conditions (low, moderate, and high, respectively); (p–s) central + peripheral

blurred conditions (low, moderate, high, and opaque, respectively). The information in brackets (e.g., clear/blur) refers to the respective quality of the visual information

in the central and peripheral sectors of the visual field. Reprinted from “The contributions of central and peripheral vision to expertise in basketball: how blur helps to

provide a clearer picture” by Ryu et al. (2015). Copyright © 2015 by American Psychological Association. Reproduced with permission from Ryu et al. (2015).

still longer than the no-blur level. As for saccadic amplitude, both
expert and novice participants exhibited an increase when there
was a high blur applied to central vision and an opaque mask in
the periphery. Finally, saccadic amplitude of novice participants
decreased with the levels of blur.

6. FROM PERFORMANCE TO LEARNING

As described above, while intermediate and expert level
participants are relatively impervious to the presence of blur, it
seems that there is a facilitatory effect on performance of novices
when blurring the entire visual field (Mann et al., 2007a) or
only the periphery (Ryu et al., 2013, 2015). The next important
question to be considered was whether these performance effects
could enhance learning and ultimately be retained. To this
end, Ryu et al. (2016) conducted a training study using the

gaze contingent blur manipulation. Based on the materials and
apparatus reported in Ryu et al. (2013, 2015), the previous study
design was extended to include a pre-test (Day 1), intervention
(Day 2–4), post-test (Day 5), and retention test (two weeks after
the post-test). Fifty novice basketball players (recreational level)
completed the pre, post, and retention tests in three different
conditions (see Figure 4): full vision, peripheral blur, and central
blur. The response was recorded by clicking on a vacant court
slide to indicate the position of the most appropriate teammate to
receive the ball. For the intervention, the population was divided
into 4 groups that received different types of training: full vision,
peripheral blur, central blur, and control group. Video clips
taken from NBA gameplay were viewed in the respective training
condition (occlusion at a key passing time), and participants had
to decide as quickly and accurately as possible the most suitable
action. Feedback on their response accuracy was provided after
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every trial. The exception was the control group, who watched an
NBA dunk contest video, which did not involve any action play
or decision-making.

The authors reported that in the retention test after training,
the peripheral blur group (clear central vision, blurred peripheral
vision) exhibited a slightly better improvement of performance
(in terms of response accuracy) than the other 3 groups.
They were also the only group to improve from pre-test to
post-test, and then from post-test to the retention test in all
viewing conditions. Conversely, performance of central blur
group (blurred central vision, clear peripheral vision) decreased
significantly from post-test to retention test, and almost back to
the baseline, pre-test level. These results were observed across
all the three viewing test conditions, that is, independently of
the training modalities they received. Thus, training with the
peripheral blur manipulation also led to an improvement in
the full vision and central blur testing condition. Regarding eye
behavior, the specific training regimen did not influence fixation
duration. However, taking part in the training intervention
per see (i.e, irrespective of training group), led to an overall
increase of fixation duration. The authors suggested that the
enhanced learning (i.e., best retention) following training in
the peripheral blur condition was in part a result of the
peripheral blur enhancing participants’ use of information
available in central vision. It was reasoned this occurred because
the peripheral blur guided overt attention to information in
central vision and away from potential distracting information
in peripheral vision, thereby attenuating the overall attentional
demands. Then, when transferring to the full vision condition, it
was suggested that participants who had trained with a moving
window were able to combine their newly learned enhanced use
of central visual information with the unrestricted peripheral
visual information now available, and thereby further improve
decision-making performance.

More recently, Ryu et al. (2020) applied the gaze contingency
manipulation to the detection of hazards in newly licensed
drivers compared to experienced drivers. To better determine
the mechanism involved in training using blur, the authors also
measured cortical activity using EEG (i.e., alpha wave power).
The logic is that an increase in alpha wave power reflects
an increase in inhibitory control, whereas a decrease in alpha
wave power suggests a neural activation. In this way, the high
alpha wave power gives a view of basic cognitive processes,
and in particular attention suppression and attention selection
(Klimesch, 2012). Thus, in the situation of driving with blur,
a decrease in alpha power would reflect a greater attention
dedicated to visual processing (Klimesch, 2012; Ryu et al., 2020).
In the first study of the experiment, performance of newly
licensed drivers was compared to experienced drivers under full
vision, central blur and peripheral blur conditions. Video clips
were presented to participants that showed a non-adaptive first-
person viewpoint. One or two hazards appeared in the visual field
and participants had to identify them as quickly as possible by
clicking on the video with a computer mouse. Overall, hazard
discrimination and detection time were impaired in the central
blur condition, while no differences were found between the
other two conditions. The peripheral blur condition produced

longer fixation duration and smaller saccadic amplitudes than
the full vision and central blur conditions. Regarding the
EEG findings, alpha wave power decreased in the peripheral
blur condition and full viewing condition (e.g., more cortical
activation). There was even some evidence that the peripheral
blur condition offered the most benefit over some parameters
like hazard processing time, with longer fixation on hazard and
no difference in response time. According to the authors, the
peripheral blur condition favored an efficient fixation leading
to faster information processing, reflective of a visual search
strategy that was more focused on central vision. This statement
was supported by evidence of an increase of neural activation
in cortical areas involved in perceptual-motor decision making
information processing and motor response programming.

In the second study of the experiment, the authors conducted
a training intervention on unlicensed trainee drivers. Based on
the findings of the first study, the central blur condition was
not included, so the design involved a comparison between
a peripheral blur group (i.e., clear central vision and blurred
peripheral vision) and a normal vision group. The study
comprised a pre-test (Day 1), the training intervention (Day 2–5),
post-test (Day 6), and a retention test one month after the post-
test. The results indicated better performance of the peripheral
blur group compared to the normal vision group, with the former
exhibiting increased performance on hazard discrimination from
pre-test to post-test, and post-test to retention test. Performance
of the normal vision group remained similar across all tests.
However, no change was found on hazard detection time,
leading the authors to suggest that training influenced only
spatial perception. In addition, it was found that neural activity
(indicated by a decrease of the high alpha power) of the
peripheral blur group was more important in retention test
compared to the other group, leading to the suggestion that
attention was more focused on relevant visual processing. For
the normal vision group, neural activity decreased (indicated by
an increase of the high alpha power) from post-test to retention
test in parietal cortex, which is consistent with less integration of
visual information.

Although encouraging, it should be remarked that a driving
task involving hazard perception while passively observing a
video display is quite different from real world driving, as well
as a dynamic sport situation in which the relationship between
the participant and surrounds is actively (not passively) modified
by movement of the participant (e.g., whole-body or individual
limb) and/or object of interest (e.g., opponent). It is perhaps not
surprising, then, that occluding central vision during the driving
task significantly impaired performance of both inexperienced
and experienced drivers, whereas in the sport tasks studied to
date experts are less impaired because they use both central and
peripheral vision (Ryu et al., 2016; Hausegger et al., 2019; Vater
et al., 2020). Still, despite these differences, the use of a peripheral
blur for training the perception is encouraging. The described
changes in neural activity also support this idea and give a better
understanding of the effect of the blur manipulation. That is, an
increase of cortical activity is associated with processing cues in
central vision that are more closely aligned with the line-of-gaze
(Ryu et al., 2020).
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FIGURE 4 | Illustration of Ryu et al. (2016)’s experiment: static screenshot of the (a) full-vision, (b) moving-window, and (c) moving-mask viewing scenarios. (CC-BY).

7. CRITICAL REFLECTION

The primary aim of this article was to review the current research
on how the artificial manipulation of blur influences perceptual-
cognitive and perceptual-motor behavior in sport, and to what
extent the application of blur during training can facilitate
learning and transfer. We presented a narrative review, which
although sometimes considered to be of lower status than a
systematic review as it can contain bias (e.g., subjective selection
of articles), was useful in this instance because it allowed us
to bring together, summarize and critique articles from a new
and hence small literature base. These articles included diverse
methods of blurring (i.e., dioptric and gaussian blur applied to
different tasks), different populations and varied experimental
manipulations/questions. The narrative review allowed us to
describe these differences in detail and to consider them in the
wider context of how blur may be studied in future research
using VR technology. As described in the previous sections,
our review indicated that there are still unanswered questions
regarding the underlying processing mechanisms that facilitate
learning and transfer having been exposed to either a dioptric
or gaussian blur while practicing a dynamic interceptive action.
That aside, we agree with the authors that more work is required
to better understand the effects of more prolonged training with
a peripheral blur and if there is positive transfer from off-court
training to on-court decision making performance. As we discuss
below, and recognized by some of the authors of the studies
described above, there are limitations of using pre-recorded 2D
video clips with a non-adaptive 3rd person viewpoint. Similarly,
although positive performance and learning effects of peripheral
blur have been reported across a range of experimental tasks,
some requiring no or a very limited motor response (i.e., button
press), there are methodological issues that prevent the use of
peripheral blur when training in more a natural sporting context.
Part of the reason for the lack of work in such settings likely
relates to the potential for injury that could occur if perception of
an approaching object or person were disrupted. However, even
if this were minimized (see Mann et al., 2010b), such training
also does not lend itself to using a peripheral blur, which to date
seems to be most effective in facilitating learning and transfer

effects of novice participants (Ryu et al., 2016, 2020). Related
to this point, it is notable that the positive effects of a gaze-
contingent blur have yet to be shown in expert populations.
So far, it has only been shown that experts are resilient to the
introduction of blur to the entire visual field (Mann et al., 2010a;
Ryu et al., 2015), and that a short period of training (i.e., 70 video
clips) with such a manipulation can facilitate decision making
accuracy in expert referees (van Biemen et al., 2018). However,
there are many facets of expert performance, and it could be that
some experts would benefit from training with blurred vision.
For example, anecdotal reports from boxers and coaches suggest
that during a fight, vision deteriorates with fatigue and repetitive
blows to the head. Thus, it could be the case that boxers might
benefit from safely practicing in a blurred vision condition if this
encourages enhanced pick-up of information and/or provides
an opportunity to familiarize to this specific situation. At the
very least, the introduction of blur could be a new challenging
situation that experts find stimulating, bringing a diversity to
their training.

To overcome some of the limitations highlighted above, we
are currently designing a methodology that uses virtual reality
(VR) for training with a moving window in a more natural
setting. According to Harris et al. (2019), “virtual reality is a
collection of technologies that allow the user to interact with
a simulation of some environment, in real-time, using their
own senses and motor skills.” The strength of VR is that the
constructed environment can be representative of the sporting
context, but importantly for the purpose of research, it can
be completely reproducible, controlled, and easily manipulated
(Bideau et al., 2010; Williams et al., 2011; Miles et al., 2012; Craig,
2013; Stone et al., 2018; Harris et al., 2019; Renshaw et al., 2019;
Faure et al., 2020). Unlike pre-recorded 2D video displays with
a gaze-contingent blur (viewed from a 3rd person perspective),
VR with integrated eye movement tracking (e.g., HTC Vive Eye
Pro) ensures sufficient fidelity of binocular depth information
in dynamic settings through viewpoint adaptation, while at the
same time permitting a realistic, coupled motor response. This
preservation of the normal perception-action loop means VR is
not limited by the “standard one-size-fits all practice schedule”
(Farrow, 2013; Stone et al., 2018; Renshaw et al., 2019). Instead,
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VR allows each individual to develop a particular interaction with
the world and to experience it according to their skills, knowledge
and morphology (Gibson, 1979; Fajen and Warren, 2007). In
this way, VR offers the potential for individualized and targeted
training that is respectful and adaptive to the level of the learner
and the specific sporting context.

Using VR technology, we are studying the use of a gaze-
contingent blur manipulation in boxing where the participant
interacts with an opponent in a simulated fight setting. The
technology developed allows the application of experimenter-
determined Gaussian blur, and, will thus help us to identify
the level of peripheral blur that facilitates learning and transfer
when training with a peripheral blur. It can also help determine
if the blur should be applied to the entire peripheral field
(Ryu et al., 2016) or more specifically to areas of interest
in the periphery that contains the relevant information. This
could be relevant in combat sports such as boxing, where
it is well-known that participants fixate gaze around the
chest/head of the opponent and use peripheral vision to pick-
up information from the hands and/or feet (Hausegger et al.,
2019; Martínez de Quel and Bennett, 2019; Vater et al., 2020).
Moreover, once the VR environment has been developed,
it is relatively straightforward to manipulate parameters that
impact upon task difficulty. This means that training can be
adapted to the current and changing level of participants’
performance, thereby providing a stimulating and challenging
context throughout learning. This is a major advantage compared
to pre-recorded 2D videos, where the stimuli cannot be
individually manipulated or matched to a participant’s skill level.
Indeed, by continually challenging the participant, it should
be possible to maintain motivation and facilitate the rate of
learning (Michalski et al., 2019).

Integrating the blur manipulation within a VR environment
could be promising and open new possibilities; however, some
methodological and practical questions need to be considered. To
reduce so-called cybersickness, and also enable depth perception
similar to that experienced in the real world, it has been suggested
that VR systems should ideally incorporate both depth of field
(DoF) and foveated rendering techniques that introduce blur into
the visual stimuli (Hussain et al., 2021). The former approach
involves applying blur to visual stimuli that are located at
different physical depths than the focal point. The applied blur
is not uniform but follows a gradient such that it is stronger
at more or less distant depths. The latter approach involves the
application of blur in accord with the physiological properties
of the retina (i.e., fovea, near periphery, mid-periphery); NB.
Current HMDs do not typically enable presentation of objects in
the far periphery. An object at the focal point that coincides with
foveal vision is perceived with high acuity, whereas visual stimuli
are increasingly blurred as they are located at more eccentric
locations in the visual field.

Importantly, with dynamic, interactive VR stimuli, both
DoF and foveated rendering require tracking of gaze location
in order to optimally achieve the intended blur effect. The
advent of eye tracking apparatus embedded within the HMD
(e.g., Vive Pro Eye), has made this option more available.
However, it does come at a cost in terms of purchasing the
HMD and programming the VR stimuli. This could initially be
problematic for practitioners and coaches but as the technology
develops and interest grows, we envisage that low-cost, user-
friendly solutions will be available. As for researchers, when
applying a peripheral blur as suggested by the works of (Ryu
et al., 2016, 2020), it will also be necessary to consider the
potential interaction with DoF and foveated rendering. For
example, the application of a high level of peripheral blur to
a 3D VR stimuli could impact upon depth perception more
than when applied to a 2D video image viewed from a third-
person perspective.

8. CONCLUSION

In this review, we have considered how blurring all or parts of the
visual information available to participants impacts upon their
performance and learning of sporting tasks. Given the claims that
elite athletes have better vision than novices and/or the general
population, and that various aspects of vision can be improved
through training, it may be surprising to find that athletes of
varying skill level can maintain performance on a range of
sporting tasks under relatively high levels of blur. Moreover, it
is interesting to see that novice participants can even benefit
from practicing with blurred vision, particularly when the blur is
selectively applied to the peripheral visual field. That said, there
are a number of methodological issues with current approaches
to applying blur in a dynamic sporting context, as well as a lack
of research on learning effects of training with blur learning in
elite athletes. We suggest that the immersive and adaptive 1st-
person perspective of virtual reality can overcome many of these
limitations and thereby offers an opportunity for sports scientists
to improve understanding of the benefits of training with blurred
stmuli in sporting contexts.
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Translating and validating measurement instruments in sport and exercise psychology
is not an easy task. Rather, it is a task that requires effort and time, for the process
is not limited to a simple translation to translate words from one language to another,
just in order to make valid and reliable measure. All researchers should be aware that
the only proper way is to adopt rigorous and robust methodologies to conduct the
process from the preliminary stage of translation to reaching the validation stage of the
psychological variable. Only so is it possible to avoid creating fragile and inadequate
psychological assessment instruments that can jeopardize the entire investigation to be
held with its use. Thus, the main objective of this work is to promote reflection and
discussion on the subject by presenting some considerations and recommendations
about translation and validation of questionnaires for psychological assessment applied
to sport and exercise domain.

Keywords: psychological assessment, sport, exercise, physical activity, physical education, questionnaire
validation, factor analysis

INTRODUCTION

Psychological assessment can be defined as a scientific and professional activity that consists
of collecting, integrating and analyzing data about a specific individual (Anastasi and Urbina,
1997). However, one of the main problems we face is the lack of instruments properly adapted
or validated to a specific population, in the most varied application contexts (Gonçalves et al.,
2006). In the authors’ opinion, this issue originates, in most cases, abusive uses of measuring
instruments in psychology (e.g., use of criteria validated in other countries or lack of support of
a conceptual nature).

In the context of sport and exercise, the paradigm is not very different. According to the
directory of psychological tests for sport and exercise (see: Ostrow, 1996), the number of tests
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applied to sport and exercise was very small by the end of the
twentieth century. There have been about 300 tests that were used
in this context, although only about a half of them were developed
or validated specifically for sport. Despite the proliferation of
their use since the 1st World Congress of Sport Psychology (held
in Rome in 1965), the number is still very limited (Ostrow, 2001).
However, with the turn of the century, especially in the last
decade, the situation has changed significantly.

In the specific case of Portugal, where psychological
assessment instruments developed specifically for sport and
exercise are not abundant, researchers have two options for
action (Fonseca and Brito, 2005): (1) to develop new instruments;
and (2) make adaptations of the instruments that already exist
in other languages to the Portuguese language. In the authors’
opinion, the second option is the most favorable, since the results
between cultures can be compared, the excessive creation of
instruments measuring the same constructs is avoided, and as a
result, the measurements become more robust.

Assuming in the first place that a psychological test (e.g.,
questionnaires) is an objective and standardized measure of a
sample of behavior, developed and used to determine and analyze
personal differences or the reactions of the same person on
different occasions (Anastasi and Urbina, 1997), it can be easily
inferred that the expression “objective and standardized measure”
refers to the psychometric qualities and to the uniformity of the
measure in terms of its application, correction and interpretation.

As a matter of fact, a good psychological test should meet
three main criteria (Allworth and Passmore, 2008): (a) it should
represent an accurate measure of the psychological attribute
(i.e., have both validity and reliability); (b) it should help
differentiate individuals regarding the psychological attribute in
question (sensitivity); and (c) it should be a good indicator
of future behavior (predictive value). Also, it should be noted
that it is through the items of a questionnaire (observable
variables) that inferences about behavior are made and latent
psychological attributes are measured (non-observable variables),
therefore, it is essential that the instruments are objective,
accurate and assess exactly what is necessary to be measured
(Fachel and Camey, 2003).

In short, a well-developed (or translated), valid and reliable
psychological test is one that undergoes a rigorous process during
its development (Allworth and Passmore, 2008). However, this
is not what happens in most cases carried out in the field of
sport and exercise psychology. The issue of instrument validation
in this context is still largely neglected and many instruments
are subject to questionable adaptation processes, which either
compromise the evaluation results. For this reason, malpractice
should not happen, and the procedures should be more rigorous
and robust, so that there are no doubts about the psychometric
quality of the translated versions (Fonseca and Brito, 2005).
In this sense, the methodological approach should be strong,
allowing for a clear interpretation that can be drawn from the
results and for the identification of the strengths and weaknesses.
Thus, the main aim of this work is to promote reflection on
the topic, presenting some considerations and recommendations
for the translation and validation of psychological assessment
questionnaires applied in the context of sport and exercise.

TRANSLATING OF A QUESTIONNAIRE

Translating assessment psychological instruments, in order for
them to be used in other cultures involves more than simply
translating a text into another language (Vijver and Hambleton,
1996). For the translation of any questionnaire from its original
language (e.g., English) to Portuguese, rigorous methodological
procedures must be adopted, which establish the relevance of
the instrument taking into account aspects related to factors and
concepts specific to a given culture (emic concepts), as well as
aspects related to factors and concepts that are universal to all
cultures (etic concepts) (Duda and Hayashi, 1998; Banville et al.,
2000; Geisinger and McCormick, 2012).

Aiming at filling the gap in the literature, Vallerand
(1989) developed a specific methodology for the cross-cultural
adaptation of psychological questionnaires, systematized in 7
steps: (1) Preparation of a preliminary version, using the
translation/back translation technique (see: Brislin, 1970). The
author suggests the use of two translators and two backward
translators; (2) Evaluation of the preliminary version and
preparation of an experimental version to verify that the
retroverted version accurately reflects the original version. The
author suggests an evaluation panel of 3 to 5 people (which
should include the two translators and researchers); (3) Pre-
test of the experimental version, applied in a sample of the
target population. The number of people is not important
as no statistical technique will be applied; (4) Evaluation of
concurrent and content validity (the latter by the previously
mentioned evaluation panel). The author suggests 20 to 30
bilingual individuals from the target population, since if there
is no concurrent instrument already validated, both versions of
the questionnaire (original and translated) should be applied
simultaneously; (5) Assessment of factor reliability through
the analysis of temporal stability (test-retest) with an interval
of 4 weeks, and through the analysis of internal consistency
(Cronbach’s alpha). The author does not refer to the number
of individuals to be involved in this phase, but indicates values
for the correlations (r > 0.60) and alphas (α > 0.70) for good
reliability; (6) Construct validity assessment to verify whether
in the new culture the translated instrument does measure
the theoretical construct it should supposedly measure. The
author only suggests that the structure of the questionnaire
be verified through factor analysis; and (7) Establishment of
rules for application, correction and interpretation of results, so
that the subject can be compared with an appropriate reference
group. The author suggests for a larger number of subjects and
the presentation of simple statistical results (mean, standard
deviation and percentiles).

According to Banville et al. (2000), the methodology proposed
by Vallerand (1989) represents an effort that should be made
to take into account the cultural peculiarities in which the
instrument will be used. However, despite being the most used,
this methodology is not the only one, since, according to the
authors, in several works the translation/backward translation
technique is not used. In fact, some disadvantages of this
technique can be pointed out, namely: (a) it is not at all
acceptable to hand this task over to simple translators, since at
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the translation stage it is essential to have a strong knowledge
of the psychological attributes and application context; b) the
retroverted version rarely replicates the questionnaire items
exactly as they were in their original form, so addition
time should be usually allocated to detect and confront
these differences.

Perhaps, these were the reasons that led Fonseca and Brito
(2005) to suggest the constitution of bilingual juries (panels of
experts in different areas of knowledge) to evaluate the initially
translated version, thus replacing the translation/backward
translation technique. This method, called the committee
approach (see: Brislin, 1980), consists of the assessment of
the instrument by a group of bilingual people who have in-
depth knowledge of the theoretical constructs measured by
the questionnaire, understand the specifics of the context of
application and who are familiar with the basic principles of
psychological assessment (Geisinger and McCormick, 2012). In
the opinion of Fonseca and Brito (2005), this method is not
only not new, but it had also been recommended by several
authors, since it can represent an improvement in the quality
of the assessment of the semantic aspects of the instruments.
Furthermore, according to Geisinger and McCormick (2012),
this method has the advantage of allowing committee members
to more easily detect possible errors inherent to the translation
process, through cooperation within each one’s specialization.

However, regardless of the method used, it is vital to establish
the meaning (semantic value) of the items in the original
questionnaire, so that they are kept in the translated version.
Thus, the following recommendations should be taken into
account (see: Vijver and Hambleton, 1996): (1) literal translations
are not essential and should be avoided; (2) priority should
be given to the semantic aspect of the items in detriment
to the literal translation; (3) it is extremely important, useful
and necessary to know and understand the concepts/theoretical
models underlying the assessment instruments; and (4) it is
essential to take into account the application context and the
target population.

In sum, in line with the aforementioned recommendations,
our methodological suggestion for the translation of
questionnaires in the field of sport and exercise psychology
encompasses the following steps:

(1) Authorization: asking the author of the original version
for their authorization to carry out the translation is a
recommended ethical rule, and has some advantages: (a)
knowing if any other translation has already been carried
out; (b) obtaining the author’s collaboration in carrying
out the study; (c) receiving additional information about
the questionnaire; and (d) the author learns that his
questionnaire will be available in another language;

(2) Preliminary Translation: this step must be carried out
by researchers with the help of translators with in-depth
knowledge of the original language and their mother
tongue (e.g., higher education and specific knowledge
of translation techniques). It is advisable to use help
of 3 translators (two at least). This first version of the

translation is the responsibility of the researchers, after
receiving and analyzing the translators’ suggestions;

(3) First Evaluation: the analysis/evaluation of the initial
version should be carried out by an evaluation committee
(committee approach), composed of 4 or 5 experts
from different areas of knowledge (e.g., one with a
Degree in Languages; one Psychologist, one or two Sport
Psychologists, one with a Degree in Sport Science). The
members of the evaluation committee should individually
present comments and/or suggestions for change. The
second version of the translation is the responsibility
of the researchers, after collecting and analyzing the
suggestions of the members of the evaluation committee;

(4) Second Evaluation: the second version of the translation
is resubmitted for analysis/evaluation by another
independent evaluation committee of the first one,
equally composed of four or five specialists (e.g., one
Psychologist, two or three Sport Psychologists, one
Graduated in Sport Sciences). At this stage, the members
of the committee present their comments and/or
suggestions for changes. The researchers, after collecting
the opinions of the members of the committee, will
organize and moderate a group meeting, in which the
discrepancies of opinions existing among the members of
the committee on each of the items of the questionnaire
should be analyzed and discussed. This phase only ends
when there is agreement between the experts, and the
opinion of all members of the jury has been unanimous
in regards to the final content. This results in the third
version of the translation;

(5) Pilot Study: elaboration of the first layout of the
questionnaire (including instructions) and its application
to 50 subjects from the target population (number
suggested by: Hill and Hill, 2005), for analysis and
determination of difficulties in understanding and
interpretation. Participants should be invited and
encouraged to indicate directly in the questionnaire the
words or expressions they do not understand, as well
as to make comments and/or suggestions for changes
(including the layout and instructions). The researchers
should review all comments and make appropriate
changes (if applicable). This step results in the fourth
version of the translation;

(6) Final Review: revision of the language – syntax aspects:
spelling, grammar, punctuation and phrasing (e.g., carried
out by two graduates in the language of the questionnaire).
This results in the final version to be validated.

ASSESSMENT OF THE RELIABILITY AND
VALIDITY OF A QUESTIONNAIRE

Psychological tests should respect psychometric criteria typical
of most of these measures, which relate to two major types
of metric properties: reliability and validity. Therefore, when
talking about reliability, it is necessary to take two main aspects
into account: the stability and consistency of the results of the
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observable variables (Hill and Hill, 2005). According to these
authors, no psychological measure is perfect, so there is always an
inevitable error margin associated: reliability = 1 – measurement
error variance/variance of observed values. This formula derives
from the classical error theory, which suggests that the result of
any measurement instrument is determined by the true value of
the psychological attribute (latent variable), plus the associated
measurement error. However, reliability also refers to the degree
of stability by which the result of a subject, when answering
the questionnaire, remains relatively consistent after repeated
application of the same. The perfect instrument is the one that
always produces the same result for the same subject (Schutz
and Park, 2004), although this is very unlikely to happen in
psychology due to the errors associated with the measurement.
In any case, standardization of the instrument always results in a
reduction of this error, and for this reason, it is always necessary
to analyze two types of reliability in any instrument (Nideffer
and Sagal, 2001; Hill and Hill, 2005; Buckworth et al., 2013):
evaluation of temporal reliability (measurement stability) and
internal reliability assessment (internal consistency).

In the case of temporal reliability, the assessment must be
carried out through a test-retest analysis of the results of the items
and factors of the questionnaire (Pearson correlation coefficient –
Pearson’s r), based on its application to the same subject at
two different times (always in conditions of similar application).
This type of analysis allows us to assume that the questions
raised are clear and refer to relatively stable aspects over time
(Vallerand, 1989; Nideffer and Sagal, 2001; Fachel and Camey,
2003; Schutz and Park, 2004; Hill and Hill, 2005; Banville et al.,
2000). According to Noar (2003), although in psychology it
is very unlikely to obtain very high correlations, the higher
the correlation coefficient, the greater the temporal reliability.
The values reported in literature indicate 0.70 as an acceptable
minimum (Nideffer and Sagal, 2001; Allworth and Passmore,
2008), although Vallerand (1989) indicates a value of 0.60 as
satisfactory. Regarding the number of subjects to be used, taking
into account the statistical technique involved, we suggest at least
30 (see: Hill and Hill, 2005).

Regarding the definition of the time interval between the
two applications, two problems arise (Fachel and Camey, 2003;
Moreira, 2004): (1) shorter time intervals that increase the risk
of memory interference and of the subjects still remembering
the responses given in the first application, so there may be
a tendency to respond equally; and (2) longer time intervals
increase the risk of cognitive, affective or behavioral changes
in the subjects, so there may be an effective change in the
results. Therefore, intervals shorter than 1 week or longer
than 1 month should be avoided, respectively, because they
might imply a considerable memory factor, or because they
may pose problems regarding possible changes (Moreira, 2004).
Consequently, an interval between two (Nideffer and Sagal,
2001) to four (Vallerand, 1989) weeks can be considered
the most adequate.

When analyzing internal reliability, the assessment should
be performed using Cronbach’s alpha (α), which analyzes the
extent to which the items contribute to measuring the same
factor. If the value of alpha is 1, we are faced with perfect

internal reliability. However, very high alpha values may indicate
a certain redundancy between questionnaire items (Vallerand,
1989). In any case, the researchers can adopt as reference
the following ranges of values (see: Hill and Hill, 2005):
α < 0.60 – unacceptable; α = 0.60–069 – weak; α = 0.70–0.79 –
reasonable; α = 0.80–0.89 – good; α > 0.89 – excellent. However,
in confirmatory factorial analysis, the assessment should be
performed using composite reliability since is a measure of
internal consistency reliability, which, in contrast to Cronbach’s
alpha, does not assume equally weighted indicator loadings.
Composite reliability should be above 0.60 in exploratory
research, and above 0.70 as a general guideline, but not above 0.95
(Hair et al., 2019). Raykov’s formula must be used to calculate
composite reliability (see Raykov, 1997).

On the other hand, when talking about validity, we are
not referring to its results (as it happens in reliability), but
rather to the relationship between the results and something
that underlies them: an inference or action (Moreira, 2004).
According to this author, the essence of the validity of a test
lies in the inferences that we can make through its results
(meaning) and in the consequences of its use to guide actions
(utility). Therefore, to check the validity of a questionnaire the
following question needs to be answered: does the test measure
what it is supposed to measure (Fachel and Camey, 2003)?
In our opinion, it is essential that this issue be also properly
framed in terms of the target population and the specific context
of application of the instrument (e.g., sport, exercise or other
physical activity domain).

In scientific literature some discrepancies between authors
about the names and concepts of validity can be found.
However, according to the American Psychological Association
(see: American Psychological Association [APA], 1985), validity
can be grouped into three categories: (a) content-related validity,
which is the “theoretical” examination of the test content that
determines whether its items are appropriate and relevant (i.e.,
content validity and face validity); (b) criterion-related validity,
which is the examination of the “quality” of the test as a present
or future predictor of another variable (i.e., concurrent validity
and predictive validity); and (c) construct-related validity, which
is the examination of the theoretical “concept” that underlies
the test (i.e., convergent validity, discriminant validity and
factorial validity).

These three types of conception of validity have originated
some blurring of the validity status as a whole, although there
is a tendency to blur the boundaries between the different types
of validity and to emphasize their unitary character (see Schutz
and Park, 2004). The progressive affirmation of this unitary
character has been accentuated both at the conceptual and at
the methodological level. It is important to highlight that the
progressive unification has taken place around the construct
validity (Moreira, 2004), which is the noble validity of any
measure, since it is what guarantees that the test measures the
psychological attribute in question.

According to Buckworth et al. (2013), psychometry is based
on the assumption that unobservable psychological variables can
be measured indirectly by inference. However, this inference
should be composed by a logical pattern of associations between
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the subject’s perception of their own experiences, and the
behaviors, as well as the social context in which they occur.
Therefore, psychometry should be based on a process of construct
validity, through which this pattern of associations is established.
Therefore, it is advisable for researchers to assess different types
of validity of their instruments, namely: content (to ensure that
the indicators are representative of the construct), factorial (to
determine the structure of the construct), convergent (to verify
that the indicators are related to the construct) and discriminant
(to verify that the construct is independent).

Although we will approach factorial validity in more detail
below, we would like to highlight the importance of convergent
and discriminant validity, especially when we use confirmatory
factor analysis. According Hair et al. (2019), convergent
validity measures the extent to which the indicators of a
construct converge, thereby explaining the variance of the
item, and it is assessed by evaluating the average variance
extracted (AVE) across all indicators associated with a particular
construct, considering values of ≤ 0.50. The AVE is the
average (mean) of the squared loadings of all indicators
associated with a particular construct. Discriminant validity
evaluates the extent to which a construct is distinct from
other constructs. The underlying principle of discriminant
validity is to assess how uniquely the indicators of a construct
represent that construct (the shared variance within that
construct) versus how much that construct is correlated
with all other constructs in the model (shared variance
between constructs). Using the concept of AVE mentioned
above, discriminant validity is present when AVE for each
construct exceeded the squared correlation between that
construct and any other.

EXPLORATORY FACTOR ANALYSIS
(EFA)

Exploratory factor analysis (see Figure 1) makes it possible for a
large number of variables to be reduced to factors by exploring the
correlations between the observable variables (items), allows its
grouping in dimensions (latent variables), estimating the number
of factors that are necessary to explain the variance of the items,
as well as the structural relationships that link them to each
other (Moreira, 2004). This type of analysis is widely used when
researchers a priori do not have any assumptions about the
nature of the factor structure of their data. However, it is also
quite common at a preliminary stage of instrument validation,
even when there are indications about the factors provided by a
theoretical model.

According to various authors (Hill and Hill, 2005;
Worthington and Whittaker, 2006), there must be a high
correlation between the variables for EFA to be useful in the
estimation of common factors. The measure of adequacy of the
sampling of Kaiser-Meyer-Olkin (KMO test) and the Bartlett
sphericity test (Bartlett test) are the most used ones to assess the
quality of correlations in order to proceed (or not) with the EFA.
It is recommended that the KMO test value be greater than 0.6
and the Bartlett test be associated with a significant p-value.

FIGURE 1 | Exploratory factor analysis.

The most used methods for factor extraction are: common
factor analysis (FA) and principal components analysis (PCA)
(Henson and Roberts, 2006; Kahn, 2006; Worthington and
Whittaker, 2006; Hair et al., 2019; Tabachnick and Fidell, 2019).
Theoretically speaking, the main difference lies in the fact that
PCA has as its main objective the analysis of the total variance
(common, specific and error), while the FA has as its main
objective analyzing only the common variance in a set of variables
to understand or explain the correlations between them (Hill
and Hill, 2005). In practical terms, both methods produce very
similar results. However, they should be used depending on their
characteristics (Hair et al., 2019): PCA to reduce the data to a
minimum number of factors; FA (e.g., principal axis factoring)
to identify latent constructs in a set of variables, when there is
already some defined theoretical specification.

Initial EFA results usually do not produce an easily
interpretable structure (Kahn, 2006), so factor rotation is the
most important tool (Hair et al., 2019), as it produces a clearer
and more objective factorial solution, which maximizes the
factorial weights of the items (Brown, 2015). However, a question
arises: which rotation method to use (oblique or orthogonal)?

According to several authors (Preacher and MacCallum,
2003; Henson and Roberts, 2006; Kahn, 2006; Worthington and
Whittaker, 2006; Brown, 2015; Hair et al., 2019; Tabachnick
and Fidell, 2019), the decision must be taken depending on the
expected correlation between the factors. If in theoretical terms
it is plausible that the factors are not correlated, then we should
use an orthogonal (orthogonal) rotation. But if the factors are
theoretically expected to correlate with each other, then the best
option is an oblique rotation. In the first case, the most used
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rotation is Varimax, in the second case the best option is Promax.
However, although the results are slightly different depending
on the type of rotation, these differences are usually not drastic
(Kahn, 2006).

According to Preacher and MacCallum (2003) the mechanized
use of the Varimax orthogonal rotation should be avoided,
since its use is rarely sustained, as the factors are almost never
independent. Furthermore, the Promax oblique rotation is almost
always the best choice, because the analysis starts with an
orthogonal rotation and ends with an oblique solution, i.e., if
the factors are independent, the rotation remains orthogonal,
but if they are correlated, the rotation will be oblique (Kahn,
2006). In our opinion, most researchers use orthogonal rotations
(Varimax) because they only produce a matrix of results
(rotated matrix), which facilitates the interpretation of the
solution found. On the contrary, oblique solutions produce
two result matrices: the configuration matrix (pattern matrix
which indicates the unique contribution of each item to the
factor) and the structure matrix, which in addition to indicating
the contribution of each item for the factor, also takes into
account the relationship between the factors (Hair et al.,
2019). Although it is not consensual which of the matrices
should be used, it is the configuration matrix that is most
frequently interpreted and reported in applied research (Brown,
2015). The reason for this is that the structure matrix results
tend to be overestimated due to the increased correlation
between factors.

After choosing the analysis methods to be used, another
fundamental question arises: what are the criteria for determining
factors and retaining or eliminating items? The answer is not
easy, as there are numerous guidelines and recommendations
available in literature (Preacher and MacCallum, 2003; Henson
and Roberts, 2006; Kahn, 2006; Worthington and Whittaker,
2006; Blunch, 2013; Brown, 2015; Hair et al., 2019; Tabachnick
and Fidell, 2019). Therefore, at the time of decision, we suggest
that the following combination of criteria be taken into account:

(1) Kaiser’s criterion: measure of explained variance defined
in the same metric as the items. The decision rule tells
us to retain factors with eigenvalue equal to or greater
than 1 (eigenvalue: EV ≥ 1.0). Low unit values reflect
instability in the factor. In addition, one should also
analyze the “elbow” graph (scree plot) and observe the
number of factors above the “elbow bend,” despite its
subjective nature (Kahn, 2006);

(2) Communalities: proportion of the variance of each item
that is explained by the set of extracted factors. Hair
et al. (2019) advise researchers to analyze them from
an orientation perspective, checking whether the items
reach acceptable levels or not. Values above 0.50 indicate
that a good part of the variance in the results of each
item is explained by the factorial solution. However,
the hypothesis of elimination of items should only be
considered with values below 0.40 (Worthington and
Whittaker, 2006). In any case, the value of commonalities
should only function as a guide for decision-making and
not as the main criterion;

(3) Factor loading: correlation between the item and the
factor. Normally, factor weights are considered significant
when the value is equal to or greater than 0.5 (FL ≥ 0.50).
Some authors assume that the value 0.30 is relevant
and considered as a minimum to be interpreted (Kahn,
2006; Worthington and Whittaker, 2006; Hair et al., 2019;
Tabachnick and Fidell, 2019). Factor weights above 0.70
are considered indicative of a very well-defined structure,
as the factor explains at least 50% of the item’s variance
(factorial weight squared) (Hair et al., 2019; Tabachnick
and Fidell, 2019). Alternatively, we can consider the values
as a function of sample size (Hair et al., 2019): 0.30
(n > 350); 0.35 (n > 250); 0.40 (n > 200); 0.45 (n > 150);
0.50 (n > 120); 0.55 (n > 100); 0.60 (n > 85); 0.65 (n > 70);
0.70 (n > 60); 0.75 (n > 50);

(4) Cross-loadings factorial weights. Inexistence of items with
relevant factor weights (above 0.30) in more than one
factor. If this happens and if the difference between them
is not equal to or greater than 0.15, we should consider
eliminating the item (Worthington and Whittaker, 2006);

(5) Percentage of variance explained by the factors. Although
there is no absolute rule on this issue, the aim is that
factor extraction ensures a high amount of item variance.
If this happens, it means that most of the variance of the
observed variables is explained by latent factors and not
by other aspects that are not known. The percentage of
variance explained by the retained factors must be at least
40% (Blunch, 2013). Factor solutions that explain 60% of
the data variance are considered very satisfactory (Hair
et al., 2019);

(6) Internal reliability. The factor’s internal consistency must
be equal to or greater than 0.70 (Cronbach’s alpha:
α ≥ 0.70), although this value may decrease to 0.60 in the
case of EFA (Hair et al., 2019). For guidance purposes, we
suggest using the above-mentioned values (see: Hill and
Hill, 2005). We must also analyze two additional aspects:
the value of internal consistency in case of elimination
of an item, it being necessary that the alpha value does
not increase if this happens; and item-total correlations
(correlations between the item and the total factor value),
with values above 0.50 being advisable (Hair et al., 2019);

(7) Retention of factors with at least three items. This rule
is paramount for reasons of model estimation at a
further stage of instrument validation (Blunch, 2013;
Brown, 2015; Kline, 2016). Good practices dictate a
minimum number of three items per factor (preferably
four) (Hair et al., 2019). According to these authors,
having many items per factor is not necessarily the best
option either, as it can bring about such problems as
difficulties in producing a true one-dimensionality of
the factor.

Some of these suggestions and/or recommendations have
been taken into account by several authors in Portugal, in the
validation of questionnaires (using EFA), in the area of sport and
exercise psychology (Fonseca and Brito, 2005; Pires et al., 2010;
Cid et al., 2012a,b).
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Finally, we cannot fail to mention the number of subjects
needed to perform the EFA. The 10:1 ratio (number of subjects
for each item in the questionnaire) is the recommended number
and is the one that generates some, yet not full consensus in
the literature (Hill and Hill, 2005; Henson and Roberts, 2006;
Kahn, 2006; Worthington and Whittaker, 2006; Hair et al., 2019).
However, there are also authors who mention minimum ratios of
5:1 (Henson and Roberts, 2006; Hair et al., 2019) and others that
mention absolute values: 50 very poor; 100 poor; 200 acceptable;
300 good (Tabachnick and Fidell, 2019).

CONFIRMATORY FACTOR ANALYSIS
(CFA)

Structural Equation Modeling (SEM) can be seen as a fusion
between two approaches to model evaluation: regression analysis
and factor analysis. While regression analysis (also known
as path analysis) is concerned with the causal relationships
between variables, factor analysis is concerned with finding a
set of factors that explain the common variance between a
set of items (Biddle et al., 2001). In other words, SEM (see
Figure 2) is a multivariate technique that allows the researcher
to simultaneously examine the relationships between the latent
constructs and the respective measurement variables, as well
as between the various constructs of the model (Hair et al.,
2019). Therefore, SEM has become the most used tool to
explain theoretical models in social and human sciences, and
its application is common during the development/translation
process of questionnaires for construct validation after EFA

(Worthington and Whittaker, 2006). According to Kahn (2006),
researchers normally use the EFA to explore the correlations
between the variables and identify possible factors that explain
their variance, and the AFC to confirm whether the model
structure fits the data well or not. Unlike what happens in
EFA, where there are supposedly no a priori hypotheses about
the number of factors and their relationship with the items,
in AFC the model (number of factors, corresponding items
and measurement errors) is defined and specified at the onset
(Buckworth et al., 2013; Kline, 2016).

In essence, both EFA and AFC aim to reproduce the observed
relationship between the group of items and latent variables.
However, the fundamental difference lies in the number and
nature of the specifications/restrictions carried out a priori.
CFA (see Figure 3) requires strong empirical or conceptual
foundations to guide the specifications to be estimated in the
model (Buckworth et al., 2013; Brown, 2015; Byrne, 2016; Kline,
2016; Hair et al., 2019).

The statistical theory underlying this type of analysis requires
relatively large samples to perform the CFA (Kahn, 2006),
a ratio of 10:1 being advised (number of individuals for
each parameter to be estimated in the model and not per
questionnaire item such as suggested for EFA) (Biddle et al., 2001;
Worthington and Whittaker, 2006; Kline, 2016). Some authors
use absolute minimum numbers: n ≥ 200 (Barrett, 2007) or
100 < n < 150 (Markland, 2007; Hair et al., 2019). Therefore,
the best option is to take into account the complexity of the
model (number of parameters to be estimated), and the following
recommendations: minimum ratio of 5:1 (Bentler and Chou,
1987; Worthington and Whittaker, 2006); advised ratio of 10:1

FIGURE 2 | Structural equation modeling.
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FIGURE 3 | Confirmatory factor analysis.

(Bentler and Chou, 1987; Biddle et al., 2001; Worthington and
Whittaker, 2006; Kline, 2016). To minimize the problem of non-
normal data distribution using a ratio of 15:1 or large samples
(n > 400) is advised (Hair et al., 2019).

The fundamental issue in model specification (definition
of the free parameters to be estimated or fixed) is related
to its identification, that is, the correspondence between
the information to be estimated (free parameters), and the
information from which it will be estimated (observed variances
and covariances) (Hoyle, 1995). Therefore, the two requirements
necessary for the model to be identified, that is, for the parameters
to be estimable and the model to be analyzed, are (Chou and
Bentler, 1995; MacCallum, 1995; Byrne, 2016; Kline, 2016; Hair
et al., 2019):

(1) The number of free parameters to be estimated must be
smaller than or equal to the number of observations,
that is, the model is overidentified (positive degrees of
freedom). Otherwise, the model does not have enough
information for it to be estimated, so it becomes
either underidentified (negative degrees of freedom) or
justidentified (zero degrees of freedom). For example: the
model in Figure 2 has 13 parameters to be estimated
(six variances of measurement errors of items, six
factorial weights, one covariance between factors) and
six observable variables (items). Therefore, we have 21
observations (obs = 6[6 + 1]/2) and eight degrees of
freedom (df = 21–13), that is, the model is over-identified
(it has enough information to be estimated);

(2) All latent variables (factors and item measurement errors)
must be associated with a scale. Item measurement errors
are associated with a scale through the ULI constraint
(unit loading identification) that sets the direct effect of

the measurement error on the corresponding item to unit
(1.0). In the case of factors, we have two options: (a) also
impose the ULI constraint (fixing to the unit one of the
direct effects of the factor on one of the items, usually the
first item) or (b) impose a UVI constraint (unit variance
identification), which sets the variance of the factors to the
unit (1.0). Both methods produce the same results, but the
second one has the advantage of simplicity (Kline, 2016).
However, in some software (e.g., AMOS) the first method
is adopted by default.

So that there is no problems in identifying the model, it is
necessary to consider the following (Blunch, 2013; Kline, 2016;
Hair et al., 2019): (a) each item is a measurement indicator of
a single factor and not can be associated with any other; (b)
each item has an associated error that must be independent,
that is, there must be no correlations between the items’ errors;
and (c) each factor must consist of a minimum of three items.
According to Blunch (2013), correlations between errors can be
admitted if this does not makes question the identification of
the model. However, this practice (which is in fact very common
among researchers to adjust models), indicates that the two items
measure something in common that is not explicit in the model.
Therefore, if there is no correlation between the errors, it is
guaranteed that the items are independent (Kline, 2016).

Regarding the estimation method, the one that is most
common in CFA is the maximum likelihood (ML). The main
objective is to find the parameter estimates as if they were the real
population, maximizing the likelihood of the covariance matrix
of the data with the covariance matrix constrained by the model.
In practical terms, through the chi-square test (Chi-Square:χ2),
discrepancies between the two matrices are analyzed (Chou and
Bentler, 1995; Byrne, 2016). However, the theory underlying the
ML method (which uses a t-test to test a null hypothesis) assumes
that the data have a multivariate normal distribution (Kahn, 2006;
Kline, 2016). However, as this almost never happens with data
from the field of psychology, this method may be inappropriate,
so corrective measures must be taken (Chou and Bentler, 1995).

Hence, according to several authors (Hoyle and Panter, 1995;
Byrne, 2016), it is recommended that researchers consult, present
and interpret not only information on univariate distribution
of data (skewness: asymmetry; kurtosis: flattening), but also
information on the multivariate distribution (Mardia’s coefficient:
multivariate kurtosis) (see: Mardia, 1970). If the normalized
Mardia coefficient is greater than 5.0, it indicates that the data
do not have multivariate normal distribution (Byrne, 2016),
the most common corrective measure being the use of the χ2

robust statistical test (Chou and Bentler, 1995; Hu and Bentler,
1999; Bentler, 2007; Byrne, 2016), the so-called Satorra-Bentler
SCALED χ2 (S-Bχ2) (see: Satorra and Bentler, 2001), and the
robust standard errors, both corrected for the non-normality of
the distribution of the data. These corrections should produce
more satisfactory results (Chou and Bentler, 1995). Unfortunately
this option is only available in a few (e.g., EQS). For that reason
some authors suggest the use of another option (Byrne, 2016;
Kline, 2016): bootstrapping – is a computer-based method of
resampling that combines the cases in a data set in different
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ways to estimate statistical precision. According to Byrne (2016),
the key idea underlying the Bollen–Stine bootstrap technique
(see Bollen and Stine, 1992), is that it enables the researcher
to create multiple subsamples from an original data base. The
importance of this action is that one can then examine parameter
distributions relative to each of these spawned samples.

Although the χ2 test (corrected or not) is the most traditional
for the evaluation of models, since it was the first adjustment
index to be developed (see: Joreskog and Sorbom, 1982), it is
rarely used in applied research as the only one (Brown, 2015).
In fact, over time, some of its weaknesses have been pointed out
(Chou and Bentler, 1995; Hoyle, 1995; Kahn, 2006; Worthington
and Whittaker, 2006; Bentler, 2007; Brown, 2015; Byrne, 2016;
Kline, 2016; Hair et al., 2019), such as: (1) in many situations (e.g.,
sample too lange or too small, model complexity, non-normal
distribution of data) statistical significance is compromised; (2)
the test values are inflated with the sample size and models are
rejected, even when the differences between the matrices are very
small, which can lead to the rejection of good models; and (3)
its value is very restricted to not rejecting the null hypothesis,
that is, a statistically significant χ2 test supports the alternative
hypothesis that there are differences between the matrices (the
model does not fit the data well). In short, in addition to the issues
of sample size sensitivity and model complexity, we are faced with
a test that checks whether the model fits the data perfectly or not.
Some authors call it an “exact fit” test (Barrett, 2007, p. 816), but
it is a well known fact that the hypothesis that the model must
exactly match the data will never be precise (Bentler, 2007).

For these reasons, evaluating a model based only on the χ2

test may not be the best approach, as there are other indices that
provide varied information and are very useful in determining
the fit of the model to the data. It is common to use and report
the values of the χ2 test, other indices are usually used with more
confidence (Brown, 2015), being the most defensive strategy for
the evaluation of the models the consultation of the adjustment
indices of multiple classes (Hoyle, 1995). In other words, it is the
complementary use of the so-called “approximation” fit indices,
which adjust the χ2 test statistics to the sample size and model
complexity, indicating the degree of discrepancy with the data
(Barrett, 2007, p. 819).

The most used approximation indices are (Hoyle and Panter,
1995; Worthington and Whittaker, 2006; Brown, 2015): (a) the
absolute indices (absolute fit: refers to the degree to which the
covariances implied in the model match the observed covariances
through which the free parameters are estimated); and (b)
incremental indices (incremental fit: refers to the degree to which
the model in question is superior to an alternative model, usually
a model where no covariances between variables are specified –
null or independent model). According to Hoyle and Panter
(1995, p. 165), absolute indices are typically measures of “lack of
fit,” since an optimal fit is indicated by values close to zero, and
incremental indices are “goodness-of-fit” measures, since values
close to one indicate a great improvement of the model in relation
to the alternative model.

Although this issue does not meet consensus in the literature
(it can be seen that researchers use a multiplicity of indices to
evaluate the models), there seems to be a sustained trend (with

which the authors of the present article agree) for the use of the
following adjustment indices (Kahn, 2006; Worthington and
Whittaker, 2006; Bentler, 2007; Brown, 2015; Byrne, 2016; Kline,
2016; Hair et al., 2019):

1). Absolutes Fit

- Chi-Square Test (χ2). It must be accompanied by the
degrees of freedom (df) and the level of significance (p). It
assesses whether there are discrepancies between the data
covariance matrix and the model covariance matrix. Non-
significant p values (p > 0.05) indicate good fit. If the data
do not have a normal distribution, corrective measures
must be taken (e.g., Satorra-Bentler: S-Bχ2);

- Normalized Chi-Square (χ2/df). Corresponds to the chi-
square value divided by the degrees of freedom. Reduces
test sensitivity to sample size and model complexity.
Values of χ2/df < 3.0 indicate reasonable adjustment
(Arbuckle, 2013; Hair et al., 2019), although there is
neither any consensus regarding this value, nor even
regarding its use as an adjustment index (Biddle et al.,
2001). In any case, we can also take into account that
values lower than 2.0 indicate a good fit (Blunch, 2013).
A value of 5.0 is the minimum acceptable (Bentler, 2002);

- Standardized Root Mean Square Residual (SRMR). It
represents the value of the residual mean that derives from
the adjustment values between the correlation matrices
(from the model and from the one observed in the data).
Values of SRMR≤ 0.08 indicate good fit (Hu and Bentler,
1999), but values up to 0.10 may be considered acceptable
(Worthington and Whittaker, 2006; Kline, 2016);

- Root Mean Square Error of Approximation (RMSEA). It
must be accompanied by the 90% confidence interval
(RMSEA 90% CI) that indicates its accuracy. This index,
which compensates for the effect of complexity (sensitive
to the number of parameters and insensitive to the
sample size), expresses the degree of the “error” of the
model, thus evaluating the extent to which it fits (or
not) the data (Brown, 2015). Through the analysis of the
discrepancies between the matrices, it indicates which is
the approximation to the perfect model (Byrne, 2016).
Values of RMSEA ≤ 0.06 indicate an adequacy of the
model (Hu and Bentler, 1999), but normally the most
used cutoff values are (Brown, 2015; Byrne, 2016; Kline,
2016):≤0.05 good fit;≤0.08 acceptable fit,≤0.10 indicate
a mediocre fit and >0.10 a poor (unacceptable) fit;

2). Incrementals Fit

- Comparative Fit Index (CFI). It is derived from the
comparison of the covariations of the hypothetical model
with a base model (null or independent), that is, this index
estimates the improvement of the specified model fit over
a null model in which the variables are not correlated
(Kahn, 2006). In addition, this index also contemplates
the sample size. Values of CFI ≥ 0.95 indicate a good
fit (Hu and Bentler, 1999). However, several authors
(Marsh et al., 2004; Worthington and Whittaker, 2006;
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Brown, 2015; Kline, 2016) point to values equal to
or greater than 0.90 as an acceptable adjustment
value. In general, 0.95 somehow became the magic
number indicating good-fitting models, even though
no empirical evidence supported such a development
(Hair et al., 2019).

- Non-normed Fit Index (NNFI). Also known as the
Tucker-Lewis Index (TLI), it is very similar to the CFI,
so some of the above-mentioned authors recommend
using only one of them (e.g., Hair et al., 2019). However,
the NNFI does take the degrees of freedom into account,
which includes a penalty function for free parameters
that do not improve the fit (Brown, 2015; Byrne, 2016).
Although conceptually similar, these indices make
different corrections depending on sample size (CFI) and
model complexity (NNFI) (Kahn, 2006). Furthermore,
the CFI is a type 2 incremental index (the values assume a
central distribution) and the NNFI is a type 3 (the values
assume a non-central distribution) (Chou and Bentler,
1995), being recommended to use an index of each type
(Hoyle and Panter, 1995). Values of NNFI≥ 0.95 indicate
a good fit (Hu and Bentler, 1999), but values equal to or
greater than 0.90 are acceptable;

The cutoff values that were recommended as indicators of good
fit, are those proposed by Hu and Bentler (1999), and emerged
as a result of their model evaluation simulations as a function
of several factors (e.g., sample size and model complexity).
However, despite several authors accepting and recommending
its use (Kahn, 2006; Markland, 2007; Brown, 2015), this issue
is far from unanimous (Hair et al., 2019). In fact, Marsh
et al. (2004) strongly encourage researchers, reviewers, and
editors not to generalize the Hu and Bentler cutoff values. In
their opinion, there is no doubt that these cutoff values have
very strong empirical support, however, they should not be
interpreted as universal golden rules, as we may run the risk
of rejecting good models. According to Marsh et al. (2004),
the implicit assumption that the higher the better is wrong,
and can lead to dubious practices on the part of researchers
just to be able to increase the fit values of the models (e.g.,
correlate measurement errors). Therefore, researchers should
keep in mind that the suggested cutoff values for the fit
indexes are general guidelines and not necessarily definitive rules
(Worthington and Whittaker, 2006).

In short, the golden rule is that there is no golden rule
(Markland, 2007). In any case, for this author, we can even
adopt a more conservative posture, taking some precaution
in interpreting and reporting the data. However, it is still
advisable for researchers to use the criteria proposed by Hu
and Bentler (1999). They are more restrictive than the previous
recommendations, and therefore less likely to lead to the
acceptance of “ill-fitting models” (Markland, 2007, p. 857).

Some of the recommendations mentioned have been
considered by several authors in Portugal, in the validation of
questionnaires (using the CFA) in psychology applied to several
physical activity domains: sport (e.g., Monteiro et al., 2017, 2019;
Cid et al., 2019), exercise (e.g., Cid et al., 2018, 2020a,b; Rodrigues

et al., 2019, 2021a) and physical education (e.g., Cid et al., 2016;
Rodrigues et al., 2020).

Regarding the individual parameters estimated in the model
(parameter estimates), it is advisable to report the following
information as good practices (Brown, 2015; Byrne, 2016; Kline,
2016; Hair et al., 2019):

(1) Factor weight (FL: factor loading). Direct effect that latent
variables (factors) have on observable indicators (items).
They must be consistent with the theory underlying the
instrument, be significant (p < 0.05) and values equal to
or greater than 0.5. According to Hair et al. (2019), ideally
this value should be 0.7, but in any case, we recommend
as an alternative the values suggested by these authors
depending on the sample size (already mentioned above);

(2) Coefficient of determination (SMC: squared multiple
correlations). Although it is influenced by the factorial
weight (since it corresponds to its squared value), the
coefficient of determination corresponds to the amount
of variance of the item that is explained by the factor.
Thus, the higher its value, the greater the proportion of
variance that is explained and, consequently, the smaller
the proportion of unexplained variance (Kline, 2016). If
we subtract the coefficient of determination from 1 (1-
SMC), we will obtain the value of the unexplained item
variance (Brown, 2015; Kline, 2016);

(3) Measurement errors (EV: error variance). The variance of
measurement errors represents the combined effect of all
other sources of influence on observed values, in addition
to the factor the item is supposed to measure (Kline,
2016). According to this author, measurement errors
reflect two types of single variance: random measurement
error (unreliable value) and measurement error associated
with the evaluation instrument;

(4) Standard errors (SE). The standard error of the estimated
parameter (e.g., of the factor weights) represents the
estimate of how much the sampling error may be
influencing that parameter, which in a way represents
an estimate of the stability of the model (Brown, 2015).
There is no clear-cut criterion by which we can consider
whether a standard error is problematic (Brown, 2015;
Byrne, 2016; Hair et al., 2019), but low standard errors
imply considerable accuracy in the parameter estimation,
and excessively high indicate problems of inaccuracy of
the estimated parameter and instability in the model
(Brown, 2015).

The main purpose of the CFA is to provide answers about the
fit of the model to the data, that is, whether the model is valid or
not. However, this evaluation process can also provide additional
information aiming at solving problems or improving the model
(Hair et al., 2019). The indices indicate the goodness-of-fit of the
model, but they do not disclose the reasons why the model does
not fit the data. For this, there are two statistical methods that are
frequently used in the search for potential problem areas (Chou
and Bentler, 1995; Hoyle and Panter, 1995; Brown, 2015; Byrne,
2016; Hair et al., 2019):
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(1) Residual values (residuals). They represent the
discrepancy between the data covariance matrix and
the model constrained covariance matrix. High residual
values (standardized residual matrix values) associated
with a given pair of parameters are indicators of possible
problems, which are contributing to the model’s misfit.
Standardized residual values less than ± 2.58 do not
suggest problems (Brown, 2015; Byrne, 2016; Hair
et al., 2019), and values greater than ± 4.0 represent
an unacceptable degree of error, so the most likely
consequence is deletion of one of the parameters
involved. In any case, the examples given by Chou and
Bentler (1995) and Byrne (2016) seem to suggest that
some attention should be paid to the higher residual
values of the matrix;

(2) Modification indices. These indices (e.g., in the case of the
EQS program: Lagrange Multiplier Test and Wald Test;
in the case of the AMOS program: Modification Indexes),
provide information about the improvement of the model
as a function of freeing or setting parameters (e.g.,
indications about cross-loadings or correlations between
measurement errors), indicating the decrease in the χ2

value that is expected if this happens. Some attention
should be paid to elevated values and/or values that are
associated with significance levels of p < 0.05. However,
modifications to the model should never be made based
on this information alone (Brown, 2015; Hair et al., 2019).

In short, researchers should always bear in mind that the
re-specifications made always have an impact on the theory
underlying the model (Hair et al., 2019). According to these
authors, if the modifications are minor, the theoretical integrity
of the model may not be affected (they accept as reasonable the
elimination of two out of 15 variables). But if the modifications
are larger, the investigator must be aware that this may affect the
theoretical integrity of the model and, consequently, result in a
new instrument that must be tested in a new sample.

MULTIGROUP ANALYSIS

The objective of the multigroup analysis is to evaluate if the
structure of the measurement model is equivalent (invariant)
in different groups that have different characteristics (e.g., male
vs. female or sport vs. exercise domain or Portuguese vs.
Spanish culture).

To test measurement invariance between groups, the best
model fit resulting from the factor structure analysis was
initially examined in all groups separately. Then several levels
of measurement invariance were measured according to Morin
et al. (2016). There are essentially four levels of measurement
invariance and each of these levels builds upon the previous
level by introducing additional equality constraints on the model
parameters to achieve stronger forms of invariance. As each
set of new parameters is tested, the parameters know to be
invariant from previous levels are constrained. Hence, the process
of analyzing measurement invariance was essentially the testing
of a series of increasingly restrictive hypotheses.

Thus establishing the following criteria for invariance of
the models (Marsh, 1993; Cheung and Rensvold, 2002; Byrne,
2016): (1) factorial model analysis of each of the groups
individually (the model should have a good fit in each group);
and (2) multigroup analysis by restricting the model parameters,
considering the following types of invariance: free parameters
model (i.e., configural invariance), fixed factorial measurement
model (i.e., measurement invariance), fixed factorial and
covariance measurement model (i.e., scale-invariance), fixed
factorial, covariance and error measurement model (i.e.,
residual invariance). According to Marsh (1993) measurement is
considered as a minimum criterion for the variance of the model
and the last criterion (residual invariance) is not indicative of a
lack of invariance of the model, and some authors even consider
that the analysis of this criterion is infrequent due to it being too
restrictive (Byrne, 2016).

According to Cheung and Rensvold (2002), the difference in
values between the unrestricted model (free parameters) and the
restricted model (fixed parameters), should be 1CFI ≤ 0.01.
According to Byrne (2016), many researchers consider that model
invariance evaluation based solely on the difference of the chi-
squared (1χ2) test is too restrictive. From this perspective,
Cheung and Rensvold (2002), presented proof that it may be
more reasonable to base decisions on CFI differences (1CFI).

However, model comparisons could be made according to
several assumptions: (1) differences in CFI would be ≤0.010 for
configural invariance (Marsh et al., 2010), supplemented by a
change of ≤0.015 in RMSEA or a change of ≤0.030 in SRMR
would indicate invariance; (2) for measurement invariance, scale-
invariance, and residual invariance, a change of ≤0.010 in
CFI, supplemented by a change of ≤0.015 in RMSEA or a
change of ≤0.010 in SRMR would indicate acceptable criteria
for invariance (Chen, 2008). Among the indexes presented for
acceptable measurement invariance, CFI was chosen as the main
criterion because RMSEA and SRMR tend to over reject an
invariant model when sample size is small, particularly when
using SRMR for testing loading or residual variance invariance
(Chen, 2008).

Some of the recommendations mentioned have been
considered by several authors in Portugal, when analysis of
measurement model invariance as include in questionnaire
validation in sport and exercise psychology (e.g., Cid
et al., 2020b; Monteiro et al., 2020; Rodrigues et al., 2021b;
Teixeira et al., 2021).

CONCLUSION

Translating and validating measuring instruments in sport
and exercise psychology is not an easy task. It requires an
intricate effort, which is not limited to a simple translation with
the aim of making it only a valid and reliable measure. All
researchers should adopt a methodology that is rigorous and
robust enough to allow the entire process to be carried out in
a sustained manner, from the embryonic stage of translation
to the validation phase of the construct of the measure of the
psychological attribute. Only in this way is it possible to avoid
the existence of fragile and inadequate assessment instruments,
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which could jeopardize all the research that could be carried
out with their use.

Bearing in mind this concern, Vallerand (1989) proposed a
methodology for the cross-cultural validation of psychological
instruments, based on a systematic approach in stages, so that the
path of the researcher is illuminated, in a process that can still be
very subjective. With this methodology as a background, Fonseca
and Brito (2005) promoted one of the first reflections published
in Portugal on this issue applied to the sport context. In these
authors’ opinion, in general, the procedures used by researchers
did not seem uniform and should be criticized. Although in some
cases complex validation processes were used, in others they did
not pass beyond a simple translation, followed by the negative
consequences as a result.

Although some of the Fonseca and Brito (2005) criticisms
remain relevant today, since 2005 many advances have been made
in questionnaires validation, and we have excellent examples of
good practices as indicated before.

There is no doubt that SEM/CFA, which is a powerful
statistical approach in evaluating models, has become
increasingly popular, particularly in social and behavioral
sciences (Biddle et al., 2001). According to these authors, this
type of analysis provides a comprehensive set of tools that,
when used sensibly, can substantially improve our understanding
of models, promoting theoretical and applied development in
sport and exercise psychology. However, researchers have to
understand that the instrument validation process requires some
investment, training and practice (Kahn, 2006), as there is still
a large variety of practices, which is indicative of the need for
even more rigor and standardization of procedures (Worthington
and Whittaker, 2006). Many researchers use structural equation
modeling without proper preparation for understanding that
evaluating a model is a time-consuming process that is fraught

with many kinds of difficulties and that, invariably, requires an
enormous amount of work to achieve a good fit (Barrett, 2007).
Therefore, it is essential that researchers devote considerable
attention to models and that they choose the strategies to test
them very carefully (Biddle et al., 2001).

In this sense, we hope that this reflection may have contributed
in some way to help researchers in this complex task of translating
and validating questionnaires. Whatever decisions be taken
during this process, they will always be the responsibility of the
researcher (Tabachnick and Fidell, 2019). For this reason, we
should always bear in mind that the greatest benefit of making
the right decisions is the possibility of increasing the chances
of obtaining a set of clearer and more interpretable results. Yet,
we must also not forget that the consequences of making less
correct decisions usually lead to ambiguous and wrong results
(Preacher and MacCallum, 2003).
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Pick-and-roll is the most widespread cooperative action among high-level basketball
teams and the most applied strategy by coaches to gain an advantage over the rival
team. During pick-and-roll, opposing teams perform antagonistic actions based on
goals that are expressed in offensive and defensive tactics. The aim of this study
is to examine the approaches of high-level coaches on the offensive and defensive
dynamics emerging in matches of a basketball elite team during an entire season of
the Spanish Asociación de Clubes de Baloncesto (ACB) league. To this end, we used
a mixed-methods approach based on systematic observation of verbatim transcripts
of interviews conducted with six high-level coaches about the pick-and-roll dynamics
that emerged in matches of the Unicaja Málaga team during an entire season of the
ACB league. The observational design was nomothetic, punctual, and multidimensional.
The choice of this methodology is justified since we developed an ad hoc indirect
observation tool to evaluate the coaches’ perspective on this dynamic. Once the intra-
observer reliability of the instrument was confirmed, we performed a polar coordinate
analysis to identify the significant relationships between the coaches’ evaluations and the
offensive and defensive pick-and-roll elements that supported such verbal behaviors.
The results highlight the presence of various offensive and defensive aspects of pick-
and-roll (n = 2224) emerging in the Unicaja team that were significantly associated with
positive and negative evaluations of the coaches. The interview confirms that coach 1
and his staff were less confident in options that pick-and-roll offer, which is also reflected
in the record of screens made and simulated, than coach 3. This study shows that the
application of mixed methods, by analysis of the polar coordinate of the coding carried
out on responses of a systematized interview, has proven to be an effective strategy
in obtaining relevant information on the expert knowledge of the elite coaches on the
influence of pick-and-roll on tactical actions in basketball.

Keywords: ball screen, tactics, basketball, coaches, systematic observation, pick and roll, offensive and
defensive, mixed methods approach
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INTRODUCTION

During basketball matches in a high-level league, teams have
antagonistic goals that are conditioned by whether or not they
have the ball, resulting in the attack and defense phases (Bayer,
1992). These phases involve coordinated actions resulting from
differentiated mental processes that are performed in technically
and tactically elaborated procedures (Tamorri, 1999). The team’s
ability to act collectively is critical to gaining an advantage
over the opponent (Cannon-Bowers and Bowers, 2006; Lamas
et al., 2014). At present, one strategy to achieve this advantage
is to create a defensive imbalance by hindering the defenders’
trajectory (Vélez and López, 2010). The most effective way is
to perform direct actions that cause problems to the opponent
ball-handler and are accomplished through pick-and-roll at the
level of collective tactics. Pick-and-roll (also known as screen-
and-roll, on-ball screen, or ball screen) represents the most
widespread cooperative action among the players of a high-
level basketball team during offensive processes (Cárdenas et al.,
1999; Vaquera et al., 2016), which is capable of placing the
opponent’s defense in a more difficult situation than 1-on-1,
as emphasized by most specialized literature (Ociepka, 2004;
Ratgeber, 2004; Coello, 2005; Messina, 2005; Ivanovic, 2006;
Harris, 2007). This tactical combination, which normally involves
physical contact, is characterized by the legal interposition of
an offensive player without the ball in the defensive trajectory
of the offensive player in possession of the ball (Comas, 1991):
a player realizes a screen (pick) for the teammate with the ball
and then cuts the opponent’s area moving toward the basket
(roll) to receive a pass (Koutsouridis et al., 2018). The relevance
created must be analyzed and explored quickly to provide the
best conditions of space on the court and obtain the best
possible shooting moment (Scariolo, 2005). Therefore, a high-
level basketball team must be able to execute complex actions,
anticipate the development of events at the spatial and temporal
levels, and make decisions quickly (Aglioti et al., 2008). All of
these can be achieved either directly from the advantage created
or by forcing aid, rotations, or changes that, in this way, break
the defensive balance. Since pick-and-roll has become a key
offensive action in recent years, teams have increased its use
during both attacks and transitions and counter-attacks (Coello,
2005; Ivanovic, 2006), becoming the most important element
in the strategy of many coaches (Ionescu, 2015). Therefore,
studying the mechanisms underlying these strategies has become
a primary goal to increase the performance of elite teams,
which seems to derive not only from actions that the athlete
performs but also from the observation of others (Aglioti et al.,
2008). Remmert (2003), analyzing frequencies and occurrences of
offensive behaviors in high-level teams, observed that pick-and-
roll was the most used action to end attacks, followed by staggered
screen and pick away; they are, in this order, the basic collective
tactical means to obtain more points per attack. Christmann et al.
(2018) studied the types of offensive actions realized in the last
2 min of 115 National Basketball Association (NBA) games and
confirmed that pick-and-roll was the most used offensive action
(29.1%; n = 290). Muñoz et al. (2015) and Nunes et al. (2016)
observed that the central zone is the part of the court where

pick-and-roll is most commonly implemented and the perimeter
players are the most advantaged by this offensive action. These
studies, therefore, support the essential role that the pick-and-
roll has in basketball, fostering the great interest of the collective
of coaches in this offensive action, as demonstrated by the broad
range of technical publications on this subject (e.g., Coello, 2005;
Filipovski, 2005; Refoyo et al., 2009; Alves, 2010; Nunes and
Iglesias, 2010; Scariolo, 2015).

However, if, on the one hand, the screener interacts with
the defender to free his teammate, and, on the other hand, the
blocked player cannot stand still, the screener’s defender has to
adjust his position continuously (Comas, 1991). Messina (2005)
highlights the presence of difficulties in defending the screen
because this situation is a collective work of 5-on-5, and not 1-
on-1, where the offending team tries to create its advantages,
while the defensive team tries to counter this. For teamwork to be
effective, defenders must first have overall control of the situation
where they are involved. To achieve this is very difficult, that is
why players have to implement two critical behaviors during a
match. On the one hand, defenders must communicate with each
other (defensive communication) to obtain a positive outcome
from the defense of pick-and-roll: its absence will result in shots
without opposition from forward (Wootten, 2012; Wissel, 2015).
On the other hand, they must carry out aggressive actions against
the rival team, which are developed by technical teamwork based
on the analysis of the opponent team’s capabilities. These actions,
which consist of preventing the opponent from performing pick-
and-roll, represent the real foundation of the defense. They are
mainly implemented by the screener’s defender using his body
to prevent the forward from reaching the desired space. All this
requires a broad view of the game and good communication
between players. Moreover, players have to analyze several aspects
to make the correct decision on defending the pick-and-roll
(Escuela Nacional De Entrenadores de la [FEB], 2010): (a) the
place where the screen occurs (e.g., away from the basket, central
or lateral); (b) characteristics of the playmaker and the screener,
depending on the players involved; (c) position of the players
not involved in the screen; (d) e tactical decisions of the team;
(e) residual time of ball possession (e.g., less time means that the
team on offense will be more aggressive). In general, defense can
prevent the screen either individually (one player defends the ball
handler) or collectively (through defensive aids).

Research on this area has shown several results in terms of
effectiveness, defensive options, collective decision, and ways
of classifying defense by both the screener’s defender and the
collective decision. Authors, such as Kruger (2007) and Battaglia
et al. (2009), have analyzed areas where pick-and-roll actions
occur. Remmert (2003), on the other hand, describes strategies on
how to defend this action of the game, while Refoyo et al. (2007)
and Battaglia et al. (2009) conclude that the short defensive flash
appears strongly associated with defensive success. Manzano et al.
(2005) describe there are alterations in the structure of both teams
in pick-and-roll actions.

As we can see, although research emphasizes the impact of
several factors on the effectiveness of offensive and defensive
tactics, there is a scarcity of studies on the frequency of pick-
and-roll use, court zones where it occurs, and tactical sequences
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of teams. Furthermore, no study has investigated the offensive
and defensive dynamics on the basis of pick-and-roll, which are
implemented by an elite team during an entire season of the
Asociación de Clubes de Baloncesto (ACB) league. Finally, to our
knowledge, no study has evaluated the pick-and-roll from the
perspective of elite team coaches.

The field of physical activity and sport is rich in statistics
from different sources (e.g., sports press, professional leagues,
and sports organizations), which provide information both at
a macro level (e.g., defining team scores and trajectories) and
at a more micro-level (e.g., determining the characteristics of
each player, rebounds, and assists). However, they do not allow
for capturing the reality of a basketball game. In this sense,
the paradigm of mixed methods permits the analysis of high-
performance offensive and defensive tactical behaviors from a
systemic-ecological perspective (Anguera et al., 2018), fostering
an explanatory scientific knowledge of behaviors emerging
during the pick-and-roll within the competitive environment of
the playing court. In particular, the observational methodology,
considered as a mixed method itself (Anguera et al., 2017, 2018),
is suitable for the analysis of collective sports as demonstrated by
numerous studies in this field (e.g., basketball, Garzón et al., 2011;
handball, Lozano et al., 2016; rugby, Passos et al., 2012; volleyball,
Molina et al., 2008). This methodology, indeed, detects levels or
dimensions in which an individual’s participation in collective
sport games occurs (Martín Acero and Lago, 2005), allowing for
the construction of an objective model for gathering information
on key elements of the pick-and-roll that can be quantifiable in
a consistent and significant way (Nevill et al., 2008). Therefore,
observing the offensive and defensive dynamics of the pick-and-
roll in high-level teams of the ACB league can be useful to
increase the knowledge of underlying cognitive processes that
emerge in a field that is still poorly studied. In particular, the
assessment of the perspective of high-level coaches on this issue
can provide important information on teamwork and players to
improve the effectiveness of the decision-making process and
structure actions aimed at achieving a positive outcome during
a match. The main purpose of this study is to analyze deeply
interviews of high-level coaches to investigate their approaches
on offensive and defensive behaviors that develop within the pick-
and-roll, paying particular attention to their viewpoints on the
dynamics that emerge in an elite basketball team during an entire
season of the Spanish ACB league.

MATERIALS AND METHODS

Design
We applied a mixed-method approach, integrating qualitative
and quantitative elements, through the connecting option
proposed by Creswell and Plano Clark (2017), which consists
of building one dataset on top of the other, obtaining full
integration (Anguera et al., 2017). To achieve this, the indirect
observational methodology was used by realizing a non-
participant systematic observation of verbal behaviors of high-
level coaches regarding the offensive and defensive aspects
of pick-and-roll in high-level teams emerging during the

ACB league (Anguera and Hernández-Mendo, 2016; Anguera
et al., 2017). According to observational designs described
by Anguera et al. (2018), the study was performed using a
nomothetic/punctual/multidimensional (N/P/M) design. It was
nomothetic because the observation unit consisted of an in-depth
individual interview with six high-level basketball experts. It was
punctual (with intra-sessional following) regarding temporality
of the evaluation, as each participant was observed through a
single interview session analyzing the succession of behaviors.
Finally, it was multidimensional in terms of the dimensionality of
behaviors analyzed, as we observed different verbal dimensions
related to the offensive and defensive components of pick-
and-roll from the perspective of high-level coaches. This
multidimensionality of the participants’ responses is reflected in
the ad hoc indirect observation tool that was built for this study.

Participants and Materials
First, the research was evaluated and approved by the
Ethics Committee for Clinical Investigations of the Sports
Administration of Catalonia (no. 24/20118/CEICEGC). It was
presented to the participants and carried out after they accepted
and signed the informed consent concerning audio recording,
interview collection, and use of the results. To this end, we
followed the guidelines of the project approved by the ethics
committee and the ethical principles related to the Psychologist’s
Code (General Council of Official Colleges of Psychologists,
2010) and the Declaration of Helsinki.

An interview was conducted on six high-level coaches
recruited as follows: two of them were head coaches of the
Unicaja Málaga team in the 2010–2011 season (coaches 1 and
3); three were assistant coaches of that team in the same
period (coaches 2, 4, and 5); one was a Spain basketball men’s
national selector (coach 6) who was chosen because of his neutral
position concerning the results obtained by the team from the
period considered.

We have chosen to observe the ACB (Asociación de Clubes
de Baloncesto) league for its competitiveness and the quality of
players and coaches. Unicaja belongs to a small group of ACB
teams that have already won the league (2005–2006), the King’s
Cup (2004–2005), and the Eurocup (2016–2017). In the season
analyzed, this team played in the EuroLeague. Of 20 players on
the team, 13 were internationals representing their countries and
4 have played in the NBA.

We analyze this season for two other circumstances: first is
because in the middle of the season (50% of league games) the
team changed coach, which could mean tactical changes and
modifications on how to use and defend the ball screen; second
is because, in that season, there was a change in regulation,
fundamentally in the lines of the court, which required a different
analysis of previous studies with a different disposition of the
lines of the game.

Our observational record focused on all matches of the same
team, Club Unicaja Baloncesto, throughout the season, with data
from two matches with each of their rivals corresponding to two
rounds in the regular league, and with a different coach in each
of these rounds.
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All those interviewed have been Unicaja technicians, have
been part of the technical staff of the Spanish team, have
achieved a national or international title as coaches, and are
currently active.

Instruments
Observational Instrument
We structured an interview to collect opinions of the high-level
coaches (n = 6) on the offensive and defensive dynamics of pick-
and-roll (n = 2224) that emerged during the analysis (Nunes,
2020) of 34 matches played by the team Club Baloncesto Málaga
(Unicaja Málaga) in the 2010–2011 season of the ACB league.
The interview consisted of 16 questions (Table 1) divided into
eight general pick-and-roll questions and eight questions about
the Unicaja team.

Individual interviews were recorded in a room that guaranteed
privacy and reduced environmental noise by placing a device
at a suitable distance from the interlocutor. We performed the
verbatim transcription of recorded audio materials for a total
of six interviews that were systematically observed (indirect
observation of the answers of each one).

The observation of high-level coaches’ evaluations of the pick-
and-roll was carried out by narrative content analysis of the
responses, reflecting their positions and emotions on the topic
(Campo et al., 2019). To this end, we used the ad hoc indirect
observation tool, which combines field formats with category
systems, two tools from observational methodology (Anguera
et al., 2018). It is composed of two main dimensions or criteria,
generic answer and answer justification, divided into 4 and 15
subdimensions, respectively, and the results are in line with the
objectives of the study (Table 2). This new instrument detects 41
verbal behaviors to analyze the offensive and defensive aspects of
pick-and-roll. By observation of these behaviors, it is possible to
know the effectiveness of the dynamics characterizing the pick-
and-roll in high-level basketball according to the opinions of
the high-level coaches. The criteria characterizing the instrument
are applied to the coaches’ answers; a sentence is assumed as
the analysis unit based on a syntactic criterion, not considering
verbalizations that do not provide any concept related to the
questions. Each criterion gives rise to respective category systems
fulfilling the condition of exhaustiveness and mutual exclusivity
(E/ME; Anguera et al., 2018).

Recording Instruments
The recording instrument used was the voice note application
of iPhone 4 and 6S mobile phones (Apple R©) to obtain the
audio recording. We used Word files to transcribe the interviews
verbatim, which were subsequently reported in Excel file and
divided into speaking turns referred to the interviewer and
each coach, respectively. Finally, we assessed data quality by
calculating Cohen’s κ (Cohen, 1960) coefficient with the GSEQ5
v. 1.23 computer program (Bakeman and Quera, 2011).

Procedure
Coaches’ verbal behaviors related to offensive and defensive
tactics for pick-and-roll were analyzed and coded by applying the
indirect observation tool to every answer in the interviews. Before

TABLE 1 | In-depth interview questions for basketball experts about the
pick-and-roll in the analysis (Nunes, 2020) of Club Baloncesto Málaga (Unicaja
Málaga) of the Asociación de Clubes de Baloncesto (ACB) league.

Introductory question (reality at the time to contextualize; interviewee comfort;
cognitive and emotional filter).

1. There is an average of 33 pick-and-rolls (PR) and 4 simulations performed
per team and per match. Did you expect this result? Why?

2. 72% (n = 1604) of the pick-and-rolls performed are executed in the initial
phase of the offensive system of the team. Is it a number that surprises you?
Why?

3. The figure shows the distribution of the pick-and-rolls made according to the
area of the court. Did you expect this outcome? Why?

4. After the pick-and-roll, we observed to which side the player dribbles the ball.
54% of the time, he dribbles to the right and 46% to the left. Do you consider
this relationship to be the expected one, or did you think there would be a
greater difference? Why?

5. After the pick-and-roll, 51% of the actions registered ends in a shot. What do
you think of this percentage of shooting stock? Is it the best resource to achieve
an optimal shooting position or to create the options to achieve it? Why?

6. However, only 2% of the above actions are immediate shots, and only 30%
(n = 16) of this value is converted into points. What do you think of these
figures? What strategies do you think could improve these percentages?

7. We found a variety of offensive combinations after the pick-and-roll. The
most frequent action (12% of the total; n = 256) was: ball handler dribbles,
passes to another teammate and the latter makes another pass (B1BPTRP).
What do you think?

8. If we analyze the defensive phase of the pick-and-roll, we see how the
defender of the ball handler escapes the screen on 28% of the occasions. What
do you think of this percentage? What can defenders do to improve their
response to this technical-tactical action?

9. In Unicaja (10/11), 73% of the team’s offensive actions after a time-out are
performed through a pick-and-roll. Do you consider that, after a time-out, the
initial offensive resource should always go through a pick-and-roll? Why?

10. In Unicaja (10/11), 51% of the actions after the pick-and-roll have involved a
third player in addition to the ball handler (B1) and the screener (B2). What do
you think of these results?

11. In Unicaja (10/11), pick and repick (re-screen) were observed in 53 records
(5% of the total pick-and-rolls). What do you think of this number of repicks?
Why?

12. In Unicaja (10/11), 15% of the pick-and-roll was used with the intervention
of a second screener (used or not). Horns’ tactical work has been a classic in
modern basketball. Would you expect another result? Why?

13. In Unicaja (10/11), we observed that the team performed more pick-and-roll
actions in the possessions where they were winning the match (524
possessions) compared to the possessions where the team was losing (506
possessions). Is the strategy of using pick-and-roll conditioned by the result on
the scoreboard? Is it a deliberate resource, or is it a random piece of
information?

14. In Unicaja (10/11), a 2 on 1 trap has been made in 8% (n = 95) of the
observed defenses, and a defensive change has been made in 19% (n = 216).
Do you think they are good defensive options? Why?

15. In Unicaja (10/11), the main defensive responses of the ball handler’s
defender have been to chase (38%; n = 439), over the top (23%; n = 261), and
under the screen (18%; n = 205). For you, are the best options to defend the
pick-and-roll? Why?

16. In Unicaja (10/11), the main defensive responses of the screener’ defender
have been open (41%; n = 466), show (36%; n = 411), and hedge (15%;
n = 176). For you, are the best options to defend the direct pick-and-roll? Why?

Final question (reality at that moment to contextualize; interviewee comfort;
cognitive and emotional filter).

full data set coding, an expert observer recorded 15% of the
total material following Krippendorff’s (2018) recommendation.
Intra-observer reliability, the agreement level of an observer in
coding of the same material at two different times (in this study
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TABLE 2 | Indirect observation tool to analyze the narrative content of responses on the offensive and defensive aspects of pick-and-roll.

Dimension Sub-dimension Category Code Recoding

General answer (D1) Significant content (D11) Positive or favorable D111 General and favorable
evaluation (R1)

Positive or favorable evaluation
reinforced

D112

Negative or unfavorable evaluation D113 General and unfavorable
evaluation (R2)

Negative or unfavorable evaluation
reinforced

D114

Neutral evaluation D115 General and neutral
evaluation (R3)

Neutral evaluation reinforced D116

Non-significant content
(D12)

Non-significant evaluation D121

Emotional content (DI3) Emotional or expectation evaluation D131

Emotional or expectation evaluation
reinforced

D132

Limiting content (DI4) Conditional or limiting valuation D141

Conditional or limiting valuation
reinforced

D142

Answer justification (D2) Team planning argument
(D21)

Roster D211

Game time argument (D22) Regular time D221

Action time D222

Game area argument (D23) Regular area D231

Action area D232

Regulatory argument (D24) Regulations D241

Result-oriented argument
(D25)

Scoreboard D251

Technical argumentation
(D26)

Offensive technique D261

Defensive technique D262

Individual tactics
argumentation (D27)

Individual offensive tactics D271

Individual defensive tactics D272

Team tactics (D28) Collective offensive tactics D281

Collective defensive tactics D282

Reasons leading to
decision making (D29)

Decision making D291

Physical argumentation
(D210)

Individual physic D2101

Collective physic D2102

Psychological
argumentation (D211)

Psychological D2111

Team argumentation (D212) Main team observed (Unicaja) D2121

The other team observed D2122

The other team no observed D2123

Player/coach
argumentation (D213)

Player/coach of the main team
observed (Unicaja)

D2131

Player/coach of the other team
observed

D2132

Player/coach of the other team no
observed

D2133

Comparisons (D214) Inter-team D2141

Inter-player D2142

Inter-coach D2143

Inter-competition D2144

Inter-season D2145

Different support (D215) Visual support D2151

Numerical or statistical support D2152
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after a week), was calculated with GSEQ5 (Bakeman and Quera,
2011). The resulting κ was 0.97, corresponding to almost perfect
reliability (for κ ≥ 0.81; Cohen, 1960), which guarantees the
interpretative rigor of the coding process. After passing data
quality control, the indirect observation instrument was applied
to the rest of the interviews. We obtained a code matrix for each
question that included coded responses of the six coaches. Each
line of each matrix expressed co-occurrent and event-based codes
(Bakeman, 1978; see the example in Table 3).

To investigate the relationship between positive/negative
perceptions of the six coaches and offensive/defensive tactical
aspects of pick-and-roll in the 2010–2011 ACB league presented
in the questions, we performed a recording process by grouping
the data of some basic categories into macro-categories with
more global characteristics according to the molar level of
granularity in the observation defined by Schegloff (2000). Based
on an evaluation criterion, we structured three new macro-
categories: R1, R2, and R3. R1 expresses the general and favorable
evaluation by the coaches of pick-and-roll aspects presented
through questions. It results from the aggregation of categories
D111 (positive or favorable evaluation) and D112 (positive or
favorable evaluation reinforced). R2 corresponds to a general
and unfavorable evaluation of the data presented through a
question based on the aggregation of categories D113 (negative
or unfavorable evaluation) and D114 (negative or unfavorable
evaluation reinforced). Finally, R3 expresses a general and neutral
evaluation of coaches of the pick-and-roll dynamics presented
through a question. It results from the aggregation of the

categories D115 (neutral valuation) and D116 (neutral evaluation
reinforced). Given the neutral nature of these data, we decided to
focus only on R1 and R2.

Data Analysis
To achieve the objectives of the study, we performed a polar
coordinate analysis, which was developed by Sackett (1980)
and subsequently improved by Anguera (1997). The main
objective is to obtain a complete map of interrelationships among
textual units (indirect observation) and represent it graphically
through vectors. This quantitative analytical technique identifies
statistically significant relationships among different behavior
codes, specifically, between the behavior of interest (focal
behavior), which is considered central or core, and other
associated behaviors (conditional behaviors). This technique
offers wide possibilities of use, as proven by numerous studies on
sports sciences (e.g., Castañer et al., 2017; Tarragó et al., 2017;
Maneiro and Amatria, 2018; Prudente et al., 2018; Vázquez-Diz
et al., 2019; Jiménez-Salas et al., 2020; Pastrana-Brincones et al.,
2021).

The polar coordinate analysis involves initial calculation of
adjusted residuals by sequential lag analysis (Bakeman, 1978;
Bakeman and Quera, 2011), which a researcher performs to
learn how behavior works at an early level of abstraction. The
succession of sessions over time drives researchers to delve deeper
in the search for common elements that occur with a greater
or lesser degree of presence and consolidation and that connect
sequentially with each other. This analysis allows for studying

TABLE 3 | Example of code matrix related to question 4.

Coach Sentence Code Recoding

C1 S1 D141 D261 D271 D2142 R1

S2 D142 D115 D2152 D261

C2 S1 D111 R2

S2 D131 D2152

S3 D2142 D232 D2152 D291

C3 S1 D111 D2152 D261 R1

S2 D112 D261 D271

S3 D141 D261 D271 D2152 D281

S4 D261 D271

S5 D112 D271

C4 S1 D131 D2152 D291 D282 R2

S2 D121

S3 D282

S4 D282 D262 D2102

S5 D282

S6 D2132 D261

S7 D2142

C5 S1 D115 R1

S2 D261 D232 D281

S3 D116 D2152

S4 D141 D261 D2152 D2142

C6 S1 D111 D261 D281 R2

S2 D131 D261 D291 D271

C, coach; S, sentence.
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processes over time, giving a dynamic view of how the behavior
patterns obtained allow researchers to know about the evolution
produced, with elements of these patterns likely to be modified,
and with connections among them that may remain stable or
evolve (Anguera et al., 2021).

The adjusted residuals obtained by the lag sequential analysis
are the starting data of the polar coordinate analysis. These
residuals, calculated prospectively (from lag + 1 to lag + 5) and
retrospectively (from lag −1 to lag −5), are standardized and
used to calculate the Zsum statistics proposed by Cochran (1954)
as relative indices of sequential dependence that allows to build
a vector map showing the statistical relationship between the
focal and conditional behaviors. The Prospective Zsum (ZsumP)
and Retrospective Zsum (ZsumR) values are reported on the X
and Y axes, respectively, defining the four quadrants of the
vector map where the focal behavior represents the zero point.
Radius calculation (radius =

√
(ZsumP)2 + (ZsumR)2) makes it

possible to determine the strength of the relationship, which is
significant for values greater than 1.96 and p < 0.05, while the
angle arcsine ϕ = ZsumR

radius expresses the nature of the relationship
itself. The value of the latter (ϕ) is transformed according to the
quadrant in which the vector is located.

Quadrant I (+ +) shows the reciprocal activation between
the focal and conditional behaviors. In quadrant II (− +), the
focal behavior inhibits the conditional behavior; simultaneously,
the latter activates the former. Quadrant III (− −) highlights the
mutually inhibitory relationship between focal and conditional
behaviors. Finally, the vector positioned in quadrant IV (+)
shows that the focal behavior activates the conditioned one; at
the same time, the latter inhibits the former. In this study, the
macro-categories R1 and R2 were assumed as focal behaviors,
while categories of the dimension Justification of Response
were selected as conditional behaviors to analyze the dynamics
between the perceptions of coaches and the tactical aspects
of pick-and-roll emerging in each interview question. The
HOISAN program (v. 1.6.3.4; Hernández-Mendo et al., 2012)
made it possible to perform these calculations by obtaining
parameter values and vectors. After, these vectors were optimized
graphically using the R program (Rodríguez-Medina et al.,
2019). In this study, we considered the coaches’ perspectives
(the general and favorable evaluation [R1] and the general
and unfavorable evaluation [R2]) on the pick-and-roll aspects
presented through each question as focal behaviors. On the other
hand, the verbal behaviors related to answer justification were
assumed as conditional behaviors. The polar coordinate analysis
and vectorial maps were performed and used with HOISAN and
R by considering five lags for Zsum R (from lag−5 to lag−1) and
Zsum P (from lag+ 1 to lag+ 5).

RESULTS

To achieve the objective of this study (to analyze the pick-and-
roll in an elite team during an entire ACB league season from
the perspective of high-level coaches), we focused on favorable
and unfavorable perceptions that the six coaches showed about
the offensive and defensive dynamics in the 2010–2011 season

of Unicaja Málaga. Figures 1–11 show the results derived
from the polar coordinate analysis where each vectorial map
represents the statistically significant association between positive
and negative evaluations by the coaches of pick-and-roll aspects
(focal behavior) and verbal behaviors justifying their perspective
(conditional behaviors) (codings related in the Figures can be
identified in Table 2). We will briefly discuss only vectors with
a length greater than 1.96 (p < 0.05) that express activations
between focal and conditional behaviors in each vectorial map.

DISCUSSION

Our study aimed to objectively analyze the offensive and
defensive behaviors that emerge in the pick-and-roll through
the viewpoint of a group of high-level coaches, with particular
attention to the dynamics required in a basketball elite team
during an entire season of the Spanish ACB league.

This article presents, for the first time in the literature, an
analysis, with a mixed-methods approach, of expert reflections of
a group of elite basketball coaches on the importance of the pick-
and-roll in the development of the game, with special attention
to the offensive and defensive tactical processes and taking into
account both participation of players in this tactical action, as well
as the situational aspects that have an influence (such as field area,
playing time, and result).

From the qualitative data collected from the interviews,
a quantitative polar coordinate analysis was conducted after
coding. It allowed us to know the associative relationships
between each focal code and corresponding codes of conditioned
behaviors. This extremely rigorous and robust analysis provided
nuances of the intensity of the relationships (vector length)
and their nature (angle of the vectors and their corresponding
positions in the quadrants), which is new in elite basketball.

We will develop this discussion following the coaches’
responses to the questions raised (Tables 1, 2) specifically related
to the importance of pick-and-roll in tactical approaches of the
game (questions 4, 5, 8, 9, 10, 11, 12, 13, 14, 15, and 16). In these
cases, in which all the answers were equal or had no significant
results, the analysis was not performed: questions 1 and 6 (all
answers were R2), questions 3 and 7 (all answers were R1), and
question 2 (results were not significant).

Question 4: After the pick-and-roll, we observed to which side
the player dribbles the ball, and 54% of the time, he dribbles to
the right and 46% to the left. Do you consider this relationship to
be the expected one, or did you think there would be a greater
difference? Why?

According to Perše et al. (2009), there are two very
important elements in this offense, which are: the motion of
the ball handler (right–left), and motions of the players without
the ball. Obviously, this offensive action is characterized by
continuous motion.

Below are some of the comments expressed in the interviews
with experts in response to question 4, reinforcing their
explanation with the results of the polar coordinate. The
responses varied, since the group of coaches, coaches 2, 4, and
6, expected a higher percentage of screens to the right side, and
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the group of experts, coaches 1, 3, and 5, was not so surprised by
the result obtained. Coach 2 defended that in basketball there,
is a “greater number of ball handlers with the right and that
everything that facilitates the progression of the ball to the right
side implies generating advantages.” Even coach 4 went further
with his explanation, arguing that at the time of making the
scouting of rival teams he was thinking about the characteristics
of the opponents (polar coordinate Figure 1B, quadrant I,
category D2132) who practice a double pick-and-roll/horns and
“the defense sends directly to the left side (the player’s weak hand)
or where we have defensively the power forward player because
normally these players manage to defend better than the center
players.”

However, the study by Stavropoulos and Stavropoulos (2020)
indicates that, when the ball handler chooses the left direction
of motion after a slip pick, pick and pop, and stretch, the trap
on the top of the key and left side of the court achieves better
effectiveness than the right side. It was also observed that the
ball handler prefers to move to the right side toward the basket
rather than to the left on the top of key. Presumably, this happens
because majority of ball handlers use their right hand as their
dominant one. Furthermore, an important finding is that the ball
handler prefers to move to the left when he is on the right side.
This probably happens because his space is restricted if he moves
to the right toward the baseline; additionally, in this restricted
space, there are already defensive players. For these reasons, if he
moves to the left, he is given more offensive options. The opposite
is true for the left side, where the ball handler prefers to move to
the right for the same reasons that apply for the right side. This is
in line with Van Maarseveen et al. (2018) who claimed that players
use their non-dominant hand on the right side of the court and
the dominant hand when playing on the left.

Battaglia et al. (2009), by conducting an analysis on pick-and-
roll actions that occurred in the defensive court during ACB
league matches (season 2007/2008), observed that on 770 screens,
51.6% was achieved in the central zone with a defensive success
of rate 44.9%, and that 48.4% was achieved by bounds with
a defensive success rate of 58.7%. The authors concluded that
defense acts better on bound-oriented screens, as confirmed by
the study of Kruger (2007).

Gómez-Ruano et al. (2015) and Vaquera et al. (2016)
confirmed in their studies that there is less offensive effectiveness
when the screener establishes a screen from the central zone
toward the lateral zones and greater effectiveness when the screen
is established from the lateral zones toward the central zone or
toward the baseline. Uxía et al. (2012) and Ionescu (2015) argued
that teams study screening tactical options to favor the dominant
hand of players, which is normally the right.

These also result with adjusted percentages and coach 6
affirms that “most of the players are right-handed” but he also
explains two factors that can influence the offensive decision:
“One, aside from left-handers who are not a decisive factor, there
are right-handed players who go to the left better than to the
right, especially to stop and shoot rather than to penetrate; and
two, when the defense passes behind almost everyone re-screen
(repick) that makes the player end up going to the left.”

Elite teams train and decide how help defense will be on
the weak side or the strong side, and establish a table of
possible rotations, always thinking about the capabilities and
characteristics of both teams.

Coach 3 states that there are right-handed players who
are very good shooters and who prefer to move to the left
since “they perform the static shot better.” Basketball is in
constant development, adapting to elite performance, and “with

FIGURE 1 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 4 of the in-depth interviews. By way of example, in “favorable evaluation,” a total of 6 significant vectors were detected, of which 1
was in quadrant I, 2 were in quadrant II, 2 were in quadrant III, and 1 was in quadrant IV. In “unfavorable evaluation,” a total of 6 significant vectors were detected, of
which 2 were in quadrant I, 1 was in quadrant II, 1 was in quadrant III, and 2 were in quadrant IV.
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time the players are better and they dominate both hands
more” (coach 5).

Question 5: After the pick-and-roll, 51% of actions registered
ends in a shot. What do you think of this percentage of shooting
statistic? Is it the best resource to achieve an optimal shooting
position or to create options to achieve it? Why?

Our study (Nunes, 2020) states that 51% of actions registered
after a screen ended in shooting. Also, for Romero (2008), it is
an action that obtains effective results 50% of the time. In the
end, what all basketball coaches look for is success of the offensive
phase, and this is determined by the effectiveness of shots (Ibáñez
et al., 2009; Serna, 2014; Serna et al., 2017). Consequently, players
have to be trained in executing a ball screen by learning to read
the defense properly (Remmert and Chau, 2019).

The Spanish national head coach, coach 6, explains that “the
magic of screening is precisely attracting two players at a given
moment and having the speed of passing the ball to the teammate
who has become free” and that is why a high percentage of shots
are achieved after this technical-tactical action. It is a phrase
that explains well what basketball professionals look for from the
pick-and-roll, and the polar coordinate also expresses that for
the interviewed coaches, the richness of the offensive tactic of
screening allows for creation of several reliable options to hinder
the opponents’ defensive work and achieve a sum of points on the
scoreboard (Figure 2B, quadrant III, category D281).

Coach 1 clarifies that if most screens are made in the beginning
of possession, it serves to find the best shot option among the
player with the ball, the screener, and a third player who can
intervene in the offensive action, but the pick-and-roll made in
the end of possession is made as a last resort to seek an immediate
shot option. The idea of the head coach is reinforced by the
result of the polar coordinate performed with coding data of the
interviews carried out with basketball experts, where they support

the idea that decision-making in pick-and-roll is conditioned
by the moment of its performance (Figure 2A, quadrant IV,
categories D222 and D291).

Question 8: If we analyze the defensive phase of the pick-
and-roll , we see how the defender of the ball handler escapes
the screen on 28% of the occasion. What do you think of this
percentage? What can defenders do to improve their response to
this technical-tactical action?

Pick-and-roll and its variations (pop, slip, and stretch the trap)
create such confusion to the defense that hardly any other offense
creates, the result of which is that spying by opponent coaches
becomes difficult (Stavropoulos and Stavropoulos, 2020).

Most of the elite coaches interviewed think that it is a bad
defensive result, and this fact clearly explains “why screening is
still such a used and effective action” (coach 6).

However, this result has had several readings, since, offense-
wise, coach 3 affirms that “if the ball handler does not lead his
defender to the screen, there is no effective screen, or if the big
one does not place the right screen angle and at the right height
the defender will also be able to escape the screen.” However,
there is also the merit of the defender, since “when a screening
occurs seven meters from the basket, a player normally in 1 × 1
defends a little far, half arm or even sometimes one arm, but to
pass the screen and to escape you have to stick to the man with
the ball, and it is a cause-effect reaction that sometimes does
not occur because the center warns the screen late, or because
the little one does not immediately follow the defensive call of
the center to the jump reaction according to the defensive tactic
planned for the man with the ball” (coach 6). A fact confirmed
by the polar coordinate (Figure 3, quadrant I, categories D281,
D282, and D232).

In addition to distance control, also defended by coach 2,
of technical aspects that involve the action, tactical options of

FIGURE 2 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 5 of the in-depth interviews. In “favorable evaluation,” a total of 11 significant vectors were detected and in “unfavorable evaluation,” a
total of 11 significant vectors were detected.

Frontiers in Psychology | www.frontiersin.org 9 March 2022 | Volume 13 | Article 801100292

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-801100 March 26, 2022 Time: 16:12 # 10

Nunes et al. Pick and Roll in Basketball

FIGURE 3 | Relationship of conditioned behaviors that present a significant
relationship with the focal behavior “unfavorable evaluation” analyzing
question 8 of the in-depth interviews. In “unfavorable evaluation,” a total of 12
significant vectors were detected.

each team, and scouting carried out previously, coach 4 also
adds that to optimize this percentage “The first thing is to
improve the communication signals between teammates to be
prepared because if they are ready in advance it is easier.” Authors
Stavropoulos and Stavropoulos (2020) clearly explain that the
pick-and-roll is an offense without verbal signals, and that the
defense has that weapon in its hand, communication, since it can
be adapted momentarily to the opponent’s screen action.

The main thing is the will that is put into carrying out
a defensive action and the study by Christmann et al. (2018)
support the idea that in 65.7% of screens analyzed, it is
verified that defensive interveners of a screen have expressed
a type of moderate or no defensive pressure in said situation.
A fact corroborated by Remmert and Chau (2019) affirms that
ball screens are most successful when defenders act passively
(remaining in the screens).

Also, the polar coordinate of the interviews expresses the
idea that if defenders bet on an intense defensive attitude,
are aggressive in their gestures, and have the psychological
harshness of wanting to defend, then these are very valid and
simple arguments to make pick-and-roll a more efficient action
(Figure 3, quadrant I, category D2111).

Question 9: In Unicaja (10/11), 73% of the team’s offensive
actions after a timeout are performed through a pick-and-roll.
Do you consider that, after a time-out, the initial offensive
resource should always go through a pick-and-roll? Why?

The research available on this subject is very scarce; however,
the study of Sampaio et al. (2013) shows that results have shown
that teams who called a timeout were able to increase points
scored immediately after. In fact, after this 60-s break, players
may perform better because of physiological recovery; however,

their opponents also had the same recovery opportunity and
performed worst (receive points). Nevertheless, physiological
recovery may be determinant when interacting with technical
(Lyons et al., 2006) and tactical performances (Davey et al., 2002;
Royal et al., 2006).

The current results suggest that coaches should examine
offensive and defensive performances when considering whether
to call a time-out. Also, the results point out the importance of
offensive performances and their effects according to game period
and momentary differences in score (Gómez-Ruano et al., 2011).

Manzano et al. (2005) stated that screens are often used
in situations where the disadvantage in the scoreboard of the one
who uses them is considerable considering the time remaining
and tends to risk, more than usual, facilitating and building
simple attack situations with this option.

Therefore, in addition to confronting the experts with the data
obtained, we also asked if they consider that after a timeout, the
initial offensive resource should go through a screen. Four of
the six coaches interviewed stated that this should not always be
the case and even shown surprise at the high result achieved. In
their justifications for such a percentage, we emphasized that “the
players of that season liked to play the screens a lot and in the end,
we ended up playing that resource more” (coach 5). A fact also
confirmed by the polar coordinate of the interviews (Figure 4B,
quadrant I, categories D211, D2121, and D2131) where strategies
implemented to the players of the squad and its features are
adapted. Unicaja’s coaches commented that “you can play other
kinds of situations that also make your team not so predictable
because the coaches of the team who is defending say during
downtime, be careful that they are going to play a screen, and the
players are already ready for it.” That’s why collective offensive
tactics have enormous weight on professional teams (Figure 4B,
quadrant III, category D281).

The polar coordinate showed that time is a key aspect for
coaches (Figure 4B, quadrant III, category D222; quadrant I,
category D221), since “when you have the entire possession time
because it always gives you time to make a pick-and-roll. Timeout
gives you time to think, you can attack the worst defender of
the small players, the worst defender of the big players, or think
which side to attack” (coach 4).

Question 10: In Unicaja (10/11), 51% of actions after the
pick-and-roll have involved a third player in addition to the ball
handler (B1) and the screener (B2). What do you think of these
results?

In the study of Marmarinos et al. (2016), they show that the
third player receiving the first pass or second pass after the screen
takes 28 and 7% of the shots, respectively. The tactic also explains
that a pass to the perimeter (35%) results in a shot more often
than a pass to the screener (22%).

The interviewees state that “it is a fairly correct percentage and
that it is quite adjusted to the reality of modern basketball” (coach
5). As logic, they interpret that “the other 49% corresponds to a
shot, a 1 × 1, a penetration or a continuation of the two players
of the screen,” and, therefore, assumes it as an expected result
(Figure 5A, quadrant I, category D2152).

Confirming the results of the polar coordinate conducted on
the in-depth interviews shown in Figure 5B (quadrant I, category
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FIGURE 4 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 9 of the in-depth interviews. In “favorable evaluation,” a total of 15 significant vectors were detected, and in “unfavorable evaluation,” a
total of 15 significant vectors were detected.

FIGURE 5 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 10 of the in-depth interviews. In “favorable evaluation,” a total of six significant vectors were detected, and in “unfavorable evaluation,”
a total of six significant vectors were detected.

D211), the coaches also deepen their response thinking about the
characteristics of the players who constituted Unicaja’s teams and
assume that “we had no players playing above the hoop to throw
the ball up. and we had no creative point guards on the first pass”
(coach 4). However, on the other hand, technicians claim that
they had “advantage to play after screening” (coach 4), and that
option is reflected in our study by the number of screens where a
second pass and a third pass have been used.

Question 11: In Unicaja (10/11), pick and repick (re-screen)
were observed in 53 records (5% of the total pick-and-rolls).
What do you think of this number of repicks? Why?

The screeners’ actions after the screen are related to
less effectiveness when doing a re-screen (repick). This
tactical behavior is used to create more space and a new
possibility for the dribbler, but it generally occurs when
the defender follows the dribbler, constraining offensive
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options. Conversely, the screeners’ following action after the
screen with higher effectiveness is continuing to the basket
(Gómez-Ruano et al., 2015).

The study by Polykratis et al. (2010) concluded that 3% of
screen actions registered were carried out with the movement
pick and repick; it is a lower value if we compare it with the 7.8%
registered in our analysis.

Regarding the option of carrying out this technical-tactical
action, most of the interviewees think that it is a scarce result,
but in their justifications, it is possible to interpret the reason for
that low percentage of re-screen.

It is observed that the coaches have sought their main
arguments in the characteristics of the team and the way of
playing implemented in the Malaga team to explain the data
obtained, which is also reflected in the results of the polar
coordinate carried out in the interviews (Figure 6A, quadrant I,
category D2131; quadrant III, category D211).

The coaches assume that “the Unicaja players who performed
screens were very good shooters, and then the defenses almost
never came behind, so the re-screen option was not necessarily
usable” (coach 5).

Question 12: In Unicaja (10/11), 15% of the pick-and-roll was
used with the intervention of a second screener (used or not).
Horns’ tactical work has been a classic in modern basketball.
Would you expect another result? Why?

Coaches, at all levels, having full responsibility for the
performance of their teams, confront a number of challenges
regarding the designation of the type of offense they should use
during a season of competition. One of the main challenges
for researchers and coaches is the detection and prediction of
effective team cooperation or individual behaviors, aiming at a
more effective execution against the opponent (Garganta, 2009).

However, it is a higher result when compared with the 5% of
double high recorded in the study by Polykratis et al. (2010).

The tactical work of horns has been a classic in modern
basketball, and to better understand these percentages, some of
the comments expressed in the interviews with experts regarding
question 12 are shown below.

For the elite coaches, it is a tactical option that allows two
screeners to be positioned so that later “they can attack to one
side or the other and choose to play with the power forward or
with the center” (coach 4). The polar coordinate of the interviews
indicates that the categories D211 and D232 have statistical
significance showing that for the coaches, the type of squad they
had (Figure 7, quadrant II, category D211) and the space to
execute it are essential factors to effectively carry out the action
of the double screen (Figure 7, quadrant I, category D232).

Perception, prediction, and execution are essential features of
equal value in offensive cooperation (Knight and Newell, 1989;
Roca et al., 2011; Gorman et al., 2013; Van Maarseveen et al.,
2018).

Question 13: In Unicaja (10/11), we observed that the team
performed more pick-and-roll actions in possessions where
they were winning the match (524 possessions) compared to
possessions where the team was losing (506 possessions). Is the
strategy of using pick-and-roll conditioned by the result on the
scoreboard? Is it a deliberate resource, or is it a random piece of
information?

In the last decade, game-related statistics and the notational
analysis method were highly considered to define the profile in
basketball and their consequent practical utility (Gómez-Ruano
et al., 2006, 2016; Ibáñez et al., 2008). Winning or losing in a
basketball game is usually tried to be explained by team statistics
(Çene, 2018).

FIGURE 6 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 11 of the in-depth interviews. In “favorable evaluation,” a total of 13 significant vectors were detected, and in “unfavorable evaluation,”
a total of three significant vectors were detected.
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FIGURE 7 | Relationship of conditioned behaviors that present a significant
relationship with the focal behavior “favorable evaluation” analyzing question
12 of the in-depth interviews. In “favorable evaluation,” a total of 11 significant
vectors were detected.

The score-line variable showed no significant relationships
with ball screen effectiveness. In score-line, the most effective
score was −10 to 0, so basically, when one team is losing, they
have more effectiveness than if they are winning (between 0 and
10 points). One of the reasons could be that when a team is losing,
usually they focus on the way they perform the ball screen and
the way they play that is more aggressive to score and generate

disorder (defensive unbalance) (Vaquera et al., 2016). These
results enhance the importance of players’ interactions during a
basketball ball possession that may influence the strategic and
tactical approaches to score, particularly team-tactical behaviors,
such as screens on the ball (Remmert, 2003).

Gómez-Ruano et al. (2010) suggest the importance of group
offensive tactics with the performance of screens and multiple
screens to win matches, and the study carried out by Koutsouridis
et al. (2018) shows that pick-and-roll can affect the outcome of a
game (p = 0.001).

The pair of coaches 1 and 5 was quite surprised with the result
obtained, and both hoped that more screens were made when
they won a game and affirmed that “it is not a random data,
because the fact of using more screens when you are winning than
when you are losing has some tactical and technical sense,” which
confirms and reinforces the opinion of the other experts through
the polar coordinate shown in Figure 8A (quadrant II, category
D281). In addition, coach 1 explains that the use or not of the
pick-and-roll “depends on which is the action that transmits the
most confidence to the coach.”

The technical duo of coaches 3 and 4 also showed their
surprise on the result obtained but mainly because of the
difference between the number of screens when winning or losing
a game. Coach 3 affirms that the pick-and-roll “is not something
that is used more if you are winning. It is a resource that is used
whether you are winning or losing,” and that is why he thought
that this fact is more of an effect of a chance than caused or
thought out, but the polar coordinate confirmed this (Figure 8B,
quadrant IV, category D291). The head coach also did not believe
that the use of screening “is a question of the coach’s confidence”
(Figure 8B, quadrant IV, category D2143) but is more of an
anxiety issue about wanting to control the game because “the
pick-and-roll is part of the resources so you take advantage,”

FIGURE 8 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 13 of the in-depth interviews. In “favorable evaluation,” a total of 7 significant vectors were detected, and in the “unfavorable
evaluation,” a total of 11 significant vectors were detected.
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and, thus, control the scoreboard. However, he also argued that
coaches try to “attack faster when you are behind the scoreboard,
look for faster actions and therefore look for fewer pick-and-roll
actions.”

Coach 2, from a coach’s point of view, explains that “it can
be totally indifferent that you play more ball screens winning or
losing, what I do think is that, if you are losing, especially in key
moments, and you need to recover the point difference quickly, I
think you have to play the ball screen faster” (Figure 8B, quadrant
IV, categories D221 and D251).

Question 14: In Unicaja (10/11), 2-on-1 traps were made in
8% (n = 95) of the observed defenses, and a defensive change was
made in 19% (n = 216) . Do you think they are good defensive
options? Why?

Ball screens allow for reacting successfully against different
defensive strategies, such as switching and hatching (Polykratis
et al., 2010; Gómez-Ruano et al., 2015; Remmert and Chau, 2019).

The number of mismatch situations that occur in a match is
high enough to be taken into account and prepared in training.
When an offensive team encounters a situation of a defensive
switch with a mismatch, the shorter the duration, the more
beneficial to them. This situation, known as a mismatch, can be
a good defensive option to force the offense to play differently,
giving rise to different scenarios (Lorenzo et al., 2017).

Finally, in the pick-and-roll now, in spite of the fact that
it appears to be the most common offense, some help may be
given to various defensive players who are near the key, which
will prevent the ball handler from increasing his success percent
(Stavropoulos and Stavropoulos, 2020).

In 1,588 (71%) observations, no direct mutual aid action
was recorded between the defensive interveners after the ball
screen (Nunes, 2020). Santana (2016) agrees with the result of
our study, but admits that switch defense is also a valid option

to minimize the consequences that an attack seeks with this
technical-tactical action.

For the option of switch defense, Coello (2005) and Ivanovic
(2006) suggest that it will be used in final possession situations
or when the screener and the ball handler are good shooters.
Polykratis et al. (2010) present in their work a result of 39.7% of
actions with switch defense on ball screens and argue that when a
change is made, important defensive imbalances occur.

In the interviews with both coaches 3 and 4, we observed
that the team had a well-defined strategy to use the 2-on-1 trap
and switch defense options, referring to characteristic defensive
technical and tactical concepts used by their players (Figure 9B,
quadrant IV, categories D262 and D272).

For coach 2, “ball screen is such an important resource in the
attack that it has to have different ways of defending it.” That
is why the experts assume that it is also important to develop
a defensive technique for the pick-and-roll, and this is reflected
in their responses that are observed and shown in Figure 9A
(quadrant II, category D262) from the polar coordinate of the
interviews. “First because it gives you variety, and second because
the two options facilitate doing something different in the defense
of the ball screen.”

The polar coordinate analysis (Figure 9B, quadrant I, category
D222) also confirms that for the coaches, the exact time
of performing these types of actions is essential to achieve
defensive success.

In short, the coaches confirm that these are valid defensive
resources or variants, but with very unique characteristics; for a 2-
on-1 trap to inhibit a specific offensive player or a certain position
on the field, the switch defense must be executed by dynamic
players and in line with the remaining time of possession.

Question 15: In Unicaja (10/11), the main defensive responses
of the ball handler’s defenders were chase (38%; n = 439), over the

FIGURE 9 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 14 of the in-depth interviews. In “favorable evaluation,” a total of 16 significant vectors were detected, and in “unfavorable evaluation,”
a total of eight significant vectors were detected.
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top (23%; n = 261), and under the screen (18%; n = 205). For you,
what are the best options to defend the pick-and-roll? Why?

The difference between a good ball handler and a very good
player is the ability of the latter to create by himself the best
conditions for a shot or penetration toward the basket, as well as
to create favorable offensive situations for his teammates (Hill,
1999). A defensive mismatch situation can be created when
the ball handler accepts a correct pick from his teammate and
penetrates from the right or left side toward the basket (Lorenzo
et al., 2017). After a ball screen action, the ball handler has several
offensive options; however, the defense also has its tools to inhibit
rival effectiveness.

Gómez-Ruano et al. (2015) highlight in their study that the
action influence of the ball handler’s defender has increased
defensive efficiency when he has fanning/denying the screen, and
has decreased when this defender passes from 3rd (under the
screen) or 4th (squeeze).

Battaglia et al. (2009) have used an individual defensive
nomenclature similar to that of our research and have come to the
conclusion that, in most of the screens, the ball handler’s defender
chases his offensive player, however, it is more efficient when he
passes it from 4th. These authors state that when observing the
significance of the results, it is found that only the action of going
beyond 2nd is really significant.

Question 15 affects the main defensive responses of the
defender of the ball handler. In elite basketball, we try to
minimize mistakes and offer few offensive opportunities to the
opposing team. In this question, the head coach (coach 3)
interprets that the basis for making a good decision is found while
both “scouting and at the time of the match.”

Basketball experts agree that a defensive aid strategy depends
directly on the time and mainly on the space of the action,
in which the polar coordinate corroborates, and that it can
condition certain ways of defending the ball handler (Figure 10,
quadrant II, category D232).

Synthesizing the answers of the experts, they prefer “option
to chase, because the ball screen is already the action that
generates the most advantage, since any type of player can play
it, but it will be played more by the player who can have the
bigger threat of shooting” (coach 5). In elite basketball, they
try to minimize errors and offer the least number of offensive
opportunities to the rival team, and for the technician, the
options of going third (under the screen) or fourth (squeeze)
will lower their percentage “because the further you go from
the ball, the theoretically easier it is for the offense player.”
However, this choice does not inhibit all offensive options
of the pick-and-roll, since “going overhead (over the top)
obviously removes the shot option but favors the penetration
option” (coach 6).

Question 16: In Unicaja (10/11), the main defensive responses
of the screener’ defender were open (41%; n = 466), show (36%;
n = 411), and hedge (15%; n = 176). For you, what are the best
options to defend the direct pick-and-roll? Why?

Regarding main defensive responses of the screener defender,
it is interesting to observe how elite coaches look for the
best options for their teams, adapting to the characteristics
of their roster, style of play in the league, their rivals, and
popular tendencies of the moment (Figure 11B, quadrant I,

FIGURE 10 | Relationship of conditioned behaviors that present a significant
relationship with the focal behavior “favorable evaluation” analyzing question
15 of the in-depth interviews. In “favorable evaluation,” a total of 14 significant
vectors were detected.

categories D2141 and D2142; quadrant III, category D2144). In
the interview of coach 3, we were surprised to hear that “I don’t
like the horizontal flash (show) now, as much as it was done
before and note that it has been the one I used the most! Right
now I wouldn’t do it because I think it’s a defense where you go
too far to almost make a triangle when it comes to recovery. I like
more to do the vertical flash (hedge), stop the ball and recover in
the same line.”

Action in pick-and-roll is very fast, and for this reason,
synchronization of the moves of offensive players is very
important, so that defensive players are not given enough time
to react (Stavropoulos and Stavropoulos, 2020). For this reason,
coach 2 defends that the best option to combat the offensive
effectiveness of the pick-and-roll “is to have different options”
(Figure 11A, quadrant I, category D282), and that the other key
would be “the screener defender has to be as close as possible to
the screen at the moment of blocking” (Figure 11A, quadrant I,
category D232). That is why he advocates for defense in flash.
In addition, statistics is an instrument widely used by basketball
technicians, and, in this question, it has been no exception to
argue their thoughts through statistical data, a fact confirmed by
the polar coordinate in Figure 11A (quadrant I, category D2152).

Furthermore, the most used type is the head-on screen;
however, defense is very effective in this case. Screeners’ defenders
often use a hedge to defend the screen, and if we look for
a relationship with frequency, we can conclude that hedge,
show, and open are the most effective ways to defend it, as
supported by the study of Remmert (2003). This type of defense
is characterized by great aggressiveness and concern of the ball
handler to penetrate.

In line with this perspective, the study by Battaglia et al.
(2009) also coincides with the study by Refoyo et al. (2007), in
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FIGURE 11 | (A,B) Relationship of conditioned behaviors that present a significant relationship with the focal behaviors “favorable evaluation” and “unfavorable
evaluation” analyzing question 16 of the in-depth interviews. In “favorable evaluation,” a total of 12 significant vectors were detected, and in “unfavorable evaluation,”
a total of 14 significant vectors were detected.

which the short defensive flash appears strongly associated with
defensive success.

Manzano et al. (2005) conclude that when the pick-and-
roll occurs, there are alterations in the structure of both teams.
The match observation suggests that the pick-and-roll is used
to decrease the defense pressure regarding carrying of the ball,
offensive transition, and development of a quick attack, organized
attacks at the beginning, besides defensive responses that each
team implements in every action.

However, this study is not exempted from limitations since
it is based on data from the 2010–2011 season. This is justified
by the fact that it is difficult for coaches to publicly reveal their
tactical approaches or those of their teams for ethical and strategic
reasons. Over time, this information maintains its scientific
significance and reduces its impact in the field of sports.

Finally, looking toward the future, it would be interesting to
consider if the speed and rhythm of execution of ball screens
depend on the result of the scoreboard by T-pattern analysis, as
has been conducted on other sports (Pic and Jonsson, 2021).

CONCLUSION

This study shows that the application of mixed methods, by
polar coordinate analysis of the coding made to the responses
on a systematized interview, is an effective strategy for obtaining
relevant information on the expert knowledge of elite coaches on
the influence of the pick-and-roll in tactical actions in basketball.
It is innovative, from the perspective of mixed methods. In the
past, the answers of interviews were analyzed qualitatively, but
here we have analyzed the data quantitatively.

The interview confirms that coach 1 and his staff were
less confident than coach 3 in the options that pick-and-roll
offers, which is also reflected in the record of screens made

and simulated. Coaches consider ball screens as an advantage-
creating action to read the opponent and end or maintain the
preset game action. This is why screens increase their frequency
at the start of offensive systems. Coaches rely on ball screens as
a last resort when possession time is short to seek an immediate
shot option. The experts conclude that controlling the ball with
the dominant hand facilitates the execution of the pick-and-roll,
but that it is not a decisive or limiting aspect.

Seventy-three percent of the team’s offensive actions after
a timeout were performed through a pick-and-roll. The elite
coaches assume that a timeout offers the necessary time
to think about the previously prepared baseline or sideline
play and resort to head-on screen preferring to build a
conservative, solid offensive situation that allows for success.
In moments of tension and with an unfavorable or even
result on the scoreboard, offensive systems become more
important and coaches rely on ball screens to try to control the
dynamics of the game.

We highlight in the defensive section that the coaches confirm
the defense switch action and the 2-on-1 trap as valid defensive
resources or variants but have very unique characteristics; a 2-
on-1 trap inhibits a specific offensive player or a certain position
on the field; defense switch must be executed by dynamic players
and in line with the remaining time of possession. The elite
coaches conclude that the defensive response of the defender of
the ball handler depends on the characteristics of the offensive
player, moment of the game, distance to the basket, and previous
scouting. They corroborate their preference for the option to
chase, because it is the most aggressive action. For the defensive
response of the screener defender, high-level coaches prefer the
flash, mainly the vertical one (hedge), to provoke an error and
take the initiative in defense. This decision will be defined by
the agility and aggressiveness characteristics of the defender in
question (screener).
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Previous research has shown positive relationships between fitness level and different 
cognitive abilities and academic performance. The purpose of this study was to explore 
the relationships between logical–mathematical intelligence and mathematical competence 
with physical fitness in a group of pre-adolescents. Sixty-three children (50.79% girls; 
49.21% boys) from Castro del Río (Córdoba, Spain), aged between 11 and 12 years 
(M = 11.44, SD = 0.64), participated in this research. The Superior Logical Intelligence Test 
(SLIT) and the EVAMAT 1.0–5 battery were used. Physical fitness was evaluated by the 
horizontal jump test, the 4×10 meter speed–agility test, and the Course Navette test. The 
analyses showed positive relationships between physical fitness with logical–mathematical 
intelligence and mathematical competence. Specifically, linear regression analyzes 
indicated that the 4×10 speed–agility test significantly predicted mathematical competence 
(R2  = 0.16; β  = −0.41) and the horizontal jump test significantly predicted logical–
mathematical intelligence (R2 = 0.24; β = 0.50). These results are in agreement with previous 
research, highlighting the importance of improving physical fitness from an early age due 
to its benefits for intellectual and academic development.

Keywords: physical fitness, logical–mathematical intelligence, mathematical competence, preadolescence, 
exercise

INTRODUCTION

Physical exercise provides many health benefits. Among them, it reduces the risk of metabolic 
or cardiovascular diseases (Fiuza-Luces et  al., 2018; Thyfault and Bergouignan, 2020), works 
as a protective factor against neurodegenerative processes (Whitty et  al., 2020), strengthens 
the immune system (Holmen et  al., 2020) or contributes to better cognitive development in 
childhood and adolescence (Sember et  al., 2020). In contrast, sedentary lifestyles promote 
poorer health and increase the risk of disease (Narici et  al., 2021). In fact, a sedentary lifestyle 
is considered one of the most important risk factor for mortality in the world. However, in 
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recent decades there has been an evolution of lifestyles toward 
more sedentary habits (Bull et  al., 2020).

In recent years, the impact that physical exercise can have 
on the brain in children has received special attention (Meijer 
et al., 2020). Structural and functional improvements have been 
observed in children who were regularly active (Valkenborghs 
et  al., 2019). Physical exercise increased the blood flow, the 
synaptic transmission, and brain plasticity, promoting the increase 
in the volume of gray and white brain matter (Erickson et  al., 
2015; Bidzan-Bluma and Lipowska, 2018). Thus, a better 
development of cognitive abilities, such as attention, memory, 
or executive functions, has been observed (Samuel et  al., 2017; 
Xue et  al., 2019). This is relevant, given the impact that these 
capacities have on the adaptation and development processes 
at this stage of life. Specifically, these benefits in cognitive 
functioning can be  extended to an essential issue for the 
development of children, such as competence and academic 
performance (de Greeff et  al., 2018; Singh et  al., 2019).

The practice of physical exercise has been shown to 
be  important for cognitive health and could be  related to the 
development of academic competencies, so that the Physical 
Education should be a subject with great importance in schools 
curriculum (Bailey, 2018). Especially due to the high rates of 
sedentarism that children and adolescents have currently (Gómez 
et  al., 2020). Since many children are inactive in their daily 
life, practicing physical exercise in schools is of special interest 
to develop motor skills and raise awareness about active lifestyles 
(Hulteen et  al., 2018). In this way, different intellectual and 
academic competences could improve due to physical exercise 
and the optimization of cognitive functioning derived from 
this process. For example, previous studies have highlighted 
the positive relationship between physical exercise and academic 
performance in disciplines, such as mathematics or reading 
comprehension (Hillman et  al., 2009; Donnelly et  al., 2016; 
Geertsen et  al., 2016; Singh et  al., 2019).

In addition, research published in recent years has shown 
that physical exercise must be  carried out regularly and at 
moderate–high or high intensities to produce the greatest effects 
on cognitive functioning and intellectual abilities (Moreau et al., 
2017; Reloba et  al., 2017; de Greeff et  al., 2018; Antunes et  al., 
2020). In fact, physical exercise must cause an increase in 
fitness level to adequately predict its effects on brain function 
(Chaddock et  al., 2012, 2013; Esteban-Cornejo et  al., 2019; 
Hernández-Mendo et  al., 2019). Thus, various studies have 
shown positive relationships between aerobic capacity, strength, 
or speed–agility on attention, executive functioning, or academic 
performance (Donnelly et  al., 2016; Singh et  al., 2019; Solis-
Urra et  al., 2019; Páez-Maldonado et  al., 2020).

Academic skills are the abilities that enable students to 
be  successful in an academic context. Therefore, improving 
them is a necessity for the integral development of students. 
Specifically, learning mathematics is a challenge for children 
and adolescents due to its complexity and difficulty, but it is 
essential knowledge for their lives (Matthews, 2018). Therefore, 
it is relevant that scientific evidence suggests that promoting 
physical exercise at these ages could contribute to developing 
mathematical competencies (Bugge et  al., 2018). As previously 

stated, the regular practice of exercise improve cognitive 
functioning. And according to Geertsen et  al. (2016), better 
cognitive functions are positively correlated with the performance 
of a higher academic performance in the area of mathematics. 
Specifically, Chaddock et  al. (2015) conducted a study with 
children between nine and ten years old, reported that a better 
physical fitness showed a statistically significant and positive 
relationship with arithmetic performance.

Traditionally, the learning of mathematics has been linked 
to logical–mathematical intelligence. This ability allows solving 
mathematical problems, which is based on reasoning, 
deduction, and abstract thinking (Cerda et  al., 2011). This 
type of intelligence requires the development of higher order 
cognitive processes, called metacognitive skills, such as 
planning, control, selection, and evaluation of the process 
used in solving a task, which enables people to perform 
better in the area of mathematics and can predict academic 
performance (Ferrándiz et  al., 2008; Contreras et  al., 2009; 
Kroesbergen et  al., 2009; Cerda et  al., 2011).

Due to the importance of the development of mathematics 
at these ages, and the few investigations that have highlighted 
the associations between physical fitness with logical–
mathematical intelligence, and mathematical performance 
together, the objective of this study was evaluate the relationships 
between physical fitness, logical–mathematical intelligence and 
mathematical competence in children between 11 and 12 years old.

MATERIALS AND METHODS

Design
The study design was associative, comparative, and predictive 
(Ato et  al., 2013).

Participants
Sixty-three children (50.79% girls; 49.21% boys) from Castro 
del Río (Córdoba, Spain), aged between 11 and 12 years 
(M = 11.44, SD = 0.64). All the children were in fifth and sixth 
grade. The sampling was incidental, non-probabilistic. Students 
with physical health problems, who had not presented the 
informed consent signed by their parents, who were not 11 
or 12 years old, or had any pathology that could affect the 
result of the investigation were excluded.

Instruments
ALPHA-Fitness Battery
This battery was developed for the evaluation of health-related 
physical fitness in children and adolescents (Ruíz et  al., 2011). 
the Horizontal Jump Test, the 4×10 Speed–Agility Test, and 
the Course Navette Test were implemented. For the Course 
Navette test (Léger et  al., 1984), portable audio equipment 
and USB memory device were used. The initial speed of this 
test is 8.5 km/h, which has an increase of 0.5 km per minute 
during the course of the test. From the last stage completed 
in this test and the age of the subject, the maximum oxygen 
consumption (VO2max) was estimated indirectly using the 
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formula (Léger et  al., 1988): VO2max = 31.025 + (3.238 × V)  - 
(3.248 × A) + (0.1536 × V × A); A = Age; V = Velocity (km/h). The 
protocol determined in the ALPA-Fitness Battery (Ruíz et  al., 
2011) was followed throughout the process.

Superior Logical Intelligence Test
The purpose of this test is to evaluate the inductive logical 
thinking of schoolchildren aged 11 years or older, a stage that 
coincides with the period of formal operations described by 
Piaget (Gray, 1990; Cerda et  al., 2010). The SLIT has 50 
figurative items to be  solved, including abstract geometric 
shapes, such as points, lines, or polygons, among others. Each 
item has the same structure: left sector, 4 figures of a series 
united by a rule or pattern; right sector, 5 possibilities among 
which is the figure that completes the sequence on the left. 
The subject has to mark the figure on the right that continues 
the sequence on the left. In addition, at the beginning of the 
document, the test has 5 examples that would be  solved with 
the help of the researcher in charge of administering the test 
to facilitate the understanding of the test, together with some 
indications on how to develop it successfully. The time required 
for the administration of this test is 30 min. Cerda et al. (2010) 
provide in the application manual of this test some guidelines 
for the correction of each item, being the maximum score of 
50 points with a value of 1 point per correct answer and no 
penalty for errors or omissions. This instrument has an internal 
consistency of 0.95, calculated with Cronbach’s Alpha coefficient, 
being considered highly adequate.

EVAMAT 1.0 Battery
This test is an instrument for the assessment of the level of 
Basic Mathematical Competence that is expected to be developed 
during the fifth year of Primary Education, therefore, it can 
be  applied both to subjects in the fifth year and to subjects 
in the sixth year, from 11 to 12 years of age (García-Vidal 
et al., 2011). This battery collects information on five dimensions 
of mathematical competence: (1) Numeration; (2) Calculation; 
(3) Geometry and Measurement; (4) Information and Chance; 
(5) Problem-solving. Each dimension is made up of a series 
of tasks to be carried out by the students, which are accompanied 
by instructions that facilitate their understanding together with 
solved examples. For the correction of this battery, García-
Vidal et  al. (2011) provide guidelines for correction and 
interpretation, which allow to obtain the scores obtained by 
the students partially in each dimension of the test and globally, 
for which it is necessary to follow the formulas given to obtain 
these scores. Depending on the degree of difficulty of the 
task, it will have a certain score for the correct answers, being 
penalized the errors and omissions in some of them. This 
battery has a reliability of 0.96, therefore, it is considered 
highly adequate.

Procedure
The sample was selected in different schools in the city of 
Castro del Río, Córdoba (Spain). First, the director of the 
school where the study was carried out was contacted by 

telephone. The objective of the investigation was explained 
and permission was requested to carry it out. Once the 
participation was accepted, the informed consent of the parents 
or legal guardians was obtained. In addition, the ethical principles 
of the Declaration of Helsinki (World Medical Association, 
2013) were respected and it was approved by the Ethics 
Committee of the University of Malaga (No. 243, CEUMA 
Registry No. 18-2015-H).

During the first half of April 2021, the ALPHA-Fitness 
battery was implemented. The physical fitness tests were carried 
out in the sports facilities of the school, from 10 to 12  h in 
the morning. Prior to its application, an eight-minute warm-up 
was performed based on low intensity continuous running, 
joint mobility, and dynamic stretching. The order of application 
of the different tests was: (1) Horizontal Jump Test; (2) Speed–
Agility Test 4 × 10 meters; and (3) Course Navette Test. The 
logical–mathematical competence tests, SILT and EVAMAT 1.0, 
were applied during the second half of April. Both instruments 
were clearly explained so that there were no doubts.

Data Analysis
Descriptive and inferential analyses were performed. The 
Kolmogorov–Smirnov test was applied to analyze normality. 
Correlations were assessed with the Pearson coefficient (±0.01 
to ±0.19 = very weak correlation; ±0.20 to ±0.39 = weak 
correlation; ±0.40 to ±0.59 = moderate correlation; ±0.60 to 
±0.79 = high correlation; Evans, 1996). The predictive capacity 
of the physical fitness over the other variables was verified by 
means of linear regression analysis (successive steps). The level 
of significance was set to α = 0.05. Analysis of variance 
components and generalizability analysis have also been 
performed to show that the sample is reliable and the results 
are generalizable. The software SPSS v.20.0 (IBM Corp., Armonk, 
NY, United States) was used for statistical processing.

RESULTS

Table  1 shows the descriptive and normality statistics of the 
variables of physical fitness, logical–mathematical intelligence, 
and mathematical competence. As observed, some variables 
did not show a normal distribution (p < 0.05). To adjust these 
distributions, the algorithms l (x), x2, and ln (x) were used.

Table  2 shows the correlations between physical fitness, 
logical–mathematical intelligence and mathematical competence. 
The Horizontal Jumping Test shows a statistically significant 
correlation with EVAMAT (r = 0.26, p < 0.05), Problem-Solving 
(r = 0.33, p < 0.01) and Logic (r = 0.43, p < 0.01). Therefore, the 
Motor Ability variable presents statistically significant 
correlations with Numeration (r = −0.29, p < 0.05), Logic 
(r  =−0.31, p < 0.05) and EVAMAT (r = −0.41, p < 0.01), 
Calculation (r = −0.37, p < 0.01) and Problem-Solving (r = −0.42, 
p < 0.01). The Maximum Oxygen Consumption shows a 
statistically significant correlation with EVAMAT (r = 0.27, 
p < 0.05) and Problem-Solving (r = 0.30, p < 0.05). Also, EVAMAT 
present a statistically significant direct linear correlation with 
the variable Logic, highlighting the significance of EVAMAT 
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at the 0.01 level (r = 0.60, p < 0.001) and Problem-Solving at 
the same level (r = 0.57, p < 0.001).

Table  3 shows the linear regression analyses (stepwise) 
with which we  attempted to identify the physical fitness 
variables that predict the values of logical–mathematical 
intelligence and mathematical competence. The models meet 
the assumptions of linearity in the relationship between 
predictor variables and criteria, homoscedasticity, and normal 
distribution of residuals whose mean value is 0 with a standard 
deviation of almost 1 (0.99). Variables not included in the 
different models were excluded due to lack of significance 
(p > 0.05). The Durbin–Watson value was between 1.62 and 
2.16, which is appropriate according to Pardo and Ruiz (2005), 
indicating that it can be  assumed that the residuals are 
independent and the assumption of independence of the 
independent variables with respect to the dependent variable 
is fulfilled.

As observed, analyses indicate that the 4 × 10 speed–agility 
test significantly predicts scores for EVAMAT (R = 0.41; corrected 
R2 = 0.16; F = 12.16; p < 0.05), Numeration (R = 0.29; R2 
corrected = 0.07; F = 5.25; p < 0.05), Calculation (R = 0.37; R2 
corrected = 0.12; F = 9.27; p < 0.05) and Problem-Solving (R = 0.42; 

R2 corrected = 0.16; F = 12.38; p < 0.05). In addition, the Horizontal 
Jump Test predicted the Logic values (R = 0.50; corrected R2 = 0.24; 
F = 14.64; p < 0.001).

DISCUSSION

The purpose of this study was to analyze how physical exercise 
and physical fitness are related to logical–mathematical intelligence 
and mathematical competence in children between 11 and 12 years 
old. The results obtained showed statistically relationships between 
the measures studied and, therefore, the objective of the research 
is achieved. Specifically, the data reveal positive relationships 
between physical performance and the logical–mathematical 
competence variables analyzed. This is congruent with other 
research that had pointed out positive relationships between 
physical condition and mathematical performance at these ages 
(Chaddock et  al., 2015; Geertsen et  al., 2016).

This research focuses on very important parameters of 
intellectual and academic competence at these ages. Specifically, 
the logical–mathematical competence has been explored, 
represented by the variables of logical–mathematical intelligence, 
measured with the Superior Logical Intelligence Test (SLIT), 
and Basic Mathematical Competencies, evaluated with the 
EVAMAT 1.0 test (which contains the subtests: Numeration, 
Calculation, Geometry and Measurement, Information and 
Chance and Problem-solving). Developing these skills in 
childhood is very relevant. First, because of their own difficulty. 
Therefore, if physical exercise and increased physical performance 
can promote their learning, it is an important matter. Second, 
because of the impact it can have on other academic competencies 
throughout the student’s life (Ferrándiz et  al., 2008; Contreras 
et  al., 2009; Kroesbergen et  al., 2009; Cerda et  al., 2011; 
Matthews, 2018).

The results show that those students with high logical 
intelligence perform better in the area of   Mathematics, 
showing a greater correlation with problem-solving. Thus, 
the results coincide with the evidence of other authors 
regarding the relationship between logical intelligence and 

TABLE 1 | Descriptive measures, skewness, kurtosis, and Kolmogorov–Smirnov test for study variables.

M SD S K K–S

EVAMAT 1.0
EVAMAT 164.87 37.73 −0.86 0.87 0.02*
Numeration 34.59 6.87 −1.30 1.63 0.20
Calculation 32.99 8.35 −1.05 1.46 0.20
Geometry and measurement 32.45 8.15 −0.46 −0.55 0.01*
Information and chance 32.16 6.84 −1.38 2.60 0.20
Problem-solving 32.84 15.94 −0.23 −0.55 0.20

Superior Logical Intelligence Test (SLIT)
Logic 22.87 8.14 0.34 −0.99 0.06

Alpha fitness
Horizontal jump test (cm) 138.71 19.55 0.39 −0.20 0.02*
4×10 speed–agility test (sec) 13.26 1.48 0.99 0.90 0.00*
VO2max (ml/kg/min) 40.99 4.15 1.06 0.70 0.07*

M = Mean; SD = Standard Deviation; S = Skewness; K = Kurtosis; K–S = Kolmogorov–Smirnov. *p < 0.05.

TABLE 2 | Correlations between the variables of logical–mathematical 
performance and physical fitness.

Horizontal 
jump test 

(cm)

4×10 Speed–
agility  
test (s)

VO2max  
(ml/kg/min)

Logic

EVAMAT 1.0 0.26* −0.41** 0.27* 0.60**
Numeration 0.16 −0.29* 0.20 0.37**
Calculation 0.08 −0.37** 0.24a 0.41**
Geometry and 
measurement

0.17 −0.22 0.18 0.43**

Information and 
chance

−0.001 −0.15 0.12 0.39**

Problem-solving 0.33** −0.42** 0.30* 0.57**
Logic 0.43** −0.31* 0.10 −

ap = 0.06. *p < 0.05; **p < 0.01.
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different parameters of mathematical performance (Cerda 
et  al., 2011). But in addition, and this research focuses on 
this, it has been observed that the evaluated physical fitness 
(strength, speed–agility, and maximum oxygen consumption) 
have maintained statistically significant correlations with all 
the logical–mathematical competence variables, except with 
Geometry and Measurement, as well as Information and 
Chance. These results are consistent with previous studies 
that have shown that exercise and physical fitness was related 
to better cognitive development in childhood (Samuel et  al., 
2017; Bidzan-Bluma and Lipowska, 2018; Xue et  al., 2019; 
Sember et  al., 2020), and, specifically, to a more efficient 
development of basic academic competences, such as 
mathematics, among others (Hillman et  al., 2009; Donnelly 
et  al., 2016; Geertsen et  al., 2016; Singh et  al., 2019).

In this study, the speed–agility and the horizontal jump 
test have predicted the EVAMAT, Numeration, Calculation, 
Problem-Solving, and Logic scores. Additionally, maximal 
oxygen consumption has been correlated with EVAMAT and 
Problem-Solving scores. This suggests that increasing the level 
of physical performance is a necessary process for the 
development of these competencies. In previous studies, the 
variable that best predicted cognitive and intellectual functioning 
was cardiorespiratory fitness in children and adolescents. 
However, in this research, speed–agility and strength have 
been more decisive. This suggests that other types of fitness 
parameters could offer relevant information on how physical 
exercise is related to brain function. In fact, although 
cardiorespiratory fitness is traditionally associated with better 
brain health, various studies have also shown that speed or 
strength over parameters with good predictability (Donnelly 
et  al., 2016; Pérez-Lobato et  al., 2016; Domínguez-González 
et  al., 2018; Singh et  al., 2019; Solis-Urra et  al., 2019; Páez-
Maldonado et  al., 2020). In any case, and as a general 
indication, it is clearly established that physical fitness is a 
good indicator of cognitive and intellectual functioning 
(Chaddock et  al., 2012, 2013; Moreau et  al., 2017; Reloba 
et  al., 2017; de Greeff et  al., 2018; Esteban-Cornejo et  al., 
2019; Antunes et  al., 2020).

The increase in logical–mathematical intelligence and 
mathematical competences would be favored by the development 
of cognitive functions, such as cognitive flexibility, working 
memory, and sustained attention (Geertsen et  al., 2016; Egger 
et  al., 2019). In addition, authors such as Chaddock et  al. 
(2015) or Esteban-Cornejo et  al. (2019) have pointed out that 

physical exercise and a better physical condition facilitate positive 
changes in the volume of gray and white matter in cortical 
and subcortical areas that would be linked to these mathematical 
processes. These changes would aid in more effective math 
learning and overall academic achievement. There are multiple 
hypotheses put forward for the explanation of these relationships, 
with some of those put forward by experts being the increase 
in cerebral blood flow or the release of neurotrophins, such 
as BDNF or IGF1, which contribute to these neurological 
modifications (Hernández-Mendo et  al., 2019).

This study has some limitations. Firstly, increasing the sample 
would be an aspect that could clarify the relationships extracted 
in this study, in addition to being able to delve deeper into 
how other variables, such as gender or age, affect the study. 
The pandemic situation has not helped or facilitated the increase 
in the sample, in addition to impairing the fluidity in the 
execution of the research, since the application of the 
questionnaires has been delayed due to contagion among the 
students. As this is a comparative study, it has not been possible 
to establish causal relationships between the results obtained, 
so that in future research it would be  interesting to carry out 
experimental or longitudinal designs to analyze more accurately 
the impact generated by the physical fitness on the variables 
under study. The search for the most effective methodology 
for the implementation of physical activity programs with which 
to improve the physical fitness of schoolchildren, with the aim 
of obtaining the maximum possible benefits in logical–
mathematical competence would be  a suggestive purpose for 
future research, in which different exercise programs would 
be  applied. Finally, only the level of physical fitness has been 
evaluated. It would be  interesting in future studies to observe 
how other factors, such as rest time, diet, or study hours, 
could be  modulating the relationship between physical fitness 
and academic skills.

The results shown in this research contribute to reinforce 
the conclusions of previous research on the relationship 
between physical fitness and academic performance, justifying 
the promotion of the practice of physical activity from an 
early age. Therefore, professionals and organizations closely 
related to children should take into account the contributions 
made by this type of research to focus education toward 
active lifestyles that make it possible to achieve the benefits 
associated with them, for the achievement of an integral 
development of society. Specifically, this study concludes that 
a good physical fitness enhances benefits in variables related 

TABLE 3 | Linear regression analysis.

R R2 adj. D–W Criterion Predictor Betaa (CI 95%) Betab t T FIV

0.41 0.16 1.81 EVA 4×10 Test −43.01 (−67.68, −18.33) −0.41 −3.49* 1.00 1.00
0.29 0.07 2.16 NUM 4×10 Test −17.50 (−32.78, −2.22) −0.29 −2.29* 1.00 1.00
0.37 0.12 1.63 CAL 4×10 Test −28.10 (−46.57, −9.64) −0.37 −3.05* 1.00 1.00
0.42 0.16 1.62 PRO 4×10 Test −60.68 (−95.18, −26.17) −0.42 −3.52* 1.00 1.00
0.50 0.24 1.78 LOG HJT 0.22 (0.11, 0.35) 0.50 3.83** 1.00 1.00

EVA = EVAMAT; NUM = Numeration; CAL = Calculation; PRO = Problem-solving; LOG = Logic; HJT = Horizontal jump test; D–W = Durbin–Watson; Betaa = unstandardized; 
Betab = standardized T = Tolerance; FIV = Variance inflation factor; *p < 0.05; **p < 0.01.
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to logical–mathematical competence, which can have a great 
impact on the development of children and adolescents.
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The dynamic of changes in the rules in team games materialize from research 

and debate between experts and coaches before being implemented by the 

International Federations. In Handball, the last changes occurred in 2016, and 

one of them was to substitute the goalkeeper with an additional field player 

allowing teams to play “empty goal” while using the additional field player. 

This study aimed to analyze and characterize the use of the 7 vs. 6 strategical-

tactical option for the attack in the 2020 Men’s European Championship. 

We  also analyzed whether the game time and partial score influenced the 

use of 7 vs. 6 and its efficiency. Observational methodology and a mixed 

ad hoc instrument combining field format and category systems validated 

by experts were used. Data were taken from 28 matches involving teams in 

the first 12 positions in the 2020 Men’s European Championship. The total 

number of offensive sequences in an organized attack method in 7 vs. 6 with 

an empty goal (n = 123) were analyzed. Sequential analysis techniques with 

lags, prospective and retrospective, and polar coordinate analysis were used. 

The results showed that (a) these solutions had poor efficiency, except for 

the Portuguese National Team; (b) teams using the 7 vs. 6 tactic option had 

no negative consequences or increased risk with the opponent response; (c) 

partial score influenced the decision to use 7 vs. 6 strategic option, and (d) 

game time was associated with 7 vs. 6 play options and detected patterns.
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handball, observational methodology, polar coordinate, attack, 7 vs. 6 with empty 
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Introduction

The changes to the rules of different sports aim to evolve 
through new realities and guide to a more engaging game. 
European and world sports organizations, using expert opinions, 
try to correct negative aspects or aspects that prevent a positive 
evolution of the game.

Handball is no exception. There was a need to improve the 
rule regarding goalkeeper participation in the offensive game. 
Efficient regulation of what was already accomplished by some 
coaches, the goalkeeper in the attack was replaced by a field player, 
or the goalkeeper was used as a field player. Thus, the rule “to 
substitute the goalkeeper with additional field player” was modify. 
It allows teams to play “empty goal” while using an additional field 
player (International Handball Federation, 2016).

The rule changes introduced in 2016 allowed their 
implementation during the main competitions since then. It has 
led to some studies conducted on this topic, namely, the 2016 
Olympic Games (Krahenbühl et  al., 2019b), European Men’s 
Championship  2018 (Korte and Lames, 2019), 2019 Women’s 
World Championship (Gümüs et al., 2020; Maroja et al., 2020; 
Spate, 2020), and Junior Men’s World Championship 2019 (Spate, 
2019). Playing without Goalkeeper is also allowed in futsal where 
some studies have been conducted (Corrêa et al., 2014; Méndez-
Domínguez et al., 2019).

As noted by Korte and Lames (2019), with this new rule, 
different attacking formations have increasingly occurred, such as 
7 vs. 6 with two pivots, or 5 + 1 vs. 6, and teams are using this new 
offensive strategy mainly in situations of equality and numerical 
inferiority (Maroja et al., 2020).

According to Korte and Lames (2019) most attacks occurred 
in 6 vs. 6 (74.5%), 10.3% in 5 + 1 vs. 6 formation and only 3.9% in 
7 vs. 6 formation. These authors observed that in the 5 + 1 vs. 6 
formation, teams intend to lapse time while playing in numerical 
inferiority. The same behavior was observed when teams used 7 
vs. 6, arguing that this behavior was motivated by being playing 
without goalkeeper and fearing to suffer a goal after a turnover, as 
Prudente et al. (2019) and Krahenbühl et al. (2019b).

The results (3.9%) obtained by Korte and Lames (2019) in the 
World Men’s Championship 2017 are different from the results 
observed by Prudente et  al. (2019) in the same competition 
(11.5%) for 7 vs. 6 formation. It is important to refer that Prudente 
et al. (2019) considered only the four best ranked teams.

Marczinka and Gál (2018) also analyzed the World Men’s 
Championship 2017 and found that teams used empty goal tactic 
when they were in numerical inferiority (twice as often when they 
were in numerical superiority) and, considering the partial score, 
they used more often when losing than when wining.

Prudente et al. (2019) also studied competition to evaluate the 
influence of game situations with an “empty goal” on tactical 
behaviors in the attack.

Abbreviations: SF, No finalization; GD, Goal-to-goal attempt.

More recently, in the same competitions, Gümüş and 
Gencoglu (2020) studied the effects of the goalkeeper substitution 
rule as a new strategy in Handball. They concluded that teams that 
used this strategy had no extra efficiency in attack, but they noted 
that its use had no negative consequences or increased risk for 
teams playing with an empty goal.

It is essential to continue to deepen the study of the 
implications of this rule in the game. Not only is it not consensual 
among coaches (Krahenbühl et  al., 2019a), but also, being a 
relatively recent change, there is a lack of studies on it. As these 
authors state, the possibility of attacking 7 vs. 6 with an additional 
player can transform a teams’ tactical behavior because causing 
spatial and temporal changes alters the strategic-tactical behavior 
due to the new conditions during the game.

A previous qualitative study (Krahenbühl et al., 2019a) that 
held interviews with elite coaches, who had not yet registered the 
significant strategic changes in Handball stressed the need for 
further studies on this topic over a more extended period to 
identify the possible changes to the game.

In the study by Maroja et al. (2020), the results showed that 
the efficiency of teams in a 6 vs. 6 attack formation with empty 
goal was greater than that obtained when attacking 7 vs. 6 
(winners - 48.5% vs. 47.6%; losers - 40, 7% vs. 33.3%).

Flores-Rodríguez and Ramírez-Macías (2021) have analyzed 
the World Men’s Championship 2019 and referred that during this 
championship teams played with empty goal in three different 
situations: in numerical equality, to obtain numerical superiority 
in attack; in numerical inferiority, trying to compensate the 
excluded player; and, also in numerical superiority. In this study, 
the results point to a lower use of the empty goal in numerical 
equality and that the efficiency of these attacks is lower than when 
they played without an empty goal in numerical equality. They 
also observed that using the empty goal tactic in a situation of 
numerical equality harmed defensive retreat.

All high-level competitions in Handball provide an 
opportunity to observe and analyze the evolution of the game and 
assess the introduced changes in the rules. Men’s European 
Handball Championship, the Olympic Games, and the Men’s 
World Handball Championship are, currently the three highest-
level competitions. Since the rule of empty goal with the additional 
field player was introduced in 2016 at the Olympic Games, this 
European Championship presented an opportunity to evaluate 
this change and perceive how coaches and teams manage this 
strategical-tactical possibility during the competition after the 
2017 Men’s World Championship, when the number of 7 vs. 6 
attacks with empty goals was poor (Prudente et al., 2019). There 
were 19 attacks in numerical superiority without a goalkeeper 
(empty goal) playing 7 vs. 6, 25 attacks in numerical inferiority, 
and 106 attacks in numerical equality. Two years later, 4 years after 
the implementation of the new rule, we  ask: Considering the 
utilization of this possibility, are there novel approaches by teams 
and coaches during the game?

It is important to recognize the improvement of the 7 vs. 6 
attack numbers. This attack option passed from 19 situations in 
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2017 to 123  in 2020; hence the need to study and observe 
current trends.

Anguera and Hernández-Mendo (2013, 2014) refer an 
increasing interest from the sport researchers in the observational 
methodology in the last decade, due to its flexibility, accuracy, 
precision, and ability to be used for complex situations, such as 
team sports. According to them this methodology has now been 
used in relation to different sports such as soccer, basketball, 
handball, tennis, swimming, athletics, judo, and polo.

Several studies on handball have used the observational 
methodology and the analytical techniques of sequential analysis 
with lags, and polar coordinates, which proves its validity for 
studies in handball (González et al., 2013; Morillo et al., 2015; 
Sousa et al., 2015; Flores-Rodríguez and Anguera, 2018; Navarro 
et al., 2018; Prudente et al., 2019; Jiménez-Salas et al., 2020; Maroja 
et al., 2020; Quiñones et al., 2020).

Our goal was to analyze, characterize, and evaluate 7 vs. 6 and 
its use during the Men’s European Championship  2020. As 
Portugal National Team used the most 7 vs. 6 strategic-tactical 
organization (Portugal - 55% vs. all other teams - 45%), we wanted 
to compare Portugal’s results with the other 11 ranked teams. In 
addition, we aimed to characterize and analyze the influence of 
playing time and the partial result in the tactical use of the 7 vs. 6, 
its effectiveness, and shooting zones.

Materials and methods

The study used an observational design, idiographic (all the 
sequences 7 vs. 6 were observed as a unit in the same competition), 
multidimensional (several response levels were studied), follow-up 
(several games played in the same championship were observed), 
located in the first quadrant and type 1 data (Anguera, 2003; 
Anguera et al., 2011).

Sample

A total number of offensive sequences (n = 123) were carried 
out in an organized attack game method and in 7 vs. 6 formation, 
were gathered from 28 matches involving the teams classified in 
the first 12 positions in the Men’s European Championship 2020). 
All 123 attacks occur in numerical superiority 7 vs. 6 without a 
goalkeeper (empty goal). Only the sequences that started and 
ended in 7 vs. 6 formation were considered.

Procedures

We observe and collected data using a mixed ad hoc 
instrument consisting of a field format with category systems that 
was built and duly validated by 17 experts through a 
questionnaire, using a 5-point Likert scale (from 1-I Totally 
Disagree to 5-I Totally Agree) and to validate the categories, a 

cut-off value of 75% was considered. All coaches had at least 
10 years of experience: seven had national competition 
experience, two were national team head coaches, and the rest 
had regional experience.

All offensive sequences were observed for each game. The first 
step was to exclude all sequences without an organized attack. The 
second step was to exclude all sequences of organized attack with 
empty goal in which the numerical relation was different from 
7 vs. 6.

Our observation unit was the offensive sequence defined from 
the moment the team started the attack in a 7 vs. 6 formation until 
the end of the opponents` team response. The observation ended 
with a fast break, fast attack by attempting a goal-to-goal shot, or 
for an organized attack situation after the throw-off. Another 
situation was when the 7 vs. 6 situations ended with 2 min 
exclusion for one of the teams. When a throw-in or timeout was 
made, it was considered a new sequence.

The videos of the games were obtained from EHF TV 
broadcasts and directly recorded on a MacBook Air 13″ 
computer, 2017.

Exclusion criteria were established: all periods that were more 
than 10% unobservable (Anguera, 1990) were eliminated.

Instrument

The instrument used to collect data was a mixed ad hoc 
instrument consisting of a field format with category systems, with 
11 criteria and 77 categories (Table 1).

Data were observed and recorded using Lince software v.1.2.1. 
(Gabin et al., 2012). SDIS-GSEQ v. 5.1.23 (Bakeman and Quera, 
1995), and software Hoisan v. 1.6.3.3.5 (Hernández-Mendo et al., 
2012; Rodríguez-Medina et  al., 2019) were used to analyze 
the data.

Quality of data

Data and observer reliability were assessed using Cohen’s 
Kappa (Cohen, 1960) to assess intra-and inter-observer agreement.

Anguera et al. (2000) promote a preparation period to achieve 
observers’ reliability. In our study, the observers’ reliability was 
tested after a period of preparation and observation training using 
this instrument and after every six sessions, and in the last session 
of observation. The observers are handball coaches, with training 
and experience, having participated in different studies using 
observational methodology. During the preparation period, they 
observed four games. At the end of each game, they gathered and 
discussed the differences detected to standardize criteria in the 
registration. After this training period, each of the observers 
performed twice the observation and registration of same game. 
Between the two observation sessions, each observer respected an 
interv of 2 days. Kappa test was performed to verify intra and 
interobserver reliability.
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TABLE 1 Observation instrument.

Criteria Description Categories description Codes

Teams Teams according to their order at the competition final table 1º position

2º position

3ºposition

4ºposition

5ºposition

6º position

7º position

8º position

9º position

10º position

11º position

12º position

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

Game time Periods of game time 0´–10´ min of play

10´01´´- 20´

20´01´´- 30´

30´01´´- 40´

40´01´´- 50´

50´01 - 55´

55’01”- 60’

60”01”-65’

65’01” – 70’

70’01” – 75’

75’01” – 80’

A1

A2

A3

B1

B2

B3

B4

P1

P2

P3

P4

The partial score The result on the moment that begin the 7 vs. 6 situation Draw

Victory by one

Victory by two

Victory by three

Victory by four or more

Defeat by one

Defeat by two

Defeat by three

Defeat by four or more

E

V1

V2

V3

V4

D1

D2

D3

D4

Defensive system Organized defence Defence zone 6:0

Defence zone 5:1

Defence zone 3:2:1

Defence zone 3:3

Defence zone 4:2

Defence mixte 5+1

Defence mixte 4+2

Individual defence

6_0

5_1

3_2_1

3_3

4_2

5+1

4+2

H_H

Offensive 

organization

Organized attack related with number of pivot players Attack with one pivot player

Attack with two pivots players

1Pv

2Pv

Tactical means Tactical means used during attack 7 vs. 6 Individual tactic means (shot, feint)

Group tactical means (cross, position change block, screen, fly)

Ind

Grp

Shot Kind of shot used to score 9 m shot

6 m shot

Wing shot

Pivot shot

Breakthrough shot

No shot

R1L

R6m

RPt

RPv

RPn

SR

(Continued)
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Randolph (2005) suggests a 0.70 or higher to ensure reliability. 
The values obtained (intra-observer between 0.79 and 0.91 and 
interobserver between 0.87 and 0.94) determined the data quality 
and the observers’ reliability.

Statistics

For statistics, GSEQ software was used for descriptive analysis 
(absolute and relative frequencies) and the sequential analysis 

technique with lags (Bakeman and Quera, 1995, 2011). Sequential 
analysis with lags is a probabilistic process that allows knowing the 
structure of the behavioral flow, from a given behavior which are 
explainable by more than chance (Bakeman and Gottman, 1986; 
Anguera, 1990; Hernández-Mendo and Anguera, 2002; Prudente 
et al., 2010).

Hoisan software was used to analyze the data using the polar 
coordinate technique. This technique reduces the amount of 
information, is more consistent with lower frequencies, and has 
been used in other studies for Handball (Sousa et  al., 2015; 

TABLE 1 (Continued)

Criteria Description Categories description Codes

Attack result Result after shot to the goal Goal

No goal

7 m with goal

7 m no goal

No shot by technical fault

No shot by opponent action

G

NG

7MG

7MNG

SFFt

SFAa

Zone The shot zone of the offensive sequence Z1 – Left wing attack

Z2 – 6 mts – line player

Z3 – Right Wing attack

Z4 – Left back from 9 to 15 m

Z5 – Centre Back from 9 to 15 m

Z6 – Right back from 9 to 15 m

Z7 – Left From 15 to 20 m

Z8 – Centre From 15 to 20 m

Z9 – Right from 15 to 20 m

Z10 – Defensive area including GK area

Z1

Z2

Z3

Z4

Z5

Z6

Z7

Z8

Z9

Z10

Opponent response Opposing team’s response after regaining possession of the 

ball

Goal-to-goal attempt

Direct fast break

Sustained fast break

Throw-off

Fast attack

Organized attack

No response

GD

CAD

CAA

Rep

AR

AO

NE

Opponent response 

result

Result of the opposing team’s response Goal when the opponent response finished scoring a goal

No goal when the opponent response finished with a shot but no scoring a 

goal

No goal with penalty

No goal with opponent action

Golo

NGolo

NGcP

SA

314

https://doi.org/10.3389/fpsyg.2022.809909
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Prudente et al. 10.3389/fpsyg.2022.809909

Frontiers in Psychology 06 frontiersin.org

Prudente et  al., 2017; Flores-Rodríguez and Anguera, 2018; 
Jiménez-Salas et al., 2020).

The polar coordinates technique applies sequential analysis 
with lags, both prospective and retrospective, and gives a vector 
map with the relations between conducts (Hernández-Mendo, 
1999). This technique allows locating the vectors in the quadrants 
and determining their angles, thus establishing the type of 
relationship between the focal conduct (given) and the 
conditioned conducts defined for each analysis. The length of the 
vector expresses the quantitative relationship between the focal 
conduct (given) and the conditioned conducts (the longer the 
vector, the stronger the intensity of the relationship between the 
conducts). The quadrant where the vector is placed expresses the 
qualitative relationship between these behaviors as follows (Paulis 
and Hernández-Mendo, 2003; Flores-Rodríguez and Anguera, 
2018; Pastrana-Brincones et al., 2021):

Quadrant I  (+ +). Mutually excitatory given conduct and 
matching conduct.

Quadrant II (−+). Inhibitory given conduct and excitatory 
matching conduct.

Quadrant III (−–). Mutually inhibitory given conduct and 
matching conduct.

Quadrant IV (+ −). Excitatory given Conduct and inhibitory 
matching conduct.

Results

Descriptive analysis

A descriptive analysis of data was carried out (absolute and 
relative frequencies) to make decisions for the following analysis 
both sequential analysis with lags and polar coordinate analysis 
(Anguera, 1986).

There were 1,228 events registered of 123 offensive sequences 
in 7 vs. 6 situations (empty goal) carried out by the first 12 teams 
in 28 games of the Men’s European 2020 Championship.

The results show (Figure 1) that Portugal opted to play 7 vs. 
6 in an organized attack 68 times (55% of all occurrences), and all 
other teams only 55 times (45% of all occurrences), but of these 
11 teams, only Croatia (25), Sweden (24), Austria (3), Norway (2) 
and Hungary (1) showed results.

To understand why the teams applied this offensive 
organization, considering the partial result, we defined the results 
as balanced (Victory V123  - considering V1, V2, V3; Defeat 
D123 - considering D1, D2, D3) and unbalanced results (Victory - 
V4; Defeat - D4). This yields more significant values.

Figure 2 illustrates how teams showed a preference for using 
7 vs. 6 offensive situations when the result was negative while 
facing a Defeat situation.

Figure 3 shows which response between the individual or 
group (two or three players) tactical mean is used more often. 
Most teams supported their actions through a collective response.

FIGURE 2

Partial score. E, draw; V123, winning by one, two or three goals; V4, winning by four or more goals; D123, defeat by one, two or three goals; D4, 
defeat by four or more goals.

FIGURE 1

7 vs. 6 attack situations (empty goal).
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The results also indicate that the Portuguese National Team 
used group tactical means more often, primarily in two against 
two situations, such as blocks and crosses.

Excluding them from the analysis, increases the individual 
tactical means rate among the other teams.

Figure 4 analyzes the type of shot. We observed that the 6 m 
shot was most common, probably because most teams played with 
two wings and two pivot players.

Analyzing the Portuguese National Team results indicated 
that 9 m shots occurred less often than the other teams.

We codified efficiency “Efic” for all scoring situations and 7 m 
shots regardless of whether the 7 m shot led to a goal. We codified 
the process of the information and data in a meaningful way.

Figure 5 verifies that the Portuguese National Team presents 
superior results regarding efficiency. This may indicate that 
Portugal team takes advantage of the attacking scenarios playing 
with offensive organization 7 vs. 6.

We can also observe in Figure 6 that excluding the Portugal 
team the results present a higher no goal percentage.

We also examined of the response that the opposite team 
deployed more often after a 7 vs. 6 attack.

There is a mixed answer between throw-off, goal-to-goal 
attempt, and slow ball reposition. The slow ball reposition would 
allow the Goalkeeper entrance on the team attacking an empty 
goal situation.

However, it should be noted that the quick throw-off was most 
used by the opponents of the Portugal National Team.

Figure 7 approaches the “Opponent Team Response Result.” 
We observe that the response often leads to a “No Goal” outcome 
than a “Goal” outcome.

Sequential analysis

Sequential analysis with lags allows us to assess the probability 
of a relationship between conducts beyond chance. It consists in 
determining how the occurrence probabilities of certain conducts 
vary in relation to the prior occurrence of others (Hernández-
Mendo and Anguera, 2002).

Based on the Focal Conduct (Given) “Shot” and conditioned 
conducts (Targets), the “Attack Result” and “Opponent Response,” 
this prospective analysis revealed different patterns of conduct 

FIGURE 3

Tactical means. Individual tactical means – Shot, feint; Group tactical means – cross, position change, block, screen.

FIGURE 4

Shot. R1L, 9 m shot; R6mts, 6 m shot; SR, no shot.
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associations considering Portugal National Team or all National 
Teams involved (including Portugal).

The pattern detected with Portugal National Team reveals an 
excitatory association between “R6mts” (6 m shot) and the “Efic” 
(efficiency – Goal or 7 m) in lag one (3.33) and the “Throw-off ” in 
lag three (2.00) (Figure 8).

When the sample used was “All teams,” the pattern changed. 
As shown in Figure 9, starting from the same focal conduct “Shot” 
and the same conditioned Conducts “Attack Result” and 
“Opponent Response,” the SR conduct (No Shot) is associated 
with ineffectiveness “SF” (No Finalization) in lag one (9.03) and 
to the GD goal-to-goal attempt in lag three (2.72).

To understand if the game time conditioned or changed the 
relationship between the conducts, we  carried out the same 
analysis but considering the influence of the Independent Variable 
“Game time.”

This analysis shows that game time influences and changes the 
patterns, as can be seen in the comparison of Figures 9–11.

This situation confirms the appearance of a pattern that does 
not exist without the game time independent variable.

We also consider the relationship between the attack 
result, the opponent’s response, and the opponent’s response 
result. The association between conduct was found, which 
suggests the probability of situations in which there is no 
finalization (SF) in lag one (7.36) to be positively associated 
with the Goal-to-Goal Attempt (GD) in lag three (2.49) and 
the success of this attempt.

Polar coordinate analysis

In this analysis, we used “All Teams,” including Portugal, as 
focal conduct (given) and observed how it conditioned the 
different categories: Tactical means (individual or group), Shot 
(9 m shot, 6 m shot, no shot), and the attack result (efficiency: 
Goal, 7 m with goal, 7 m without goal, no goal, and no shot).

FIGURE 5

Attack result. Efic, efficiency (goal, 7 m goal, 7 m no goal); NG, no goal; SF, without shot.

FIGURE 6

Opponent team response. GD, goal-to-goal attempt (when the goalkeeper or a defensive player tries to shoot from the Goal or from the 
defensive side of the field); CAt, fast break; Rep, throw-off; AR, fast attack; AO, organized attack; NE, no attack (teams abdicated of fast response).
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FIGURE 7

Opponent team response. Result golo, goal; Ngolo, no goal; NGcP, no goal with penalty (yellow card, 2 min, red card); SA, no response.

FIGURE 8

Association pattern between the focal conduct shot “R6mts” and the conditioned conduct attack result “Efic” and response of opponent “Rep” in 
Portugal National Team. R6mts, 6 m shot; Efic, goal or 7 m; Rep, throw-off.

FIGURE 9

Association pattern between the focal conduct shot “R6mts” and the conditioned conduct attack result. “Efic” and opponent response “Rep” in all 
national teams. SR, no shot; SF, no finalization; GD, goal to goal attempt.

FIGURE 10

Association pattern between the focal conduct shot “R6mts” and the conditioned conduct attack result. “Efic” and opponent response “Rep,” 
considering game time factor/variable, in all national teams. R6mts, 6 m shot; Efic, goal or 7 m; Rep, throw-off.

FIGURE 11

Association pattern between the focal conduct shot “R6mts” and the conditioned conduct attack result. “Efic” and opponent response “Rep,” 
considering game time factor/variable, in all national teams. SR, no shot; SF, no finalization; GD, goal-to-goal attempt.
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As we can see in Figure 12, the mutual inhibition relation of 
the given conduct (given) and “No Goal” (1.97) are significant. 
We also observed another significant result that, by relating the 
same conduct with the attack result, the probabilities of activation 
of the “7 m without goal” (2.56) were significant.

Comparing these results to the Portugal National Team 
(Figure 13), we can observe different relationships. These results 
showed significant associations with positive results (Figure 13). 
There is a significant probability that the Portuguese National Team 
is associated with group tactical means (8.1), pivot (9.14), and wing 
shot (1.99), and the most important association is with Goal (6.67).

On the contrast, they also show mutual inhibition with the 
Individual Tactical Means (4.8), No Shot (2.13), No Shot by 
Opponent action (5.42), and most importantly, “No Goal” (2.33).

When the given conduct corresponds to the “Portugal 
National Team,” the conditioned conduct refers to the opponent’s 
response and the result to the opponent response. The results 
obtained are shown in Figure 14.

Significant findings were obtained for this relationship. 
Considering the Portugal National Team, a significant probability 
of inhibition of “Organized Attack” (2.37), Fast Attack (3.73), and 
No Opponent Response (3.3) were observed.

FIGURE 12

Polar coordinate analysis map: focal conduct “All National Teams.” Conditioned conducts: NG, no goal; 7MNG, 7 m no goal.
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Furthermore, it was also established that the probabilities of 
activating the “Throw-off ” (9.1), “Direct Fast Break” (4.48), 
“Sustained Fast Break” (5.95), “No Goal with Penalty” (2.76), 
“Goal” (2.8), and “No Goal” (3.24) were significant. It is important 
to note that even though the result of the opponent’s response 
“Goal” is activated, it is not associated with the attempt of a direct 
shot from goal-to-goal.

Considering “All Teams,” results showed that only the mutual 
activation relationship of the given conduct and “Throw-off ” 
(2.59) was significant. Mutual inhibitory relationships were also 
detected with the “No Action” (2.03).

Discussion

This study aimed to analyze and characterize the use of the 7 
vs. 6 strategical-tactical options in the attack and to compare 
Portugal National team with the other teams, in the 2020 Men’s 
European Championship, because as results show Portugal 
National team was the team that most explored this tactical option 
(55% of the total sample). It was also analyzed whether the partial 
score and game time influenced the use of the 7 vs.6 tactic option. 
Our data suggests changes in the game compared to the 2017 
Men’s World Championship. One of the differences was the 

FIGURE 13

Polar coordinate analysis map: focal conduct “Portugal National Team.” Conditioned conducts: Grp, group tactical mean; Ind, individual tactical 
mean; RPv, pivot shot; RPt, wing shot; R1L, 9 m shot; R6m, 6 m shot; SR, no shot; G, goal; NG, no goal; SFAa, no shot by opponent action.
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number of 7 vs. 6 situations that occurred: there were 19 
occurrences in a 12 games sample of the first four ranked teams, 
in 2017 (Prudente et al., 2019); in the 2020 competition, there 
were 123 occurrences in 28 game samples of the first 12 ranked 
teams. Croatia, second place, had used this tactic 25 times, 
Norway, third, two times, Portugal, sixth, 68 times and Sweden, 
seventh, 24. Spain National Team, first place as well as those 
classified in 10th, 11th, and 12th places did not use the empty goal 
during the main round and final phase.

We can suppose an increasing preference for the use of 7 vs. 6 
tactic option but with different influence in its use by the different 

teams. Sousa et al. (2021b) showed that 58% of the coaches were 
in favor to change this rule as it is today, but even though some 
coaches are against this rule, others have adapted to it and 
prepared their teams to play 7 vs. 6 successfully, mainly, in some 
specific moments and situations, in order to play in numerical 
superiority (Marczinka and Gál, 2018; Krahenbühl et al., 2019b; 
Spate, 2020; Flores-Rodríguez and Ramírez-Macías, 2021). Sousa 
et al. (2021b) refer that from a sample of 125 coaches 76% agrees 
with the possibility to play 7 vs. 6. Gümüş and Gencoglu (2020) 
concluded that teams using this strategy had no extra efficiency in 
attack such as Trejo-Silva and Bonjour et al. (2021). Our data 

FIGURE 14

Polar coordinate analysis map: focal conduct “Portugal National Team.” Conditioned conducts: Rep, throw-off; AR, fast attack; NE, no response; 
AO, organized attack; CAD, direct fast break; CAA, sustained fast break; NGolo, opponent no goal; Golo, opponent goal; NGcP, no goal with 
penalty.
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showed that the Portugal National Team was the pioneer of 
national teams to extensively use this option successfully, 
regardless of the result: Portugal used 7 vs. 6 regardless of the 
result (Winning - 19.1%, losing by three or less - 39.7% or tied - 
16.1%, more than the other teams that used almost exclusively 
when they were losing in balanced games-34.1% or unbalanced 
games - 49.1% and only 1.9% when winning). This study also 
showed that partial results influenced the team behavior. In other 
words, most teams’ use the 7 vs. 6, more or less often depending 
on whether they were at a disadvantage or closer to the end of the 
game, as a desperate attempt for change as registered by other 
authors (Gümüş and Gencoglu, 2020; Maroja et al., 2020; Flores-
Rodríguez and Ramírez-Macías, 2021). The results obtained by 
Marczinka and Gál (2018) are in line with this trend: teams used 
7 vs. 6 tactic option twice as often as when they are wining. On the 
contrary, the Portugal team used 7 vs. 6 in different situations, 
either winning or losing, either in the first half or second, 
confirming it as a strategical-tactical option. In fact, the Portugal 
and Sweden National teams played 7 vs. 6  in the first half 
(Portugal - 15 times and Sweden-1) and in second half more teams 
used this tactical option: Portugal (53), Croatia (23), Sweden (24) 
and, Austria (3). During overtime, residual results were 
observed (5).

The Portuguese National Team was responsible for 55% of 
the total occurrences observed. Unanimously referred to as the 
7 vs. 6 best team, we saw that some success was due to group 
tactical means (Portugal - 79.4% of attacks, other teams 63%) 
leading to 6 m shot (Portugal - 61.8%, other teams - 53.1%) and 
giving time to the goalkeeper replacement. Portugal was the 
best-ranked team, with over 60% success attacking this way 
(Portugal - 63.2%, and other teams - 45.5%), a higher score than 
the results (42.4%) observed by Trejo-Silva and Bonjour et al. 
(2021) related to World Men’s Championship 2017 and 2019, 
and European Men’ Championship 2018 and 2020. In our study 
the other teams supported 7 vs. 6 with more individual options 
(37% against 20.6% from Portugal), resulting in more errors and 
giving opponent teams success in the response. Compared to 
the Portugal team, their success rate was below 50%. Bonjour 
et al. (2021) state that in their study, the teams were able to 
retreat defensively and organize in defence. However, there was 
a considerable number of goal-to-goal attempts (15.7%) with an 
efficiency of 57%. According to these authors, this high number 
of goal-to- goal attempts is related to the ineffectiveness of the 
attack. As Gümüş and Gencoglu (2020) refer, the more missed 
shots and technical errors lead to more received goals by fast 
break or goal-to-goal attempt. It is important to note that 
playing with this system, the Portugal team had a positive 
balance between the opponents’ team response and its result. 
Portugal had half of the goal-to-goal attempt comparing to the 
other teams (7.4% vs. 14.8%). Many coaches had the perspective 
of a negative balance and a high number of goal-to-goal 
attempts. As the results show, the Portugal team had the lowest 
attempts of those shots from the opponents’ teams, contradicting 
some of the coaches’ opinions (Krahenbühl et  al., 2019a; 

Iusepolsky et al., 2022). According to the authors, there were no 
significant changes occurred in handball neither in attack nor 
in defense with this new rule. In agreement with the results 
presented by the Portugal team, it should be noted that Sousa 
et  al. (2021a) found that 86% of the Portuguese coaches 
surveyed agree with the possibility of playing 7 vs. 6 and 75% 
reinforce that this rule should be maintained, maybe influenced 
by National team results.

This study identified significant relationships between given 
conduct and conditioned behaviors. We  identified a positive 
association between the given conduct 6 m shot with goal or 7 m 
in lag 1 (3.33) and throw-off in lag three (2.00) for Portugal 
National Team, which means that option to play 7 vs. 6, gave a 
chance to Portugal to shoot from nearer of the goal and therefore 
the probability to score a goal is significant. On contrary, the 
pattern detected for the other teams concerning this association 
show a significant probability of the no shot being associated to 
the goal-to-goal attempt (2.72) in lag three. These results prove 
that the Portugal National Team was effective playing 7 vs.6 in the 
attack, not conceding goals in the goal-to-goal attempts, while the 
other teams were not able to be effective being significant the 
probability to concede goals with goal-to-goal attempt. However, 
when we  considered the game time as a factor, the pattern 
obtained for the other national teams changed and we can say that 
6 m shot is positively associated with goal or 7 m in lag 1 (2.86) and 
with throw-off in lag three (2.12). The reason of this finding is that 
while the Portugal National Team used 7 vs.6 tactic option 
through all the game, the other teams only in have used in 
second half.

The polar coordinates technique reinforced the different 
applications and successes of the Portuguese National Team and 
others. It was significant that the probability of 7 vs. 6 activates 
success with Goal (6.67) and shots closer to the goal (Pivot-9.14 
and Wing Shot-1.99) to Portugal National Team, in first quadrant, 
mutually excitatory, different to the other teams that had a 
significant probability of inhibiting 7 m with no goal (2.56), in 
third quadrant mutually inhibitory. Looking further into the 
results of the Portuguese team, we can see a significant probability 
that playing 7 vs. 6 inhibits goals from the opposite team (3.24), in 
first quadrant, mutually excitatory, confirming the results of 
Gümüş and Gencoglu (2020), who concluded that the use of this 
tactic option had no negative consequences or increased risk for 
teams playing with an empty goal when they scored a goal 
in attack.

Conclusion

Our analysis allowed us to describe the existing association 
between 7 vs. 6 and a regular association with success and the 
impact of game time or partial score when using this strategy. 
We also identified behavioral differences between the observed 
teams, namely between the Portugal National Team and all the 
other teams observed. These results reflect significantly on 
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this association. We  believe it is important to continue 
studying this subject to understand the changes in the game 
better. Increasing the sample and observing more competitions 
are recommended.

The conclusions obtained can be  extrapolated for 7 vs. 6 
practice and its use in competition, not only in the last few 
minutes but throughout the game.
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