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Editorial on the Research Topic

Towards a basic standard methodology for international research

in psychology

There is a need to promote the creation of referential sources to help the improvement

of global scientific practice. This could answer new challenges such as open science

development and the application of research focused on diversity and inclusiveness.

Consequently, leading to international psychological research that ensures the methods

applied in analysis across countries and cultural groups are reliable and valid.

In this Research Topic, we address the role of methodology in International Psychology

through the compilation of theoretical and empirical articles including original research

and systematic reviews that explore psychological phenomena with a global focus, and from

different areas of Psychology. This encompasses Clinical, Developmental, Educational, Cross

cultural, Sport, and Work and Organizational Psychology.

We consider these articles are contemporary and innovational because the authors

highlight and apply methodological issues related to the measurement of psychological

phenomena, research designs, data collection techniques, and data analysis techniques across

different countries.

Among the concrete contributions to this Research Topic, there are two articles that

explore symptoms and the diagnostic criteria of psychological disorders. In Spain, findings

on the early detection and prevention of psychosis are highlighted in Ceballos-Munuera et

al.. They found a jointly partial mediation of Aberrant Salient and Disorganized Dimension

between Ideas of Reference and the Psychotic Dimension across a continuum from general

population to clinically diagnosed patients. Evidencing that a set of vulnerabilities (unusual

thought content) could lead to a high-risk general pathological state and proneness to

psychosis in particular. In Chile, Fioravante et al. found statistically significant differences

between groups of school-age children with an Attention Deficit Hyperactivity Disorder

(ADHD) diagnosis and without ADHD. This result indicated the importance of appropriate

criteria and procedures to establish a diagnosis and implement effective interventions.
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Regarding the effect of contextual events throughout life and

mental health, there are some studies focusing on the changes

and the experience of COVID pandemic. Díaz-García et al. found

there was a variation in lifestyles of Spanish elders, but despite

knowledge about the clinical aspects of SARS-CoV-2 and the

application of recommended preventive measures, authors found

certain relationships remained unchanged such as the one with

family and friends. Adding to this, Carr et al. explore whether or

not the COVID-19 pandemic was impacting pivotal links between

living wages and employee attitudes and subjective wellbeing in

twin cohorts of low-waged workers across New Zealand. They

found the need of considering subjective wellbeing in the context

of a crisis for employee livelihoods and lives.

To explore Development and Educational Psychology

phenomena, some authors used a more theoretical approach with

the use of Systematic Reviews Research. Alarcón-Espinoza et al.

identify for research on emotional self-regulation in childhood

and adolescence that most authors apply mixed methodologies

and there are problems related to the recording of the duration

and sequence of behaviors, highlighting the use of guidelines as

guides for future research. While Tronchoni et al. try to highlight

pedagogical concerns related to the use of reading in university

teaching. Through this work, the authors verified the lack of

research on proposals regarding how this pedagogical strategy

evolves for a more interactive learning practice.

Furthermore, some studies focus more on theoretical-

methodological operationalization of psychological phenomena.

Smith et al. explore the process of what people from different

cultures do when they faced with complex problems by presenting

two computer-simulated dynamic problems in which they were

required to act quickly or cautiously. Participants were asked to

think aloud in their native language while working on the tasks

and the protocols were digitally recorded, transcribed, and coded

by coders from each country in terms of the steps involved in

complex problem solving and dynamic decision making. Only

those protocols with more than 15 transitions were analyzed.

Results highlight the importance of process analyses in different

tasks and show how cultural background guides people’s decisions

under uncertainty.

Mohamed et al. study the application of Taguchi algorithm

(applied mostly in engineering) for the analysis of relationships

of depression and obesity indices with other indicators as

socioeconomic, screen time, sleep time, fitness use, and nutrition.

Results found that, although Taguchi method can estimates

correlations even undetected by applying other common statistics

techniques with psychological data, scholars need to be cautious

with statistical methods for measuring and estimating their

research variables.

García-Franco et al. present a method for the study and

assessment of personality disorders, especially those of the dramatic

and emotional type. It consists in the application of a Bayesian

network whose parameters have been obtained by the Delphi

method of consensus from a group of experts. The result is a

probabilistic graphical model that represents the psychological

variables related to the personality disorders together with their

relations and conditional probabilities, which allow identifying the

symptoms with the highest diagnostic potential. They discuss the

need to validate the model in the clinical population along with its

strengths and limitations.

Complementing previous studies, Arias-Pujol et al. analyze

the psychotherapist-patient interaction in psychoanalytic

psychotherapy in a single case of a 4-year-old boy with a

diagnosis of severe autism spectrum disorder. They used an

ad hoc observation instrument combining a field format and a

category system. They also estimated the results by applying a polar

coordinate analysis that allows to obtain an inter-relational map

of the connections detected between the established focal behavior

and the different categories. Particularly, the result of this study

show which therapist behaviors are most useful for promoting

social interaction in a child with severe autism.

Regarding the Psychometric contributions, Lee et al. validate

the Korean version of the Student-Athletes’ Motivation toward

Sports and Academics Questionnaire (SAMSAQ) using exploratory

structural equation modeling (ESEM). The results of this study

illustrated that the SAMSAQ-KR appears to be a robust and

reliable instrument.

In line with it, some articles demonstrate the application

of new psychometric methods. Ünlü studies self-determination

theory (SDT) by applying sets and relations instead of a common

numerical approach. The applied technique is an inductive item

tree analysis, which is an established method of Boolean analysis of

questionnaires. The underlying models were computed within each

of the intrinsic, identified, introjected, and external regulations, in

autonomous and controlled motivations, and the entire motivation

domain. In future studies, the approach of this article could be

employed to develop adaptive assessment and training procedures

in SDT contexts.

Liang et al. proposed a missing data model for not-

reached items in cognitive diagnosis assessments. They

simulated the model by estimating model parameters

using Bayesian Markov chain Monte Carlo method. The

model improved diagnostic feedback results and produced

accurate item parameters when the missing data mechanism

was non-ignorable. They also study the applicability of

the model using a dataset from the 2018 Program for

International Student Assessment computer-based mathematics

cognitive test.

Cui et al. propose a stochastic approximation expectation

maximization (SAEM) algorithm to estimate a model in which

Ramsay-curve item response theory is incorporated in a three-

parameter normal ogive (RC-3PNO) with non-normal latent

trait distributions. They based this proposal considering that

in real testing the assumption of the normality of latent

traits in the estimation of item response models may be

untenable. The simulation studies reveal that the SAEM algorithm

produces more accurate item parameters for the RC-3PNO

model than for a conventional one (3PNO), especially when

the latent density is not normal, as in the cases of a skewed

or bimodal distribution. The authors also demonstrate the

application of the proposed algorithm using a PISA 2018

test dataset.

Finally, we would like to emphasize that the editors

greatly appreciate the contributions received from the

authors, which were compiled in this Research Topic.
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We also hope it would be of interest to readers and a

source of ideas and motivation for the development of

future work in Methodology for International Research

in Psychology.
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Introduction: Ideas of reference (IR) are frequent in psychopathology, mainly in
psychotic disorders. The frequency of IR and preoccupation about them are related to
the psychotic dimension, and to a lesser extent, to negative or emotional disorganized
dimensions. Aberrant salience (AS), has been proposed as an indicator of the onset of
psychosis, particularly of schizophrenia. This study analyzed the mediating role of AS,
disorganized symptoms and preoccupation about IR in the relationship between IR and
the psychotic dimension.

Method: The sample consisted of 330 participants (116 university students and 214
clinically active patients), 62.4% of whom were women aged 18–79. The Referential
Thinking Scale, the Aberrant Salience Inventory, and the Brief Psychiatric Rating Scale
were administered.

Results: Evidence of a partial mediation model showed that the relationships between
IR and the psychotic dimension were mediated jointly by AS and the disorganized
dimension, and preoccupation about IR no longer had a role. This relationship was
significantly influenced by participant age. The variables in the model explained 54.16%
of the variance.

Conclusion: The model proposed enabled a set of vulnerabilities (unusual thought
content) to be predicted that could lead to a high-risk general pathological state and
proneness to psychosis in particular. These findings are discussed with regard to early
detection and prevention of psychosis.

Keywords: ideas of reference, preoccupation, psychosis, aberrant salience, psychopathology

INTRODUCTION

A large part of the effort devoted to the study of psychotic disorders has been directed at early
identification of psychotic experiences and attenuated psychotic symptoms, thereby establishing
rates of transition to psychosis, functioning profiles, and intervention designs (Colizzi et al., 2020;
Fusar-Poli et al., 2020; Raballo et al., 2020).
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Ceballos-Munuera et al. Aberrant Salience and Disorganized Symptoms

In a longitudinal study, Addington et al. (2015) emphasized
the importance of unusual thought content, particularly of
suspicion and persecutory ideas. However, unusual thought
content also shapes other very common important psychotic
experiences, such as ideas of reference and aberrant salience
(Miller et al., 2003; Yung et al., 2005).

Ideas of reference (IR) are a type of self-referential processing
defined as self-attributions about what happens in the social
environment (Senín-Calderón et al., 2017). They are considered
one of the subclinical psychotic experiences grouped under the
conceptual umbrella of schizotypy, which are relatively frequent
in the general population (Lenzenweger et al., 1997; Rodríguez-
Testal et al., 2019). Studies have suggested that IR are clinically
important because their frequency, stability and severity are
related to psychosis (Reininghaus et al., 2016; Marshall et al.,
2019; Rodríguez-Testal et al., 2019; Cicero et al., 2020).

Research on IR has tried to establish its relationship with
other symptoms and diagnoses, in addition to psychotic
disorders, based on differences in their content (observation,
communication, guilt or shame, communication media,
causality, etc.) or their emotional effects (pleasant or unpleasant)
(Wing et al., 1974; Lenzenweger et al., 1997; Startup and Startup,
2005; Cicero and Kerns, 2011; Senín-Calderón et al., 2014).
Recently, (Wong et al., 2021) proposed considering IR according
to their relationship with events in the setting which could bring
them on (e.g., severe social events or a pandemic), between those
that could be similarly interpreted by others, and those which
are characteristic of people who experience them more strongly.
They called the first IR attenuated and the second exclusive,
characterizing a continuum of severity up to delusional intensity.

IR has been a basic symptom in proposals for Clinical
High Risk assessment (Gross et al., 2008; Schultze-Lutter et al.,
2010) as an attenuated psychotic symptom (Yung et al., 2005),
as alterations in self-experience (Parnas et al., 2005), on a
continuum leading up to delusional activity as delusional ideas
of reference (Wong et al., 2012), and with regard to delusional
ideas of persecution (Green et al., 2008).

Some IR parameters, such as the distress they cause,
preoccupation about them, or specific content can be considered
clinically significant (Green et al., 2008; Wong et al., 2012,
2021). Some initial data suggest that preoccupation about the
presence of IR differentiates diagnostic categories more clearly,
particularly those characterized by psychotic symptomatology
(Senín-Calderón et al., 2016). Although some results suggest
more importance of IR (Pelizza et al., 2019), there is an
outstanding lack of studies on the role of parameters such
as preoccupation about them, or the processes involved in
these parameters.

According with van Os (2009), aberrant or anomalous salience
(AS) has been proposed as a characteristic indicator of onset of
psychotic disorders, particularly of schizophrenia. Kapur (2003),
suggested that it consists of a motivational and attentional change
or alteration toward stimuli from the setting, in such a way
that neutral and irrelevant stimuli become abnormally salient.
AS would then be the alteration of the natural motivational
process toward novelty/reward attributed to the dopaminergic
dysregulation traditionally linked by some authors to the onset

of psychosis (Kapur et al., 2005; Raballo et al., 2019). From this
perspective we might wonder whether the presence of IR, as
a social cognition process, could be related to later increase in
contextual ambiguity, perplexity, the still uncertain changes in
meanings, which identify AS, and were classically called the trema
stage (Conrad, 1958). Thus, AS may be a condition mediating the
appearance of the first IR and later abnormal significance [the
apophenia stage (Conrad, 1958), leading to the crystallization of
delusion (Stanghellini et al., 2020)].

Therefore, AS could suggest a level of disorganization in
cognitive functions, as observed in studies analyzing unusual
thought content (Wilcox et al., 2014; Addington et al., 2015). In
fact, Sass et al. (2018) allude to perceptual dysintegration, relating
AS and other deficits that affect control and monitorization
of cognitive processes. Thus, the emergence of AS could be
related to more general disorganization and could be connected
with other parameters of IR such as preoccupation about their
content. This set of variables would be globally related to
positive symptomatology.

Both IR (i.e., self-referencing) and AS can be included
among the self-disorders (Mishara et al., 2016), although
these cognitive processes may therefore appear at different
moments in the development of psychosis. Self-disorders or
anomalous subjective experiences (affectation of first-person
experience, of its limits, its internal processes, etc.), are
considered closely related to schizophrenia and AS, specifically,
as a better predictor of psychosis than attenuated psychotic
symptoms (Feyaerts et al., 2021). The IR would be an
example of non-specific self-disorders included among the self-
disorders as a trait (of schizotypy) (Lenzenweger et al., 1997),
while processes like AS are a state related to schizophrenia
(Blain et al., 2020).

Identification of the mediators in any model proposed is
essential to research. Mediation analysis enables researchers to
go beyond mere relationships between variables by studying
the possible effects of these relationships (MacKinnon et al.,
2020). Although it is clear that a causal relationship between
the variables cannot really be established, it does suggest
a possible direction in the relationship between clinical
variables and health (MacKinnon and Luecken, 2008). Another
reason for studying mediators is the individual differences
in the relationships between biological, psychological,
behavioral and social factors. Mediation analyses can
thereby suggest the development of efficient and effective
intervention programs based on identification and later focus
on the critical components of the program (O’Rourke and
MacKinnon, 2018). In this sense and from a dimensional
approach (van Os and Reininghaus, 2016), this study
attempts to establish a series of relationships (not causal)
among different indicators possibly related to the onset
of psychosis. Thus, we propose a relationship between
experiencing IR and the psychotic dimension of symptoms
as a whole, and a tentative multiple mediation model to
analyze this relationship. The hypothesis posed was that AS
experiences, the disorganized dimension and preoccupation
about IR sequentially mediate the relationship between
the IR, as frequency of unusual thought content, and the
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FIGURE 1 | Conceptual model of the hypothesis proposed. a1, a2, a3 = effect of X on mediator variables (M1, M2, M3); b1 b2; b3 = effect of mediator variables on
Y; c = Total effect of X on Y; c′ = direct effect of X on Y.

appearance of a set of positive manifestations. The study’s
hypotheses are organized in the theoretical model shown in
Figure 1.

MATERIALS AND METHODS

Participants
The study sample was made up of 330 participants (116
university students and 214 clinically active patients), aged
18–79, (M = 29.53; SD = 12.72), 62.4% of whom were
women. The majority of participants were single (77.6%),
16.4% married or with a partner, 1.5% widowed, and 4.5%
separated/divorced. In the group of students, 53.3% were
women, the average age was 20.69 (SD = 3.45), and the
average Social Class Index (Hollingshead, 1975) was 38.83
points (SD = 20.30; middle class; range 11–77); 4.3% were
taking medication at the time of evaluation (anxiolytics)
and 13.8% had a psychopathological history. In the group
of patients, 46.7% were women, the average age was 34.32
(SD = 13.33), and the average Social Class Index was 46.41
points (SD = 22.40; low class; range 11–77). In this group, 67.8%
were on medication at the time of the first interview, 77.5%
had a psychopathological history and 35% had more than one
diagnosis. Table 1 describes the sociodemographic characteristics
of the participants and clinical diagnoses of the patients. The
diagnoses were made by healthcare professionals (the patients’
clinical psychologists) with long clinical experience following
the DSM-IV-TR classification (American Psychiatric Association
[APA], 2000).

Instruments
Referential Thinking Scale (REF, (Lenzenweger et al., 1997).
Validated Spanish version by Rodríguez-Testal et al. (2019).

It evaluates the interpretation of casual situations where the
person may think others are staring at, laughing at or taking
notice of him or her. It consists of 34 items with a “true/false”
answer format. Preoccupation about IRs is scored by adding
a Likert-type scale from 0 to 5 to each item, where 0
shows not preoccupied about IR at all, and 5 very much
preoccupied (Senín-Calderón et al., 2016). This test has various
factors (laughter/comments, attention/appearance, guilt/shame;
songs/communication media, and reactions/changes), but in
this study, only the sum of its items in a global REF
score was used, and for preoccupation (REFP) when IR was
found to be present. The Spanish validation found adequate

TABLE 1 | Sample sociodemographic characteristics and clinical diagnoses.

Students (n = 116) Patients (n = 214)

Sex (% women) 53.3% 46.7%

Age (M, SD) 20.69 (3.45) 34.32 (13.33)

Age range (years) 19–47 18–79

Diagnoses (n) – Depressive D. = 42
Adjustment D. = 10
Anxiety D. = 52
Schizophrenia and
other Psychotic
D. = 65
Bipolar D. = 13
Personality
D.1 = 19
Other2 = 13

1Personality disorders (main diagnosis): Schizoid = 1; Paranoid = 3; Schizotypy = 5;
Histrionic = 1; Borderline = 5; Dependence = 1; Unspecified personality D. = 3.
2Other: Dissociative = 1; Somatoform D. = 3; Eating behavior D. = 1; Sexual D. = 1;
Addictive D. = 1; Neurodevelopment D. = 2.
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psychometric properties with ordinal α for the total score
that varied from 0.94 (adolescents) to 0.97 (patients and
adult general population). Internal consistency for this study
had a Cronbach’s α = 0.88 for IR frequency, and 0.92
for preoccupation.

Aberrant Salience Inventory (ASI, (Cicero et al., 2010),
validated in Spanish by Fernández-León et al. (2019). This
scale was used to measure proneness to psychosis and evaluate
the assignment of significance to usually irrelevant internal
and external stimuli. It has 29 items with a dichotomous
(true/false) answer format with five dimensions: Heightened
cognition, impending understanding, heightened emotionality,
increased significance, senses sharpening. The total score is
found by adding up the items answered affirmatively. The
authors reported a Cronbach’s a = 0.89 for the complete
scale and evidence of validity compared to other measures
of proneness to psychosis. The Spanish validation had
adequate internal consistency (Cronbach’s α = 0.95) and
evidence of validity compared to other measures of positive
and negative symptoms. In this study, the Cronbach’s
a = 0.90.

Brief Psychiatric Rating Scale (BPRS; Lukoff et al., 1986).
Spanish validation by Peralta Martín and Cuesta Zorita
(1994). This is an other-report scale with 24 items that
evaluate positive (psychotic and disorganized) and negative
emotional symptoms. The items are rated from 1 (absence
of psychopathology) to 7 (extreme psychopathology). The
18-item Spanish version had a Cronbach’s a reliability
of 0.59 to 0.70, and test-retest reliability r = 0.70. This
study used only the psychotic dimension (Items 6.
Suspiciousness, 7. Delusions, 8. Grandiosity, 9. Hallucinations)
and the disorganized dimension (Items 11. Conceptual
disorganization, 12. Excitement, 21. Bizarre behavior, 22.
Elation, 23. Hyperactivity, 24. Distractedness). Internal
consistency in this study was Cronbach’s a = 0.85 for
the psychotic dimension and Cronbach’s a = 0.82 for the
disorganized dimension.

Procedure
All participants were informed of the objectives of the study
and gave their written consent for participation. The sample
was collected by incidental sampling. The participants from
the general population were university students who voluntarily
agreed to fill in the study tests in class, and later were

evaluated in an individual interview. These students received
points toward their grade for participating at both evaluation
times. The group of patients was collected by incidental
sampling at a private psychology clinic and various public
hospitals. They filled in the tests in writing, and at another
time, were individually interviewed. This study followed the
precepts of the Declaration of Helsinki and was approved by
the Ethics Committee of the Junta de Andalucía [Andalusian
Government] (PI 010/16).

Data Analysis
All data analyses were performed with SPSS.19 software. The
theoretical mediation model proposed was tested following the
recommendations of MacKinnon et al. (2004), using multiple
mediation analysis with three mediators (AS, disorganized
dimension and preoccupation about IR) using the PROCESS
macro v3.5 (Hayes, 2017; Model 6) with bootstrapping. The
coefficients were estimated from 10000 bootstrap samples and all
analyses were accepted with a level of significance of p < 0.05.

RESULTS

Descriptive Analyses
Before applying the mediation model, the relationships between
the variables to be entered were tested. The results, in Table 2,
show significant positive association between all the variables
in the study. As observed in Table 2, differences were found
between the ages of patients and non-patients [t(261.626) = 14.10;
p < 0.001], so this variable was entered in the mediation
model as a covariate.

Mediation Analysis
According to Baron and Kenny (1986), four conditions must
be met to establish a theoretical mediation model: The IV
or predictor, must be related to the DV or criterion; the
predictor must be related to the mediator variables; these
mediators have to be related to the criterion variable once the
effect of the IV is controlled for. Finally, the effect of the
predictor variable on the criterion variable must be reduced
when the effect of the mediator variables is controlled for.
The results of the multiple mediation analysis are shown in
Table 3.

The presence of IR had a significant total effect on the
psychotic dimension. When AS experiences, disorganization and

TABLE 2 | Means, standard deviations, and Spearman correlations between study variables.

1. 2. 3. 4. 5. 6. M D.T

1. REF – 0.472** 0.563** 0.368** 0.876** 0.08** 5.466 5.456

2. BPRS- Psy – 0.545** 0.712** 0.408** 0.434** 1.860 1.199

3. ASI − 0.508** 0.535** 0.157** 10.888 6.767

4. BPRS-Dis − 0.285** 0.482** 1.432 0.544

5. REFP − -0.049* 10.350 16.033

6. Age – 29.53 12.72

N = 330; 1 = IR; 2 = Psychotic dimension; 3 = Aberrant salience; 4 = Disorganized dimension; 5 = Preoccupation about IR. *p < 0.05; **p < 0.01. (bilateral).
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TABLE 3 | Total, direct and indirect effects based on 10,000 bootstrap samples.

B SE t p CI 95% (upper and lower)

Total effect (X→Y) 0.087 0.009 9.902 0.001 [0.070, 0.104]

Direct (X→Y) effect 0.027 0.013 2.055 0.041 [0.001, 0.053]

Age (covariate) 0.009 0.004 2.226 0.027 [0.001, 0.016]

Indirect effects

−1: X→M1→Y 0.027 0.008 [0.015, 0.044]

−2: X→M1→M2→Y 0.016 0.005 [0.008, 0.026]

−3: X→M1→M3→Y 0.001 0.001 [−0.001, 0.001] (ns)

−4: X→M1→M2→M3→Y 0.001 0.001 [−0.001, 0.000] (ns)

−5: X→M2→Y 0.015 0.006 [0.005, 0.028]

−6: X→M2→M3→Y 0.001 0.001 [−0.001, 0.000] (ns)

−7: X→M3→Y 0.002 0.013 [−0.027, 0.026] (ns)

X = IR; Y = psychotic D; M1 = SA; M2 = Disorganized D.; M3 = Preoccupation about IR; ns = not statistically significant (as shown by a bootstrap confidence interval
including 0); CI = Confidence interval. The coefficients are unstandardized.

FIGURE 2 | Mediation model proposed and tested; c′ = direct effect of X; c = total effect of X on Y; on Y; ∗∗p < 0.01; ∗∗∗p < 0.001; ns = not statistically significant.
Coefficients shown are unstandardized.

preoccupation about IR were added to the model, the size of the
beta coefficient decreased, although still remaining significant.
The total indirect effect was statistically significant (B = 0.060, IC
95% [0.031,0.090]). The results suggest that AS, disorganization
and preoccupation about IR, partially mediated the relationship
between presence of IR and the psychotic dimension. As shown
in Table 3, the indirect effects of AS and disorganization on
the psychotic dimension were significant, in interaction as well
as alone. Age was significant (B = 0.009, IC 95% [0.001,0.016])
in the relationship between IR and the psychotic dimension,
effect which was controlled for. The overall model represented
54.16% of the variance in the total score of the psychotic
dimension, R2 = 0.54, F (5, 324) = 76.56, p < 0.001, with a
large effect size (Cohen’s f2 = 1.18). The final model is shown in
Figure 2.

DISCUSSION

In spite of the strong presence of IR in human nature itself, and
of being a type of mental activity historically characterized in

both evolutionary development and the clinical context, there
are few studies directed specifically at this cognitive process, and
its mention has been relegated mainly to the delusional form
(Senín-Calderón et al., 2014).

Similarly, AS, traditionally related to psychosis because it
represents the emergence of alterations of the self (Henriksen
and Parnas, 2019), can also be objectivized on the continuum
of human experience (Fyfe et al., 2008), possibly because
of its relationship with other processes as common as
depersonalization or absorption (Sass et al., 2018; Fernández-
León et al., 2020).

This study attempted to explore these two unusual thought
contents, IR and AS, by examining their possible dependence,
connection with disorganization processes and finally, their
possible relationship with the psychotic dimension. In the
mediation model proposed, the hypothesis is that AS experiences,
product of the frequency of IR, lead to an increase in
disorganization indicators, which in turn, could be associated
with greater preoccupation about the presence of IR, and finally,
with more symptoms characteristic of the psychotic dimension.
Evidence was found for a mediation model, according to which
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the relationships between IR and psychotic dimension symptoms
were both mediated by AS and the disorganized dimension, and
preoccupation about IR no longer had a role.

The findings of this study are consistent with others that
have found a statistically significant positive relationship between
the referential thinking scale (REF) and the ASI (Chun et al.,
2019; Rodríguez-Testal et al., 2019), as well as the CAPE scale of
proneness to psychosis (Fonseca-Pedrero et al., 2012), so it may
be said that both tests are clearly related to psychosis, although
the REF scale seems to be somewhat more specifically so, at
least in the general population (Senín-Calderón et al., 2014).
When these scales were used to evaluate IR and AS, it was
demonstrated that the latter must participate in development of
IR, although they are characterized in a wider context of psychotic
disorganization (Cicero et al., 2010). It was also demonstrated
that the assessment of preoccupation about IR is significantly
related to measures of psychotic symptomatology, and also with
emotional components that indicate clinically significant distress
(Senín-Calderón et al., 2016).

The tradition of the continuum of unusual thought content,
such as IR, joins the German tradition of Robert Gaupp (Mishara
and Fusar-Poli, 2013) and Ernest Kretschmer (Rodríguez-Testal
et al., 2016), who described aspects related to personality,
which would place sensitivity (asthenia) at the base of sensitive
delusion of reference, precipitated by life events (Kretschmer
and Strauss, 1952). The excellent recent study by Wong et al.
(2021) suggests that, although the IR are precipitated by a
context, the exclusiveness with which they are experienced must
be considered. These authors emphasize the mediating role of
rumination between events experienced and the severity of the
IR. Rumination about the event probably has this role. In brief, IR
can occur during general cognitive functioning, but requires the
mediation of rumination to become exclusive to psychosis. In this
study, the mediating role of preoccupation, but specifically about
the IR themselves, was not verified, although it was significantly
correlated with all the measures. It is therefore possible that its
role is rather of moderator, as proposed in other studies, although
with negative affect as the predictor (Ludwig et al., 2020).

The reconsideration of alterations of the self as diagnostic
criteria for schizophrenia (ICD-11) (World Health Organization
[Who]., 2018) attributes extraordinary importance to AS.
However, some indications suggest that this indicator of
disorganization of the self is not exclusive to schizophrenia
(Neumann et al., 2020), although it may be more prominent,
continuous, even a trait of this disorder (Blain et al., 2020).
Possibly, as suggested by Feyaerts et al. (2021), most specificity
of these alterations of the self occurs when processes such as
hyperreflexivity (exaggerated self-consciousness) and diminished
self-presence (diminished intensity or vitality of oneself) emerge.

This study did not intend to analyze the different diagnostic
categories or verify whether the large group of participants
diagnosed with active schizophrenia were characterized to a
greater extent by AS. Therefore, one limitation of this study
is precisely that it assumed a continuum perspective, including
from participants from the general population to different
diagnoses, with and without psychotic symptoms. However,
we think that this perspective enables the processes in its

relationship to be understood without considering diagnostic
differences, since the interview took place at a different time
from when the tests were filled out. Another limitation to
be mentioned is its cross-sectional design, and incidental
recruitment of the sample, so results cannot be generalized.
However, the sequence of the mediation model could make it
possible to explore the relationship of relevant variables and
an approach to causality (Hayes and Preacher, 2014), although
understood as strictly provisional. Some very important variables
for discussing psychosis are also lacking, from negative symptoms
to consideration of high negative affect and low positive affect, or
facets related to upbringing and stressful situations (Olvet et al.,
2015; Fernández-León et al., 2020; Healy et al., 2020).

Summarizing, a model and relationships between variables
has been proposed in a sequence that could enable an approach
to psychosis that takes unusual thought content as a starting
point. This proposal enables vulnerabilities to be explored,
which due to their onset and stability in process severity, may
be useful indicators in the early detection of the psychosis
for prevention or early intervention. The results followed
the perspective that considers schizotypy a latent variable of
personality organization, represented by a subtle, subclinical
psychotic phenomenology (e.g., perceptive aberrations or ideas
of reference) which could lead to a variety of phenotypical results
related to schizophrenia (Lenzenweger, 2018). Unlike Meyer et al.
(2021), these characteristics of schizotypy (trait, such as ideas
of reference) could be the antecedent of state processes, such
as aberrant salience. According to these authors, it is possible
for impaired self-processing to appear. Current studies have
attempted to design a more meticulous evaluation of the high-
risk groups, forming more homogeneous subgroups stratified by
variables (Carrión et al., 2017). In view of the mediator role found
in this study, some expressions of self-disorders, particularly
aberrant salience, would make a more detailed analysis of the
psychosis prodromes possible. This study also supports the need
for design and validation of reliable instruments for identification
and detection of referential thought (ideas of reference) in
clinical and general populations, a project on which we are
now working on. This proposal would enable exploration of
vulnerabilities, which due to their onset and stability in the
severity of the process, may be useful as indicators to be kept in
mind for early detection of the psychotic process for prevention
or early intervention.
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The purpose of this study was to validate the Korean version of the Student-
Athletes’ Motivation toward Sports and Academics Questionnaire (SAMSAQ) using
exploratory structural equation modeling (ESEM). A total of 412 (men 77%; women
23%) South Korean collegiate student-athletes competing in 27 types of sports from 13
different public and private universities across South Korea were analyzed for this study.
ESEM statistical approach was employed to examine the psychometric properties of
SAMSAQ-KR. To assess content validity, the SAMSAQ-KR was inspected by a panel of
content subject experts. The Athletic Identity Measurement Scale was used to obtain
convergent validity. The results of this study illustrated that the SAMSAQ-KR appears to
be a robust and reliable instrument.

Keywords: college student-athletes, motivations, validation, ESEM, international psychology

INTRODUCTION

College student-athletes typically find it difficult to balance their responsibilities between
undertaking higher education classes and performing at a competitive level in their respective
sports. In general, college student-athletes spend around 20–30 h on the activities that are related to
their sport (e.g., training, competitive matches, strength and conditioning, and so on) to maintain
their level of competitiveness (Guidotti et al., 2013). This dedication toward athletic performance
may hinder the academic achievement of college student-athletes. In addition, it typically affects
the student-athletes’ life negatively, which include sustaining injuries, limited social interactions,
and limited post-athletic career opportunities (e.g., struggling to find a job outside of sports)
(Lopes Dos Santos et al., 2020). Thus, there is a growing concern and interest across various
countries regarding the educational development of the dual career of college student-athletes
(Gaston-Gayles, 2005; Lupo et al., 2015; Quinaud et al., 2020). For example, many European
countries (e.g., Belgium, Germany) provide academic services (e.g., tutoring and time management
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workshops) to support their college student-athletes’ academic
achievement (Aquilina and Henry, 2013). In the United States
(US), the National Collegiate Athletic Association (NCAA) has
started providing numerous forms of academic support, such
as appointing academic advisors and tutors and implementing
study hall programs, to engage student-athletes in their academic
roles (Huml et al., 2014). Additionally, the NCAA has also
implemented many legislative acts to enhance their student-
athletes’ academic development (e.g., limiting in-season practice
to 20 h per week) (Huml, 2018).

The lack of focus on education for college student-athletes
has become one of the major problems in South Korean sports
society as well. In South Korean school sports culture, there
is a great emphasis on student-athletes’ athletic achievement
(Lee and Yu, 2021). The roots of this athletic culture can be
found in South Korea’s history. For example, South Korea has
historically used sports to bolster the country’s image, placing
tremendous pressure on their athletes to achieve Olympic glory
(Lee, 2006; Lim and Huh, 2009; Heo, 2011). Due to this culture,
South Korean student-athletes are required to devote most of
their time to training for their sport. In other words, they are
required to sacrifice proper academic opportunities for athletic
achievement (Lee and Yu, 2021). In addition, the emphasis on
athletic performance over academic achievement for student-
athletes in South Korea has perpetuated a culture where student-
athletes can openly neglect their academic responsibilities. For
example, under the South Korean college sports system, high
school student-athletes are able to become college student-
athletes without proper academic preparation and credentials
(e.g., high school grade point average (GPA) and college
entrance test), as South Korean colleges only consider athletic
achievements for admissions (Kim, 2011).

Although South Korean student-athletes devote considerable
time and energy to their sports, only a handful of South Korean
student-athletes actually go on to become professional athletes
due to unpredictable variables, such as injuries and family
circumstances (Ham, 2003; Huml et al., 2014; Kim et al., 2014).
Furthermore, the competitive life span of a South Korean
professional athlete is short, with the average age of retired
professional athletes at only 23.8 years (Yoo, 2016). In other
words, most South Korean college student-athletes will need to
integrate back into society as a typical member of South Korean
society early in their adulthood without the title of athlete that
they lived with their whole life (Otto et al., 2019). However,
because these individuals spend more time developing athletic
skills than developing academic skills, upon retirement, these
South Korean student-athletes struggle to integrate successfully
back into society (Lee and Kwon, 2013).

To improve this existing situation that many student-
athletes are facing, the Korea University Sports Federation
(KUSF) was established as a governing and advisory body
for college sports in South Korea in 2010. A total of 110
public and private institutions across the nation are currently
members of the KUSF, which is approximately 25% of all the
South Korean institutions. The KUSF operates and manages the
U-league that offers a total of six sports, including baseball,
basketball, ice hockey, soccer, soft tennis, and volleyball. In

2017, in an attempt to mitigate the gap between college
student-athletes’ athletic and academic accomplishments, the
KUSF implemented a minimum GPA requirement for their
member institutions. Based on the requirement, student-
athletes who earned a GPA of less than 2.0 in the previous
semester were not eligible to participate in the next semester’s
U-league.

Student-Athletes’ Motivation Toward
Sports and Academics
It is important to monitor student-athletes’ motivation toward
academics and athletics, since motivation can be viewed as
being central to their participation in the respective activities
(Pestana et al., 2018). To examine the academic and athletic
motivation of the college student-athletes in the US, Gaston-
Gayles developed and validated the Student-Athletes’ Motivation
toward Sports and Academics Questionnaire (SAMSAQ), a 30-
item scale to examine college student-athletes’ motivation toward
sports and academics (Gaston-Gayles, 2005). The instrument
was developed within the framework of the expectancy-value
theory (Weiner, 1986), the self-efficacy theory (Bandura, 1977),
and the attribution theory (Weiner, 1986), which posits that
a students’ motivation to perform their academic and athletic
tasks. The multidimensional instrument includes three subscales,
student-athletic motivation (SAM; eight items), career athletic
motivation (CAM; five items), and academic motivation (AM;
16 items), with responses recorded on a six-point Likert scale
(1 = Very strongly disagree to 6 = Very strongly agree). The
mean score of all the items included in the respective subscales
provides the final score for the subscale, and the SAMSAQ’s factor
analytic results have supported the scale’s theoretical three-factor
structure. To determine internal validity in particular, Gaston-
Gayles conducted exploratory factor analysis (EFA) with a sample
size of 153 (Gaston-Gayles, 2005). Initially, a total of 30 items
were considered for the analysis, but three items were eliminated
due to low factor loadings, low item-to-total correlations, and
low reliability.

The SAMSAQ has been validated in different contexts
since college student-athletes’ imbalance between academics
and athletics is one of the growing concerns of international
sports societies. Societal contexts where the SAMSAQ has been
validated include Italy (Guidotti et al., 2013), the United Arab
Emirates (Fortes et al., 2010), Portugal (Quinaud et al., 2020),
and South Korea (Park et al., 2015). Previous reports of the
inconsistent factor structures of the SAMSAQ suggest that the
instrument may be sensitive to socio-cultural contexts (Corrado
et al., 2012; Guidotti et al., 2013; Lupo et al., 2015). The validation
of the scale in South Korea allowed for a better understanding
of the South Korean college student-athletes’ motivation toward
academics and athletics. However, there remain two key issues
in the 2015 version that need to be addressed. First, a relatively
small number of participants from a single sport were used for
the analysis. Second, confirmatory factor analysis (CFA) was
employed as the main analysis for the study. However, due
to low factor loadings, multiple items were deleted from the
original instrument.
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It is essential to utilize both EFA and CFA when identifying
a new factor structure for a new version of the SAMSAQ, as it
takes into consideration the socio-cultural contexts in which the
study was conducted. Therefore, most of the previous SAMSAQ
validation studies employed both EFA and CFA for their analysis
(Fortes et al., 2010; Guidotti et al., 2013; Lupo et al., 2015;
Quinaud et al., 2020). However, traditional factor analyses (i.e.,
CFA and EFA) also have their own shortcomings.

Exploratory Structural Equation
Modeling
The factor analytic procedures provide a powerful, flexible
approach to examine the internal structure of the SAMSAQ
(Brown, 2015). In general, EFA and CFA are the most popular
approaches to investigate the factor structure of psychological
instruments. EFA is a data-driven approach to determining the
number of empirical factors underlying a set of scale items,
while CFA represents a model-based approach to testing an
instrument’s factor structure based on a priori information
to specifying the relationship between observed (e.g., items)
and latent (e.g., motivation) variables. For instance, even
though an EFA model may be empirically supported, it
could still report unacceptable model–data fit with CFA. In
addition, CFA is typically associated with problems related to
the goodness of fit, measurement invariance across groups,
differential item functioning, and differentiation of factors
(Marsh et al., 2009). CFA’s overly restrictive independent
cluster model (ICM), requiring items to load on only one
factor and constraining non-target factor loadings to zero,
typically results in an unacceptable model–data fit (Marsh
et al., 2011). Furthermore, requiring non-target loadings to
be zero can result in higher than expected factor correlations
(Asparouhov and Muthén, 2009; Marsh et al., 2010). Thus,
these problems and issues have led researchers to question
the appropriateness of ICM-CFA models in applied research,
including psychological instruments.

Exploratory structural equation modeling is a single-
procedure factor analytic approach that combines the features
and advantages of EFA and CFA to test an instrument’s
multidimensionality (Asparouhov and Muthén, 2009).
Specifically, ESEM determines the number of factors according to
factor interpretability, model–data fit statistics (e.g., comparative
fit index (CFI)), and inspection of model parameters (e.g.,
factor loadings). In terms of a confirmatory approach, ESEM
utilizes a target rotation where target loadings are unconstrained
factor loadings, whereas non-target loadings are cross-loadings
specified close to zero (Marsh et al., 2014). In summary,
ESEM yields an interpretable factor analysis that provides a
model-based approach, capturing key components of EFA
by allowing cross-loadings that fully identify where the items
fall, as well as the measures of the model–data fit like CFA
(Morin et al., 2020). Therefore, ESEM can be viewed as a robust
and flexible model-based factor analytic approach to examine
a scale’s multidimensional structure with its exploratory and
confirmatory approaches (Asparouhov and Muthén, 2009; Marsh
et al., 2010; Morin et al., 2020).

Beyond testing an instrument’s internal structure, ESEM
also allows researchers to examine the group differences
in the underlying latent factor means and differential item
functioning (DIF) detection by using an ESEM-based factor
within a multiple-indicator multiple-cause approach (MIMIC)
modeling (Jöreskog and Goldberger, 1975; Muthén, 1989;
Holland and Wainer, 1993; Marsh et al., 2014). In terms
of DIF, it is identified as the item’s statistical properties
(e.g., difficulty and discrimination) that differ between the
groups (e.g., demographics) based on equal standing on the
latent trait (e.g., student-athletes’ motivations). Unlike multiple-
group CFA, the MIMIC model investigates the relationship
between the background of participants (e.g., gender) and the
factors of ESEM and the value of DIF among item intercepts
(Marsh et al., 2014). Within the sports and physical education
research, the MIMIC model may be suitable for the analyses
of multiple groups to test the measurement invariance, as well
as using typically small sample sizes from applied research
(Vandenberg and Lance, 2000).

Figure 1 shows a hypothetical MIMIC model where the latent
factor is regressed onto an observed predictor identified by the
solid lines, whereas the dotted line indicates the direct effect of
the observed predictor on the indicator (e.g., item). In terms of
predictor, it could be a categorical (e.g., gender) or continuous
variable (e.g., age), with the regression coefficient representing
the direction and strength of its relationship with the latent factor.
In Figure 1, the solid line indicates the regression coefficient,
which provides differences in the latent mean score if the
predictor variable indicates gender. In terms of the dotted line,
it illustrates that an item represents DIF. The MIMIC model
identifies the detection of intercept differences, followed by
predicting equality of factor loadings, factor variances, and co-
variances across groups. It is important to note that a test of
intercept differences needs to be conducted before comparing
factor mean scores of the groups because intercept variance is
considered as a premise for inspecting latent mean differences.

Purpose of the Study
With its advantages, there is a growing interest in using ESEM
to examine an instrument’s multidimensionality in various fields
such as education and medical research field (Dicke et al.,
2018; Karlgren et al., 2020; Pommier et al., 2020; Sancho et al.,
2020; Neff et al., 2021). In the sports psychology literature as
a whole, however, few studies have utilized ESEM to examine
the psychometric properties of the instrument as a model-based
analysis. Therefore, the purpose of this study was to validate
the Korean version of the SAMSAQ using ESEM analysis.
Specifically, this study will demonstrate the use of ESEM to
investigate the psychometric properties of SAMSAQ based on
Marsh et al.’s (2014) ESEM using the following guidelines: First,
based on Gaston-Gayles (2005) three-factor model, both ICM-
CFA and ESEM model analyses will be conducted to examine
which model provides better model–data fit and investigate
the comparability of model parameters such as factor loadings.
Second, if both models show unacceptable model–data fit, a
series of ESEM models will be analyzed using an exploratory
approach, which includes various factors to investigate the
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FIGURE 1 | Hypothetical multiple-indicator multiple-cause approach (MIMIC) model.

relationship between ESEM factors and all items. Among a
series of ESEM models, a model that provides the best model–
data fit and appropriate factor solution will be selected as a
preferred model. Subsequently, based on the acceptable model–
data fit and factor structure, the MIMC model analysis will
be employed to investigate latent mean differences across the
student-athletes’ motivation dimensions and the presence of
DIF among SAMSAQ items across gender. After examining
the psychometric properties of the Korean version of the
SAMSAQ, this study will also examine and provide current
South Korean college student-athletes’ motivation toward sports
and academics across gender. Furthermore, this study contributes
to the international sports psychology research field by providing
rigorous guidance on how to conduct international research,
including (a) how to collect research data from other countries,
(b) how to translate an existing scale to other languages
systemically, and (c) how to establish the content validity of
the translated scale while considering that other countries have
different cultures.

MATERIALS AND METHODS

Participants
A total of 435 participants initially responded to the survey.
However, 23 responses were removed due to incomplete data.
Thus, the remaining 412 responses (men 77%; women 23%)
from South Korean collegiate student-athletes competing in 27
types of sports from 13 different public and private universities
across South Korea were analyzed for this study. Team sports
(i.e., canoe, field hockey, handball, rowing, soccer, and water
polo) student-athletes comprised 19% of the sample, whereas
student-athletes from individual sports represented 81% of the
sample (i.e., archery, badminton, bobsleigh, bowling, boxing,
cycling, danceSport, fencing, golf, gymnastics, ice skating, rifle,
ski, swimming, taekwondo, tennis, track and field, triathlon,
weightlifting, and wrestling). Gender imbalance in South Korean
college student-athletes affected the participant composition of

this study as well. In particular, in 2020, there were a total of
13,048 college student-athletes in South Korea and 10,299 (80%)
were men, whereas 2,749 (20%) were women (Korean Sport and
Olympic Committee, 2020).

Instrumentation
Translation Process
First, two bilingual translators (i.e., two Korean doctoral students
who are majoring in a sport-related major enrolled in American
universities) translated the instrument from English to Korean.
Second, for back translation, two bilingual translators (i.e., two
Korean faculty members in a sport-related department at two
Korean universities who earned their graduate degrees in the
United States) who have not been exposed to the instrument
were asked to translate the Korean instrument to English. Third,
field testing (e.g., interviews with current South Korean college
student-athletes) was conducted to ensure that participants
could comprehend the questions. Finally, fine-tuning of the
instrument included extensive discussions with all the translators
if potential discrepancies or problems were identified during
the field testing.

Student-Athletes’ Motivation Toward Sports and
Academics
The SAMSAQ is a 30-item scale to examine the United States
college student-athletes’ motivation toward sports and academics
(Gaston-Gayles, 2005). The instrument used a total of three
different theories: expectancy-value, self-efficacy, and attribution.
The instrument consists of three subscales: student-athletic
motivation (e.g., It is important for me to do better than other
athletes in my sport), career athletic motivation (e.g., My goal is to
make it to the professional level or the Olympics in my sport), and
academic motivation (e.g., The content of most of my courses is
interesting to me), with responses provided on a six-point rating
scale (1 = Very strongly disagree to 6 = Very strongly agree). The
SAMSAQ has reported acceptable levels of internal consistency
(α > 0.80) (Taber, 2018).
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Athletic Identity Measurement Scale
The purpose of the Athletic Identity Measurement Scale (AIMS)
is to assess participants’ athletic identity (Brewer and Cornelius,
2001). AIMS will be used to examine convergent validity with
the SAMSAQ. AIMS is a seven-item questionnaire with a seven-
point rating scale, (1 = Strongly disagree to 7 = Strongly agree).
Participants’ athletic identity is measured by a total composite
score generated by a sum of the scores for the seven items.
Higher AIMS scores indicate stronger athlete identification.
AIMS has high internal consistency (α = 0.81–0.93) (Taber, 2018).
Systemic translation strategies (Sousa and Rojjanasrirat, 2011)
were applied to AIMS as well to achieve equivalence in meaning,
which required a range of scale translation.

Procedures
After receiving approval from the University Institutional Review
Board (IRB), the researchers developed online versions of the
instrument and delivered the instrument to participants through
Qualtrics. To reach out to the South Korean student-athletes, the
researchers contacted the schools for approval to administer the
survey to the student-athletes and to explain the purpose of the
study. Upon receiving approval from the schools, the investigator
sent a survey link to the coaches of the South Korean college
sports teams. Coaches provided the survey link to student-
athletes during their team meetings. Student-athletes who wanted
to participate in the survey could access the survey on their
own devices (e.g., cell phone, laptop, tablet, and so on). The
survey contained a total of three sections, (a) demographics, (b)
the SAMSAQ, and (c) the AIMS scale, and took approximately
35 min to complete. Prior to taking the survey, all the participants
were informed about the research purpose and the option to
discontinue the survey at any time. The main data collection
phase occurred between August and December 2019.

Data Analysis
Content Validity
Content-related validity was gathered by a panel of experts
comprising a former college student-athlete, a Korean
professional athlete, a current college student-athlete, and
two Korean faculty members with expertise in student-athlete
research reviewing the translated version of the SAMSAQ.
The panel of experts was provided a translated version of the
SAMSAQ to provide feedback regarding item clarity, relevance,
and comprehension. Through the content validity process, Item
10 (I chose/will choose my major because it is something I am
interested in as a career) was removed since the South Korean
college student-athletes are required to major in only sports-
related fields, such as physical education, exercise science, and
sport management.

Statistical Analysis
Descriptive statistics were used to inspect the students’ average
ratings and variability of responses. The factor structure of
SAMSAQ-KR was guided by the results of Gaston-Gayles
(2005) SAMSAQ-US. First, individual ICM-CFA and ESEM
models based on Gaston-Gayles (2005) three-factor model
were tested. For the ICM-CFA model, a simple model was

TABLE 1 | Mean and standard deviation values for SAMSAQ items (N = 412).

Item Mean SD Item Mean SD

1 4.53 1.33 17 2.98 1.37

2 5.03 1.15 18 4.11 1.33

3 4.58 1.03 19 4.02 1.34

4 4.70 1.15 20 4.73 1.35

5 4.73 1.21 21 3.41 1.29

6 3.46 1.26 22 4.17 1.33

7 4.36 1.07 23 5.12 0.98

8 4.66 1.17 24 4.73 1.08

9 3.73 1.47 25 4.44 1.27

11 3.73 1.46 26 3.49 1.23

12 4.37 1.04 27 4.80 1.08

13 4.87 1.10 28 4.19 1.10

14 2.31 1.14 29 4.15 1.22

15 1.89 1.03 30 4.42 1.35

16 2.94 1.30

used where items were loaded on their assigned motivation
factors freely, and non-target loadings were constrained to
zero. This involved fixing the factor variances to one (Kline,
2013). Parameter estimation was examined based on robust
maximum likelihood (MLR) using Mplus 8.4 (Muthén and
Muthén, 2005). MLR can be viewed as a suitable analysis to
examine fit indices with non-normal, ordered categorical data
and to estimate standard errors. Model–data fit was based
on the chi-square (χ2), the Comparative Fit Index (CFI),
the Root Mean Squared Error of Approximation (RMSEA),
and the Standardized Root Mean Square Residual (SRMR)
index. Acceptable model–data fit criteria included CFI values
greater than 0.95, RMSEA less than 0.06, and SRMR less
than 0.08 (Hu and Bentler, 1999). Also, Akaike information
criterion (AIC) and Bayesian information criterion (BIC) values
were examined, with lower values indicating better model–
data fit (Schwarz, 1978; Akaike, 1987). Coefficient omega (ω)
was examined for factor analytic based estimate of reliability
(McDonald, 1999).

Convergent Validity
Convergent validity is established when scores on a measure
correlate with scores on another measure evaluating a similar
construct (Carlson and Herdman, 2012). In this study, the
Pearson product-moment correlation was employed to assess
the convergent validity of the SAMSAQ-KR by comparing
the correlation scores with the AIMS scale. Specifically, the
correlation between the scores of athletic-related motivation
factors from SAMSAQ-KR and AIMS was investigated.

RESULTS

The mean values of items varied considerably with values ranging
from 1.89 (Item 15: “It is worth the effort to be an exceptional
athlete in my sport”) to 5.12 (Item 23: “I am confident that I can
earn a college degree”), whereas standard deviation (SD) ranged
from 0.98 (Item 23: “I am confident that I can earn a college
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TABLE 2 | Model–data fit of exploratory structural equation
modeling (ESEM) models.

Model χ2 df CFI RMSEA (90% CIs) SRMR

3-Factor 748.149* 322 0.90 0.057 (0.051–0.055) 0.04

4-Factor 558.758* 296 0.94 0.046 (0.040–0.052) 0.03

5-Factor 456.787* 271 0.96 0.041 (0.034–0.047) 0.03

*p < 0.01; df: Degrees of freedom. CIs: Confidence intervals.

degree”) to 1.47 (Item 9: “I have some doubt about my ability to
be a star athlete on my team”). Table 1 presents the descriptive
statistics of the SAMSAQ-KR data for all the 412 participants.

A test based on Gaston-Gayles’s three-factor ICM-CFA model
(Gaston-Gayles, 2005) indicated unacceptable model–data fit,
where χ2(249) = 1,568.708, p < 0.01; RMSEA = 0.116 (90%
CI: 0.110–0.112); CFI = 0.64; and SRMR = 0.04. Furthermore,
a three-factor ESEM model also reported unacceptable model–
data fit, where χ2(322) = 748.149, p < 0.01; RMSEA = 0.057 (90%
CI: 0.051–0.055); CFI = 0.90; and SRMR = 0.162. Consequently,
a series of ESEM model analyses were conducted to identify
the number of empirical factors. As reported in Table 2, the
results supported a five-factor solution, where χ2 (271) = 456.787,
p < 0.01, RMSEA = 0.041 (90% CI: 0.034–0.047), CFI = 0.96,
and SRMR = 0.03.

The EFA factor loading (see Table 3) results showed that the
items predominantly loaded onto a specific factor. Five items
(e.g., Item 12 and Item 25) did not load on any factor, and one
item indicated substantive cross-loadings on two factors (i.e.,
Item 9). Also, Item 10 (I chose/will choose my major because it
is something I am interested in as a career) was eliminated since
South Korean college student-athletes are mandated to major in
only sports-related fields. Therefore, a total of 23 items from the
original version of SAMSAQ were retained and loaded above 0.40
onto one of the five factors.

Based on the results of factor loading and acceptable model–
data fit, five factors were investigated with a review of all items
significantly loading on each factor. Factor 1 was identified as
academic achievement motivation and consisted of three items
(ω = 0.70) that indicated participants’ academic performance,
such as GPA, grades, and graduation. Factor 2 was labeled
athletic motivation and included six items (ω = 0.79) that
assessed students’ motivation toward their sport. Factor 3 was
labeled learning outcome motivation and comprised three items
(ω = 0.77) that dealt with students’ learning experiences through
their classes and application of that knowledge and skills outside
the school upon their graduation. Factor 4 was labeled as career
athletic motivation and consisted of three items (ω = 0.85)
that included the items representing the participants’ desire to
compete at the professional and Olympic levels. Factor 5 was
labeled as academic motivation and included a total of seven
items (ω = 0.75) that indicated participants’ motivation toward
their academic-related tasks.

Table 4 reports the correlation among the ESEM-based factors
that ranged from negligible, –0.02 (e.g., Factor 4 and Factor 5) to
moderate, 0.50 (e.g., Factor 2 and Factor 4).

TABLE 3 | Item pattern coefficients for final exploratory structural equation
modeling (ESEM) solution.

Factors

Item 1 2 3 4 5

1 0.95 − 0.17 − 0.02 − 0.01 − 0.07

2 0.17 0.47 − 0.00 0.34 0.00

3 0.27 0.01 0.61 0.01 0.09

4 0.43 0.00 0.23 − 0.10 0.06

5 0.09 0.49 − 0.00 0.25 − 0.00

6 − 0.02 − 0.19 0.15 − 0.11 0.49

7 0.17 0.01 0.56 0.00 − 0.04

8 0.10 0.39 0.23 0.06 − 0.02

9 − 0.16 − 0.04 0.04 0.55 0.52

11 0.15 − 0.07 0.05 − 0.14 0.49

12 0.11 0.05 0.00 − 0.07 0.00

13 0.18 0.52 0.01 0.29 0.00

14 − 0.00 0.57 0.17 0.29 0.02

15 0.14 0.65 0.01 0.16 0.08

16 − 0.10 − 0.22 0.17 0.04 0.69

17 0.00 − 0.33 0.37 − 0.15 0.47

18 − 0.09 0.35 − 0.05 0.29 − 0.15

19 0.07 − 0.07 − 0.02 0.83 − 0.14

20 0.03 0.33 − 0.01 0.52 − 0.00

21 0.29 − 0.31 0.03 0.14 0.48

22 0.09 0.07 0.03 0.78 − 0.04

23 0.41 0.31 0.12 0.03 0.12

24 0.19 0.39 0.26 0.15 0.05

25 0.05 0.34 0.02 0.07 − 0.21

26 0.03 − 0.01 0.04 − 0.10 0.64

27 0.13 0.57 − 0.01 0.34 0.02

28 0.05 − 0.02 0.65 0.18 − 0.02

29 0.12 0.21 − 0.03 − 0.18 − 0.34

30 0.12 0.06 0.18 − 0.16 0.68

Bolded values indicate loadings above 0.40. Factor 1: Academic Achievement
Motivation; Factor 2: Athletic Motivation; Factor 3: Learning Outcome Motivation;
Factor 4: Career Athletic Motivation; Factor 5: Academic Motivation.

TABLE 4 | Exploratory structural equation modeling (ESEM) factor correlations.

Factors

1 2 3 4 5

1 1

2 0.24 1

3 0.43* 0.07 1

4 0.13 0.50* 0.02 1

5 0.16 − 0.00* 0.05* − 0.02* 1

*p < 0.05. Factor 1: Academic Performance Motivation; Factor 2: Athletic
Motivation; Factor 3: Learning Outcome Motivation; Factor 4: Career Athletic
Motivation; Factor 5: Academic Motivation.

The results of MIMIC modeling reported that the inclusion
of direct effects from gender to the items would not improve
the model–data fit. Furthermore, the regression coefficients from
gender to each of the SAMSAQ-KR factors were non-significant.
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TABLE 5 | Descriptive statistics and Pearson product-moment correlations
between the athletic motivation and career athletic motivation (SAMSAQ-KR) and
Athletic Identity Measurement Scale (AIMS).

Variables Mean SD 1 2 3

1. AIMS 4.82 0.88 1.00

2. AM 4.04 0.45 0.62** 1.00

3. CAM 4.31 1.17 0.59** 0.64** 1.00

** p < 0.01.

TABLE 6 | Mean and standard deviation values for motivation scores by gender.

Academic
Achievement

Motivation

Athletic
Motivation

Learning
Outcome

Motivation

Career
Motivation

Academic
Motivation

Male 4.6 ± 1.0 4.3 ± 1.3 3.9 ± 0.9 4.3 ± 1.2 3.6 ± 1.2

Female 4.9 ± 0.9 3.7 ± 1.3 4.5 ± 0.8 4.0 ± 1.2 4.0 ± 1.1

Table 5 reports convergent validity results based on the
correlation between SAMSAQ-KR’s athletic-related motivation
factor (i.e., athletic motivation and career athletic motivation)
scores and AIMS. The results indicated that the correlation
between athletic-related motivation factors scores and AIMS was
moderate (0.59–0.64).

DISCUSSION AND CONCLUSION

The present study aimed to validate the Korean version
of the SAMSAQ using ESEM analysis. Compared to the
previous studies, which examined South Korean college
student-athletes’ motivation toward one sport with a relatively
small group of participants, the current study used a larger
sample size (n = 412) from 27 different sports types for
the analysis. Additionally, ESEM is seldom used in sports
psychology research. This study estimated South Korean
college student-athletes’ motivation toward academics
and athletics, accounting for gender. To ensure content
validity, a panel of experts (i.e., both former and current
college student-athletes, a current professional athlete, and
Korean faculty members with expertise in student-athlete
research) reviewed the translated version of the SAMSAQ. In
addition, convergent validity was obtained by comparing
correlation scores with the AIMS scale. In conclusion,
the SAMSAQ-KR proved to be a robust scale with good
psychometric properties.

Overall, South Korean student-athletes recognized the
importance of academics. This change may be attributed to
the recent effort of the government of South Korea to help
their college student-athletes academically. For example, the
KUSF was established as a governing body of South Korean
college student-athletes. The main aim of the KUSF is to
facilitate student-athletes’ academic enhancement. For example,
the KUSF recently made and implemented the minimum
required GPA for student-athletes, supported many colleges
by investing in resources for designing academic advisor
programs, and conducted seminars for student-athletes

regarding academic importance and future career. With the
establishment and academic policy implementation of the KUSF,
South Korean college student-athletes have many opportunities
to recognize the importance of balancing their athletic and
academic activities.

Compared to the previous cross-cultural studies that
examined student-athletes’ motivation toward athletics
and academics used SAMSAQ, the results of this study
demonstrated that the SAMSAQ-KR version was characterized
by a different factor structure compared to the versions
followed by other countries. For example, most previous
studies sustained the three-factor structure by utilizing the
CFA (Fortes et al., 2010; Guidotti et al., 2013; Lupo et al.,
2015; Quinaud et al., 2021). However, the results of this
study illustrated that SAMSAQ-KR is composed of a total of
five factors: athletic motivation, academic motivation, career
athletic motivation, academic achievement motivation, and
learning outcome motivation. The results also confirmed
that each country has unique socio-cultural contexts and
different relationships between the academic and athletic
environments in college sport (Fortes et al., 2010; Lupo et al.,
2017; Quinaud et al., 2021).

Among all the factors, academic achievement motivation and
learning outcome motivation were conceptually equivalent to
academic motivation factor in Gaston-Gayles (2005)’s original
version of SAMSAQ, since these new factors are closely related
to academic-related motivation, such as earning a high GPA
(Item 1) and focusing on class content (Item 28). In particular,
in SAMSAQ-KR, the academic achievement motivation factor
was affected by the recent academic environments of both
South Korean high school and college student-athletes. In
2013, the ministry of education in South Korea made and
implemented the new rules to enhance the academic performance
of South Korean student-athletes. One of the main rules
was the minimum required GPA, which mandates high
school student-athletes to meet the required GPA to play
their sports. In addition, in 2017 (as mentioned earlier), the
KUSF was established to manage and support South Korean
college student-athletes’ academic performance. KUSF’s initial
new rules included minimum required GPA as well. Thus,
South Korean college student-athletes were able to recognize
the importance of not only their academic performance but
also their academic achievement during their stay in both high
school and college.

Similar to the previous studies that investigated the college
student-athletes’ motivation by gender (Gaston-Gayles, 2005;
Sherry and Zeller, 2014), the present study illustrated that
South Korean female college student-athletes showed higher
motivation toward all academic-related factors compared to the
male student-athletes (see Table 6). This observation might
be due to South Korea’s male-dominated sports-related career
environment. In 2020, for example, there were a total of 7,512
professional athletes in South Korea and 4,834 (64%) were
male athletes, whereas 2,678 (36%) were female athletes (Korean
Sport and Olympic Committee, 2020). In addition, in terms
of the coaching positions, the number of coaches from all
levels of sports, including both non-professional (e.g., school
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sports) and professional levels, in South Korea was 20,593.
Of them, the number of male coaches was 16,938 (82%),
whereas the number of female coaches was only 3,665
(18%) (Korean Sport and Olympic Committee, 2020). In
other words, male college-graduated athletes have more
opportunities to retain their sports career after their
graduation in the sports-related field, such as professional
athletes and coaches. However, female athletes would need
to look for future careers that are not related to sports
due to a lack of resources and opportunities for college-
graduated female athletes. Thus, female college student-
athletes might be more focused on academics rather than
athletics to earn career opportunities outside of sports after
their graduation.

The findings of this study could provide practical implications
for the administrators of South Korean college athletics. For
example, as discussed earlier, the KUSF has been trying to
support and enhance the academic performance of South Korean
college student-athletes. However, there is no suitable scale for
examining student-athletes’ academics and athletic motivation.
Thus, the administrators of South Korean college athletics
will be able to use the SAMSAQ-KR scale to analyze and
evaluate South Korean college student-athletes’ motivation
toward athletics and academics. This will allow administrators
to evaluate the impact of the academic policies on the student-
athletes by examining their motivation toward academics
and athletics. In addition, the faculty members might also
use this scale to develop their class materials. For example,
the results of this study illustrated that the participants are
highly oriented toward learning outcome motivation, which is
related to student-athletes’ learning experiences through their
classes and application of the knowledge and skills outside of
school premises upon their graduation. Therefore, the faculty
members should recognize/understand student-athletes’ desire
to acquire practical knowledge and skills through the classes
and try to make an effort to develop their classes by reflecting
student-athletes’ learning outcome motivation. Furthermore,
the present study confirmed that South Korean female college
student-athletes lay greater emphasis on academics than their
male counterparts due to reduced opportunities in sports-
related careers after their graduation. Therefore, a different
approach, depending on gender, will be needed at the time
of making new academic policies for South Korean college
student-athletes.

Despite the contributions, the current study also has some
limitations that need to be considered. Even though the number
of college student-athletes analyzed in this study met the
criteria for psychometric analysis, it would be better if future
studies include more student-athletes from other sports for the
analysis. In addition, although considering the imbalance in
gender representation in South Korea’s college sports, that male
student-athletes were 10,001 (79%) out of 12,695, the sample
of the current study was comprised of mostly male student-
athletes. Thus, further research should be conducted with more
female college student-athlete for a better interpretation of
SAMSAQ-KR.
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Recent pre-pandemic research suggests that living wages can be pivotal for enhancing 
employee attitudes and subjective wellbeing. This article explores whether or not the 
present COVID-19 pandemic is impacting pivotal links between living wages and 
employee attitudes and subjective wellbeing, with replication indicating robustness. 
Twin cohorts each of 1,000 low-waged workers across New Zealand (NZ), one pre- 
(2018), and one present-pandemic (2020) were sample surveyed on hourly wage, job 
attitudes, and subjective wellbeing as linked to changes in the world of work associated 
with the pandemic (e.g., job security, stress, anxiety, depression, and holistic wellbeing). 
Using locally estimated scatter-point smoothing, job attitudes and subjective wellbeing 
scores tended to pivot upward at the living wage level in NZ. These findings replicate 
earlier findings and extend these into considering subjective wellbeing in the context of 
a crisis for employee livelihoods and lives more generally. Convergence across multiple 
measures, constructs, and contexts, suggests the positive impacts of living wages are 
durable. We  draw inspiration from systems dynamics to argue that the present 
government policy of raising legal minimum wages (as NZ has done) may not protect 
subjective wellbeing until wages cross the living wage Rubicon. Future research should 
address this challenge.

Keywords: minimum wage, living wage, pandemic, job attitude, wellbeing, decent work

INTRODUCTION

According to the International Labour Organization (ILO), just prior to COVID-19 the 
number one challenge in and for the world of work [International Labour Organization 
(ILO), 2019a] was addressing poor in-work conditions and unliveable wages. According to 
the ILO in 2019, 3.3  billion people experienced these conditions [International Labour 
Organization (ILO), 2019b], which was 19 times more than the global unemployment rate 
(172  million). Two-thirds of the world’s entire workforce was thereby working in conditions 
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that were informal, lacking a proper job description, employment 
contract, protection in case of injury, regular hours, paid 
leave provision, social protection, and/or a regular liveable 
wage. The remaining third were supposed to be  protected by 
a formal, legal Minimum wage floor. However, a survey of 
14,000 workers across 14 different countries and economies 
found that almost two thirds of workers, many in so-called 
higher-income economies with formal jobs, were “struggling” 
to make ends meet [International Trade Union Confederation 
(ITUC), 2018]. Thus the world of work immediately prior 
to the COVID-19 pandemic could be characterized by in-work 
precariousness and poverty wages.

Since 2020, the COVID-19 virus has disrupted the whole 
world of work, and underscored the need for wages worldwide 
to keep pace much more with people’s everyday needs for 
decent work conditions that protect their subjective wellbeing, 
including living wages [International Labour Organization (ILO), 
2020, 2021, 2022]. Unlike minimum wages (Smith, 2015), living 
wages tend to be  voluntary rather than statutory and to aim 
higher than bare subsistence, including affording some disposable 
income for people to participate with dignity in social life, 
enjoy occasional treats, and have some financial reserves to 
buffer them when crises strike. In New  Zealand for example, 
living wages typically include meeting not only material needs 
like housing and food, but also social needs such as living 
with dignity and socio-economic inclusion (King and Waldegrave, 
2012, 2014). In May 2020, needs like these were recognized 
in a “wellbeing budget,” which included a commitment to 
improving wage conditions as part of a broader strategy to 
promote and protect the wellbeing of the population (New 
Zealand Treasury, 2020).

Addressing the issue of poverty wages is now very urgent 
both globally and locally. In 2022, according to the Director-
General of the ILO, Guy Ryder, “the global employment and 
social outlook remains uncertain and fragile” (2022, p. 3), with 
unemployment being projected to rise (to over 200 m) in 2022, 
working hours to drop (currently by 2%) and the most vulnerable 
occupations and smaller organizations within them, hit hardest 
of all (ibid, p.  11). NZ is an example of such a country, yet 
research on the potential benefits, e.g., to subjective and societal 
wellbeing of raising wages in NZ remains sparse (Carr, 2022). 
The gap that this paper addresses, and the novelty of its 
contribution, is to explore the links between wage levels and 
subjective wellbeing, in the context of a public health crisis.

Pre-pandemic, work research on wage and wellbeing has 
mainly focused on “job attitudes” like job satisfaction and 
affective commitment, which are organizationally focused, rather 
than on workers’ wider subjective wellbeing (e.g., Kuvaas, 2006; 
Judge et al., 2010). Figure 1 presents three theoretical relationships 
between wage value and job attitudes/subjective wellbeing (Carr 
et  al., 2016). The simplest linkage is linear (black line). Linear 
implies that there will be  a discrete value of wage at which 
the criteria of subjective wellbeing and job attitudes switch 
from being negative to positive (≈). Linear linkages have though 
proved at best disappointingly weak (Young et  al., 2014). One 
reason could be  that the link itself may not be  linear, for 
example because wage increments matter more economically, 

and thus psychologically, at lower than higher wage levels 
(George and Brief, 1989).

One way in which wage may matter more for lower waged 
roles is shown in Figure  1 as a blue dotted line. This arc is 
based on a theory of diminishing marginal returns (Carr et al., 
2016). Any wage is a good wage, and especially so at lower 
levels, where any kind of increment, most of all from zero to 
one, would make a just noticeable difference. Any resulting 
curvilinear relationship would thereby be more consistent with 
reforming minimum, rather than reaching living wages, with 
minimum cost and thereby lowered risk of job losses during 
economic and health crises like the COVID-19 pandemic 
(Law, 2020).

In contrast, working poverty trap theory predicts that workers 
paid any wage that was less than a viable or living wage, 
regardless of level, will be  stuck at consistently low or negative 
levels of job attitudes and subjective wellbeing (Carr et  al., 
2016). This stasis in negative terrain is captured as a flattened 
section of the curve in Figure  1 at the bottom left of the 
continuous blue line. Tracking left to right, the solid blue 
curve begins to rise and eventually crosses the threshold between 
negative and positive job attitudes/subjective wellbeing (≈) at 
the top right in Figure  1. Any living wage would thereby 
need to be  set at or near to the monetary value on the x-axis 
where the curve begins to cross ≈ on the y-axis. Only from 
there onwards would it produce diminishing marginal returns.

The last two linkages have not yet—to the best of our 
knowledge—been fully tested against each other, or been 
corroborated with systematic evidence. This issue is very 
important to resolve because of the competing predictions 
about where to set wages if working poverty is to be  avoided 
and subjective wellbeing enhanced. In Figure  1, diminishing 
marginal returns (the dotted line) would suggest that there is 
no working poverty trap. Instead, it suggests that any increase 
in the minimum wage would make a noticeable difference to 
job attitudes and worker subjective wellbeing. More importantly 
still perhaps, the point at which people’s attitudes and subjective 
wellbeing change valence, from negative to positive, unhappiness 
to happiness and ill-being to well-being (≈) could be  set lower 
than it would need to be  set if there was a working poverty 
trap (sigmoidal function and solid blue curve).

Of the three theoretical linkages in Figure  1, the available 
evidence to date, though tentative, is most consistent with the 
solid blue, sigmoidal curve. Samples of low-waged workers 
from South  Africa and New  Zealand, conducted prior to the 
pandemic, have yielded a consistent pattern (Carr et  al., 2018, 
2019; Haar et  al., 2018). Workers at or near the current 
Minimum wage, in each respective country, reported struggling 
to make ends meet, as well as tending to report negative job 
attitudes (job [dis]satisfaction, [dis]empowerment, and [lack 
of] occupational pride), and expressing a subjective sense of 
[un]fairness and [poor] quality of life. Only above the current 
respective living wage did dissatisfaction, disempowerment, and 
so on tend to change valence to satisfaction, empowerment, 
and so forth. Nevertheless, the samples in this study have 
been relatively small and localized, with measures that were 
also non-standardized. Such concerns led Carr et  al. (2018) 
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to call for more systematic study of the three hypothetical 
links in Figure  1.

A subsequent study, conducted in NZ, included a larger, 
nationwide sample (N > 1,000) and standardized measures (Carr 
et  al., 2019). This study also replicated findings from Carr 
et  al. (2018). It focused on job attitudes (job satisfaction, work 
engagement, meaningful empowerment, affective commitment, 
organizational citizenship behaviors, and work life balance). 
Among these, only job satisfaction and work life balance have 
links to subjective wellbeing, specifically happiness at work 
(Fisher, 2009); with a potential for spill-over into respondents’ 
lives more generally (Haar et  al., 2014). Subsequent qualitative 
analysis of individual ‘outliers’ found signs of mental health 
issues arising from precarious wage conditions, including stress, 
anxiety, and depression (Carr et  al., 2019). These findings in 
turn led Carr et  al. (2019) to call for further exploration of 
potential linkages between living wages and mental health.

Public health research on minimum wages has found a 
range of likely state-level benefits from state-level increases on 
population wellbeing, including physical (Lenhart, 2017) and 
mental health (Leigh et  al., 2019). Examples would include 
reductions from diseases of the circulatory system that lead 
to premature deaths from conditions such as strokes (Tsao 
et  al., 2016) and suicide (Kaufman et  al., 2020). However, 
societal-level studies cannot tell us directly if state-level 
improvements are only among minimum wage workers or also 
for people paid more from wage inflation, including among 
those paid a living wage. Moreover, everyday forms of mental 
wellbeing at and through work (e.g., job stress, experiences 
of job insecurity, anxiety, and depression) remain largely 
unconnected within the relatively new field of wage and subjective 
wellbeing (Leigh et al., 2019). Triggers for stress-induced strains 
on subjective wellbeing have included concerns about wages, 
especially for those below the median income (Chuluun et  al., 
2016). Additionally, employees who perceive their organization 
as unfair and feel job insecure may also be  at higher risk of 
emotional exhaustion and work stress (Kausto et  al., 2005).

Subjective wellbeing concerns like these, which are due to 
precarious work and wage conditions, have almost certainly 
been amplified by the COVID-19 pandemic. In NZ for example, 
a nation-wide survey of over 3,000 people has found that 
almost 40 percent of households experienced a significant drop 
in work-related income (Galicki, 2020). One-in-four households 
were caught in arrears on at least one payment (including 
consumer loans, utility bills, and housing costs). One in 10 
had missed a rent or mortgage payment. Forty-one percent 
either agreed or strongly agreed that thinking about their 
financial situation made them anxious. Anxiety like this, about 
unmet financial needs, can contribute to a range of related 
mental health issues, including anxiety and depression (Shaw 
and Gupta, 2001; Stride et  al., 2007). The question then is 
could a living wage1 provide any social protection for people’s 
mental health, by helping to meet people’s financial needs in 
NZ during a pandemic?

Pandemics are inherently and intrinsically threatening to 
both physical and mental wellbeing. This threat renders an 
assessment of the links between wage and subjective wellbeing, 
which Carr et  al. (2019) were already calling for prior to 
COVID-19, even more timely and relevant. Pandemic conditions 
have not only threatened jobs and worker wellbeing. They 
have also changed the conditions of work itself. In NZ for 
instance,2 overall employment effects of COVID-19 were 
moderated by substantial public policies directed at subsidizing 
wages to protect jobs and assisting selected industries and 
small businesses. There were programs directed at health 
care, vulnerable groups, and easing risks of mortgage defaults 
and the eviction of renters. At the same time, there were 
also substantial declines in hours worked, which reduced 

1 In NZ, the campaign Living wage rate is adjusted each year in response to 
cost of living, by the New  Zealand Family Centre Social Policy Unit (King 
and Waldegrave, 2012, 2014).
2 We are grateful to an informal ILO reviewer for this helpful section, which 
is included almost verbatim.

FIGURE 1 | Theoretical links between wage and wellbeing/job attitudes. Adapted with permission from Carr et al. (2016). Wellbeing, in the figure, refers in this 
paper to subjective wellbeing.
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annual wages and incomes for many households. These 
COVID-19 policies and labor market changes conceivably 
had direct effects on the wellbeing of low-income workers 
as well as an indirect effect on their observed job attitudes 
and subjective wellbeing, causing potentially untold 
compositional changes in the unobserved characteristics of 
the low-income workers who remained employed and the 
jobs that they held. In other words, COVID-19 has been a 
great disruptor.

Disruptors are not only negative or destructive, however. 
They also bring unique learning opportunities. In research, 
one of these is the opportunity to see if any given function 
will replicate even under radically changed circumstances. Any 
finding that a function in Figure  1 remained similar over 
radically different circumstances will “strongly attest to its 
durability across time” (Gergen, 1973, p.  315), by signaling 
robustness in that function (Schupbach, 1998). Thus a replication 
of the cusped curve in Figure  1, under disrupted pandemic 
conditions, would give confidence that a living wage is pivotal 
for subjective wellbeing.

Policy wise, this pandemic has also re-ignited heated and 
often fractious debate in NZ regarding the need for a living 
wage (Waldegrave, 2020). This debate is not unique to NZ 
(e.g., Wood, 1997; Kantor, 2016). On the one hand, advocates 
of living wages present any wage increase as the right thing 
to do for social inclusion and shared prosperity (Krieble, 
2020). On the other hand, advocates of wage restraint, including 
some influential employer lobby groups, insist that raising 
wages to living wage levels, especially during a pandemic 
and associated economic crisis, will only lead to job losses, 
more job insecurity, and even less social inclusion (Law, 2020). 
To date, however, this debate has largely overlooked both 
job attitudes and worker subjective wellbeing, which are 
important considerations that have been linked to work 
productivity, at both individual (per capita) and unit (aggregated 
organizational and sub-organizational) levels (respectively, 
Harter et  al., 2002 and Harrison et  al., 2006). Evidence on 
how wage relates to worker job attitudes and subjective 
wellbeing might therefore cast light on a heated debate about 
the social and economic wisdom of wage increases, precisely 
at a time of crisis for sustaining livelihoods (United 
Nations, 2021).

Briefly, the overall objective in this study was to explore 
whether the sigmoidal relationship or alternatively either of 
the other two competing relationships in Figure  1 would 
replicate in NZ. Replicability was assessed in two main ways: 
(a) across two cohorts, one sampled before and one during 
the current pandemic; and (b) across two sets of variables, 
one focused on different job attitudes and the other more on 
humanitarian features of people’s everyday subjective wellbeing.

The overarching aim of this study was to assess if the 
concept of a living wage has practical and policy implications. 
Taking an evidence-based approach, we wanted to know whether 
there was any consistently identifiable, actual material wage 
value whereabouts workers in NZ would tend to report feeling 
better, not only about their work attitudes, but also in their 
wider subjective wellbeing.

MATERIALS AND METHODS

Participants
Participants were drawn from two national cohorts of lower 
income workers, one during March/early April 2018 (n1 = 1,011) 
and another in September/October 2020 (n2 = 1,027). All 
respondents had to be  in paid employment with an annual 
personal income before tax of under NZ$60,000. A professional 
survey organization, Qualtrics, was engaged to draw two samples 
from across NZ, one in 2018 and a second in 2020 (Haar 
et  al., 2018). The Qualtrics system has an estimated time for 
surveys, and removes respondents who complete the survey 
too quickly or too slowly. It also assures that one respondent 
only can complete the survey. This approach to data collection 
has grown and provided useful samples for researchers (Ferguson 
et  al., 2014; Kaplan et  al., 2016; Vitell et  al., 2016). We  utilized 
this approach specifically because Qualtrics can target income-
level within their respondent recruitment. It pays respondents 
for their time, but the nature of this arrangement is proprietary.

In the 2018 cohort, by income level, the modal reported 
annual income, expressed in brackets of NZ$20,000 s, was NZ$40–
60,000 band (39% of sample), followed by NZ$20–40,000 (36%), 
and then up to NZ$20,000 (25%). Most workers were paid hourly 
(71%) rather than being salaried (29%), 86% with one job, and 
working full-time (51%). Our lower-waged sample was skewed 
toward female workers (69%), with the modal age category being 
36–45 years (19%). Ethnically, the majority reported as “NZ 
European” (62%) with the next largest category identifying as 
Māori (11%). By sector, the majority worked in the private sector 
(68%) rather than in either public service (17%) or in civil society 
organizations like Non-Government Organizations (NGOs) and 
charities (15%). These proportions have already been found to 
be reasonably representative of the lower-end of the wage spectrum 
and economy across NZ at the time (Carr et  al., 2019).

In the 2020 cohort, the modal income level was NZ$40–60,000 
(50%), followed by NZ$20–40,000 (34%) and up to NZ$20,000 
(17%). A majority of workers (66%), as in 2018, were paid 
hourly (66%), 86% with one job, and working full-time (53%). 
As in the 2018 cohort, there was a skew toward female workers 
in this low-waged sample (65%), with the same modal age 
category (of 36–45 years, 22%). The two top ethnicities were 
NZ European and Māori (respectively, 65 and 12%). Private 
sector work was once more predominant (67%) over public 
service (20%) and civil society (13%).

Measures
In addition to a range of standard demographic items (Haar 
et  al., 2018; Carr et  al., 2019), we  focused in this paper on 
three particular sets of variables, reflecting (i) wage level, (ii) 
job attitudes, and (iii) subjective wellbeing. These were examined 
separately over the two cohorts in 2018 and 2020.

Wage
Hourly pay and annual income, number of paying jobs, and 
full or part-time employment (cf., Carr et  al., 2019). In 2020 
only, we  asked whether during the preceding maximum level 4, 
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full lockdown people had been able to work from home, had 
a pay cut or bonus, experienced a temporary layoff, and cuts 
to pay (including hours) and whether these were back to normal. 
We also asked if cost-of-living (during lockdown) went up or down.

Job Attitudes
From Table  1, we  measured Job satisfaction using three-item 
(Judge et  al., 2005; α = 0.91, 0.91); work engagement on nine-
item omnibus measure of Schaufeli et  al. (2001)(α = 0.92, 0.92); 
career satisfaction with three items of Greenhaus et  al. (1990) 
(α = 0.85, 0.87); meaningful work with three items from Spreitzer 
(1995) (α = 0.93, 0.91); affective commitment with three items 
from Meyer et al. (1993); (α = 0.78, 0.76); organizational citizenship 
behaviors (OCBs) using four items from Lee and Allen (2002) 
(α = 0.84, 0.82); and work-life balance with three items from 
Haar (2013) (α = 0.88, 0.86). In 2018, these measures were subjected 
to one combined confirmatory factor analysis (CFA; Haar et  al., 

2018). We  used (1) the comparative fit index (CFI ≥ 0.95), (2) 
the root mean square error of approximation (RMSEA ≤ 0.08), 
and (3) the standardized root mean residual (SRMR ≤ 0.10). The 
combined CFA confirmed that our measures were each internally 
coherent, distinctive from each other and relatively free of 
common method bias (for details, Haar et  al., 2018).

Subjective Wellbeing
Job security was measured using a three-item measure from 
Armstrong-Stassen (2001) (α = 0.88, 0.92); job stress using a 
single item in Stanton et  al. (2001); [“Overall, how would 
you  rate your stress from 0 (no stress) through 5 (neutral) 
to 10 (extreme stress)?”]; anxiety and depression with three 
items each from Axtell et al. (2002) (respectively, α = 0.92, 0.92; 
α = 0.92, 0.91). Holistic subjective wellbeing was assessed on 
a wide-ranging physical-mental-spiritual 10-item measure in 
Tomlyn and Cummins (2011) (α = 0.91; 0.92).

Measurement Models
Using Analysis Of Moment Structures (AMOS) version 26, 
we  conducted a pair of CFAs for each cohort on the job 
attitudes and subjective wellbeing constructs. We  followed 
Williams et  al. (2009) regarding assessing model fit: (1) the 
comparative fit index (CFI ≥ 0.95), (2) the root-mean-square 
error of approximation (RMSEA ≤ 0.08), and (3) the standardized 
root mean residual (SRMR ≤ 0.10). Overall, from Table  2, the 
hypothesized measurement model was the best fit for the data 
meeting all minimum thresholds job attitudes We ran alternative 
CFAs (combining various constructs) and these all resulted in 
poorer fit models (all p < 0.001; Hair et  al., 2010).

Procedure
This project was funded by the Royal Society of NZ (RSNZ) 
Marsden Fund (17-MAU/137). Ethical approval was obtained 
from Massey University Human Ethics Committee (MUHEC) 
(2018). All participants were assured of confidentiality and 
remained anonymous to the researchers. As noted under 
“Participants,” the survey was designed by the authors and 
distributed via a private research company, Qualtrics. We utilized 
this approach because Qualtrics can target income level in 
respondent recruitment and because their respondents are 
already familiar with surveys. Respondent familiarity may have 
introduced a familiarity bias (with survey forms), but this is 
offset by the possibility of using multiple items (more familiar 

TABLE 1 | Key psychological measures.

Construct Source Exemplar item

Job Attitudes
Job Satisfaction Judge et al., 2005 “I find real enjoyment in my work”

Work Engagement Schaufeli et al., 2001 “I am proud of the work that I do”
Career Satisfaction Greenhaus et al., 

1990
“I am satisfied with the success 
I Have achieved in my career/work”

Meaningful Work Spreitzer, 1995 “My job activities are meaningful to 
me”

Affective 
Commitment

Meyer et al., 1993 “I would be very happy to spend the 
rest of my career with this 
organization”

Organizational 
Citizenship 
Behavior (OCB)

Lee and Allen, 2002 “I assist others with their duties”

Work-Life Balance Haar, 2013 “I manage to balance the demands 
and personal/family life equally well”

Subjective Wellbeing
Job Security Armstrong-Stassen, 

2001
“I am worried about being laid off”

Job Stress Stanton et al., 2001 “Overall, how would you rate your 
stress from 0 to 10?”*

Anxiety Axtell et al., 2002 “Calm—Never…. Always[five-
points]”*

Depression Axtell et al., 2002 “Optimistic—Never-Always…”*
Holistic Wellbeing Tomlyn and 

Cummins, 2011
“How satisfied are you with Your 
health?”

*Reverse-scored.

TABLE 2 | Results of confirmatory factor analysis (CFA).

χ2 df CFI RMSEA SRMR

Job Attitudes
2018 1301.9* 328 0.95 0.05 0.05
2020 1257.9* 328 0.96 0.05 0.05
Subjective Wellbeing
2018 896.5* 161 0.95 0.07 0.04
2020 1012.1* 161 0.95 0.07 0.04

*p < 0.001.
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TABLE 3 | Curve estimations for Job Attitudes in cohorts 1 and 2.

Attitude Cohort Best fit F value df Percent 
variance

Job Satisfaction 1 Cubic 10.16**** 3,423 6.7
2 Cubic 10.05**** 2,445 4.3

Work Engagement 1 Cubic 7.42**** 3,423 5.0
2 Cubic 5.86*** 2,445 2.6

Career satisfaction 1 Cubic 13.78**** 3,423 8.9
2 Cubic 14.14**** 2,445 6.0

Meaningful work 1 Cubic 12.95**** 3,423 8.4
2 Cubic 9.07**** 2,445 3.9

Affective commitment 1 Cubic 7.72**** 3,423 5.2
2 Cubic 7.88**** 2,445 3.4

OCB 1 Cubic/Logarithmic/
Linear****

Tied 4.6

2 Cubic/Linear**** Tied 4.6
Work Life Balance 1 Cubic 3.86** 3,423 2.7

2 Cubic/Logarithmic**** Tied 5.0

**p < 0.01; ***p < 0.005; ****p < 0.001.

to such panels), increasing reliability and validity (Carr et  al., 
2019). During piloting, lack of familiarity was identified as a 
barrier to participation by lower-income groups (Haar et al., 2018).

A first survey took place before the pandemic began, in 
the first quarter of 2018. A second survey took place after 
the maximum level, full “level 4” lockdown from March 31, 
2020 to April 27, 2020 had ended and life (including work 
life) had pretty much returned to normal. These twin survey 
cohorts hence straddled pre-pandemic and pandemic.

RESULTS

Following Carr et  al. (2018), we  first used curve estimation 
to explore the best-fitting function (line, logarithmic curve, 
or sigmoid/cubic, as in Figure  1) to the data for each job 
attitude and subjective wellbeing measure, as a function of 
hourly wage. In both cohorts, hourly wage was clearly the 
modal means of payment, not annual salary (cohort 1 n = 722; 
cohort 2 n = 680). Accordingly, we  again focused mainly on 
this form of payment. In 2020, we  used current (COVID-
affected) rather than normal hourly rate (which differed for 
n = 25 respondents). Within cohort 1 and 2, there were potentially 
distorting wage outliers that ranged from NZ $0/h at one 
extreme to $2,050/h at the other. In order to maintain consistency, 
we  selected cases who were paid anywhere from legal adult 
minimum hourly wage at the time hour up to and including 
$40/h (≈$60,000/annum for 30 h/week).

Across job attitudes, there was a pattern that replicated 
across the changed circumstances in cohorts 1 and 2 (Table 3). 
First, job attitudes covaried significantly (p < 0.01) with hourly 
wage. Second, the link was non-linear (the only partial exception 
being OCB). Third, the form of curve was predominantly 
sigmoidal not logarithmic, resembling the solid curve in Figure 1 
(Carr et al., 2016). There were three instances where the precise 
nature of the curve was inconclusive, at this stage.

Variances explained in Table  3. Though well within normal 
limits in psychological research, these were not high. This 
could be partly due to the cusped nature of sigmoidal functions, 
to which curve estimation may not be  sensitive. To explore 
that possibility further, we applied Locally Estimated Scatterplot 
Smoothing (LOESS). LOESS is more sensitive than curve 
estimation to points of inflexion (Carr et  al., 2019).

From Figure  2, there was a consistent pattern, with the 
lowest-waged workers tending to score relatively low on job 
attitudes. This is seen in a clear wage-subjective wellbeing tail, 
in which there was little or no increase in job attitude score 
for increments in wage. In other words, there was a consistent 
working poverty trap. Comparing the two time periods left 
and right in Figure  2, the curve consistently pivoted from 
flat to zero to positive gradient, flat to upward, and peaked 
first about $NZ20 per hour (the NZ Living wage in 2018 and 
2020, respectively, was $20.55 and $22.10 per hour). Thereafter, 
there tended to be  a slight dip, followed by a curve indicative 
of diminishing marginal returns (just noticeable differences). 
Thus, for job attitudes, the data summarized in Table  3 and 
Figure 2 point convergently to the solid blue curve in Figure 1.

Curve estimations for subjective wellbeing variables were 
increasingly distal from the workplace itself (Table  4). 
Accordingly, the percentages of variance explained were less 
than in Table  3. Non-linear relationships still predominated 
over linear linkages, although the precise nature of the curvature 
(logarithmic or cubic) was more often inconclusive. Again 
therefore, we  utilized LOESS regression analysis, which were 
more capable of detecting any potential cusp-like inflexions 
in the curve, which had not been detected using curve estimation. 
LOESS curves charting the links between hourly wage on the 
one hand and subjective wellbeing indicators on the other, in 
each respective cohort (i.e., during 2018 and 2020) are presented 
in Figure  3.

From Figure 3, there was both pattern and a possible slight 
deviation from pattern. First, the relationships were cusped, 
with discernible mini peaks at around NZ$20 per hour. A 
visible exception to these consistent patterns was the curvature 
for job (in)security, which peaked nearer $25/h. The threshold 
for job security may be  understandably higher during an 
economically uncertain pandemic.

Post hoc, we  conducted a check on this level of uncertainty 
in 2020 (Materials and Methods). Almost half the full sample 
(47%) could not work from home during the full lockdown 
period, which rose to fully 76% for workers paid by the hour. 
One third of workers had experienced some form of pay cut 
during the lockdown itself. One-in-five had been temporarily 
laid off, among whom 40% had not received any wage subsidy. 
Only 13%–14% of cohort/hourly-paid workers had received a 
wage bonus. By the time of the survey that was taken in 
2020, the overall pay rate was back-to-normal for 87/88% of 
the cohort/hourly-paid. Where it was not, waged hours were 
implicated. Among employees paid by-the-hour, approximately 
one-in-three reported a cut in their waged hours during 
lockdown, with the number of paid hours still not having 
returned to normal for 20 percent of them. During the lockdown, 
cost-of-living rose for 30% of the cohort, and fell for 26%, 
but remained the same for 40% of the overall sample.
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FIGURE 2 | Locally Estimated Scatterplot Smoothing (LOESS) curves for Job Attitudes (N = 593 + 619 = 1,212, tension parameter = 0.35). We reset the range of 
sampled wage values to include legal Minimum wage and above (n = 21 excluded).
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FIGURE 3 | LOESS curves for Subjective Wellbeing (N = 1,212, tension parameter = 0.035–40).
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DISCUSSION

In terms of theory, our findings were most consistent with the 
concept of a workplace poverty trap, meaning the need for wages 
to exceed a certain threshold value before job attitudes AND 
subjective wellbeing are properly safeguarded (Krieble, 2020). 
Looking back at Figure  1, the findings in this extended study 
are in general more consistent with the blue sigmoidal curve 
than with the concept of diminishing marginal returns (or just 
noticeable differences). According to this rival perspective, any 
job is a good job, and any wage is a good wage (Law, 2020). 
In our study, across both waves, and both different circumstances, 
just noticeable differences (JNDs) only became apparent not 
before, but rather after the living wage threshold was crossed 
(Carr et  al., 2016). The consistency of this pattern, in which 
JNDs were more visible only well above the living wage and 
not below it, is indicative of robustness (Gergen, 1973; Schupbach, 
1998). Replicability was sustained through a pandemic, and across 
from job attitudes into subjective wellbeing. Indeed, comparing 
Figures  2, 3, the poverty trap zone was visibly more clearly 
“under” the waterline (≈) in the case of subjective wellbeing 
than it was for job attitudes. This indicates that reaching the 
living wage was especially salient for subjective wellbeing.

The amount of variation that we  observed about the LOESS 
curves (Figures  2, 3) was consistent with other studies in NZ 
(Carr et  al., 2018, 2019). It likely reflects the everyday diversity 
of people’s work and life circumstances (Carr et al., 2021), which 
includes work (and wider living) conditions other than hourly 
wage, such as average number of hours worked per week (Carr 
et  al., 2021). In this study, we  did not compute job attitudes 
and subjective wellbeing as a function of hours worked. We used 
an arguably cruder measure, mainly rate of pay per hour. This 
was nonetheless the pay modality specified in both the minimum 
and living wage in NZ. It was also the modal form of pay for 
our sample of relatively low-waged workers. Although a majority 
of respondents were employed on a full-time basis, almost half 
(Method) worked on part-time contracts, with variable hours. 

Variations in the number of hours worked per week may thereby 
account for at least some of the spread of data points about 
the curves marking central tendencies in Figures  2, 3 (and 
across both hourly-paid and salaried workers). Future research 
may nonetheless explore hours worked as a moderator of links 
from pay (hourly and salaried) to job attitudes/subjective wellbeing.

Our research took place in a period when the government 
of NZ was focused on raising the legal minimum wage to more 
closely approximate the country’s higher, but also voluntary living 
wage. The two surveys of cohorts took place approximately 2.5 years 
apart, from April 2018 to October 2020. During this time, the 
mandatory legal minimum wage rose from NZ$16.50 to NZ$18.90 
per hour (an increase of 14.5%, reflected in the rightward deflection 
of the lowest wage point in Figures  2, 3 from 2018 to 2020). 
The living wage rose from $20.55 to $22.20 per hour (an increase 
of 8%). Overall, between the first and second survey cohorts, 
the minimum wage made a net gain on the living wage in the 
order of more than 5%. This gain was exclusive of the rate of 
price inflation from 2018 to 2020, although the rate was relatively 
low, at just 1.6% per annum for both these years (Statista, 2021).

Despite this gain by the minimum on living wage, Figures 2, 
3 show that the NZ$ wage-value at which people tended to 
report subjective wellbeing above the waterline (≈) remained 
visibly above the actual minimum wage value, across both 
cohorts. Whether subsequent planned minimum wage increases 
(in 2021, after this study was over) will be  sufficient to 
significantly reduce the poverty trap tail in Figure  1 remains 
unknown until future tests can be  conducted (forthcoming).

In the meantime, a focused wage reform alone may not 
be  enough to eradicate (working) poverty. A wider approach 
could be  required, in which a whole suite of policies, from 
wages to housing, are reset as part of a wider assemblage (Hopner 
et  al., 2021). COVID-19 has not destroyed infrastructure and 
installed production capacity, in fact it is disorganizing production 
chains and changing many aspects of the labor market, as well 
as aggravating social and economic problems, especially for 
low-income workers. Policies aimed at social protection have 
been adopted in several low- and middle-income countries, such 
as conditional cash transfers, housing programs for the low-income 
population, free health care, etc., and could mitigate the problem 
of low-income workers.3 These initiatives deserve more applied 
and evaluative research attention, focused on how they integrate 
vs. possibly undercut each other to affect people’s everyday 
work-related subjective wellbeing (Hasdell, 2020).

With respect to wage reforms and addressing in-work poverty 
in NZ for example, the success of any particular reform may 
depend not only just on wage reform policy itself, but also 
on how well the government combats other social issues, like 
housing unaffordability, as part of a wider, more concerted 
push. For example, if rental prices simply rise ahead of any 
centrally-implemented rises in the legal minimum wage, then 
any increases in take-home wages will simply be  eroded by 
the increased cost of housing rental. COVID-19 has put additional 
strain on people and livelihoods, as well as government coffers. 

3 We attribute this suggestion with appreciation to one of our expert peer 
reviewers, from whom it has been borrowed almost verbatim.

TABLE 4 | Curve estimations for Subjective Wellbeing in cohorts 1 and 2.

Subjective 
Wellbeing 
facet

Cohort Best fit F value df Percent 
variance

Job (in)
Security

1 Cubic 4.04** 3,574 2.1

2 Cubic 3.77* 2,630 1.2
Job Stress 1 Cubic 2.36 

(p = 0.07)
3,574 1.2

2 Cubic/Logarithmic Tied 1.1
Anxiety 1 Cubic 3.46* 3,574 1.8

2 Linear/Logarithmic/
Cubic****

Tied 2.4

Depression 1 Cubic 5.94**** 3,574 3.0
2 Linear/Logarithmic/

Cubic*
Tied 1.4

Holistic 
wellbeing

1 Linear/Logarithmic/
Cubic****

Tied 3.6

2 Cubic 10.68**** 2,630 3.3

*p < 0.05; **p < 0.01; ****p < 0.001.
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Thus a more systems-wide approach to tackling in-work poverty, 
going even wider than the current wellbeing budget (New 
Zealand Treasury, 2020) may still be  required—and require to 
be  evaluated in future research.

With respect to future research, our study focused on subjective 
wellbeing, even though the concept itself is broader, extending 
to physical health and a range of public health statistics other 
than those sampled in this study alone (Leigh et  al., 2019). 
We  have also conceptualized job attitudes as predominantly 
related to work performance, when in fact they overlap with 
subjective wellbeing, for example through the concept of happiness 
(Fisher, 2009). We  chose the indicators we  did because they 
are linked to workplace performance (Carr, 2022). Yet as Fisher 
(2009) and Haar et  al. (2018) have pointed out, happiness in 
the work place, for instance job and occupational satisfaction 
often links to life satisfaction, i.e., happiness in wider society. 
In that sense, future research should sample different facets of 
wellbeing, and explore the possibility that occupational subjective 
wellbeing is a mediator between wage and wellbeing.4

In conclusion, our data were largely subjective, rather than 
econometric. The study aimed to explore job attitudes and 
aspects of subjective wellbeing, both inherently experiential 
and relevant, during a turbulent and disrupted time in NZ 
(work) history. From that humanitarian work psychology 
perspective (Carr et  al., 2012), the replicability of previous 
findings, during a pandemic, points toward a certain robustness 
in the idea of a living wage being pivotal for eradicating 
poverty. Beyond that point, our findings have also posed a 
serious challenge to governments like ours in NZ. The challenge 
is, to not only keep raising minimum wages to meet living 
wage levels, but also perhaps to make more of a dynamic 
systems approach—that simultaneously regulates a suite of 
policy options in the world of work, housing, and other costs 
of living. This change should be  done in partnership with key 
stakeholders from labor and management (Arrowsmith et  al., 
2020). It should somehow manage to include other material 
cost-of-living factors, like housing rental prices, from the wider 
NZ societal system.

Practical Implications

 1. The government of NZ should keep raising the Minimum 
wage closer to, and preferably alongside the Living wage.

4 We are grateful to one of our expert peer reviewers for this guiding future 
research suggestion.

 2. Raises to the Minimum wage will not work unless they are 
coupled to policy changes to freeze or restrain rents, and to 
link Minimum wage increases, dynamically, to rising inflation.

 3. Evaluations of increases to the Minimum wage should include 
the health cost savings from boosted wellbeing, subjective, 
and objective, at work and in society.
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Emotional self-regulation in childhood and adolescence constitutes a growing interest
in the scientific community, highlighting in recent years the need to observe its
development in their daily life. Therefore, the objective of this systematic review is
to characterize publications referring to the development of emotional self-regulation
of people under 18 years-old, in natural contexts. Based on the PRISMA guidelines,
searches are carried out in the Web of Science, Scopus and PsycINFO databases, and
in Google Scholar until May 2020. After reviewing the full text of 376 publications, 14
works are selected that are observed in their extrinsic, substantive and methodological
characteristics based on the GREOM and MQCOM guidelines, by two independent
evaluators. Most of the studies correspond to the last 20 years, increasing the interest
in observing older children, in interaction with adults and/or in different cultures. They
apply mixed methodologies, not always ascribing to a low intensity design. Strengths
are observed regarding the collection and analysis of the quality of the data; and
weaknesses related to the failure to record the duration and sequence of behaviors,
highlighting the use of guidelines as guides for future research.

Keywords: evolutionary development, emotional regulation, observational methodology, natural contexts,
childhood, adolescence

INTRODUCTION

Emotional self-regulation, referring to the understanding, acceptance, and modulation of
emotional responses, is a process that children and adolescents carry out in order to adapt to
their psychosocial environment, orienting themselves toward the achievement of their evolutionary
goals and favoring their mental health (Van Lissa et al., 2019). The achievement of emotional self-
regulation allows progress in the acquisition of greater autonomy, at the same time that it is related
to the development of adequate self-esteem and feelings of self-efficacy that facilitate social and
school adjustment. The emotional educational process is continuous and permanent throughout
the life cycle (Gallardo Fernández and Saiz Fernández, 2016), favoring the individual in order to
achieve emotional competence which allows to regulate their emotions.

Much of the research on emotional development has focused on the relationships between
parents and children under the age of two and/or preschoolers. However, in the last decade there
have been studies referring to understanding how families socialize the expression of emotions in
their children’s middle childhood and adolescence (Adrian et al., 2011; Bai et al., 2016), observing
that the emotional regulation level that children reach at age 7 predicts the quality of positive
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friendship at age 10, showing greater ability to express their
emotions effectively, interpret emotions and respond to them
appropriately (Blair et al., 2014).

Gallardo Fernández and Saiz Fernández (2016) have
highlighted that the 21st century school has to assume
responsibility for educating children’s emotions as much or
more than the family, highlighting that educators must be the
main emotional leaders of the students. Furthermore, Bailey et al.
(2016) highlight that children marked by effective interactions
with their teachers have better socio-emotional and cognitive
skills, highlighting that effective teachers can help children in the
transition toward self-regulation of their emotions; and that the
emotional and organizational support of the educational context
can be particularly sensitive to the social-emotional functioning
of children in the classroom.

Meanwhile, in the field of research, Sabatier et al. (2017)
point out that, in the last 15 years of research in the field of
emotional development, the findings regarding neurobiological
and environmental elements that influence the acquisition
of skills to manage emotions have been highlighted, with
consensus that, with age, people improve in the control of
their emotions. However, fewer studies were observed that
analyze these regulatory processes during the adolescent period
and many of these studies would correspond to western and
developed countries. Also, there is a need to document the
development of emotional regulation processes in different social
and economic contexts.

Compas et al. (2017), based on a meta-analytic review,
propose an agenda for future research that includes improving
the conceptualization seeking integration between the various
constructs that study the subject; prioritize the study of the
development of emotional regulation capacities instead of the
study of symptoms, and improve the methodology and research
designs by approaching more ecological models that allow
understanding these processes in real contexts and times.

Likewise, Adrian et al. (2011) affirm that the empirical
evidence indicates that emotional regulation skills are developed
in a dynamic and multifaceted system, observing that, although
observational and longitudinal methodologies have been mostly
used with children under 6 years of age, it is necessary to
continue carrying out multimodal evaluations and research
with multiple methods and multilevel assessments in school-age
children and adolescents.

Along the same lines, Buckley et al. (2003), emphasize the need
to research about the emotional development of children and
adolescents, in a collaborative way with school personnel, thus
being able to observe how they use different coping strategies in
natural development contexts, an aspect that is also mentioned
by Bai et al. (2016), who have also emphasized the need to know
how children’s spontaneous emotional expressions develop and
maintain in uncontrolled environments of daily life, particularly
within the family and during the school-age years.

Therefore, understanding natural contexts as all those contexts
in which the behavior is habitual, and is not constrained by
requirements that alter spontaneity (Craik, 2000; Bolger et al.,
2003; Wilhelm et al., 2012), the objective of this systematic
review has been to characterize publications referring to the

development of emotional self-regulation in people under the age
of 18 years, through relationship/communication guidelines, in
natural contexts.

METHODS

Bibliographic searches were carried out in the Web of Science,
Scopus and PsycINFO databases and in academic Google from
its inception until May 2020 with the following keywords in
title, keywords and/or abstract: (“emotional autoregulation”) OR
(“autorregulación emocional”) OR (“emotional self-regulation”)
OR (“emotional selfregulation”) OR (“emotional self regulation”)
OR (“competencias emocionales”) OR (“emotional skills”) OR
(“emotional competences”) OR (“regulación emocional”)
OR (“emotional regulation”) OR (“educación emocional”)
OR (“emotional education”) AND (“comunicación”) OR
(“communication”) AND (“relaciones interpersonales”) OR
(“relationships”) AND (“vida cotidiana”) OR (“daily life”).

As inclusion criteria of the studies selected to respond to
the objective of the present investigation, the following were
considered: (a) that their objective was to investigate self-
regulation/emotional regulation; (b) primary studies, excluding
theoretical works, systematic reviews, and meta-analysis; (c)
that they observe daily relationship/communication patterns in
natural contexts; (d) that the main participants were people under
18 years of age (regardless of whether parents or teachers were
also involved) (e) who studied universal population (normal
evolutionary development); (f) written in English or Spanish;
(g) with access to the full text. For study selection, two
investigators applied the criteria independently. Subsequently,
intercoder reliability was calculated using the kappa coefficient
(κ). Agreement was reached on the discrepancies found with the
mediation of a third researcher.

Additionally, in order to expand the number of primary
studies included, the references of the included texts were
reviewed and the authors were written to in order to request new
articles that could meet the criteria indicated.

The included works were reviewed in order to observe:
(1) extrinsic characteristics: their institutional affiliation, type
and year of publication, and country where the research was
carried out; (2) substantive characteristics: referring to the
characteristics of the sample, and the way to conceptualize,
base and evaluate self-regulation/emotional regulation; and
(3) methodological characteristics: recording the characteristics
of the method explicitly declared by the authors; those
observed according to Guidelines Reporting Evaluations based on
Observational Methodology GREOM (Portell et al., 2015); and
those observed according to Methodological Quality Checklist
for studies based on Observational Methodology (MQCOM;
Chacón-Moscoso et al., 2019).

The review of the articles was carried out independently by
two researchers, who when applying the MQCOM guide, had to
agree on their observations in the face of the discrepancies found
with the arbitration of a third expert researcher. The degree of
initial agreement was calculated with the coefficient κ.
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FIGURE 1 | Study selection flow chart.

TABLE 1 | Extrinsic characteristics.

References Institutional affiliation Publication type Country of the experience

Bai et al. (2016) University of California, Los Angeles; McLean Hospital, Belmont,
Massachusetts and Harvard Medical School

Article United States

Bailey et al. (2016) Yale University; George Mason University Article United States

Fabes et al. (1999) Department of Family Resources & Human Development, Arizona State
University; Arizona State University

Article United States

Feldman and Klein (2003) Department of Psychology, Bar-Ilan University, Israel Article Israel

Gallegos et al. (2017) University of Texas at Austin Article United States

Garner (2006) New Century College, George Mason University, 4400 University Drive Article United States

Herndon et al. (2013) George Mason University Article United States

Keller et al. (2004) University of Osnabrück, Germany; Henning Jensen, University of Costa
Rica, San Jose; Aristotle University of Thessaloniki, Greece

Article Cameroon, Greece and
Costa Rica

Kim et al. (2014) The Pennsylvania State University Article United States

Kochanska et al. (2007) University of Iowa Article United States

Lavelli et al. (2019) University of Verona; University of Milano-Bicocca; University of
Osnabrück, Germany and Hebrew University of Jerusalem

Article Italy, Nigeria, Ghana and
Cameroon

Roberts (2020) York University, Toronto, Ontario, Canada Article Canada

Santa Cruz (2020) Universidad Cesar Vallejo, Trujillo, Peru Bachelor thesis Peru

Silva et al. (2018) Universidade do Minho, Portugal Article Portugal

RESULTS

Selection of Studies
Figure 1 presents the PRISMA flow chart (Page et al., 2021), with
the selection process of the primary studies in the systematic
review. The intercoder reliability in the selection obtained a
κ = 0.73. Finally, 14 studies met the inclusion criteria.

Characteristics of the Studies
In the coded variables, the intercoder reliability reached
κ = 0.81.

Regarding the extrinsic characteristics of the articles studied
(see Table 1), there is a progressive increase in publications
with the mentioned inclusion criteria, the first of which
was observed in 1999. The institutional affiliation of the
researchers corresponds mainly to North American universities
(8), observing two works by George Mason University. Of the
other works, two publications report the joint effort of researchers
from different universities, both of whom are the same researcher
from the University of Osnabrück in Germany.

Regarding the substantive characteristics of the reviewed
papers (see Table 2), most of the articles look at preschool-age
children. Regarding the ethnicity variable, it is observed that 8 of
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TABLE 2 | Substantive characteristics.

Publication Sample size Age Gender Race or Nationality

Under
18 years

Fathers and/or
mothers

Teachers

Bai et al. (2016) 31 29 mothers and
31 fathers

– 8–12 years Fathers
M:41,5 (SD:5,6)

14 girls and 17
boys

European Americans (64.5%), Mestizos
(19.4%), Asian Americans (9.7%),
Latino (3.2%), African American (3.2%)

Bailey et al. (2016) 312 – 44 3–5 years old 155 boys and 157
girls

52% White, 31% African American, and
2% Asian, Native American, or Pacific
Islander; 10% of parents did not report
ethnicity

Fabes et al. (1999) 135 – – 4–5 years old 77 boys, 58 girls 87% Caucasian; 7% Mexican
American, 4% African American, 2%
Asian

Feldman and Klein
(2003)

90 90 mothers and
42 fathers

16 2 years 52 boys and 38
girls

Israelis

Gallegos et al.
(2017)

125 125 mothers and
125 fathers

– Last trimester of
pregnancy, 8 and
24 months of children.

74 boys and 51
girls

84% White, 8% Hispanic, 2% African
American, 6% biracial or other ethnicity

Garner (2006) 70 70 mothers – 3–6 years old 52% male African American

Herndon et al.
(2013)

308 – – Children 3–5 years old 51.0% male
children

57% Caucasian, with 33.6% from
African American families. 15%
Latino/Hispanic, 6.4% not reporting

Keller et al. (2004) 116 116 families – 3–20 months – Cameroon, Greece and Costa Rica

Kim et al. (2014) 132 132 mothers – 12 and 18 months 78 (54.2%) women
and 54 (37.5%)
men

86.1% White, 3.5% African American,
2.1% Asian, 4.9% Latino, and 2.8%
Other

Kochanska et al.
(2007)

112 112 fathers – 9 months to 6 years 52 girls 97% White

Lavelli et al. (2019) 60 60 mothers – Babies and mothers Italian: 50% girls;
immigrants: 50%
girls; Cameroon:
60% girls.

20 Italian mother and child dyads, 20
first-generation West African immigrant
mothers and their Italian-born babies,
and 20 Cameroonian dyads

Roberts (2020) 33 10 mothers and
26 fathers

– Families with children
from 4 to 6 years old

16 girls and 17
boys

85% Canadian English

Santa Cruz (2020) 73 – – 3 years old – –

Silva et al. (2018) 33 33 families – 12–18 years old 21 girls (63%) 97% Portuguese, 3% Brazilian

the studies make explicit mention of the race of the participants
and that none of them refer to the comparison between different
cultures or countries. Studies interested in observing cultural
variables indicate the nationality and/or immigration status of
the participants.

Regarding the objectives of interest of the reviewed works
(see Table 3), the reference frameworks used to support the
study of emotional regulation come from the last years of the
20th century. The authors, when proposing the objectives of
their research, indicate more than one motivation, highlighting
the interest in research regarding evolutionary development and
interaction/communication within the family.

Regarding the observed methodological characteristics
(Table 4), in three of the publications the authors describe
their work as observational – naturalistic, five studies claim
to be longitudinal and six are defined as descriptive. Four of
the studies propose observation in the natural context as the
only form of evaluation; while the remaining investigations
indicate this modality among other possibilities, such as the
completion of questionnaires or tasks designed to provoke

certain emotions or behaviors. The instruments reported to
observe self-regulation/emotional regulation are mostly ad hoc
observation instruments. The dimensions that the authors are
interested in observing refer mainly to the interaction between
children and adults.

Regarding the methodological characteristics observed by
GREOM –first part– (Table 5), five publications justify the choice
of a low intensity observation method. Regarding the study
units, four publications indicate and apply inclusion criteria.
Regarding the observed sessions, eight articles indicate the
period of time in which it has been observed, seven specify the
number of observation sessions carried out, seven publications
mention the period of time elapsed between the observations, and
eleven inform the method used for sampling. All publications
describe the observation instrument used, six justify it, ten
provide access to the instrument and one provides access to the
coding manual.

Regarding the primary recording parameters, all of them
record frequency (GREOM second part, see Table 6), five record
the duration of the behavior and three mention the behavioral
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Bai et al. (2016) –Gross X X X

Bailey et al. (2016) –Pianta
–Thompson

X X X X X X

Fabes et al. (1999) –Eisenberg and Fabes
–Cummings and Cummings

X X X X X

Feldman and Klein (2003) –Vygotsky, Feldman, Greenbaum and Yirmiya X X X X X X X

Gallegos et al. (2017) –Morris, Silk, Steinberg, Myers and Robinson X X X X X X X

Garner (2006) –Thompson X X X X X X X X

Herndon et al. (2013) –Cole, Michel and Teti
–Denham, Zinsser and Brown

X X X X X

Keller et al. (2004) –Kopp X X X X X X X

Kim et al. (2014) –Calkins and Leerkes
–Kopp
–Thompson

X X X X X X X

Kochanska et al. (2007) –Kopp
–Caspi and Shiner

X X X X X X X X

Lavelli et al. (2019) –Fogel
–Camras, Shuster and Fraumeni

X X X X

Roberts (2020) –Kopp
–Thompson

X X X X X X X

Santa Cruz (2020) –Goleman
–Perpiñán

X X X X X

Silva et al. (2018) –Gross
–Gilbert

X X X X
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TABLE 4 | Methodological characteristics declared by the authors.

References Design Data collection technique or instrument Observed dimensions

Bai et al. (2016) Naturalistic
observational

Video recordings taken in homes and community settings Mutual display of positive emotion,
touch and joint leisure

Bailey et al. (2016) Descriptive Classroom observations and teacher questionnaires: Preschool Learning
Behaviors Scale (PLBS); Social Competence and Bahavior Evaluation
(SCBE-30); Teaching Rating Scale of School Adjustment (TRSSA); Student -
Teacher Relationship Scale (STRS)
The Preschool Self-Regulation Assessment (PSRA); PSRA-AR; CLASS

School Adjustment, Executive
Control, Emotional Regulation,
Emotional and Organizational
Support

Fabes et al. (1999) Descriptive Observations of infantile behaviors. Teacher questionnaires (CBQ). Social
competence teacher qualifications: Scale of Perceived Social Competence for
Children.

Intensity of peer interaction
Negative Emotions
Positive or constructive social
interactions

Feldman and Klein
(2003)

Observational
naturalistic and
Descriptive

Observation of the relational style of the adult: Coding Interactive Behavior
(CIB). Observation of Mediational Interaction (OMI). Interviews with caregivers.
Observation of child compliance and adult discipline: The Observer.
Self-regulation observation of childhood emotion (cognitive tests). Quality
observation of the caregiver’s relational style in the group.

Child Compliance
Self-regulatory compliance of
mothers and caregivers
Childhood cognition and the
regulation of emotions

Gallegos et al.
(2017)

Longitudinal Video recordings of couple’s discussion tasks. Observations of video
interactions in games and routines: child care scales (ICS), classification
method by criteria, emotional abstinence scale.
Observation of co-parenting conflict (CFRS), verbal sparring scale (ICC = 0.74),
a measure of co-parenting conflict
Observation of the emotional regulation of children

Negative marital affect observed
before birth
Parental emotional withdrawal
Coparenting conflict
Child regulation

Garner (2006) Naturalistic
observational

Observations in home visits
Observations in visits to preschool centers

Prosocial socialization behaviors
Socialization behaviors of emotions
Peer episodes that caused emotion
dysregulation

Herndon et al.
(2013)

Descriptive Observation of socio-emotional behavior: Minnesota Preschool Affection
Checklist (MPAC-R/S). Teacher Qualifications: SCBE-30; PLBS; STRS; TRSSA

Child socio-emotional behaviors
Attitudes toward school
Positive relationships among teachers
Cooperative participation

Keller et al. (2004) Longitudinal Observation of breeding systems
Self recognition: blush test. Observation of self-regulation: Fulfillment of
requests and Fulfillment of the prohibition

Breeding systems
Auto-recognition
Self-regulation

Kim et al. (2014) Longitudinal Observation of emotional regulation
Video observation at bedtime: Emotional availability scales (EAS). Child
attachment security: Strange situation. Childish temperament: Revised Infant
Behavior Questionnaire (IBQ-R) and Early Infant Behavior Questionnaire (ECBQ)

Mothers’ emotional availability
Child attachment security
Emotional regulation strategies

Kochanska et al.
(2007)

Longitudinal Observation of mother-child dyad
Positive Emotionality Laboratory Procedures for Children
Children’s Intellectual Functioning: WPPSI-R information scale
Children’s impulsiveness: CBQ

Positive emotionality
Self-regulation
Intellectual functioning of the child

Lavelli et al. (2019) Longitudinal Observation of emotional expression in social interaction. Observation of
maternal behaviors.

Active child care
Maternal gaze and facial behaviors

Roberts (2020) Descriptive Parenting Practices Q-sort Parenting Questionnaire
Observation of interactions between peers and friendship networks.
Questionnaire for teachers and observers Q-Sort.
Observation at home: Individual focal samples

Episodes of childhood distress
Parents’ approach to distress
Children’s social competence

Santa Cruz (2020) Descriptive Checklist of children’s behaviors in free play and emotional self-regulation Self-regulation of emotions in
students

Silva et al. (2018) Descriptive Daily life reports. Perceptions questionnaire on sampling week Emotional
regulation questionnaire: ERQ-CA. Positive and negative affect status
questionnaire
Self-observation of emotional regulation strategies

Emotional regulation strategies

sequences. The information is recorded mainly through videos
and observed by trained personnel. In relation to data quality
control, thirteen studies report concordance analysis of the
collected data. Regarding the analysis of the data carried out, all
of them made explicit the type of analysis used and thirteen of
them justified it.

Regarding the methodological characteristics observed
through MQCOM (see Table 7), seven studies justify and
support the observation methodology used based on the degree
of perceptiveness of the information. In one of the investigations,
software is used to record, control, and analyze the quality
of the data, and in four investigations, the use of this tool
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Bai et al. (2016) X X X Several X X X X X X X X X X X X X

Bailey et al. (2016) X Partial Several X X X X X X X X X

Fabes et al. (1999) X X Partial Several X X X X X X X X X X

Feldman and Klein
(2003)

X Partial Several X X X X X X

Gallegos et al. (2017) X Partial Several X X X X X X

Garner (2006) X Partial Several X X X X X X X X X X

Herndon et al. (2013) X Partial Several X X X X X X X X X X X

Keller et al. (2004) X Partial Several X X X X X X X X X X X

Kim et al. (2014) X X Partial Several X X X X X X X

Kochanska et al. (2007) X Partial Several X X X X X X X X

Lavelli et al. (2019) X Partial Several X X X X X X X X X X X X X

Roberts (2020) X X Partial Several X X X X X X X

Santa Cruz (2020) X Partial Several X X X X X X X

Silva et al. (2018) X X Partial Several X X X X X X X X X X X X

It is marked with an X when the criterion is met.
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TABLE 6 | Methodological characteristics observed through Guidelines for Reporting Evaluations based on Observational Methodology -GREOM- (second part).
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Bai et al. (2016) X X Video X X X X X X X X

Bailey et al. (2016) X Video X X X X

Fabes et al. (1999) X Video X X X X X X

Feldman and Klein (2003) X X Video X X X X

Gallegos et al. (2017) X Video X X X X X

Garner (2006) X X Audio and pencil
and paper

X X X X X

Herndon et al. (2013) X Pencil and paper X X X X

Keller et al. (2004) X Video X X X X X X

Kim et al. (2014) X Video X X X X

Kochanska et al. (2007) X X Video X X X X X

Lavelli et al. (2019) X X X Video X X X X X X

Roberts (2020) X X Video X X X X

Santa Cruz (2020) X Pencil and paper X X X

Silva et al. (2018) X X Mobile X X X

It is marked with an X when the criterion is met.

Frontiers
in

P
sychology

|w
w

w
.frontiersin.org

8
M

ay
2022

|Volum
e

13
|A

rticle
884756

45

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


fpsyg-13-884756 May 18, 2022 Time: 15:41 # 9

Alarcón-Espinoza et al. Systematic Review in Emotional Self-Regulation

TABLE 7 | Methodological characteristics observed using the Methodological Quality Checklist for studies based on Observational Methodology (MQCOM).
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Bai et al. (2016) 0.5 1 1 1 1 1 1 1 1 0.5 – 0.5 1 1 1 1

Bailey et al. (2016) 1 0.5 1 1 0.5 1 1 1 1 0.5 – 0.5 0.5 1 1 1

Fabes et al. (1999) 0.5 1 1 1 0.5 1 0.5 1 0.5 0 – 0.5 1 1 1 1

Feldman and Klein (2003) 0.5 1 1 1 0.5 1 0.5 1 1 0 – 0.5 1 1 1 1

Gallegos et al. (2017) 0.5 1 1 1 1 1 1 1 0 0 – 0.5 1 1 1 1

Garner (2006) 0 1 1 1 0.5 1 1 1 1 0 1 0.5 0.5 1 1 1

Herndon et al. (2013) 0.5 0.5 1 0.5 0.5 1 0.5 1 1 0 – 0 0.5 1 1 1

Keller et al. (2004) 1 1 1 1 1 1 1 1 1 0 – 0.5 1 1 1 1

Kim et al. (2014) 0.5 1 1 1 1 1 1 1 0.5 0.5 – 0.5 1 1 1 1

Kochanska et al. (2007) 1 1 1 1 1 1 1 1 0.5 0 – 0.5 1 1 1 1

Lavelli et al. (2019) 1 1 1 1 0.5 1 1 1 1 1 1 1 0.5 1 1 1

Roberts (2020) 1 1 1 1 0.5 1 0.5 1 1 0.5 – 0.5 0.5 1 1 1

Santa Cruz (2020) 1 1 1 1 0.5 1 1 1 0 0 – 0 0.5 1 1 0.5

Silva et al. (2018) 1 1 1 0.5 0.5 1 1 1 0 0 0.5 1 1 0 1 1

1 = meets the criteria; 0.5 = partially complies; 0 = does not comply.

was partial. Regarding the type of parameters recorded, in
10 studies the secondary record derived from the recording
of a single category (for example: frequency or duration)
was observed, in two studies the primary record of a single
category was observed, and in the other two investigations the
dynamic or transition recording between different observation
parameters was used.

All the investigations indicate having carried out some
inferential analysis to analyze the data. In 13 publications, the
results are interpreted based on the objectives of the study and
the scientific literature, while in the other study the results are
interpreted based solely on the objectives of the study.

DISCUSSION

In the last 30 years, there has been a growing interest in the study
of emotional self-regulation in older children and in different
contexts and cultures, as suggested by Adrian et al. (2011),
Bai et al. (2016), and Chervonsky and Hunt (2019). Regarding
the substantive characteristics of the works, it is observed that
a large part of the studies consider adults linked to children
or adolescents as participants, showing a greater interest in
observing the interaction in emotional regulation processes.

The countries and universities that lead the research carried
out, as pointed out by Sabatier et al. (2017), correspond mostly to
territories with higher income and quality of life, many of which
have some tradition in studies of the evolutionary development
of children. The influence of North American authors such
as Claire Koop, Ross Thompson, James Gross, Susan Calkins,
Pamela Cole or Nancy Eisenberg is observed, which could be

related to having considered only works written in English and
Spanish, suggesting that future studies incorporate written works
in other languages.

Regarding the methodological characteristics, as strengths it
was observed that most of the studies use different techniques
or instruments for data collection; that the instruments designed
ad hoc have a theoretical basis, are applied by properly trained
personnel and have data quality control. In all the primary
documents, situations typical of daily life are studied and
analyzed, observing in all of them the use of the observational
methodology, although there are some variants and diverse
denominations, for which it is estimated as a weakness, that
more than half of the studies do not propose the choice of a
low intensity methodological design, with which they do not
necessarily consider the richness involved in observing behaviors
of daily life and detailing observation parameters such as duration
and sequence of behaviors, aspects that are deemed necessary
to observe in future research. In this sense, considering that the
observational methodology constitutes a contribution to studies
referring to evolutionary development in daily life, there is a
need to highlight, in the preparation of future research, the
review of the guidelines proposed by Chacón-Moscoso et al.
(2019) and Portell et al. (2015), in order to guarantee the
methodological quality.

Finally, observing that the study of behaviors in daily life
has been gaining space and value when questioning the impact
of studies carried out in laboratories (Compas et al., 2017), it
is observed that, although every day there are older and better
technological instruments that allow observing daily life and
with people who are willing to comment on their experiences,
it is necessary to regulate the ethical scope of the use of social
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networks in research, since they could affect the private and
public life of the participants.
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In cognitive diagnostic assessments with time limits, not-reached items (i.e., continuous
nonresponses at the end of tests) frequently occur because examinees drop out of the
test due to insufficient time. Oftentimes, the not-reached items are related to examinees’
specific cognitive attributes or knowledge structures. Thus, the underlying missing data
mechanism of not-reached items is non-ignorable. In this study, a missing data model
for not-reached items in cognitive diagnosis assessments was proposed. A sequential
model with linear restrictions on item parameters for missing indicators was adopted;
meanwhile, the deterministic inputs, noisy “and” gate model was used to model the
responses. The higher-order structure was used to capture the correlation between
higher-order ability parameters and dropping-out propensity parameters. A Bayesian
Markov chain Monte Carlo method was used to estimate the model parameters. The
simulation results showed that the proposed model improved diagnostic feedback
results and produced accurate item parameters when the missing data mechanism was
non-ignorable. The applicability of our model was demonstrated using a dataset from
the Program for International Student Assessment 2018 computer-based mathematics
cognitive test.

Keywords: cognitive diagnosis assessments, missing data mechanism, not-reached items, Bayesian analysis,
sequential model

INTRODUCTION

In educational and psychological assessments, examinees often do not reach the end of the
test which may be due to test fatigue or insufficient time. The percentage of not-reached
items in large-scale cognitive testing varies across individuals, items, and countries. According
to the 2006 Program for International Student Assessment (PISA) study, an average of
4% of items are not reached (OECD, 2009). In the PISA 2015 (OECD, 2018) computer-
based mathematics cognitive dataset, the percentage of not-reached items in Chinese Taipei
is approximately 3%, and the percentage of not-reached items for the science cluster in a
Canadian sample is 2% (Pohl et al., 2019). According to the PISA 2018 (OECD, 2021) computer-
based mathematics cognitive data, the proportion of nonresponses for each item ranges from
0 to 17.3% in some countries, and the maximum percentage of not-reached items is as high
as 5%. Thus, the missing proportion at the item level is relatively high. In addition, the
percentage of nonresponses per nation (OECD countries) ranges from 4% to15% according to
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the PISA 2006 study (OECD, 2009). Even though the overall
proportion of item nonresponses is small, the rate of not-reached
responses for a single item or specific examinee may be large.

Previous literature focused on missing data in the item
response theory (IRT) framework, which has shown that simply
ignoring nonresponses or treating them as incorrect leads to
biased estimates of item and person parameters (Lord, 1974,
1983; Ludlow and O’Leary, 1999; Huisman, 2000). Often,
Rubin (1976) missing data mechanisms are worth reviewing for
statistical inference. The complete data include observed data and
unobservable missing data, and there are three types of missing
data mechanisms (Rubin, 1976; Little and Rubin, 2002): missing
completely at random (MCAR), missing at random (MAR), and
not missing at random (NMAR). MCAR refers to the probability
of missing data as independent of both observed and missing
data. MAR refers to the probability of missing data as only
dependent on observed data. NMAR refers to the probability of
missing data as dependent on the unobserved missing data itself,
which is not ignorable. In general, MCAR and MAR mechanisms
do not affect the parameter estimations of interest or the
followed-up inference, thus missing data can be ignored in these
two specific missing data mechanisms. However, Rose et al. (2010,
2017) showed that the proportion of examinees’ correct scores
based on the observed item responses was negatively correlated
with the item nonresponse rate, which suggests that simple
questions are easy to answer, and numerous difficult items may be
omitted. Item nonresponses may depend on the examinee’s ability
and the difficulty of the items, and therefore the ignorable missing
data mechanism assumption (MCAR or MAR) becomes highly
questionable. This leads to the development of measurement
models that consider the NMAR mechanism. Specifically, several
scholars have proposed multidimensional IRT (MIRT) models
to handle missing responses (e.g., Holman and Glas, 2005; Glas
and Pimentel, 2008; Pohl et al., 2019; Lu and Wang, 2020).
For example, Glas and Pimentel (2008) used a combination of
two IRT models to model not-reached items for speeded tests
according to the framework of the IRT. Subsequently, Rose et al.
(2010) proposed latent regression models and multiple-group
IRT models for non-ignorable missing data. Debeer et al. (2017)
developed two item response tree models to handle not-reached
items in various application scenarios.

Recently, cognitive diagnosis (von Davier, 2008, 2018,
2014; Xu and Zhang, 2016; Zhan et al., 2018; Zhang et al.,
2020) has received considerable attention from researchers
because cognitive diagnostic test enables the evaluation of
the mastery of skills or attributes of respondents and allows
diagnostic feedback for teachers or clinicians, which in turn
aids in decision-making regarding remedial guidance or targeted
interventions. In addition, the cognitive diagnostic test has
improved on traditional tests. General educational examinations
only provide test or ability scores in large-scale testing.
However, we can neither conclude that examinees mastered the
knowledge nor understand why examinees answered questions
incorrectly from a single score. Moreover, it is impossible to
infer differences in knowledge state and cognitive structures
between individuals with the same score. Thus, the information
provided by traditional IRT is not suitable for the needs

of individual learning and development. To date, numerous
cognitive diagnostic models (CDMs) have been developed, such
as the deterministic inputs, noisy “and” gate (DINA) model
(de la Torre and Douglas, 2004; de la Torre, 2009); the noisy
inputs, deterministic, “and” gate model (NIDA; Maris, 1999); the
deterministic inputs, noisy “or” gate (DINO) model (Templin
and Henson, 2006); the log-linear CDM (Henson et al., 2009); and
the generalized DINA model (de la Torre, 2011). Subsequently, a
higher-order DINA (HO-DINA) model (de la Torre and Douglas,
2004) was proposed to link latent attributes via higher-order
ability. Furthermore, Ma (2021) proposed a higher-order CDM
with polytomous attributes for dichotomous response data.

Numerous studies have focused on item nonresponses in IRT
models (Finch, 2008; Glas and Pimentel, 2008; Debeer et al.,
2017). However, only a few studies have discussed missing data
in cognitive assessments. Ömür Sünbül (2018) limited missing
data mechanisms to MCAR and MAR in the DINA model and
investigated different imputation approaches for dealing with
item nonresponses, such as coding item responses as incorrect
and using person mean imputation, two-way imputation, and
expectation-maximization algorithm imputation. Heller et al.
(2015) argued that CDMs may have underlying relationships
with knowledge space theory (KST), which has been explored
in several previous studies (e.g., Doignon and Falmagne, 1999;
Falmagne and Doignon, 2011). Furthermore, de Chiusole et al.
(2015) and Anselmi et al. (2016) have developed models
for KST to consider different missing data mechanisms (i.e.,
MCAR, MAR, and NMAR). However, in their work, missing
response data may not have been handled effectively, which may
have biased results. Shan and Wang (2020) introduced latent
missing propensities for examinees in the DINA model. They
also included a potential category parameter, which affects the
tendency to miss items. However, they did not provide a detailed
explanation of the category parameters. Moreover, their model
did not distinguish the type of item nonresponses.

The confound of different types of missing data produces
inaccurate attribute profile estimations, which consequently
results in incorrect diagnostic classifications. To the best of
our knowledge, there has been no model developed to date
that describes not-reached items in cognitive diagnosis. Thus,
a missing model for not-reached items is proposed to fill this
gap in cognitive diagnosis assessments. Specifically, a higher-
order DINA model is used to model responses and an IRT
model to describe missing indicators, which is a sequential
model with linear restrictions on item parameters (Glas and
Pimentel, 2008). The model is connected by bivariate normal
distributions between examinees’ latent ability parameters and
missing propensity parameters and between item intercept and
interaction parameters.

The rest of this paper is organized as follows. First,
an IRT model is introduced as a missing indicator model
for not-reached items. Then, a higher-order DINA model is
used for the observed responses and the correlation between
person parameters. Second, the Markov chain Monte Carlo
(MCMC) algorithm (Patz and Junker, 1999; Chen et al.,
2000) is developed to estimate the model parameters of
the proposed model. Simulation studies are conducted to
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assess the performance of the proposed model for different
simulation conditions. Third, a real dataset from the PISA
2018 (OECD, 2021) computer-based mathematics data is
analyzed. Concluding remarks and future perspectives are
provided thereafter.

MODEL CONSTRUCTION

A two-dimensional data matrix with element Yij is considered,
where examinees are indexed as i = 1, ...,N and items are
indexed as j = 1, ..., J. If the ith examinee answers the jth item,
the response is observed, and the Yij is equal to the observation
yij, otherwise, it is missing data. For convenience, the sign “d ” is
used to mark the missing data and the relevant parameters.

Missing Data Model for Not-Reached
Items
Glas and Pimentel (2008) proposed a sequential model with
a linear restriction on the item parameters to model the not-
reached items. Specifically, the missing indicator matrix D with
element dij is given by:

dij =
{

0, if yij was observerd,
1, if yij was not observer.

(1)

where dij = 1 indicates that the ith examinee drops out the
jth item. Because of the small overall proportion of not-reached
responses, the appropriate model must have few parameters to
be estimable (Lord, 1983). The one-parameter logistic model
(1PLM; Rasch, 1960) is adopted to model the missing indicators,
thus the dropping-out probability of examinee i on item j is:

p
(
dij = 1|θdi , β

d
j

)
=

exp
(
θdi − βdj

)
1 + exp

(
θdi − βdj

) , (2)

and
βdj = η0 +

(
j− J

)
η1, (3)

where βdj represents the so-called item difficulty parameter
for item j, and θdi denotes the ith examinee’s dropping-out
propensity. Also, βdj = η0 when j = J, where η0 is the difficulty
threshold of the last item, and η1 models a uniform change in the
probability as a function of the item position in the test. Usually,
the parameter η1 is negative, and hence it is more likely to drop
out the test at later position items of the test.

Higher-Order Deterministic Inputs, Noisy
“And” Gate Model
The DINA model describes the probability of the item response
as a function of latent attributes, and the probability of the ith
examinee responding to item j correctly is as follows:

p(Yij = 1) = gj +
(
1− sj − gj

) K∏
k = 1

αik
qjk , (4)

where sj and gj are the slipping and guessing probabilities of
the jth item, respectively, 1− sj − gj = IDIj is the jth item
discrimination index (de la Torre, 2008), and αik is the kth
attribute of the ith examinee, with αik = 1 if examinee i
masters attribute k and αik = 0 if examinee does not master
attribute k. The Q matrix (Tatsuoka, 1983) is an J × K matrix,
with qjk, qjk = 1 denoting that the attribute k is required for
answering the jth item correctly and qjk = 0 if the attribute k
is not required for answering the jth item correctly.

Equation (4) can be reparameterized as the reparameterized
DINA model (DeCarlo, 2011).

βj = logit(gj), (5)

δj = logit
(
1− sj

)
− logit

(
gj
)
. (6)

In addition, logit(x) = log( x
1−x ), thus Equation (4) can be

reformed as,

logit(P(yij = 1)) = βj + δj

K∏
k = 1

α
qjk
ik , (7)

where βj and δj are the item intercept and interaction parameter,
respectively, and they are assumed to follow a bivariate normal
distribution as follows:(

βj

δj

)
∼ N(

(
µβ

µδ

)
, 6I),6I =

(
σ2

β σβδ

σβδ σ2
δ

)
. (8)

The higher-order structure is very flexible because it can
reduce the number of model parameters and can provide higher-
order abilities and more accurate attribute structures. Because
the attributes in a test are often correlated, the higher-order
structure (de la Torre and Douglas, 2004; Zhan et al., 2018) for
the attributes is expressed as,

logit(P(αik = 1)) = θi
hγk − λk, (9)

where P(αik = 1) is the probability that the ith examinee masters
the kth attribute, θhi is the higher-order ability of examinee i, and
γk and λk are the slope and intercept parameters of attribute
k, respectively. The slope parameter γk is positive because
the knowledge attribute is mastered better with the increased
ability θ h

i .

Missing Mechanism Models
If the observation probability p(yij|dij, βj, δj, αik) does not
depend on θd, when θh and θd are independent, then the
missing data are ignorable. In this situation, this model
is treated as a MAR model. Let p(yij|dij, βj, δj, αik) be the
measurement model for the observed data. In addition, let
p(dij|θdi ,η0,η1) be the measurement model for the missing

data indicators, and p
(
θh
)

and p(θd) are densities of θh

and θd, respectively. To model non-ignorable missing data,
it is assumed that θhi and θdi follow a bivariate normal
distribution N(µP, 6P); thus, the two models describe the
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two missing mechanisms (i.e., MAR and NMAR). Next,
we introduce the two missing data models for the not-
reached items.

Missing at Random Model
The expression of the MAR model is as follows, and the likelihood
function form of the MAR model can be written as,

N∏
i = 1

J∏
j = 1

K∏
k = 1

p(αik|θhi , γk,λk)p(dij|θdi ,η0,η1)p(θhi )p(θ
d
i ), (10)

where the MAR model is regarded as a model that ignores the
missing data process. In fact, the latent variables θhi and θdi are
independent in the MAR model. In other words, the model
for the missing data process p(dij|θdi ,η0,η1) can be ignored in
estimating the item response model.

Not Missing at Random Model
The NMAR model is often called the non-ignorable model, and in
this case, θhi and θdi are correlated. A covariance matrix is used to
describe the relationship between the latent higher-order ability
parameters and the missing propensity parameters in this model.
Thus, the likelihood function of the NMAR model can be written
as,

N∏
i = 1

J∏
j = 1

K∏
k = 1

p(αik|θhi , γk,λk)p(dij|θdi ,η0,η1)p(θhi , θ
d
i |µP, 6P),

(11)
where the person parameters are assumed to follow a bivariate
normal distribution, with mean vector µP = (µθh ,µθd )

′ and
covariance matrix:

6P =

(
σ2

θh
σθhθd

σθhθd σ2
θd

)
. (12)

Model Identifications
In Equations (2) and (9), the linear parts of 1PLM and the HO-
DINA model can be written as follows:

θdi − βdj and θhi γk − λk. (13)

To eliminate the trade-offs between ability θdi and dropping-
out threshold parameter βdj and between the higher-order ability
person parameter θh and the attribute intercept λk, the mean
population level of person parameters is set to zero, that is,
µθh = 0 and µθd = 0. σθh = 1 is fixed to eliminate the
scale trade-off between θhi and γk (Lord and Novick, 1968; Fox,
2010). In addition to the identifications, two local independence
assumptions are made, that is, the αik values are conditionally
independent given θhi , and the Yij values are conditionally
independent given αi.

Bayesian Model Assessment
In the Bayesian framework, two common Bayesian model
evaluation criteria, the deviance information criteria (DIC;
Spiegelhalter et al., 2002) and the logarithm of the pseudo-
marginal likelihood (LPML, Geisser and Eddy, 1979;

Ibrahim et al., 2001) are used to compare the differences in
the missing mechanism models according to the results of
MCMC sampling. Let,

� =
{
θhi , θ

d
i ,η0,η1, αik, βj, δj, γk,λk,µβ,µδ, 6I, σθhθd , σ

2
θd

}
.

The DIC is given by,

Dev(Y,D|�) = − 2logL(Y,D, �)

= − 2
N∑

i = 1

J∑
j = 1

K∑
k = 1

[(Y ij = d)log(P(Yij = d))

+ (Y ij = 1)log((1− P(Yij = d))P(Yij = 1))

+ (Y ij = 0)log((1− P(Yij = d))P(Yij = 0))]. (14)

On the basis of the posterior distribution of Dev (Y,D, �), the
DIC was defined as,

DIC = Dev + pD = Dev + (Dev− D̂ev), (15)

where Dev = E(Dev(Y,D, �)|Y,D) ∼= 1
R
∑R

r = 1
Dev(Y,D, �r), which is the posterior mean deviance and
is a Bayesian measure of fit, r = 1, ...,R denotes the rth
iteration of the algorithm, and D̂ev = Dev

(
Y,D, �

)
, which

is the effective number of parameters, is a Bayesian measure of
complexity, with � = E(�|Y,D) ∼= 1

R
∑R

r = 1�
r . A smaller

DIC indicates a better model fit.
The conditional predictive ordinate (CPO)

index of the two models was computed. Let
Qij,max = max1 ≤ r ≤ R

{
−logf (Yij,Dij|�

r)
}

. Thus,

log
(

ĈPOij

)
=

−Qij,max − log

[
1
R

r∑
r = 1

exp
{
−logf

(
Yij,Dij|�

r)
− Qij,max

}]
.

(16)

The summary statistic for log
(

ĈPOij

)
is the sum of their

logarithms, which is termed the LPML and is given by,

LPML =
N∑

i = 1

J∑
j = 1

log(ĈPOij), (17)

where the model with a larger LPML indicates a better
fit to the data.

SIMULATION STUDIES

Three simulation studies were conducted to evaluate different
aspects of the proposed model. Simulation study I was conducted
to assess whether the MCMC algorithm could successfully
recover parameters of the proposed model under different
numbers of examinees and items. Simulation study II was
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conducted to investigate the parameter recovery of different
numbers of attributes for the same examinees and items.
Simulation study III intended to show the differences in model
parameter estimates between the NMAR and MAR models
for different dropping-out proportions and correlations among
person parameters.

Data Generation
In the three simulation studies, the item parameters were sampled

from the following distributions:
(

βj
δj

)
∼ MVN

((
µβ

µδ

)
,6I

)
,

µβ = − 2.197, µδ = 4.394,6I =

(
1 −0.8
−0.8 1

)
. These

values were used in Shan and Wang (2020) study. The dropping-
out proportions across three levels (i.e., low, medium, and high)
were varied by setting different combinations of η0 and η1.
That is, the dropping-out proportion was 3.8 (low) when
η0 = 1,η1 = − 0.7; the dropping-out proportion was 12
(medium) when η0 = 1,η1 = − 0.32; and the dropping-out
proportion was 25% (high) when η0 = 1,η1 = − 0.18.

The attribute intercept parameters were
λ = (−1,−0.5, 0, 0.5, 1) , and the attribute slope parameters
wereγk = 1.5 for all attributes, which were consistent with those
in the study by Shan and Wang (2020). Three Q matrices with
different numbers of attributes (Figure 1) were considered, and
the three Q matrices were taken from Xu and Shang (2018) study
and Shan and Wang (2020) study.

The person parameters θhi and θdi were simulated

from the bivariate normal distribution
(

θh

θd

)
∼

MVN

((
0
0

)
,

(
1 σθhθd

σθhθd σ2
θd

))
,where σ2

θd
= 0.25. Three

levels of correlation between θhi and θdi were considered for
ρ

θhi θ
d
i
: 0 (uncorrelated), −0.5 (medium), and −0.8 (high). The

missing data due to dropping-out items were simulated in the

J=30, K=5

J=20, K=5

J=20, K=3

A

B

C

FIGURE 1 | K-by-J Q matrices in simulation studies, where black means “1”
and white means “0.” K is the number of attributes and J is the number of
items.

following manner. The three levels of dropping-out proportions
were 3.8% (low), 12% (medium), and 25% (high).

Model Calibration
The priors of η0 and η1 were η0 ∼ N (0, 2) and η1 ∼ N(0, 2),
respectively. The priors of the item parameters βj and
δj were assumed to have a bivariate normal distribution:(

βj
δj

)
∼ N

((
µβ

µδ

)
,6I

)
. The priors of the person parameters

were assumed to follow a bivariate normal distribution:(
θh

θd

)
∼ N

((
0
0

)
,6P

)
. The priors of the higher-order

structure parameters were expressed as λk ∼ N (0, 4) and
γk ∼ N(0, 4)I (γk > 0), the priors of the covariance matrix of
the person were expressed as σθhθd ∼ U (−1, 1) and σ2

θd
∼Inv-

(2, 2), the priors of the covariance matrix of the item parameters
were expressed as6I Inv-Wishart

(
6−1

I0 , vI0
)
, and the hyperpriors

were specified as 6I0 =

(
1 0
0 1

)
, vI0 = 2,kI0 = 1,

µβ ∼ N (−2.197, 2) , and µδ ∼ N(4.394, 2)I (µδ > 0). The
hyperpriors specified above were on a logit scale for β andδ

and were consistent with those reported by Zhan et al. (2018).
The mean guessing effect was set at 0.1, which was roughly
equal to a logit value −2.197 for µβ. A standard deviation of
√

2 on the logit scale for µβ indicated that the simulated mean
guessing effect changed from 0.026 to 0.314. In addition, the
mean slipping effect was also set at 0.1, which indicated that µδ

was approximately 4.394 on the logit scale. The simulated mean
slipping effect changed from 0.007 to 0.653 under a standard
deviation of

√
2 on the logit scale for δ.

The initial values of the model parameters were as
follows: βj = 0, δj = 0 for j = 1, ..., J, θhi = 0,
θdi = 0 for i = 1, ..., N, σθhθd = 0, σ2

θd
= 1,

η0 = 0,η1 = 0,µβ = 0,µδ = 0, 6P =

(
1 0
0 1

)
,

µP =

(
0
0

)
, and σ2

θh
= 1. In addition, λk = 0, γk = 1 for

k = 1,,K, and α =

 α11 · · · α1K
...
. . .

...

αN1 · · · αNK

, where αik

(i = 1, ...,N, k = 1, ...,K) were sampled from 0 to 1
randomly. The proposal variances were chosen to give
Metropolis acceptance rates between 25% and 40%. The
Markov chain length was set at 10,000 so that the potential
scale reduction factor (PSRF; Brooks and Gelman, 1998) was
less than 1.1 for all parameters, which implied proper chain
convergence. Five thousand iterations were treated as burn-in.
The final parameter estimates were obtained as the average of the
post-burn-in iterations.

In terms of evaluation criteria, the bias and root mean squared
error (RMSE) are used to assess the accuracy of the parameter
estimates. In particular, the bias for parameter η was,

bias (η) =
1
R

R∑
r = 1

(̂
η(r) − η

)
, (18)

Frontiers in Psychology | www.frontiersin.org 5 June 2022 | Volume 13 | Article 88967353

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


fpsyg-13-889673 June 7, 2022 Time: 12:55 # 6

Liang et al. Modeling Not-Reached Items in CDM

and the RMSE for parameter η is defined as,

RMSE (η) =

√√√√ 1
R

R∑
r = 1

(̂
η(r) − η

)2
, (19)

where η is the true value of the parameter, and η̂(r) is the estimate
for the rth replication. There were R = 30 replications for each
simulation condition. The recoveries of attributes are evaluated
using the attribute correct classification rate (ACCR) and the
pattern correct classification rate (PCCR):

ACCR =
∑N

i = 1 I (α̂ik = αik)

N
, (20)

PCCR =

∑N
i = 1

[∏K
k = 1 I (α̂ik = αik)

]
N

, (21)

where I (α̂ik = αik) is the indicator function that is,
I (α̂ik = αik) = 1 if α̂ik = αik, otherwise I (α̂ik = αik) = 0.

Simulation Study I
In simulation study I, the different numbers of examinees and
items were considered to estimate the model parameters under a
fixed number of five attributes. Three conditions were considered
in this simulation: (a) 500 examinees and 30 items, (b) 1,000

examinees and 30 items, and (c) 500 examinees and 20 items. The
correlation between θhi and θdi was −0.3, and the dropping-out
proportion was medium.

Table 1 presents the bias and RMSE of the ability parameters
and item parameters, as well as the attribute parameter estimates.
For the 30 items and the 5 attributes (please see the first four
columns of Table 1), the item parameter estimates improve when
the number of examinees increases from 500 to 1,000, the bias
and RMSE of δ and µβ decrease, and the RMSE of β,µδ, and item
covariance matrix elements reduce. For the 500 examinees and
the 5 attributes (please see the middle four columns of Table 1),
the person parameter estimates improve when the number of
items increases from 20 to 30, and θh and σ2

θd
are more accurate.

The ACCRs and PCCRs are presented in Table 2. The ACCRs
and PCCRs could be recovered satisfactorily with a larger sample
and longer test length. The ACCRs and PCCRs decrease when
the number of examinees or test length decreases (please see the
first three columns in Table 2), and the changes are particularly
marked when the test length is reduced. Figure 2 shows the PSRF
of several items and attribute parameters under 500 examinees
and 30 items. It is observed that the item intercept parameter β,
the interaction parameter δ, the attribute slope parameter γ, and
the attribute intercept parameter λ converge at 5,000 iterations,
and the convergence of β and δ are significantly faster than that
of λ and γ.

TABLE 1 | Bias and RMSE of the parameter estimates in simulation studies I and II.

N = 1000 N = 500 N = 500 N = 500

J = 30 J = 30 J = 20 J = 20

K = 5 K = 5 K = 5 K = 3

Parameter Bias RMSE Bias RMSE Bias RMSE Bias RMSE

β 0.009 0.167 −0.002 0.198 −0.134 0.272 −0.020 0.282

δ −0.001 0.274 −0.051 0.339 0.072 0.345 0.017 0.351

µβ −0.111 0.203 −0.120 0.215 −0.296 0.374 −0.192 0.268

µδ 0.035 0.181 −0.017 0.196 0.236 0.356 0.191 0.313

λ1 0.078 0.137 0.063 0.179 0.066 0.191 −0.109 0.181

λ2 0.029 0.100 −0.133 0.193 −0.149 0.199 −0.030 0.130

λ3 0.052 0.104 −0.058 0.143 −0.127 0.202 −0.204 0.245

λ4 0.040 0.106 −0.069 0.145 −0.121 0.178 − −

λ5 0.201 0.239 −0.089 0.188 −0.181 0.246 − −

γ1 0.129 0.249 0.296 0.457 0.222 0.403 −0.179 0.451

γ2 0.034 0.189 0.065 0.268 −0.288 0.360 −0.156 0.545

γ3 −0.063 0.182 −0.002 0.252 0.359 0.527 −0.301 0.626

γ4 −0.027 0.180 −0.202 0.298 −0.139 0.276 − −

γ5 0.039 0.206 0.153 0.326 −0.083 0.282 − −

σ2
β −0.152 0.281 −0.051 0.282 −0.035 0.374 −0.353 0.429

σβδ 0.093 0.244 −0.027 0.280 −0.118 0.415 0.131 0.318

σ2
δ −0.103 0.282 0.066 0.340 0.315 0.611 0.132 0.457

η0 −0.051 0.086 −0.014 0.097 0.053 0.112 −0.130 0.161

η1 −0.004 0.013 0.005 0.017 0.008 0.019 −0.013 0.022

σθhθd −0.056 0.077 −0.046 0.091 0.001 0.083 0.057 0.105

σ2
θd −0.001 0.081 0.008 0.094 0.018 0.101 −0.029 0.075

θh 0.071 0.625 −0.043 0.594 −0.044 0.612 −0.044 0.701

θd
−0.039 0.480 0.006 0.475 0.006 0.468 0.006 0.479

The boldfaced values indicate that much smaller Bias and RMSE are obtained from the model.
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TABLE 2 | ACCRs and PCCRs in simulation studies I and II.

N = 1000 N = 500 N = 500 N = 500

J = 30 J = 30 J = 20 J = 20

K = 5 K = 5 K = 5 K = 3

ACCR 0.968 0.966 0.922 0.985

0.980 0.976 0.966 0.993

0.984 0.985 0.960 0.982

0.986 0.977 0.984 −

0.986 0.981 0.954 −

PCCR 0.910 0.898 0.811 0.961

The boldfaced values indicate that much smaller Bias and RMSE are obtained from
the model.

Simulation Study II
This simulation study was conducted to investigate the parameter
recovery of different numbers of attributes for fixed 500
examinees and 20 items. The correlation between θhi and θdi was
set at−0.3, and the dropping-out proportion was medium.

The last four columns of Table 1 show the results of simulation
study II. The RMSE of the estimates of item and person
parameters with attribute K = 5 are smaller than those with
attribute K = 3. The RMSE of the attribute slope parameters and
intercept parameters recover more satisfactorily with attribute
K = 3 than with attribute K = 5. The last two columns of Table 2
show the ACCRs and PCCRs for simulation study II. The ACCRs
with attribute K = 3 are higher than those with attribute K = 5 and
improve from 0.957 to 0.987 on average. Moreover, the PCCRs
are significantly higher when the number of attributes decreases.
That is, the PCCR with attribute K = 5 is 0.811, and the PCCR
with attribute K = 3 is 0.961.

Simulation Study III
The purpose of this simulation study was to investigate the
parameter recovery with the NMAR model, MAR model, and
HO-DINA model that ignores the not-reached items under
different simulation conditions. The data were generated using
the proposed model with the NMAR mechanism. A total of 500
examinees answered 30 items, and each item had 5 attributes.
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FIGURE 2 | The trace plots of PSRF values for simulation study I.
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TABLE 3 | Bias and RMSE of parameter estimates of three models with low dropping-out proportion under different correlations between θh
i and θd

i in simulation study III.

ρ = 0 ρ = −0.5 ρ = −0.8

Parameter Statistics NMAR MAR HO-DINA NMAR MAR HO-DINA NMAR MAR HO-DINA

η0 Bias 0.003 0.001 − 0.036 −0.001 − 0.015 −0.019 −

RMSE 0.123 0.125 − 0.155 0.174 − 0.134 0.162 −

η1 Bias 0.005 0.004 − −0.004 −0.109 − −0.003 −0.107 −

RMSE 0.055 0.055 − 0.065 0.137 − 0.059 0.131 −

β Bias −0.018 −0.016 −0.015 −0.003 0.124 0.121 −0.029 0.093 0.093

RMSE 0.234 0.233 0.234 0.239 0.299 0.297 0.237 0.285 0.286

δ Bias 0.039 0.047 0.045 0.022 −0.017 −0.015 0.063 0.021 0.021

RMSE 0.336 0.345 0.346 0.341 0.369 0.369 0.346 0.369 0.369

µβ Bias −0.136 −0.117 −0.115 −0.120 0.006 0.004 −0.146 −0.022 −0.022

RMSE 0.228 0.217 0.218 0.218 0.201 0.201 0.235 0.204 0.204

µδ Bias 0.073 0.067 0.064 0.054 0.016 0.017 0.095 0.052 0.052

RMSE 0.216 0.228 0.229 0.205 0.255 0.255 0.223 0.259 0.263

σ2
β Bias −0.052 −0.053 −0.056 −0.067 0.074 0.075 −0.055 0.096 0.096

RMSE 0.290 0.290 0.289 0.291 0.322 0.322 0.291 0.331 0.332

σβδ Bias 0.008 −0.005 −0.003 0.051 −0.275 −0.276 0.028 −0.316 −0.314

RMSE 0.286 0.299 0.296 0.281 0.446 0.445 0.289 0.479 0.478

σ2
δ Bias 0.054 0.225 0.222 −0.021 0.656 0.657 0.004 0.703 0.700

RMSE 0.358 0.447 0.443 0.333 0.812 0.811 0.355 0.856 0.855

λ1 Bias 0.039 0.017 0.017 0.098 0.298 0.285 0.056 0.220 0.224

RMSE 0.168 0.172 0.173 0.193 0.370 0.363 0.181 0.331 0.330

λ2 Bias −0.096 −0.111 −0.108 −0.103 −0.051 −0.055 −0.096 −0.049 −0.048

RMSE 0.168 0.180 0.178 0.168 0.160 0.163 0.166 0.159 0.159

λ3 Bias −0.051 −0.053 −0.052 −0.127 −0.003 −0.011 −0.091 0.030 0.033

RMSE 0.147 0.149 0.150 0.188 0.163 0.162 0.167 0.169 0.168

λ4 Bias −0.089 −0.084 −0.083 −0.068 0.023 0.018 −0.080 0.002 0.003

RMSE 0.162 0.161 0.161 0.152 0.149 0.150 0.153 0.141 0.141

λ5 Bias −0.102 −0.076 −0.081 −0.142 0.019 0.017 −0.135 0.006 0.007

RMSE 0.194 0.186 0.190 0.214 0.185 0.187 0.210 0.181 0.180

γ1 Bias 0.122 0.173 0.179 0.178 0.294 0.263 0.277 0.501 0.520

RMSE 0.346 0.371 0.374 0.387 0.472 0.433 0.451 0.698 0.710

γ2 Bias −0.004 0.044 0.035 −0.117 0.246 0.245 −0.084 0.246 0.247

RMSE 0.276 0.284 0.275 0.281 0.380 0.381 0.271 0.372 0.377

γ3 Bias 0.080 0.104 0.111 0.126 0.474 0.477 0.141 0.485 0.494

RMSE 0.301 0.312 0.313 0.323 0.577 0.583 0.332 0.594 0.603

γ4 Bias −0.103 −0.077 −0.078 −0.114 0.025 0.021 −0.178 −0.037 −0.035

RMSE 0.267 0.263 0.264 0.274 0.252 0.256 0.287 0.235 0.233

γ5 Bias −0.052 0.005 −0.006 −0.075 0.114 0.115 −0.039 0.137 0.132

RMSE 0.289 0.286 0.290 0.284 0.307 0.310 0.280 0.313 0.309

θd Bias −0.002 −0.002 − 0.011 0.011 − 0.017 0.018 −

RMSE 0.499 0.492 − 0.454 0.667 − 0.377 0.668 −

θh Bias −0.044 −0.046 −0.046 −0.044 −0.044 −0.047 −0.044 −0.046 −0.045

RMSE 0.581 0.581 0.580 0.582 0.591 0.592 0.578 0.591 0.591

σ2
θd Bias −0.002 0.007 − 0.013 1.022 − 0.015 1.023 −

RMSE 0.089 0.088 − 0.095 1.160 − 0.081 1.097 −

σθhθd Bias 0.011 − − 0.015 − − 0.010 − −

RMSE 0.131 − − 0.113 − − 0.082 − −

NMAR means not missing at random model, MAR means missing at random model, HO-DINA means higher-order DINA model. The boldfaced values indicate that much
smaller Bias and RMSE are obtained from the model.

Three dropping-out proportions (i.e., 3.8% [low], 12% [medium],
and 25% [high]) and three correlations between θhi and θdi
(i.e., 0 [uncorrelated], −0.5 [medium], and −0.8 [high]) were
manipulated. Thus, there were 3× 3 simulation conditions.

Table 3 shows the bias and RMSE of the parameters of
three models with low dropping-out proportions under different
correlations between θhi and θdi . Results show that the parameter
estimates from the three models are similar when the correlation
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TABLE 4 | Bias and RMSE of parameter estimates of three models with medium dropping-out proportion under different correlations between θh
i and θd

i in
simulation study III.

ρ = 0 ρ = −0.5 ρ = −0.8

Parameter Statistics NMAR MAR HO-DINA NMAR MAR HO-DINA NMAR MAR HO-DINA

η0 Bias 0.014 0.009 − −0.006 −0.159 − −0.033 −0.181 −

RMSE 0.133 0.131 − 0.131 0.216 − 0.123 0.226 −

η1 Bias 0.001 0.001 − −0.001 −0.039 − −0.011 −0.048 −

RMSE −0.002 −0.003 − −0.001 −0.024 − −0.001 −0.019 −

β Bias −0.022 −0.019 −0.019 −0.028 0.114 0.113 −0.021 0.119 0.118

RMSE 0.249 0.248 0.249 0.265 0.323 0.322 0.249 0.309 0.309

δ Bias 0.071 0.082 0.081 0.042 −0.002 −0.001 0.052 0.005 0.007

RMSE 0.365 0.378 0.377 0.360 0.401 0.400 0.357 0.389 0.391

µβ Bias −0.137 −0.121 −0.120 −0.146 −0.001 0.001 −0.134 0.008 0.004

RMSE 0.229 0.226 0.223 0.238 0.206 0.204 0.229 0.207 0.202

µδ Bias 0.102 0.103 0.102 0.077 0.029 0.026 0.080 0.032 0.037

RMSE 0.232 0.250 0.247 0.224 0.266 0.264 0.226 0.269 0.268

σ2
β Bias −0.031 −0.031 −0.033 −0.032 0.105 0.108 −0.046 0.095 0.095

RMSE 0.308 0.307 0.306 0.299 0.341 0.342 0.299 0.338 0.338

σβδ Bias −0.015 −0.024 −0.023 −0.015 −0.344 −0.346 0.029 −0.304 −0.304

RMSE 0.310 0.319 0.319 0.296 0.504 0.505 0.286 0.471 0.471

σ2
δ Bias 0.107 0.277 0.274 0.075 0.764 0.765 0.016 0.710 0.712

RMSE 0.393 0.490 0.488 0.361 0.919 0.919 0.340 0.864 0.866

λ1 Bias 0.047 0.026 0.028 0.109 0.349 0.344 0.070 0.267 0.268

RMSE 0.170 0.173 0.172 0.195 0.414 0.410 0.187 0.375 0.372

λ2 Bias −0.104 −0.116 −0.114 −0.106 −0.055 −0.052 −0.110 −0.051 −0.048

RMSE 0.174 0.184 0.182 0.171 0.163 0.163 0.173 0.158 0.157

λ3 Bias −0.044 −0.047 −0.044 −0.112 0.025 0.032 −0.097 0.027 0.026

RMSE 0.146 0.148 0.150 0.180 0.171 0.180 0.168 0.165 0.161

λ4 Bias −0.091 −0.086 −0.083 −0.064 0.034 0.034 −0.081 0.011 0.009

RMSE 0.165 0.162 0.162 0.152 0.154 0.155 0.156 0.144 0.144

λ5 Bias −0.107 −0.083 −0.082 −0.153 0.003 0.005 −0.138 0.033 0.037

RMSE 0.197 0.194 0.192 0.221 0.182 0.181 0.214 0.190 0.191

γ1 Bias 0.119 0.183 0.168 0.113 0.301 0.285 0.236 0.723 0.712

RMSE 0.170 0.173 0.172 0.195 0.414 0.410 0.187 0.375 0.372

γ2 Bias −0.006 0.032 0.029 −0.110 0.267 0.269 −0.098 0.233 0.232

RMSE 0.268 0.277 0.271 0.280 0.393 0.398 0.274 0.365 0.367

γ3 Bias 0.096 0.104 0.124 0.127 0.504 0.516 0.127 0.473 0.472

RMSE 0.313 0.307 0.322 0.332 0.611 0.632 0.323 0.580 0.578

γ4 Bias −0.122 −0.093 −0.089 −0.091 0.056 0.046 −0.176 −0.046 −0.054

RMSE 0.277 0.269 0.264 0.267 0.265 0.263 0.295 0.240 0.237

γ5 Bias −0.059 −0.006 −0.011 −0.079 0.087 0.084 −0.045 0.152 0.161

RMSE 0.284 0.298 0.285 0.285 0.293 0.289 0.284 0.325 0.333

θd Bias −0.002 −0.002 − 0.011 0.013 − 0.017 0.019 −

RMSE 0.484 0.483 − 0.443 0.577 − 0.379 0.586 −

θh Bias −0.044 −0.045 −0.045 −0.044 −0.047 −0.045 −0.044 −0.045 −0.045

RMSE 0.585 0.583 0.583 0.581 0.593 0.592 0.574 0.592 0.593

σ2
θd Bias 0.008 0.011 − 0.013 0.598 − 0.051 0.648 −

RMSE 0.001 0.001 − 0.017 0.494 − 0.029 0.411 −

σθhθd Bias −0.003 − − 0.008 − − 0.001 − −

RMSE 0.023 − − 0.005 − − 0.008 − −

The boldfaced values indicate that much smaller Bias and RMSE are obtained from the model.

between θhi and θdi is 0. When the correlation between θhi and
θdi increases, the bias and RMSE of η1, β, 6I, and γ in the
NMAR model are much smaller than those in the MAR and

HO-DINA models. Moreover, for low dropping-out proportions,
when the correlation between θhi and θdi increases, the bias of
the person parameters of the three models changes very little,
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TABLE 5 | Bias and RMSE of parameter estimates of three models with high dropping-out proportion under different correlations between θh
i and θd

i in
simulation study III.

ρ = 0 ρ = −0.5 ρ = −0.8

Parameter Statistics NMAR MAR HO-DINA NMAR MAR HO-DINA NMAR MAR HO-DINA

η0 Bias −0.013 −0.019 − 0.016 −0.221 − 0.014 −0.174 −

RMSE 0.134 0.132 − 0.146 0.271 − 0.130 0.237 −

η1 Bias −0.002 −0.003 − −0.001 −0.024 − −0.001 −0.019 −

RMSE 0.012 0.011 − 0.013 0.028 − 0.011 0.024 −

β Bias −0.025 −0.021 −0.021 −0.027 0.175 0.177 −0.010 0.187 0.185

RMSE 0.275 0.274 0.273 0.284 0.383 0.384 0.267 0.373 0.371

δ Bias 0.058 0.071 0.069 0.060 −0.001 −0.003 0.043 −0.021 −0.019

RMSE 0.392 0.405 0.404 0.392 0.441 0.443 0.378 0.427 0.425

µβ Bias −0.142 −0.120 −0.124 −0.144 0.056 0.061 −0.126 0.071 0.067

RMSE 0.235 0.225 0.228 0.240 0.217 0.218 0.227 0.216 0.215

µδ Bias 0.091 0.089 0.092 0.093 0.035 0.028 0.075 0.011 0.015

RMSE 0.234 0.252 0.253 0.236 0.271 0.272 0.219 0.263 0.216

σ2
β Bias −0.032 −0.033 −0.032 −0.012 0.084 0.086 −0.025 0.084 0.085

RMSE 0.302 0.302 0.302 0.313 0.339 0.339 0.304 0.332 0.334

σβδ Bias −0.004 −0.013 −0.017 −0.047 −0.336 −0.339 −0.004 −0.313 −0.314

RMSE 0.302 0.316 0.314 0.322 0.505 0.507 0.309 0.485 0.486

σ2
δ Bias 0.083 0.271 0.271 0.118 0.802 0.806 0.037 0.738 0.740

RMSE 0.383 0.491 0.489 0.405 0.960 0.965 0.378 0.898 0.901

λ1 Bias 0.047 0.027 0.021 0.110 0.490 0.502 0.089 0.474 0.467

RMSE 0.182 0.181 0.184 0.201 0.553 0.566 0.198 0.552 0.544

λ2 Bias −0.110 −0.120 −0.122 −0.099 0.013 0.015 −0.102 0.006 0.003

RMSE 0.182 0.190 0.191 0.170 0.173 0.174 0.174 0.164 0.163

λ3 Bias −0.055 −0.055 −0.055 −0.116 0.102 0.104 −0.091 0.152 0.144

RMSE 0.156 0.158 0.156 0.186 0.206 0.207 0.171 0.237 0.232

λ4 Bias −0.096 −0.089 −0.092 −0.074 0.098 0.098 −0.076 0.085 0.084

RMSE 0.170 0.167 0.168 0.160 0.188 0.188 0.159 0.178 0.177

λ5 Bias −0.077 −0.045 −0.051 −0.147 0.141 0.147 −0.140 0.171 0.164

RMSE 0.196 0.197 0.195 0.223 0.244 0.247 0.225 0.269 0.263

γ1 Bias −0.133 0.174 0.186 0.147 0.672 0.720 0.251 1.029 0.995

RMSE 0.374 0.390 0.400 0.375 0.892 0.952 0.439 1.294 1.249

γ2 Bias −0.020 0.059 0.058 −0.102 0.334 0.340 −0.058 0.341 0.333

RMSE 0.287 0.302 0.294 0.285 0.458 0.461 0.271 0.452 0.444

γ3 Bias −0.091 0.117 0.117 0.111 0.537 0.532 0.143 0.591 0.584

RMSE 0.328 0.330 0.328 0.332 0.648 0.644 0.341 0.700 0.693

γ4 Bias −0.130 −0.104 −0.102 −0.122 0.055 0.053 −0.146 0.026 0.026

RMSE 0.289 0.280 0.277 0.290 0.271 0.270 0.294 0.265 0.261

γ5 Bias −0.014 0.046 0.039 −0.078 0.147 0.152 −0.050 0.226 0.213

RMSE 0.304 0.321 0.314 0.289 0.330 0.334 0.296 0.386 0.376

θd Bias −0.002 −0.002 − 0.011 0.016 − 0.018 0.021 −

RMSE 0.479 0.475 − 0.442 0.549 − 0.374 0.526 −

θh Bias −0.044 −0.045 −0.046 −0.043 −0.046 −0.045 −0.044 −0.045 −0.046

RMSE 0.595 0.594 0.594 0.590 0.607 0.608 0.584 0.607 0.607

σ2
θd Bias 0.001 0.001 − 0.017 0.494 − 0.029 0.411 −

RMSE 0.088 0.085 − 0.102 0.555 − 0.097 0.463 −

σθhθd Bias 0.023 − − 0.005 − − 0.008 − −

RMSE 0.102 − − 0.092 − − 0.085 − −

The boldfaced values indicate that much smaller Bias and RMSE are obtained from the model.

whereas the RMSE of the person parameters in the MAR and HO-
DINA models increases significantly. As expected, the NMAR
model has higher accuracy of parameters than that of the other
two models. Furthermore, the parameter estimates of the MAR

and HO-DINA models are similar for all simulation conditions
because θhi and θdi are uncorrelated in both the MAR and HO-
DINA models, which ignore the not-reached items. Table 4 shows
the bias and RMSE of the parameters of the three models with
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FIGURE 3 | Bias of parameter estimates in the mean item vector and the item covariance matrix elements under different dropping-out proportions and correlations
between θh

i and θd
i in simulation study III. Note that the Bias_NMAR is the bias of parameter estimates in NMAR model, and Bias_MAR is the bias of parameter

estimates in the MAR model.

medium dropping-out proportions under different correlations
between θhi and θdi . Similar parameter estimates are obtained
from the three models when the correlation between θhi and
θdi is 0. When the correlation between θhi and θdi increases, not
only the bias but also the RMSE of the person parameters are
lower in the NMAR model than those in the MAR and HO-
DINA models, and the other results are similar to those with
low dropping-out proportions. Table 5 shows the bias and RMSE
of the parameters of the three models with high dropping-
out proportions under different correlations between θhi and
θdi . We find that the parameter estimates improve significantly
with high dropping-out proportions. Figure 3 shows the bias
of the estimates of item mean vector and the item covariance
matrix elements in the NMAR and MAR models under different

dropping-out proportions and correlations between θhi and θdi .
The results show that the estimates of the parameters are more
accurate in the NMAR model than those in the MAR model
when the correlation is increased. Moreover, it is observed that
the bias of the parameters of the NMAR model is close to 0 as the
correlation between θhi and θdi increases. In contrast, the bias of
the parameters of the MAR model is significantly larger than that
of the NMAR model. Figure 4 shows the RMSE of the estimates
of the item mean vector and the item covariance matrix elements
in the NMAR and MAR models under different dropping-out
proportions and correlations between θhi and θdi . The results show
that the RMSE of the item mean vector in the NMAR model
improves slightly than that in the MAR model. Moreover, the
RMSE of the item covariance matrix elements shows significant
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FIGURE 4 | RMSE of parameter estimates in the mean item vector and the item covariance matrix elements under different dropping-out proportions and
correlations between θh

i and θd
i in simulation study III. Note that the Bias_NMAR is the bias of parameter estimates in the NMAR model, and Bias_MAR is the bias of

parameter estimates in the MAR model.

improvements, and the estimates of the item covariance matrix
elements are precise when the correlation is high. Figure 5
shows the ACCRs and PCCRs under nine simulation conditions.
Detailed results are provided in Supplementary Table 1. It is
found that ACCRs and PCCRs in the NMAR model are improved
significantly when the missing proportion or the correlation
between θhi and θdi is high. This indicates that the MAR model
could not recover the attribute pattern effectively when the
missing data mechanism is indeed non-ignorable. Table 6 shows
the model selection results. The differences in DIC and LPML
are not obvious when the correlation between θhi and θdi is 0.
The DICs of the NMAR model are smaller than those of the
MAR model under nine simulation conditions. Moreover, the
LPMLs of the NMAR model are higher than those of the MAR

model. Thus, the DIC and LPML indices are able to select the
true model accurately.

REAL DATA ANALYSIS

This study analyzed one dataset from the computer-based PISA
2018 (OECD, 2021) mathematics cognitive test with nine items
in Albania, which was also used in the study by Shan and
Wang (2020). According to the PISA 2018 (OECD, 2021)
mathematics assessment framework, four attributes belonging
to the mathematical content knowledge were assessed: change
and relationship (α1), quantity (α2), space and shape (α3),
and uncertainty and data (α4). Item responses were coded 0
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FIGURE 5 | The ACCRs and PCCRs of NMAR and MAR models under different correlations between θh
i and θd

i and different dropping-out proportions in simulation
study III.

(no credit), 1 (full credit), 6 (not reached), 7 (not applicable),
8 (invalid), and 9 (nonresponse). There were 798 examinees
after removing examinees with codes 7 (not applicable) and
8 (invalid). In addition, 224 examinees with code 9 were also
removed from this study because this study mainly focused
on dropping-out missingness. Thus, the final sample was 574.
The overall not-reached proportion was about 2%, and the
not-reached proportions at the item level were from 0.7%

to 3.3%. The item IDs and Q matrices are presented in
Table 7.

The DIC and LPML of the NMAR model in the real data were
5,760.28 and −3,040.03, respectively, and the DIC and LPML of
the MAR model were 6,521.21 and−3,213.94, respectively. These
two model fit indices indicated that the NMAR model fits the real
data better than the MAR model. Thus, the NMAR model was
adopted to fit this real dataset.
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TABLE 6 | DICs and LPMLs of NMAR and MAR models under different correlations between θh
i and θd

i and different dropping-out proportions in simulation study III.

Low dropping-out proportion Medium dropping-out proportion High dropping-out proportion

NMAR MAR NMAR MAR NMAR MAR

ρ = 0 DIC 12139.3 12146.3 12283.9 12290.6 12084.8 12090.3

LPML −6348.4 −6352.7 −6465.8 −6468.3 −6532.1 −6539.9

ρ = −0.5 DIC 12152.6 12541.4 12225.5 12653.3 12113.8 12570.5

LPML −6354.7 −6592.1 −6431.9 −6660.7 −6539.8 −6747.6

ρ = −0.8 DIC 12132.3 12517.4 12215.6 12672.1 12029.8 12461.9

LPML −6333.8 −6579.2 −6412.4 −6663.1 −6476.2 −6681.6

TABLE 7 | The Q matrix in the real data.

Attribute CM033Q01 CM474Q01 CM155Q01 CM155Q04 CM411Q01 CM411Q02 CM803Q01 CM442Q02 CM034Q01

α1 0 0 1 1 0 0 0 0 0

α2 1 0 0 0 0 0 0 0 1

α3 0 1 0 0 1 0 0 1 0

α4 0 0 0 0 0 1 1 0 0

TABLE 8 | Estimates and standard errors of the parameters for the real data.

Statistics σ
θhθd σ2

θd µβ µδ σ2
β

σβδ σ2
δ

λ1 λ2 λ3 λ4 γ1 γ2 γ3 γ4

Est. −0.224 0.159 −1.749 2.380 3.058 −0.887 1.257 1.505 2.081 1.851 2.184 3.957 3.645 3.921 3.585

SD 0.149 0.040 0.379 0.292 2.108 1.241 0.979 0.399 0.427 0.443 0.382 0.441 0.432 0.446 0.482

Est. is the estimated value, SD is the standard deviation.

TABLE 9 | Estimates and standard errors of the item parameters for the real data.

Parameter Statistics 033Q01 474Q01 155Q01 155Q04 411Q01 411Q02 803Q01 442Q02 034Q01

βj Est. 0.350 −0.251 −0.239 −1.213 −1.522 −1.296 −4.061 −4.325 −2.424

SD 0.132 0.125 0.152 0.167 0.223 0.151 0.687 0.776 0.250

δj Est. 2.433 1.418 3.265 1.559 2.541 0.781 3.485 3.218 2.326

SD 0.520 0.225 0.561 0.280 0.396 0.323 0.755 0.801 0.371

Est. is the estimated value, SD is the standard deviation.

Tables 8, 9 show the estimated values and standard deviations
of the item, person, and attribute parameters. Results show that
the correlation coefficient of the person parameters is negative
(i.e.,−0.516), which indicates that the examinees with the higher
abilities are less likely to drop out of the test. The estimated
attribute slope parameters are positive, which implies that the
knowledge attribute is better mastered with the increased ability
θhi . The item mean parameter µβ is estimated to be −1.749,
which shows that the mean guessing probability is approximately
0.15. In addition, for the estimation of item parameters, only βj
for CM033Q01 is positive, while the βj values for other items
are negative, which implies that the guessing probability of item
CM033Q01 is higher than 0.5 and the guessing probability of
all other items is lower than 0.5. All δj are positive, which
satisfies gj < 1− sj, as expected. Supplementary Figure 1 shows
the proportions of attribute patterns for examinees with not-
reached items, which illustrate that the most prevalent attribute
pattern for examinees with not-reached items is (0000), which
is unsurprising.

CONCLUSION

Not-reached items occurred frequently in cognitive diagnosis
assessments. Missing data could help researchers understand
examinees’ attributes, skills, or knowledge structures. Studies
dealing with item nonresponses have used imputation
approaches in cognitive diagnosis models, which may lead
to biased parameter estimations. Shan and Wang (2020)
introduced latent missing propensities of examinees for a
cognitive diagnosis model that was governed by the potential
category variables. However, their model did not distinguish
the type of item nonresponses, which could result in inaccurate
inferences regarding cognitive attributes and patterns.

In this study, a missing data model for not-reached items in
cognitive diagnosis assessments was proposed. A DINA model
was used as the response model, and a 1PLM was used as the
missing indicator model. The two models were connected by
two bivariate normal distributions for person parameters and
item parameters. This new model was able to obtain more
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fine-grained attributes or knowledge structure as diagnostic
feedback for examinees.

Simulation studies were conducted to evaluate the
performance of the MCMC algorithm using the proposed
model. The results showed that not-reached items provide
useful information for further understanding the knowledge
structure of examinees. Additionally, the HO-DINA model
for the cognitive diagnosis assessments explained examinees’
cognitive processes, thus precise estimations of parameters were
obtained from the proposed NMAR model. We compared the
recovery of parameters under the two missing mechanisms,
which revealed that the bias and RMSE of person parameters
decreased significantly when using the proposed NMAR model
when the missing proportion and the correlation of ability
parameters were high. Moreover, considerable differences in
the ACCRs and PCCRs between the NMAR and MAR models
were found. With regard to model selection, the proposed
NMAR model fitted the data better than the MAR model
when the missing data mechanism was non-ignorable. The
proposed NMAR model was successfully applied to the 2018
computer-based PISA mathematics data.

Several limitations of the study warrant mentioning, alongside
future research avenues. First, this study only modeled not-
reached items; however, examinees may skip the items in a
cognitive test, which is another type of missing data that needs
to be explored further. Second, missing data mechanisms in
cognitive assessments may depend on individual factors, such
as sex, culture, and race. In addition, different training and
problem-solving strategies of examinees, and different school
locations may also affect the pattern of nonresponses. Future
studies can extend our model to account for the above-mentioned
factors. Third, future studies could also incorporate the additional

sources of process data, such as the response times, to explore the
missing data mechanisms.
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Background: Attention Deficit Hyperactivity Disorder (ADHD) is one of the

most prevalent psychiatric disorders among school-age children and is

characterized by varying degrees of inattention, hyperactivity, and impulsivity.

Diagnosis, which currently relies on the DSM-V criteria, is complex. This

research proposes an integrated procedure for ADHD diagnosis in children,

improving the diagnostic process and scientific research on etiopathology.

Materials and methods: We conducted a clinical report on ADHD diagnosis

in children (n = 92) between the ages of 8 and 13, based on the results of the

application of different scales to parents of school-age children in Chile. The

children were divided into two groups, those with an ADHD diagnosis (n = 44)

and those without (n = 48) (24% females).

Results: The results revealed statistically significant differences between

groups for scales EDAH y SDQ-Cas, Conners Comprehensive Behavior Scale,

Conners Parent Scale and the criteria according to the DSM-V and its

dimensions, with the exception of inattention.

Conclusion: The findings indicate the importance of appropriate criteria

and procedures to establish a diagnosis and implement effective

interventions in ADHD.

KEYWORDS

attention deficit hyperactivity disorder (ADHD), children diagnosis, symptomatologic
assessment, ADHD in Chile, DSM-V, TDAH in Chile
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a
neurodevelopmental disorder characterized by symptoms of
inattention, impulsivity, and hyperactivity (with subtypes
hyperactive-impulsive, inattentive, or combined), which
interfere with development and impact the individual’s
functional, personal, and social spheres (American Psychiatric
Association, 2013), which could not be attributed to another
neurological, sensory, language, or motor disorder. This is
the main health problem that affects children, according to
the most recent epidemiological data (Polanczyk et al., 2007,
2014; Thomas et al., 2015), and is the most frequent diagnosis
in scholar children and adolescents, affecting their adaptation
to the school environment. Children and young people with
ADHD have a higher risk of school failures or delays, family
conflicts, risk behaviors, substance abuse, among others (Leahy,
2017). Due to its clinical heterogeneity and the absence of a
biological marker, the diagnosis of ADHD is currently complex
(Drechsler et al., 2020; Martella et al., 2020; Sutcubasi et al.,
2020).

According to the last review by Polanczyk et al. (2014),
it is estimated that the worldwide prevalence rate of ADHD
is between 6 and 7% among the population under age 18,
slightly higher than the 5.3% estimated in another study from
2007 (Polanczyk et al., 2007). Although ADHD is configured
as the most frequent neurodevelopmental disorder, few studies
offer prevalence estimates regarding mental health pathologies
such as ADHD in Chile. Thus, the benchmark study for Chile
continues to be De la Barra et al. (2013) and was noted in
the country’s most recent National Plan for Mental Health
(2017–2025) as the source of prevalence data, but it focuses
only on the epidemiological aspect of the disorder, especially
yielding information to children and adolescent mental health
programmes in Chile, while a variety of strategies to detect,
diagnose and treat pathologies in health and education areas
have emerged (Chile Ministerio de Salud, 2008; Chile Ministerio
de Educación, 2015; Reyes et al., 2019).

Rendering to that study, the prevalence of ADHD in Chile
is 10.3% among children ages 4–18, with the highest prevalence
in ages four to eleven (15.5% nationally and 18.7% in Santiago),
representing one of the highest prevalence in the world (Uribe
et al., 2019). The most prevalent subtype is the hyperactive-
impulsive, showing no gender differences, and the most
prevalent comorbidities are anxiety disorders and oppositional
disorder. Some correlations are relevant to point: the perception
of a good and functional family have a negative association with
ADHD diagnosis, while maltreatment has a positive correlation
(De la Barra et al., 2013). Importantly, the reported prevalence
is significantly higher than the overall prevalence in Chile,
currently estimated at 7% (Thomas et al., 2015), and is also
important to note that children and adolescents diagnosed with
ADHD have high rates of consultation of mental health services

(50.9%), compared to those with other disruptive disorders
(27.6%) and non-disruptive disorders (36.8%) (De la Barra et al.,
2013).

An ADHD diagnosis mainly relies on the criteria
established in the Diagnostic and Statistical Manual of the
American Academy of Psychiatry (DSM) (American Psychiatric
Association, 2013). Both the DSM and other diagnostic
classification manuals primarily group symptoms based on
criteria to help the professional group different disorders.
Therefore, these manuals constitute non-dimensional,
consensus descriptive classifications and are currently
multiaxial, as is the case of DSM-V. In other words, they are
organized around different diagnostic axes that allow additional
information relevant to the principal diagnosis to be included.
However, all criteria continue to be clinical and only descriptive,
despite ongoing efforts to standardize them and increase their
objectivity. In keeping with the fifth version of the DSM,
symptoms are given greater emphasis than the dysfunctionality;
that is, the importance of symptoms corresponding to the
dysfunction is diminished (Rojas et al., 2018).

This shows that the thresholds for classifying a child’s
behavior as disproportionate will always be arbitrary to
some degree; here factors such as the cultural norms of
each context, an adequate knowledge of typical childhood
development, and the expectations of parents and teachers
all come into play. These differences led to discrepancies,
which some authors have argued that the prevalence varies
according to age and the number of symptoms observed by
informants (McKeown et al., 2015). Moreover, importantly,
this diagnostic procedure has been criticized for not allowing
sufficient reliability or validity (Faraone et al., 2014). In this
framework, there are currently studies that suggest differences
in cognitive functioning depending on the ADHD subtype,
which would mean that the associated clinical deterioration is
heterogeneous (Rivera, 2016). For example, regarding attention
processes, in the inattentive subtype of ADHD, the alteration of
selective attention would be seen more frequently; while in the
combined subtype sustained attention would be more affected.
Due to the above, the gigantic methodological differences in
the experimental studies make the revision of this matter
an arduous task.

There is no standardized approach to integrating the
multiple sources of information into an ADHD diagnosis. Nor
does the recent fifth edition of the DSM offer this possibility, due
to a lack of empirical data that would allow for the integration
of all mechanisms that figure into a diagnosis (Martel et al.,
2015). In fact, the increasing diagnosis of ADHD in children
around the world has started many debates about the validity of
the diagnosis process, including in the social sciences field, with
debates especially concerning the diagnosis and treatment of
ADHD from a children’s behavior “medicalization” perspective
(Rafalovich, 2008; Hinshaw and Scheffler, 2014; Reyes et al.,
2019).
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Various studies based on neuroimaging and
electrophysiological measurements have supported the
hypothesis of ADHD’s neurobiological origin, although its
exact etiology cannot yet be confirmed. It is also essential to
consider that ADHD is a pathology with a high heritability
rate, estimated at up to 80% (Faraone et al., 2014). Other
studies using electroencephalography (EEG) technique have
found controversial results, with no consensus on analysis
of EEG frequency bands in ADHD subjects, and the likely
reason for this lack of consistent results is the heterogeneity
of ADHD subtypes and of tasks (Fabio et al., 2018). In Chile,
some studies have presented evidence from the neurobiological
aspects of ADHD (Aboitiz and Schröter, 2005; Aboitiz et al.,
2012), and the more promising founds are related to deficit in
the functioning of neurotransmitters, cerebral dysfunction in
frontal structures and deficit in executive functions. Especially
considering the clinical heterogeneity of ADHD children,
they will probably exhibit a heterogeneous neuropsychological
profile too (Fabio et al., 2018).

Many authors (e.g., Abad-Mas et al., 2017; Santana-Vidal
et al., 2020) have proposed, even previous the DSM update
from fourth to fifth edition (Barkley, 2009) that there are
problems with the clinical application of the ADHD criteria.
They refer especially to the extent of symptoms list and their
operational definitions, calling for the need to review them,
and most important, to integrate other measures specifically
regarding the executive functions. Some authors have been
interested in the hypothesis that children with ADHD have an
underlying executive dysfunction, maybe due to an impairment
of the automatic processing of basic skills (Martino et al., 2017),
proposing that in addition to attention difficulties, there are
other impairments that affects children with ADHD, such as
memory, inhibition, and planning difficulties (Fabio, 2017).

Additionally, due to the heterogeneity of the disorder’s
clinical presentation and the absence of a biomarker,
professionals often resort to diagnosis by exclusion after
assessing for other comorbid pathologies that present similar
behavioral manifestations, as reported in the study by De la
Barra et al. (2013), mainly anxiety disorder and oppositional-
defiant disorder. There is rarely a “pure” presentation of ADHD,
yielding a high rate of comorbidity with other conditions that
can hinder an initial diagnosis of ADHD (Fenollar-Cortés and
Fuentes, 2016). Between 40 and 80% of those with ADHD
present some type of comorbid association (Aìlvarez et al.,
2013). Therefore, it is typical for presentation of ADHD to
occur in conjunction with another disorder (Orjales, 2012;
Roessner et al., 2016; Liu et al., 2021).

Following that the state of the art about ADHD limit
it diagnosis to the solely clinical analysis, in Chile the
disorder is diagnosed by qualified professionals (which could
be a neurologist, psychiatrist, pediatrician, general physician,
psychologist, teachers’ differential behavior, or educational
psychologist) in accordance with guidelines by the Ministry of

Education and Ministry of Health (Decree number 170/2010).
In short, it means that the diagnosis is made through the check
of the criteria that encompasses the disorder.

The Chilean decree guidelines indicate that the diagnosis
process follows a three steps protocol, which includes (1) the
classification according to the most recent edition of diagnostic
classification manuals, a (2) detection and assessing process
based on criteria such Conners Test, and a (3) comprehensive
diagnostic process including a diagnosis by exclusion review.
To this point, it is important to note that the behavioral
observation is made based on the Conners Test, which is a
questionnaire that is widely disseminated on the internet and
does not fulfill the international diagnostic recommendations
(Santana-Vidal et al., 2020).

More specifically, the increase of ADHD diagnosis in Chile
has become on 2000s, and led their incorporation into children’s
health plan named “Habilidades para la vida” (Chile Ministerio
de Salud, 2008), which aims are prevent this type of disorder
through a joint work between school and health services, and
has been accompanied by the creation of devices such as the
School Integration Program (PIE) in 2015 (Chile Ministerio de
Educación, 2015). This leads to another relevant issue: the fact
that the diagnosis rate of “special educational need” disorders
(defined by “PIE”) are the basis to a state subside to the schools,
and since ADHD is one of them, they diagnosis can be used as
a strategy to obtain additional economic resources, which has
aroused different suspicions (Reyes et al., 2019). Surprisingly
or not, the sophistication of these strategies has coincided with
the sustained increase of ADHD prevalence rates on child and
youth population (Uribe et al., 2019). In this work, ADHD is
understood as a contingent pathology and a public and clinical
health problem (Pelham et al., 2020), due to its transversal
impact on the different areas of childhood development and
the importance of clearly establishing its structure, etiology,
and expression. This work seeks to point out a problem that
has receive few attentions in Chile, and that constitutes a
major problem around the world: the lack for an integrative
and objective methodology for ADHD diagnosis, which could
derive both in over and underdiagnosis. The current empirical
scientific literature on this field, especially in Chile, is scarce and
reveals the relevance of making this problem visible.

As a result, the aim herein was to propose a battery of
instruments for an independent procedure of symptom analysis
and diagnosis of ADHD: the Conners scales, EDAH, SDQ-Cas
and the criteria established in the DSM-V. Furthermore, this
work seeks to foster a discussion, especially in Chile, about the
need for integrated diagnostic procedures in children, supported
by the belief an objective, integrated diagnostic system is the
best way to approach complex disorders such as ADHD. Such
a system would contribute to standardized, enhanced diagnoses
and also to scientific research into the etiological mechanisms
of such disorders. Specifically in Chile, this work will contribute
to present empirical evidence to support the claim to improve
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the current ADHD assess standard, in line with the current
worldwide research.

Materials and methods

This research relies on a pre-experimental design involving
two non-randomized groups (ADHD and Normotypical) and a
single measure (Chacón-Moscoso et al., 2008; Chacón-Moscoso
et al., 2016).

Participants

Ninety-two boys (n = seventy) and girls (n = twenty-
two), between the ages of eight and sixteen (M = 11.07;
SD = 1.561) participated in the study. Children were recruited
in Chilean public schools catering to populations with a
similar socioeconomic status, belonging to three educational
establishments in the city of Talca and one educational
establishment in the city of Santiago (Chile). These schools were
characterized to implement the Integration School Program
(PIE), where children with ADHD have a previous diagnosis
from a psychiatrist. The schools were selected from a database
of schools participating in other research projects. The inclusion
criteria for this study were: (a) a diagnosis of ADHD and (b)
no history of cognitive impairment, brain trauma, neurological
disease, physical disability, comorbid mental disorders (except
oppositional defiant disorder), or learning disorders. For the
neurotypical group, participants were matched by gender, age,
and IQ scores (in the case of the ADHD group). Any children
presenting symptoms that could indicate ADHD were excluded.
All children had an IQ above the 75th percentile, according
to the results of Raven’s Colored and Progressive Matrices
(Raven, 1976). The mean age and IQ scores of the two
groups were not significantly different. For each child, a Hand
Preference Index was assessed by means of a standard Lateral
Preference Questionnaire.

According to the allocation criteria, 44 children were
assigned to the ADHD group (Group 1) and 48 children to the
neurotypical group (Group 2). No significant differences were
found in most of the sociodemographic variables, except in the
use of medication: χ2 (1, N = 92) = 17.502, p < 0.05. Table 1
shows the sociodemographic characteristics of the sample.

Measures

Standard instruments validated for a Spanish-speaking
population were used, except for the anamnesis form and the
ADHD diagnostic checklist, which the authors developed for the
specific purposes of this study.

TABLE 1 Students and parents’ characterization (N = 92).

Research variables ADHD-G
N = 44

N-G
N = 48

Test P

Children’s gender χ2 0.07

Female 5 (11.4) 17 (35.4)

Male 39 (88.6) 31 (64.6)

Age U 0.063

Mean (SD) 10.77(1.428) 11.33(1.642)

Median (IQR) 10(1) 12(3)

Min-max 9-15 8-16

Childbirth χ2 0.146

Term 41 (93.2) 40 (83.3)

Premature 3 (6.8) 8(16.7)

Birth type χ2 0.883

Normal 19 (43.2) 20 (41.7)

Cesarean section 25 (56.8) 28(58.3)

Problem during birth F 0.511

Yes 6 (13.6) 4(8.3)

No 38 (86.4) 44 (91.7)

Sleep disorder χ2 0.211

Yes 5 (11.4) 3 (6.3)

No 37 (84.1) 45 (93.8)

Medication use

Yes 27 (61.4) 9 (18.8) χ2 0.001

No 17 (38.6) 39 (81.3)

Mother education U 0.625

Elementary/Middle 14 (31.8) 15 (31.3)

High school 24(54.5) 23 (74.9)

College 6 (13.6) 10 (20.8)

Father education U 0.122

Elementary/Middle 25 (56.8) 20 (41.7)

High school 15 (34.1) 20 (41.7)

College 4 (9.1) 8 (16.7)

ADHD-G, ADHD group; N-G, neurotypical group; χ2 , Chi-square; U, Mann-Whitney
U; F, Fisher test.

1. Anamnesis Record: an ad hoc instrument composed of
nine elements, which records information provided by the
parent/guardian regarding the birth history, development,
and health of the child, and sociodemographic
characteristics of the family unit.

2. Conners Scales (Conners, 1970, 1989, 1997; Farré
and Narbona, 1989): the adaptations for the Spanish
population of the Comprehensive Behavior Ratings Scale
(α = 0.94; extended form with 48 items) and the Parents
Rating Scale (α = 0.90; abbreviated form with ten items)
adapted by Farré and Narbona (1989) were used. These
scales collect reported information to identify behavioral
changes and symptoms of ADHD.

3. Scale for the Evaluation of Attention Deficit Hyperactivity
Disorder— EDAH-, its Spanish acronym (Farreí and
Narbona, 2000; Belmar et al., 2015): validated for the
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Chilean population (α = 0.95) by Belmar et al. (2015), it
consists of 20 items and aims to assess the main features of
ADHD and any coexisting behavioral disorders.

4. The SDQ-Cas questionnaire (Goodman, 1997; Brown
et al., 2014): a study of psychometric properties among
the Chilean population (α = 0.79; Brown et al., 2014), it
consists of 25 items that gauge behaviors, emotions, and
interpersonal interactions associated with psychological
problems in children and adolescents. In addition,
the impact supplement (on the reverse side of the
questionnaire) enables professionals to ask parents if the
child shows any type of problem covered in the scales,
with another series of questions regarding chronicity,
distress, social impairment, and the burden to others that
behavioral problems can generate.

5. Attention deficit hyperactivity disorder diagnostic
checklist: the ADHD diagnostic criteria defined in the
DSM-V (American Psychiatric Association, 2013) and
used by the Chilean Ministry of Health were applied.
The criteria were converted into a table and applied
as a checklist consisting of three sections (inattention,
hyperactivity, other criteria) and the total (sum of
presence/absence of all criteria).

Procedures

This study is part of a FONDECYT–project (1181472)
and obtained ethical approval by the National Agency for
Research and Development (ANID) of Chile. The Research
Ethics Committee of the Autonomous University of Chile also
approved the study (approval number 012–2019).

First, an invitation was extended to each school to
participate in the research. Once the school principal had
provided informed consent, the project was overseen by the
research team in conjunction with the directors of technical-
pedagogical units, school integration programs, or other
pertinent professionals. Then, the parents of the children who
were potential participants were contacted to respond to the
battery of instruments used to characterize the children. After
this stage of evaluation, the data were screened according to
inclusion and exclusion criteria, and the pertinent statistical
analyses were carried out.

Data analysis

The assumptions of normality and homogeneity of variance
were verified, and all variables followed a non-normal
distribution except for the EDAH and the SDQ-CAS scales.

Version 26.0 of the statistical package SPSS was used for
the descriptive calculations and contrasts of means. And for

the estimation of statistical power and effect size, the GPower
version 3.1 package was used. To compare the means between
the groups, a minimum significance level of 0.05 was considered.
The confidence intervals in the estimates of the parameters were
95%. Normality assumptions were verified using the Shapiro-
Wilk test (normal distribution assumed p > 0.05); linearity
was checked (met when p < 0.05); and error independence
was verified with the Durbin-Watson test (values between
1.5 < d < 2.5 were considered adequate). Since not all
assumptions were satisfactory, Spearman’s bivariate correlations
(ρ) were calculated. In those cases where the chi square cannot
be applied, Fisher’s exact test was used. The Mann-Whitney
U statistic was used in all cases except those that fulfilled the
assumption of normality and homoscedasticity, in which case
Student’s t statistic was used. Cohen’s d was used to calculate the
effect size based on the differences.

Results

In order to assess any significant differences between the
ADHD group and the neurotypical group in each of the
variables, a means comparison analysis was carried out. As seen
on Tables 2, 3, all study variables showed significant differences,
except for the inattention dimension of DSM.

Likewise, a bivariate correlation analysis was performed
using Spearman’s test to examine differences between the
instruments (see Table 4). The results show a statistically
significant correlation between the instruments, except between
the inattention dimension of the DSM-V and the dimensions of
hyperactivity, other indicators, and the SDQ-Cas test.

Discussion

Attention deficit hyperactivity disorder has been the subject
of a plethora of studies and reviews that have led to changes in its
diagnosis and treatment over the years. Although its symptoms
have been known for centuries, it has only been recognized
as a pathology in children since the 1980s and adults since
2013 (APA). Since then, ADHD has become one of the most
extensively studied—yet also one of the most controversial—
disorders (Wolraich, 1999). Therefore, the role of those involved
in the suspicion, diagnosis, and intervention in cases of ADHD
becomes exceedingly relevant since they are in positions of
power that allow core practices to be instilled and/or reinforced.
Increasingly rigorous research on determining whether a child
may have ADHD thus becomes crucial.

The results of the application of the clinical tests in this study
demonstrate the discrimination capacity of the instruments used
for the evaluation and diagnosis of ADHD. One interesting
finding was the results of the SDQ-Cas, consistent with
prior scientific literature indicating its ability to discriminate

Frontiers in Psychology 05 frontiersin.org

69

https://doi.org/10.3389/fpsyg.2022.946273
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-946273 August 4, 2022 Time: 10:50 # 6

Fioravante et al. 10.3389/fpsyg.2022.946273

TABLE 2 Differences between groups for scales means (excepting EDAH and SDQ-Cas) (N = 92).

Measure Group N Rank z U p 1-β d

DSM inattention ADHD-G 44 49.01 −0.886 945.500 0.376 0.058 0.0583

N-G 48 44.20

DSM hyperactivity ADHD-G 44 57.19 −3.710 585.500 0.001 0.833 0.833

N -G 48 36.70

DSM other criteria ADHD-G 44 55.86 −3.496 644.000 0.001 0.913 0.718

N-G 48 37.92

DSM total ADHD-G 44 55.44 −3.083 662.500 0.002 0.871 0.667

N-G 48 38.30

Conners scale parents/custodians ADHD-G 44 55.07 −2.952 679.000 0.003 0.873 0.670

N-G 48 38.65

Conners scale home behavior ADHD-G 44 54.61 −2.792 699.000 0.005 0.824 0.625

N-G 48 39.06

ADHD-G, ADHD group; N-G, neurotypical group; U, Mann-Whitney U; 1-β, statistical power; d: effect size.

TABLE 3 Differences between groups for EDAH and SDQ-Cas—scales
means (N = 92).

ADHD-G
N = 44

N-G
N = 48

M DE M DE gl t p 1-β d

EDAH 28.75 12.908 20.12 11.452 90 3.397 0.001 0.957 0.707

SDQ-CAS 25.82 4.962 21.58 5.119 90 4,022 0.001 0.983 0.793

ADHD-G: ADHD group; N-G, neurotypical group; t: t student; 1-β, statistical
power; d, effect size.

and suggesting it may be helpful during a diagnosis as a
supplementary indicator of ADHD. In turn, the analyses of
the detailed results of the DSM-V criteria showed that the
hyperactivity dimensions and other indicators were statistically
significant. This was not the case for inattention, which suggests
that this indicator is not determinant in a diagnosis of the
disorder and should be considered jointly with other markers
that confirm a hypothesis of ADHD.

Finally, the correlational analyses revealed significant direct
effects for the correlations between most of the instruments.
This indicates the usefulness of combining the instruments
to enhance the process of diagnosing ADHD, which, in turn,
ratifies the importance of defining a diagnostic protocol.

By contributing to the discussion on the evaluation and
diagnosis of ADHD, this article set out to demonstrate the
importance of establishing appropriate mechanisms to ensure
that children receive a correct assessment and diagnosis
regardless of their sociodemographic characteristics. Based on
the findings herein and scientific advances in this field, there is
a need for a protocol that can render professional practice more
effective and standardize it for children with ADHD.

Children’s families and schools are generally the first to
distinguish the symptoms of ADHD, which is why most of the

TABLE 4 Correlation coefficients between instruments
(Spearman’s Rho).

1 2 3 4 5 6 7 8

1. DSM-
inattention

−

2. DSM-
hyperactivity

0.187 −

3. DSM-other
criteria

0.188 0.293** −

4. DSM-total 0.697** 0.638** 0.412** −

5. EDAH 0.417** 0.500** 0.215* 0.615** −

6. Conners-P/C 0.383** 0.436** 0.294** 0.516** 0.823** −

7. Conners-H/B 0.371** 0.431** 0.240∗ 0.537** 0.760** 0.839** −

8. SDQ-CAS 0.189 0.381** 0.246∗ 0.411** 0.508** 0.487** 0.645** –

N = 92. Spearman’s correlations are shown. **p < 0.01; *p < 0.05.

instruments used for a diagnosis involve an initial assessment
of the child’s behavior by their teachers and parents (Garcia-
Rosales et al., 2020). Also, it is likely that the high expectations
of school performance, which parents and teachers place on
children, increase the need to find clinical explanations for
school failure (Santana-Vidal et al., 2020). However, according
to different studies, parent-teacher agreement on ADHD
symptoms has typically been low to moderate (Narad et al.,
2015). In this sense, it is also important to acknowledge that
the current assessment method has been criticized for a lack
of diagnostic precision and even differences between the most
widely used manuals (ICD-10; World Health Organization
[WHO], 1992; and DSM-V).

In this regard, the relevance of the present study
becomes apparent. The results reveal the need for an
assessment alternative that allows for greater procedural
objectivity and a diagnosis based on more integrated appraisals
of ADHD symptoms. The new assessment process could
incorporate, for example, experimental tests that can reduce
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the time of an ADHD diagnostic procedure and increase
its accuracy (Hall et al., 2016). Likewise, neuropsychological
tasks can contribute and complement the behavioral measures
(Santana-Vidal et al., 2020).

Diagnosing ADHD is a delicate task that is the subject
of much debate around its etiology and, consequently, its
symptoms. Therefore, it is a multifactorial disorder and needs
to be addressed as such. Regarding future research, this
work suggests that more investigation is needed into the
changing diagnostic criteria of the main classification manuals,
the evolution of how the disorder is conceptualized, and
international differences in its assessment. This is crucial
because one of the possible causes of overdiagnosis and
underdiagnosis is the existence of ineffective instruments
(Santana-Vidal et al., 2020). Moreover, the confounding
criteria for the diagnosis of ADHD represent an issue
that makes detection difficult, especially if it is carried
out by professionals with little experience in the area
(Ferrer-Urbina et al., 2017).

Children with ADHD represent a heterogeneous population
and vary greatly in the degrees and severity of symptoms (Leahy,
2017). Follow-up studies with samples of ADHD children
have showed that they have a higher-grade retention rate,
more participation on special educational needs programs,
school suspensions, more school expulsion, and lower academic
performance, compared with control groups (Pi et al., 2018).
This evidence makes such investigation as proposed in this
present work all the more pressing.

Considering all that has been presented herein, the
implication of this study relies on both clinical and practical
areas. Regarding the clinical implications, on one hand, the
construction of an integrative theoretical model for ADHD,
incorporating hypotheses that support the biological, genetic,
environmental, cognitive, and emotional factors that compose
it, will impact directly on the comprehension and the handling
of the disorder, for all those health professionals who have the
power of the assessment and diagnosis process. On the other
hand, regarding the practical implications, a change on the
conception of ADHD diagnosis and the availability of a protocol
to guide the practice will have a strong impact on the daily basis
of several educational professionals and, therefore, on many
families who put their trust in them.

Limitations

The present study presents some limitations in its execution.
One of the main limitations of the study is the sample size
which makes it difficult to generalize the findings obtained.
Our procedure consisted of collecting data for 1 year. Initially
we proposed to incorporate more schools, but due to the
social unrest in Chile, the end of 2018, followed by the
COVID-19 outbreak, it became impossible for us. Although

the results obtained are representative of the schools being
evaluated, in the immediate future we hope to incorporate more
schools and consider including other age ranges, given that
attentional capacity varies according to developmental stages
(Milani et al., 2022).

Another limitation presented by the study is that the
anamnesis form and the ADHD diagnostic checklist have
not been validated for the Spanish-speaking population.
For future developments, when the sample size allows,
we will conduct validity and reliability studies. Specifically:
validity evidence based on test content. Expert specialists
will examine whether the proposed items are relevant,
useful, and feasible (Chacón Moscoso et al., 2019). Evidence
based on construct validity (Holgado-Tello et al., 2018)
considering all the stages of validation (Muñiz and Fonseca-
Pedrero, 2019). The developments of this line of work would
allow the standardization of tests in Chilean educational
contexts that facilitate the application of ADHD symptom
evaluation protocols.

Conclusion

Because ADHD is the most common behavioral disorder
of childhood, an appropriate and sensitive evaluation of
symptoms is essential (Rostain et al., 2015). Even so,
guidelines used for diagnosis of ADHD are not still rigorously
applied, leading to an underdiagnosis or overdiagnosis of
ADHD (Manos et al., 2017). The main finding of this
study indicated that the application of the clinical tests
to parents of children whit ADHD diagnosis appoints to
the discrimination capacity of the instruments used for the
evaluation of symptoms of ADHD. This first evaluation could
be very relevant as a useful guide for clinicians in the
diagnosis of ADHD.

Finally, the findings of this study will allow for the
implementation of essential considerations in the assessment
and diagnosis of children with ADHD and contribute to
advancing the discussion in the scientific community.
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Objective: This study aimed to analyze the influence and measurement of the

relationship and interaction between the elderly lifestyles after the appearance

of the SARS-CoV-2 variant and the factors analyzed comprised life satisfaction

levels, social relationships, and daily-life activities.

Methods: The study population was ≥ 65 in Castile-La Mancha (N = 390,221).

The research design was quantitative and arose from primary data collected

via an ad hoc survey carried out through the Computer Assisted Telephone

Interview system by randomly stratified sampling. The sample size was made

up of 1,065 cases, and the participants were selected through a random

sampling stratified by gender quotas (55.40% women; 44.60% men), age

(x = 76.56), province, and habitat size.

Results: The results obtained revealed two main lifestyles, from which a

notable behavioral change in personal relationships led to infer toward

alternative lifestyles.

Conclusion: Notwithstanding the variation in lifestyles of the elderly after the

pandemic, certain relationships remained unaltered. Thus, from the analyzed

variables, relatives and friends relationships were scarcely influenced by the

supervened incident.

KEYWORDS

elderliness, lifestyles, satisfactoriness, leisureliness, resocialization

Introduction

The aging of the population is yet a consolidated trend worldwide, having been

estimated that the number of older adults will increase considerably around the world

in the nearest future, being even presumed to double by 2050 (United Nations,

2019). In this regard, the population aged 65 and over comprised 19.43% of the

total inhabitants in Spain in 2020 (Instituto Nacional de Estadística, 2020), with

an increasing rate of migrants (Ciobanu et al., 2017). The boundary of ≥ 65-year-

olds is set in this study because it is the current official age in Spain at which
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citizens’ retirement starts. Thus, this transition from

professional activity to leisureliness is associated with significant

social, economic, and relational changes in people’s lives.

Apropos of such a trend, the Instituto Nacional de Estadística

(2020) estimates that this age range faction will reach 31.44%

by 2050. The global aging-raising trend has also favored the

rapid increase of research on discovering the factors influencing

optimal aging revealed through lifestyles in humankind. To

Rowe and Kahn (1997), successful aging comprises the absence

of disease, the preservation of functional skills, and the ongoing

commitment to life, all interrelated factors toward achieving

pleasant aging leading to specific activities (Rowe and Kahn,

1997; Herranz et al., 2013; Bulow and Söderqvist, 2014; Urtamo

et al., 2019).

Due to migration facts and that “[t]here will be two billion

people in old age category worldwide by 2050” (Pant and Subedi,

2020, p. 32), not only does pleasant aging needs to be linked

to pleasing-physical wellbeing but also does the idiosyncrasy

and the sense of living a meaningful life (VanderWeele, 2017;

Steptoe and Fancourt, 2019). If we ponder the term from a

heterogeneous perspective, satisfactory livingness remains the

most common concept in the literature tomeasure the subjective

wellbeing of the superannuated (Fagerström et al., 2007; Ju,

2017; Tomioka et al., 2017; Etxeberría et al., 2019; Steptoe

and Fancourt, 2019). Thus, to spot how the ab ovo stay-at-

home to prevent further spreading of SARS-CoV-2 influenced

lifestyles, we analyzed the concept of successful aging from the

type and frequency of daily activities carried out by people

aged 65 and above. Congruously, this investigation also adopts

a social perspective and acknowledges the social relationships

established by the analyzed sample with their homonyms

and heteronyms.

The myth of elderly’s lifestyles

Just as the lifestyles established from interpersonal

relationships are linked to the type and frequency of daily life

and the activities carried out by people (Geithner and Wagner,

2022), the dimension of life satisfaction (i.e., economic situation;

sexual/affective relations; health; leisure, appearance, personal

abilities; family, friends, or colleagues; spare time) is mirrored

in the multiple aspects of social life and the distinct areas of

personal joy (Fagerström et al., 2007; Von Humboldt and Leal,

2017; Gumà and Arpino, 2021). From the empirical evidence

about the connection between lifestyles and satisfaction with

life, it is observed that the higher the satisfaction with life, the

more the other positive life aspects increase and vice versa

(Toepoel, 2013; Gutiérrez et al., 2014; Vozikaki et al., 2017).

Indeed, incomes also influence lifestyles, social-relational

praxes, and behaviors (Xue et al., 2021).

An example of the above can be observed in Gumà and

Arpino’s (2021) research, where participants’ satisfaction with

life is more significant when their occupational contribution

(domestic or professional) increases. To these authors, such

satisfaction levels become more notable when wealthiness and

healthiness concur. Other factors influencing the significant

relationships among life-satisfied elders are those linked to the

yet mentioned health, financial situation, family, and social

contacts or relationships (Fagerström et al., 2007; Schnettler

et al., 2014; de Albuquerque Araújo et al., 2020; Zadworna,

2022). To Pérez-Escoda (2013), when a correlation is established

between the different aspects of people’s satisfaction with life

(family, health, work, and personal relationships), a determined

quantitative weight is established for each bounding aspect.

Yet, not only the significant correlational relationship

between the different aspects of life satisfaction in elderliness

have been studied but such factors are also primarily studied

from those perspectives associated with lifestyles and personal

relationships (Molero and Pérez-Fuentes, 2011; Sampaio and

Ito, 2013; Marques et al., 2016; Von Humboldt and Leal, 2017;

Han et al., 2022; Penton et al., 2022), as much as from the

perspective of indoor and outdoor activities (Silverstein and

Parker, 2002; Triadó et al., 2009; Lee et al., 2014; Aponte,

2015; Santaella and Bohórquez, 2017; Vozikaki et al., 2017; Li

et al., 2021; Chen et al., 2022; Geithner and Wagner, 2022).

Similarly, the effect of personal relationships, particularly with

family and friends, on life satisfaction is widely documented

(Cornwell et al., 2008; Cheng et al., 2009; Litwin and Shiovitz-

Ezra, 2011; Rafnsson et al., 2015; Burholt et al., 2020; LaBorde

and Williams, 2022). From the literature, another aspect worth

to be mentioned is that adults get higher satisfaction from life as

they have more relatives than friends (Tomini et al., 2016).

Materials and methods

The research goal consists of analyzing the influence and

the relational and interactional connections between the three

dimensions studied and considered fundamental in the lifestyle

scrutiny of 65-year-olds onwards in the Autonomous Region

of Castile-La Mancha, Spain. To say, satisfaction levels (D_1),

social relationships (D_2), and daily living activities (D_3). From

the referenced goal, a dyad of objectives emerges for the in-

depth exploration of the grouped variables within each of the

dimensions concerning the correlational analysis (O_1) and the

enquiring on the influence and the interaction of groups between

the levels of satisfaction, the frequencies in the social relations,

and the frequency of activities as variables might have been

originating different lifestyles (O_2).

Instruments

The instrument for data collection is an ad hoc questionnaire

implemented as a survey on a Spanish sample (Table 1). The
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duration of the research lasted 5 months (January to May

2021). Themain categories and dimensions of the questionnaire,

which are related to the objectives of this study, were the

following: profile and sociodemographic variables (CD_1);

living conditions (CD_2); household structure (CD_3); life

habits (CD_4); socioeconomic indicators (CD_5); health and

impact of the COVID-19 pandemic (CD_6); dependency and

disability (CD_7); use of time (CD_8); leisure and culture

(CD_9); use of information and communication technologies

(CD_10); physical activity (CD_11); values and attitudes

(CD_12); expectations and interests (CD_13); and perception

and use of specialized services (CD_14).

Thus, because of its proximity to research goals, the results

presented in this study constitute the analysis of just three

of the dimensions contemplated from the full version of

TABLE 1 Data sheet.

Location Castile-La Mancha, Spain

Population >65-year-olds (N = 390,221 [to date January

1, 2020])

Methodology Computer Assisted Telephone Interviewing

(CATI) survey

Sample size n= 1,065 individuals/cases from the target

population

Confidence interval 95%

Margin of error for the estimate 3%

Sampling distribution and quotas Proportional sampling distribution by

provinces. Representative survey process,

stratified by sex quotas, age group, and

habitat size

Fieldwork schedule From January 5 to January 22, 2021

Questionnaire preparation time 15 min

the questionnaire: life satisfaction levels (D_1); interpersonal

relationships (D_2); and type and frequency of day-to-day

activities (D_3). The dimensional components are detailed

as follows:

D_1: Satisfaction with di�erent aspects of life

This dimension ismeasured using gradual scales one-to-four

whose values are revealed as follows: 1=Not satisfied at all; 2=

Not very satisfied; 3= Fairly satisfied; 4= Very satisfied; and 98

= Not applicable. The factors measured in this item correspond

to family, friends, neighbors, colleagues (residence, cultural

center, social center, etc.), professional environments (gym, day

center, library, and health center), sexual/affective relationships,

health, physical, and cognitive abilities, appearance or personal

image, financial situation, and leisure and free time. The

questionnaire is widened from the scale of satisfaction with

different aspects of life provided by Centro de Investigaciones

Sociológicas. (2020a), as well as on the Effects and Consequences

of COVID-19 scale (Centro de Investigaciones Sociológicas.,

2020b,c). It also encompasses items from the Study on Public

Opinion and Fiscal Policy held between 2010 and 2017 (Centro

de Investigaciones Sociológicas., 2020d) and the Study 3201

parallel carried out by the Spanish General Social Survey

(SGSS [in Centro de Investigaciones Sociológicas., 2018]).

D_2: Interpersonal relationships

This dimension is measured using a 1–4 personal contact

frequency scale: 1 = Every day or almost every day; 2 = At

least one time a week; 3 = At least one time a month; 4

= At least one time a year; and 98 = Not applicable. The

personal relationships enquired about referred to a fellow club or

association members; the number of offspring not living in the

FIGURE 1

Averaged satisfaction levels with the di�erent aspects of life.
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TABLE 2 Interpersonal and intrapersonal satisfaction levels.

Satisfaction levels with

I ii iii iv v vi vii viii ix x xi xii

Satisfaction levels with family (1) 1 0.490** 0.309** 0.243** 0.282** 0.184** 0.250** 0.227** 0.111** 0.146** 0.198** 0.192**

(2) – 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

(3) 1,062 1,055 1,024 747 862 695 1,059 1,057 1,056 1,037 1,058 1,048

Satisfaction levels with friends (1) 0.490** 1 0.511** 0.421** 0.351** 0.261** 0.277** 0.282** 0.193** 0.163** 0.236** 0.284**

(2) 0.000 – 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

(3) 1,055 1,056 1,018 745 858 691 1,053 1,051 1,050 1,031 1,052 1,043

(i) Family; (ii) Friends; (iii) Neighbors; (iv) Partners; (v) Professionals; (vi) Sexual/affective relations; (vii) Health; (viii) Skills; (ix) Self-image; (x) Financial situation; (xi) Free time; (xii)

Leisure. (1) Pearson correlation, (2) Sig. (Bilateral), and (3) Bold represent the strongest relationships between variables. ** marks that the correlation is significant at the 0.01 level.

same locality; the number of offspring living in the same locality

but not with the interviewee; grandchildren, siblings, cousins,

and other relatives; friends who are not neighbors; neighbors;

others; and caregivers (type of personal contact post-coded

from the others). The scale is adapted from the frequency of

contact in relationships (Centro de Investigaciones Sociológicas

e Instituto de Migraciones y Servicios Sociales, 1998) and the

frequency of carrying out activities with different people (Centro

de Investigaciones Sociológicas e Instituto de Migraciones y

Servicios Sociales, 1998).

D_3: Daily life and activities carried out and
their frequency

To explore this dimension, the information is collected

through two enquiries: the first on social and leisure activities

(D_3.1) and the second on the frequency of activities carried

out (D_3.2). The activity frequency scale keeps patterns like the

previous ones (1–4 scales) whose values were as follows: 1 =

Every day or almost every day; 2 = At least one time a week;

3= At least one time a month; and 4= At least one time a year.

The scale is adapted from Attendance to Cultural and Leisure

Activities and Activities of a Social Nature (Instituto Nacional de

Estadística, 2011). The set of activities on which information has

been extracted is 23, where some of the examples refer to visiting

and receiving visitors (at home [including eating or having coffee

together]); eating or dining away from home with family or

friends; getting together to play cards or other games; going for

tapas, drinks, having an aperitif, having a coffee, beer, or wine at

a bar or a coffee shop; going dancing (orchestral dances, discos,

lounge); attending a course, workshop, or seminar; attending

conferences, gatherings, or discussion forums; going to the

movies; going to the theater, ballet, concerts, and magic shows.

Analysis procedure

To present the main descriptive results on each of the

analyzed dimensions displayed in the previous epigraph, the

choice of the fitting model’s central tendency (M) measure

is chosen to subsequently proceed to the correlational

analysis (p < 0.01). This correlational research is performed

via Pearson’s correlation coefficient (intra- and inter-

dimensional). The enquiry about the consistency and the

explanatory weight of the analyzed dimensions on the

social relations is carried out employing the linear multiple

regression analysis.

Results

Research results can be identified in two extensive blocks.

The first segment (a) represents the interpretation of each

dimension (satisfaction levels, social relationships, and activities

of daily life), all linked to the correlations between the different

aspects analyzed in each dimension to determine the main

internal groupings revealed. The second segment (b), which is

the aim of this study, explores the interactional relationship

between the dimensions and the power or strength between

the variables.

Lifestyles: Satisfaction levels, social
relationships, activities, and daily life

The satisfaction levels with the different aspects of life

(D_1) are formed as self-perception indicators about people’s

lifestyles and vital situations. Thus, when averaging data, the

results revealed that (inter)personal relationships are the aspects

providing the analyzed population higher satisfaction levels

(family [x = 3.51], friends [x = 3.22], professionals [x = 3.10],

colleagues [x = 3.01], and neighbors [x = 3.00]). Contrarily,

among the surveyed, the least valued aspects of life were those

associated with the monetary state, sexual or affective relations,

and health state (Figure 1).

Personal relationships are constituted as the aspects that

generate the most remarkable satisfaction levels; satisfaction

with family and friends also maintains a robust correlation with
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TABLE 3 Daily activities from the age of 65-year-old and above.

Visit and receive visits 55.8%

Eating or dining out home 58.4%

Going for a walk (accompanied) 73.7%*

Talking on the phone with family and friends 74.6%*

*Every day or almost every day.

the rest of the factors analyzed (p < 0.01). Consequently, the

high satisfaction levels with family and friends coincide with the

different aspects analyzed (Table 2).

Having shown the high satisfaction levels prompted by

the social interactions, the frequency of contact between the

different groups is exposed (D_2). Regarding the frequency of

social relationships, family relationships are the most assiduous

(children in the same locality but not living together = 55.2%;

grandchildren = 37.9%; children outside the locality = 28.6%).

In the case of non-family social relationships, the frequency

of contact is 46.7% in friends and 44.8% in neighbors. All the

variables that affect personal contacts correlate significantly with

each other.

Two differentiated relationships emerge from the analysis

when observing the strongest correlations between variables.

On the one hand, there are different family relationships with

each other (“offspring living in the same locality” correlates

with the “frequency of contact with offspring living outside

city boundaries” [r = 0.643] and with “grandchildren” [r =

0.622]). On the other hand, there are established relationships

between non-family contacts on both the “frequency of

contact with friends” and “frequency of contact with neighbors

(AmE)” [r = 0.448]).

The variables that affect the relationship with different

personal contacts correlate significantly between them so

that those who maintain frequent contact with one of the

groups of people also maintain it with others and vice versa.

However, if we stop at the most robust correlations, two

distinct relationships reappear. Family relationships maintain

a strong correlation among them both (“offspring living in

the same locality” correlates with the frequency of contact

with “offspring living outside city boundaries” [r = 0.643]

and with “grandchildren” [r = 0.622]). Meanwhile, non-family

relationships and friends and neighbors present the highest

correlations between themselves (r = 0.448).

The third dimension of analysis (D_3) refers to the

performance and frequency of the sets of daily activities

(Table 3). If we focus on carrying out activities in the daily life

of people over 65 in Castile-La Mancha, the most common

activities are “talking on the phone with family and friends,”

“walking” (accompanied), “eating or dining out,” and “visiting

and entertainment.” However, not all activities are carried out

with the same frequency. Among them all, a higher percentage

of activities carried out every, or almost every, day is “talking

on the phone with family and friends” (82%) and “going for a

walk” (77.7%).

Again, the correlation analysis between the performance

frequencies of the different activities reveals two differentiated

groups (Table 4). On the one hand, strong correlations were

observed between the variables that show a high level of activity

and diversity in leisure time outside the home and are the most

linked to consumerism (p < 0.01). Contrarily, activities of a

more traditional nature were linked to lower activity levels and

social interactions.

Two large groups are observed from analyzing the

main correlations within each dimension. In the dimension

“satisfaction with different aspects of life” (D_1), we found a

group of significant correlations (p < 0.01). Such correlations

between family relationships and satisfaction levels in non-

family relationships (friends and neighbors) concur. In the

case of the dimension that measures the frequency in social

relationships (D_2), we also found two groups of significant

correlations (p < 0.01). On the one hand, the different family

relations (children and grandchildren) are observed; on the

other hand, non-family relationships (friends and neighbors)

are revealed. Such correlations would indicate that, in cases in

which there is a high frequency of contact with children, it also

occurs in other family relationships. Similarly, when there is a

high frequency of contact with friends, there is also a contact

frequency in other relationships that are not family. Such results

reveal a certain continuity with the results of D_1.

Finally, the correlations between the frequency of

performing the group of activities of daily life (D_3.2)

have also been analyzed, from which two different groups

emerge between (I) the activities most linked to leisure and

outside home activities and consumerism; and (II) the more

traditional activities implying higher levels of inactivity or

sedentariness. After the pandemic, such dimensional dualities

might have justified the interactional analysis between the three

proposed dimensions on the relationships between elderly

groups and their lifestyles.

Interaction between dimensions

The following subsections show (i) the interaction

between satisfaction levels and contact frequencies

and (ii) the frequency of activities and social

relationships to show how the groupings presented

above provide continuity to the relationship between

the dimensions.

Satisfaction levels and frequency of contacts

When connecting respondents’ satisfaction levels (D_1) with

the frequency of contact in their social relationships (D_2),

their frequency of contact with people increases and so does
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TABLE 4 Correlation on activity performance.

Frequency levels with

I ii iii iv v vi vii viii ix x xi xii xiii

Frequency level on

visiting and receiving

visits

(1) – 0.241** 0.381** – – 0.238** – – 0.427** 0.448* – – –

(2) – 0.000 0.000 – – 0.000 – – 0.000 0.011 – – –

(3) – 423 286 – – 490 – – 189 31 – – –

Frequency level on

eating or dining out at

home

(1) 0.241** – 0.461** 0.569** 0.187** 0.244** 0.308** 0.353** – – 0.251** 0.433** 0.268**

(2) 0.000 – 0.000 0.000 0.000 0.000 0.002 0.001 – – 0.000 0.004 0.000

(3) 423 – 371 50 518 516 100 79 – – 323 43 339

(i) Visiting and receiving visits; (ii) Have lunch or dinner off home; (iii) Go for tapas, drinks, and aperitifs; (iv) Go dancing; (v) Go for a walk (accompanied); (vi) Talk on the phone with

family and friends; (vii) Go to the movies; (viii) Go to the theater, ballet, and concerts; (ix) Go to church or religious activities; (x) Go to folkloric, bullfighting, and sports shows; (xi) Go

to shopping centers; (xii) Go to the library or rearing club; (xiii) Read books, newspapers, and magazines. (1) Pearson correlation, (2) Sig. (Bilateral), and (3) Bold represent the strongest

relationships between variables. * marks that the correlation is significant at the 0.05 level and ** marks that the correlation is significant at the 0.01 level.

TABLE 5 Correlations between frequency of socio-family contact and satisfaction levels.

Frequency of contact with Satisfaction levels with

i ii iii iv v vi vii viii

Frequency of contact

with offspring living in

the same city

(1) 1 0.622** −0.335** −0.284** −0.166** −0.171** −0.217** 0.097**

(2) – 0.000 0.000 0.000 0.000 0.000 0.000 0.004

(3) 924 838 924 919 894 660 758 900

Frequency of contact

with grandchildren

(1) 0.622** 1 −0.259** −0.229** −0.204** −0.202** −0.166** 0.117**

(2) 0.000 – 0.000 0.000 0.000 0.000 0.000 0.001

(3) 838 881 881 875 855 619 718 857

(i) Offspring living in the same city; (ii) Grandchildren; (iii) Family; (iv) Friends; (v) Neighbors; (vi) Partners; (vii) Professionals; (viii) economic status. (1) Pearson correlation. (2) Sig.

(Bilateral). (3) Bold represent the strongest relationships between variables. ** marks that the correlation is significant at the 0.01 level.

their satisfaction levels with the different aspects evaluated (p

< 0.01). Also, it was observed that the contact frequency with

relatives (offspring/grandchildren living in the same locality)

establishes significant correlations with the rest of satisfaction

levels: family, friends, neighbors, colleagues, professionals, etc.

(Table 5). This correlation is inverse when it concerns the “level

of economic satisfaction.” That is, in all cases, the greater

the relationship with “offspring or grandchildren living in

the same locality,” the lower the satisfaction level with their

“financial situation.”

When analyzing and comparing the set of significant

correlations (p < 0.01) with the “frequency of contact

with friends,” the most robust correlations emerge

from the levels of satisfaction with non-family personal

relationships: friends, neighbors, colleagues, and

professionals (Table 6).

Frequencies in carrying out activities and
frequency of contact

Delving into the possible relationships that could be

established between the frequencies of activities (D_3.2) and the

frequency of contact with different groups of people (D_2), we

found significant relationships between the different groups of

variables (detecting two large correlation groups). On the one

hand, the frequency of contact with non-family relationships

(friends and neighbors) maintains a significant correlation (p <

0.01) with most of the leisure activities and activities leading to

consumerism (Table 7).

Within the second correlational group (Table 8), it can be

observed that the frequency of contact with family relationships

(children and grandchildren) also correlates significantly (p

< 0.01) with the more traditional activities carried out

more individually (talking on the phone with family and
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TABLE 6 Satisfaction levels from non-family interrelations.

Satisfaction levels with

i ii iii iv v vi

Satisfaction levels with friends (1) 1 −0.065* −0.207** −0.145** −0.150** −0.179**

(2) – 0.037 0.000 0.000 0.000 0.000

(3) 1,026 1,025 1,022 988 734 835

(i) Frequency of contact with friends who are not neighbors; (ii) Family; (iii) Friends; (iv) Neighbors; (v) Partners; (vi) Professionals. (1) Pearson correlation. (2) Sig. (Bilateral). (3) * marks

that the correlation is significant at the 0.05 level and ** marks that the correlation is significant at the 0.01 level.

TABLE 7 Correlational significance between the groups of variables (I).

Frequency in

i ii iii iv v vi

Frequency of contact with friends who are not neighbors (1) 0.177** 0.133** −0.235** −0.387** −0.196** −0.187**

(2) 0.000 0.001 0.000 0.002 0.000 0.000

(3) 582 600 460 64 765 766

Frequency of contact with neighbors (1) 0.172** 0.128** −0.276** 0.251 −0.119** −0.183**

(2) 0.000 0.002 0.000 0.058 0.001 0.000

(3) 549 563 423 58 723 716

(i) Visiting and receiving visits; (ii) Have lunch or dinner off home; (iii) Go for tapas, drinks, or have an aperitif; (iv) Go dancing; (v) Go for a walk (accompanied); (vi) Talk on the phone

with family and friends. (1) Pearson correlation. (2) Sig. (Bilateral). (3) ** marks that the correlation is significant at the 0.01 level.

friends, walking, computer communications [chat, email, video

conferencing], and going to the library or reading club).

In sum, it can be said that revealed correlations point

to two differential relationships and lifestyles that strengthen

the frequency of different activities and social relationships

in the elder. Digging deeper into such an observed lifestyle’s

dichotomy, variance remains explained at 23.6% in the linear

regression analysis, introducing as a dependent variable the

frequency in relationships with friends and as an independent

variable the main variables displaying significant correlations.

Consequently, the result yields an adjusted R2 of 0.236 [23.6%

of the variance explained (Table 9)].

To what happens in the Fitted model (I), if we set the

frequency of contact with offspring living outside locality

boundaries, the dependent variable, and the group of variables

with the highest correlation as the independent variable, the

linear regression analysis provides a result of the model to an

adjusted R2 of 0.451 [45.1% of the variance explained on the

frequency of contact with offspring (Table 10)].

Discussion

The original research goal and the three scrutinized

dimensions revealed through the analysis that personal

relationships still constitute themselves as the aspects of life

displaying the highest satisfaction levels to those aged 65 and

above residing in Castile-La Mancha, with family interaction

being the most frequent of them all (every/almost every day).

Such an aspect is initially worth to be mentioned because,

despite the respiratory issues provoked by the SARS-CoV-2

retrovirus, the 40,000,000 diagnosed cases and the exceeding

1,100,000 deaths by 2020, and the social distancing and

confinement or shelter-in-place measures (Palialol et al., 2020),

the social relations prevail over other supposed essential aspects

like health, self-skills, or wealth to the elders. So much so is

this phenomenon that the high level of relational satisfaction

with family and friends shows, at all times, a high correlation

with satisfaction levels with the rest of the daily aspects of

life. In this regard, there is coincident research pointing out

the importance of social relationships in satisfaction with life

and wellbeing (Cornwell et al., 2008; Litwin and Shiovitz-Ezra,

2011; Molero and Pérez-Fuentes, 2011; Pérez-Escoda, 2013;

Rafnsson et al., 2015; Tomini et al., 2016; Burholt et al., 2020;

LaBorde and Williams, 2022). However, in other studies, the

time spent in social relationships reveals no correlation with life

satisfaction (Triadó et al., 2009).

Despite the frequency of contact, the relationships with

family scores as the most frequent, and to a lesser extent the

socialization with friends or neighbors, those polled showing

a high frequency of contact with any of these groups (family,

friends, and neighbors) also revealed a high frequency with the

other variables from the set. In this sense, although the adopted

social distancing policies and measures were (and indeed still

are) beneficial to stopping the spread out of the SARS-CoV-2

infection and saving lives (Thunström et al., 2020), we observed

the use of alternative ways of interaction, i.e., in the study, a

Frontiers in Psychology 07 frontiersin.org

80

https://doi.org/10.3389/fpsyg.2022.948745
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Díaz-García et al. 10.3389/fpsyg.2022.948745

TABLE 8 Correlational significance between the groups of variables (II).

Frequency to

i ii iii iv

Frequency of contact with friends who are not neighbors (1) 0.136** 0.197** −0.210** −0.521**

(2) 0.002 0.000 0.001 0.000

(3) 535 530 242 50

Frequency of contact with neighbors (1) – 0.090* −0.204** −0.340**

(2) – 0.020 0.001 0.007

(3) – 673 271 61

(i) Go for a walk; (ii) Talk on the phone with family and friends; (iii) Manage computer communications; (iv) Go to the library or reading club. (1) Pearson correlation. (2) Sig. (Bilateral).

(3) * marks that the correlation is significant at the 0.05 level and ** marks that the correlation is significant at the 0.01 level.

strong relationship between the variables “talking on the phone

with relatives and friends” and “computer communications”

(chat, email, video conferencing) with the variable “frequency of

family relationships” was observed. From this particular piece of

information, we can infer that, regardless of the social situation

of each moment, there are interactional or socializing factors

remaining constant or unaltered (even reinforced).

The above-referenced observation leads to deepening into

the interactional differences revealed by participants. That is

to say, those polled displaying higher punctuations in the

frequency of contact with the “non-relatives” item conveyed

an activity more related to consumerism and leisureliness.

This result of leisure activities is coincident with Toepoel’s

(2013) research, which revealed greater social integration by

the people connected to this variable. The post-pandemic

scenario would represent a problem for this population because

these activities tend to occur outside the home and in indoor

locations (shopping centers, bars, restaurants, etc). Concerning

this tendency, various studies proved the influence of both

social relationships and activity and leisure on satisfaction with

life in general (Cheng et al., 2009; Molero and Pérez-Fuentes,

2011; Li et al., 2021; Chen et al., 2022; Geithner and Wagner,

2022), as well as the connection between the performance of

leisure activities and an increase in social connectivity (Toepoel,

2013), but the present research has just focused the attention

on the interrelation between participant’s relationships and

the activities carried out. Outdoor activities do also imply

significant cultural differences (Silverstein and Parker, 2002; Lee

et al., 2014). Diametrically opposed, in our research, it was

found that those polled manifesting higher contact frequency

with “relatives” or “family” members correlated with the more

traditional activities.

The differentiation of activities shown in the previous

paragraph leads to the different lifestyles observed in

participants. Previously, it was mentioned that, regarding

the main activities of daily life, there was a group with a high

correlation between the more traditional activities and a lower

TABLE 9 Fitted model (I).

Model R R2 R2adj Std. error of the estimate

1 0.630a 0.397 0.236 0.71046

aExplanation of the regression model; Frequency of having lunch or dinner away from

home; Frequency of visiting and receiving visitors; Frequency of talking on the phone

with family and friends; Frequency of going dancing.

TABLE 10 Fitted model (II).

Model R R2 R2adj Std. error of the estimate

1 0.710a 0.504 0.451 0.70446

aExplanation of the regression model; Frequency of computer communications (chat,

email, videoconferences); Frequency of going to the library, reading club; Frequency of

talking on the phone with family and friends.

level of activity and another group with a correlation between

activities more linked to consumption outside the home and

more significant social activity. These dualities were kept when

the three dimensions were analyzed two-by-two. For example,

regarding the relationship between satisfaction levels and the

frequency of contact with relationships, it was observed that

personal contact increased satisfaction with life. Similarly, it was

detected that the satisfaction level with the family was closely

connected to the frequency of contact with family relationships

(mainly children and grandchildren), while the satisfaction level

with friends arises, to a greater extent, from the frequency of

contact with friends and neighbors.

Regarding the connection between social relationships and

satisfaction levels, other studies coincided with the present

research (Fagerström et al., 2007; Triadó et al., 2009; Toepoel,

2013; Rafnsson et al., 2015; Steptoe and Fancourt, 2019).

Two correlation groups showed two differentiated lifestyles

concerning the relationship between frequency of contact and

the activities carried out. That is, the frequency of contact with

non-family relationships (friends and neighbors) maintained a

strong influence on a large part of the leisure and consumption
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activities, while, in the second correlational group, it was

observed that the frequency of contact with family relationships

manifested a more substantial influence on the more traditional

and solo activities.

In addition to the relationships found, other factors

regarding this line of research could be investigated, which

could be considered limitations in this study field, such

as nutrition and physical activity. The relationship between

physical activity and active and healthy aging is yet agreed

upon. However, scientific evidence warns of the risks of

physical activity that require significant effort. What has been

pointed out is essential because 7.5% of the elderly in Castile-

La Mancha who would carry out tasks that require great

physical effort would be affected. Also, Vancini et al. (2021)

showed that high-volume physical exercise with moments of

maximum intensity, in the long term, is associated with an

increased risk of myocardial infarction and other serious health

problems. Regarding nutrition, although it is not part of this

research, it could be interesting to incorporate the relationship

between ingested food and fine motor and cognitive function.

Concerning future and necessary research, Akbari et al. (2021)

dug into an exciting topic in the field as the specific intake

of certain micronutrients in a healthy diet and proved its

correlation with cognitive performance and the level of physical

activity in older adults.

Conclusion

In sum, this study’s contribution to science confirms the

family’s value for those aged 65 years and above and how

they, far from substantially altering their life habits in the

face of adversity, tend toward new forms of socialization

and maintenance of leisure activities. In other words, social

relations in the post-pandemic scenario remain as before

the appearance of the virus and reappear with more force.

Such relationships are constituted as the motor of both the

satisfaction level with life and the diversity and frequency of

daily life activities.

Although the previous aspect is general and applies to the

entire population analyzed, there are two main lifestyles linked

to the frequency and type of social relationships that occurred:

one of a more traditional nature and linked to a high frequency

in family relationships causing activities more traditional and

with less social interaction and another with greater relevance

and frequency in the relationships with non-family causing

leisure activities, consumerism, and more significant social and

relational activity.

In our view, such lifestyles should not be interpreted as

exclusive but as intrinsic and underlying aspects of the elders’

diversity, beliefs, and values. Regarding future research and

shortcomings detected in the study, a larger-scale investigation

incorporating participants from other cultures would have

added additional value. In this sense, more studies would

be necessary to verify the results in other countries and

communities or cultures.
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There has been a comprehensive development over the last few years of low

intensity intervention programs that are implemented within a user context

and that are made up of everyday life activities, and it has been necessary

to adapt the necessary methodological channels in order to guarantee an

adequate resolution pathway. The mixed method perspective offers a suitable

framework, and observational methodology – in itself considered mixed

method – is appropriate for studying the implementation and evaluation of

low intensity intervention programs, allowing the development of the QUAL-

QUAN-QUAL stages that correspond to the connect integration pathway of

mixed methods. In this work it was applied to a single case, in a low intensity

intervention, retrieving valuable information obtained, but systematizing it and

applying quantitizing to the qualitative data that was treated quantitatively

in a rigorous manner. The aim was to analyze the psychotherapist-patient

interaction in psychoanalytic psychotherapy, in which we sought to identify

which of the therapist’s techniques stimulated actions of reciprocal social

interaction in the child, and which techniques inhibited non reciprocal

social interactions. The observational design was nomothetic, follow-up, and

multidimensional. The patient was a 4-year-old boy with a diagnosis of

severe autism spectrum disorder. We used an ad hoc observation instrument

combining a field format and a category system. Interobserver agreement

was analyzed quantitatively by Cohen’s kappa using the free QSEQ5 software

program. Polar coordinate analysis was carried out using the free program

HOISAN 2.0. Polar coordinate analysis allows us to obtain an inter-relational

map of the connections detected between focal behavior established in each

case and the different categories. The results provide objective evidence –

backed up by the application of polar-coordinate-based data analysis –

that within a framework of psychoanalytic psychotherapy, the techniques
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of “verbalization” and “vocalization” significantly activate reciprocal social

interaction behaviors and inhibit non-social reciprocal behaviors in a child

with severe autism spectrum disorder with no language. On the other hand,

direct gaze promotes the child’s withdrawal. The results are of key importance

as they show the therapist behaviors most useful for promoting social

interaction in a child with severe autism.

KEYWORDS

mixed methods, case study, polar coordinate analysis, CONNECT, autism,
psychoanalytic psychotherapy

Introduction

It is an undoubtedly complex task to make decisions about
the implementation and evaluation of intervention programs
which, in any case, should be conditional on the applied
methodology. The structural dimensions of the evaluation of a
program are established in scientific literature (Chacón et al.,
2000; Chacón-Moscoso et al., 2002, 2013, 2014, 2021), and
the existing correspondence between these dimensions and
methodological quality in the chosen procedural option is
extensively relevant.

The broad definition of the aim of intervention program
evaluation leads to judgments concerning the value of such
programs or of some of their elements (Anguera and Chacón-
Moscoso, 2008; Chacón-Moscoso et al., 2013). It has been
observed that the intensity of such intervention can be extremely
varied depending on the situation, taking into account that it
will have considerable bearing on the procedure to be followed.
It is precisely for this reason that minimum basic and common
aspects have been specified that must be stated in the evaluation
report of any program, regardless of its approach (Chacón-
Moscoso et al., 2013), and shape a formative and summative
evaluation in continual interaction, throughout its phases.

In the last few years, it has been established that the
greatest shortcomings in the implementation of intervention
programs are procedural, and that some of these have barely
been addressed. This is mainly due to the complex nature
of the reality, with many superimposed levels, and the fact
that individuals or collectives who experience the actions of
an intervention program may be heterogeneous. Furthermore,
the dynamic of the processes is not uniform, making it
difficult to collate data in a way that fulfills the requirements
demanded by rigor.

In this sense, we are aware of the need to pay special
attention to the implementation and evaluation of bespoke
intervention programs for each specific case, aiming for an
increased effectiveness in the actions carried out, without
disturbing the daily life of the user, as an essential leitmotif.
This special attention implies that the intervention itself blends

into daily life, searching for an alternative to traditional
conventionality. In this study, we focus on a low level of
intervention intensity, an expression coined by Anguera (2008,
p. 154), in the face of an “incessant increment in cases in which
intervention programs are implemented without the imposition
of instructions, and in contexts that are natural and/or habitual
for the users of the program, taking advantage of activities that
are spontaneous and/or everyday for them.” There have been
numerous studies over the last few decades that have dealt
with the handling of an intervention in the habitual context
of a user, with the different programs having very diverse aims
(Weil, 1985; Bryant and Bickman, 1996; Lapresa et al., 2020),
and with beneficial effects in terms of the ‘normalization’ of the
user’s life (Dvoskin and Steadman, 1994; Roustan et al., 2013;
Alcover et al., 2019), studying the interaction in the therapeutic
conversation (Arias-Pujol and Anguera, 2017, 2020a,b; Del
Giacco et al., 2020).

In this study we present a low intensity level program –
a psychoanalytic psychotherapy intervention for a child with
severe autism. It is carried out in a natural context and stems
from the child’s predominantly sensory spontaneous behavior,
disconnected from social interaction. The therapeutic technique
seeks to help children establish connections between their
sensory experiences, their emotions, language and thought,
following the approach developed by the prestigious Coromines
(Coromines, 1991; Viloca, 2011; Farrés et al., 2020). It is a dyadic
program based on the verbal and non-verbal communication
between the child and the therapist. An adequate evaluation
requires the flexibility and scientific rigor of systematic
observation from the mixed method perspective.

In Chacón-Moscoso et al. (2021) an adaptation was carried
out of the structural dimensions of low intensity level designs
when observational methodology is applied (Anguera, 2003).
This is characterized as a scientific method that allows for
the study of spontaneous behavior in habitual contexts. Its
defining elements are the following: (1) delimiting the aim from
a prior needs analysis; (2) building the program depending
on the theoretical framework and the intervention context;
(3) guaranteeing its usability and sufficiency; (4) proposing a
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suitable design; (5) implementing the actions of the program
in such a way as to obtain a diachronic record throughout
the recommended monitoring; (6) building a non-standard
instrument adapted to the object of study; (7) systemizing
the information; (8) controlling data quality; and (9) assessing
the program with adequate analysis techniques. It should be
highlighted that in the last two decades the mixed method
perspective has been developed exponentially, generating an
important cross-fertilization process in terms of procedure.

We would like to point out one final aspect to be developed,
relating to the fact that we are dealing with a case study.
Here we attempt to transform something that has acquired
negative connotations in the literature of the last few years into
a worthwhile opportunity that makes a rigorous, intensive study
of human behavior possible.

Contributions of the mixed method
perspective in the evaluation of low
intensity programs

The mixed method perspective has had a significant impact
all over the world throughout the last few years, awakening an
exponential interest and generating an extremely high volume
of scientific production. As is widely known, a harsh dialectic
was produced over decades between those in favor of qualitative
and quantitative approaches. Almost a quarter of a century ago,
Newman and Benz (1998), set out to explore the interactive
qualitative-quantitative continuum in research. They considered
false and without foundation the dichotomy that many other
authors have tried to show, by presenting both options as
opposing paradigms and refusing to accept that both qualitative
and quantitative strategies are always found in any study.
Their approach, focusing on the feedback between qualitative
and quantitative analysis, can be considered as an accurate
forerunner to the current, complex state of the issue (Anguera,
2022), that forces us to be vigilant whilst moving forward.

Observational studies were initially qualitative, proof of
which lies in the main works published in the 1970s and
1980s (Weick, 1968; Hutt and Hutt, 1974; Mucchielli, 1974;
Anguera, 1979; Martin and Bateson, 1991), whose aim was
to capture the reality in a descriptive way just as it was
produced – but which our approach challenges – which led to
the belief that qualitative methodology fit with the first half of
the process, whilst quantitative methodology should be used in
the second half of the process (Sánchez-Algarra and Anguera,
2013). Furthermore, in the last few years things have gone a step
further, with the consideration that observational methodology
was in itself mixed method (Anguera and Hernández-Mendo,
2016; Anguera et al., 2017) – also in indirect observation
(Anguera et al., 2018b) –, and proposing a form of quantitizing
as an integration path (Anguera et al., 2020).

The specification of quantitizing in observation
methodology is founded on Creswell and Plano Clark’s,
2011 contribution (3rd ed., 2011), that we especially value:

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. (p. 7) (the underlining is ours).

This mixing, in the CONNECT option, taken both literally
and from a wider perspective (Anguera, 2022), is a strong basis
for carrying out a reconsideration of quantitizing that fits very
well within observational methodology.

Indeed, in literal terms, “connecting the two datasets by
having one build on the other,” would imply that one dataset can
give rise to another via its transformation. Such a transformation
must guarantee the maintenance of its informative quality,
whilst modifying the appearance. From a wider perspective,
connecting allows the alternation of the QUAL-QUAN-QUAL
stages; this legitimizes the generic mixed method approach, such
that a total integration of qualitative and quantitative elements
is achieved (Anguera et al., 2020).

The materialization of quantitizing takes place between the
first QUAL stage and the QUAN stage (Anguera et al., 2020;
Izquierdo and Anguera, 2021), and is accomplished from two
fundamental decisions (Anguera, 2017, 2022): (1) establishment
of the design dimensions (or response levels, or criteria) (Weick,
1968), that can be deployed in sub-dimensions on different
levels; and (2) proposing segmentation criteria of the observed
behavior episodes (or textual material, in indirect observation)
in observation units (Anguera, 2020, 2021). The two decisions
(dimensions and observation units) were developed later, both
in direct observation (Anguera, 2017) and indirect observation
(Anguera, 2021).

Once these decisions have been taken and the ad hoc
observation instrument built, the record is created, made up of
qualitative data, and will preferably be structured in the form of a
code matrix, with columns containing the dimensions (or, where
appropriate, the sub-dimensions of the most molecularized
level); with each row of the matrix containing the codes
corresponding to the co-occurrence of the different dimensions
in each unit of behavior. This matrix is essential for the process
of quantitizing the qualitative data.

Once the data matrix has been obtained, its quality
must be controlled via one of the concordance/agreement
indexes (Blanco-Villaseñor and Anguera, 2000); and
once this is done then the quantitative analysis of the
systematized qualitative data is possible (and, among
others, the analysis of polar coordinates), thus allowing a
complete integration between qualitative and quantitative
elements.
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Taking this reconsideration into account, the innovative
form of quantitizing in the implementation and evaluation
of low intensity programs implies important methodological
benefits (Anguera, 2022). The mixed method greatly vitalizes
the collation, management and analysis of information obtained
via observation, which previously played a trivial, superficial
and incoherent role. An important strengthening of range is
achieved from observational methodology (both direct, as in
this study, and also indirect), due to it being considered in itself
mixed method; hence, in the Introduction we refer to the process
of cross-fertilization.

We strongly defend this approach (Anguera, 2022), that
has been progressively structured over the last two decades,
without evading the attraction of the mixed methods being
developed (Sánchez-Algarra and Anguera, 2013; Portell et al.,
2015; Chacón-Moscoso et al., 2019; Anguera et al., 2020;
Izquierdo and Anguera, 2021); these differing from multi-
method studies (Anguera et al., 2018a), constituting an already
consolidated culture of research (Anguera et al., in press).

The case study in the evaluation of low
intensity programs

The case study has traditionally been considered marginal
and with little convening power; in addition to renowned
authors such as Gerring (2004, p. 341) stating that “the case
study survives in a curious methodological limbo.”

It is generically accepted as a study that is intensive,
detailed, in-depth, centered on one “case,” and focusing on
“the particular”; and undoubtedly influenced by the context in
which it is located and the theoretical framework that covers
it (Anguera, 2018). The case study implies an “intensive study
of a single unit for the purpose of understanding a larger class
of (similar) units . . . observed at a single point in time or over
some delimited period of time” (Gerring, 2004, p. 342), provided
that it is carried out with guarantees of suitability (Kuyken et al.,
2005; Flinn et al., 2015).

For Stake (1994), the case study does not represent a
methodological option, but an object of study option. However,
Campbell, in his Foreword to Yin (2014), and the thematic
development itself of this author, do openly consider it a
research method. There have been many dissonant voices
in different publications (Anguera, 2018), and there is no
consensus concerning its methodological range, although there
is a majority who do not consider it a methodology. Tight
(2010, p. 329) asks the following question: “Case study is widely
referred to and applied within social research, but its status
remains unclear. Is it a method, a methodology, a strategy, a
design, an approach, or what?”.

In our view (Anguera, 2018), it is not a methodology, but it
is possible to apply diverse methodologies to a single case. Aside
from existing typologies (Stake, 1994; Thomas, 2011; Yin, 2014),

the logic of the single case is intra-case by nature (Hilliard, 1993)
and permits the consideration of a diachronic perspective, whilst
at the same time emphasizing the richness of the context in the
real world in which the phenomenon is produced.

There is obviously an inherent weakness in the case study,
relating to the non-replication of results, which is totally logical
according to its own aim. Its focus of attention is found precisely
in the opposing situation, focused on the results of one single
case which is studied in depth, and is shown in this study. In
our view, the strength of a methodology that is appropriate and
adapted to the characteristics of the case study and the profile of
the case itself compensates for this weakness.

The methodological criticism that the case study has
received focuses essentially on the problem of a lack of
representativeness; although the case is an individuality with an
initial presumption of singularity, which is studied intensively.
As Sandelowski states (Sandelowski, 1996, p. 527), “the analyst
works to discern what elements comprise the case and,
more importantly, the way they come together uniquely to
characterize the case,” which suggests that researchers should
establish the profile of the case (Anguera, 2018).

The profile of the case we present below corresponds to that
of a child with severe autism. The therapist provokes interaction
by initiating communicative turns of protoconversation,
verbalizing sensations and emotions that the child feels or
could feel, and also dramatizing them (Trevarthen and Aitken,
2001; Viloca, 2003; Alcàcer and Viloca, 2014). Unlike other
studies in which we narrate the intervention and clinical
improvement of the patient (Arias-Pujol et al., 2015a,b), on
this occasion we are interested in focusing on the technique
used by the therapist. The suitable methodology is systematic
observation, this being equipped with design that supports
an intensive approach in the study of perceptible behaviors;
carrying out continuous recordings throughout the observation
sessions, and being able to manage behaviors arising from
different dimensions/sub-dimensions, some specific to the
therapist’s role and others to the child’s actions. In other
words, we transform into a methodological opportunity that
which has traditionally been the biggest weakness in case
studies.

For their part, Edwards et al. (2004) state that they
do not wish to differentiate between qualitative and
quantitative approaches in the case study. As Stake (1994,
1995) indicates, the case study can be qualitative (Hilliard,
1993), or quantitative (Kent, 2009), or a combination of both
(mixed methods are currently conceived within a continuum
between the qualitative and quantitative poles); although
he leans more toward a clear qualitative predominance
(Stake, 2005). Our proposal, in line with the above, involves
taking advantage of the appearance of a third way, that of
the aforementioned mixed methods, which places us in a
privileged position of integrating qualitative and quantitative
elements.
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Aim

To analyze, from the mixed methods perspective, a case
study consisting of low intensity psychotherapeutic intervention
focused on a child with a diagnosis of severe autism who
interacts with the psychotherapist; and in which we aim to
identify which actions on the part of the therapist stimulate
social interaction from the child.

Design

Observational methodology was applied. The observational
design is Nomothetic/Follow-up/Multidimensional (N/F/M)
(Anguera et al., 2001; Sánchez-Algarra and Anguera, 2013):
nomothetic because we studied the interaction between
therapist and autistic child, with inter-session follow-up
(three sessions) and intra-session follow-up (because each
session was recorded continuously from start to finish); and
multidimensional since the complexity of the aim required the
application of various dimensions that were included in the
observation instrument.

Participants

There were two participants:
The patient was a 4-year-old child with a diagnosis of autism

spectrum disorder (ASD), according to the clinical criteria of
DSM-5 (American Psychiatric Association, 2015), of a severe
type according to the results obtained from the ADOS (Autism
Diagnostic Observation Schedule; Lord et al., 2000). The child
had no language, although did emit sounds and some syllables
forming echolalia.

The therapist was a clinical psychologist with training and
experience in psychoanalytic psychotherapy with children.

In accordance with the principles of the Declaration
of Helsinki and the Ethical Code of the General Council
of the Official College of Psychologists of Spain, the child
and the child’s family were informed that they were being
filmed. They were shown the location of the video cameras,
which were positioned discretely to minimize reactivity
bias. Written informed consent was also obtained from the
parents of the minor.

Program intervention plan

The psychotherapeutic intervention was designed for a
child with severe ASD. It consisted of 20 weekly sessions of
45 min in length, and was focused on stimulating reciprocal
social interaction in the child, arising from the relationship. We
adapted the psychoanalytic technique described by Coromines

that promotes a process of differentiation and of interest in the
“Other” via a shared emotional experience between therapist
and patient (Viloca, 2003; Farrés et al., 2020). The sessions took
place in Carrilet Treatment Center (Barcelona, Spain), attached
to the educational and therapeutic center.

Instruments

Recording instrument
All the sessions were filmed using a video camera installed

in the therapy office of the Carrilet Treatment Center
attached to the Educational and Therapeutic Center where the
child was schooled.

Observation instrument
We used an ad hoc observation instrument, as a field

format modality combined with category systems, adapted by
Bachs and Arias-Pujol (Bachs, 2019) from a previous study
(Arias-Pujol et al., 2015b) and recoded for this new study. The
instrument has two dimensions for the child: reciprocal social
interaction (RSI) and non-reciprocal social interaction (N_RSI)
and 12 for the therapist (see Table 1).

With the aim of studying the therapist-patient relationship,
the sessions were broken down into units, with the adoption
of a primary dialogic criterion, and a secondary criterion that
differentiated verbal, vocalized and non-verbal behavior in the
transcript (Anguera, 2020). Table 2 shows some fragments of
the coded clinical material from sessions 9, 16, and 20.

Procedure

Inter observer agreement
The inter observer agreement was calculated via Cohen’s

kappa coefficient (κ) (Cohen, 1960). Data quality control was
performed using the free program GSEQ. An agreement of
85.6% was obtained in the codification of the child’s behavior
and of 90.4% in that of the therapist, values considered “almost
perfect” according to the criteria of Landis and Koch (1977) and
Bachs (2019).

Data analysis

Analysis of polar coordinate
The aim is to apply the analytical technique of polar

coordinate analysis, seeking a possible relationship of
activation/inhibition between the behaviors of the therapist
and the child that will be quantitatively calculated from the
qualitative recordings carried out initially at three different
points of the intervention, plotting them via vectors.

Polar coordinate analysis allows us to obtain an inter-
relational map of the connections detected between the different
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TABLE 1 Observation instrument of ASD child and psychotherapist in psychoanalytic psychotherapy.

Name and definition of categories Code

Observation instrument of ASD child
Non-reciprocal social interaction (N_RSI): Actions carried out by the child in relation to an object or toward himself/herself.

(1) Stereotypes: repetitive behaviors that always follow the same pattern. They can be of different types: (1.1) Motor: highly repetitive movements
with consistent action patterns (by emotion or sensation)
Example: jumps [on themselves], arm flapping and gesticulation, rocking. (1.2) Vocal: highly repetitive vocalizations with consistent intonation
patterns such as humming, various vocal repetitions (By emotion or sensation) Example: tititi, hmmm, ah ahah, d-gæ-d-gæ-d-gæ, iiiiii, tacataca. (1.3)
Visual: strange eye movements, such as looking sidelong at the camera, suddenly diverting the gaze after maintaining eye contact with the therapist,
objects, etc. Example: looking sidelong from one side to the other.

MS
VS
VIS

(2) Erratic Behavior: constant wandering with no set purpose. It occurs when the child moves, walks around the office without a clear intent. When
the child grasps an object when there is no subsequent functional intent. He/she takes it and then leaves it. Example: wandering without exploring,
jumping around the room, grasping and abruptly throwing an object.

EB

(3) Auto Sensory: an action carried out by the child that provokes a sensation, with no exploratory functional purpose. Example: hitting with an
object, abruptly pulling an object, continuously and persistently touching different objects, touching the face, taking a handkerchief and wiping the
face with it, tracing their sneakers with the hands or the edge of the chair with the fingers, keeping one hand on the wall when walking or leaning on it
with the whole body. Despite appearing as repetitive behavior, it is not considered stereotypical because: (a) the behavioral pattern is not always
identical.
(b) it is exploratory via sensation, and c. it is of low frequency Covering the ear would be included due to being exploratory via sensation.

AS

(4) Functional Intent: normal actions with objects, the objects are used with a coherent purpose for which they were created. Example: order, collect,
take out, put on, take off, shake a box of blocks, take crayons from a box, open a box, arrange a chair. . . In the case of continuous repetition of
behaviors FI, consider the category “Solitary play (SP)”.

INT

(5) Gaze: (5.1) Attentive object: when the child gazes attentively at an object. The object has entered the field of vision and is noticed. It is an action
that has exploratory aspects. Example: “He/she takes the box with both hands + stares at it + turns it upside down to shake out the blocks + puts one
hand inside to remove them (he/she achieves this) + continues shaking with force”. Example: “He/she sits down + touches the dice with his/her
fingers and makes them move + “oh” + continues touching the dice with the fingers + looks at them very attentively.”
(5.2) Blank stare: when the child remains staring at the floor, the ceiling or the wall when there is no specific object at which to direct the gaze.

AGO
BS

(6) Solitary Play: there is an appropriate use of the toy. The relationship with the object (such as blocks for building a tower) is more structured and
sequenced than in the functional intent category.
This category includes those sequences that are repeated in various turns, becoming a ritualized game despite the therapist’s intervention. It also
includes exploratory play, i.e., when the child manipulates and relates to the object, also permitting the predominance of sensory self-stimulation
throughout the action. The child shows an interest, his/her behavior has a purpose in itself and at the same time is very sensory (wants to build the
tower, wants to make it taller, wants to hit the balloon, scribble with the crayons. . .). Example: the child begins a tower + puts down two
blocks + takes out a block + changes one block for another + mmmmm (SP + VS). Example: the child moves the trucks from one side to the
other + “brumbrum” + lifts them up and leaves them on the floor, organizing them.

SP

(7) Normal Actions: actions that the child carries out, that are related to being in one place (with no auto sensory purpose). Example: gets up, sits
down, turns, crouches, lifts the head, and repositions the body.

NA

Reciprocal social interaction (RSI): They are actions that the child carries out, bearing in mind the therapist or in response to an action by the
therapist.

(8) Demand: when the child addresses the therapist for the purpose of asking for something. We differentiate between a continuum of more fusion to
more differentiation ME – NOT ME
It can be: (8.1) Instrumentalization/Instrumentalized Demand: undifferentiated demand (no me–you difference). It occurs when the child uses the
other as an object in order to achieve a purpose, in something which he/she knows how to do motively. Also when the child uses the other as an
object to achieve something he/she can’t do for himself/herself. Example: the child wants to open the bubble container. He/she takes the therapist’s
hand with both hands and moves them toward the container for the therapist to open it and then steps back waiting for T to do it (the child knows
how to open it, but takes the therapist’s hand as his/her own limb). If the instrumentalization is followed by a VS or MS, consider categories VOCD or
NVD. (8.2) Non-verbal Demand: when the child communicates an intention or desire and uses his/her body to achieve it; for example touching the
object, showing it, pointing to it, etc. Example: the child looks at T and takes the bubble container from the table. He/she moves it (making a noise)
and gives it to the therapist. Example: the child stands behind the therapist’s chair placing both hands on her/him. He/she uses force to move the
therapist because he/she wants T to move. Then he/she steps back, waiting for a response. (8.3) Vocal Demand: a demand from the child
accompanied by a vocalization, albeit stereotyped. Example: “He/she moves away to go and look for the balloon + takes it + gives it to T (who keeps
hold of it) + guttural sound” (VS) (8.4) Verbal Demand: a demand from the child accompanied by verbalization or word approximation.

I
NVD

VOCD
VD

(9) Response to a demand (9.1) Active response/following proposal: when the child responds actively to a demand or to the therapist’s stimulation
proposal. Example: the therapist inflates a balloon, moves it (making a noise) and the child approaches and takes it very carefully. Example: the
therapist says: “oh, have we changed?” (referring to how P has changed the blocks around) and the child looks at T and changes them back again.
Example: the therapist: partly opens the box + “Now you can open it” + looks at P, and the child: looks at the box + bites lip + smiles + opens the box
with both hands.
(9.2) No active response/no following proposal: when the child does not respond to the demand or the therapist’s stimulation proposal. Example: T
tries to give the child the bubbles, but P rejects them abruptly. Example: T: “Tc-tc-tc” (paused) while T tickles the child (from lower back up to the
neck); P: Turns body forwards to avoid it + “iiii” (with a high-pitched intonation).

AF
NAF

(Continued)
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TABLE 1 (Continued)

Name and definition of categories Code

(10) Proxemic Behavior: the child’s trajectory with the therapist, in response or not to an action or verbalization from the therapist. (10.1) Moves
closer. (10.2) Moves away.

APRO
DPB

(11) Physical Contact. (11.1) Brief Example: child touches the therapist. (11.2) Maintained Example: child hugs the therapist, sits on T’s lap.
(12) Joint Attention: when the child and the therapist share the same focus of attention, whether it be an object or an activity sequence. There is a
shared pleasure and the action takes turns: (12.1) Child shows or points with the purpose of sharing the attention to an object. Thus, a shared
experience with the therapist is created. Example: placing an object where the therapist can see it, holding the object in front of the therapist, pointing
to an object with the aim of the therapist seeing it, or giving an object. 12.2 Child draws. (12.3) Protoconversation: a type of dialogue via
vocalizations and/or verbalizations that follow turns of intervention and that make sense within the context in which they are expressed. They are
different from the verbal stereotype in that there is a communicative intention. Types: (12.3.1) Vocalization/word approximation: The production has
at least a vocal similarity with a word which makes sense in the context. It includes onomatopoeia. Example: Ahh! Example: “aul” (azul - blue).
(12.3.2) Word: The production is clear. (12.3.3) Sentence approximation: 2 or more consecutive, related words. “Esto e aul” (“This is blue”).

BPC
MPC
SH

DRA
WA
WO
SAP

(13) Gaze: when the child’s gaze is in relation to the therapist. Eye contact. The child looks at the therapist to establish eye contact. It is categorized as
EC although brief – a “fleeting glance” (Viloca, 2003).

EC

(14) Imitation: This category should be produced in response to a stimulation, imitation or proposal by the therapist. (14.1) Vocal – Verbal (14.2)
Non-verbal

VI
NVI

(15) Facial Expression (FEx). (15.1) Rejection: when the child shows a facial expression of displeasure, anger, upset or sighs. (15.2) Joy: when the
child shows a facial expression of joy, laughs or smiles.

FEXR
FEXJ

Observation instrument of the psychoanalytical psychotherapist
(1) Verbalize: Put into words. Therapist uses language to bring the child closer to the symbolization process (following the psycho-pedagogical
scheme of Dra. Coromines, 1991; Viloca, 1998, 2003). (1.1) Describes a behavior or an object. Suggests to the child a feeling or a desire. It puts words
to the child’s behaviors, feelings, emotions, desires, and thoughts. Given the hypersensitivity of these children, it includes naming interferences and
giving information from the context such as ambient noises, if the material makes noise or if an object fails.
Examples: (a) Name object and sensation: “Oh! It’s a sponge, it’s hard and scratchy,” (b) Behavior: “Ah, you want it all for yourself!”, “You have seen
the bubbles and left the dice,” “You have thrown them all,” (c) Desire: “Shall we blow?”, “More?”, (d) Context: “What a loud noise, huh? Tocotoco.
They made noise,” “What noise do you make, huh? You hear noise outside and you make a noise, tacataca!”. (1.2) Offers help: the therapist verbalizes
an offer of help to the child when T sees that the child needs it. Example: “Let’s see, can I help you . . . open the box?” + opens the box, “Do you want
to open the box?” + pauses + “the crayons?” (1.3) Anticipates: the therapist anticipates actions that will be carried out soon, in the immediate or
distant future Example: “Do you want to open the box?” + pauses + “The crayons?”; The therapist says: “One, two and. . .” singing + inhaling
air + blowing the bubbles; The child takes the cup and puts it in his/her mouth. Meanwhile, the therapist says: “Let’s put some water in it” + takes
another cup from the box. (1.4) Reminds: the therapist verbalizes actions that have been carried out previously. Example: T looks at the child + “The
other day Biel was singing.” + starts to sing a melody. (1.5) Gives support: the therapist supports, encourages, congratulates, grants. T expresses
approval of the child’s behavior with words or gestures. Example: “Well done!”, “Thank you!”, “Very good!” (1.6) Repeats to show understanding:
the therapist repeats what the child has just said in a similar manner in order to start a dialogue, although the child doesn’t follow T’s lead, T tries to
make sense of the child’s verbal communications, even though they might not be very clear. There is recognition of the child’s verbalizations. Similar
to the protoconversation that takes place between a parent and baby. Example: the child looks at the therapist + holds up the object + “the blocks”; the
therapist looks at the child + nods head + “The blocks”. (1.7) Interpretation (INT): the therapist verbalizes the emotion and goes further, giving
meaning, a possible explanation of what the child does, says or feels. T connects what the child does with what she/he imagines the child could be
feeling. T goes a step further in understanding the facts and emotional experience the child is living. Examples: The child takes a cup from the box and
starts to drink. When he/she stops he/she says “hm” with a disgusted face. The therapist then laughs and says: “Ecs, is it not good?”; The child is out of
camera shot, but the therapist says: “Ui, ui what a face!”; The child turns his/her head and laughs; the therapist: “Ah, you’re smiling” and also laughs.

VDE
VOH
VAN

VREM
VSUP
RMU
INT

(2) Vocalization: (2.1) Exclamatory elocution: Sounds or onomatopoeia that the therapist makes, expressing or highlighting an emotion. Examples:
“Oh!”, “¡Ala!”, “Oi!”, “Ehi!!”. (2.2) Sings

EE, SI

(3) Imitation: the therapist copies the child’s behavior. This category includes the three levels of imitation described in (annex 1): sensorial resonance,
significant imitation and double material. It also includes actions in which the therapist follows the child’s activity or adds to what the child is doing
(looking for a turn-taking game). Example: The child is piling up blocks and the therapist starts to pile up blocks next to him, as in taking turns (the
child does not modify his/her behavior, it is the therapist who adapts). (3.1) Verbal imitation. (3.2) Non-verbal imitation.

VIT
NVIT

(4) Stimulation: it can be verbal or non-verbal, here we do not differentiate. At times the therapist makes an active change in the setting. (4.1) Gives:
the therapist gives the child and object to facilitate play, attract the child’s attention or initiate a game. Examples: The therapist says: “Shall I open the
crayons?” + opens them + “There you go” + stretches out his/her arm to give them to child; “Here you are” + T gives the balloons to child. (4.2)
Shows: the therapist shows the child an object or an action, with the aim of directing his/her attention. Example: “Sheets of paper” + points to
them + sits in the chair. (4.3) Directs attention: the therapist directs the child’s attention toward an object, a noise or an action in order to initiate a
new activity, a game, or to interrupt something repetitive. Example: when the therapist shakes an object (balloons, blocks, etc.) to get the child’s
attention. (4.4) Directs behavior: when the therapist gives an order, asks for, guides, shows or encourages the child to do something in a particular
way. (4.5) Proposes: the therapist starts an activity, expecting the child to follow or, faced with the child’s indecision, proposes a joint game with
material that the child has not yet used. Or also when the child is doing nothing or performing a repetitive action. Example: The child moves the
blocks + places a block (yellow) on the floor + takes another block (red) with one hand and with the other takes the therapist’s hand and moves it
closer + “eh.” Thus, T responds: “Aaah” + takes the red block and puts it on top of the red block + “Here?”

SG
SSH
SDA
SDB

SPRO

(Continued)
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TABLE 1 (Continued)

Name and definition of categories Code

(5) Non-verbal Behavior (NVB). (5.1) Facial expression: the therapist shows with a facial expression (surprise, disgust, smiles.) or the movement of
hands and torso (gesture). (5.2) Gaze:
We consider that the therapist tends to look at the child, but if we see in the transcript that it is specified, then we will code it.

FEXT
GA

(6) Auxiliary Functions: facilitating actions carried out by the therapist, such as moving an object closer that the child needs, opening a bag,
uncovering the box. When there is no clear demand from the child, since in that case it would be “responds to demand.” When the therapist senses
the need, functioning as an auxiliary Me.

AUXF

(7) Responds to the instrumentalized demand/proposal: takes notice by responding to an action of demand more or less instrumentalized or to a
proposal from the child.

RID

(8) Does not respond to the instrumentalized demand: the therapist does not agree to do what the child is expressing with a clear petition or
proposal (albeit non-verbal).

NRID

(9) Proxemic Behavior: moving closer to or away from the child. (9.1) Closeness Example: T lies on the floor next to the child. (9.2) Distance
Example: T moves away from the child.

APROT
DT

(10) Physical Contact: the therapist touches, holds, tickles, caresses, hugs. It can be a brief moment or a maintained contact that can form part of a
game or cuddles. (10.1) Brief
Example: the therapist tickles the child, touching him/her briefly. (10.2) Maintained Example: T strokes hand over the child’s back, head. T holds the
child in her/his lap.

BPCT
MPCT

(11) Normal Actions: actions carried out by the therapist that are related with preserving the “setting,” such as adjusting her/his posture to that of the
child, curling up, getting comfortable, etc.

NAT

(12) Phatic Function: the therapist encourages the child to continue speaking or waits for a reply from him/her, giving over her/his turn. Example:
nods head waiting for a response + “hmhm”; Child takes the bubbles from the box; T smiles widely and assents.

PF

Adapted from Bachs (2019).

TABLE 2 Fragments of the coded clinical material.

Session 9

They are playing with a balloon which has deflated and fallen onto the floor. The child wants the T to inflate it again.
C: He/she bends down (NA) + picks up the balloon (INT) + turns to the T (NA) + and goes towards her/him (APRO) + makes the gesture of giving the balloon
(NVD)
T: He/she looks at the child (GA) + makes a surprised face (FEXT) + “the pink balloon?” (VDE) + picks up the balloon (RID)
C: “Tii” (WA) + brushes the wall with his/her back (SA) + “Buh-ah!” (WA) + looks at the T (EC) + takes T’s hand that is holding the balloon and moves it towards
the therapist’s mouth (I)
T: “Oh” (EE) + “I’m going to blow up the balloon” (VAN) + inflates it (RID)

Session 16

The child places blocks on top of each other, building a tower. The T attempts to join in the game.
T: “Oh” (EE) + “a very high tower” (VDE) + takes one of the blocks and moves it towards the child to give it to him/her (SG)
C: “Oh” (WA) + ignores the block (NAF)
T: “Here you are” (SG)
C: He/she moves his/her arm and takes the T’s block with one hand (AF) and picks up another with the other hand (SP)
T: “Very good” (VSUP) + Smiles (FEXT)
C: “TcTcTc” (VS) + Keeps both blocks, one in each hand, and adds one of the blocks to the tower (SP)
T: Look (GA)
C: He/she adds the other (SP) + “TcTcTc” (VS)

Session 20

Through imitation, a sort of dance is created between the child and the T of moving closer together and further apart. They are holding hands. The T
imitates the child’s vocal stereotypies.
T: “Taaa taaaan.” (VIT)
C: Looks at the T (EC) + Drops his/her hands and moves away toward the desk (DPB) + “Taaa taaa” (VS)
T: He/she walks toward the other side, moving away (DT) + looks at the child (GA) + “Taaa taaa.” (VIT) + smiles (FEXT)
C: Walks toward the T (APRO) + takes her/his hand (BPC) + twists around (SA) + takes T’s hand with his/her hand (BPC)

T, therapist; C, child.

categories. It is a robust analytical technique developed by
Sackett (1980) that is based on the sequentiality of the
qualitative records obtained. The focal behavior – located in
the center of each of the ‘maps’ that will be created – must
be identified in each analysis, and is proposed depending on

the desired aim and the conditioned behaviors; these being
all those about which we want to know whether there is an
associative relationship with the focal behavior. The associative
relationships between the focal behavior and each one of the
conditioned behaviors incorporate two perspectives: prospective
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(from the focal behavior forwards) and retrospective (from
the focal behavior backwards). We should clarify that we are
not referring to a classical retrospective perspective, but to
the genuine retrospectivity proposed by Anguera (1997), which
has since been consolidated. The calculation required to apply
the prospective and retrospective perspectives generates a huge
volume of partial results, and Sackett (1980) knew how to
exploit the possibilities of the Zsum parameter proposed by
Cochran (1954) as an important data reducer. The calculation
of the prospective and retrospective Zsum values, in accordance
with Sackett’s approach (Sackett, 1980), allows us to obtain
the values that correspond to the length of the vector and
its angle, which can be graphically represented. The vector
angle (that will correspond to one of the quadrants I, II, III,
and IV), allows us to interpret the nature of the relationship
that exists between the focal behavior and the respective
conditioned behavior, while from the length of the vector we
can interpret the intensity of said relationship depending on
statistic significance.

We have presented all these calculations systematized in our
case study (see Table 3), in such a way that the conditioned
behaviors appear for each focal behavior; and for each
conditioned behavior information is presented, correspondent
to the quadrant in which the vector is found: prospective and
retrospective values of the Zsum, ratio, length of vector (that is
crucial for knowing its significance, since if it is > 1.96 it is
significant, and if it is > 2.58 it is very significant), significance,
and vector angle.

Polar coordinate analysis was carried out using the
free program HOISAN 2.0 (Hernández-Mendo et al.,
2012), and additionally R (Rodríguez-Medina et al., 2022)
in order to obtain a graphic optimization in the vector
representation.

In this case study, the focal behaviors were selected from
the therapist’s highest frequency categories or dimensions (see
Table 1). The analysis was carried out with seven focal behaviors:
“Verbalization,” “Vocalization,” “Stimulation” (combining all
the categories of each dimension); “Verbal imitation,” “Non-
verbal imitation,” “Facial expression” and “Gaze.” In terms of
conditioned behaviors, the child’s 28 categories were included
from the observation instrument, excluding the codes SAP
(sentence approximation) and VD (verbal demand) due to low
frequency.

For the analysis, the behaviors of the therapist and the child
were recorded in the first 20 min of sessions 9, 16, and 20.

Descriptive study of clinically favorable
behaviors

From the results obtained in the polar coordinate analysis,
the conditioned behaviors (the child’s actions) were selected,
that were significantly activated or inhibited prospectively. They
were grouped by dimensions of reciprocal social interaction
(RSI) or non-reciprocal social interaction (N_RSI).

The dimension “Reciprocal social interaction” consists
of the categories: Instrumentalized Demand (I), Non-verbal
demand (NVD), Vocal demand (VOCD), Active response (AF),
No active response (NAF), Moves closer (APRO), Moves away
(DPB), Brief Physical Contact (BPC), Maintained Physical
Contact (MPC), Child Shows (SH), Child Draws (DRA),
Word Approximation (WA), Word (WO), Gaze (EC), Vocal-
verbal Imitation (VI), Non-verbal imitation (NVI), Facial
Expression Rejection (FEXR), Facial Expression Joy (FEXJ).
The dimension “Non-reciprocal social interaction” consists
of the categories: Motor Stereotypes (MS), Vocal Stereotypes
(VS), Visual Stereotypes (VIS), Erratic Behavior (EB), Auto
Sensory (SA), Functional Intent (INT), Gaze (AGO), Blank Stare
(BS), Solitary Play (SP), Normal Actions (NA). The following
categories were excluded: NA, referring to normal actions in
relation with the therapeutic framework without a sensory
purpose, and INT, referring to actions with objects appropriate
to the purpose for which they were created.

For each of the therapist’s focal behaviors the percentage of
RSI and N_RSI behaviors that were activated and inhibited was
calculated. The fact that one of the therapist’s focal behaviors
activated RSI behaviors and inhibited N_RSI behaviors was
considered clinically favorable. The chi-squared test was used to
determine whether the clinically favorable behaviors activated
by the therapist were statistically significant, (p < 0.05).

Results and discussion

In the sections below, we describe the relationships detected
between interventions by the therapist and the child’s behaviors
using polar coordinate analysis and a descriptive study of
clinically favorable behaviors.

Analysis of polar coordinate

Significant results were obtained in activation/inhibition
relationships between all the therapist’s and the child’s behaviors.

Table 3 show the level of significance of the focal
behavior “Verbalizes,” “Vocalizes,” “Verbal imitation,” “Non-
verbal imitation,” “Stimulates,” “FEXT,” “GA” as the main
analysis of sessions 9, 16, and 20.

Figures 1–4 shows the significant vectors for all the focal
behaviors in each of the therapist’s seven actions.

Descriptive study of clinically favorable
behaviors

Table 4 shows the type and percentage of behaviors that
prospectively activated or inhibited each of the therapist’s
dimensions.
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TABLE 3 Table of parameters corresponding to the analysis of polar coordinates, with the focal behavior “Verbalizes,” “Vocalizes,” “Verbal
imitation,” “Nonverbal imitation,” “Stimulates,” “FEXT,” and “GA” as the center of the analysis and all the others as conditional of sessions 9,
16, and 20.

Focal behavior (therapist) Conditioned behavior (child) Quadrant Prospective
zsum

Retrospective
zsum

Ratio Length Significance Angle

Session 9

Verbalizes Erratic behavior_EB n −0,4 2,15 0,98 2,19 * 100,59

Functional intent FI i 0,22 3,07 1 3,08 ** 85,9

Attentive object_AGO I 4,09 0,54 0,13 4,13 ** 7,52

Normal actions_NA I 3,4 0,59 0,17 3,45 ** 9,78

Demanda_DNV II −1,08 4,57 0,97 4,69 ** 103,27

No active response/no following
proposal_NAF

I 0,01 2,29 1 2,29 * 89,68

Joint attention_WO IV 1,77 −0,88 −0,44 1,98 * 333,6

Vocalizes Stereotypes_VS HI −0,97 −2,46 −0,93 2,65 ** 248,37

Erratic behavior_EB IV 3,49 −0,25 −0,07 3,5 ** 355,87

Attentive object_AGO N −0,81 2,32 0,94 2,46 * 109,33

Solitary play_SP HI −1,83 −1,21 −0,55 2,19 * 213,42

Instrumentalization/instrumentalized I 1,55 2,46 0,85 2,91 ** 57,68

Demand_I

Demanda_DNV I 2,6 1,8 0,57 3,16 ** 34,73

Active response/following proposal_AF I 1,01 3,38 0,96 3,53 ** 73,37

Proxemic behavior DPB IV 2,94 −0,43 −0,15 2,97 ** 351,61

Verbal imitation Stereotypes_VS I 1,27 2,41 0,88 2,73 ** 62,15

Autosensorialidad AS N −0,79 1,89 0,92 2,05 * 112,7

Solitary play_SP HI −1,74 −1,65 −0,69 2,4 * 223,53

Demanda_DNV i 2,01 0,5 0,24 2,07 * 13,86

Joint attention_WA IV 2.48 −0,85 −0,32 2,62 ** 341,06

Facial expression_FEXR n −0,45 2 0,98 2,05 * 102,78

Nonverbal imitation Stereotypes VS i 3,44 0,38 0,11 3.46 ** 6,29

Erratic behavior_EB HI −1,72 −1 −0,5 1,99 * 210,21

Autosensorialidad_AS i 1,16 2.94 0,93 3,16 ** 68,39

Attentive object_AGO II −0,13 1,97 1 1,97 * 93,71

Solitary play_SP HI −1,55 −1,54 −0,7 2,18 * 224,78

No active response/no following
proposal_NAF

i 0,78 2,27 0,95 2,4 * 70,95

Joint attention_DRA i 5,66 6,96 0,78 8,96 ** 50,89

Joint attention_WO II −0,4 2,16 0,98 2,19 * 100,59

Stimulates Stereotypes_MS i 1 2,18 0,91 2,4 * 65,2

Stereotypes VS HI −2,57 −1,44 −0,49 2,95 ** 209,32

Attentive object AGO i 4,15 0,72 0,17 4,21 ** 9,79

Solitary play_SP HI −1,09 −2,32 −0,91 2,56 * 244,87

Instrumentalization/instrumentalized n −0,52 2,01 0,97 2,07 * 104,56

Demand_I

Vocal demand VOCD I 2,34 0,81 0,33 2,48 * 19,01

Active response/following proposal_AF I 5,09 1,78 0,33 5,39 ** 19,28

Proxemic behavior_DPB I 1 2,18 0,91 2,4 * 65,22

Joint attention_WA n −0,74 3,33 0,98 3,41 ** 102,61

Imitation_NVI i 0,81 2,35 0,95 2,48 * 70,96

FEXT Stereotypes_MS i 2,02 1,87 0,68 2,76 ** 42,81

Instrumentalization/instrumentalized i 2,28 0,06 0,03 2,28 * 1.47

Demand_I

(Continued)
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TABLE 3 (Continued)

Focal behavior (therapist) Conditioned behavior (child) Quadrant Prospective
zsum

Retrospective
zsum

Ratio Length Significance Angle

Vocal demand_VOCD IV 4,76 −0,4 −0,08 4,77 ** 355,15

Active response/following proposal_AF i 1,64 2,53 0,84 3,02 ** 57,03

Proxemic behavior_APRO i 2,15 1,26 0,51 2,5 * 30,41

Proxemic behavior_DPB i 1,96 2,85 0,82 3,46 ** 55,44

Joint attention_WO IV 2,18 −0,4 −0.18 2,22 * 349,53

Imitation_NVI IV 2,19 −0,4 −0,18 2,22 * 349,55

GA Stereotypes_VS I 4,49 5,02 0,75 6,73 ** 48,19

Autosensori alidad_AS I 1,72 3,14 0,88 3,58 ** 61,25

Functional intent_FI I 2,13 1,23 0,5 2,46 * 30,06

Attentive object AGO III −1,97 −0,8 −0,38 2,12 * 202,05

Blank stare_BS I 1,68 1,74 0,72 2,42 * 45,91

Solitary play_SP I 5,69 4,81 0,65 7,45 ** 40,21

No active response/no following
proposal_NAF

III −1,09 −1,65 −0,84 1,98 * 236,72

Joint attention DRA III −2,12 −1,04 −0,44 2,36 * 206,2

Joint attention_WA I 2,64 0,6 0,22 2,71 ** 12,79

Facial expression_FEXR I 1,77 1,81 0,71 2,53 * 45,53

Session 16

Verbalizes Stereotypes_MS n −0,62 2,21 0,96 2,3 * 105,57

Stereotypes_VIS II −1,06 2,29 0,91 2,52 * 114,88

Functional intent_FI HI −2,73 −0,93 −0,32 2,89 ** 198,78

Blank stare_BS i 4,52 4,01 0,66 6,04 ** 41,55

Solitary play_SP HI −0,72 −1,91 −0,94 2,04 * 249,34

Normal actions_NA i 2,82 1,9 0,56 3,4 ** 33,99

Proxemic behavior_APRO i 1,27 2,58 0,9 2,88 ** 63,77

Joint attention_WA IV 2.47 −0,5 −0,2 2,52 * 348,56

Gaze_EC 1 2,09 0,83 0,37 2,25 * 21,6

Vocalizes Functional intent FI HI −2,06 −1,84 −0,67 2,76 ** 221,76

Attentive object_AGO II −0,25 2,12 0,99 2,13 * 96,73

Blank stare_BS i 2,41 0,65 0,26 2,5 * 15,13

Normal actions_NA IV 2,77 −0,09 −0,03 2,77 ** 358,09

Active response/following proposal_AF I 2,71 0,28 0,1 2,72 ** 5,94

No active response/no following
proposal_N7

\l I 1,71 1,71 0,71 2,42 * 45,02

Gaze_EC I 0,12 2,28 1 2,28 * 87,04

Verbal imitation Functional intent_FI I 2,66 1,7 0,54 3,15 ** 32,54

Solitary play SP I 2,31 0,37 0,16 2,34 * 9,18

Instrumentalization/instrumentalized
demand_I

I 2,36 2,36 0,71 3,34 ** 45,09

Joint attention_WA n −0,94 2,45 0,93 2,62 ** 111,06

Joint attention_WO II −0,38 2,36 0,99 2,39 * 99,11

Nonverbal imitation Solitary play_SP i 0.14 2,76 1 2,77 ** 87,17

No active response/no following
proposal_NAF

IV 2,7 −0,34 −0,12 2,72 ** 352,87

Stimulates Stereotypes_MS HI −1,35 −1,46 −0,74 1.99 * 227,31

Stereotypes_VIS i 0.62 2 0,95 2,09 * 72,66

Autosensori alidad_AS 1 0,2 2,28 1 2,29 * 84,9

Solitary Play_SP i 1,82 1,3 0,58 2,23 * 35,53

Active response/following proposal_AF IV 3,21 −1,23 −0,36 3,44 ** 339,05

Proxemic behavior_APRO III −1,67 −1,67 −0,71 2,36 * 225

(Continued)
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TABLE 3 (Continued)

Focal behavior (therapist) Conditioned behavior (child) Quadrant Prospective
zsum

Retrospective
zsum

Ratio Length Significance Angle

FEXT Active response/following proposaLAF I 0,6 1,99 0,96 2,08 * 73,12

Joint attention_WO n −0,34 2,72 0,99 2,74 ** 97,08

GA Stereotypes_MS i 2,08 0,85 0,38 2,25 * 22,13

Stereotypes_VS i 2,54 2,59 0,71 3,63 ** 45,54

Autosensorialidad_AS i 2,56 3,07 0,77 3,99 ** 50,17

Functional intent FI i 2,55 2,54 0,71 3,6 ** 44,94

Attentive object_AGO i 2.16 2,18 0,71 3,07 ** 45,33

Blank stare_BS HI −1,93 −2.46 −0,79 3,13 ** 231,82

Solitary play_SP i 2,42 4 0,86 4,68 ** 58,79

Normal actions_NA i 1,31 2,22 0,86 2,58 * 59,52

Proxemic behavior APRO 1 1,29 1,51 0,76 1,99 * 49,5

Session 20

Verbalizes Stereotypes_VS in −1,73 −1,28 −0,59 2,15 * 216,45

Erratic behavior_EB HI −1,4 −1,38 −0,7 1,97 * 224,51

Solitary play_SP i 1,06 1,68 0,85 1,98 * 57,69

Normal actions NA HI −1,82 −1,61 −0,66 2,43 * 221,48

Vocal demand_VOCD i 0,31 2.1 0,99 2,12 * 81,52

Active response/following proposal_AF i 2,08 1,65 0,62 2,65 ** 38,43

Physical contact_BPC i 0,46 3,61 0,99 3,64 ** 82,76

Joint attention_DRA HI −1,4 −1,38 −0,7 1,97 * 224,51

Vocalizes Stereotypes_MS i 3,74 1,52 0,38 4,04 ** 22,16

Solitary play SP i 2,04 1,16 0,49 2,34 * 29,63

Joint attention_WA IV 2,92 −1,41 −0,43 3,24 ** 334,26

Gaze_EC i 2,26 1,14 0,45 2,53 * 26,79

Verbal imitation Autosensori alidad_AS IV 2,69 −0,53 −0,19 2,74 ** 348,92

Blank stare_BS I 1,65 3,75 0,92 4,1 ** 66,32

No active response/no following
proposal_NAF

I 4,08 1,62 0,37 4,39 ** 21.64

Proxemic behavior_APRO I 1,42 1.41 0,71 2 * 44.89

Physical contact_BPC I 6,52 1,15 0,17 6,62 ** 10

Joint attention_DRA IV 2,31 −0,7 −0,29 2,41 * 343,1

Joint attention_WO I 1,77 2,84 0,85 3,34 ** 58,11

Gaze_EC I 0,04 2,53 1 2,53 * 89,15

Imitation_NVI I 1,62 7,79 0,98 7,95 ** 78,27

Nonverbal imitation Stereotypes MS 1 3,02 3,39 0,75 4,54 ** 48,27

Stereotypes_VIS 1 1,35 4.14 0,95 4,35 ** 71,89

Normal actions_NA 1 0,61 2.16 0,96 2,25 * 74.12

Proxemic behavior_APRO n −0,6 1,97 0,96 2,06 * 107,07

Proxemic behavior_DPB i 2,74 1,12 0,38 2,96 ** 22,21

Stimulates Stereotypes VIS HI −1.91 −1,94 −0,71 2,73 ** 225,46

Solitary play_SP i 1,17 3,53 0,95 3,72 ** 71,73

Instrumentalization/instrumentalized
demand_I

i 4,34 0,7 0,16 4,39 ** 9,22

Active response/following proposal_AF IV 2,4 −0,46 −0,19 2,45 * 349,08

No active response/no following
proposal_NAF

IV 1,69 −1,5 −0,66 2,26 * 318,54

Proxemic behavior DPB n −1,05 2,33 0,91 2,56 * 114,22

Joint attention_WA i 3 0,7 0,23 3,08 ** 13,2

Gaze_EC IV 2,05 −0,89 −0,4 2,23 * 336,37

Facial expression_FEXR n −1,2 2,6 0,91 2,86 ** 114,78

(Continued)
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TABLE 3 (Continued)

Focal behavior (therapist) Conditioned behavior (child) Quadrant Prospective
zsum

Retrospective
zsum

Ratio Length Significance Angle

FEXT Stereotypes_VS IV 2,31 −0,35 −0,15 2,34 * 351,49

Autosensori alidad_AS n −0,45 2,37 0,98 2,41 * 100,72

Functional intent_FI i 3,15 3,24 0,72 4,52 ** 45,83

Attentive object AGO n −1,12 2,36 0,9 2,61 ** 115,36

Solitary play_SP i 3,27 0,56 0,17 3,32 ** 9,79

Normal actions_NA i 1,55 1,44 0,68 2,12 * 42,9

Joint attention_WO i 1,91 1,15 0,52 2,23 * 31,08

Gaze_EC ni −1.47 −1,5 −0,71 2,1 * 225,48

GA Autosensorialidad AS i 2,18 1,81 0,64 2,83 ** 39,65

Solitary play_SP in −1,57 −1,51 −0,69 2,18 * 223,9

Instrumentalization/instrumentalized
Demand_I

HI −2,59 −0,49 −0,18 2,63 ** 190,65

Proxemic behavior APRO i 2,72 0,23 0,08 2,72 ** 4,77

Proxemic behavior_DPB i 2,25 1,7 0,6 2,82 ** 37,18

Joint attention_DRA i 2,53 1.11 0,4 2,76 ** 23,65

Gaze_EC i 1,68 2,12 0,78 2,71 ** 51,68

Only the conditioned behaviors that generate significant (∗) and very significant (∗∗) vectors have been selected.

FIGURE 1

Graphic representation of the significant (purple) and very significant (red) vectors obtained in the polar coordinate analysis. Focal behavior
“Verbalizes” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right). Focal behavior “Vocalizes”
as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right).

In the analysis of the child’s clinically favorable behaviors,
the therapist’s verbalization was related with 78.9% of clinically
favorable behaviors (χ2 = 6.53; df = 1; p = 0.01) and vocalization

with 76.5% (χ2 = 5.87; df = 1; p = 0.02). Of the therapist’s
imitation behaviors, verbal imitation was related with 53.3%
(χ2 = 0; df = 1; p = 1) and non-verbal also with 53.3% (χ2 = 0.13;
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FIGURE 2

Graphic representation of the significant (purple) and very significant (red) vectors obtained in the polar coordinate analysis. Focal behavior
“Verbal imitation” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right). Focal behavior
“Non-verbal imitation” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right).

FIGURE 3

Graphic representation of the significant (purple) and very significant (red) vectors obtained in the polar coordinate analysis. Focal behavior
“Stimulates” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right). Focal behavior “Facial
expression” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right).
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FIGURE 4

Graphic representation of the significant (purple) and very significant (red) vectors obtained in the polar coordinate analysis. Focal behavior
“Gaze” as the center of the analysis and all the others as conditional of sessions 9, 16, and 20 (from left to right).

df = 1; p = 0.71). Similarly, stimulation with 54.5% (χ2 = 0.10;
df = 1; p = 0.74) and facial expression with 71.4% (χ2 = 1.59;
df = 1; p = 0.20), while gaze produced 38.1% of clinically
unfavorable behaviors (χ2 = 0.5; df = 1; p = 0.47).

In this single case study, we have applied an approach that
allows observational methodology and mixed methods as the
main analysis (Anguera et al., 2017).

Systematic and meta-analysis reviews show that although
child psychoanalytic psychotherapy evidence is increasing, high
quality research is needed in order to better understand the
effectiveness of such interventions (Midgley and Kennedy,
2011; Abbass et al., 2013; Midgley et al., 2017; Target, 2018).
However, there are currently very few centers that systematically
evaluate the results of psychoanalytic interventions (Arias-Pujol,
2020). Researchers and therapists, aware of the complexity of
each person and the singularity of each psychopathological
expression, continue to search for what works and for whom
(Fonagy et al., 2016). Recent studies suggest a need to
carry out process research in order to identify predictive
interaction structures in child psychotherapy (Halfon et al.,
2020). At present, different methods and methodologies can
be applied, with mixed method methodology representing a
new and potentially useful approach for evaluating low level
psychoanalytic interventions (Arias-Pujol and Anguera, 2020b).

In the present study, by using a mixed method, we aimed to
identify which of the therapist’s techniques elucidated clinically
favorable behaviors in a child with severe autism, specifically
those that promoted RSI actions and inhibited non-RSI actions.
From all of them, verbalization and vocalization by the therapist
produced significant clinically favorable behaviors, whereas
direct gaze promoted the child’s withdrawal.

Specifically, “Verbalization” (formed by VDE, VOH, VAN,
VREM, VSUP, INT) consists of describing a behavior or an
object, offering help, anticipating actions happening in the
near future, remembering aloud, encouraging or repeating
what the child says in a similar way to promote certain
dialogue. It is used to bring the child closer to the
process of symbolization, following Coromines’ aforementioned

psycho-pedagogic technique (Coromines, 1991; Viloca, 1998,
2003; Farrés et al., 2020).

Results show that verbalization activates different behaviors
of the RSI dimension related to producing a vocal demand
(VOCD), the response to a demand (AF, NAF), proxemic
behavior (APRO), eye contact (EC), physical contact (BPC); and
in joint attention and also protoconversation behaviors (WA,
WO). On the other hand, it inhibits stereotypes (MS, VS, EM,
EV, MSI), erratic behavior (EB) and solitary play.

On balance, verbalization is shown to produce significant
clinically favorable behaviors in the child, suggesting that
this technique is appropriate for activating resources of the
child’s RSI dimension. It is of key relevance that verbalization
prospectively activates the categories “word” (WO) and “word
approximation” (WA), as the child in the study is non-
verbal. Results suggest that verbalization promotes language and
communication, which are also important in developing the
symbolization process.

“Vocalization” is the technique used when the therapist
seeks interaction by using exclamations, singing, laughing
or encouraging the child to express himself/herself vocally.
It has been suggested as especially useful for children with
verbal communication difficulties. Results show that use of
the “Vocalization” (consisting of EE, SI, L, PF) activates
behaviors of vocal and non-vocal demand (I, VOCD); and
response to the demand (AF), proxemic behaviors (APRO,
DPB), eye contact (EC) and word approximation (WA). It
also inhibits the attentive gaze at the object (AGO), the verbal
stereotype (VS) and solitary play (SP). Therefore, according
to our results, “Vocalization” is an appropriate technique for
activating interaction.

Imitation involves mirroring the child’s actions. It has been
described as a technique that allows the child to see “outside”
in a specific way what should be mentally represented “inside”
(Farrés et al., 2020). In this type of intervention, verbal and
non-verbal imitation is not used as a way of modeling the
child’s behavior but as a way of making contact with the child.
Within the framework of mirror neurons theory, the results of
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TABLE 4 Type and percentage of behaviors that prospectively activated or inhibited each of the therapist’s dimensions.

Behavior criterion (therapist) Conditioned behavior (child)

Activates (I, IV) Inhibits (II, III)

RSI N_RSI RSI N_RSI

Verbalizes

s.9 NFI, WO AGO NVD EB

s.16 APRO, EC, WA BS MS, VIS, SP

s.20 VOCD, FI, NFI, BPC SP VS, EB

n (%) 9 (47.3%) 3 (15.8%) 1 (5.3%) 6 (31.6%)

Vocalizes

s.9 I, NVD, FI, DPB EB AGO, VS, SP

s.16 FI, NFI, EC BS AGO

s.20 EC, WA MS, SP

n (%) 9 (52.9%) 4 (23.5%) 0 (0%) 4 (23.5%)

Verbal imitation RSI N_RSI RSI N_RSI

s.9 NVD, WA VS FEXR AS, SP

s.16 I SP WA, WO

s.20 NFI, APRO, BPC BS, AS

n (%) 6 (40%) 4 (26.7%) 3 (20.0%) 2 (13.3%)

Non-verbal imitation RSI N_RSI RSI N_RSI

s.9 NFI, DRA, EC VS, AS WO EB, AGO, SP

s.16 NFI SP

s.20 DPB MS, VIS APRO

n (%) 5 (33.3%) 5 (33.3%) 2 (13.3%) 3 (20.0%)

Stimulates RSI N_RSI RSI N_RSI

s.9 VOCD, FI, DPB, INV MS, AGO WA, I VS, SP

s.16 FI VIS, AS, SP APRO MS

s.20 I, FI, NFI SP DPB VIS

n (%) 8 (36.6%) 6 (27.3%) 4 (18.2%) 4 (18.2%)

Facial Exp T RSI N_RSI RSI N_RSI

s.9 I, FI, APRO, DPB, VOCD, WO, INV MS

s.16 FI WO

s.20 SP, VS AS, AGO

8 (57.1%) 3 (21.4%) 1 (7.1%) 2 (14.3%)

Gaze T RSI N_RSI RSI N_RSI

s.9 WA, EXFI VS, AS, BS,SP NFI, DRA AGO

s.16 APRO MS, VS, AS,AGO, SP BS

s.20 APRO, DPB AS I SP

n (%) 5 (23.8%) 10 (47.6%) 3 (14.3%) 3 (14.3%)

RSI, reciprocal social interaction; N_RSI, non-reciprocal social interaction; n, number of behaviors.

a previous study by our group suggest that the systematic use
of significant imitation in psychoanalytic psychotherapy with
autistic children improves their RSI capacity (Arias-Pujol et al.,
2015b).

The present results show that verbal imitation, consisting of
VIT, activates the actions of instrumentalization (I), non-verbal
demand (NVD), word approximation (WA) and lack of
response to the demand (NAF), approximation (APRO) and
brief physical contact (BPC). It also inhibits sensory action (SA)
and solitary play (SP).

Non-verbal imitation, consisting of NVIT, activates actions
of no response to the demand (NAF), drawing (DRA), eye
contact (EC) and distancing behavior (DPB). There were some

moments when the child appeared to enjoy a kind of dance
with music with the therapist. For example, while the child
was moving drawing or repeating sounds (ti-ti-ti-ti) he/she
gazed with curiosity at how the therapist repeated it. Moreover,
non-verbal imitation prospectively inhibited erratic behavior
(EB), an attentive gaze at the object (AGO) and the action of
solitary play (SP).

However, the behaviors were not statistically significant in
the analysis of clinically favorable responses in the child. We
believe that these results differ from those of the previous study
because on that occasion the use of verbal and non-verbal
imitation by the therapist was applied systematically and not
depending on the child’s spontaneous behavior.
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Stimulation (consisting of SDA, SSH, SDB, SPRO) is
used when the child is disconnected from the relationship
and the therapist tries to seek his/her attention by giving
or showing an object, directing the child’s attention toward
something or toward him/herself, or proposing an activity.
Results show that “stimulation” activates instrumentalized and
vocal demand (I, VOCD), response to the demand (AF,
NAF), distancing proxemic behavior (DPB) and the child’s
non-verbal imitation (NVI). It also inhibits the attentive
gaze at the object (AGO), the blank stare (BS) and solitary
play (SP). However, stimulation did not produce statistically
significant clinically favorable behaviors. These results suggest
that stimulating the child when he/she is very disconnected
from the relationship can be more intrusive than verbalizations
or vocalizations, and does not always promote reciprocal
social interaction.

Dramatization of an emotion consisting of FEXT
means making faces or moving the arms and torso,
expressing oneself through the body (Viloca, 2003; Farrés,
2014). Results show that it activates behaviors of the RSI
dimension. Specifically, in sessions 9 and 16 it activates
the instrumentalized and vocal demand (I, VOCD),
response to the demand (AF), approximation and distance
proxemic behavior (APRO, DPB), the use of words
(WO) and the child’s non-verbal imitation (NVI); and
prospectively inhibits, in session 20, sensory action (SA)
and the attentive gaze at the object (AGO). However, the
results did not achieve significance as clinically favorable
behaviors.

Finally, direct gaze (consisting of GA) refers to when the
therapist is observing the child, allowing him/her to express
himself/herself freely. Despite the child’s tendency to disconnect
and avoid closeness and physical contact with the therapist, the
GA activates the child’s behavior of word approximation (WA),
facial expression (FAEX) and of moving close to or away from
the therapist (APRO, DPB). Likewise, it inhibits the attentive
gaze at the object (AGO), the blank stare (BS) and solitary
play (SP). Overall, direct gaze promotes significant withdrawal
behaviors, which are not clinically favorable. This result is in
line with previous studies suggesting the extreme sensitivity
shown by children with autism to small breaks in the therapeutic
partnership (Goodman et al., 2017).

Conclusion

This study shows how observational methodology,
and specifically the use of mixed methods, can be
useful for the evaluation of a low intensity intervention
program. The greatest advantage is that the mixed method
perspective allows us to capture the reality just as it happens,
systemize it, guarantee its quality and treat it quantitatively
in a rigorous way.

From a clinical perspective, our results provide objective
evidence – backed up by the application of polar-coordinate-
based data analysis – that within a framework of psychoanalytic
psychotherapy of a child with severe ASD and no language,
the therapeutic techniques of “verbalization” and “vocalization”
significantly activate reciprocal social interaction behaviors
and inhibit non-social reciprocal behaviors. On the other
hand, direct gaze promotes child withdrawal. The results
are of key importance as they show the therapist behaviors
most useful for promoting social interaction in a child
with severe autism.
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Introduction: Articles published in scientific journals, concerning the present

and future of the lecture format in university education in the twenty-

first century are framed within organizational settings that drive teaching

methodologies in line with educational policies. The following two research

questions have arisen from articles in which debate the continuity of this

teaching modality and propose improvements of a different nature: (1) Is

there an interest in renovating the lecture format among the international

research community whose remit is university teaching methods? and (2)

What improvements to the lecture format do the reviewed articles suggest,

within the framework of the communicative matrix of interactive learning?

Method: We have carried out a systematic review guided by the

PRISMA approach, emphasizing the interest in methodological conceptual

commitment, paying attention to documents published in journals with an

impact factor. The search strategy was applied homogeneously in three

databases: ERIC, PsycInfo, and Web of Science, following the systematic

process of inclusion/exclusion.

Results: Forty-five articles were selected with a range of 0–78 quotations,

from different fields of knowledge and five continents; 12 articles are from

journals with a JCR impact factor. The journal articles cover communicative

(21), cognitive (13) and active-practical perspectives (11); the predominant

governing aim of the analyzed improvements is connected with the attendees’

academic performance results (24); the reviewed studies belong mainly to the

quantitative paradigm (42). The considerations derived from the results (45)

cover formative, technical and/or critical aspects.

Discussion and conclusions: Whilst positively valuing all these efforts

promoted by the European Higher Education Area, we have also verified the

lack of contributions in line with our concerns that embrace the need to
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develop an in-depth conceptualization, supported by a methodology that is

sensitive to the complexity of the oral communication format between an

expert actor and non-specialized actors who wish to connect and collaborate

with the expert in the production of knowledge.

KEYWORDS

systematic review, lecture, PRISMA, higher education, university teaching

Introduction

Within the context of the new vision of higher education
(UNESCO Declaration, 1998; The Bologna Declaration, 1999)
we propose to contribute to the renovation of teaching
methodology by systematically reviewing the case of the
university lecture format (Tronchoni et al., 2018, 2021;
Tronchoni, 2019). We agree with the view that the expository-
lecture format based on the programming of subject lessons
should be reassessed both from a communicative standpoint and
from the angle of the shared production of academic knowledge
during university lessons.

The lecture is effectively one of the most used teaching
methods in universities (Fortanet-Gómez and Ruíz-Madrid,
2014), and at first glance there does not appear to be
an issue between the use of this teaching format and the
institutional commitment to the development of democratic
values and the promotion of social welfare. In fact, the
study of the lecture as an improved expository format in
higher education has its own place within the area of
Instructional Communication within the field of interpersonal
communication (Mazer and Hess, 2017).

In the last two decades there has been a proliferation of
publications that deal with the lecture-type expository format
(Pérez-Llantada and Ferguson, 2006; Deroey and Taverniers,
2011; O’Callaghan et al., 2017), noting the multiple functions
and wide diversity of knowledge areas to which it is applied
(Steinert and Snell, 1999; Dolnicar et al., 2009; Stacy, 2009;
Tanahoung et al., 2009; Özcan, 2013), whilst highlighting the
positive opinion that students have of this teaching format
(Bates et al., 2017; Buchanan and Palmer, 2017).

Approval (or disapproval) of this teaching method ranges
from emphasizing or questioning its effectiveness in small
and large groups (Steinert and Snell, 1999; Kramer, 2017), to
appraising the development of students’ listening and note-
taking skills (Meyer and Hunt, 2017).

With the incorporation of active pedagogies in university
teaching, different studies have shown a concern for the role
played by the lecture in the students’ learning process (Barr
and Tagg, 1995; Dannels, 2016; Darling, 2017; Tronchoni et al.,
2021). This is giving rise to a change of direction in terms of
understanding how active listening can benefit from other self-
directed cognitive and emotional processes, whilst not forgetting

the interpersonal communication skills that may mobilize the
participants (Darling-Hammond et al., 2017; Mallin, 2017;
Hayden and Chory, 2018; Stockard et al., 2018; Thwin and Lwin,
2018). Whilst it is assumed that the lecture is a face-to-face
format, the incorporation of the Internet into formal teaching
has led to the lecture format being increasingly present in
different online educational modalities or synchronous hybrid
contexts (Raes et al., 2020), with studies appearing concerning
the use of interactive webinars (Gegenfurtner and Ebner, 2019)
and pre-recorded lecture classes (O’Callaghan et al., 2017).
Furthermore, over the last 2 years its synchronous virtual
and online use has been propelled by the COVID pandemic
(Younis and Elbanna, 2022).

This tendency has led to the publication of studies
committed to the transformation of the lecture into
what could be called the new expert lecture, a subject
currently under debate within international higher
education forums (French and Kennedy, 2017; Buzzanell,
2017; Darling, 2017; Meyer and Hunt, 2017; Sciullo,
2017; Stearns, 2017; Waldeck and Weimer, 2017;
Samarasekera et al., 2018).

The synthetic review narrative that precedes the current
situation of the lecture in higher education has led us
to pose the central exploratory questions of this synthetic
systematic review, reducing the PICO strategy to three
elements: population (P), intervention (I), and result (O).
Firstly, we seek answers to the following questions: (Research
Question 1) Is there an interest in renovating the lecture
format among the international research community whose
remit is university teaching methods? And secondly (Research
Question 2), what improvements to the lecture format do
the reviewed articles suggest, within the framework of the
communicative matrix of interactive learning (Ruesch and
Bateson, 1951)?

Method

This work follows the updated protocol of The
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) for the transparent, complete
and precise presentation of systematic review reports
(Page et al., 2021).
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Search strategy

The search was carried out across three databases:
PsycInfo, Web of Science, and ERIC, and the search strategy
for identifying material was homogeneously applied: title
containing the term lecture, AND teaching methods OR lecture
method among the key words. This search tool was completed
with the filters: articles in journals, university level education,
peer review, complete text available, English language and time
range from 2012 to 2021.

Eligibility criteria

The eligibility criteria applied were: articles of an empirical
nature applied to university level education, with a conventional
summary and methodological structure (introduction, method,
results, and discussion). The aim was to give priority to
studies that deal with specific experiences of changes in the
lecture, with a defined organization. Reviews of any kind
(narrative, bibliographical or meta-analysis) were discarded
on the assumption that the established period of analysis
was insufficient to allow for the production of additional
elaborative material.

Selection process

The selection process involved firstly a review of the titles
and articles, and secondly a detailed review of the complete texts
of the remaining articles taking into consideration the eligibility
criteria (see Figure 1).

Sample obtained

Table 1 includes all the selected articles (n = 45)
in chronological order, with the year of publication, the
name of the journal and the title of each article appearing
from left to right.

Analytical framework

The constructed analytical framework consists of two
dataframes:

(I) Firstly, the scientific visibility and institutional backing
of the selected research was coded (see Figure 2). The
geographical origin indicator was taken into consideration since
it provides information about the existing educational policies

FIGURE 1

Flow diagram (PRISMA 2020) with selection process.
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TABLE 1 Selected articles in chronological order.

Year Journal Title

2012 Journal of Pragmatics The interdependence of repetition and relevance in university lectures

2012 The Behavior Analyst Today The relative effects of traditional lectures and guided notes lectures on
university student test scores

2012 The Behavior Analyst Today The Relation between GPA and Exam Performance during Interteaching and
Lecture

2012 Interactive Learning Environments Explaining students’ appraisal of lectures and student-activating teaching:
Perceived context and student characteristics

2012 Biochemistry and Molecular Biology Education Learning transferable skills in large lecture halls: Implementing a POGIL
approach in biochemistry

2013 International Journal for the Scholarship of Teaching and
Learning

Finding the Right Fit: Assessing the Impact of Traditional v. Large
Lecture/Small Lab Course Formats on a General Education Course

2013 Advances in Language and Literary Studies Developing a Specialized Vocabulary Word List in a Composition Culinary
Course through Lecture Notes

2013 International Journal of Higher Education Features of Application of Classroom Response System at the Lectures in
Russia and Israel

2013 Novitas-ROYAL (Research on Youth and Language) A Study on Perception of Lecturer-Student Interaction in English Medium
Science Lectures

2013 Turkish Online Journal of Distance Education A Comparison of Internet-Based Learning and Traditional Classroom
Lecture to Learn CPR for Continuing Medical Education

2013 British Journal of Educational Technology An augmented lecture feedback system to support learner and teacher
communication

2014 Journal of the Scholarship of Teaching and Learning Teacher Immediacy and Student Learning: An Examination of
Lecture/Laboratory and Self-Contained Course Sections

2014 Teaching of Psychology If you record it, some won’t come: Using lecture capture in introductory
psychology

2015 Online Learning Using Instructor-Generated Video Lectures in Online Mathematics Courses
Improves Student Learning

2015 Informatics in Education Using Short Video Lectures to Enhance Mathematics Learning–Experiences
on Differential and Integral Calculus Course for Engineering Students

2015 Journal of Evolution of Medical and Dental Sciences-JEMDS Comparison of the traditional chalk and board lecture system versus power
point presentation as a teaching technique for teaching gross anatomy to the
first professional medical students

2015 Journal of Interactive Media in Education Digital Voting Systems and Communication in Classroom Lectures–An
Empirical Study Based around Physics Teaching at Bachelor Level at Two
Danish Universities

2015 Canadian Journal for the Scholarship of Teaching and Learning Sustainability: Teaching an Interdisciplinary Threshold Concept through
Traditional Lecture and Active Learning

2015 Journal of Evolution of Medical and Dental Sciences-JEMDS Comparison of Problem Based Learning with Traditional Lectures among
First Year Medical Students in Philosophy

2015 The Mathematics Educator Research on Group Learning and Cognitive Science: A Study of Motivation,
Knowledge, and Self-Regulation in a Large Lecture College Algebra Class

2016 International Journal of Higher Education Integration of Histology Lectures and Practical Teaching in China

2016 Turkish Journal of Emergency Medicine The comparison of the efficiency of traditional lectures to video-supported
lectures within the training of the Emergency Medicine residents

2016 Journal of College Teaching & Learning Preparing Students for Class: A Clinical Trial Testing the Efficacy between
Multimedia Pre-Lectures and Textbooks in an Economics Course

2016 Journal of Curriculum and Teaching The Use of Pre-Recorded Lectures on Student Performance in Physiology

2017 International Journal of Evaluation and Research in Education Students’ Critical Thinking Improvement through “PDEODE” and “STAD”
Combination in the Nutrition and Health Lecture

2017 Bali Medical Journal Effectiveness of teaching: Jigsaw technique vs. lecture for medical students’
Physics course

2017 Advances in Engineering Education Large Lecture Transformation: Improving Student Engagement and
Performance through In-Class Practice in an Electrical Circuits Course

2017 GIST-Education and Learning Research Journal Questions in English as a Medium of Instruction versus Non-English as a
Medium of Instruction Lectures

(Continued)

Frontiers in Psychology 04 frontiersin.org

108

https://doi.org/10.3389/fpsyg.2022.971617
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-971617 October 28, 2022 Time: 15:33 # 5

Tronchoni et al. 10.3389/fpsyg.2022.971617

TABLE 1 (Continued)

Year Journal Title

2017 Journal of Education and Practice The Effect of Instructional Methods (Lecture-Discussion versus Group
Discussion) and Teaching Talent on Teacher Trainees Student Learning
Outcomes

2018 Journal of Learning in Higher Education Building a Case for Active Learning: The Use of Lecture vs. Other Classroom
Activities at LMBC

2018 Computers & Education Impact of slide-based lectures on undergraduate students’ learning: Mixed
effects of accessibility to slides, differences in note-taking, and memory term

2018 Journal of Chiropractic Education Comparison of student performance and perceptions of a traditional lecture
course versus an inverted classroom format for clinical microbiology

2018 International Journal for the Scholarship of Teaching and
Learning

Role-Play in Literature Lectures: The Students’ Assessment of Their Learning

2018 International Journal of Higher Education Use of a Scaffolded Case Study Assignment to Enhance Students’ Scientific
Literacy Skills in Undergraduate Nutritional Science Education: Comparison
between Traditional Lecture and Distance Education Course Formats

2019 Journal of Learning Analytics Diversity of Online Behaviours Associated with Physical Attendance in
Lectures

2019 Anatomical Sciences Education Interactive Lecture in the Dissection Hall: Transforming passive lecture into
a dynamic learning experience

2019 English Language Teaching Micro-Lecture Teaching for Improving the Learning Effect of Non-English
Majors at North China Electric Power University

2019 European Journal of Contemporary Education Three Scientific Facts about Ukrainian and Polish Law-Students: Verification
of Statistical Hypotheses about their Preferences of Learning at Lectures

2019 International Review of Research in Open and Distributed
Learning

Diversity in Video Lectures: Aid or Hindrance?

2020 Research in Learning Technology The Effect of Adding Same-Language Subtitles to Recorded Lectures for
Non-Native, English Speakers in E-Learning Environments

2020 International Journal of Higher Education A UTAUT Evaluation of WhatsApp as a Tool for Lecture Delivery during
the COVID-19 Lockdown at a Zimbabwean University

2020 Sage Open Nursing Comparison of the Conceptual Map and Traditional Lecture Methods on
Students’ Learning Based on the VARK Learning Style Model: A
Randomized Controlled Trial

2020 Advances in Medical Education and Practice Comparison Between Problem-Based Learning and Lecture-Based Learning:
Effect on Nursing Students’ Immediate Knowledge Retention

2020 Bulletin of the University of Karaganda-Chemistry Presenting lecture materials in English using CLIL technologies

2020 Journal of E-Learning and Knowledge Society Does the sequence of flipped and lecture-based classes affect the academic
achievement and satisfaction of medical students?

and quality demands in higher education in the universities
of the countries of reference. Along with the country of
reference, the knowledge area or discipline of the academic
subject matter is indicated in those which generated some type
of renewal proposal of the lecture format based on empirical
evidence. The codes of the knowledge areas/disciplines are:
sciences (CEX); biological sciences (BIO), medicine and health
sciences (MED), social sciences (SOC), economic and business
administration sciences (EAD), humanities (HUM) and diverse
or indeterminate (DIV).

A distinction can be made between countries and
continents, –and, ultimately, between universities and
institutions that recognize the relevance of, or have financed,
research in this field. This generates an ordered record of
institutional recognition of the origin of said research. This
data is completed by two relevance indicators of the knowledge

produced and disseminated: we are referring to the number of
quotations taken from the article, and the scientific evaluation
received by the journal responsible for the publication from
some of the most respected platforms concerning the assessment
and analysis of performance and scientific research quality.
The number of quotations is an indicator of the professional
repercussion that the article has had, both in the area of
university education and in the pedagogic and didactic research
of teaching methods—this was obtained via Google Scholar
and identified until the end of 2021; the positioning of the
journal includes the impact factor (JCR-WoS) and the quartile
(Q) to which it belongs according to the year the selected
article was published.

(II) The second dataframe refers to the multidimensional
classification of the structural components that produce
significant differences in the way of conceiving and structuring
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FIGURE 2

Criteria for the analysis of institutional backing and the visibility
achieved with the publication of an empirical study aimed at
improving the functioning of the university lecture.

the research object. As all the studies that make up the dataframe
refer to how to relate and drive teaching and learning in the
renovated use of the university lecture, we would like to point
out that the practical and technical proposals do not always
entail a theoretical justification identifiable as belonging to
a recognized and named learning paradigm. Rather what is
produced is a free use of concepts and techniques that can
respond to different theoretical focuses (Entwistle, 2018).
Taking this into account, the distinctive features considered
were: conceptual perspective, guiding aim, type of study
and applied result.

a) We identified three perspectives of a technical nature
applied to the improvement of the lecture format:
the communicative perspective (COM), the cognitive
perspective (COG), and the participative-practical
perspective (ACT).

b) The consolidated guiding aim that routed the selected
research was conceived in terms of aptitude-treatment
interaction (Cronbach and Snow, 1977) and the criteria
derived to characterize the dominant concern were:
student potential or aptitude (DIS), the strategies and
conditions of the teaching to be carried out (INS),
performance (REN) and the combination (COB) of criteria
(INS-REN, INS-DIS, DIS-REN).

c) The methodological option that structures the research
object on epistemological, ontological, and procedural
levels can be specified with the widely argued and accepted
proposal of quantitative (QUAN) and qualitative (QUAL)
paradigms, and mixed-method (MM).

d) Finally, the applied results or conclusive recommendations
can be understood as being aimed at assessing the
education fostered by the lecture (FOR), technology for
learning and knowledge (TEC), and the need to compare
the use of the lecture with other teaching methods (CRI).
These criteria can be presented combined in the same
article (MIX).

Table 2 contains the symbols assigned to the categories
used in the content analysis of the sample obtained via the
PRISMA procedure.

Results

Table 3 shows the analysis of the scientific production
relevance indicators (Quotations and IF JCR) and the supported
relevance in origin (country, university, disciplinary knowledge)
of the reviewed empirical articles:

Scientific visibility and institutional
backing

Number of quotations: presence/absence of
links criterion

The number of quotations ranges from 0, a study by Shabani
et al. (2020), to 78 (see Figure 3), an article by Bailey et al.
(2012) that deals with the transformation of the expository
lecture in a large group, within a teaching format focused on
the student. As the number of quotations rises, the number of
articles diminishes, and therefore the most recently published
articles show a lower number of quotations than the articles
published in the first years of the time span used in this
study (2012–2021). The number of accumulated quotations
from all the articles as a whole was 759. It is worth assessing
the presence of links among researchers concerned about the
same issues rather than the quantity received, given that the
materialization of synergies is more sensitive to the conditions
in which the quotations are produced rather than the quantity
of quotations received.

Impact factor: scientific reliability criterion
Of the 45 articles selected, 12 (27%) belong to journals

with an impact factor: 5 of Q1, 3 of Q2, 3 of Q3, and 1 of
Q4 (see Figure 4). The greatest impact factor is 5.627 and
corresponds to an article published in the Q1 journal, Computers
& Education, about the effects of access to projected slides
during lectures using Powerpoint (Kim, 2018). The recognition
that research groups and communities give to the need for an
external assessment of their material before publishing, and the
aspiration of being assessed by highly qualified journals, are
two points that reflect the concern for obtaining applied results
and a good path to achieving tangible applied results based on
rigorous studies.

Geographical-academic distribution:
institutional backing criterion

The geographical distribution (see Figure 5) of the selected
articles is presented, from highest to lowest incidence, as follows:
USA (14), Iran (4), India (3), Spain (3), South Korea (2),
China (2), Indonesia (2), and the rest of the 15 countries
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TABLE 2 Dimensions of the analytical framework with components, symbols, categories, and examples for the analysis of the obtained data.

Dimensions of the analytical framework

I. Scientific visibility and institutional backing II. Multidimensional classification of the structural components of the analyzed research

Component Symbol Category Component Symbol Category Example: Author, year/Fragment of article

No of quotations (Google Academic) Perspective COM Communication Giménez-Moreno, 2012 Examine (.) the interdependence
between relevance and repetition
in current lecturing by firstly
reviewing the main
communicative strategies.

Impact factor JCR (sanctioning index of the relative relevance of the scientific
journal depending on the quotations received)

COG Cognition Monk and Newton, 2018 Is the change in students SL skills
related to their learning approach
(i.e., deep versus surface learning
approaches)?

Country (university) of reference relevance sanction ACT Active Bailey et al., 2012 Keywords: active learning,
cooperative/collaborative
education

Field of
knowledge/Studies

MED Medicine and Health
Sciences

Aim REN Performance Kinnari-Korpela, 2014 Students’ learning is assessed

SOC Social Sciences:
Education, Psychology

DIS Dispositional Starichenko et al., 2013 Reveal students’ attitude to CRS
abilities

CEX Exact Sciences INS Instructional Werner et al., 2018 Study about teachers

BIO Biological Sciences COB Combination Chimmalgi, 2019 Students’ satisfaction and
performance are assessed

HUM Humanities Methodology QUAN Quantitative Vázquez and Chiang,
2016

Controlled clinical experiment

EAD Economic and Business
Administration Sciences

QUAL Qualitative Ní Riain et al., 2018 Qualitative research on the use of
role-play

DIV Diverse or unidentified MM Mixed-Method Navaz, 2013 Mixed-method perspective

Continent AME America Result FOR Formative Nordin et al., 2013 Title: Developing a Specialized
Vocabulary Word List in a
Composition Culinary Course
through Lecture Notes

EUR Europe TEC Technological Mathiasen, 2015 Title: Digital Voting Systems and
Communication in Classroom
Lectures
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FIGURE 3

Relationship between number of quotations and number of
articles.

(1). The geographical distribution covers the continents:
Asia (18), North America (15), Europe (8), Africa (3), and
Oceania (1), and highlights the absence of articles from
Central and South America. The diversity of countries and
continents reflects the diversity of educational policies and
proposals for the improvement of university education in
the twenty-first century. However, the seminal ideas of a
teaching founded on the attention to differences and on the
proposal of active teaching methods with a vision tinged
by constructivism and support for a spirit of collaboration,
appear to emerge in the discourse of the international
communities and groups dedicated to educational research
within higher education. Since the UNESCO Declaration
(1998) and the The Bologna Declaration (1999) on innovative
educational methods, the lines of improvement converge on
an intercontinental level in pedagogic and didactic terms.
Another matter entirely is the availability of means (economic,
equipment, teacher training, etc.) and the cultural codes
involved in the regulation of the complex factors present
in situations of interactive learning induced by expository
and highly specialized formats of teaching, as is the case of
postgraduate and doctoral lectures.

Field of knowledge: plasticity of innovative
teaching methods criterion

In the group of selected articles, the studies deal with
different areas of knowledge (see Table 4): MED (11), SOC (11),
CEX (9), HUM (5), EAD (4), DIV (4), and BIO (1). Whilst all
the curricular disciplines are involved in creating a renovation
in the field of cognitive strategy communication, teamwork, or
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TABLE 3 Analytical framework of the sample of reviewed empirical articles.

No. of
article

Frame of the scientific visibility and institutional
backing

Multidimensional classification of structural
components

No. of
quotations

Impact
factor

Country Field of
knowledge

Perspective Guiding
aim

Type of
study

Results

1 78 0.70/Q4 USA CEX ACT DIS QUAN FOR

2 77 – USA CEX COG REN QUAN TEC

3 73 1.394/Q1 Spain SOC COM DIS QUAN TEC

4 53 – USA SOC COG INS REN QUAN FOR

5 52 – Finland CEX COM REN MM TEC

6 48 0.667/Q3 USA SOC COM DIS REN QUAN TEC CRI

7 34 – USA SOC COM REN QUAN FOR

8 26 – USA SOC COM REN QUAN FOR

9 23 1.302/Q1 Belgium SOC ACT DIS QUAN FOR

10 20 – Sri Lanka DIV COM INS DIS MM FOR

11 20 – Iran CEX COM REN QUAN FOR TEC

12 19 – Turkey MED COG REN QUAN FOR TEC

13 19 – India MED ACT REN QUAN FOR TEC

14 18 5.627/Q1 South Korea SOC COG REN QUAN FOR TEC

15 16 – Indonesia BIO ACT REN QUAN FOR

16 15 – Denmark CEX COM REN QUAN TEC

17 15 – USA SOC ACT DIS QUAN FOR

18 12 – USA EAD COG REN QUAN FOR TEC

19 11 – USA MED COM DIS REN QUAN CRI

20 11 – Russia/Israel DIV COM DIS QUAN TEC

21 10 – China MED COM REN QUAN FOR

22 10 – Australia DIV COM DIS QUAN FOR TEC

23 9 – Iran CEX COM REN QUAN CRI

24 9 Q2 South Africa HUM COG REN QUAN FOR TEC

25 9 – Zimbabwe DIV COM DIS QUAN TEC

26 8 3.759/Q1 India MED COG DIS REN QUAN FOR

27 8 – Malaysia HUM COM INS QUAN FOR

28 7 2.297/Q1 South Korea HUM COG REN QUAN FOR TEC

29 7 – USA CEX ACT DIS REN QUAN CRI

30 6 – USA SOC COG REN QUAN FOR

31 5 – Poland/
Ukraine

SOC COM DIS REN QUAN FOR TEC

32 4 Q3 Iran MED COG REN QUAN CRI

33 4 – USA CEX COG REN QUAN FOR

34 4 – USA EAD ACT INS QUAN FOR

35 3 0.7/Q2 Spain EAD COM INS QUAN FOR

36 3 – China HUM COM REN QUAN FOR TEC

37 3 – Spain EAD COM INS QUAN FOR

38 2 – USA MED ACT REN QUAN FOR TEC

39 2 – Indonesia SOC COM REN QUAN CRI

40 2 – Canada MED COG DIS REN QUAN FOR

41 1 Q2 Ethiopia MED COG DIS REN QUAN FOR

42 1 – Kazakhstan CEX COM REN QUAN FOR

43 1 – India MED ACT REN QUAN CRI

44 1 – Ireland HUM ACT REN QUAL FOR

45 0 Q3 Iran MED ACT DIS REN QUAN CRI
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FIGURE 4

Placement of articles in journals with impact factor (JCR-WoS)
and quartile (Q).

in the way of assessing results, the concern about improving the
lecture format remains a didactic setting that can be adapted to
interactive and collaborative learning conditions.

Multidimensional classification of
structural components

The articles cover three perspectives: COM (21), COG (13),
and ACT (11). The plasticity of the didactic methods shown
above facilitates a complex approach to the research object. The
limits are imposed by the research object as defined by the
researcher, although the frequency of the studies assigned to one
category or another is not the most important thing. What we
wish to highlight is that the three orientations are present in the
analyzed sample.

The guiding-aim of the selected studies correspond to: INS
(4), DIS (7) and REN (24) and in 10 articles two of these
aims are combined: INS + REN (1), INS + DIS (1), and
DIS + REN (8). One sign of lecture maintenance is precisely
that responses are designed to the problems of performance,
and to those arising from teacher conduct as being responsible
for the teaching action involved in all the facilitating modes of
interactive learning.

The methodologies used in the generation and analysis
of data focus on the QUAN perspective (42), while the
other two options are only present in three articles
(QUAL, 1 and MM, 2). It is important to underline that
the journals with a higher impact factor located in the
quartiles Q1 and Q2 do not propose any methodological
restrictions, whilst some of them even advocate openly for
the inclusion of research that responds to the quantitative,
qualitative and mixed-method approaches. These journals
are: Anatomical Sciences Education, British Journal of
Educational Technology, Interactive Learning Environments,
Computers & Education, International Review of Research
in Open and Distributed Learning, Research in Learning
Technology, Journal of Pragmatics, Advances in Medical
Education and Practice.

The applied results and/or recommendations from the
studies influence the following aspects: FOR (20), CRI (7),
TEC (6), and in 12 articles two of these are combined:
FOR + TEC (11) and TEC + CRI (1). What stands out
is the teaching value of the lecture and the incorporation
of telematic computerized resources. It also provides a
reflection about the role of technical aspects in pedagogic and
didactic improvements.

The intersection of the conceptual perspective dimension
with the methodological affiliation provides us with a new
picture of the data when the nine resulting regroupings are
considered (see Table 5).

FIGURE 5

Geographical provenance ordered by number of articles.
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TABLE 4 Fields of knowledge of the analyzed studies.

Field of knowledge Number of articles

MED 11

SOC 11

CEX 9

HUM 5

EAD 4

DIV 4

BIO 1

Total 45

TABLE 5 Conceptual-methodological commitment (perspectives
and methodologies).

Perspective
conceptual/
Methodology

COM COG ACT Total

QUAN 3, 6, 7, 8, 11,
16, 19, 20, 21,
22, 23, 25, 27,
31, 35, 36, 37,
39, 42

2, 4, 12, 14,
18, 24, 26, 28,
30, 32, 33, 40,
41

1, 9, 13, 15,
17, 29, 34, 38,
43, 45

42

QUAL 44 1

MM 5, 10 2

Total 21 13 11 45

An analytical view of the methodological commitment
in each regrouping is presented as a whole in Table 6,
characterized by:

Methodological commitment QUAN-COM,
QUAN-COG, and QUAN-ACT

There are 19 QUAN-COM articles (42.2%) and they include
301 quotations (39.7%). Three articles have an impact factor
(Q1, Q2 and Q3), and are from diverse fields of knowledge: SOC
(6), CEX (4), DIV (3), EAD (2), MED (2); are from different
continents: AME (4), ASI (8), EUR (5), AFR (1), and OCE (1).
The aims are of type REN (9), DIS (4), INS (3) and DIS-REN (3),
and the results of type FOR (7), TEC (4), CRI (3), TEC-CRI (1)
and FOR-TEC (4).

There are 13 QUAN-COG articles (29%) and they include
220 quotations (29%). Six articles have an impact factor (Q1, Q2,
and Q3), and are from diverse fields: MED (5), SOC (3), CEX (2),
HUM (2), and EAD (1); and are from different continents: AME
(6), ASI (5), and AFR (2). The aims are of type REN (9), DIS-
REN (3), and INS-REN (1), and the results are of type FOR (6),
FOR-TEC (5), TEC (1), and CRI (1).

There are 10 QUAN-ACT articles (22%) and they include
165 quotations (21.7%). Four have an impact factor (Q1, Q3, and
Q4), are from diverse fields of knowledge: MED (4), CEX (2),
SOC (2), and EAD (1), and are from three continents: AME (5),
ASI (4) and EUR (1). The aims are of type REN (4), DIS (4), DIS-
REN (2), and INS (1), and the results are of type FOR (5), CRI
(3), and FOR-TEC (2). T
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To summarize, the presence of the quantitative conceptual-
methodological commitment in all the other structural
aspects considered, and its prevalence in the most accredited
scientific media, leads us to the conclusion that the web
of quotations could provide interesting results for the
subjects they cover.

Methodological commitment QUAL-ACT
One QUAL-ACT article was identified, with one quotation

and no impact factor. It is from Ireland, and the field
of knowledge is HUM. The aim is of type REN and
the result is FOR.

In light of this datum and taking into account the comment
about the methodological aperture of the journals with a JCR
impact factor, it is worth underlining the numerous possibilities
offered by qualitative methodology (Wertz et al., 2011).

Methodological commitment MM-COM
There are 2 MM-COM articles; they include 72 quotations

(9.6%) and have no impact factor. The fields of knowledge are
CEX and BIO, and they are from Europe and Asia. The aims
are REN in one article and INS-DIS in the other, and the results
are TEC and FOR.

Given that we believe the mixed-method conceptual-
methodological commitment is suitable for the study of the
innovative renovations of the lecture format (Tronchoni et al.,
2021), and the scientific works with methods considered as
inherent integrators of qualitative and quantitative data analysis
(Anguera and Izquierdo, 2006; Bazeley, 2018; Izquierdo and
Anguera, 2021), we can only hope that the MM commitment
will be present in more studies. On the other hand, the products
achieved with this conceptual-methodological commitment are
appreciated, valued and recommended for publication in the
best placed journals that cover the subjects of teaching and
learning in higher education.

Discussion and conclusions

A descriptive analysis of the results obtained via the
coding of the criteria dimensions in order to capture the
differences produced by the systematically selected sample,
produces two conclusions that provide answers to the
two research questions posed in the introduction: the first
conclusion responds to the question about the current
scientific situation of the renovated lecture format subjected
to empirical study. The second conclusive response places
value on the identified processes and results, whilst at the
same time demonstrating the need to articulate a proposal
that incorporates an open and dialogued vision of the
teaching system, whose continued renovation should be
founded on empirical research in as far as this is possible
and necessary.

Understanding the evolution of the relationships between
the various components of the teaching system is vital if
universities are to offer effective and efficient teaching. Given
that we have found no other systematic reviews of the proposed
key terms, it is not possible either to verify whether the
description carried out and the conclusions we propose are in
line with other reviews, nor to indicate in which aspects our
findings differ from those provided by other systematic reviews
of the lecture format.

Before entering into the argumentation thread that sustains
the inferential and proactive path of this section, it is worth
pointing out that our empirical conceptual-methodological
approach connected with educational assessment (Tronchoni
et al., 2021) has a point of contact—differences aside—
with the Direct Instruction movement (Engelmann and
Colvin, 2006). When it comes to discussing the coarse
matter of the frequency distribution of the different criteria
and the subtle silence of the vacuums that the analyzed
results produce, we include as a contrast the idea of
systematizing the way the acquisition of new knowledge is
accessed in terms of direct instruction proposals, i.e., the
teaching system of the lecture in our case. We believe
that the vacuums or lowest scores can provide a certain
generalization of interest about the need to construct a common
base open to a plurality of viewpoints, but with a clear
message about the need to systematize the lecture format
without renouncing flexibility, plasticity, web connectivity, or
sustainable effectiveness.

Research Question 1. Is there an interest in renovating the
lecture format among the international research community
whose remit is university teaching methods?

Conclusion 1. The geographical channeling of institutional
backing and the evaluation of the visibility and scientific
reliability of the web of quotations is proof positive for
tackling the internationalized challenge of the renovation of the
lecture format. Unfortunately, the methodological commitment
remains incomplete in not providing qualitative and mixed-
method studies, and the databases consulted are not sensitive
to the research carried out in South American countries.

This conclusion is based on the following evidence found in
our research:

a) In the group of selected articles, the lecture is present in
a wide diversity of journals. Some of them show a JCR
impact factor, elaborated on the Web of Science platform
(WoS). The visibility of this subject in the scientific-
academic community interested in the renovation
and innovation of teaching methods in general and
the lecture in particular, is guaranteed in the period
consulted. The five journals with the highest impact factor
according to year of publication, in ascending order are:
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Interactive Learning Environments (2012), British Journal
of Educational Technology (2013), International Review
of Research in Open and Distributed Learning (2019),
Anatomical Sciences Education (2019), and Computers
& Education (2018). The conceptual-methodological
commitments QUAN-COM (3), QUAN-COG (6), and
QUAN-ACT (3) were present in the articles with an
impact factor. The articles conceived as QUAL-ACT (1)
and MM-COM (2), were published in journals indexed on
other platforms.

b) The expository lecture, with a greater or lesser scientific
visibility, is a subject that raises interest among researchers
in different countries on all continents. The geographical
prevalence of the selected articles belongs to the scientific
production of researchers in Asia (mainly Iran, India,
South Korea, China and Indonesia) and the USA.
Our database search did not produce selected articles
from South America. On the other hand, Asia and
North America cover the methodological commitments
QUAN-COM (12), QUAN-COG (11), and QUAN-ACT
(9); Europe shows an interest in the methodological
commitment QUAN-COM (5) and Africa in QUAN-
COG (2) and QUAN-COM (1). Once again, the options
that structure the research object with a methodological
commitment QUAL or MM were silenced.

c) The appearance of quotations in the scientific production
of articles is an indicator of the appreciation and value
given to the subject, and of its subsequent incorporation
into new articles that promote the applied proposals
in real situations within the field of the acquisition of
curricular, declarative and procedural knowledge, and
of that pertaining to the area of values, attitudes,
and emotions. Quotations generate networks of interest
through the mobilization of said advances, creating
tendencies within studies. This suggests that networks
of influence are being formed. The expository lecture is
defined by a directly visible web potential that has set in
motion 759 connections in the total of the 45 articles in
our sample. Only one recently published article did not
register any quotations. The web is structured into lesser
groupings depending on the methodological commitments
found from the QUAN commitment and these are thus
distributed from greater to lesser number of quotations:
QUAN-COM (301), QUAN-COG (220), and QUAN-ACT
(165).

Research Question 2. What improvements to the lecture
format do the reviewed articles suggest, within the
framework of the communicative matrix of interactive
learning?

Conclusion 2. It is very difficult to know the characteristics
of the lectures that have been subject to intervention and
their relationship with other teaching and learning methods.

However, the internationalized agenda of the subjects covered
is sufficiently pertinent to give rise to partial improvements in
the exploitation of technological opportunities (ICT) applied
to the transmission of knowledge, the use of strategies
and the inclusion of participative tasks and techniques.
Unfortunately, the analyzed sample does not reflect the concept
of a communicative matrix within the organizational and
institutional context of the intervened lectures; whilst all the
articles are in line with the ideal of promoting interactive
learning, the consideration as to how teaching should be
adjusted does not appear.

The reflection of the obtained data on the improvements
achieved by the interventions carried out in lectures covers the
following subjects:

a) Information processing and performance. A total of 17.7%
of the higher education sample analyzed describes teaching
based on improvements in lecture design, beginning
with the problems raised by providing information to
be effectively remembered (DIS-REN, 8). The subject of
attention and memory functions in interactive learning
is linked to good performance and an increase in
learning potential in lectures (French and Kennedy,
2017). Another aspect to bear in mind when considering
the effects of the informative approach proposed to
the students is whether to promote learning based on
investigative competencies or on repetitive production
activities (Lundvall and Johnson, 2016). Since both forms
of learning are complementary, there is room for the
design of mixed trajectories. The shadow of unmonitored
(by the teacher) repetitive learning grows longer when
we consider that 53% of our sample places emphasis on
performance (REN, 24). We do not know the diversified
cultures of the universities that use the lecture method,
nor do we know the relationship between this format and
other methods applied in class sessions, but the emphatic
concern about performance might be indicative of a more
conventional (the exclusive performance of declarative
content) rather than innovative feature of the researched
teaching practice.

b) Prevalent thematic resonance. Two articles with greater
resonance show the polarities of the professional and
research interests of the studies carried out.
On the one hand, the article by Bailey et al. (2012)
with IF (JCR) 0.70 (Q4) has 78 quotations (29% of the
group of articles with an impact factor). This article
was published in the journal The International Union of
Biochemistry and Molecular Biology, by three professors
from the Biochemistry Department of the University
of Nebraska and the Chemistry Department of Seattle
University (USA). The article deals with how to transform
an expository lecture into a format centered on the
students’ learning. The professional nature of the proposal
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connects with the pedagogical revolution of renovating
the lecture by incorporating opportunities for participation
(ACT), and developing skills (DIS) that are necessary for
the learning of content that can be transmitted with an
expository format (FOR).
On the other hand, the article by Hegeman (2015),
of Missouri Western State University (USA), has 77
quotations (16% of the group of articles with no impact
factor) and was published in the journal Online Learning.
The article analyzes the results of learning facilitated by the
use of multimedia material and note-taking. The students
are given cards designed by the teacher in order to guide
the study of pre-recorded expository algebra sessions. The
article, conceived from a cognitive perspective (COG),
promotes the implication of the teaching staff in the
technical handling (TEC) of telematic opportunities and
the construction of tutorial material, with the aim of
facilitating a greater performance (REN) from the students.

c) Communicative matrix of the educational system. It is
striking that just 13% of the sample gives a description
of teaching that places the focus on the teaching
format in relation to performance or student aptitude
(INS-REN, 1; INS-DIS, 1), and on the appropriateness
of the lecture for carrying out certain learning (INS
4). One silenced aspect derived from this fact is the
concern about the influence of teacher-student learning
relationships (Entwistle, 2018). The good design and good
application of an educational system—which may be the
improved lecture—should incorporate the complex loop of
communicative interactions between the four identifiable
levels of exchange in the educational system: (i) the
political-economic and cultural-educational conditions
both inside and outside the classroom, (ii) the academic
and professional side of the disciplines, (iii) the physical
and virtual meeting spaces, and (iv) the personalities of
the students and teachers. This reading of the renovated
lecture reinforces the ritual of roles (Goffman, 1967) that
can promote dialogic interaction within the juncture of
teaching with interactive learning. There are those who
search for this juncture in valuing the role played in the
design and execution of the lecture by the active, attentive
student who is a synthesizer of retrievable and revisable
information. Another line of juncture seeks to potentiate
oral participation. In this context of considerations,
71% of the reviewed studies direct their concern about
communication toward academic performance, with some
mentions of student aptitude or the expository teaching
of the content covered (COM-REN, 10; COM-COB, 4). If
we take into account that 47% of the articles incorporate
the COM perspective, then it would be important for
the subject of academic performance to predominate in
order to vouch for the virtues of the renovated lecture
format. We suspect that the communicative focus does

not respond to a holistic and dialogic approach, and that
the concern about individual student aptitude is centered
on the satisfaction that preferably cognitive experiences
generate in being able to drive learning itself, with the
aid of the teacher’s exposition and the development of
necessary strategies and abilities.

d) The geographical and institutional extent of attempts
to improve the lecture format does not provide the
necessary contextualization of those innovations. The
internationalization of the aim of improving the lecture
format, understood as an expert teaching format, is
undoubtedly benefiting from the possibilities offered by
ICT, multimedia options and the combined use of face-
to-face and synchronous virtual sessions (O’Callaghan
et al., 2017; Gegenfurtner and Ebner, 2019; Raes et al.,
2020). These new possibilities, sensitive to the educational
and economic conditions of each university and country,
present the need to develop specific designs in terms of
how to implement and drive instructional participative
interaction that mobilizes reasons to cooperate, together
with the strategic use of collaborative cognitive-emotional
abilities implied in the process of acquiring academic
knowledge.

The reviewed articles propose changes (COM, COG, ACT)
but do not give contextual keys to understanding how to
go about it and to conceptualize what is proposed as an
intellectual and experiential result above and beyond a mere
recuperation of information.

To summarize, from standpoint regarding the
conceptualization of the innovation of the lecture format
and the conceptual-methodological commitment adopted
in the empirical research of this subject (Tronchoni et al.,
2021), we believe that the review carried out alerts us to
the lack of studies that provide an integrated response to
the conditions and roles of interactive learning, together
with tackling the production of emotional-intellectual
experiences that reinforce the dialogic and collaborative
links of all the participants. Whilst all the methodological
options might be appropriate for structuring empirical
studies about the improvements sought by good interactive
design and a good execution of the renovated lecture, we
would like to underline that the mixed-method approach
of systematic observation (Anguera et al., 2017) fits well
with the idea of being able to finalize reliable formative
assessments contingent upon the diversity of people, the
disciplines involved, space-time conditions, own and imported
educational cultures, and the most distal influences. The
focus of the observation centers on participative interaction, a
mechanism responsible for the organization of exchanges
and for controlling the means of producing academic
knowledge, and for the emotional-intellectual experience.
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Above and beyond the satisfaction produced by academic
results, the emotional-intellectual experience that emerges from
the social implication in the construction of knowledge can
be considered a powerful resource for personal growth and
collective wellbeing (Claxton, 1984).

Every systematic review has inherent limitations to its
own profile—such as the proposal of selection criteria for
primary documents—that inevitably have an influence on
the results, both on those obtained, and on the vacuums
detected. An example of this is the culture of research
itself which may exist in relation to the expository lecture
in Latin American countries, made invisible by opting
for selection criteria that we feel to be suitable (such as
the English language). Furthermore, another limit could
be that the filter with the term lecture may hide diverse
understandings of the lecture format within the specification of
each study.
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A stochastic approximation
expectation maximization
algorithm for estimating
Ramsay-curve three-parameter
normal ogive model with
non-normal latent trait
distributions
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1Key Laboratory of Applied Statistics of Ministry of Education, School of Mathematics and Statistics,
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In the estimation of item response models, the normality of latent traits

is frequently assumed. However, this assumption may be untenable in

real testing. In contrast to the conventional three-parameter normal ogive

(3PNO) model, a 3PNO model incorporating Ramsay-curve item response

theory (RC-IRT), denoted as the RC-3PNO model, allows for flexible latent

trait distributions. We propose a stochastic approximation expectation

maximization (SAEM) algorithm to estimate the RC-3PNO model with

non-normal latent trait distributions. The simulation studies of this work reveal

that the SAEM algorithm produces more accurate item parameters for the

RC-3PNO model than those of the 3PNO model, especially when the latent

density is not normal, such as in the cases of a skewed or bimodal distribution.

Three model selection criteria are used to select the optimal number of knots

and the degree of the B-spline functions in the RC-3PNOmodel. A real data set

from the PISA 2018 test is used to demonstrate the application of the proposed

algorithm.

KEYWORDS

item response theory, Ramsay curve, 3PNO model, marginal maximum likelihood

estimation, stochastic approximation EM algorithm (SAEM), density estimation

1. Introduction

A premise of item response theory (IRT) is that observed item responses

are indicators of one or more latent traits. For item parameter estimation,

the latent variable is usually presumed to be normally distributed. However,

many psychological constructs, such as ambition, dysthymia, and borderline

personality disorder, as well as other latent traits in sociology such as drug

abuse, are unlikely to be normally distributed in a general population.
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For example, a psychiatric disorder trait is typically positively

skewed in a general population because most people are located

at the non-pathological end of the trait, whereas a small group

of individuals is spread out along the mild, moderate, and severe

end of the disorder (Woods, 2006; Woods and Thissen, 2006;

Wall et al., 2015; Wang et al., 2018). In addition, variables

representing symptoms of pathology that are rare in the general

population may be skewed because they exist at low levels for

most people and at high levels for a few individuals. Therefore,

the assumption of the normal distribution of latent traits leads to

biased parameter estimates when the true latent trait distribution

g(θ) is non-normal (Woods, 2006, 2007; Woods and Thissen,

2006; Woods and Lin, 2009; Azevedo et al., 2011; DeMars, 2012;

Molenaar et al., 2012; Reise and Revicki, 2014; Wall et al., 2015;

Reise et al., 2018).

Various studies have developed approaches to dealing with

non-normal distributions of latent traits. In particular, the

empirical histogram (EH) approach (Bock and Aitkin, 1981;

Reise and Revicki, 2014) has been proposed to estimate the

height of the latent trait density g(θ) at each quadrature point

(i.e., the values on the θ continuum, usually the number

of quadrature points is large) instead of computing the

heights based on the normal density. This is more flexible

than the expectation maximization (EM) algorithm (Bock and

Lieberman, 1970; Dempster et al., 1977; Bock and Aitkin, 1981),

which is restricted to the normal assumption of latent traits.

However, the EH method is sensitive to the user-specified

rectangular quadrature scheme. In addition, the graphical

representations from the EH method are usually “choppy” or

jagged, which makes it difficult to use them to clarify the

characterizations of latent traits.

To address this issue, several methods have been proposed

to approximate the latent trait density more precisely, including

log-linear smoothing (LLS; Casabianca and Lewis, 2015), the

Davidian curve (Woods and Lin, 2009), and the Ramsay curve

(Woods, 2006; Woods and Thissen, 2006). When incorporated

with IRT, these methods simultaneously estimate the latent

trait density and the item parameters, but they use different

approaches to estimate the latent trait density g(θ). Specifically,

LLS matches M moments of the original distribution to

create a smoothed distribution of latent traits while making

fewer assumptions about its form and maintaining parsimony.

Davidian-curve IRT (DC-IRT; Woods and Lin, 2009) provides a

smooth representation of g(θ) using a unidimensional Davidian

curve, as described by Zhang and Davidian (2001). Ramsay-

curve IRT (RC-IRT; Woods, 2006; Woods and Thissen, 2006)

estimates the latent trait density using Ramsay curves based on

B-spline functions.

This paper focuses on RC-IRT because it is one of the most

flexible and easy-to-apply methods for estimating the latent-

ability density. Woods and Thissen (2006) first introduced RC-

IRT to detect and correct for the non-normality of g(θ), and

they estimated the item parameters of the two-parameter logistic

(2PL; Birnbaum, 1968) model using the marginal maximum

likelihood estimation with the EM (MML-EM; Baker and Kim,

2004) method. Newton–Raphson iteration was used to update

the shape parameter η. Woods (2008) extended this approach

to estimate an RC-IRT model for the three-parameter logistic

(3PL; Birnbaum, 1968) model. Subsequently, Monroe and

Cai (2014) proposed using a Metropolis–Hastings–Robbins–

Monro (MHRM; Cai, 2010) algorithm to estimate an RC-IRT

approach for the unidimensional graded response model (GRM;

Samejima, 1969). The major advantage of this approach is that

the covariance matrix estimates can be easily obtained as a

byproduct. However, in their study, the GRM was limited to the

logistic version.

To date, there have been no studies examining RC-IRT in

the context of the normal ogive model. The reason for this is

that the EM algorithm usually involves numerical integration

calculations, which is intractable for the normal ogive model

itself because it already includes an integral term. To fill

this knowledge gap, we propose to estimate the RC-3PNO

model using a stochastic approximation EM (SAEM; Delyon

et al., 1999) algorithm. Specifically, the integral calculation in

the E-step is replaced by a stochastic approximation method,

which greatly simplifies the calculation. After introducing latent

variables, the complete data likelihood can be transformed into

an exponential family distribution; thus, sufficient statistics can

be used to easily update the estimates of item parameters in

the M-step. This avoids the calculation of derivatives in the

original M-step in the EM algorithm and further improves the

computation efficiency. The latent density distribution g(θ) is

estimated using traditional Newton–Raphson iteration for the

proposed SAEM algorithm.

Note that for the estimation of shape parameter η and item

parameters, the Bayesian maximum a posteriori (MAP; Greig

et al., 1989) estimate is used (this will be interpreted further in

Section 3). The posterior simulationmethodsmake the posterior

distributions easier to obtain; that is, the algorithms for posterior

simulation can be used to obtain approximates of posterior

moments. Various Bayesian estimates can be obtained based on

the posterior samples obtained from the posterior distributions.

In this study, two Bayesian estimates are used. One method is

MAP estimate. In fact, the MAP estimate is an estimate of an

unknown quantity, which is equal to the mode of the posterior

distribution. The MAP can be used to obtain point estimates

of an unobserved quantities based on empirical data. It is

closely related to the maximum likelihood estimate, but employs

an augmented optimization objective that incorporates a prior

distribution (additional information available by quantifying

the prior knowledge of the interested events). Therefore, MAP

estimate can be seen as a regularization of maximum likelihood

estimate. Another method is marginal maximum a posteriori

(MMAP; Mislevy, 1986; Lee and Gauvain, 1996; Baker and Kim,

2004) estimate. MMAP estimate can be seen as an extension of

the MAP estimate by integrating out the latent variables as the
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nuisance parameters and then obtaining MAP estimates of the

interested parameters. More details for estimation forms of our

model can be found in Sections 3 and 4.

The remainder of this article is organized as follows. The

second section presents the 3PNO model incorporating a

Ramsay curve (denoted as the RC-3PNO model). The third

section gives the marginal maximum a posteriori (MMAP)

estimation of all the parameters to be estimated in the RC-3PNO

model. The fourth section introduces the SAEM procedure for

estimating the RC-3PNOmodel (hereafter referred to as the RC-

SAEM algorithm), which is the main contribution of this study.

The fifth section presents two simulation studies: one to select

the optimal number of knots and the appropriate degree of the

B-spline functions for the Ramsay curve and another to assess

the performance of the proposed algorithm. A real data set from

the PISA 2018 test is then used to demonstrate the application of

the proposed algorithm in the sixth section. Finally, conclusions

and directions for future research are provided.

2. The RC-3PNO model

Let Uij (with realization uij) denote the dichotomous

response variable of examinee i (i = 1, · · · ,N) to item j (j =

1, · · · , J); Uij = 1 denotes the correct response, and Uij = 0

otherwise. The 3PNO model is defined as

Pj(θi) = P(Uij = 1|�j, θi) = cj + (1− cj)8(ajθi + bj), (1)

where: 8(·) is the cumulative function of the standard normal

distribution; �j = (aj, bj, cj) denotes the characteristic

parameters of item j, in which aj ∈ [0,+∞) is the discrimination

parameter, bj ∈ (−∞,+∞) is the intercept parameter, and

cj ∈ [0, 1] is the guessing parameter; and θi ∈ (−∞,+∞) is

the latent-ability parameter of examinee i.

The latent trait distribution should be given in advance for

the use of the MML and MMAP estimations in IRT models. In

general, it is assumed that θi ∼ N(0, 1), which is convenient

for statistical computation. However, the normal-distribution

assumption is not likely to be tenable, and this will decrease the

accuracy of estimates from the MML and MMAP estimations.

To address this issue, Woods and Thissen (2006) proposed

the Ramsay-curve IRT, which is based on B-spline functions,

to describe the latent trait distribution. This provides greater

flexibility than the standard normal distribution of latent traits.

Following Woods and Thissen (2006), the latent trait

distribution is modeled by

g(xq|η) =
exp[B∗(xq)η]

C
, (2)

where

C =

Q
∑

q=1

exp[B∗(xq)] (3)

is the normalization constant ensuring that g(xq|η) (q =

1, 2, · · · ,Q) sums to 1. In this study, xq represents the 121

fixed points with equidistant distance along the interval [-6,6].

To avoid ambiguity with the latent variable with continuous

support, the discrete xq is used here.

In RC-IRT, the density of latent ability, g(θ), needs to

be estimated simultaneously with the item parameters. The

shape of the latent-ability density curve is determined by a

shape parameter η, which is a vector whose dimensionality is

controlled by the choice of knots and degree. The dimension

of η is m = degree + knots − 1. The support of the

Ramsay-curve density can be numerically represented over a

set of discrete points {xq : q = 1, 2, · · · ,Q} along the real

number line. In this study, the discrete points are fixed at 121

equidistant values from −6 to 6 separated by steps of 0.1. The

interval [−6, 6] is a range of latent traits often used in RC-

IRT (Woods and Thissen, 2006; Monroe and Cai, 2014), and

this can contain the great majority of the latent abilities being

tested. The knots are values at which the B-spline functions

are connected to each other. Typically, the knots are evenly

distributed over the range of θ . The number of knots in

RC-IRT is usually selected from the range 2 to 6 (Woods

and Thissen, 2006; Monroe and Cai, 2014). The parameter

degree refers to the degree of the basic B-spline function. To

some extent, although a larger number of knots may create

a more flexible estimated density curve and a higher degree

value could accommodate a sharper curve. However, sometimes

the increase of knots or degree will make the Ramsay curve

become overfitted, resulting in a more complex model than

the appropriate model. And this will increase the parameter

to be estimated in the model, which may deteriorate the

estimation.

Given knots, degree, and the discrete points xq, the

corresponding basic B-spline functions B∗(xq) are determined.

The definition and derivation of B-spline function are beyond

the scope of this study, and the interested readers can

consult De Boor (1978) for details. Gathering Q discrete

points together, the basic B-spline functions can be expressed

as a Q × m matrix B∗. The matrix B∗ is assumed to

be known here, and the only parameter that needs to be

estimated is η. Equations (1) and (2) construct the RC-3PNO

model, which incorporates the Ramsay curve into the 3PNO

model.

3. MMAP estimation for the
RC-3PNO model

We denote 2 = (θ1, θ2, · · · , θN ) and let � = (a, b, c), where

(a, b, c) = (aj, bj, cj) (j = 1, 2, · · · , J). The parameters of the RC-

3PNO model that need to be estimated are � and η, denoted as

ζ = (�, η).
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The conditional distribution of Uij given � and 2 has a

binomial form:

f (uij|θi,�j) = Pj(θi)
uij [1− Pj(θi)]

1−uij , (4)

where Pj(θi) is equal to Equation (1). Based on the local

conditional independence assumption (Birnbaum, 1968), the

probability of examinee i’s conditional response pattern is

f (ui|θi,�j) =
J
∏

j=1

f (uij|θi,�j). (5)

The observed data is response matrix U, the person

parameter 2 = {θ1, θ2, · · · , θN} is viewed as the missing data,

and thus the complete data is (U,2). Conditional independence

of item responses is assumed, as well as the independence of

respondents, in accordance with practice. Thus, the complete

data likelihood of (U,2) is

L(ζ |U,2) =
N
∏

i=1

J
∏

j=1

Pj(θi)
uij [1− Pj(θi)]

1−uijg(θi|η), (6)

where Pj(θi) is equal to Equation (1). Taking the natural

logarithm of Equation (6), the log-likelihood of (U,2) can be

expressed as

log L(ζ |U,2) = log L(�|U,2)+ log L(η|2), (7)

where

log L(�|U,2) =
N
∑

i=1

J
∑

j=1

{uij log
Pj(θi)

1− Pj(θi)
+ log[1− Pj(θi)]} (8)

and

log L(η|2) =
N
∑

i=1

log g(θi|η). (9)

The complete data log-likelihood in Equation (7) can be

seen as the sum of two independent parts: the logarithm of

the likelihood of item parameters � and the logarithm of the

likelihood of η. Thus, the processes of estimating� and η can be

conducted separately (Monroe and Cai, 2014), which improves

the computational efficiency. Here, the MMAP estimation of

ζ = (�, η) is given in detail. The priors of � are given below.

The prior distribution for (aj, bj) is specified as

(aj, bj)
′
∼ N2(µ,6)I(aj > 0) (10)

for j = 1, 2, · · · , J, where N2(·) denotes a bivariate normal

distribution. The prior distribution for cj is chosen to be,

cj ∼ Beta(α,β) (11)

for j = 1, 2, · · · , J. According to previous methods of estimating

η in RC-IRT (Woods and Thissen, 2006; Monroe and Cai, 2014),

a diffuse prior density of η is assumed:

η ∼ MVN(µη,6η). (12)

The estimation of η will be introduced in detail later.

From Equation (6), the marginalized likelihood of ζ is

L(ζ |U) =
N
∏

i=1







∫ J
∏

j=1

Pj(θi)
uij [1− Pj(θi)]

1−uijg(θi|η)dθi







(13)

Based on the priors in Equations (10)–(12) and the

marginalized likelihood in Equation (13), the marginalized

posterior distribution of ζ = (�, η) is

f (ζ |U) = f (�, η|U) (14)

=
L(�, η|U)f (�)f (η)

∫ ∫

L(�, η|U)f (�)f (η)d�dη
∝ L(�, η|U)f (�)f (η),

where

f (�) =
J
∏

j=1

f (aj, bj)f (cj)I(aj > 0) (15)

is the joint prior density function of �, and f (η) denotes the

density function of a multivariate normal distribution. Thus, the

MMAP estimation of ζ = (�, η) is

ζ̂ = argmax
ζζζ∈2ζ

log f (ζ |U)] = argmax[log L(ζ |U)

+ log f (�)+ log f (η)]. (16)

In the next section, an SAEM algorithm is developed to

compute the MMAP estimate of ζ in Equation (16), which

is the main contribution of this study. Note that the SAEM

algorithm includes a stochastic approximation step instead of

the integral step in the EM algorithm (please see the next

section for details); in other words, the SAEM algorithm does

not need to marginalize the latent abilities, and the estimate

of � in the SAEM algorithm thus belongs to the maximum

a posteriori (MAP) estimate. In addition, we use Newton–

Raphson iteration to obtain the MAP estimate of the shape

parameter η, which was also adopted by Woods and Thissen

(2006).

4. SAEM algorithm for the RC-3PNO
model

In this section, an SAEM algorithm for the RC-3PNO

model is developed to compute the MAP estimates for the

shape parameters of the Ramsay curve and the item parameters.

First, the relationship between the standard EM algorithm and
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the SAEM algorithm is given. Second, a data-augmentation

scheme for the 3PNO model is introduced, which means that

the complete data likelihood formulation of the 3PNO model

belongs to an exponential family form (Camilli and Geis,

2019; Geis, 2019). Sufficient statistics of the item parameters

are also computed. Third, the estimation of the density

curve of latent ability is depicted. Fourth, the estimation

procedure of the SAEM algorithm is given for the RC-3PNO

model.

4.1. Relationship between the EM
algorithm and SAEM algorithm

The EM algorithm is briefly reviewed first. It is widely used

in maximum likelihood or maximum a posteriori estimation

for the incomplete data. The EM algorithm uses an expectation

step (E-step) and a maximization step (M-step) to iteratively

maximize the conditional expectation of the complete log-

likelihood. In the E-step, the conditional expectation of the

logarithmic complete data likelihood is adopted considering

the observed data and the parameter values obtained in the

previous step. In the M-step, the MAP estimates of the

parameters are calculated based on the updated expectations

in the E-step. The procedure alternates between E-step and

M-step until convergence. In the case of exponential family

distribution, the E-step and M-step can be simplified to

update the expectation of the sufficient statistic and calculate

the MAP estimate using the updated sufficient statistic,

respectively.

However, in some cases, the EM algorithm is not applicable

when either E-step or M-step is intractable or even cannot

be performed in closed form. A possible solution for the

complex computation of M-step is to replace the global

optimization with a simpler conditional maximization chain,

leading to the so-called ECM algorithm (Meng and Rubin,

1993). In IRT, the number of quadrature points in the

numerical integral grows exponentially with the increasement

of latent trait dimension. Therefore, the E-step will become

very time-consuming as the latent trait dimension increases.

Wei and Tanner (1990) proposed Monte Carlo EM (MCEM)

to deal with this problem. The basic idea is to compute the

expectation in the E-step by the Monte Carlo method. Geyer

(1994) proved the convergence of the Monte Carlo maximum

likelihood calculations, which provided the theoretical basis

for MCEM. Delyon et al. (1999) proposed the SAEM

algorithm as an alternative to the MCEM algorithm, which

replaces the E-step of the EM algorithm with one iteration

of the stochastic approximation procedure. Thereafter, the

SAEM algorithm was widely used for its efficiency and

convenience.

4.2. Data-augmentation scheme for the
3PNO model

The 3PNO model in Equation (1) can be rewritten as

P(Uij = 1|aj, bj, cj, θi) = cj(1− 8(ajθi + bj))+ 8(ajθi + bj),(17)

and its form can be seen as a mixture of two Bernoulli

distributions with the categorical probability 8(ajθi + bj). A

dichotomous latent variableWij is defined, andWij = 1 denotes

examinee i knowing the answer of item j, andWij = 0 otherwise.

Because the 3PNOmodel does not contain a slipping parameter,

examinees can answer the item correctly with probability 1 if

they know the answer. The 3PNOmodel also includes a guessing

parameter, and examinees can guess the correct answer with

probability cj if they do not know it. Thus, the following two

equations hold:

P(Uij|Wij = 1) = 1Uij01−Uij , (18)

P(Uij|Wij = 0) = c
Uij

j (1− cj)
1−Uij . (19)

A continuous latent variable Zij is then introduced:

Wij = I(Zij > 0), (20)

where I(·) denotes the indicator function. The following

conditional distribution holds:

Zij|θi, aj, bj ∼ N(ajθi + bj, 1). (21)

The conditional probability ofWij is

P(Wij = 1|θi, aj, bj) = P(Zij > 0|θi, aj, bj) = 8(ajθi + bj).(22)

According to the total probability formula, the marginal

probability of Uij = 1 is

P(Uij = 1|�j) = 8(ajθi + bj)+ [1− 8(ajθi + bj)]× cj, (23)

which is exactly the 3PNO model in Equation (1).

4.2.1. Complete data likelihood of the 3PNO
model

According to Equations (18)–(21), the joint distribution of

(U ,W,Z) is

P(Uij,Wij,Zij|θi,�j) = P(Uij|Wij, θi,�j) · P(Wij,Zij|θi,�j),

(24)

where

P(Uij|Wij, θi,�j) = [1Wijcj
1−Wij ]Uij (25)

·[0Wij (1− cj)
1−Wij ]1−Uij ,
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P(Wij,Zij|θi,�j)

= [I(Wij = 1)I(Zij > 0)+ I(Wij = 0)I(Zij < 0)]

×φ(zij − ajθi − bj). (26)

Let z and w denote the observations of augmented variables

Z and W, respectively. 2 denotes the data set of 2 sampled

in the S1-step of SAEM (more details are given in a later

subsection). Note that 2 is also the augmented data sets

in SAEM, and the estimate of � is an MAP estimate. The

augmented data sets are 9 = (2,w, z), and the observed

responses are U. The complete data likelihood of � can then be

expressed as

L(�|U,9) =
N
∏

i=1

J
∏

j=1

P(Uij,Wij,Zij|θi,�j)g(θi), (27)

According to Equations (24)–(26), we have

L(�|U,9) ∝
∏J

j=1

{

c

∑N
i=1(1−wij)uij

j (1− cj)
∑N

i=1(1−wij)(1−uij)
}

×
∏N

i=1
∏J

j=1

{

φ(zij − ajθi − bj)g(θi)
}

. (28)

It can be proved that L(�|U,9) has a form of an exponential

family distribution.

Two advantages need to be mentioned here. First, after

introducing the augmented latent variables, the complete data

likelihood has a form of exponential family distribution.

Second, given complete data, the MAP estimates of item

parameter � can be expressed as several functions that are

only concerned with sufficient statistics. In this case, we can

directly implement the computation of the MAP estimates of

the item parameters that only need to update the sufficient

statistics, which greatly reduces the computational complexity

and improves the computational efficiency. In addition, the

SAEM algorithm converges to the local maximum (Delyon

et al., 1999). Note that, due to the data-augmentation scheme,

Equation (16) is not the objective function to be optimized in the

SAEM algorithm. Instead, 2 is viewed as augmented data in the

SAEM algorithm and is thus included in the objective function

to be optimized [see Equation (28)]. The augmented data of 2

can be used in the estimation of η (this is elaborated later).

4.3. Estimation of density curve of latent
ability

The estimation of the non-normal ability density curve

relies on the computation of the shape parameter η, which

involves an optimization algorithm using either Newton–

Raphson iterations (Woods and Thissen, 2006) or an MHRM

algorithm (Monroe and Cai, 2014). Once the estimates of η

have been obtained, these estimates can be used in Equation (2)

to calculate g(θi|η) for a particular examinee or to construct

the entire Ramsay-curve density. In this study, the Newton–

Raphson iteration method was used to estimate η, and the log-

likelihood of the Ramsay curve is the objective function to be

optimized. Its form is

log L(η|2) =
N
∑

i=1

log(g(θi|η)). (29)

In practice, theremay be some regions of the latent trait scale

over which little or no information about the RC parameters η is

available. As a result, the corresponding spline coefficients may

become empirically underidentified (Woods and Thissen, 2006;

Monroe and Cai, 2014). When this happens, the estimation

of the entire set of coefficients will fail. To prevent such an

estimation failure, a diffuse prior density is often assumed on

η (Woods and Thissen, 2006; Monroe and Cai, 2014). The

Bayesian MAP estimation can be used, and the Ramsay-curve

posterior (RCP) density is then the product of the Ramsay-

curve likelihood and an m-variate normal prior (Woods and

Thissen, 2006; Monroe and Cai, 2014), where m is the number

of coefficients. Since the normalization constant of the posterior

is omitted, the logarithm RCP of η is given by

lR(η|2) ∝ log L(η|2)−
1

2
(η − µη)

′

6−1
η (η − µη), (30)

where µη and 6η are the prior mean vector and the covariance

matrix of η, respectively.

4.4. SAEM algorithm for estimating �

and η

The SAEM algorithm was first proposed by Delyon et al.

(1999), and it replaces the integral calculation with a stochastic

approximation in the E-step, which significantly improves

computational efficiency, especially for exponential family

distributions. We assume that: the iteration has updated to step

k; �(k)
= (a(k), b(k), c(k)) and η(k) are the current estimates of

the item parameters and the shape parameter of the Ramsay

curve, respectively; and 9(k)
= (2(k),w(k), z(k)) is the current

augmented data. The detailed estimation steps of the SAEM

algorithm incorporating the Ramsay curve (the RC-SAEM

algorithm) at step k+ 1 are given as follows.

Simulation step (S-step). Sample 9(k+1):

S1-step: Sample θ
(k+1)
i

P(θ (k+1)
i = xq|Ui,�

(k), η(k))

=

∏J
j=1

{

Pj(xq|�(k))uij [1− Pj(xq|�(k))]1−uijg(xq|η(k))
}

∑Q
q=1

∏J
j=1

{

Pj(xq|�(k))uij [1− Pj(xq|�(k))]1−uijg(xq|η(k))
}
,

(31)
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S2-step: Sample w(k+1)
ij

w
(k+1)
ij |�(k),U,2(k+1)

∼











Bernoulli

(

8(a(k)j θ
(k+1)
i +b

(k)
j )

c
(k)
j +(1−c

(k)
j )8(a(k)j θ

(k+1)
i +b

(k)
j )

)

, uij = 1

Bernoulli(0). uij = 0

(32)

S3-step: Sample z(k+1)
ij

z
(k+1)
ij |�(k),2(k),w(k+1)

∼

N(akj θ
(k+1)
i + b

(k)
j , 1)[I(z(k+1)

ij > 0)w(k+1)
ij

+ I(z(k+1)
ij ≤ 0)(1− w

(k+1)
ij )], (33)

Stochastic approximation step (SA-step). Update sufficient

statistics S
(k+1)
j (j = 1, · · · , J):

Based on the factorization theorem, the sufficient statistics

of the item parameters � are

Sj(U,9
(k+1)) = (S

(k+1)
j1 , S

(k+1)
j2 , S

(k+1)
j3 , S

(k+1)
j4 )

(j = 1, 2, · · · , J), (34)

and

S
(k+1)
j1 =S∗

′(k+1)S∗(k+1), (35)

S
(k+1)
j2 =S∗

′(k+1)z
(k+1)
j , (36)

S
(k+1)
j3 =

N
∑

i=1

(1− w
(k+1)
ij ), (37)

S
(k+1)
j4 =

N
∑

i=1

(1− w
(k+1)
ij )uij, (38)

where S∗(k+1) = (2(k+1),1N ), 1N is a unit column vector

with dimension N, and the vector z
(k+1)
j is the jth column of

augmented data set z(k+1) in the k+ 1th iteration.

Thus, the stochastic approximation step is:

S
(k+1)
j = S

(k)
j + γk[Sj(U,9

(k+1))− S
(k)
j ], (39)

where9(k+1)
= (2(k+1),w(k+1), z(k+1)) is the augmented data

sets that are simulated from the S-step, and {γk, k = 1, 2, · · · } is

a decreasing sequence of gain constants, as defined by Robbins

and Monro (1951), which satisfies

γkǫ(0, 1],
∞
∑

k=1

γk = ∞,
∞
∑

k=1

γ 2
k < ∞.

Maximization step (M-step). Update �(k+1) and η(k+1):

M1-step. Update �(k+1)

Based on L(�|U,9) and the prior distributions in

Equations (10) and (11), the posterior distributions of �j =

(aj, bj, cj) are

(aj, bj)
′
|U,9(k+1)

∼ N2(µ
∗(k+1),6∗(k+1))I(aj > 0) (40)

and

cj|U,9
(k+1)

∼ Beta(α∗(k+1),β∗(k+1)), (41)

where

µ∗(k+1) = (S
(k+1)
j1 + 6)−1(S

(k+1)
j2 + 6−1µ),

6∗(k+1) = (S
(k+1)
j1 + 6−1)−1,

α∗(k+1) = α + S
(k+1)
j4 ,

β∗(k+1) = β + S
(k+1)
j3 − S

(k+1)
j4 .

µ,6,α,β are the hyper-parameters in prior distributions of

a, b, c, please refer to Equations (10) and (11).

Thus, the MAP estimates of aj, bj, and cj for the k + 1th

iteration are

â
(k+1)
j = µ∗(k+1)[1]I(µ∗(k+1)[1] > 0)+ δ

×I(µ∗(k+1)[1] ≤ 0), (42)

b̂
(k+1)
j = µ∗(k+1)[2], (43)

ĉ
(k+1)
j =

α∗(k+1) + S
(k+1)
j4 − 1

α∗(k+1) + β∗(k+1) + S
(k+1)
j3 − 2

, (44)

where δ is a tiny positive number to satisfy aj > 0, µ∗(k+1)[1]

denotes the first element of µ∗(k+1) in the k+ 1th iteration, and

µ∗(k+1)[2] denotes the second element ofµ∗(k+1) in the k+1th

iteration.

M2-step. Update η(k+1):

Update η(k+1) according to the Newton–Raphson iteration,

which satisfies

η(t+1)
= η(t) −

(

∂2lR

∂η∂η
′

)−1
∂ lR

∂η
, (45)

where lR is the logarithm RCP of η in Equation (30). Note that

t is the number of iterations in the process of implementing

the Newton-Raphson iteration algorithm. Let η(k+1)
= η(t+1)

whenNewton-Raphson iteration algorithm reaches convergence

after executing t + 1 iterations of inner loop and continue the

computations of SAEM algorithm.

Repeat the S-step, SA-step, andM-step until the convergence

criteria are satisfied. Here, the SAEM algorithm is considered
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to have converged when the maximum absolute difference of

the MAP estimates between two adjacent iterations (i.e., max |

ζ (k) − ζ (k+1)
|) is less than 10−4 or the maximum number of

iterations (selected as 2500) is reached.

Note that the augmented data sets in the S-step can be

simulated mk sets in the original SAEM algorithm (Delyon

et al., 1999), that is, 9
(k+1)
p = (2(k+1)

p ,w(k+1)
p , z(k+1)

p ) (p =

1, 2, · · · ,mk). In this case, Sj(U,9
(k+1)) in Equation (39) can

be replaced by the average value of the mk updated sufficient

statistics computed from these augmented data sets, that is,
∑mk

p=1 Sj(U,9
(k+1)
p )

mk
. According to previous studies of the SAEM

algorithm, the number of simulationsmk = 1 is suggested to be

set for all the iterations (Delyon et al., 1999; Kuhn and Lavielle,

2004), which makes the M-step straightforward to implement

and increases the computational efficiency. In most cases, the

increasing ofmk will not improve the accuracy of the algorithm.

For the Robbins–Monro gain coefficient, let γk = ( 1
k
)
α
, where

α > 0. A larger step size (that is, α = 0) can accelerate the rate of

convergence, but this will result in inflation of the Monte Carlo

error introducedwhen approximating the integral by the average

of a set of simulations in the SA-step (Jank, 2006). A smaller

step size (that is, α = 1) may allow the sequence of estimates to

approach the neighborhood of the solution with a small Monte

Carlo error, but it will also slow down the convergence rate (Jank,

2006; Geis, 2019). In this work, the step size γk was chosen to

be 1 in the first 1,000 iterations to ensure that enough steps

were used when quickly approaching the neighborhood of the

solution, but this also inflates the Monte Carlo error at the same

time (Jank, 2006). Then, we let γk =
1

k−1000 when k > 1, 000

to rapidly reduce the Monte Carlo error of the estimates, though

this slows down the convergence rate (Gu and Zhu, 2001; Kuhn

and Lavielle, 2004; Jank, 2006; Geis, 2019).

4.5. Evaluation criteria

In fact, researchers have conducted in-depth studies on

model selection methods based on evidence function (log-

likelihood function), such as likelihood ratio test (LR-test) and

chi-square difference test. However, these methods actually have

some drawbacks and limitations. As depicted in Woods (2006),

LR-test is not an ideal evaluation criterion for RC-IRT for two

reasons. One is its tendency to select large models. It tends to

select the largest model that is significantly better than the true

model. Another limitation is that, like all chi-square difference

tests, it requires the larger model to fit the data in an absolute

sense, which is difficult to establish. A chi-square test of absolute

fit is usually not appropriate in IRT because the number of

possible response patterns is large, and the probability of any

one of the patterns is small; thus, statistics like Pearson’s are

not chi-square distributed (Maydeu-Olivares and Cai, 2006). For

these reasons, LR tests alone should not be relied upon for model

selection. Thus, Woods (2006) considered the following three

model selection criteria.

Three model selection criteria—Akaike’s information

criterion (AIC; Akaike, 1973), Bayesian information criterion

(BIC; Schwarz, 1978), and Hannan–Quinn information

criterion (HQIC; Hannan, 1987; Woods, 2007, 2008)—are

considered:

AIC = −2 log L+ log(N), (46)

BIC = −2 log L+ n log(N), (47)

HQIC = −2 log L+ 2n log(log(N)), (48)

where log L is the log-likelihood of all the parameters � and η, n

is the number of parameters, and N is the sample size.

As the number of konts and degree increases, the number

of free parameters increases and the goodness of fitting is

improved. AIC (BIC and HQIC) encourages the goodness of

data fitting (information provided by the evidence function) but

tries to avoid overfitting (prevent the cases of too many free

parameters). The purpose of information criterion is to find the

balance between model fit and model complexity. The preferred

model should be the one with the lowest AIC (BIC and HQIC)

values.

To evaluate the accuracy of the item parameter recoveries,

the bias and root-mean-square error (RMSE) are calculated.

Supposing R is the number of replications, the bias of parameter

ω is

Bias =
1

R

R
∑

r=1

(ω̂r − ω), (49)

and the RMSE of ω is defined as

RMSE =

√

√

√

√

1

R

R
∑

r=1

(ω̂r − ω)2, (50)

where ω̂r is the parameter estimate at the rth replication and ω

is the true value of the parameter.

Since the scales of the true RC parameters are complicated

and difficult to handle, the bias and RMSE are less appropriate

measures of recovery accuracy. Instead, the integrated square

error (ISE),

ISE(ĝ) =

∫

[

g(θ |η̂)− g(θ |η)
]2

dθ , (51)

is used to measure the discrepancy between the true and

estimated RCs, as used by Woods and Lin (2009) and Monroe

and Cai (2014). The ISE was multiplied by 1,000 to facilitate

comparison. The values of ISE were computed across all

replications.

Frontiers in Psychology 08 frontiersin.org

129

https://doi.org/10.3389/fpsyg.2022.971126
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Cui et al. 10.3389/fpsyg.2022.971126

TABLE 1 Model selection results under di�erent combinations of knots and degreewhen θ is normal, skewed, or bimodal.

Normal Skewed Bimodal

AIC BIC HQIC AIC BIC HQIC AIC BIC HQIC

2knots-degree3 34121.1 34582.5 34296.5 33954.3 34415.6 34129.6 32576.4 33037.7 32751.7

2knots-degree4 34099.8 34566.1 34277.0 33968.3 34434.5 34145.5 32639.4 33105.6 32816.6

3knots-degree3 34061.1 34531.7 34238.3 33815.8 34282.0 33993.0 32531.3 32997.6 32708.5

3knots-degree4 34089.8 34561.0 34268.9 33913.9 34385.0 34092.9 32499.8 32970.9 32678.8

4knots-degree3 34117.4 34588.5 34296.4 33762.6 34233.7 33941.7 32381.9 32853.0 32561.0

4knots-degree4 34055.6 34527.4 34236.5 33745.7 34221.8 33926.7 32456.2 32932.3 32637.2

5knots-degree3 34080.2 34556.3 34261.1 33715.4 34191.8 33896.4 32214.9 32690.9 32395.8

5knots-degree4 34119.7 34600.6 34302.5 33786.8 34267.8 33969.6 32268.4 32749.3 32451.1

6knots-degree3 34113.2 34594.1 34296.0 33710.9 34191.5 33893.7 32241.5 32722.5 32424.3

6knots-degree4 34068.5 34554.4 34253.2 33741.0 34226.9 33925.7 32317.9 32803.7 32502.5

The boldfaced values indicate the smallest AIC, BIC, and HQIC values in each column.

5. Simulation studies

5.1. Simulation study 1

The first simulation study was performed to select the

optimal numbers of knots and the degree of the B-spline

functions for the RC-3PNO model based on three model

selection criteria—the AIC, BIC, and HQIC—as well as to show

the item parameter recoveries when the true ability density is

normal, skewed, or bimodal.

5.1.1. Design

The true latent-ability densities were represented by

rectangular quadrature points, ranging from −6 to 6 in steps

of 0.1. For the skewed and bimodal cases, the true ability

density was generated by mixing two normal densities, that

is, p1N(µ1, σ
2
1 ) + p2N(µ2, σ

2
2 ), in which p1 + p2 = 1. For

the skewed density, the generating parameters were: µ1 =

−2.7, σ1
2

= 0.2, µ2 = 1.1, and σ2
2

= 1.1. The skewness

and kurtosis of θ were 2.46 and 8.45, respectively. For the

bimodal density, the generating parameters were: µ1 = −2,

σ1
2

= 0.25, µ2 = 2.5, and σ2
2

= 0.5. In this case, the

skewness and kurtosis of θ were 1.45 and 4.21, respectively. The

true item parameters were set to be consistent with common

practice in IRT. The discrimination parameters a were sampled

from U(1, 2.5), the intercept parameters b were simulated from

N(0, 1), and the guessing parameters c were generated from

Beta(5, 17).

For each of the three true latent-ability densities, 10 models

with different combinations of knots and degree were fitted to

the generated data. The degree values of the B-spline functions

were either 3 or 4, and the number of knots was chosen to be

between 2 and 6; these are the typical choices when estimating η

in RC-IRT (Woods and Thissen, 2006; Monroe and Cai, 2014).

The sample size was set to be 1,000, and the test length was fixed

at 30. Therefore, there were 30 simulation conditions, and each

simulation condition was conducted 100 times.

5.1.2. Results

Table 1 presents the model selection results when the true

latent-ability densities are normal, skewed, and bimodal. The

bold-faced values indicate the smallest AIC, BIC, and HQIC

values in each column. In addition, under each of the three

shapes of ability density, the AIC, BIC, and HQIC are consistent

to choose one common combination of the knots and degree.

When the true ability density is normal, all three model

selection criteria result in the RC-3PNOmodel with 4 knots and

a degree of 4 (denoted as the 4-4 RC-3PNOmodel) being chosen

as the best-fitting model. However, the differences in the model

selection results under each condition are slight overall. When

the true ability density is skewed, the values of AIC, BIC, and

HQIC are the smallest for the RC-3PNO model with 6 knots

and a degree of 3 (denoted as the 6-3 RC-3PNO model); the best

model chosen in the bimodal case is the RC-3PNOmodel with 5

knots and a degree of 3 (denoted as the 5-3 RC-3PNO model).

In addition, in the skewed and bimodal cases, the values of

AIC, BIC, and HQIC have obvious discrepancies across different

combinations of knots and degrees for the RC-3PNO model.

Specifically, for the skewed case, the model selection results for

the RC-3PNO model with knots and degree combinations 2-3,

2-4, and 3-4 show relatively large values compared with the best-

fitting model, i.e., the 6-3 RC-3PNO model, with discrepancies

over 200. The reason for this may be that a knots value of 2

or 3 is not sufficient to describe a skewed ability density. The

RC-3PNO models with knots and degree combinations of 4-

3, 4-4, 5-3, 5-4, 6-3, and 6-4 result in very little differences in

the AIC, BIC, and HQIC values when the true ability density
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TABLE 2 Bias and RMSE of item parameter estimates under di�erent combinations of knots and degree in normal case.

a b c

Bias RMSE Bias RMSE Bias RMSE

2knots-degree3 0.101 0.354 −0.023 0.366 −0.006 0.069

2knots-degree4 0.091 0.329 −0.004 0.357 −0.009 0.070

3knots-degree3 0.086 0.299 −0.006 0.333 −0.008 0.068

3knots-degree4 0.084 0.325 −0.012 0.342 −0.007 0.071

4knots-degree3 0.081 0.310 −0.025 0.346 −0.025 0.068

4knots-degree4 0.079 0.308 0.005 0.334 −0.011 0.067

5knots-degree3 0.094 0.349 −0.032 0.367 −0.009 0.067

5knots-degree4 0.081 0.321 −0.026 0.354 −0.008 0.068

6knots-degree3 0.083 0.299 −0.016 0.335 −0.009 0.067

6knots-degree4 0.078 0.298 −0.014 0.337 −0.008 0.068

TABLE 3 Bias and RMSE of item parameter estimates under di�erent combinations of knots and degree in skewed case.

a b c

Bias RMSE Bias RMSE Bias RMSE

2knots-degree3 0.046 0.276 −0.065 0.352 −0.007 0.080

2knots-degree4 0.039 0.261 −0.004 0.330 −0.015 0.078

3knots-degree3 0.041 0.251 0.034 0.329 −0.018 0.082

3knots-degree4 0.042 0.268 −0.046 0.339 −0.008 0.079

4knots-degree3 0.047 0.262 −0.028 0.363 −0.008 0.082

4knots-degree4 0.056 0.282 −0.024 0.370 −0.008 0.083

5knots-degree3 0.043 0.266 −0.017 0.381 −0.010 0.082

5knots-degree4 0.052 0.280 −0.042 0.367 −0.007 0.082

6knots-degree3 0.055 0.285 −0.043 0.377 −0.007 0.080

6knots-degree4 0.051 0.276 −0.060 0.393 −0.005 0.084

is skewed. For the bimodal case, the discrepancies in model

selection results between the RC-3PNO models with knots and

degree combinations of 2-3, 2-4, 3-3, 3-4, and 4-4 and the best-

fitting model, i.e., the 5-3 RC-3PNOmodel, are greater than 200.

The differences in model selection results between the models

with the combinations 5-4 and 6-3 and the best-fitting model

(5-3) are extremely small.

Tables 2–4 show the item parameter estimation results.

There are no distinct differences in the bias and RMSE values

of item parameters a, b, and c for the fitted models across all

the conditions; however, some subtle variations still exist. Thus,

the choices of knots and degree in this simulation study had

no noticeable influences on the bias and RMSE values of the

item parameters. The standard errors of item parameters are

presented in Figures 1–3. In the majority of cases, the standard

errors of item parameters a and b are below 0.08, and the

standard errors of parameter c are below 0.02, which are within

the tolerable ranges. It indicates that the RC-SAEM algorithm

performs well in estimation stability.

5.2. Simulation study 2

This simulation study was conducted to compare the

performance of the proposed RC-SAEM algorithm, the original

SAEM, and the MCMC algorithm in estimating the item

parameters of the 3PNO model.

5.2.1. Design

The shapes of the true ability density, g(θ), were set to

be normal, skewed, and bimodal distributions (Woods and

Thissen, 2006; Monroe and Cai, 2014). For the skewed case,

the skewness and kurtosis of θ were 1.72 and 9.16, respectively;

in the bimodal case, the skewness and kurtosis of θ were

0.95 and 2.74, respectively. The numbers of examinees were

set to be 500, 1,000, and 2,000 to represent small, medium,

and large sample sizes, respectively. The test lengths were set

as 15 and 30. Therefore, a total of 18 simulation conditions
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TABLE 4 Bias and RMSE of item parameter estimates under di�erent combinations of knots and degree in bimodal case.

a b c

Bias RMSE Bias RMSE Bias RMSE

2knots-degree3 0.078 0.304 −0.039 0.369 −0.011 0.080

2knots-degree4 0.084 0.311 −0.016 0.367 −0.015 0.081

3knots-degree3 0.095 0.324 0.048 0.363 −0.020 0.084

3knots-degree4 0.075 0.299 −0.016 0.374 −0.012 0.079

4knots-degree3 0.087 0.324 −0.039 0.429 −0.008 0.087

4knots-degree4 0.087 0.319 0.038 0.367 −0.017 0.084

5knots-degree3 0.071 0.303 −0.029 0.420 −0.011 0.087

5knots-degree4 0.076 0.304 −0.024 0.423 −0.008 0.086

6knots-degree3 0.073 0.310 −0.047 0.489 −0.010 0.087

6knots-degree4 0.082 0.310 −0.012 0.410 −0.013 0.084

were manipulated. Each simulation condition was replicated

100 times.

The data-generating model and the fitted model were the

same, that is, the 6-3 RC-3PNO model (6 knots with a degree

of 3). As noted in the description of the model, 121 discrete

points [i.e., xq (q = 1, 2, · · · ,Q), and Q = 121] from −6 to

6 in steps of 0.1 were used to describe the true ability density.

After the true value of η was selected, the true ability of θi

was manipulated according to grid sampling, similar to the S1

step of the RC-SAEM algorithm. That is, first, a true η value

was chosen corresponding to the given shape of g(xq|η). Then,

the probabilities of θi = xq in the grid sampling were set to

g(xq|η) (q = 1, 2, · · · ,Q). The values of θi (i = 1, 2, · · · , n)

were standardized to have a mean of 0 and a standard deviation

of 1. The values after standardization were chosen to be true

values of 2. The true item parameters were the same as those

in simulation study 1.

To avoid the effects of the choice of prior distribution on

the estimation results, the priors for a and b were chosen to be

non-informative priors. The prior for the c parameter was set to

be Beta(5, 17) (the mean is 5
5+17 = 0.227), which is consistent

with the common prior choice in IRT (Harwell and Baker,

1991; Béguin and Glas, 2001) because the nominal guessing

probability is around 0.25 for multiple-choice items with four

options. These priors for the item parameters were adopted in

the SAEM, RC-SAEM, and MCMC algorithms.

5.2.2. Results

Tables 5, 6 show the bias and RMSE values of the item

parameter estimates under different simulation conditions. For

simplicity, the average values of the bias and RMSE across J

items are presented. For the normal distribution of the ability

density, the bias and RMSE values of parameters a and b from

the RC-SAEM algorithm are smaller than those from the SAEM

algorithm. The bias values of the a parameter from the MCMC

algorithm are larger than those from the other two algorithms

under all of the three sample sizes.We can see that the estimation

results of the MCMC algorithm are not very satisfactory when

the sample size is 500 and the test length is 15; this indicates that

a sample size of 500 is not large enough for precise estimation

of the 3PNO model using MCMC with non-informative priors

on a and b. The poor performance of the MCMC algorithm for

the normal distribution case may be due to the choice of non-

informative priors on the parameters a and b. Therefore, the

RC-SAEM algorithm performs best when the true θ density is

normal. In addition, the RMSEs of parameters a and b show an

approximately decreasing trend as the sample size increases.

In the cases of the skewed and bimodal distributions, the

bias and RMSE values of a and b from the RC-SAEM algorithm

are noticeably lower than those from the SAEM and MCMC

algorithms, indicating that the proposed RC-SAEM algorithm

is effective for skewed and bimodal densities. It is worth noting

that the bias values of a from the MCMC algorithm are larger

than those from the RC-SAEM and SAEM algorithms, while

the corresponding RMSEs are smaller than those from the

SAEM algorithm in a few conditions, which demonstrates that

the estimation of a parameter under the MCMC algorithm

in skewed and bimodal cases is less accurate than the other

two algorithms. Although the RMSEs of a parameter from the

MCMC algorithm are slightly smaller than those from the RC-

SAEM algorithm in bimodal cases when the test length is 15

in Table 6, the bias of a under RC-SAEM still has an obvious

advantage over that of MCMC.

The advantage of RC-SAEM is most evident when

considering the bias and RMSE values of parameter b when

the true ability density is skewed or bimodal. Specifically, for

the skewed ability density, the bias and RMSE values of the

b parameter from the RC-SAEM algorithm are markedly less

than those from the SAEM and MCMC algorithms. In addition,
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FIGURE 1

The standard errors of item parameters using the RC-SAEM algorithm when the latent trait is bimodal in simulation study 1.

for the bimodal latent-ability density, although the RMSE of

b has no marked differences from the SAEM and RC-SAEM

algorithms, the bias of b from the RC-SAEM algorithm is still

lower than those from the other two. As can be seen from

Table 5, in the case of the skewed ability density with a sample

size 1,000, the SAEM and MCMC algorithms show obvious

biased values on b with the absolute values over 0.3; in contrast,

the RC-SAEM algorithm shows precise estimates of b, with a

bias of 0.001 and an RMSE of 0.187. In general, the proposed

RC-SAEM algorithm has a distinct advantage over the SAEM

and MCMC algorithms in terms of the biases of a and b. The

differences in the bias and RMSE of c from the RC-SAEM and

SAEM algorithms are very small. The RMSE of c from the

MCMC algorithm is slightly larger than those from the other two

algorithms in the skewed and bimodal cases.

Figures 4, 5 show the true and estimated latent-ability

density curves when the true ability densities are normal,

skewed, or bimodal. The true and estimated latent-ability density
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FIGURE 2

The standard errors of item parameters using the RC-SAEM algorithm when the latent trait is normal in simulation study 1.

curves are almost coincident when the true ability density

is skewed, and the two curves show only slight differences

when the true latent-ability density is bimodal. In addition,

the estimation results of item parameters and the ISE values

for 15 items in Table 6 are generally similar to those of 30

items in Table 5. This shows that the accuracy and precision

of the RC parameters from the RC-SAEM algorithm are not

markedly influenced by the number of items. This result

indicates that 15 items is sufficient for the proposed RC-

SAEM algorithm to provide satisfactory estimation of the RC

parameters for the RC-3PNO model. In contrast to the previous

methods in RC-IRT (Woods, 2008), our proposed RC-SAEM

algorithm has obvious advantages in terms of estimating RC

parameters with relatively short test lengths. For the space

limitation, the standard errors of item parameters are presented

in Figures A1–A4 of the Appendix. As can be seen from the

figures, the standard errors of item parameters show a decreasing

trend as the sample size increases. Moreover, the standard

errors of the item parameters under all conditions are within

reasonable ranges.
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FIGURE 3

The standard errors of item parameters using the RC-SAEM algorithm when the latent trait is skew in simulation study 1.

6. Empirical study

A real data set from the computer-based mathematics

assessment of the Programme for International Student

Assessment (PISA 2018; OECD, 2019) in China was analyzed.

Binary responses from 872 subjects on 11 items in one test form

were selected. The SAEM algorithm was fitted to the RC-3PNO

and 3PNO models for the real data set. The specifications of

the priors of the model parameters were the same as those used

in simulation study 2. The same three model selection criteria

(AIC, BIC, and HQIC) were used to assess the fit of the model to

the real data.

Among the RC-3PNO models with different knots and

degree values (i.e., the 10 combinations used in simulation

study 1), that with 2 knots and a degree of 3 yielded the lowest

AIC, BIC, and HQIC values. Thus, this model was selected as

the best-fitting model in the subsequent analysis. Table 7 shows

the model selection results for this 2-3 RC-3PNOmodel and the

3PNO model. As shown, the values of all three model selection

criteria are smaller for the RC-3PNO model than the 3PNO
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TABLE 5 Bias and RMSE of the item parameter estimates and the values of ISE statistic under di�erent ability densities when the test length is 30.

a b c ISE

Bias RMSE Bias RMSE Bias RMSE

N = 500 Normal SAEM 0.044 0.322 -0.059 0.305 -0.010 0.069 -

RC-SAEM 0.031 0.261 −0.008 0.236 −0.014 0.067 0.061

MCMC 0.051 0.265 −0.082 0.294 0.012 0.057 -

Skewed SAEM 0.096 0.508 -0.387 0.584 0.016 0.084 -

RC-SAEM 0.030 0.261 −0.021 0.239 −0.017 0.071 −0.006

MCMC 0.112 0.433 −0.399 0.592 0.034 0.071 -

Bimodal SAEM 0.094 0.350 -0.059 0.405 −0.012 0.079 −

RC-SAEM 0.097 0.376 −0.024 0.471 -0.012 0.083 −0.143

MCMC 0.154 0.370 -0.191 0.383 0.038 0.070 −

N = 1, 000 Normal SAEM 0.017 0.202 −0.044 0.218 −0.011 0.060 -

RC-SAEM 0.015 0.186 0.001 0.185 −0.015 0.059 0.027

MCMC 0.023 0.170 -0.002 0.174 0.003 0.047 -

Skewed SAEM 0.043 0.334 −0.323 0.436 0.022 0.083 −

RC-SAEM 0.014 0.190 0.001 0.187 −0.018 0.072 −0.039

MCMC 0.056 0.286 −0.313 0.415 0.034 0.065 -

Bimodal SAEM 0.067 0.275 −0.072 0.342 -0.005 0.072 -

RC-SAEM 0.074 0.281 −0.025 0.385 −0.010 0.075 −0.035

MCMC 0.157 0.316 -0.240 0.370 0.047 0.072 −

N = 2, 000 Normal SAEM 0.012 0.152 −0.018 0.155 −0.012 0.057 -

RC-SAEM 0.009 0.136 0.012 0.139 -0.014 0.055 0.008

MCMC 0.015 0.137 −0.038 0.154 0.004 0.041 -

Skewed SAEM 0.024 0.256 -0.294 0.362 0.032 0.078 -

RC-SAEM 0.009 0.148 0.000 0.154 −0.015 0.066 −0.007

MCMC 0.026 0.203 -0.261 0.318 0.039 0.059 -

Bimodal SAEM 0.060 0.249 −0.075 0.314 −0.002 0.065 -

RC-SAEM 0.056 0.237 0.001 0.324 -0.006 0.073 0.087

MCMC 0.223 0.343 −0.315 0.460 0.067 0.080 -

N denotes the sample size, normal, skewed, and bimodal refers to the shape of the ability density. The SAEM refers to estimating 3PNOmodel using SAEM, RC-SAEM refers to estimating

RC-3PNO model using SAEM, and the MCMC refers to estimating 3PNO model using MCMC algorithm.

model. This indicates that the RC-3PNO model gives a better

model fit than the 3PNO model for this real data set.

The estimated latent-ability density curve of the RC-3PNO

model is presented in Figure 6. It can be seen that the estimated

latent trait density curve for this model has an obviously

negatively skewed trend, which indicates that the math ability of

these subjects is above the mean of the population. Therefore,

the conventional methods assuming a normal distribution of

latent abilities may result in negatively biased ability estimates.

Table 8 shows the item parameter estimates for the 11 items of

the PISA test form.

7. Discussion

In real testing, the assumption of a normal distribution

of latent abilities in IRT may be violated. For example, non-

normality could result from the sampling of one or more distinct

populations such as those with or without a “disorder.” In

this case, the use of traditional algorithms, such as MML-EM,

SAEM, and MCMC, in which the latent-ability distribution

is restricted to normality, leads to severely biased parameter

estimates (Woods, 2006, 2007; Azevedo et al., 2011; DeMars,

2012; Molenaar et al., 2012; Wall et al., 2015; Reise et al.,

2018). Several methods are used to relax the normal assumption

of latent trait distribution. For example, the EH method, log-

linear smoothing, Davidian-curve IRT, and Ramsay-curve IRT,

have been proposed to estimate the distribution of latent ability

simultaneously with the item parameters. The Ramsay curve

is flexible in that it can describe non-normal latent-ability

distributions (Ramsay, 2000). To date, several RC-IRT models

have been developed. For instance, the RC-2PL model (Woods

and Thissen, 2006), RC-3PL model (Woods, 2008), and the

logistic GRM incorporating a Ramsay curve (Monroe and

Cai, 2014). However, the normal ogive model incorporating a
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TABLE 6 Bias and RMSE of the item parameter estimates and the values of ISE statistic under di�erent ability densities when the test length is 15.

a b c ISE

Bias RMSE Bias RMSE Bias RMSE

N = 500 Normal SAEM 0.111 0.586 −0.106 0.362 −0.007 0.074 −

RC-SAEM 0.052 0.385 -0.054 0.286 −0.008 0.068 0.061

MCMC 0.153 0.439 −0.110 0.414 0.011 0.066 -

Skewed SAEM 0.134 0.740 -0.423 0.652 0.017 0.093 −

RC-SAEM 0.038 0.345 −0.066 0.303 -0.006 0.071 -0.006

MCMC 0.191 0.473 −0.411 0.585 0.028 0.073 -

Bimodal SAEM 0.068 0.362 −0.104 0.292 −0.023 0.066 −

RC-SAEM 0.058 0.363 0.015 0.334 −0.034 0.073 −0.143

MCMC 0.131 0.350 −0.060 0.326 0.011 0.063 -

N = 1, 000 Normal SAEM 0.036 0.287 -0.053 0.259 −0.008 0.067 −

RC-SAEM 0.050 0.277 −0.013 0.227 −0.008 0.068 0.027

MCMC 0.106 0.299 0.011 0.229 0.001 0.056 -

Skewed SAEM 0.057 0.453 −0.366 0.502 0.014 0.083 −

RC-SAEM 0.020 0.247 −0.037 0.239 −0.011 0.072 −0.011

MCMC 0.134 0.327 −0.308 0.432 0.026 0.065 −

Bimodal SAEM 0.053 0.289 −0.128 0.255 −0.012 0.059 -

RC-SAEM 0.049 0.332 0.010 0.276 −0.032 0.076 -0.035

MCMC 0.107 0.284 −0.058 0.292 0.014 0.059 −

N = 2, 000 Normal SAEM 0.034 0.244 −0.027 0.207 −0.009 0.065 −

RC-SAEM 0.029 0.191 0.021 0.176 -0.009 0.062 0.008

MCMC 0.088 0.210 −0.043 0.179 0.003 0.049 -

Skewed SAEM 0.025 0.360 −0.306 0.400 0.025 0.082 -

RC-SAEM 0.010 0.188 −0.004 0.187 −0.013 0.071 −0.007

MCMC 0.108 0.272 −0.257 0.363 0.032 0.061 -

Bimodal SAEM 0.048 0.269 -0.161 0.249 -0.007 0.062 -

RC-SAEM 0.038 0.284 0.017 0.226 −0.030 0.075 0.087

MCMC 0.095 0.275 −0.081 0.314 0.021 0.061 −

N denotes the sample size, normal, skewed, and bimodal refers to the shape of the ability density. The SAEM refers to estimating 3PNOmodel using SAEM, RC-SAEM refers to estimating

RC-3PNO model using SAEM, and the MCMC refers to estimating 3PNO model using MCMC algorithm.

Ramsay curve is rarely used due to the constraints that the

normal ogive model itself requires for the integral calculation.

To fill the gap of estimating the normal ogive models in

RC-IRT, we propose here an SAEM algorithm to estimate the

RC-3PNO model with non-normal latent-ability distributions.

In contrast to the traditional EM algorithm, the stochastic

approximation step of the SAEM algorithm avoids the

need for complex integral computation, and the M-step is

straightforward to execute due to obtaining sufficient statistics of

theMAP estimates for the item parameters in exponential family

distributions, which greatly simplifies the computation and

improves its efficiency. Compared with the MHRM algorithm,

for exponential family distributions, the SAEM algorithm does

not need differential calculations when the standard errors

of estimates are not required; thus, the calculations of the

SAEM algorithm are easier to execute. The estimates of the

item parameters and the shape of the latent-ability density

can be simultaneously obtained from this new algorithm. By

introducing a Ramsay curve into the SAEM procedure, the new

algorithm can be applied not only to a normal distribution of

latent abilities but also to non-normal scenarios such as skewed

and bimodal distributions.

Simulation study 1 investigated three model selection

criteria to select the optimal knots and degree values in the B-

spline functions of Ramsay curves. The choice of knots and

degree had no noticeable influence on the bias and RMSE

values of the item parameters. The results of simulation study 2

indicated that the proposed RC-SAEM algorithm generally

performs better than the SAEM and MCMC algorithms when

the true ability density is skewed or bimodal. Specifically, the

RC-SAEM algorithm is obviously superior to the SAEM and

MCMC algorithms according to the bias of item parameters in

the RC-3PNO model when the true θ is skewed or bimodal.

Although the RMSE values of item parameter estimates from the
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FIGURE 4

True and estimated density curves using the RC-SAEM algorithm when test length is 30.

RC-SAEM algorithm are sometimes slightly larger than those

of the SAEM in bimodal cases, especially for the b parameter,

they are still within the acceptable range. Compared with the

suggested sample size of 1,000 for the 3PL model used in RC-

IRT (Woods, 2008), a sample size of 500 is large enough for the

estimation of parameters in RC-3PNO with a test length of 15.

For the empirical example, according to the model selection

criteria (AIC, BIC, and HQIC), the RC-3PNO model gives

a better model fit than the 3PNO model. The shape of the

estimated Ramsay curve indicates that the latent abilities of

these examinees are mainly distributed at the higher level of the

latent-ability continuum. In real testing, for binary responses

influenced by guessing, although both the RC-3PL and RC-

3PNO models serve as possible alternatives, the RC-3PNO

model is suggested because the proposed SAEM algorithm

avoids the need for calculations of the integral in the E-step

and the derivatives in the M-step of the original EM algorithm,

which greatly simplifies the computation. We suggest that the

RC-3PNO model can be used to detect a non-normal shape in

a latent trait distribution. In this case, our proposed RC-SAEM
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FIGURE 5

True and estimated density curves using the RC-SAEM algorithm when test length is 15.

TABLE 7 Model selection results for the real data set.

Model parameters −2log L AIC BIC HQIC

RC-3PNO 34 9664.3 9738.3 9914.9 9805.9

3PNO 30 10196.1 10262.1 10419.5 10322.3

algorithm can also be adopted to simultaneously estimate the

item parameters and the latent-ability density.

Several limitations and extensions of the proposed RC-

SAEM algorithm need to be mentioned. First, the proposed

RC-SAEM algorithm can be extended to other models, such

as the GRM and the four-parameter normal ogive (4PNO)

model (Culpepper, 2016). Second, a notable fact is that a

multidimensional generalization of RC-IRT has not yet been

developed. When such a development occurs, the proposed

RC-SAEM algorithm can be extended to multidimensional

models. Third, future research could compare the proposed RC-

SAEM algorithm with other algorithms involving methods that

relax the normality assumption of latent traits, such as DC-

IRT and LLS. Fourth, the proposed RC-3PNO model together

with the SAEM estimation algorithm could be investigated in
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FIGURE 6

Estimated Ramsay-curves for the real data set.

TABLE 8 Item parameter estimates under RC-3PNOmodel for the real

data set.

Item a b c

1 0.23 0.00 0.12

2 1.19 0.53 0.45

3 0.88 −0.83 0.66

4 0.39 0.76 0.92

5 1.22 −0.09 0.55

6 1.64 0.60 0.44

7 1.89 −0.72 0.12

8 1.17 −0.85 0.28

9 1.56 −0.04 0.37

10 1.24 −0.49 0.60

11 1.26 −0.72 0.62

other application domains, such as psychopathology measures

involving evidently non-normal latent traits (e.g., borderline

personality disorder and dark-triad traits) or medical fields (e.g.,

drug abuse). Finally, Kuhn and Lavielle (2004) have shown

that the SAEM algorithm can also be used for estimating

the asymptotic covariance matrix of the maximum-likelihood

estimate, and this could be adopted in the RC-SAEM algorithm

in the future.
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Personality disorders are psychological ailments with a major negative 

impact on patients, their families, and society in general, especially those of 

the dramatic and emotional type. Despite all the research, there is still no 

consensus on the best way to assess and treat them. Traditional assessment 

of personality disorders has focused on a limited number of psychological 

constructs or behaviors using structured interviews and questionnaires, 

without an integrated and holistic approach. We present a novel methodology 

for the study and assessment of personality disorders consisting in the 

development of a Bayesian network, whose parameters have been obtained by 

the Delphi method of consensus from a group of experts in the diagnosis and 

treatment of personality disorders. The result is a probabilistic graphical model 

that represents the psychological variables related to the personality disorders 

along with their relations and conditional probabilities, which allow identifying 

the symptoms with the highest diagnostic potential. This model can be used, 

among other applications, as a decision support system for the assessment 

and treatment of personality disorders of the dramatic or emotional cluster. In 

this paper, we discuss the need to validate this model in the clinical population 

along with its strengths and limitations.

KEYWORDS

personality disorder, probabilistic graphical model, Bayesian network, Delphi, 
artificial intelligence, knowledge engineering, decision support system

Introduction

We can define personality as the set of traits and qualities that shape a person’s way of 
being and differentiate him or her from others. According to DSM-5, personality disorders 
can be identified as an enduring pattern of inner experience and behavior that deviates 
markedly from the expectations of the individual’s culture. This pattern tends to be stable 
and of long duration; its onset can be traced back at least to adolescence or early adulthood 
and affect at least two areas of life (i.e., cognition, affectivity, interpersonal functioning, or 
impulse control) in an enduring, inflexible, pervasive way across a broad range of personal 
and social situations, which leads to clinically significant distress or impairment in social, 
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occupational, or other important areas of functioning (American 
Psychiatric Association, 2013). While there exist uncountable 
different configurations that make the individual unique, some of 
them are more adaptive to the environment and society, while 
others can be  considered dysfunctional, leading to significant 
psychological distress. Some maladaptive configurations are more 
prevalent than others and are often seen together; they are termed 
“personality disorders.”

The diagnosis and treatment of personality disorders have 
several challenges, such as the difficulty of diagnosing many of the 
maladaptive personality configurations under the current 
diagnostic approach, or the lack of consensus in the assessments 
due to evaluator biases. These difficulties are further analyzed in 
Section Evaluation of Personality Disorders.

The goal of this study is to develop a framework for the 
research and assessment of personality disorders in the emotional 
and dramatic cluster, which encompasses the antisocial (ATS), 
borderline (BDL), narcissistic (NAR), histrionic (HST), and 
passive-aggressive (PAG) disorders.

We apply artificial intelligence (AI) techniques to integrate 
different paradigms for the evaluation of personality disorders, 
which will provide clinicians with a more holistic and accurate 
tool that will allow them to assess relevant maladaptive 
psychological variables and psychological distress. This way, 
clinicians will have a more integral view of the relevant 
maladaptive psychological variables contributing to psychological 
distress, which could help reduce the clinical judgment biases 
derived from the differing backgrounds and profiles of the 
evaluators. Furthermore, it has been shown that diagnostic 
accuracy improves when the clinicians have the opportunity to 
reflect on their diagnosis assisted with the feedback and 
explanations offered by a decision support system (Oniśko, 2001).

The result of our work is a Bayesian network that models the 
most relevant psychological constructs related to the emotional 
and dramatic personality disorders. It contains a number of nodes 
representing those psychological constructs, a structure 
representing the relations of probabilistic dependence and 
independence among these constructs, and a set of conditional 
probabilities that allows us to draw inferences. These probabilities 
lead to some metrics, such as the likelihood ratio, which allows us 
to increase the diagnostic utility of screening and diagnostic tools.

This model allows us to infer the most probable diagnosis 
given a set of symptoms and find out the sources of psychological 
distress, which would make good therapeutic targets.

The burden of personality disorders

Some studies indicate that the prevalence of personality 
disorder lies between 4.4 and 13.0% for the general population 
(Samuels et al., 2002; Coid, 2003; Lenzenweger et al., 2007; Huang 
et al., 2009), and can reach as high as 45% among psychiatric 
outpatients (Zimmerman et al., 2005). This variability can best 
be seen in Torgersen (2014) work.

Previous research suggests that, although some personality 
disorders may be  considered ego-syntonic, the negative 
consequences for both the individual and his or her close relatives 
are significant, ranging from a decrease in both, quality of life 
(Torgersen, 2014), and life expectancy due to self-harming 
behaviors (Pompili et al., 2004; Krysinska et al., 2006; Zaheer et al., 
2008), to problems with the law due to domestic violence 
(Whisman and Schonbrun, 2009) or criminal behavior (de Barros 
and de Pádua Serafim, 2008; Samuels, 2011). Personality disorders 
also impose a high cost on society as a whole due to the increased 
use of public health services (Chiesa et al., 2002) and absenteeism 
from work (Soeteman et al., 2008).

Evaluation of personality disorders

Personality disorders are traditionally assessed by self-report 
questionnaires, rating scales, interviews, or projective techniques, 
with significant sources of variance (i.e., information, observation, 
interpretation, criterion). Many of these tools have not been 
constructed from an accurate psychometric perspective and have 
relied exclusively on clinical judgment, rather than an actuarial 
method, to arrive at a diagnosis (Westen and Shedler, 1999a). Even 
when some of the most popular and psychometrically well-
founded tests (e.g., the Millon Clinical Multiaxial Inventory, 
MCMI; or the Minnesota Multiphasic Personality Inventory, 
MMPI) or structured interviews (e.g., Personality Disorder 
Interview–IV PDI–IV or the Structured Clinical Interview SCID–
II) are used to make a diagnosis, they are often time-consuming 
and always have to be conducted by experienced or well-trained 
professionals. Moreover, these traditional procedures have focused 
mainly on the symptoms described in the DSM (Westen and 
Shedler, 1999a; Widiger and Lowe, 2011), which, in spite of being 
considered the “gold standard,” do not examine personality 
disorders from an integrated and holistic approach. As a result, the 
most frequently diagnosed personality disorder is the “Not 
Otherwise Specified” (Clark et al., 1997; Verheul and Widiger, 
2004; Livesley, 2012) and 60% of patients in need of clinical 
psychotherapeutic attention due to a personality pathology are 
currently undiagnosable on DSM Axis II (Westen and Arkowitz-
Westen, 1998).

Furthermore, the pressure imposed in successive revisions of 
the DSM to improve its internal and external validity, keeping at 
the same time a manageable number of symptoms (currently less 
than 10), helps explain the high comorbidity between personality 
disorders as well as the additional relations between symptoms 
and disorders beyond those described in the DSM (Westen and 
Shedler, 1999b). However, in real life, maladaptive personality is 
multifactorial and it is not conceivable that every patient fits neatly 
into a single personality disorder.

Due to these limitations, according to Westen and Shedler 
(1999a), most clinicians rely, primarily, on inferences drawn from 
the patient narrative of their lives and relations. This approach, 
while helping address the limitations previously discussed, is 

143

https://doi.org/10.3389/fpsyg.2022.996609
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


García-Franco et al. 10.3389/fpsyg.2022.996609

Frontiers in Psychology 03 frontiersin.org

time-consuming and likely to induce a bias in the clinical 
judgment, which is known to reduce the diagnostic accuracy. 
Meehl (1954) proved that statistical judgment is up to 13% more 
accurate than clinical judgment (Ægisdóttir et al., 2006).

However, the biggest shortcoming and one of the main 
reasons that led scientists to push forward the research on 
personality disorders is the inadequate coverage of their different 
expressions (Widiger, 2007) and the lack of comprehensiveness 
(Westen and Shedler, 2000).

Given that the DSM has not yet provided an optimal solution 
for the evaluation of personality disorders, scientists have pursued 
other directions. Research has led to alternative frameworks that 
relate other psychological constructs to both general and 
individual personality disorders, such as the five-factor model 
(Lynam and Widiger, 2001; Widiger et  al., 2002; Samuel and 
Widiger, 2004; Bagby et al., 2005), defense mechanisms (Berman 
and McCann, 1995; Cramer, 1999; Bowins, 2010), and Millon’s 
biosocial model (Piersma et al., 2002; Mullins-Sweatt and Widiger, 
2007; Millon, 2011).

These alternative frameworks, which have the potential to 
discriminate those persons with an adaptive personality from 
those with a disordered personality, and also between different 
personality disorders, are not generally used, per se, for the 
diagnosis of personality disorders, even though these frameworks 
are supported by empirical research or by a solid theoretical basis.

Most assessment tools are based on the DSM criteria (Widiger 
and Lowe, 2011), so these limitations apply, to more or less an 
extent, to the usual evaluation questionnaires used nowadays by 
clinical psychologists; hence, the need to incorporate these 
alternative frameworks into the evaluation of personality 
disorders. The advantages of a unified framework that increases 
coverage of symptoms by including all the psychological 
constructs related to personality disorders justify our research, as 
nowadays the treatment of personality disorders is individualized, 
aiming at the person’s symptoms rather than at the disorder itself 
(Millon and Grossman, 2007; Millon and Grossman, 2007a,b). 
Furthermore, a more comprehensive measurement tool could 
allow us to reduce biases, both those induced by the person being 
evaluated, since we would have more information on which to 
make a decision, as well as those of the evaluator since it could 
enhance his/her clinical judgment with a statistical/probabilistic  
tool.

Decision support systems in psychology

One of the main applications of AI is the development of 
expert systems which are software programs able to mimic the 
human decision process (Saibene et  al., 2021). Many expert 
systems have been built for different medical domains, but very 
few for psychology. Saibene et al. (2021), in a five-year review of 
the literature, identified 43 studies regarding the application of 
expert systems in healthcare; only 2 were related to psychology, 
and none of them to personality or its disorders although Luxton 

(2014) had identified several areas of psychology where the use of 
AI technology could make a difference.

From 2015 onward there has been, according to Graham et al. 
(2019), a steep increase in the number of publications about AI for 
mental health. However, our database search (Scopus, Web of 
Science, Science Direct, PubMed, IEEE Xplore) with the terms 
“expert system,” “decision support system,” or “artificial 
intelligence” on the one hand, and “personality disorders” or any 
of the individual disorders on the other, only returned tangential 
research (Singh et al., 2020; Ellouze et al., 2021; Khazbak et al., 
2021), proposals (Tuena et al., 2020; Sulistiani et al., 2021; Szalai, 
2021), or proofs of concept (Nunes et al., 2009; Casado-Lumbreras 
et al., 2012; Randa and Permanasari, 2014; Laijawala et al., 2020).

We conjecture that this scarcity of decision support systems in 
the field of personality disorders may be, in part, because 
psychological diagnosis is based on phenomenology. Thus, it can 
be highly subjective as it depends on the experiences of a person 
with psychological problems. Conversely, medical diagnosis is 
often helped by laboratory results and other objective quantitative 
measures, in addition to clinical signs (Fernando et al., 2011). 
However, an application of Bayesian methods that is gaining 
importance nowadays is the analysis of networks in which, 
through a directed acyclic graph and machine learning techniques, 
an attempt is made to determine the causal relations between the 
nodes in the network (Briganti et al., 2020; Černis et al., 2021).

Furthermore, there are two trends to build expert systems. One 
consists in eliciting and encoding the knowledge of human experts; 
the other, in applying machine learning algorithms to a large 
dataset (Constantinou et al., 2016). The latter has the problem that 
curated medical data regarding psychiatric disorders is generally 
unavailable (Suhasini et al., 2011). In the case of knowledge-based 
systems, the problem is that the causal mechanism that drives the 
relations among variables is either poorly understood or mediated 
by a large number of hidden variables, which makes it very difficult 
to elicit expert knowledge; additionally, obtaining the numerical 
parameters for these systems is even more difficult. Moreover, 
many AI classification techniques, such as neural networks and 
support vector machines (SVMs) only work with large data sets 
and not with expert knowledge.

To achieve the proposed goals, we present in Section 2 the 
methodology used, and in Section 3 the structure of the resulting 
model, the raw probabilities obtained, and the likelihood ratios for 
the symptoms of personality disorders. We  conclude the 
presentation with a discussion of the model and its applications in 
clinical and research settings (Section 4).

Materials and methods

Participants

We recruited two groups of psychologists with academic and/
or clinical expertise in the diagnosis and treatment of personality  
disorders.
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The first group ( n = 5 ), which has several years of clinical 
experience (M SD= =12 7; ), was tasked with validating the 
psychological variables, identified through a literature search, and 
the structure of the model.

The second group ( n = 7 ), also having several years of 
experience (M SD= =20 15; ), was responsible for obtaining the 
conditional probability tables used as parameters in the model.

Instruments

For the development of the model, a set of questionnaires was 
used to define the structure of the model and another set to obtain 
the conditional probabilities. These questionnaires were custom-
made and tailored to obtain the causal links among nodes and the 
probabilities of the symptoms conditioned on the disorders.

All the questionnaires were completed using forms embedded 
within PDF files, which could be received, answered, and sent 
back electronically, thus facilitating the participants’ engagement.

For the identification of the causal relations between 
personality disorders and symptoms, the experts were provided 
with a questionnaire with several tables, one for each psychological 
framework. For each table, every row corresponds to one of the 
symptoms, and every column to one of the five personality 
disorders. The questionnaire consisted of checkboxes (one per cell 
on each table), which allowed entering a yes/no answer indicating 
whether the symptom is related to the personality disorder.

Symptoms and dependency links were previously established 
through a literature review and the study of different psychological 
measurement instruments for personality disorders. The relations 
cited as relevant in the literature had previously been checked. 
Participants were instructed to unmark the checkbox should they 
consider that a relationship is not sufficiently relevant (if it was 
previously checked) or leave it blank (if it was not). Similarly, if the 
experts considered that a symptom was related to a particular 
personality disorder, they were instructed to mark the checkbox if 
it was not already marked, or leave it checked if it already was, thus 
validating the previous literature search.

To standardize the interpretation of symptoms, we  briefly 
described them in the questionnaire. Furthermore, at the end of 
the form, there was a free-text field so that the experts could add 
any missing psychological constructs and their relations with 
the disorders.

To obtain the parameters of the model, the second group of 
experts was given a set of questionnaires classified by 
personality disorder.

Again, the rows corresponded to the symptoms but, in this 
case, through the columns, we sought the probability that the 
symptom defined in the row would be  present when: (a) the 
personality disorder was also present, (b) when the personality 
disorder was absent (control group) and (c) the probability that 
the symptom may cause significant psychological distress.

The scale for data input consisted of a rating scale from 0 to 
100. This scale was conceptually divided into four intervals, which 

were assigned four probability categories: 0–25 “not probable,” 
25–50 “improbable,” 50–75 “probable,” and 75–100 “very 
probable.” A graph depicting this division was printed on the 
header of each page and served as a guide for the psychologist, 
who is usually more familiar with Likert scales, to elicit the 
probabilities. The answers were recorded on numerical text fields 
in each cell, which allowed entering a value between 0 and 100.

Following the Delphi method, the first questionnaire was 
common to all the participants. This form included, as items, all 
the parameters that we  would need for the construction of 
the model.

In the next round, a personalized form was used for each 
participant. For those items in which there was no consensus, 
defined as those answers that were more than one standard 
deviation away from the mean, his/her previous response, as well 
as aggregated data about the responses of other experts, were 
included. The participant had the chance to modify the previous 
answer or to keep it. For those items for which there was 
consensus, it was not allowed to modify the previous answer.

Procedure

The participants in this research received by e-mail a letter of 
introduction and an invitation to participate in the project. No 
expert ever knew the identity of the others. All questionnaires 
included instructions for their correct completion and a 
demographic data form.

Regarding the structure of the model, the dependency 
relations finally included were those for which there was consensus 
(simple majority) among the first group of experts. We anticipated 
that those relations for which there was no clear consensus would 
not be sufficiently relevant to significantly affect the accuracy of 
the model, given that probabilities would be assigned based on the 
strength of that relation.

The probabilities for the model were obtained using the 
Delphi method, with at least two rounds. After the first round, 
the experts were provided with aggregated data (mean and 
standard deviation) of the answers given in the previous round 
by all the participants. Each expert could keep his/her previous 
response or modify it. The process ended when a consensus had 
been reached or when no further progress was obtained after 
successive rounds.

According to Hsu and Sandford (2007), the key factor for the 
success of the Delphi technique is the choice of experts. The 
number of participants should be enough to obtain a representative 
sample of expert opinions (Latif et al., 2016), but an excessive 
number would slow down the process without a substantial 
improvement in accuracy (Hsu and Sandford, 2007).

In a systematic review of consensus-building methods, 
Waggoner et al. (2016) suggest having 6 to 11 participants. As 
previously mentioned, we involved 7 experts in this phase.

The number of rounds required in the methodology is not 
established. Waggoner et al. (2016) propose a minimum of two 
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rounds, which is the minimum required to obtain at least one 
feedback from their colleagues. However, although no maximum 
number of rounds is established, other authors, like Hasson et al. 
(2000) and Woudenberg (1991), argue that two rounds are usually 
sufficient, as this is when maximum accuracy is reached. We have 
used two rounds in this research since, after analyzing the results 
of the second one, we saw an obvious risk of a regression to the 
mean, thus reducing the diversity of responses.

Although the use of the Delphi methodology to obtain 
conditional probability tables seems promising, we  have only 
found two studies using it (Chen and Huang, 2018; Wu et al., 
2018). However, the details of the implementation of the method 
are not described in those papers, so we have relied on a general 
approach (Hasson et al., 2000; Waggoner et al., 2016) and adapted 
it to our research.

The value finally selected for each probability was the average 
of the responses in the last round.

Development of the probabilistic 
graphical model

A probabilistic graphical model (PGM) is an encoded 
probability distribution in which the variables are represented as 
nodes and the dependence relations as edges between nodes.

A Bayesian network (BN) is a type of PGM consisting of an 
acyclic directed graph and a conditional probability table for each 
node given its parents,

 ( )( )i iP X pa X| .

The joint probability implicitly represented by a BN is:

 
( ) ( )( )1 2 n i i

i
P X ,X X P X pa X ,|… =∏

where pa Xi( )  is the set of parents of node Xi  in the graph.
A finding determines with certainty the state of a variable; for 

example, the value “true” or “high.” The set of all the findings 
available at a point in time is called evidence.

Probabilistic reasoning consists in calculating the posterior 
probabilities of variables of interest that are not in the  
evidence.

One advantage of BN is the ease of integrating statistical data 
with expert knowledge. Another one is the possibility of working 
with missing data. Furthermore, BN have good accuracy even 
with small data sets with the use of canonical models (Oniśko 
et  al., 2001) or when probabilities are not overly precise 
(Uusitalo, 2007).

The most common sources of information to build Bayesian 
networks are statistical data, scientific literature, and human 
experts (Druzdzel and van der Gaag, 2000). In this research, 
we  have combined a search of the scientific literature and 
knowledge elicitation from human experts.

The construction of a probabilistic graphical model for a given 
domain has three phases; identifying the variables, defining the 
structure of the model and obtaining the conditional probabilities 
(Druzdzel and van der Gaag, 2000). We have carried out them 
using the graphical user interface of OpenMarkov, an open-source 
tool (Arias et  al., 2011) and then exported the model to the 
academic version of GeNIE (Druzdzel, 1999) to take advantage of 
its graphing capabilities.

We should note that, although OpenMarkov is very useful for 
building Bayesian networks, we  can benefit from customized 
software development that acts as an interface between the user 
and the model. Such an interface, which we  developed in 
conjunction with the Bayesian network throughout this research, 
improves the usability of the system and allows a clinician to 
interact with the model without the need to know about Bayesian 
networks or their building tools.

Identification of the relevant variables, the type 
of variable (continuous or discrete) and the 
number of different states

The variables included in the model should cover as broadly 
as possible the psychological spectrum related to the personality 
disorders that we want to assess, but without including duplicated 
or highly correlated variables.

These psychological constructs should be easily measurable 
and, if possible, familiar to the clinical psychologists who will 
make use of the decision support system. Therefore, the selection 
of those variables was performed using the “snowball” method of 
literature review, taking as starting points papers about commonly 
used questionnaires for the diagnosis of personality disorders.

Included in the model as nodes are all the symptoms of the 
classical DSM diagnostic method. None of the specific constructs 
from the alternative dimensional diagnostic method published in 
the latest version of the DSM were considered due to the small 
amount of research on this new model and the absence of some 
personality disorders (i.e., narcissistic, histrionic and passive-
aggressive personality disorders). However, since this dimensional 
model is an adaptation of the older five-factor model, its exclusion 
will not have a negative impact because the same psychological 
constructs are covered by the five-factor model which, additionally, 
has been extensively used as a personality measurement 
instrument and in relation to personality disorders (Costa and 
Widiger, 2002; Widiger and Costa, 2013).

Regarding the five-factor model, we  have included in our 
model all the traits from the domains of neuroticism, extraversion, 
and agreeableness and all the traits of openness and 
conscientiousness, except the traits of aesthetics, ideas, values, and 
achievement-striving, which are the ones that, according to the 
majority of the studies reviewed (Lynam and Widiger, 2001; 
Widiger et al., 2002; Samuel and Widiger, 2004; Bagby et al., 2005) 
did not have a strong relation with personality disorders of the 
dramatic or emotional type.

The psychological constructs of the DSM-5 new diagnostic 
method that capture the severity of the personality disorder 
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(Hutsebaut et al., 2016) has been included. These variables, namely 
identity, empathy, intimacy, and self-direction, correspond to the 
general factors common to all the personality disorders and match 
the four scales of the level of personality functioning (LPFS; 
Hopwood et al., 2018).

In addition to the variables related to the diagnosis of 
personality and its disorders, other variables that facilitate the 
differential diagnosis have been included in the model, such as 
defense mechanisms (acting out, idealization, denial, dissociation, 
devaluation, projection, projective identification, splitting, 
displacement, and passive aggression; American Psychiatric 
Association, 2000) and the six polarities (pleasure, pain, active, 
passive, self, other) from the Millon’s biosocial theory related to 
the maladaptive configurations of the individual’s styles of 
adaptation to the environment (Millon, 2011).

Along with the variables we  have just described, which 
correspond to the symptoms, we  have also included in the 
model five nodes corresponding to the personality disorders, 
as well as other nodes (14 in total) that we use to measure the 
psychological distress that cluster of symptoms may produce in 
the patient.

Although the measurements for the psychological variables 
and even the personality disorders are continuous in nature, 
we have discretized all the variables. This is a common approach, 
as there are no efficient algorithms to deal with Bayesian networks 
that include continuous variables, either for inference or learning, 
even for very simple models.

Furthermore, given that the computational complexity 
increases very fast with the number of states, we have only used 
binary variables (yes/no, present/absent) for the DSM framework 
and for the defense mechanisms. The nodes representing the 
personality disorders themselves and the psychological distress 
have been also modeled as binary variables.

Variables from the level of personal functioning, the five-factor, 
and the biosocial models have been discretized into three states: low, 
medium, and high. However, for the five-factor and the biosocial 
models, the medium state not only indicates a point between the 
other extreme values, but also it implies that the score obtained is 
not significant and that it falls within the population mean.

Identifying and representing the causal 
relations

We have modeled the network assuming that personality 
disorders cause the symptoms. This way we limit the number of 
ancestor nodes and reduce the overall complexity of the model. 
Therefore, a node will only have as many ancestors as the number 
of personality disorders that may cause it.

An overview of the model structure is presented in Figure 1.
The first two levels of that figure correspond to a BN2O model, 

which is widely used in medical expert systems (Heckerman, 1990). 
It consists of an upper level whose nodes represent possible 
diagnostics, and a lower level (the middle level in our figure), 
containing the symptoms, observations, medical tests, etc.

The third level in the figure is an extension to the model, first 
introduced in this research. When introducing evidence about 
the symptoms, those that are absent may cancel the impact of 
those that are present, leading to a false-negative diagnosis. The 
third level in the model alleviates the problem by allowing us to 
detect clusters of maladaptive symptoms even when the 
diagnosis is negative. These nodes, which represent the 
psychological distress in the individual, are also used to perform 
a sensitivity analysis and to indicate the best therapeutic targets 
for treatment.

We can observe in the figure that there are no dependency 
links between diagnoses, which would indicate comorbidity, or 
between symptoms, which would indicate some kind of 
correlation among them. The absence of relations between 
symptoms is deliberate, motivated by the need to reduce the 
complexity of the model. On the one hand, we  have avoided 
introducing highly correlated symptoms, as it would be redundant, 
and, on the other, weak dependencies are usually removed given 
that they do not significantly change the results in classification 
tasks (Kjærulff, 1994). Furthermore, the inclusion of these 
relations would not affect the diagnosis given that, when we make 
a node deterministic by introducing a finding, its state is not 
affected by the probabilities given its ancestor nodes. As for 
comorbidity between diagnoses, while it is documented between 
personality disorders, we model this comorbidity through the 
common symptoms that these disorders have; hence, the lack of 
direct links among disorders.

The initial list of dependency links between symptoms and 
personality disorders for the probabilistic graphical model was 
obtained from the same literature review used to identify the 
relevant psychological constructs, and then peer-reviewed by the 
team of experts, as explained above, using the questionnaire 
designed for this purpose.

Obtaining the conditional probabilities
Probabilistic graphical models allow for the combination 

of experimental data with expert knowledge. Since a sufficient 
amount of suitable data is rarely available in the field of mental 
health (Suhasini et al., 2011), the probabilities associated with 
the nodes were elicited from a group of experts. However, a 
person’s experience may be  biased by his/her professional 
experience; we overcome this drawback by using the Delphi 
methodology for obtaining a consensus, as explained in 
Section 2.3.

One of the advantages of this method, in addition to the 
elimination of outlier answers, is that it encourages the participants 
to reflect on their answers, thus reducing idiosyncratic biases or a 
tendency to answer too quickly due to fatigue and the large 
number of items.

The results obtained through the questionnaires are the raw 
probabilities that indicate the chance that the symptom is present 
when a single personality disorder is also present (or absent). To 
obtain the conditional probability tables for the model, it is 
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necessary to first carry out a transformation, due to the difficulty 
of eliciting from the experts the probabilities of the symptoms 
when we have to take into account the joint presence or absence 
of several personality disorders simultaneously.

Moreover, the presence of a large number of ancestor nodes 
causes an exponential increase in computational complexity (an 
instance of “the curse of dimensionality”), which we have solved 
by using canonical models (Diez and Druzdzel, 2006) and taking 
advantage of the “independence of causal influence” property. This 
property assumes that the impact of a single cause on the effect 
does not depend on other causes that may exist, their order, or 
their interaction (Heckerman and Breese, 1994). Furthermore, 
canonical models allow complexity to grow linearly with the 
number of ancestor nodes. So, despite obtaining an approximation 
to the true values, we actually may gain accuracy by simplifying 
the elicitation of expert knowledge.

Regarding our model, for two-state variables, we used a “leaky 
OR” model, and for those three-state variables whose “neutral” 
state—understood as the absence of disorder or anomaly—is the 
lowest, we used a “leaky MAX.” For an in-depth review of these 
and other canonical models, see (Diez and Druzdzel, 2006).

However, the above-mentioned canonical models are not 
adequate for modeling all of the three-state nodes because: (a) 
some nodes behave as inhibitors themselves, that is, they reduce 
the probability that the symptom is present when a given disorder 
is also present; and (b) for these three-state variables, the default 
state is not its lowest.

To deal with these variables, we  have developed a novel 
canonical model that allows us to work with multi-state 
variables without the limitations described above. Its rationale 
is that there are causes that count as evidence in favor of a given 
effect. The more evidence we have, either because given the 
cause the effect is very likely, or because there are several causes 
supporting the effect, the greater the probability that said effect 
is present. Conversely, the more evidence against the effect, the 
less likely it is to be  present. We  assume that, as in clinical 
diagnosis by professionals, the probability of the effect (a 
symptom) depends on the weighting of the evidence for and 

against, taking into account that not all findings have the same 
diagnostic potential.

The raw probabilities we obtained using the Delphi method, 
besides being necessary for generating the conditional probability 
tables for the model, allow us, for each symptom, to calculate the 
likelihood ratio with respect to each personality disorder, which 
is a widely used metric in clinical settings for measuring 
diagnostic strength.

The positive likelihood ratio for a test result indicates the 
magnitude of the increase in the probability of a given disorder 
when the test is positive. Conversely, the negative likelihood ratio 
for a test result indicates the decreased likelihood of a given 
disorder when the test is negative (Hayden and Brown, 1999; 
Grimes and Schulz, 2005).

By identifying symptoms with a higher positive likelihood 
ratio, we  can develop a reduced measurement instrument to 
confirm the presence of personality disorders of the dramatic and 
emotional type in a clinical setting. Conversely, by identifying 
symptoms with a lower negative likelihood ratio we can design a 
screening instrument to rule out the presence of those personality 
disorders in the general population.

Results

Raw probabilities obtained with the 
Delphi methodology

The results presented in the following tables are the 
probabilities that each symptom is present when the personality 
disorder (ATS, BDL, NAR, HST, or PAG) is also present, the 
probability that the symptom is present in the absence of any 
personality disorder (Norm.) and the psychological distress the 
symptom may provoke (PD).

For ease of reading, the results have been split into different 
tables and classified by diagnostic framework: DSM (Table 1), 
defense mechanism (Table 2), level of personality functioning 
(Table 3), five-factor model (Table 4), and Millon’s biosocial model 
framework (Table 5). The prevalence of personality disorders is 
shown in Table 6 for both the clinical and the general population.

Most of the symptoms described here are maladaptive, i.e., 
they have a positive correlation with the personality disorder 
(which is also maladaptive). However, for the five-factor model 
(Table 4) and Millon’s biosocial model (Table 5), the presence of a 
symptom may imply an increase in probabilities with one disorder 
but a decrease in probabilities with another disorder. A direct 
relation is represented by an upward pointing arrow and an 
inverse relation by a downward arrow.

The results obtained correspond to the average of the 
probabilities provided by the experts in the final round of the 
Delphi method. However, it is interesting to mention that the 
consensus degree of the experts in the first round was, on average, 
similar for all the personality disorders ( 66 43 12 10. % . %± ).

FIGURE 1

Augmented BN2O model. Dx = Disorder; Sy = Symptom; 
PDz = Psychological distress.
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TABLE 2 Probabilities (%) of defense mechanisms for cluster-B 
personality disorders.

Defense 
mechanism

Personality disorders
Norm. PD

ATS BDL NAR HST PAG

Acting Out 85.7 84.3 — 70.0 — 27.9 60.0

Idealization — 67.1 — — — 27.1 44.3

Denial 75.7 78.6 80.0 77.1 — 38.6 28.6

Dissociation 47.1 — 55.0 72.1 — 15.0 55.0

Devaluation — 85.0 44.3 — — 17.9 69.3

Projection 76.4 — 70.0 — — 42.1 34.3

Projective 

identification

— — — — 77.9 21.4 62.9

Splitting — 87.9 — 72.1 — 22.9 64.3

Displacement — — — — 70.0 24.3 54.3

Passive aggression — 71.4 — 58.6 88.6 24.3 48.6

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive; Norm. = normative (no personality disorder); PD = psychological distress.

In the second round, the experts modified a considerable 
number of responses that fell outside the range of consensus by 
the experts ( 79 63 25 80. % . %± ), but the consensus degree raised 
only slightly ( 72 21 10 76. % . %± ). The average probability for the 
presence of a symptom in the presence of the corresponding 
personality disorders was 71 92 11 08. % . %± . Alternatively, the 

average probability of the presence of a symptom in the absence 
of any personality disorder was 25 05 9 00. % . %± .

As for the clinically significant psychological distress that the 
symptoms described in the model are capable of producing, 
we obtained a mean probability of 47 63 19 03. % . %± .

Probabilistic graphical model

Given the structure of the model validated by the first group 
of experts and the raw probabilities obtained from the second 
group of experts, we built the Bayesian network.

Nodes of the model
The nodes of the model correspond to all the psychological 

variables and symptoms listed in the first column of the 
aforementioned tables. Additionally, it should be added the five 
nodes corresponding to the five personality disorders we  are 
evaluating and the 14 nodes related to the psychological distress 
caused by each symptom grouping.

These 14 nodes are distributed as follows: one for each 
personality disorder in the DSM model (5 in total), 4 for each 
domain in the FFM model (all except for openness), 3 for the 
personal functioning scale, one for the defense mechanisms, and 

TABLE 1 Probabilities (%) of DSM symptoms for cluster-B personality 
disorders.

DSM 
symptom

Personality disorders
Norm. PD

ATS BDL NAR HST PAG

DSM-ATS-01 76.4 — — — — 11.4 46.4

DSM-ATS-02 81.4 — — — — 27.9 28.6

DSM-ATS-03 64.3 75.0 — — — 36.4 52.1

DSM-ATS-04 77.1 70.7 — — — 35.0 60.7

DSM-ATS-05 65.7 66.4 — — — 25.7 41.4

DSM-ATS-06 81.4 — — — — 22.9 36.4

DSM-ATS-07 80.7 — 73.6 — — 11.4 27.1

DSM-BDL-01 — 81.4 — 64.3 — 26.4 69.3

DSM-BDL-02 — 86.4 — 65.0 — 17.9 67.1

DSM-BDL-03 — 88.6 — — — 11.4 76.4

DSM-BDL-04 — 85.7 — — — 17.1 78.6

DSM-BDL-05 — 76.4 — — — 15.7 78.6

DSM-BDL-06 — 85.7 — 72.1 — 17.9 79.3

DSM-BDL-07 — 82.1 — — — 16.4 79.3

DSM-BDL-08 75.7 80.7 — — — 22.9 72.9

DSM-BDL-09 — 63.6 — 40.7 — 10.0 75.7

DSM-NAR-01 — — 85.7 — — 23.6 14.3

DSM-NAR-02 — — 85.7 — — 22.9 16.4

DSM-NAR-03 — — 91.4 — — 25.0 19.3

DSM-NAR-04 — — 90.0 80.0 — 22.1 26.4

DSM-NAR-05 — — 84.3 — — 23.6 14.3

DSM-NAR-06 — — 85.7 — — 29.3 25.0

DSM-NAR-07 79.3 — 77.1 — — 16.4 22.1

DSM-NAR-08 — — 77.1 — 77.9 32.1 23.6

DSM-NAR-09 — — 86.4 — — 24.3 19.3

DSM-HST-01 — — — 87.9 — 16.4 48.6

DSM-HST-02 — — — 81.4 — 19.3 45.0

DSM-HST-03 — — — 78.6 — 21.4 55.7

DSM-HST-04 — — — 81.4 — 22.1 35.0

DSM-HST-05 — — — 77.9 — 22.1 27.1

DSM-HST-06 — — — 87.9 — 15.7 42.1

DSM-HST-07 — 63.6 — 82.1 — 25.0 35.7

DSM-HST-08 — 62.1 — 80.7 — 17.1 44.3

DSM-PAG-01 67.1 — — — 82.9 22.1 57.1

DSM-PAG-02 — — — 61.4 77.9 17.1 57.9

DSM-PAG-03 72.9 — — — 77.1 22.1 67.9

DSM-PAG-04 75.0 — — — 76.4 22.9 57.9

DSM-PAG-05 — — 65.0 — 74.3 22.9 52.9

DSM-PAG-06 — — — — 76.4 24.3 57.9

DSM-PAG-07 — — — — 86.4 19.3 64.3

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive; Norm. = normative (no personality disorder); PD = psychological distress.

TABLE 3 Probabilities (%) of level of personality functioning (LPF) 
scales for cluster-B personality disorders.

LPF scale
Personality disorders

Norm. PD
ATS BDL NAR HST PAG

Identity 69.3 87.9 65.7 77.9 67.1 15.0 57.9

Self-direction 62.1 80.0 51.4 65.0 70.0 22.1 49.3

Empathy 85.0 75.7 65.0 70.0 78.6 15.0 27.1

Intimacy 80.0 79.3 43.6 75.7 69.3 12.9 45.7

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive; Norm. = normative (no personality disorder); PD = psychological distress.
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a final one that measures the general psychological distress caused 
by personality disorders.

Structure of the model
The structure of the model can be determined based on the 

tables themselves, taking into account that the existence of a 

probability between symptom and disorder, as seen in the 
aforementioned tables, implies an arc in the graphical representation.

Furthermore, each of the 14 nodes that account for the 
psychological distress is linked with the nodes that represent the 
symptoms or the personality disorders causing that 
psychological distress.

TABLE 4 Probabilities (%) of five-factor model (FFM) traits for cluster-B personality disorders.

FFM trait
Personality disorders

Norm. PD
ATS BDL NAR HST PAG

Anxiety ↓ 57.9 ↑ 77.9 — — — 44.3 70.7

Angry hostility ↑ 77.1 ↑ 80.7 ↑ 62.9 — ↑ 77.1 35.7 52.1

Depression — ↑ 77.1 — ↑ 47.9 — 46.4 77.9

Self-consciousness ↓ 67.9 — — — — 34.3 71.4

Impulsiveness ↑ 83.6 ↑ 83.6 — — — 37.1 55.7

Vulnerability — ↑ 80.0 — ↑ 68.6 — 32.9 75.0

Warmth ↓ 63.6 ↓ 48.6 ↓ 63.6 — — 32.9 34.3

Gregariousness ↓ 54.3 ↓ 38.6 — ↑ 75.0 — 24.3 38.6

Assertiveness — — ↑ 62.9 — ↓ 77.1 33.6 61.4

Activity — — — ↑ 57.9 — 47.9 25.7

Excitement seeking ↑ 65.0 — ↑ 49.3 ↑ 65.7 — 41.4 30.0

Positive emotions — — — ↑ 54.3 — 27.9 70.7

Fantasy — ↑ 60.0 ↑ 79.3 ↑ 77.9 — 35.0 N/A

Feelings — — — ↑ 57.9 — 25.7 N/A

Actions — ↑ 43.6 — ↑ 65.7 — 33.6 N/A

Trust ↓ 75.0 ↓ 65.0 ↓ 56.4 ↑ 59.3 ↓ 73.6 38.6 45.7

Straightforwardness ↓ 84.3 ↓ 62.1 ↓ 73.6 — ↓ 75.0 35.7 24.3

Altruism ↓ 86.4 — ↓ 76.4 — — 33.6 18.6

Compliance ↓ 86.4 ↓ 70.0 ↓ 75.7 — ↓ 75.7 27.1 46.4

Modesty ↓ 65.0 — ↓ 87.1 — — 38.6 24.3

Tender-mindedness ↓ 80.7 — ↓ 75.0 — — 24.3 17.1

Competence — ↓ 75.7 ↑ 76.4 — ↓ 70.7 25.0 69.3

Order — ↓ 54.3 — — — 36.4 36.4

Dutifulness ↓ 80.7 — — — ↓ 70.0 32.1 28.6

Self-discipline ↓ 68.6 — — — ↓ 64.3 40.0 45.7

Deliberation ↓ 74.3 ↓ 82.1 — ↓ 70.0 — 32.9 45.7

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-aggressive; Norm. = normative (no personality disorder); PD = psychological distress; N/A = not 
applicable. Upward arrow = direct relation between symptom and disorder; downward arrow = inverse relation.

TABLE 5 Probabilities (%) of polarities for cluster-B personality disorders.

Polarity
Personality disorders

Norm. PD
ATS BDL NAR HST PAG

Pleasure — ↓ 72.9% ↑ 77.1% ↑ 58.6% ↓ 57.1% ↑ 40.0% / ↓ 22.5% N/A

Pain — ↑ 67.9% — ↓ 44.3% ↑ 72.1% ↑ 30.0% / ↓ 20.0% N/A

Active — — ↑ 74.3% ↑ 55.0% — ↑ 47.5% N/A

Passive — ↑ 56.4% — ↓ 63.6% ↑ 59.3% ↑ 25.0% / ↓ 22.5% N/A

Self ↑ 82.1% — ↑ 85.7% ↓ 41.4% — ↑ 30.0% / ↓ 15.0% N/A

Other — — — ↑ 20.7% — ↑ 20.0% N/A

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-aggressive; Norm. = normative (no personality disorder); PD = psychological distress; N/A = not 
applicable. Upward arrow = direct relation between symptom and disorder; downward arrow = inverse relation.
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TABLE 6 Prevalence (%) of dramatic and emotional personality 
disorders and psychological distress.

Personality 
disorder

Prevalence
PDClinical 

population
General 

population

Antisocial 12.4 2.4 70.0

Borderline 19.3 3.5 87.1

Narcissistic 11.9 4.3 61.4

Histrionic 13.3 3.6 72.9

Passive-aggressive 9.1 3.0 62.1

PD = psychological distress.

Parameters of the model
For the nodes corresponding to the psychological variables 

listed under the DSM (Table  1) and the defense mechanisms 
(Table 2) frameworks, the conditional probabilities were obtained 
by using the probabilities directly if the node has only one ancestor 
node, or with the help of a canonical model “leaky OR” otherwise 
(Diez and Druzdzel, 2006).

For the level of personality functioning paradigm (Table 3), 
the conditional probability tables are obtained using the canonical 
“leaky MAX” model (Diez and Druzdzel, 2006).

For the five-factor model (Table  4) and Millon’s biosocial 
model framework (Table 5), we have used a logistic-Gaussian 
canonical model specifically designed for this research, which 
allows us to overcome some of the limitations of other canonical 
models and to take into account the differing prevalence of each 
symptom, trait, or scale in the population.

For those nodes that have no ancestors, i.e., for each of the five 
personality disorders, the conditional probability coincides with 
the prevalence (obtained as well by the Delphi method), which is 
shown in Table 6 for both the clinical and the general population.

Figure 2 presents a schematic overview of the variables and 
relations included in the model, and Figure 3 shows a screenshot 
of the model described above before entering any finding in 
OpenMarkov’s inference mode. In addition, we include a map of 
the model’s variables to facilitate its understanding. However, 
given its length, it is published as supplementary material.

A working model stored in the format of OpenMarkov or 
Genie will be supplied upon request.

Likelihood ratio for the improvement of 
diagnostic efficiency

From the probabilities elicited using knowledge engineering 
techniques, we have not only been able to obtain the conditional 
probability tables for the model but also very relevant information 
on the ranking and relative importance of each symptom with 
respect to the personality disorders studied.

Through the likelihood ratio, we can identify those symptoms 
that can most efficiently confirm or rule out the presence of 
personality disorders.

Tables 7 and 8 show the symptoms that have a positive 
likelihood ratio greater than 5 or a negative likelihood ratio smaller 
than 0.2 respectively, which will cause a moderate change in the 
post-test probabilities with respect to the pre-test probabilities.

Probing the model for content validity: 
Sensitivity analysis and strength of 
influence

Except for the graphical representation of the structure of the 
model or its usefulness in a practical application, it is difficult to 
ascertain the validity of the model by merely studying 
the parameters.

One way to solve this problem is by studying the strength 
influence for the links and the sensitivity analysis of the nodes. 
This allows us to assess the correctness of the conditional 
probability tables.

The model has been exported from OpenMarkov to the 
academic version of GeNIE (Druzdzel, 1999) to take advantage of 
its graphing capabilities. In Figures 4–6, we can see a sensitivity 
analysis and the strength of influence for, respectively, the DSM 
antisocial symptoms, the DSM borderline symptoms, and the 
LPF scales.

In these images, the nodes in the top row correspond to the five 
personality disorders, the next row corresponds to the symptoms, 
traits, or scales of the framework, and the last row (the last two 
rows in the case of the last figure), corresponds to the node (s) 
representing psychological distress. Their color indicates the degree 
of sensitivity: the more redness, the higher the sensitivity.

Furthermore, green arrows indicate a direct influence, while 
red arrows would imply an inverse one. The thickness of the 
arrows shows the strength of the influence.

Discussion

The purpose of this research is, through the incorporation of 
artificial intelligence techniques, to contribute to the 
improvement in the evaluation and treatment of personality 
disorders. These disorders, given their high prevalence and 
negative impact on all involved, require significant attention, 
especially considering the limitations that traditional methods 
have in assessing them.

To the best of our knowledge, no study has been conducted 
that includes the integration of a broad set of psychological 
variables useful for the evaluation of personality disorders of the 
dramatic and emotional type in a single model. Nor are there, to 
date, studies that combine for this purpose expert knowledge, 
bibliographical research, and statistical methods to integrate the 
different frameworks related to personality disorders.

To get these results we built a probabilistic graphical model 
using an open-source software, OpenMarkov (Arias et al., 2011). 
We obtained from the scientific literature and a group of experts 
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FIGURE 2

Map of variables for the Bayesian network. Yellow = Personality disorders; Blue = Psychological framework; Green = upper-level psychological 
constructs of a given framework; Red = Psychological distress. ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive; BioSoc = Biosocial; DSM = Diagnostic and Statistical Manual of mental disorders; FFM = Five-Factor Model; LPF = Level of Personality 
Functioning.

FIGURE 3

The Bayesian network, in OpenMarkov’s inference mode.
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TABLE 7 Symptoms having a positive likelihood ratio (given in 
parenthesis) higher or equal than 5 for some personality disorder.

ATS BDL NAR HST PAG

DSM - ATS 

07 (7.06)

DSM - BDL 03

(7.75)

DSM - ATS 07

(6.44)

LPF - Intimacy

(5.89)

LPF - Intimacy

(5.39)

DSM - ATS 

01 (6.69)

DSM - BDL 09

(6.36)

DSM - HST 06

(5.59)

LPF - Empathy

(5.24)

LPF Intimacy 

(6.22)

LPF - Intimacy

(6.17)

DSM - HST 01

(5.35)

LPF Empathy 

(5.67)

LPF - Identity

(5.86)

LPF - Identity

(5.19)

LPF - Empathy

(5.05)

DSM - BDL 04

(5.00)

DSM - BDL 07

(5.00)

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive.

following a Delphi method approach (Hasson et  al., 2000; 
Waggoner et  al., 2016). This model represents the relations 
between a broad set of psychological symptoms and the 
personality disorders of the dramatic and emotional cluster.

This model facilitates the assessment of personality disorders 
under a wide range of symptoms from different psychological 
frameworks. Additionally, with the probabilities obtained through 
the Delphi method, it has been possible to identify those 
psychological constructs with the highest diagnostic power for the 
confirmation or screening of personality disorders.

With respect to the model and its structure, the changes 
proposed by the experts regarding the relations found in the 

literature were minimal and, in any case, the changes were to 
introduce previously absent relations.

The fact that the relations initially included in the model, 
obtained from the literature, were hardly questioned gives 
confidence in the correctness of the model. Nevertheless, a bias or 
carry-over effect should not be ruled out, since the questionnaire 
specified those relations obtained from the scientific literature. 
Furthermore, the experts did not propose other psychological 
variables for inclusion in the model which is a positive indicator 
that the probabilistic graphical model is exhaustive in terms of the 
constructs or psychological variables.

Once the structure of the model was defined, the conditional 
probability tables were obtained from experts by the Delphi method 
showing that the average degree of agreement between the first and 
second rounds only increased by around 8% . This modest increase, 
which would hardly justify an additional Delphi round, occurs 
mainly because the standard deviation decreases as the scores get 
closer to the mean, so that, if we keep the same procedure as in the 
first round, reaching a higher consensus becomes more difficult 
even though, paradoxically, the results are closer to the mean. This 
finding is in line with the studies of Hasson et  al. (2000) and 
Woudenberg (1991).

Furthermore, the percentage of items that were modified 
between the first and second rounds was considerable ≈( )80% , 
which seems to indicate a tendency to conform to the mean, 
probably due to peer pressure.

Given the conditional probabilities obtained for the model, 
we have been able to determine those symptoms that best allow 
us to confirm a suspected personality disorder in the clinical 
population and to rule out its presence in the general population. 
By identifying the symptoms with a higher positive likelihood 
ratio, we can develop a reduced measurement instrument to 
confirm the presence of personality disorders of the dramatic 
and emotional type in clinical settings. Conversely, by identifying 
symptoms with a lower negative likelihood ratio we can design 
a screening instrument to rule out the presence of personality 
disorders of the dramatic and emotional type in the general 
population. This would reduce the time needed between an 
initial consultation, where the patient’s clinical history is 
explored, and the moment of providing the treatment. 
Furthermore, the creation of a screening tool would allow us to 
reach more population and provide better access to mental 
health care without incurring the excessive cost of an 
indiscriminate complete psychological study.

The advantage of this approach with respect to the traditional 
method, in which the questionnaires used only include constructs 
from a single framework, is that, by using a questionnaire that 
explores the psychological constructs with the greatest likelihood 
ratio from different frameworks, we  obtain a measurement 
instrument that, with the same extension, has greater diagnostic 
power (Grimes and Schulz, 2005).

The list of symptoms obtained in this study is quite short, so 
the presence or absence of these symptoms can be determined 
either by a questionnaire or by a directed interview in a short time. 

TABLE 8 Symptoms having a positive likelihood ratio (given in 
parenthesis) lower or equal than 0.2 for some personality disorder.

ATS BDL NAR HST PAG

LPF Empathy 

(0.18)

DSM - BDL 03

(0.13)

DSM - NAR 03

(0.11)

DSM - HST 06

(0.14)

MD - Passive-

aggressive

(0.15)

FFM 

Compliance 

(0.19)

LPF - Identity

(0.14)

DSM - NAR 04

(0.13)

DSM - HST 01

(0.15)

DSM - PAG 07

(0.17)

MD - Acting 

out (0.20)

MD - Splitting

(0.16)

DSM - NAR 09

(0.18)

MD - 

Devaluation

(0.18)

DSM - NAR 02

(0.19)

DSM - BDL 02

(0.17)

DSM - NAR 01

(0.19)

DSM - BDL 04

(0.17)

ATS = antisocial; BDL = borderline; NAR = narcissistic; HST = histrionic; PAG = passive-
aggressive.
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A common cut-off point in the literature has been used, namely 
LR+ ≥ 5  and LR− ≤ 0 2. . However, by modifying these cut-off 
points we can increase or reduce the number of symptoms, which 
will always be the most relevant, to tailor the desired length of the 
measurement instrument or the interview.

The most obvious aspect of this list of symptoms is the 
predominance of those from the DSM model. This was to 
be expected, since personality disorders are constructs defined on 
the basis of their symptoms; however, not all symptoms have the 
same diagnostic power, so this list is useful to rule out those that 
are either more common in the general population or less 
common in the clinical population, and can therefore be relegated 
to a second tier, with minimal loss of diagnostic power.

Other overrepresented symptoms in these lists are the level of 
personal functioning scales, which are present in the list for all 
personality disorders except for narcissistic personality disorder, 
evidence that it is, arguably, the least maladaptive personality 
disorder of the dramatic and emotional type.

Regarding the defense mechanisms, they appeared only among 
the symptoms with the lowest negative likelihood ratios. This could 
be because, although they are highly characteristic of personality 
disordered individuals, it is not uncommon to find them in the 
general population, so they are more useful to rule out the disorder 
than to confirm it. However, given the egosyntonic nature that 
personality disorders in this cluster tend to have, it is to be expected 
that coping mechanisms were in play to reduce the psychological 
distress caused by the effects of the disorder on the person’s life.

The five-factor model is hardly represented in the list of the 
most relevant symptoms for the same reason that defense 
mechanisms; the prevalence of high or low traits in the normal 
population is considerable. This supports the study of Rottman 
et  al. (2010) that study that the five-factor model may not 
be  sufficient to diagnose personality disorders. However, one 

possible solution would be to raise the cut-off points so that, by 
only considering the variables with the highest (or lowest) and 
most maladaptive scores as traits present, the prevalence in the 
normal population would be lowered and the specificity of these 
traits would be increased. Something similar occurs with Millon’s 
biosocial model whose polarities do not even appear in the list.

Although the model has not yet been validated with a 
representative sample of patients with personality disorders, the 
model shows good content validity, as it replicates the findings 
obtained in other studies using a different methodology. To 
illustrate this, we  performed a sensitivity analysis on some 
variables of the model using the GeNIE software.

The sensitivity analysis for Antisocial DSM symptoms 
(Figure 4) showed how the 7 symptoms of this disorder relate 
primarily to antisocial personality disorder but also, in almost 
equal measure, to borderline personality disorder despite relating 
only through 3 of the 7 symptoms. Holthausen and Habel (2018) 
argued that borderline and antisocial personality disorders are two 
sides of the same coin and that they have a common underlying 
factor. They also claimed that the differences between the two 
disorders come from the way the symptoms manifest and not 
because of qualitative differences between the disorders. That is 
the reason why in the graph we see that the symptoms are related 
to both disorders in almost the same magnitude (depicted by the 
same intensity of red color).

Likewise, a sensitivity analysis for Borderline DSM symptoms 
shows its relation with the borderline personality disorder, but also, 
as mentioned in the previous paragraph, to antisocial personality 
disorder. However, we can also see that there is an even stronger 
relation with the histrionic personality disorder. Westen and Shedler 
(1999b), in one of their studies, make another classification of the 
disorders using a different methodology from the DSM. They 
suggest that some of the cases of borderline personality disorder 

FIGURE 4

Sensitivity analysis, in GeNIE, for antisocial DSM symptoms.
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would be better classified as histrionic personality disorder and in 
a new category called “emotional dysregulation.” Therefore, they 
propose a new category with symptoms taken from both. These 
findings are congruent with the graph shown in Figure 5.

A sensitivity analysis corresponding to the psychological 
variables of the level of personal functioning was also depicted 
(Figure 6). Sharp et al. (2015) proposed that there is a general 
factor “g” common to all personality disorders and a specific factor 
“s” that establishes the differences between the different personality 
disorders. Our sensitivity analysis showed how the level of 
personal functioning, measured by its four variables (identity, 
empathy, intimacy, and self-direction), was affected almost equally 
by all personality disorders, confirming that we  were indeed 
measuring the “g” factor. However, it also showed how, for the 
clinically significant psychological distress that this “g” factor 
produces, the empathy construct had a significantly lower weight. 
This could be because although empathy is considered a positive 
attribute, in certain environments, such as finance and politics, is 
not very adaptive. That is, a lack of empathy is useful to thrive; at 
the very least, it may not be seen as dysfunctional as the lack of 
any of the other constructs. This is congruent with some previous 
work on empathy (Olson, 2012).

The Bayesian network developed in this research has different 
applications, we will focus on just three.

First, the principal application of a Bayesian network is to 
compute the posterior probabilities of the states of the variables given 
a set of findings. In our context, this allows us to determine the 
probability of each personality disorders given the patient’s symptoms. 
The probability score should not, necessarily, be  interpreted in 
absolute terms, but in relation to the score obtained in the other 
personality disorders, taking into account that if the x-axis represented 
the weighted number of symptoms present and the y-axis the 
probabilities, the function would have a sigmoid shape.

While a therapist is necessary for both the determination of 
the symptoms and the interpretation of the results, the system can 

interactively guide the psychological assessment, saving time and 
facilitating a comprehensive exploration of all the related 
psychological variables. An advantage with respect to the 
traditional diagnostic method is the possibility of making a more 
complete examination, while reducing the evaluator’s biases. 
Although the use of a new tool may initially require an additional 
effort, this is rewarded with a reduction in the time for the 
personal interview by being able to directly address the most 
relevant aspects of the patient’s narrative.

The assessment offered by the system is based on the 
probabilities of both the presence of personality disorders and the 
likelihood that the evaluated symptoms produce clinically 
significant psychological distress. The therapist can decide 
whether to assess all the psychological variables in the model for 
greater accuracy or to assess a reduced set, in which case the 
system takes a probabilistic value for the variables whose status is 
unknown based on the conditional probability tables and the 
findings entered in the adjacent nodes.

The second application of the system is the possibility of 
performing a sensitivity analysis—, once the findings have been 
introduced and an assessment has been obtained,—to determine 
which symptoms contribute most to the diagnosis. These symptoms 
constitute the therapeutic targets that may optimize the treatment 
to reduce the psychological distress as efficiently as possible. 
However, the fact that a psychological variable has the greatest 
contribution to the diagnosis does not mean that it is the easiest to 
be treated, so sensitivity analysis should be regarded as an additional 
aid to the therapist rather than a straightforward guide.

The third application is the use of the model as an educational 
tool for psychologists in training. Since there is the possibility of 
updating, in real-time, a diagnosis based on the symptoms of a 
patient’s psychological profile, a student can see how the diagnosis 
changes when including or excluding certain symptoms. This, 
combined with a comprehensive listing of related variables, text boxes 
with detailed information about symptoms and their characteristics, 

FIGURE 5

Sensitivity analysis, in GeNIE, for borderline DSM symptoms.
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and color coding of the scores to determine whether the change is 
positive or negative, we have a simulation tool with great potential to 
complement other more traditional training methods.

It can be  argued that some of the decisions made for the 
modeling could be somewhat arbitrary, such as the discretization 
of nodes, the choice of canonical models, or their parameters. 
However, even the simplest Bayesian networks (i.e., the naive 
Bayes) are very robust to both imprecise data and approximate 
assumptions. One of the reasons for such good performance is 
that, when faced with classification tasks, absolute probabilities 
between nodes in the model are not as important as the relative 
probabilities and ranking; that is, if the state of one node is more 
probable than another, this is be reflected in the model through 
the probabilities, even if these are not exact (Rish, 2001; Zhang, 
2005). This property is maintained with the parameters and the 
methodology used.

However, one of the next steps to address some of the 
limitations of this study is to refine the model with statistical data 
obtained empirically as soon as it is available. Although this 
statistical data would not be without bias either, it would allow us to 
fit the model to different populations for a more accurate  
diagnosis.

Furthermore, in the near future, we will validate the model in 
a clinical setting to determine its suitability for the assessment and 
treatment of personality disorders of the dramatic and emotional 
type. Similarly, it will be of interest to explore the applicability of 
the model in the training of new psychologists.

Other lines of work aimed at improving the diagnosis and 
treatment of personality disorders would be taking into account 

other factors such as ease of treatment and the expectations of 
success. In this sense, part of the work has already been done by 
using the Delphi method to measure the psychological distress 
that each symptom can produce.

The use of artificial intelligence techniques in the field of 
psychology is an innovative approach that complements 
traditional techniques used for the investigation and assessment 
of psychological disorders. Although in this research we  have 
focused on a subset of personality disorders, the methodology is 
applicable not only to the rest of personality disorders, but also to 
other psychological conditions whose causality is multifactorial 
and where empirical data is scarce.
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FIGURE 6

Sensitivity analysis, in GeNIE, for level of personality functioning scales.
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“Oh no, the forest is burning!” 
cultural differences in the 
complex problem-solving 
process only under high 
uncertainty
Willow Smith , Joanna Hermida  and Christoph Dominik Güss *

Department of Psychology, University of North Florida, Jacksonville, FL, United States

What do people in different cultures do when they encounter complex 

problems? Whereas some cross-cultural research exists about complex 

problem-solving predictors and performance, the process has rarely been 

studied. We  presented participants from Brazil, Germany, the Philippines, 

and the United States with two computer-simulated dynamic problems, one 

where quick action was required – the WinFire simulation – and one where 

cautious action was required – the Coldstore simulation. Participants were 

asked to think aloud in their native language while working on these two tasks. 

These think-aloud protocols were digitally recorded, transcribed, and coded 

by coders in each country in terms of the steps involved in complex problem 

solving and dynamic decision making. For the current study, we developed a 

program to calculate transition frequencies from one problem solving step 

to another and analyzed only those protocols with more than 15 transitions. 

For WinFire, these were 256 think-aloud protocols from the four countries 

with a total of 12,542 statement, for Coldstore, these were 247 participants 

with a total of 15,237 statements. Based on previous, limited cross-cultural 

research, we predicted that after identifying a problem, Brazilians would make 

emotional and self-related statements, Germans would engage primarily in 

planning, Filipinos would gather additional information, and Americans would 

primarily state solutions. Results of latent transition analysis partially support 

these hypotheses, but only in the highly uncertain Coldstore situation and not 

in the more transparent WinFire situation. Transition frequencies were then 

also analyzed regarding community clusters using the spinglass algorithm in 

R, igraph. Results highlight the importance of process analyses in different 

tasks and show how cultural background guides people’s decisions under 

uncertainty.

KEYWORDS

verbal protocol, think-aloud, cross-cultural, complex problem solving, dynamic 
decision making, lag sequential analysis, log-linear analysis, transition frequencies
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Introduction

According to Popper (1999), “All life is problem solving.” 
Problem solving is a part of everyday life. Complex problem 
solving can be defined as overcoming barriers and reaching goals 
in complex, dynamic, and non-transparent problem situations 
(e.g., Brehmer and Dörner, 1993; Funke, 2010; Dörner and Funke, 
2017): Complex refers to the multitude of variables involved and 
their interrelatedness; dynamics refers to a state of affairs in which 
circumstances are changing over time; and non-transparent 
means that key aspects of the problem are unknown to the 
problem solver.

There is extensive research on complex problem solving (e.g., 
Frensch and Funke, 1995; Dörner, 1996; Greiff and Scherer, 2018; 
Schoppek et al., 2018) and dynamic decision making (e.g., Fox 
et al., 2013; Gonzalez et al., 2017). However, only in recent years 
have complex problem-solving and dynamic decision making 
been studied in different cultures and among different nationalities 
(e.g., Güss et al., 2010; Gonzalez and Martin, 2011; Lovett and 
Forbus, 2011; Wüstenberg et al., 2014). The present research aims 
to fill a gap in the existing research by testing hypotheses regarding 
cultural differences in complex problem-solving among Brazilian, 
German, Filipino, and U.S. American participants with a special 
focus on the problem-solving process.

Problem solving and decision making involve a series of steps: 
gathering information, setting goals, making plans, structuring a 
decision, and making a final decision (e.g., Galotti, 2002). 
Bransford and Stein’s (1993) classic IDEAL model proposes a 
similar set of steps: Identify, Define, Explore, Act, and Look back. 
Complex problem solving and dynamic decision making involve, 
however, not only cognitive, but also motivational, emotional, and 
self-related processes (Güss et al., 2010, 2017; Dörner and Funke, 
2017), but the exact sequence of these processes and the cultural 
differences related to this sequence have not yet been investigated.

Cross-cultural hypotheses regarding 
reactions toward problems

We expect to find cultural differences in regard to dealing with 
complex problem situations that are a result of knowledge that is 
transmitted, processed and stored by individuals (e.g., Hirschfeld 
and Gelman, 1994; Sperber and Hirschfeld, 1999) in a specific 
social, cultural, and historical context (Lave and Wenger, 1991; 
Cole, 1996). As Hutchins (1995, p. 354) expressed, “culture is an 
adaptive process that accumulates partial solutions to frequently 
encountered problems.” In the following sections, we attempt to 
derive culturally preferred patterns for different cultural groups 
about what to do first when confronted with a problem. Since 
there is a lack of research many of these hypotheses are tentative. 
Of course, there is also variation within cultures, but we focus here 
only on differences between cultures.

Prioritization of individuality and emotional 
expressiveness are important parts of Brazilians’ culture 

(Véras and Véras, 2011). Véras and Véras studied problem 
solving within business relationships in Brazil and China. 
They found that in order to successfully conduct business 
with Brazilians, one must build and cherish an emotional 
relationship before negotiating any business deals, and that 
Brazilians normally do not rely on strict or formal rules of 
communication. For example, if a Brazilian feels the need to 
make a statement about their own opinion, or how they feel 
individually, they will freely do so (Véras and Véras, 2011). 
Other studies (e.g., Strohschneider and Güss, 1998) have also 
found intense emotion expressiveness among Brazilians. 
We hypothesize that Brazilians will make emotional and self-
related statements when encountering a problem situation 
more often than the other cultural groups in our study.

Germans primarily focus on orderliness and are committed to 
their decisions (Müller et al., 2008). In other research, German 
companies have been characterized as well-oiled machines 
(Hofstede, 2001) with a long-term time orientation (Hölter, 2013). 
In cross-cultural comparisons on problem solving and planning, 
German students have shown more detailed planning (e.g., 
Strohschneider and Güss, 1998). Based on these findings, 
we  hypothesize that German participants will focus more on 
planning when encountering a problem situation than Brazilian, 
Filipino or United States participants.

Filipinos have been observed to be more hesitant to accept the 
reliability of information and its sources. In a study comparing 
decision making in the Philippines, the United States, and Hong 
Kong (Builtjens and Noorderhaven, 1996), Filipinos collected 
more information than Americans or Hong Kong residents, and 
delayed decision making when solving dynamic and complex 
problems. Thus, we  expect that Filipinos will exhibit a more 
cautious approach to decision making (also partly due to high 
collectivism, Hofstede, 2001) than the other cultural groups in our 
study, with a focus on gathering additional information when 
confronted with a problem situation.

In evaluating statements, Americans focus more on what is 
said than on how a statement is made, which implies that 
Americans make explicit and direct statements when 
communicating and making decisions (Lisø, 2011). Other cross-
cultural studies have shown that North Americans are more 
decisive in decision making than East Asians, i.e., they can commit 
to an action with more ease than East Asians (e.g., Ng and Hynie, 
2014), potentially due to high United  States individualism 
(Hofstede, 2001). These findings are in line with the contention of 
American philosophers John Dewey and Charles Sanders Pierce, 
in which pragmatism is a unique American cultural feature. Based 
on these findings we hypothesize that Americans will be likely to 
search right away for applicable solutions when confronted with a 
complex problem situation.

To summarize, we predict that after perceiving a problem 
situation, Brazilians will make primarily emotional and self-
related statements; Germans will engage primarily in planning; 
Filipinos will gather additional information; and Americans will 
primarily state solutions.
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Materials and methods

Selection of comparison countries

We attempted to select (a) countries from different continents, 
(b) countries that differ widely on macro-cultural variables (e.g., 
gross-national product, climate) and other cultural dimensions 
such as cultural values (Hofstede et  al., 2005; Schwartz et  al., 
2010), (c) countries where participants have experience working 
with computers, and (d) countries whose languages we, the 
researchers, speak and where we have existing research contacts, 
because we intended to travel to these countries and help with the 
data collection and train the researchers and coders.

Participants

In every country, participants were students from two 
universities who worked on both simulations (see Güss et  al., 
2010). In the current study we analyzed 256 WinFire think-aloud 
protocols and 247 Coldstore think-aloud protocols. These were 78 
WinFire and 73 Coldstore protocols from Brazil, 69 WinFire and 
68 Coldstore protocols from Germany, 53 WinFire and 56 
Coldstore protocols from the Philippines, and 56 WinFire and 50 
Coldstore protocols from the United States.

The overall age of participants ranged from 18 to 50 years old 
(M = 22.66 years, SD = 4.65). The mean age was 23.78 for the 
Brazilian sample (SD = 4.98), 23.01 for the German sample 
(SD = 3.93), 20.90 for the Filipino sample (SD = 3.11), and 22.35 
for the U.S. American sample (SD = 5.76). The average age differed 
significantly among the four cultural groups, F(3, 241) = 4.28, 
p = 0.006. The Filipino sample was according to Tukey post-hoc 
tests significantly younger than the other samples.

Overall, 70% of the participants were female and 30% were 
male. In the Brazilian sample, there were 74.3% female and 25.7% 
male participants. In the German sample, there were 73.1% female 
and 26.9% male participants. In the Filipino sample, there were 
65.4% female and 34.6% male participants. In the U.S. American 
sample, there were 67.9% female and 32.1% male participants. The 
gender distributions did not differ among countries, χ2 (df = 3, 
N = 246) = 1.57, p = 0.67.

For the current study, we only included those more elaborate 
think-aloud protocols that had more than 15 transitions, since 
we wanted to focus on transitions of the thought process and 
because WinFire lasted 11 min and Coldstore lasted 13 min. 
Answers to questions or comments of the experimenters were not 
coded and did not count as transitions. Other statements were not 
included in the number of transitions. We also had a sample from 
India, but transitions for most of the Indian sample were so low 
that we did not include it in the current study. Thus, for this study, 
we analyzed 256 think-aloud protocols for WinFire with a total of 
12,542 statements (78 from Brazil with a total of 4,046 statements, 
69 from Germany with 4,101 statements, 53 from the Philippines 
with 1,755 statements, and 56 from the United States with 2,640 

statements). For Coldstore, there were 247 participants with a total 
of 15,237 statements from the analyzed think-aloud protocols (73 
from Brazil with 4,742 statements, 68 from Germany with 5,696 
statements, 56 from the Philippines with 1,877 statements, and 50 
from the United States with 2,922 statements).

Participants were either paid for their participation in the 
study or received course credit. Students in all countries were from 
schools of social sciences, arts and sciences, and business; and 70% 
of the participants were psychology majors. None of the 
participants had taken part in other complex problem-solving 
(CPS) experiments prior to this study. Responding to the 
demographic question about work, none of the participants 
indicated that they had ever been employed as a firefighter – one 
of the simulations, WinFire, was about fighting fires.

Instruments: Microworlds and thinking 
aloud

Participants worked on the two microworlds, WinFire and 
Coldstore. We intentionally chose these two microworlds with 
different task demands to not “favor” one culture over another. 
Winfire is a simulation that requires quick action. Coldstore is a 
microworld that requires cautious actions. Another factor that 
influenced our choice of these two simulations was the duration. 
Other simulations take 90–120 min and we wanted to use short 
simulations, as we planned recording and analyzing think-aloud 
protocols (Güss, 2018).

A microworld is a simulated problem in which a participant 
is instructed to access information and make decisions. These 
decisions are then implemented, the problem changes according 
to these decisions and other system changes, and the participant 
continues making decisions and solving the problem. In WinFire 
(Gerdes et al., 1993), participants take the role of commanding 
officers of a fire brigade and were instructed to save three cities 
and the forest from approaching fires. On the screen, participants 
are presented with a forest, three cities, fire-fighting trucks, 
helicopters, water dikes, and a cemented area. According to the 
criteria of microworlds, WinFire is high in complexity and 
dynamics, and moderate in transparency. The system consists of 
many variables (complexity) that are interdependent (leading to 
non-transparency) and that develop in a nonlinear way 
(dynamics). WinFire is highly complex in that it offers four main 
(and a few other) command options to 12 units at any given time. 
A person has the choice of a minimum of 
4 × 12 + 4 × 11 + … + 4 × 1 = 312 alternatives. WinFire is highly 
dynamic because the situation changes even without any 
intervention from the participant, such that in 11 min, 15 fires 
break out at programmed times. WinFire is moderate in 
transparency because some information between input and output 
are not accessible to the participant and it is hard to predict when 
and where fires will start and how quickly they will spread. The 
success criterion in WinFire is the percentage of forests that 
remain protected at the end of the game; the more forest was 
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protected the better. The simulation had 111 time intervals/cycles 
with 6 s each lasting in total 11 min.

In Coldstore (Reichert and Dörner, 1988, following McKinnon 
and Wearing, 1985), participants are required to make decisions 
under conditions with delayed effects. Participants take the role of 
a supermarket manager who must manually control the 
temperature of a Coldstore containing perishable goods because 
the automatic control device has broken down.

The Coldstore microworld can be  described as low in 
complexity, moderate in dynamics, and low in transparency. These 
characterizations were validated by surveys assessing participants’ 
subjective perceptions of the task (Güss et al., 2005). Coldstore is 
low in complexity because it consists of few simulated variables 
and the participant has only one option to intervene which 
involves manipulating a control wheel. Coldstore is moderate in 
dynamics because it is a non-linear time-delayed response to the 
actions of the participant. It is low in transparency because the 
temperature does not immediately react to changes on the control 
wheel. Participants must plan and then make decisions about how 
to reach and maintain the optimal temperature.

Aside from the thermometer, there is a manual control 
(described as a control wheel), with a scale from 0 to 200, that can 
be used to regulate the cooling system. The closer the participant 
manages to bring the actual temperature to the target temperature 
(4 degrees Celsius or 39.2 degrees Fahrenheit), the better. The 
success criterion in Coldstore was the sum of the deviations 
between the actual temperature and target temperature. The less 
the temperature deviates from the target temperature, the better 
the performance. The Coldstore simulation had 100 cycles with 8 s 
each lasting in total 13 min.

While participants worked on the microworlds, they were 
instructed to think aloud, i.e., to say out loud everything that went 
through their mind without interpreting or analyzing it (see 
Ericsson and Simon, 1993; Güss, 2018). To analyze the verbal 
protocols, we decided to use a microanalytic coding system. The 
focus of a microanalytic coding system is on all behaviors recorded 
in a certain time period, that is, in our case, every single 
sub-sentence, such as “I send the helicopter to the fire.” In our 
system, raters from all countries coded single statements that 
enabled us to stay close to the data and leave little room for 
interpretation in our cross-national comparisons. The 
microanalytic coding system’s rigor worked for our purposes in 
terms of detailing the categories and differentiating these from one 
country to another (see Supplementary Appendix A   online for 
the coding system with the 10 main categories and think-aloud 
examples;). Whereas the previously published results of these 
think-aloud protocols focused on country differences regarding 
the frequencies of the categories, for example how often did 
participants gather information in Brazil, India, Germany, the 
United States, and the Philippines (Güss et al., 2010), the current 
study was focused on the process. In our analysis of the protocols, 
we aimed to answer the question: During the problem-solving 
process, which step follows which step; and particularly which 
step follows the perception of a problem?

Procedure

The University of North Florida Institutional Review Board 
together with the ethics committees in every country – where 
required – approved the research study in every country. Informed 
consent was obtained from all individual participants prior to 
beginning the study. The duration of each session was ~1.5 h, and 
all participants were tested individually with an experimenter 
present. The instructions and administration conditions were 
identical for each country. WinFire extended for 11 min; Coldstore 
for 13 min. After signing informed consent forms, participants 
received a three-page printed introduction to WinFire and a 
two-page introduction to Coldstore on the computer screen. 
These introductions were translated into German and Brazilian 
Portuguese using a translation-back-translation procedure as 
discussed by Brislin (1970). Participants played test games as 
practice for 3 min before each microworld to gain familiarity with 
the screens and commands and to practice thinking aloud. 
Experimenters, who were seated about three feet obliquely beside 
the participant, reminded the participant to continue to think 
aloud (i.e., “keep talking,” “continue to say what’s going through 
your mind”). Experimenters were instructed to give no more than 
seven reminders.

Experimenters were professors and an additional three to four 
research assistants from each country. The last author went to each 
of the countries and was always part of the data collection process. 
Participants spoke in their native tongues. Participants in the 
Philippines were offered the option of speaking in their native 
languages if they preferred, that is, Tagalog or Ilocano (for a 
critical discussion of the think-aloud method in cross-cultural 
research, see Güss, 2018). All protocols were analyzed in the 
language in which they were spoken and only translated to 
report results.

Data analysis

Every statement in the think-aloud protocols was tape-
recorded, transcribed into Microsoft Excel, and coded per idea 
unit by the professors, who were fluent in Brazilian Portuguese, 
German, English, Tagalog, and Ilocano, and by several student 
research assistants from each country. For example, the statement 
“I send helicopter 3 to the big forest fire and truck 2 to the city” 
has two idea units; the first referring to the helicopter, and the 
second referring to the truck. Raters who were not authors 
participated in about 10 h of training on the coding system. The 
following example statement has two different idea units: “I send 
truck 5 to the city, and then the helicopter to the water dike.” 
Statements triggered by the experimenter’s comments were not 
included in further analyses.

A coding system was developed following a theory-driven 
top-down and a data-driven bottom-up approach, resulting in the 
10 main categories (Güss et al., 2010): (1) situation description 
(SD), (2) problem identification (PI), (3) formulation of goals 
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(GO), (4) information gathering (INFO), (5) attributions and 
predictions (ATPR), (6) planning, decision making, and action 
(PLDM), (7) positive self-evaluations and emotions (SR+), (8) 
negative self-evaluations and emotions (SR−), (9) laughter (L), 
and (10) other (O).

The same coding system was used in each country for the 
analysis of both the WinFire and the Coldstore data (see 
Supplementary Appendix A). The coding system consisted of the 
main categories with 2–4 subcategories under each, resulting in 
22 subcategories. One additional category--hypotheses about the 
system’s functioning – was added to the Coldstore coding. These 
22 subcategories were then summarized in the 10 main categories: 
eight main steps (Situation description – SD, Problem 
identification – PI, Formulation of goals – GO, Gathering of 

information – Info, Attributions and predictions – ATPR, 
Planning, decision making, and action – PLDM, Positive self-
evaluations and emotions – SR+, Negative self-evaluations and 
emotions – SR−), plus the Laughter and Other category (see 
Supplementary Appendix A). A sample of participants’ verbal 
protocols with their assigned codes is presented in the 
Supplementary Appendix online.

Raters in every country participated in about 10 h of training 
on the coding system where also specific examples were discussed. 
For example, the following statement has two different idea units: 
“I send the helicopter to the city / /and then the truck to the lake,” 
coded each with the category “Planning, Decision Making, and 
Action” (PLDM). Initial calculations of inter-rater reliability using 
Cohen’s Kappa (Cohen, 1960) were conducted on a sample of 

FIGURE 1

Brazil – WINFIRE conditional probabilities greater 15 percent with significant z-score values.
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think-aloud protocols from each country to check the credibility 
of the coding system for the think-aloud protocols of WinFire and 
Coldstore and the coders’ training (see Güss et  al., 2010). 
According to Fleiss (1981), Kappas over 0.75 are excellent, 
between 0.60 and 0.75 are good, and between 0.40 and 0.60 are 
fair. Inter-rater reliability was 0.59 (Brazil), 0.60 (United States), 
0.66 (Philippines), and 0.83 (Germany). Disagreements were 
resolved through discussion among the coders that was aimed at 
seeking consensus. The resulting Kappas ranged from good to 
excellent (Fleiss) and were considered satisfactory for such a 
complex coding system and such heterogeneous samples.

A computer program was created by Bhattacharya (2019) that 
read the transcribed think-aloud and coded think-aloud files of 

every participant saved in the Excel program for WinFire and 
Coldstore and then calculated the transition frequencies for each 
step. For example, how often were goals (GO) formulated after a 
problem was identified (PI)? How often did planning (PLDM) 
happen after a problem was identified (PI)? All statements and 
transitions that related to responses of experimenter interventions 
or “other” statements (e.g., repeating exact same statement, the 
first statement as a response to experimenter statement, 
“Mmmmh,” “Ahhh”) were excluded. One output file shows the 
transitions among the 22 subcategories, the other output file 
shows the transitions among the nine main categories for each 
WinFire and Coldstore (see Coding System in Supplementary 
Appendix A). The transitional probability (TP) – also called 

FIGURE 2

Brazil – COLDSTORE conditional probabilities greater 15 percent with significant z-score values.
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conditional probability – from any category x to another category 
y is given by TP (x → y) = frequency (xy)/frequency (x). These 
analyses are also called lag analysis or latent transition analysis 
(Collins and Lanza, 2010). Transition frequencies were 
summarized and averaged for each country for WinFire and 
Coldstore (see Figures 1–8). The figures show only transitions 
>15% for easier comprehension. In order to calculate significant 
transitions (see Gottman and Roy, 1990), we  also calculated 
observed frequencies, conditional probabilities, expected 
frequencies, and z-scores for each microworld and each country 
(Data for this study can be found in the Supplementary material 
section, Supplementary Appendix B). Z-scores less than or equal 
to the value of −1.645 and z-scores higher or equal to the value of 
1.645 are significant at the 0.05 level.

We then used these data files on conditional/transitional 
probabilities to represent communities in a graph. “A 
community is defined as a subset of nodes within the graph 
such that connections between the nodes are denser than 

connections with the rest of the network” (Radicchi et  al., 
2004). We used the spinglass algorithm in R, igraph, to graph 
these communities (Reichardt and Bornholdt, 2006, see 
Supplementary Appendix C for the R code).

Results

The four hypotheses were as follows: After presenting 
participants with problem scenarios, Brazilians will emphasize 
making emotional and self-related statements (SR−), Germans 
will engage primarily in planning (PLDM), Filipinos will focus on 
gathering additional information (INFO), and Americans will 
primarily state solutions (PLDM). Statement transitions over 15% 
for each country are shown in Figures  1–10 for WinFire and 
Coldstore (Figures 11–24).

We compared the percentages in the three most common 
transitions from Problem identification (PI) to Problem 

FIGURE 3

Germany – WINFIRE conditional probabilities greater 15 percent with significant z-score values.
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identification; from Problem identification to Negative self-
reference (SR−); and from Problem identification to Planning, 
decision making, and action (PLDM) in WinFire. The percentages 
did not differ significantly among the four countries in WinFire, χ2 
(6) = 6.27, p > 0.05, ns. For WinFire (see Table 1), Brazilians made 
primarily Problem identification (31%) and Negative self-reference 
(23%) statements after problem identification (PI). Germans had 
the most statement transitions regarding “Planning, decision 
making, and action” (21%) followed by Problem identification 
(20%) after PI. Filipinos showed primarily Problem identification 
(29%) and Negative self-reference (18%) statements after PI. US 
participants made primarily statements regarding Problem 
identification (26%) and Negative self-reference (25%) after PI.

We also compared the percentages in the three most common 
transitions from Problem identification (PI) to Problem identification; 
from Problem identification to Negative self-reference (SR−); and 
from Problem identification to Planning, decision making, and action 
(PLDM) in Coldstore. The percentages differed significantly among 
the four countries in Coldstore, χ2 (6) = 30.03, p < 0.001. For Coldstore 
(see Table 1), the most frequent problem-solving statements after 
problem identification (PI) for Brazilians were Problem identification 
(37%) and Planning, decision making, and action (19%). Germans 
made mostly Planning, decision making and action (41%) and 
Problem identification (15%) after PI. Filipinos made mostly Problem 
identification (29%) and Information gathering (13%) and Negative 
self-reference (13%) statements after PI. The US participants showed 

FIGURE 4

Germany – COLDSTORE conditional probabilities greater 15 percent with significant z-score values.
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statements regarding Planning, decision making, and action (26%) 
and problem identification (22%) after PI.

We then compared the same three transition percentages 
between Winfire and Coldstore. They differed significantly between 
the two simulations, χ2 (2) = 13.82, p < 0.001. The transition to 
Problem identification was similar in both simulations, but more 
Negative self-reference (SR−) transitions were found in Winfire and 
more Planning, decision making, and action (PLDM) transitions 
were found in Coldstore.

Additionally, we run further analyses in the R-program on 
state-transitions of the complex problem-solving steps.  
For COLDSTORE, Brazilian, German, and Filipino data 
showed each 3 community clusters, and US data showed 4 
community clusters. For all countries, the two steps  
Problem identification (PI) and Planning, decision making, 
and action (PLDM) were always in the same  

cluster. COLDSTORE data from all four countries have in 
common that negative self-reflections and emotions (SR−) 
were always in the same cluster as information 
gathering (INFO).

For WINFIRE, Brazilian, Filipino, and US data showed 3 
community clusters, German data showed 2 community clusters. 
Only for the Brazilian and US samples, the two steps PI and 
PLDM were in the same cluster. For WINFIRE, SR− was only in 
the same cluster as INFO in one sample, the US sample.

The clusters containing PI varied among cultures. For the 
German sample, for example, only one other step in COLDSTORE 
and two other steps in WINFIRE were in the same cluster as 
PI. For the US sample, 3 other steps in COLDSTORE and 4 other 
steps in WINFIRE were in the same cluster as PI.

From a cognitive perspective, it is surprising that negative 
emotions and self-references (SR−) were always central 

FIGURE 5

Philippines – WINFIRE conditional probabilities greater 15 percent with significant z-score values.
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among the problem-solving clusters. In complex situations, 
negative emotions seem to provide situational impressions 
that can then motivate and lead to modifications in the 
problem-solving approach.

Discussion

The purpose of this study was to examine the process of 
complex problem-solving and cultural differences among 
Brazil, Germany, the Philippines, and the United States. Our 
hypotheses included, Brazilians making primarily emotional 

and self-related statements, Germans engaging primarily in 
planning, Filipinos gathering additional information, and 
Americans stating solutions.

The first hypothesis regarding Brazil was partially 
supported. Data showed 23% of Brazilians making negative 
self-references (SR−) following problem identification (PI) in 
WinFire. These findings are partially consistent with previous 
research showing the high emotional expressiveness of 
Brazilians ranking number 10 out of 32 countries (Matsumoto, 
2008). However, in both WinFire and Coldstore, Brazilians 
continue to elaborate on the problem situation with 37% of 
Brazilians stating problem identification statements (PI) after 

FIGURE 6

Philippines – COLDSTORE conditional probabilities greater 15 percent with significant z-score values.
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problem identifications in Coldstore and 31% in WinFire. 
Thus, elaborating on the problem is the most 
frequent transition.

The second hypothesis regarding German participants 
was supported; 21% of German participants responded to 
problem identification with planning, decision making  
and action (PLDM) in WinFire, and 41% of German 
participants responded with planning, decision making, and 
action (PLDM) to problem identification (PI) in  
Coldstore. These results are consistent with previous research 
showing the importance of planning in the German culture 
(e.g., Strohschneider and Güss, 1998; Hofstede, 2001). 
Additionally, these results reflect Germans’ desire for 
thinking, planning ahead, and taking action in the 
opportunities given (Tipandjan et al., 2012).

The third hypothesis regarding Filipino participants was 
partially supported, which showed 29% of Filipinos in WinFire and 
29% of Filipinos in Coldstore were involved in problem 
identification (PI) after problem identifications and 13% made 
statements related to information gathering (INFO) in Coldstore. 
Problem identification is a part of gathering further information; 
one elaborates on the problem, further analyzes it, and tries to 
understand it. It shows a more cautious approach to problem 
solving. These results are consistent with the analysis of dynamic 
decisions (and not thinking aloud) in Coldstore where Filipinos, in 
comparison to the participants from the other countries, showed 
the most cautious approach (Güss and Dörner, 2011). These results 
are also supported by Builtjens and Noorderhaven (1996) who 
showed that the cautious decision-making process is partially due 
to a culture which is highly context dependent.

FIGURE 7

United States – WINFIRE conditional probabilities greater 15 percent with significant z-score values.
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FIGURE 8

United States – COLDSTORE conditional probabilities greater 15 percent with significant z-score values.

The fourth hypothesis regarding US Americans was only 
supported for Coldstore which showed 26% of American 
participants involved in planning, decision making, and action 
(PLDM) after identifying a problem. Further problem 
identification played an important role in WinFire with 26% 
and in Coldstore with 22% of the statements following problem 
identification (PI). The results reveal a need to understand the 
problem situation better, before making decisions. Other 
research reveals Americans being very conscious about the 
decision-making process as well as making choices depending 
on the information that is given instead of the loyalty of a 
company or brand (Leng and Botelho, 2010).

Summarizing the results focusing on the simulation, we find 
for WinFire, that in three of the four countries (Brazil, Philippines, 
United States), the primary reactions to recognizing a problem 
were problem-related statements and negative self-references, i.e., 

negative emotions and negative statements regarding one’s self-
wroth (SR−). Only German participants showed primarily 
planning and decision making (PLDM) after problem 
identification (PI). The countries did not differ significantly in 
their transition percentages.

For Coldstore, the countries differed significantly in their 
transition percentages. The most frequent problem-solving 
statements after problem identification (PI) in three of the four 
countries (Brazil, Germany, United  States) were planning, 
decision making, and action (PLDM); and problem 
identification – in different order though. Filipino participants 
also made statements regarding problem identification, but also 
regarding information gathering (INFO) and negative self-
references (SR−).

Two general findings are worth mentioning contradicting 
our predictions. First, in both situations, the most frequent 
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statements following problem identification (PI) are further 
problem identification statements (PI), negative self-references 
(SR−), and planning, decision making, and action (PLDM). 
Most participants, regardless of their cultural background, 
further elaborate on the problem situation, but then show 
either negative emotions such as stress or frustration or show 
self-derogatory statements like “I will never be  a good fire 
fighter” or “I am  not good at this.” before they go on with 
further planning and decision making. Contradicting the 
rational “homo economicus” decision-making model, people 
are affected by complex and dynamic problems: they often react 

overwhelmed, stressed, and their feeling of competence is 
attacked. Emotions, motivations, and cognition interact when 
people deal with complex problems (see Dörner and Güss, 
2013; Dörner and Güss, 2022).

Second, there were no cultural differences in WinFire 
regarding transitions after problem identification (PI). In 
Coldstore, however, we found significant differences and see more 
cultural differences in the transitions after problem identification 
(PI). One possible explanation is related to the transparency and 
uncertainty related to the two simulations. In WinFire, it is 
obvious when a fire starts, where it starts, and if it is an imminent 

FIGURE 9

Brazil – COLDSTORE, all conditional probabilities.

FIGURE 10

Germany – COLDSTORE, all conditional probabilities.

FIGURE 11

Philippines – COLDSTORE, all conditional probabilities.

FIGURE 12

United States – COLDSTORE, all conditional probabilities.
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threat to a city or not. It is obvious how distant trucks and 
helicopters are from the fires. Wind strength and direction are also 
shown. Thus, even though the problem is highly dynamic, it is 
relatively transparent. Coldstore, however, is more uncertain. It is 
unclear why the temperature oscillates, and why the temperature 
does not seem to react to the changes on the control wheel. This 
uncertainty leaves room for interpretation and for discovery and 
thus allows the cultural decision-making strategies to shine. This 
discussion about the different task demands of WinFire and 
Coldstore is also reflected in the significant differences of the 
transition probabilities between the two simulations in the three 

most frequent steps (from Problem identification PI to Problem 
identification PI, to Negative self-reference SR−, and to Planning, 
decision making, and action PLDM.) The transition to Problem 
identification was similar in both simulations, but more Negative 
self-reference transitions (SR−) were found in Winfire and more 
Planning, decision making, and action (PLDM) transitions were 
found in Coldstore.

Our study also has limitations. The first limitation is 
within-country diversity. It is apparent that within every 
culture there also exist various subcultures and we  only 
include two student samples from different cities in each 
country. Another limitation is related to the think-aloud 
method. For some participants, it was unusual and 

FIGURE 16

United States – WINFIRE, all conditional probabilities.

FIGURE 15

Philippines – WINFIRE, all conditional probabilities.

FIGURE 14

Germany – WINFIRE, all conditional probabilities.

FIGURE 13

Brazil – WINFIRE, all conditional probabilities.
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uncomfortable to talk aloud, especially for the Filipino 
participants (see also differences in think-aloud between 
European and Asian Americans, Kim, 2002; on language and 
reasoning see also Papafragou et al., 2007). Future research 
could, for example, consider group-versus individual-related 
differences in complex problem solving across various 
cultural regions. A third limitation is related to the spinglass 
community detection method in igraph, as items (transition 
frequencies in our case) deterministically belong to one 
community only.

In sum, this study showed an in-depth log-linear analysis 
of the complex and dynamic problem-solving strategies in 

four countries during two different simulated tasks. Findings 
showed unique cultural preferences in strategies when 
identifying problems when the task was uncertain, but not 
when the task was relatively transparent. It is the cultural 
upbringing in our mind that triggers preferred ways in 
dealing with uncertain problem situations.
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Qualitative motivation with sets
and relations
Ali Ünlü*

School of Social Sciences and Technology, Technical University of Munich, Munich, Germany

In self-determination theory (SDT), multiple conceptual regulations of

motivation are posited. These forms of motivation are especially qualitatively

viewed by SDT researchers, and there are situations in which combinations

of these regulations occur. In this article, instead of the commonly used

numerical approach, this is modeled more versatilely by sets and relations.

We discuss discrete mathematical models from the theory of knowledge

spaces for the combinatorial conceptualization of motivation. Thereby, we

constructively add insight into a dispute of opinions on the unidimensionality

vs. multidimensionality of motivation in SDT literature. The motivation order

derived in our example, albeit doubly branched, was approximately a chain,

and we could quantify the combinatorial details of that approximation.

Essentially, two combinatorial dimensions reducible to one were observed,

which could be studied in other more popular scales as well. This approach

allows us to define the distinct, including even equally informative, gradations

of any regulation type. Thus, we may identify specific forms of motivation that

may otherwise be difficult to measure or not be separable empirically. This

could help to dissolve possible inconsistencies that may arise in applications

of the theory in distinguishing the different regulation types. How to obtain the

motivation structures in practice is demonstrated by relational data mining.

The technique applied is an inductive item tree analysis, an established

method of Boolean analysis of questionnaires. For a data set on learning

motivation, the motivation spaces and co-occurrence relations for the

gradations of the basic regulation types are extracted, thus, enumerating

their potential subforms. In that empirical application, the underlying models

were computed within each of the intrinsic, identified, introjected, and

external regulations, in autonomous and controlled motivations, and the

entire motivation domain. In future studies, the approach of this article could

be employed to develop adaptive assessment and training procedures in SDT

contexts and for dynamical extensions of the theory, if motivational behavior

can go in time.

KEYWORDS

self-determination theory, motivation, knowledge space theory, set, relation,
inductive item tree analysis, motivational implication, dimensionality
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1. Introduction

Knowledge space theory (KST) was introduced by Doignon
and Falmagne (1985, 1999), refer also Falmagne and Doignon
(2011), which is a relatively recent psychometric theory. Initially,
that theory was developed for the assessment and training of
knowledge, but has evolved into a broader range of applications
(e.g., Albert and Lukas, 1999; Falmagne et al., 2013). KST, as
compared with the statistical item response theory (e.g., Van
der Linden and Hambleton, 1997), for example, is inherently
combinatorial; it did not develop from classical numerical
scales in the first place (for a conceptual comparison of these
theories, see Ünlü, 2007). The behavioral orientation of KST
is good for qualitative modeling. Since numerical values (e.g.,
person ability or item difficulty) are more strongly aggregated
numbers, in particular, restricted by their own natural ordering,
the use of more fine-grained combinatorial structures (e.g.,
persons represented by their sets of skills they possess) allows
for greater flexibility in more diagnostic modeling, as we will
describe in this article. In a numerical approach, two persons
are typically reduced to their aggregate motivation degrees, say
1.27 < 2.35, which are always comparable (real numbers). This
is in contrast to representing persons by the sets of motivations
they possess, which are not necessarily comparable, for example,
if represented by {a, c, e} and {b, c, d}, where neither is a
subset of the other. To avoid misconception at this point,
obviously, there may be situations where the former perspective
is desirable or sufficient for a use case, but if the aim is to
have a qualitative assessment or conceptualization, the latter
approach may be better suited. It depends on what the research
aims are. For example, if ordering motivational behavior along
the relative autonomy continuum is preferred, if continuously
unidimensional, a quantitative single-valued scoring rule can
suffice. However, if the goal is to see which motivations more
strongly interrelate to what substantive outcomes, a qualitative
model can be more useful. This article assumes that the latter
perspective is desired for the problem of interest.

We describe an application of KST to self-determination
theory (SDT). SDT was proposed by Deci and Ryan (1985,
2000), refer also Ryan and Deci (2000, 2002). The need for
qualitative treatment of motivation was raised by researchers in
SDT, in particular by Chemolli and Gagné (2014), with further
pertinent SDT references therein, describing empirical problems
that required a qualitative conceptualization of motivation (e.g.,
Koestner et al., 1996; Vansteenkiste et al., 2009). KST can
contribute to this endeavor, as this article aims at demonstrating
sets and relations among motivations (for advantages and a
limitation, refer to section “Usefulness of this approach for
motivation research and limitation”).

Why do we treat the dichotomous data case first with this
article? We are aware that SDT instruments use Likert scales
and that dichotomization of polytomous or continuous data or
variables can be controversial, but we have the following reasons.

The theory of knowledge spaces is far more advanced in the
dichotomous formulation, with a plethora of easier-to-grasp and
better-accessible results that can readily be applied in motivation
research. For example, if you take Birkhoff’s theorem, an
important mathematical as well as methodological result, this
theorem is way easier to formulate and understand than its
polytomous counterparts. In KST, the polytomous case is an
ongoing research, still, many powerful dichotomous concepts of
KST have to be generalized and developed for polytomous items,
if possible. In addition, dichotomous indicators can provide
useful information about binary classification problems, for
example, whether a person is intrinsically motivated or not, or
more generally, which motivations may or may not be present in
the total motivational profile of a person. That is, dichotomous
indicators can still be informative enough for such use cases
involving binary decisions. Dichotomous results may also be
viewed as necessary conditions for a polytomous model, for
example, when violated, they may give evidence against the
model. In general, results obtained by dichotomous analyses are,
albeit rougher, easier to interpret. In particular, what we will see
in this article is that the approach based on sets and relations in
dichotomous formulation allows us to quantify, combinatorially
and qualitatively, how far multidimensionality may be away
from unidimensionality, thus contributing to the debated issue
of dimensionality in SDT (Chemolli and Gagné, 2014; Sheldon
et al., 2017). Anyhow, we have to see the merits of this approach
after SDT researchers have given this method a try by testing it
across their motivation scales or empirical studies.

How to derive KST relations among motivations from
empirical data? We discuss one possibility based on the data-
analytic approach of the inductive item tree analysis (IITA).
There are other methods as well (e.g., Albert and Lukas, 1999),
for example, by querying experts; theory-driven, based on skills
or competencies; or by data mining (which is nearest to what
we present). Publications to learn more about IITA are Schrepp
(1999a,b, 2003, 2006), Sargin and Ünlü (2009), Ünlü and Sargin
(2010), and Ünlü and Schrepp (2021). As a well-established
method of Boolean analysis of questionnaires, IITA takes as
input a data set (e.g., of motivation scores), and in this article,
it is treated for the dichotomous case and derives the set of
implications deemed to be plausible for the data set according to
some faithful criteria. That is, detailed later, the IITA algorithm
can be used to extract motivation co-occurrence relations,
and thus, by application of Birkhoff’s theorem, quasi-ordinal
motivation spaces, from data motivation variables.

In addition to data analysis, rather theoretically, we believe
that the application of KST to SDT can in particular be useful for
the representation of the logical structure of motivations. Based
on mathematical considerations, we may obtain principled
definitions of such pertinent concepts as self-determination and
derive from these more abstract definitions, results about their
universal (mathematical or axiomatic) properties in population
instead of sample quantities (Ünlü, 2022).

Frontiers in Psychology 02 frontiersin.org

178

https://doi.org/10.3389/fpsyg.2022.993660
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-993660 January 25, 2023 Time: 11:25 # 3

Ünlü 10.3389/fpsyg.2022.993660

This article has the following structure. In section “Self-
determination theory,” the theory of self-determination is
reviewed, and in section “Knowledge space theory, Birkhoff’s
theorem, and inductive item tree analysis,” the knowledge
space theory. In particular, section “Knowledge space theory,
Birkhoff’s theorem, and inductive item tree analysis” also
includes a short introduction to IITA and Birkhoff’s theorem. In
section “Sets and relations among motivations,” the application
of KST sets and relations to motivation is described. The
SDT analogs of the basic concepts of KST are the motivation
domain, motivation structure, motivation state, motivation
co-occurrence relation, and quasi-ordinal motivation space.
In section “An empirical application,” an empirical example
is provided, which concerns learning motivation. In section
“Usefulness of this approach for motivation research and
limitation,” we outline why this approach to the modeling and
analysis of motivation is useful and a limitation of this study.
This article ends with a conclusion in section “Conclusion,” and
with Appendices A, B containing the scale and binary data sets
used for the empirical application, respectively.

2. Self-determination theory

Self-determination theory maintains a comprehensive
website at https://selfdeterminationtheory.org. As a theory
of motivation, SDT investigates what drives people to act
(Ryan(ed.), 2019; Conesa et al., 2022; Gagné et al., 2022). The
basic concepts of SDT are best represented by Table 1, a table
very often reported in SDT publications, and here, we present a
slightly modified interpretation of it.

Briefly, intrinsic motivation represents behavior enjoyed
doing it for its own sake, extrinsic motivation is instrumental
behavior, and amotivation is the lack of motivation. SDT does

not further differentiate intrinsic motivation and amotivation,
thus their single regulations are interpreted accordingly. But
extrinsic motivation, which is assumed, can have varying
internalization. Extrinsic motivation is differentiated into three
(or four) gradually internalized regulation types, in increasing
order of internalities, namely, external regulation, introjected
regulation, identified regulation, and integrated regulation.
Again briefly, external regulation is behavior dictated by purely
external factors such as reward or punishment. Introjected
regulation is more internalized than external regulation and
includes proving oneself worthy or avoiding guilt. Identified
regulation is even more internalized than introjected regulation
and is described as acting to express rational values without
being accompanied by unforced interval motives such as fun or
inherent satisfaction. Integrated regulation, although extrinsic
motivation, is assumed to be only internal motivation (different
from intrinsic regulation), located on the internalization
continuum of SDT between identified regulation and intrinsic
regulation. With integrated regulation, a person’s identified
values are even further internalized and integrated with each
other. Integrated regulation seems to be difficult to measure
(e.g., Roth et al., 2009; Gagné et al., 2014). In literature,
additional forms of motivation have also been proposed, for
example, negative introjection (left) and positive introjection
(right) in Sheldon et al. (2017) or avoidance introjection (left)
and approach introjection (right) in Assor et al. (2009). In
each of these cases, both forms of introjection are between
external regulation and identified regulation. Probably other
forms of motivation may be possible here and there. Why do
we list them? In the approach based on sets and relations,
which provides a general framework, all of these motivations
can be easily included in the formulation of the models. These
motivations define what will be called the motivation domain,
the set of all motivations of interest. The set and relation

TABLE 1 Self-determination continuum also called SDT’s taxonomy of motivation (cf., Deci and Ryan, 2000).

Behavior
continuous

Nonself-
determined

Self-determined

Type of
motivation

Amotivation Extrinsic motivation Intrinsic motivation

Type of regulation Non-regulation External regulation Introjected regulation Identified regulation Intrinsic regulation

Lack of external and
internal controls and

motives
Complement of

motivation

Constraints of external
controls

Lack of internal
motives

Constraints of internal
controls

Forced external
motives

Internally identify with
external value

Quasi-unforced
internal motives

Lack of external and internal
controls

Unforced internal motives

Locus of causality
continuous

Impersonal External Somewhat external Somewhat internal Internal

Trichotomy of form Uncontrolled
Non-autonomous

Controlled
Non-autonomous

Controlled
Non-autonomous

Quasi-uncontrolled
Quasi-autonomous

Uncontrolled
Autonomous

We see three main types of motivation (intrinsic motivation, extrinsic motivation, amotivation) with their corresponding regulatory styles (intrinsic regulation, identified regulation,
introjected regulation, external regulation, non-regulation) and loci of causality (internal, somewhat internal, somewhat external, external, impersonal). These regulations describe
increasingly less self-determined (with far left nonself-determined) behaviors, of different qualitative forms (uncontrolled/autonomous, quasi-uncontrolled/quasi-autonomous,
controlled/non-autonomous, controlled/non-autonomous, uncontrolled/non-autonomous).
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representations defined are built upon the specified domain of
motivations.

In this article, we show how KST can be applied to
qualitatively model these motivations or regulations of SDT’s
(extended) taxonomy. Instead of, typically by confirmatory
factor analysis, introducing one or more latent continuous
dimensions and factors, to represent each of the regulation
types, we use sets and relations among those motivations
or regulations. A strength of the latter approach is that it
allows for very general combinatorial structures and, thus,
offers more flexibility in modeling motivation qualitatively
(section “Usefulness of this approach for motivation research
and limitation”).

3. Knowledge space theory,
Birkhoff’s theorem, and inductive
item tree analysis

We give a short introduction to KST (Doignon and
Falmagne, 1985), including the theorem by Birkhoff (1937),
and IITA (Schrepp, 1999b; Sargin and Ünlü, 2009). These
three components are the building blocks of the methodology
used in this article. The core contributions of our study are
to apply KST models to represent motivation in SDT, with
equivalent mathematical representations at the levels of persons
and motivations by Birkhoff’s theorem as a byproduct, and the
concrete implementation of those models in data through the
use of IITA.

3.1. Knowledge space theory and
Birkhoff’s theorem

An application with examples of the concepts in motivation
presented here can be found in section “Sets and relations
among motivations.”

3.1.1. Surmise relation
The starting point for a theory of knowledge assessment

is to assume that in a knowledge domain of interest, the
pieces of knowledge may imply each other. For example, in
the knowledge domain of natural numbers, the mastery of the
arithmetic problem b “3 · 2 = ” may imply the mastery of
the arithmetic problem a “2+ 2 = ”. That is, the mastery of
problem a is assumed to be a prerequisite for the mastery of
problem b. Mathematically, this is represented by the ordered
pair a v b of a binary relation v on the knowledge domain. In
accordance with the interpretation of mastery, that relation is
assumed to be reflexive and transitive, a quasi-order, or as it is
also called in KST, a surmise relation.

Definition 1. Let Q be a non-empty and finite set of
dichotomous items, the (knowledge) domain. Let v be a binary

relation on Q, that is, a subset of Q × Q. We call v a quasi-
order or surmise relation (on Q) if and only if it is reflexive and
transitive, that is, if and only if, respectively, x v x for all x ∈ Q,
and x v y, y v z implies x v z for all x, y, z ∈ Q.

Typically, Q can be a psychological or educational test
consisting of dichotomous questions or problems that can
either be solved (coded 1) or failed (coded 0) by examinees,
and a surmise relation on that test then captures the mastery
dependencies among the test items.

3.1.2. Knowledge structure and space
The implications of the surmise relation entail that only

certain mastery patterns, represented by subsets of the domain,
are admissible, which are called the knowledge states. For
example, the subset of items is mastered by a student’s, her
or his, knowledge state. If it contains the multiplication item
b, then it must also contain the addition item a, since a v b.
The collection of all so compatible knowledge states is called
the knowledge structure. In ideal conditions, if no response
errors occur, the only response patterns possible would be the
knowledge states.

Definition 2. Let Q be a domain. A knowledge structure H
on Q is a set of subsets of Q, which contains at least the empty
set ∅ and Q itself. The elements of H are called knowledge states.

Knowledge states are subsets of Q. Thus, we can take their
union ∪ and intersection ∩, which yield the important special
case of a knowledge structure, a quasi-ordinal knowledge space.

Definition 3. Let H be a knowledge structure on the domain
Q. We call H a knowledge space (on Q) if and only if G ∪H ∈ H
for all G, H ∈ H. The knowledge structure H is a closure space
(on Q) if and only if G ∩H ∈ H for all G, H ∈ H. A quasi-
ordinal knowledge space is a knowledge structure that is both
a knowledge space and a closure space.

3.1.3. Birkhoff’s theorem
The quasi-ordinal knowledge space model is the set

representation at the level of persons and the surmise relation
model is the order representation at the level of items. They
correspond to a person’s ability and item difficulty of numerical
item response theory. In contrast to the numerical approach,
in KST, the two representations are connected by a central
mathematical theorem, which is Birkhoff’s theorem. The details
of this theorem can be found in Falmagne and Doignon (2011,
section 3.8, pp. 56–58).

Theorem 1 (Birkhoff, 1937). There exists a one-to-one
correspondence between the collection of all quasi-ordinal
knowledge spaces H on a domain Q and the collection of all
surmise relations v on Q, defined by the two equivalences, for
p, q ∈ Q, H ⊆ Q,

p v q :⇐⇒ (∀G ∈ H, q ∈ G H⇒ p ∈ G),

H ∈ H :⇐⇒ (∀r v s, s ∈ H H⇒ r ∈ H) .
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This theorem mathematically links two different levels
of empirical interpretations. It will be applied to SDT and
exemplified in section “Sets and relations among motivations.”

3.1.4. Validation
Validation procedures were proposed in the literature based

on probabilistic extensions of knowledge structures. The most
prominent one is the basic local independence model, a latent
class scaling model (Doignon and Falmagne, 1999, chapter 7).
For logistic and generalized normal ogive statistical validation
procedures in KST, refer to Stefanutti (2006) and Ünlü (2006),
respectively. Latent class analysis exploratory, estimation, and
testing procedures were also studied for knowledge structures
(Schrepp, 2005; Ünlü, 2011). For recent developments in
performance- and competence-based knowledge space theory,
including further, also more qualitative, validation procedures,
refer to Falmagne et al. (2013).

3.2. Inductive item tree analysis

In IITA, competing relations are generated and a fit measure
is computed for each of these relations in order to find
that relation which most adequately describes the data. Since
traditional inference-based methods, such as (asymptotic) chi-
squared goodness-of-fit tests (available as well), do almost
always reject the wished model (placed in the null hypothesis),
this class of IITA relational mining techniques is generally
effective and more useful. The R (The R Core Team, 2022)
package DAKS (Ünlü and Sargin, 2010) freely available
at https://CRAN.R-project.org/package=DAKS implements the
IITA procedures, in addition to software by Schrepp (2006).

3.2.1. General problem
What is the general problem addressed by IITA? Assume

that you have noisy indicators for latent variables of interest
and that among those latent variables there exist latent
logical, that is, deterministic, implications. The goal of IITA
is to detect these implications from the information on the
indicators. A typical KST example of an implication, refer
section “Knowledge space theory and Birkhoff’s theorem,” is
that the mastery of a math problem may imply the mastery
of another math problem, where the questions of a math
test are the indicators. In section “Sets and relations among
motivations,” we apply this idea to motivation in SDT. There, the
indicators are the test items of a motivation questionnaire (https:
//selfdeterminationtheory.org/questionnaires), which measure
their underlying, for example, intrinsic and external regulations.
Then, a logical implication between motivations assumes that
the latent possession or occurrence of a motivation implies the
possession or occurrence of another motivation. If in a study
such motivational implications are deemed to be realistic or of
interest, IITA is a technique that can be used to uncover those
implications from the motivation questionnaire data.

3.2.2. Computational components
The IITA algorithm consists of three computational

components. First, it constructs a selection set of competing
quasi-orders on the domain of latent (e.g., motivation) variables.
That construction is inductive. For varying numbers of
observed counterexamples of an (e.g., motivational) implication
(premises true but conclusions false), anchored with the
simplest quasi-order consisting of all implications that are not
violated in the data, in successive steps, quasi-orders (e.g.,
motivation co-occurrence relations) are constructed. This is
realized by adding specific implications that have no more than
the predefined numbers of counterexamples in the data set and
that do not violate transitivity. In this way, a maximum of
sample size plus one, typically a much smaller number than
this, of increasingly more complex quasi-orders are derived.
Second, the fit of each constructed quasi-order to the data set
is quantified by a measure of the average squared differences
between the observed and under the model expected numbers of
counterexamples for the implications. Third, a best-fitting (e.g.,
motivation co-occurrence) relation of the selection set with the
computed minimum discrepancy is chosen as the final solution.
Subsequently, we outline these components of the technique,
and more details can be found in Ünlü and Schrepp (2021,
section 2).

3.2.3. Inductive construction
We start with notation. Let Q = {i1, ..., im} be the domain

of m ≥ 2 dichotomous items. Let D = {d1, ..., dN} be the data
set (with repetitions) of observed response patterns (mappings)
dn : Q→ {0, 1}, where dn (i) = 0 or 1 stands for the response
of the subject n = 1, ..., N to the item i ∈ Q. For i, j ∈ Q,
let bij =

∣∣{d ∈ D : d (i) = 1 ∧ d
(
j
)
= 0}

∣∣ be the number of
subjects of the sample who solved item i but failed item j. If
we postulate the implication i −→ j (Definition 5), bij is the
number of observed counterexamples for that implication. We
can define the binary relationv0 of all implications that are not
violated in data D by jv0i :⇐⇒ bij = 0 for all i, j ∈ Q. This
relationv0 is a quasi-order on Q (Van Leeuwe, 1974). However,
this is not the final quasi-order that IITA returns. To accept v0

is generally not satisfactory since this is data fitting, which does
not account for response errors. Thus, IITA allows for varying
numbers of observed counterexamples L = 0, 1, ..., N.

The construction of the quasi-orders is as follows. The
IITA algorithm starts with v0, but inductively constructs
bigger quasi-orders. The procedure to construct the L+
1 step quasi-order vL+1 from the L step quasi-order vL,
anchoring with v0, for L = 0, 1, ..., N−1, consists of the
following steps 1, 2, and 3:

1. To determine the set AL+1 of all item pairs that are not
already contained in vL and have no more than L+ 1
observed counterexamples in D.

2. To iteratively repeat the following two operations a and b:
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a. For each element of AL+1, check if it violates
transitivity invL ∪ AL+1. If so, mark that element.

b. If no element is marked in operation a, stop step
2. Otherwise, delete all marked elements from AL+1

and restart the process in operation a with this
reduced new set AL+1.

3. When the process in step 2 stops, the remaining
implications in AL+1 do not violate transitivity in vL ∪

AL+1. By construction, vL+1 := vL ∪ AL+1 is the L+ 1
step quasi-order.

Thus, by IITA, the increasingly bigger quasi-orders v0 ⊆

v1 ⊆ ... ⊆ vN are inductively constructed.

3.2.4. Fit measure
Among these relations, IITA proposes the following method

to determine the best-fitting quasi-order. We quantify the fit of
any of the IITA quasi-ordersvL, L = 0, 1, ..., N to the data set
D by the measure:

diff (vL, D) =

∑
i6=j
(
bij − tij

)2

m (m− 1)
,

where the sum is taken over all item pairs
(
j, i
)
∈ Q × Q, i 6=

j, and m is the number of items. In addition, bij is the observed
number of subjects who solved item i but failed item j, and tij is
the corresponding theoretical value expected and derived under
the assumption that vL is the correct quasi-order underlying
the data set D.

The derivation of the tij estimators is intricate and
necessitate a few considerations.

1. Assume that vL, for a given L, is the quasi-order of true
logical implications between the items. How many violations for
a true implication i−→Lj, i, j ∈ Q can we expect? If we assume
a single response error probability by which a true implication
may be violated, that rate can be estimated by:

γL =

∑
G

bij
piN

|G|
if G 6= ∅, or 0 if G = ∅,

where G = {jvLi : i 6= j ∧ pi 6= 0}, and pi =
|{d∈D:d(i) = 1}|

N ,
i ∈ Q is the relative frequency of subjects of the sample who
solved item i. Thus, γL is an estimated average amount of
random response errors in the data, under the assumption that
vL is the underlying true quasi-order. For further motivation
for this choice of estimator, refer to Ünlü and Schrepp (2021).

2. Under the assumption that vL is the correct quasi-order,
thus based on the corresponding estimated error probability γL,
for any item pair

(
j, i
)
∈ Q × Q, i6=j, the, under vL derived,

theoretical values tij used in the definition of the diff measure
can be estimated as follows: three cases are distinguished (for
more details, refer to Ünlü and Schrepp, 2021). First, if jvLi, i6=j,
use the estimation equation tij = γLpiN. Second, if j6vLi and

i6vLj, assume that the items are stochastically independent, and
set tij =

(
1− pj

)
piN. Third, if j6vLi but ivLj, the estimator is

tij = max
(
0,
(
pi − pj + pjγL

)
N
)
.

3.2.5. Selection
A validation procedure is obtained that gives information

about which model to pick. With the above ingredients, in data
D, the fit measure diff is computed for each quasi-order obtained
by inductive construction. Thus, a non-negative real value is
associated with any of the competing quasi-orders. Since diff
quantifies an average squared difference between observed and
expected variables, smaller values of the measure are interpreted
to indicate a better fit. In particular, the decision rule is to
select that quasi-order among v0,v1, ...,vN , which has the
minimum diff value. This is the final solution returned by
the IITA algorithm.

4. Sets and relations among
motivations

We apply the basic concepts of KST to SDT and describe
them in motivation.

Before presenting the definitions, a general remark is in
order. The program of this article has far-reaching consequences
(section “Usefulness of this approach for motivation research
and limitation”). The KST models applied to motivation
can be used to develop routines in motivation research for
the adaptive assessment and training of motivation using
computers. Adaptive testing is the major strength and point
of origin of KST (Falmagne et al., 2013, with references
therein). Noteworthy, there is an essential difference between
the educational vs. motivational applications of the models. The
number of conceivable states of motivation in SDT may not
be that large as compared with the states of knowledge studied
in KST, with several million feasible knowledge states in large-
scale empirical studies. This is clearly an advantage of the SDT
application, in particular, for combinatorial as well as statistical
reasons.

We want to motivate the basic concepts by an example,
and then give the definitions for motivation. Consider the
regulations, for ease of presentation with no gradations of
the regulations (generalized below), external regulation a,
introjected regulation b, identified regulation c, and intrinsic
regulation d. These motivations make up the motivation domain
of interest, that is, the set of all considered motivations
M = {a, b, c, d} (other choices for the domain are discussed
later). The central assumption is that these motivations can
only occur in certain combinations in the population of
reference, called the motivation states, which are subsets of the
motivation domain. For example, a student could be externally
and introjectedly motivated at the same time, represented by
the state or subset {a, b} of the motivation domain. Or, this
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FIGURE 1

The directed graphs, in black and red, respectively, of the motivation structure M = {∅, {a}, {b}, {a,b}, {b, c}, {a,b, c},M}, with M = {a,b, c,d}.
A black arc (directed edge) A −→ B linking the motivation state A (left) to the motivation state B (right) means A ⊂ B (A subset of B) and there is
no other motivation state between the two. A red arc B −→ A linking the motivation state B (right) to the motivation state A (left) stands for
B ⊃ A (B superset of A) and there is no other state in between. A trajectory describing the transition from the state of pure external motivation
{a} to the state of pure introjected motivation {b}, along directed edges (of both colors) in only states of the motivation structure, is shown in
green, {a} −→ {a,b} (black arc) and {a,b} → {b} (red arc). Another trajectory, now from state {b} to state {a}, posited under this model, probably
critical empirically, is to become amotivated first, purging the existent introjected motivation, before the other external motivation can be
gained, shown in blue. In particular, there is no direct arc linking the two motivation states, thus, according to this model, external motivation
cannot be directly converted into introjected motivation and vice versa, but instead, for example, under the green trajectory, must be attained
jointly first before the initial one is forfeited to end up with the other. In these graphs, motivations are gained or lost one by one in progressions
from state to state. Restrictions of this sort imply serviceable mathematical properties.

A B

FIGURE 2

Motivation states for separate ungraded regulations (A) and separate but cumulatively graded intermediate regulations (B). In both
representations, non-regulation, external regulation, and intrinsic regulation are singletons. The linear orders imposed on the gradations of
introjected regulation and identified regulation could be associated with the varying cumulative internalities that the gradations may have along
an internalization continuum.

is an assumption that can change depending on the model
used; for a student to be intrinsically motivated, the student
necessarily needs to have the other three motivations. In
this case, M = {a, b, c, d} is the only possible motivation
state containing intrinsic regulation, and other combinations

containing intrinsic regulation such as {a, d} (externally and
intrinsically motivated) or {d} (only intrinsically motivated) are
excluded according to the posited model. Since amotivation
is understood to be the state of no motivation, this could
be modeled by a specific subset, the empty set ∅. We can
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collect together all feasible combinations of motivations, the
motivation states, into a set on its own, called the motivation
structure. In this example, the combinations {a, b} and M
belong to the motivation structure, but not {a, d} and {d}. As
mentioned, if this model is deemed to be empirically inadequate,
it can be replaced by another model; the mathematical definition
allows us to flexibly define the states, that is, the combinations
of motivations considered to be feasible or occurring in an
empirical study. The practical derivation of the motivation
structure can be (inclusive “or”) theory-driven, derived from
querying experts, or obtained by statistics and data analysis,
where the latter is the approach pursued with this article. Let us
assume that a researcher has identified the following motivation
structure in the motivation domain of her study,

M = {∅, {a}, {b}, {a, b}, {b, c}, {a, b, c}, M}. (1)

This motivation structure captures the logical organization
of the motivations of interest in the population of reference.
Only those combinations of the motivations are feasible, in the
sense that they have shares of the population. Mathematically
though, the motivation structure is defined to always include
the empty set and the motivation domain, for technical reasons.
Leaving out these extreme states from the definition of a
motivation structure, in principle you could, will complicate,
or probably invalidate, mathematical results, at least in their
common formulations. We will stay with the definition used
in KST and include as stated always the empty set and the
motivation domain itself. So, amotivation, if modeled as the
empty set, in contrast to the element(s) of the domain, and
the possibility of possessing all regulations jointly are assumed
to be motivation states under any deterministic model. Thus,
if these extreme motivation states do not occur, any specified
deterministic model will be wrong in those states. Otherwise,
the deterministic model can always be chosen to be correct
in all other states. However, this “methodological artifact” is
not restrictive from an empirical viewpoint. In practice, if any
of these two states is deemed to be empirically implausible,
its probability of occurrence in the population of reference
will (virtually) be zero, thus it will be discarded in the
probabilistic formulation and extension of the deterministic
model. However, as seen below, at the level of motivations
viewed as “items” composing the states, this subtle issue is
resolved and does not appear.

The motivation structure M in Eq. 1 induces the two
directed graphs shown in Figure 1, which suggests a process of
how motivation may progress from state to state, for example,
over time. Figure 1 helps to indicate the general idea, and
in particular, the flexibility that comes with such a discrete
mathematical structure. Depending on the empirical situation,
a proper model could be specified (e.g., quantitatively by
exploratory data analysis, below), allowing for the qualitative, or
even dynamic over time, analysis of motivation.

With motivation progression, things can get mathematically
more tractable, if only “learning” is possible. That is, if only
additional, new motivations are attained, one by one, and no
motivations are lost during progression, moving from left to
right in the graph of Figure 1, along the black arcs only.
In such a more restrictive model, in this example, a student
cannot reach the states of pure external motivation or pure
introjected motivation if she or he is initially only introjectedly
or externally motivated, respectively. This would be prohibited
by model assumption. This case of only “learning,” that is,
merely moving from left to right along black arcs, cumulative
in the “items” or motivations “learned,” one at a time, is the
case that has been extensively studied in dichotomous KST. It
is especially interesting, if justifiable in a study on motivation,
since it entails a rich mathematical theory, implying strong
mathematical measurement properties (Falmagne and Doignon,
2011).

Here is the definition in terms of motivation.
Definition 4. Let M be a non-empty set of motivations or

regulations (examples below). Let M be a collection of subsets
of M, which contains at least ∅ and M. Then, M is called a
motivation structure on (or in) the motivation domain M. The
elements of M are the motivation states.

Example 1. We consider the general case. The motivation
domain M could consist of k forms (gradations) of non-
regulation a1, ..., ak; l forms of external regulation e1, ..., el; m
forms of introjected regulation j1, ..., jm; n forms of identified
regulation d1, ..., dn; u forms of integrated regulation g1, ..., gu;
and o forms of intrinsic regulation i1, ..., io. In this case, the
extreme motivation state M describes hypothetical behavior that
is regulated by all types jointly. The other extreme state ∅ may
represent a sort of totally unregulated behavior, unexplainable
by any of the types (regarding the extreme states, refer to the
aforementioned text). The motivation structure in this domain
can contain arbitrary combinations of these regulations, such as
the state consisting of the last form of external regulation and
the first two (if o ≥ 2) of intrinsic regulation {el, i1, i2}, which
represents a student extrinsically and intrinsically motivated in
respective gradations of the regulations.

Example 2. Let the notation be as in Example 1.
Assume that the motivations are not further graded,
k = l = m = n = o = 1, where integrated regulation
is not of interest (in the sequel). If non-regulation a, external
regulation e, introjected regulation j, identified regulation d,
and intrinsic regulation i can only occur separately,

M1 = {∅, {a}, {e}, {j}, {d}, {i}, M}.

If, in this representation, the intermediate introjected and
identified regulations have cumulative gradations j14j...4jjm
and d14d...4ddn, indexed in the increasing rankings of their
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TABLE 2 Frequency distributions of the dichotomous scores across motivation variables of, from top to bottom, the individual regulation types, of autonomous motivation and controlled motivation, of
the entire motivation domain, and the subsets A, B, and C of the data set, respectively.

N = 948 i1 i2 i3 i4 i5

0 419 381 442 429 427

1 529 567 506 519 521

N = 1028 e1 e2 e3 e4 e5

0 795 789 382 465 609

1 233 239 646 563 419

N = 1073 d1 d2 d3 d4 d5

0 302 277 300 332 662

1 771 796 773 741 411

N = 1168 j1 j2 j3 j4

0 574 675 806 779

1 594 493 362 389

N = 482 i1 i2 i3 i4 i5 d1 d2 d3 d4 d5

0 195 171 207 196 195 136 138 150 168 285

1 287 311 275 286 287 346 344 332 314 197

N = 550 e1 e2 e3 e4 e5 j1 j2 j3 j4

0 425 418 225 276 342 289 326 384 378

1 125 132 325 274 208 261 224 166 172

N = 180 i1 i2 i3 i4 i5 d1 d2 d3 d4 d5 j1 j2 j3 j4 e1 e2 e3 e4 e5

0 77 69 85 79 76 55 54 56 64 110 89 101 114 113 122 123 61 83 92

1 103 111 95 101 104 125 126 124 116 70 91 79 66 67 58 57 119 97 88

N = 342 i1 i3 i4 i5 d5 j1 j2 j3 j4 e3 e4 e5

0 166 182 171 172 228 181 201 231 234 120 163 206

1 176 160 171 170 114 161 141 111 108 222 179 136

N = 577 i1 i2 i3 i4 i5 d1 d2 d3 d4

0 224 197 239 228 227 156 159 172 191

1 353 380 338 349 350 421 418 405 386

N = 706 d5 j1 j2 j3 j4 e1 e2 e5

0 516 403 447 514 503 567 567 465

1 190 303 259 192 203 139 139 241

The sample sizes N used in their corresponding IITA analyses of these motivation variables are also shown.
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TABLE 3 The scale (Müller et al., 2007) used for the empirical application (Appendix A).

Ich arbeite und lerne in
diesem Fach, . . .

Stimmt
völlig

Stimmt
eher

Stimmt
teils/teils

Stimmt
eher nicht

Stimmt
überhaupt

nicht

1 . . . weil es mir Spaß macht. O O O O O

2 . . . weil ich möchte, dass mein Lehrer
denkt, ich bin ein/e gute/r Schüler/in. O O O O O

3 . . . um später eine bestimmte
Ausbildung machen zu können (z.B.
Schule, Lehre oder Studium).

O O O O O

4 . . . weil ich sonst von zu Hause Druck
bekomme. O O O O O

5 . . . weil ich neue Dinge lernen möchte. O O O O O

6 . . . weil ich ein schlechtes Gewissen
hätte, wenn ich wenig tun würde. O O O O O

7 . . . weil ich damit mehr Möglichkeiten
bei der späteren Berufswahl habe. O O O O O

8 . . . weil ich sonst Ärger mit meinem/r
Lehrer/in bekomme. O O O O O

9 . . . weil ich es genieße, mich mit
diesem Fach auseinander zu setzen. O O O O O

10 . . . weil ich möchte, dass die anderen
Schüler/innen von mir denken, dass ich
ziemlich gut bin.

O O O O O

11 . . . weil ich mit dem Wissen im Fach
später einen besseren Job bekommen
kann.

O O O O O

12 . . . weil ich sonst schlechte Noten
bekomme. O O O O O

13 . . . weil ich gerne Aufgaben aus
diesem Fach löse. O O O O O

14 . . . weil ich mich vor mir selbst
schämen würde, wenn ich es nicht tun
würde.

O O O O O

15 . . . weil ich die Sachen, die ich hier
lerne, später gut gebrauchen kann. O O O O O

16 . . . weil ich es einfach lernen muss. O O O O O

17 . . . weil ich gerne über Dinge dieses
Faches nachdenke. O O O O O

This is a copy of page 2 in https://ius.aau.at/wp-content/uploads/2016/01/mui_fragebogen.pdf (as of 30 October 2022). Since this scale was only validated in German, thus to avoid
introducing any artifact, we have abstained from translating it into English.

linear orderings 4j and 4d (orders are treated later),

M2 = {∅, {a}, {e}, {j1}, {j1, j2}, ..., {j1, j2, ..., jm},

{d1}, {d1, d2}, ..., {d1, d2, ..., dn}, {i}, M}.

We present the corresponding directed graphs of Example 2
in Figure 2.

Besides motivation structures, the set representation, there is
the other representation based on relations. We can adumbrate
how the two representations are connected by reconsidering
the example with M = {∅, {a}, {b}, {a, b}, {b, c}, {a, b, c}, M}

in Eq. 1. These states are the combinations of motivations
that people can have. Under this model, if a person possesses
motivation c, that is, if she or he is in one of the states
{b, c}, {a, b, c}, or {a, b, c, d}, then this person must also possess
motivation b, since b is in all motivation states that contain c.
That is, (for any person) if motivation c occurs/is possessed,
then motivation b occurs/is possessed. We also express this by
saying that motivation c implies motivation b (always in the
interpretation of occurrence or possession), denoted by c −→ b
or b v c. Similarly, we see that if motivation d is possessed,
then necessarily all other motivations must also be possessed,
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TABLE 4A Intrinsic regulation, with N = 948, k = 5 items, and
u = 25 unique response patterns (Appendix B).

Pattern Frequency

00000 360

00001 3

00010 4

00100 2

00101 1

00111 2

01000 34

01001 6

01010 1

01011 1

01100 1

01110 1

01111 3

10000 3

10011 1

10101 1

10111 4

11000 7

11001 3

11010 3

11011 16

11100 6

11101 2

11110 5

11111 478

that is, d implies a, b, and c; for, the only state containing d
is M, which contains all other motivations. Thus, a, b, c v d.
In addition, the motivations a and b do not imply each other,
since the motivation states {a} and {b} contain the motivations
a and b, but not b and a, respectively. Note that this does not
exclude that both motivations can occur jointly, for example,
with state {a, b}. In this way, we inspect all pairs of motivations
to determine whether these motivations are in relation or not,
thereby yielding the following motivational implications or
relation pairs a v d and b v c v d (including b v d). Thus,
this construction, which is one part of Birkhoff’s theorem, the
direction from set to relation, is concrete. The other direction
from relation to set is also comprehensible and accordingly
obtained. We define those subsets of the motivation domain
to be motivation states that are consistent with all implications
or pairs of the relation. For example, given the above relation
v, since d implies a, b, and c, we cannot take {a, d} to be
a motivation state since it is not consistent with the relation
v, which requires that if d is possessed, then all of the other

motivations must also be possessed. This subset {a, d} of the
motivation domain contains d, but not the required, implied,
motivations b and c. Since motivation a has no prerequisite
motivation in the relation v, that is, since it does not imply any
other motivation, it can occur as the only motivation. That is,
{a} is consistent withv, and thus, a derived motivation state. In
this way, we can check for any subset of the motivation domain
whether this subset contains with any of its motivations also all
of the motivations implied by this motivation in the underlying
relation. This constitutes the other part of Birkhoff’s theorem. In
accordance with the interpretation of motivation in possession
or occurrence, we call this relation v corresponding to M,

TABLE 4B External regulation, with N = 1028, k = 5 items, and
u = 30 unique response patterns (Appendix B).

Pattern Frequency

00000 233

00001 46

00010 44

00011 28

00100 100

00101 32

00110 118

00111 110

01000 2

01001 1

01010 4

01011 4

01100 7

01101 5

01110 30

01111 31

10000 5

10010 4

10011 6

10100 12

10101 7

10110 18

10111 26

11000 1

11010 1

11011 3

11100 7

11101 7

11110 23

11111 113
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TABLE 4C Identified regulation, with N = 1073, k = 5 items, and
u = 29 unique response patterns (Appendix B).

Pattern Frequency

00000 197

00001 26

00010 9

00011 8

00100 2

00101 1

00110 4

00111 2

01000 1

01001 1

01100 5

01101 1

01110 21

01111 24

10000 12

10001 4

10010 4

10011 1

10100 2

10101 2

10111 3

11000 21

11001 6

11010 8

11011 2

11100 37

11101 14

11110 339

11111 316

which is the collection of all these derived pairs of motivations,
a motivation co-occurrence relation (formally defined below).

Basically, the two representations are mathematically
equivalent, but empirically they are interpreted at two different
levels. From a practical viewpoint, the representation based on
motivation structures is at the level of persons, whereas the
co-occurrence relation is at the level of motivations “viewed
as items.” What do we mean by this? A motivation structure
describes the feasible combinations of the motivations people
can have. An element of the structure is the motivation state of
a person, a collection of regulations that jointly characterize a
person. In contrast, the representation based on relations asks
for valid hierarchical dependencies, a relation v, among the
regulations, similar to ordering items, for example, by item

difficulty. For a pair of motivations x and y, we set x v y, if
possessing motivation y entails possessing motivation x. This
could result from or include, for example, when temporally one
motivation (x) is attained before or at the same time as the other
motivation (y). This implicational interpretation of motivation
is general. In fact, if the concept of motivation structure is
deemed to be empirically plausible, this entails the plausibility
of implications between the motivations as the two formulations
are connected mathematically as well as by interpretation. In
addition, a special case of co-occurrence relation is the trivial
relation, the diagonal, according to which no implications
between the regulations are assumed, except for the reflexive
implications, which are tautologies. Thus, mathematically also
this case of completely unrelated regulations is contained in the
definition of motivation co-occurrence relation.

Definition 5. Let M be the motivation domain. Assume that
we can form pairs

(
x, y

)
of the regulations of the domain (e.g.,

if possession of y implies the possession of x). Let the set of all
these pairs of regulations be denoted as v. For a pair

(
x, y

)
in

v, we can also write x v y. We call this set v a motivation co-
occurrence relation if and only if it has the following additional
properties, for any choice of regulations x, y, z of the domain:

1. x v x (reflexivity);
2. if x v y and y v z, then x v z (transitivity).

That is, a motivation co-occurrence relation is a quasi-order
(e.g., Davey and Priestley, 2002) on the motivation domain. If
x v y, we say that y implies x, and write y −→ x.

TABLE 4D Introjected regulation, with N = 1168, k = 4 items, and
u = 16 unique response patterns (Appendix B).

Pattern Frequency

0000 458

0001 21

0010 7

0011 3

0100 41

0101 33

0110 3

0111 8

1000 122

1001 14

1010 32

1011 18

1100 63

1101 54

1110 53

1111 238
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TABLE 4E Autonomous motivation, with N = 482, k = 10 items,
and u = 59 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency

0000000000 89 0101011100 1

0000000001 5 0101111101 1

0000000010 1 0110011110 1

0000000100 1 0111000001 1

0000000110 1 0111111111 1

0000001100 1 1000000000 1

0000001111 1 1000000001 1

0000010000 5 1001111111 1

0000010001 2 1011111111 1

0000010011 1 1100000010 1

0000011000 7 1100111110 1

0000011001 3 1101011110 2

0000011010 1 1101111110 4

0000011011 1 1101111111 5

0000011100 21 1110011111 3

0000011101 7 1111000011 1

0000011110 12 1111100000 5

0000011111 4 1111100001 6

0000100000 1 1111100010 3

0001010000 1 1111100011 2

0001010010 1 1111101110 4

0010100011 1 1111101111 4

0100000000 5 1111110010 1

0100001110 1 1111110111 1

0100010000 1 1111111000 1

0100011000 1 1111111010 1

0100011110 6 1111111101 1

0100011111 4 1111111110 100

0100111110 3 1111111111 137

0100111111 2

The axioms of reflexivity and transitivity are empirically
necessary. It is obvious that under the motivation possession
interpretation, the properties of reflexivity and transitivity
necessarily hold. Reflexivity is logically trivial. Possession of x
implies the possession of x. We must also have transitivity.
If possession of z implies the possession of y, and possession
of y, in turn, implies the possession of x, then possession
of z must also imply the possession of x. Thus, if we
derive implications between motivations consistently in this
interpretation, the resulting relationship will be reflexive and
transitive, a motivation co-occurrence relation.

The two representations based on motivation structure and
motivation co-occurrence relation are basically equivalent. You
have to additionally assume that the motivation structure is
closed under (set) union and intersection.

Definition 6. Let M be a motivation structure. A motivation
structure is closed under union or intersection if the unions or
intersections of motivation states are again motivation states,
respectively. We call the motivation structure M a motivation
space if M is closed under union. The motivation structure
M is called a motivation closure space if M is closed under
intersection. If the motivation structure M is closed under
union and intersection, M is called a quasi-ordinal motivation
space. That is, quasi-ordinal motivation spaces are motivation
spaces and motivation closure spaces.

In this article, because of Birkhoff’s theorem, we are mainly
concerned with quasi-ordinal motivation spaces.

Example 3. The motivation structures M1 and M2 in
Example 2 are motivation closure spaces, but not motivation
spaces, and thus, not quasi-ordinal motivation spaces.
The motivation structure M in Eq. 1 is a quasi-ordinal
motivation space.

We recap the old, but important theorem by Birkhoff
(1937) informally, which allows us to switch between the two
representations of motivation, on the one hand as a motivation
structure and on the other as a motivation co-occurrence
relation. In applications, you could choose between the two
representations depending on the focus of the study. For
example, if progressions in motivation states of persons during
dynamic motivation assessment are tracked (Figure 1), the
representation by sets can be adequate. Or, if dependencies
between motivations regarding their occurrences are of interest
(Figure 3), the representation by relations is more useful. We
loosely present Theorem 1 in its interpretation in motivation as
a corollary, but the corresponding constructions were discussed
in the example before.

Corollary 1. Let M be any motivation domain. For each
motivation structure on M, which is a quasi-ordinal motivation
space, you can construct a unique motivation co-occurrence
relation on M, which is, in the above coherent sense, consonant
with this space. Vice versa, for each motivation co-occurrence
relation on M, a corresponding unique and consonant quasi-
ordinal motivation space on M can be constructed. Since this
is bijectively possible, meaning the two constructions define
inverse transformations to each other, respecting the particular
discrete properties, there is no loss of combinatorial information
when changing from one representation to the other.

5. An empirical application

In this section, we discuss an illustrative example of the
approach based on sets, relations, and IITA. We used data
kindly provided by Müller et al. (2007). The data comprise
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TABLE 4F Controlled motivation, with N = 550, k = 9 items, and u = 134 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency Pattern Frequency Pattern Frequency

000000000 114 010000110 6 100100111 1 110110100 1

000000001 5 010000111 2 100110011 1 110110110 2

000000010 16 010001110 1 101000000 1 110111110 1

000000011 2 010001111 1 101000001 3 110111111 4

000000100 33 010010010 1 101000011 1 111000000 2

000000101 3 010010100 1 101000111 3 111000001 2

000000110 28 010100000 1 101001011 1 111000011 1

000000111 4 010100011 1 101011011 1 111000100 1

000001000 1 010100100 1 101100011 2 111000110 1

000001100 3 010100101 2 101100101 2 111000111 5

000001110 6 010100110 5 101100111 2 111001110 1

000001111 2 010101110 1 101101101 1 111001111 1

000010000 1 010111110 2 101110100 1 111010111 2

000010100 5 011000111 1 101111101 1 111011111 5

000010101 1 011100000 1 110000000 5 111100000 4

000010110 3 011111111 1 110000010 1 111100001 4

000010111 1 100000000 19 110000100 4 111100011 3

000011100 3 100000001 2 110000110 5 111100100 2

000011110 3 100000010 2 110000111 4 111100101 4

000011111 3 100000011 2 110001011 1 111100110 1

000100000 1 100000100 7 110001110 1 111100111 19

000100110 1 100000101 4 110001111 2 111101000 1

000101101 1 100000110 3 110010100 1 111101011 1

000111110 2 100000111 4 110010110 1 111101100 1

000111111 1 100001001 1 110011110 1 111101111 11

001000000 2 100001101 1 110011111 1 111110010 1

001000001 1 100001110 2 110100000 1 111110011 2

001000111 1 100010000 1 110100011 1 111110110 1

001010000 1 100010010 1 110100100 1 111110111 8

001100001 1 100010100 1 110100101 1 111111101 3

001111111 1 100010101 2 110100110 2 111111110 1

010000000 3 100011101 1 110100111 2 111111111 49

010000010 4 100011110 1 110101110 4

010000100 4 100100000 1 110101111 1

the learning motivation subscale scores of Austrian pupils
in different school class subject areas. Investigated were
five items each for the intrinsic regulation and external
regulation subscales, and five and four items for the
intermediate identified regulation and introjected regulation
subscales, respectively. For further information about the
scale and for the data sets of the empirical application,
see Appendices A, B. Free software to run IITA analyses

can be found in Schrepp (2006) and Ünlü and Sargin
(2010).

In the original data, the scores ranged from (integer) 1−5,
including missing values, with a higher score indicating a
higher level of endorsement of a regulation. The data were
dichotomized relative to the center at the mid-value 3 (balanced
score) of the scale. The scores x ≤ 2 (non-affirmative scores)
were set to 0 and scores x ≥ 4 (affirmative scores) were set to 1.
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TABLE 4G All regulations, with N = 180, k = 19 items, and u = 109 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency Pattern Frequency

0000000000000000000 15 0000011111100111111 1 1111110000111100000 1

0000000000000000010 3 0001000001000001110 1 1111110001111000001 1

0000000000000000100 3 0100000000111000111 1 1111110001111000100 2

0000000000000000110 7 0100000101111000111 1 1111110001111100101 2

0000000000000000111 1 0100001000000000000 1 1111110010000100111 1

0000000000000001100 2 0100001011111111110 1 1111110011111000000 1

0000000000000001110 1 0100011000000000010 1 1111110101111101011 1

0000000000000011100 1 0100100001111000100 2 1111110111111000011 1

0000000000000011110 1 0100100001111110111 1 1111110111111000111 1

0000000000000100001 1 0100100011111011110 1 1111110111111100011 1

0000000000000100111 1 0100111001111111111 1 1111110111111100101 1

0000000000001000000 1 1000000000000000000 1 1111110111111100111 1

0000000000010000000 1 1000000010000101101 1 1111111000001000000 1

0000000000110011111 1 1101000001111001111 1 1111111001111000000 1

0000000001000000010 1 1101101011111000100 1 1111111001111000100 1

0000000001101000100 1 1101111011111111111 1 1111111001111100100 1

0000000001110000000 2 1101111101111000001 2 1111111011111000011 1

0000000001110010100 1 1101111101111110111 1 1111111011111000101 1

0000000001111010110 2 1110011111111111111 1 1111111100111110111 1

0000000001111111111 1 1111100000000000101 1 1111111101111100000 1

0000001001000000110 1 1111100000001000000 1 1111111101111111111 1

0000001001111000100 1 1111100001111000000 6 1111111110001101111 1

0000001011110000110 2 1111100001111000001 1 1111111111111000000 1

0000010000000001001 1 1111100001111000010 1 1111111111111000111 3

0000010000000001110 1 1111100001111000011 1 1111111111111010010 1

0000010001000000111 1 1111100001111000100 3 1111111111111010111 1

0000010001100110101 1 1111100001111000101 1 1111111111111100001 2

0000010001110001101 1 1111100001111010000 1 1111111111111100100 2

0000010001110011110 1 1111100001111010100 1 1111111111111100111 1

0000010001110100100 1 1111100001111100001 1 1111111111111101000 1

0000010001110100111 1 1111100101111000001 1 1111111111111101111 2

0000010001111001110 1 1111101000111000111 1 1111111111111110011 1

0000010111111000101 1 1111101001111000010 2 1111111111111110111 3

0000011001110010100 1 1111101001111001110 1 1111111111111111101 2

0000011011110010100 1 1111101101111100111 1 1111111111111111111 24

0000011101111111111 1 1111101111111111111 1

0000011111000111111 1 1111110000111000110 1

Thus, the dichotomous score 0 encoded the negative manifest
response (not endorsed regulation) and negative latent response
(not possessed regulation), and 1 the positive manifest response
(endorsed regulation) and positive latent response (possessed
regulation). Response patterns containing at least one balanced

score of 3 or missing values were discarded. The sample sizes
for the used subsets of motivations ranged from N = 180 up
to 1, 168 cases for all motivation variables altogether or only the
introjected subscale, respectively (Table 2). For all resulting data
sets, refer to Appendix B.
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TABLE 4H For A = {i1, i3, ..., i5,d5, j1, ..., j4, e3, e4, e5}, with N = 342, k = 12 items, and u = 130 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency Pattern Frequency Pattern Frequency

000000000000 32 000011000011 1 101101010100 1 111110001000 2

000000000001 1 000011000100 1 101111011111 1 111110001101 2

000000000010 8 000011000110 2 101111100001 2 111110010000 1

000000000100 24 000011010100 1 101111101111 1 111110011111 1

000000000110 29 000011011110 1 101111110000 1 111110101011 2

000000000111 3 000011100110 1 110011011111 1 111110110011 1

000000001001 1 000011100111 1 110011111111 1 111110110111 1

000000001111 2 000011101110 1 111000000000 1 111110111011 1

000000010111 1 000011101111 2 111011010110 1 111110111101 1

000000100000 1 000011110110 1 111100000000 19 111110111111 1

000000100111 1 000011111110 1 111100000001 1 111111000000 3

000001000000 1 000011111111 3 111100000010 1 111111000100 1

000001000100 3 000100000100 2 111100000011 1 111111001100 1

000001000110 3 000100001111 1 111100000100 5 111111001101 1

000001000111 2 000100010110 1 111100000101 3 111111010011 1

000001001001 1 000111000110 1 111100000110 2 111111010101 1

000001010110 4 000111001111 1 111100000111 1 111111010110 1

000001011110 1 001000000110 1 111100001001 1 111111011110 1

000001110000 1 001010000101 1 111100010000 1 111111011111 1

000001110010 1 001010001101 1 111100100000 2 111111101000 1

000010000001 1 001111001101 1 111100100001 1 111111101111 10

000010000100 1 011111111011 1 111100111101 1 111111110000 2

000010000101 2 100000000000 1 111101000000 1 111111110010 1

000010000110 3 100000000100 1 111101000010 2 111111110111 7

000010000111 1 100000000110 1 111101000110 1 111111111000 2

000010001100 2 100000010110 1 111101000111 1 111111111001 2

000010001101 1 100000011101 1 111101010000 1 111111111011 2

000010001110 2 100010000010 1 111101101111 1 111111111100 2

000010001111 2 100010111101 1 111101111111 1 111111111101 4

000010010000 1 100011110011 1 111110000000 7 111111111110 1

000010101111 1 101000000111 1 111110000001 1 111111111111 39

000010110101 1 101011111111 1 111110000100 2

000011000010 1 101100000000 1 111110000110 1

In general, IITA is supposed to provide more reliable
results with larger sample sizes. In practice, however, a solution
computed for a smaller sample size can still be an empirically
useful model. This may be the case if the derived IITA hierarchy
yields an acceptable and also simple description of a higher
number of motivation variables, scaled altogether in one go.
This may be especially so, if no other alternative model is
available or difficult to get, or if an exploratory first model
is needed that covers a larger number of variables to inspect

for their multivariate relationships. Such a preliminary model
may be further adjusted in subsequent analyses. A strategy for
how to perform sequential exploratory IITA analyses with more
and more refined subsets of motivation variables is outlined,
actually for the first time in the literature on IITA, with
the example of this section. Thus, we also contribute to the
methodology of IITA. The results obtained are illuminating as
they constructively add insight into a dispute in SDT literature
(Chemolli and Gagné, 2014; Sheldon et al., 2017).

Frontiers in Psychology 16 frontiersin.org

192

https://doi.org/10.3389/fpsyg.2022.993660
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-993660 January 25, 2023 Time: 11:25 # 17

Ünlü 10.3389/fpsyg.2022.993660

TABLE 4I For B = {i1, ..., i5,d1, ...,d4}, with N = 577, k = 9 items,
and u = 52 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency

000000000 105 011001111 1

000000001 1 011100000 1

000000010 1 011111111 2

000000011 1 100000000 2

000000100 1 100111111 1

000000110 1 101111111 1

000000111 1 110000000 1

000001000 10 110000001 1

000001001 1 110001111 1

000001100 12 110010011 1

000001101 2 110011111 1

000001110 31 110101111 2

000001111 22 110111111 10

000010000 1 111001111 4

000101000 1 111100001 1

000101001 1 111101111 1

001010001 1 111110000 11

010000000 5 111110001 8

010000111 1 111110111 11

010001000 1 111111001 2

010001100 1 111111010 1

010001110 1 111111011 1

010001111 11 111111100 1

010011111 5 111111101 1

010101110 1 111111110 1

010111110 1 111111111 289

A remark regarding notation is in order. The manifest
items or indicators of the instruments and their measured or
underlying motivations are denoted with the same symbols.
For example, we use e to stand for a manifest test item
of the external regulation subscale and the corresponding
latent external regulation. In particular, the variable names
of the IITA solutions, for example, presented in the plots,
are understood to be denoting the underlying motivations,
not indicator variables. In the sequel, the five indicator
variables and their corresponding (possibly equal) gradations
of intrinsic regulation are i1, ..., i5 (o = 5); for external
regulation the manifest and latent variable names are e1, ..., e5

(l = 5); and for identified regulation d1, ..., d5 (n = 5) and
introjected regulation j1, ..., j4 (m = 4). Thus, the motivation
domains for the poles of the internalization continuum are
Mi = {i1, i2, i3, i4, i5} and Me = {e1, e2, e3, e4, e5}, and for
the intermediate regulations Md = {d1, d2, d3, d4, d5} and

Mj = {j1, j2, j3, j4}. We performed IITA analyses and derived
sets and relations for the individual subscales (Figure 3).
We also distinguished and ran the analyses separately in
autonomous and controlled motivations Ma = Mi ∪Md and
Mc = Me ∪Mj, respectively (Figure 4). In addition, all
motivations were jointly analyzed M = Mi ∪Me ∪Md ∪Mj

(Figure 5). Motivation models for further subsets of the domain
were also derived (Figure 6).

Those motivations are interpreted as the gradations of
the types of intrinsic regulation, external regulation, identified
regulation, and introjected regulation, or of autonomous
motivation and controlled motivation, which may or may not be
a same gradation, depending on the solution obtained by IITA,
in the following sense. Whether two motivations denominate
the same gradation will be judged on the basis of parallel
or equally informative motivations. Given the data-analytically
derived motivation co-occurrence relation by IITA on M or
Mx, where x = i, e, d, j, a, c, we can obtain the corresponding
quasi-ordinal motivation space. Any (two or more) regulations
in M or Mx, which are then contained in the same motivation
states of this space, are called parallel or equally informative.
In a sense, they carry the same information regarding the
distribution of motivation in the population. Equivalently, in the
other representation, parallel or equally informative regulations
imply each other in the motivation co-occurrence relation.
That is, for any two equally informative gradations, each one
is a possessed motivation if and only if the other is. Equally
informative gradations occur always jointly. We take this to
mathematically define those parallel gradations or regulations of
the solution that are “equal.”

A remark on this definition of “equality” is in order.
Obviously, if two regulations as true constructs are equal objects,
they necessarily, by identity, must be parallel. However, the
converse may not be the case. One could imagine equally
informative gradations being different constructs. But this is
only hypothetical. In reality, by definition, parallel gradations
can only be observed jointly. They cannot be separated
empirically if the model holds true. In this sense, experimentally,
we can only know their summative effect on another substantive
variable of a study, but we have no information about what effect
an individual part or gradation may have. This is reminiscent
of entanglement in quantum mechanics in physics (e.g., Jaeger,
2009; Duarte, 2019), where we may know everything about
a system, but nothing about its parts. If we cannot separate
the parallel gradations, but only observe their “summative
motivation,” which may be an aggregate “motivation” different
from the postulated basic motivations, we can take any of those
gradations to represent their same “summative motivation.”
If this “summative motivation” is composed of only genuine
gradations of the same basic regulation type, we assume or say
that this “summative motivation” and its constituting parallel
gradations are a same “gradation” of that regulation type.
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TABLE 4J For C = {d5, j1, ..., j4, e1, e2, e5}, with N = 706, k = 8 items, and u = 114 unique response patterns (Appendix B).

Pattern Frequency Pattern Frequency Pattern Frequency Pattern Frequency

00000000 273 01010010 1 10100100 1 11011011 1

00000001 19 01010110 1 10101001 4 11011100 1

00000010 11 01011001 1 10101011 1 11011110 2

00000011 2 01011011 1 10101111 1 11011111 2

00000100 14 01011110 1 10110001 3 11100000 2

00000101 1 01101001 2 10110100 1 11100001 4

00000110 7 01110000 1 10111001 5 11100111 1

00000111 2 01110001 1 10111011 1 11101000 2

00001000 2 01111111 1 10111111 1 11101001 8

00001001 3 10000000 29 11000000 14 11101010 1

00001101 1 10000001 10 11000001 1 11101011 1

00001110 1 10000010 3 11000010 1 11101101 2

00001111 1 10000011 2 11000011 3 11101111 4

00010000 4 10000100 3 11000100 2 11110000 3

00010001 1 10000101 1 11000101 1 11110001 16

00010110 1 10000110 1 11000110 1 11110011 1

00010111 1 10000111 1 11001000 4 11110100 2

00011011 1 10001000 8 11001001 1 11110101 1

00011110 1 10001001 4 11001011 1 11110111 1

00100000 2 10001100 1 11001100 1 11111000 5

00100001 2 10001101 1 11001110 1 11111001 25

00100100 1 10010000 2 11001111 1 11111010 2

00110001 1 10010001 1 11010000 3 11111011 12

00111111 1 10010110 1 11010001 4 11111100 1

01000000 20 10011001 1 11010010 1 11111101 11

01000001 2 10011011 1 11010100 1 11111110 1

01000010 1 10100000 1 11010111 2 11111111 50

01000100 2 10100001 4 11011000 3

01010000 15 10100010 1 11011001 1

To sum up, for practical purposes, if by data analysis,
we detect two parallel regulations, letting aside variability of
the solution, they may or may not be truly equal gradations
(objects), which does not matter empirically, as a result of their
unidentifiability, but in any case, they can be considered to be
“equal” or equivalent in that more general sense. That is, if
we term the latter notion of “equality” the parallel equality, in
contrast to true (object) equality, the true equality cases entail
parallel equality, but parallel equality encompasses additional
cases that are not true equality. It is this generalized notion of
equality that we use in the sequel.

In Figure 3, we can see the motivation co-occurrence
relations, with their spaces below, that were detected for the
separate subscales. We may expect a linear order since the items

of each subscale should be measuring the same latent regulation
type, in cumulative and possibly equal gradations.

The corresponding quasi-ordinal motivation spaces are,
by application of Birkhoff’s theorem, Mi = {∅, {i2}, {i1, i2},

{i1, i2, i4, i5}, Mi}, Me = {∅, {e3}, {e3, e4},{e3, e4, e5}, Me}, Md

= {∅, {d1, d2,d3}, {d1, d2, d3, d4}, Md}, and Mj = {∅, {j1},
{j1, j2}, {j1, j2, j4}, Mj}. Except for introjected regulation,
in each solution, we have equally informative regulations,
namely, {i4, i5}, {e1, e2}, and {d1, d2, d3}. Thus, by definition
(of parallel equality), we assume that these regulations denote
equal gradations for each type of intrinsic regulation, external
regulation, and identified regulation, respectively, and that the
other gradations are distinct.
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A B

C D

FIGURE 3

Motivation co-occurrence relations obtained by IITA of the empirical data set for the types of intrinsic regulation (A), external regulation (B),
identified regulation (C), and introjected regulation (D). In each type, we see gradations that are cumulative, in the sense that they form linear
orders or chains. Except for introjected regulation, there are equally informative gradations.

In SDT, researchers distinguish between autonomous
(intrinsic and identified) motivations and controlled (external
and introjected) motivations. This higher-order interpretation
of the basic regulations is shown to be substantively important
for the study of motivation and empirically adequate in
motivation data (e.g., Deci and Ryan, 2008; Gagné et al.,
2010, 2014). For example, evidence is reported by Gagné

et al. (2010) that a second-order two-factor confirmatory
factor analysis model can yield adequate fit, where the
two higher-order factors group together the autonomous vs.
controlled regulations as first-order factors. Consequently, in
Figure 4, the relations and sets obtained by IITA in the
autonomous and controlled motivations of the data set are
reported.

Frontiers in Psychology 19 frontiersin.org

195

https://doi.org/10.3389/fpsyg.2022.993660
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/


fpsyg-13-993660 January 25, 2023 Time: 11:25 # 20

Ünlü 10.3389/fpsyg.2022.993660

A B

FIGURE 4

The IITA quasi-order solutions for autonomous motivation (A) and controlled motivation (B) of the empirical data set. By Birkhoff’s theorem, the
corresponding quasi-ordinal motivation spaces are Ma = {∅, {d1, ...,d3}, {i2,d1, ...,d4}, {i1, ..., i5,d1, ...,d4},Ma}, and
Mc = {∅, {e3}, {e3, e4}, {e3, e4, j1}, {e3, e4, j1, j2}, {e3, ..., e5, j1, ..., j4},Mc}, respectively. We see cumulative gradations of autonomous
motivation and controlled motivation. This corroborates the higher-order interpretation of the basic motivations in these two non-basic
autonomous and controlled motivations, which is also advocated in SDT literature.

Autonomous motivation and controlled motivation may be
viewed as higher-order, aggregate types of motivation, different
from SDT’s postulated basic motivations. The cumulative (i.e.,
linearly ordered) gradations of autonomous motivation and
controlled motivation obtained in the solutions corroborate
that interpretation. In particular, the results indicate that the
intermediate regulations are interweaved with their respective
polar regulations in their common aggregate types, fairly
arbitrary. The former can imply the latter and vice versa.
They can be equally informative gradations of their underlying
higher-order regulation types, even if they are different basic
motivations. For example, intrinsic motivation i2 and identified
motivation d4, basic motivations of different subscales, are
equally informative, and by definition, they may be viewed
as the same gradation of autonomous motivation. Or, the
parallel regulations j3, j4, and e5, if the model is true, can be
viewed to be an equal gradation of the controlled motivation
type. It is important to note, however, that the interpretation

of the relations and their derivation from data are based
on motivation possession or occurrence. Thus, possession of
intrinsic motivation i2 implies the possession of one, and
thus all, of the identified motivations d1, d2, and d3. External
regulation e1 occurs if and only if external regulation e2 occurs,
and in this case, all other regulations, external and introjected,
must necessarily be also possessed motivations. Thus, if a person
attains specific polar or intermediate regulations, we may infer
that this person also possesses the motivations implied by
those regulations.

In Figure 5, we ran the IITA algorithm on all motivations
available in the data set for exploration, first and foremost. The
sample size of N = 180 is small, relative to a large number of
k = 19 motivation variables. That is okay since the aim was
to look for possible interrelationships among the variables and
to gain guidance on what motivation combinations to further
investigate in narrow analyses.
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FIGURE 5

For exploratory analysis, all motivations of the empirical data set
were jointly analyzed M = Mi ∪Me ∪Md ∪Mj. The sample size
of N = 180 students for a total of k = 19 motivations was
small for an overall IITA computation. Thus, based on the
exploratory global solution (this figure), collections of
motivations were delineated that were further analyzed more
reliably, in lower numbers of jointly scaled motivations with
larger sample sizes. In this example, the three subsets of
motivations A, B, and C were regarded to be adequately sized
and located within the overall graph for subsequent, more
refined IITA analyses (Figures 6A–C).

In this example, we carved out the three subsets of
motivations A, B, and C in Figure 5, which basically give a
covering of the whole graph with overlapping motivations that
will be used to mesh together the separate IITA solutions in
those subsets. The choice of subsets made in Figure 5 was also
motivated by the following observations. Motivation e5 seemed
to be critical in the overall solution compared with what we
obtained in Figures 3B, 4B. Also, motivations d5 and i1, i3, i4, i5

constituted linkages of autonomous motivation with controlled

motivation, which is important information not contained in
Figures 3, 4. In addition, subsets B and C are chains, indicating
that each of their motivations is more strongly interrelated,
where B is a proper subset of the autonomous motivation
scale and deviates from the relation obtained in Figure 4A.
The binding subset between B and C is A, where the external
motivations are not in accordance with the solution computed
in controlled motivation in Figure 4B. Thus, these subsets
with their extra or deviating structures may require further
consideration.

The refined analyses in those subsets A, B, and C are
reported in Figure 6.

The dashed boxes of two types indicate the knots where the
three graphs are lumped together, respectively. For solutions A
and B of Figure 6, there is only one option, to append solution
B to solution A. For solutions A and C of Figure 6, the more
refined solution C replaces the corresponding part of solution A.
This also turned out to be the more preferential meshed solution
in accompanying data analyses in even smaller subsets of the
involved variables. Thus, the combined and final motivation
co-occurrence relation in Figure 7 was obtained.

The corresponding space of motivation states for this overall
solution, as a graph, is shown in Figure 8.

From Figures 7, 8, we can see how the different motivations
are interrelated with each other in the interpretation of
motivation possession. Deviations from a perfect chain structure
are due to incomparability between (all) intrinsic regulations
(i1, ..., i5) and (four) identified regulations (d1, d2, d3, d4) on
the one hand and (two) external regulations (e3, e4) on the
other, located in the bottom parts of these figures. Except for
(one) identified motivation (d5), which is intermingled with
(two) introjected motivation (j3, j4), the hierarchy depicted in
Figure 7 can essentially be partitioned into the two chains of
autonomous motivation (V) and controlled motivation (U).
These parts are connected by an edge (w) between intrinsic
motivation (i1, i3, i4, i5) and introjected motivation (j1).

We have the following interpretation, in our example,
regarding the discrimination or separability of controlled
motivation and autonomous motivation. According to the
hierarchical structure of their defining regulations, in Figure 8,
controlled motivation and autonomous motivation cannot
always be mutually exclusive, and thus separable. There are
the motivation states, which only entail either controlled
motivation or autonomous motivation, {e3} and {e3, e4} or
{d1, d2, d3}, {i2, d1, d2, d3, d4}, and {i1, i2, i3, i4, i5, d1, d2, d3,

d4}, respectively. However, the majority of the states imply
autonomous as well as controlled motivations jointly. For
example, the state {i2, d1, d2, d3, d4, e3} is autonomous
motivations i2 and d1, d2, d3, and d4 as well as controlled
motivation e3. Thus, in a population of reference, depending
on the distribution of the motivation states, we may end up
sampling students either autonomously or controlled motivated
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FIGURE 6

IITA computations for the motivations A = {i1, i3, ..., i5,d5, j1, ..., j4, e3, e4, e5} (A), B = {i1, ..., i5,d1, ...,d4} (B), and C = {d5, j1, ..., j4, e1, e2, e5}

(C) of the empirical data set. The dashed boxes indicate the respective linkage knots for the three graphs (Figure 7).

(three or two states, respectively), autonomously as well as
controlled motivated (eleven states), or none of them (∅).

Importantly, the final solution can be utilized for the
qualitative assessment of combinatorial dimensionality, in the
following sense. We see that the derived multidimensional
structure, that is, genuine quasi-order, is close to a
unidimensional structure, meaning a chain. In particular,
note that this is not the common definition of numerical
dimensionality of the parameter or factor space of a statistical
(e.g., item response or structural equation) model. Compared
to the latter, the combinatorial view of dimensionality is
more qualitative. In the solution, in Figure 7, omitting the
external gradations e3 and e4, on M\{e3, e4}, the restricted
motivation co-occurrence relation is a single chain. Thus,
the two-dimensional structure (i.e., linked two chains) of
autonomous motivation V and controlled motivation U on the
entire motivation domain becomes a unidimensional structure,
if slightly pruned. That is, with the approach of this article,
based on relations, we may see how close a multidimensional
structure is to unidimensionality. In the empirical example
it is very close, and where discrepancies in the structure may
occur combinatorially. This may especially be so in relatively
structured motivation data of validated SDT questionnaires.

In particular, this could dissolve a dispute of opinions
put forth by Chemolli and Gagné (2014) and Sheldon et al.
(2017). These authors advocated mutually exclusive views of a
multidimensional vs. a unidimensional structure of motivation,
respectively. In the empirical application of this article, at

least, the two opinions only differ slightly, so both views
basically seem to be justified in this example. In other
applications, in the same manner, researchers could investigate
the dimensionality of motivation. Presumably, if the theory
holds true empirically, there should not be greater discrepancies
between the unidimensional vs. multidimensional views of
motivation, and this could be combinatorially quantified, similar
to the example. However, this is only a conjecture, which needs
to be tested critically in more popular scales; for example, in
the Multidimensional Work Motivation Scale (MWMS), refer
Gagné et al. (2010, 2014) and Trépanier et al. (2022).

To conclude, in Table 2, we summarize the frequency
distributions of the dichotomous scores across motivation
variables and the sample sizes underlying any of the IITA
analyses of the empirical data sets. All analyzed data sets with
individual binary entries can be found in Appendix B.

6. Usefulness of this approach for
motivation research and limitation

We summarize the main conclusions from the results and
the application of KST to SDT.

1. First and foremost, the problem of unidimensionality vs.
multidimensionality of motivation, which has been disputed
among SDT researchers (in particular, Chemolli and Gagné,
2014; Sheldon et al., 2017), can be more informatively assessed
and resolved based on discrete KST combinatorial structures,
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FIGURE 7

The concatenated final motivation co-occurrence relation vf

on the motivation domain of all regulations
M = {i1, ..., i5,d1, ...,d5, j1, ..., j4, e1, ..., e5}, obtained by
sequential exploratory IITA analyses of the data set. The graph is
composed of two, connected by w, chains U (of essentially
controlled motivation) and V (of autonomous motivation).

as compared to numerical dimensionality of parametric
psychometric models. Take as an example, Figure 7. It is by no
means obvious, or unique, how to derive this figure’s hierarchy
among the motivations by covariance structure models. You
have too many fit and model selection indices (Tables 13.1
and 13.2 in West et al., 2012), and even if some of these
indices may be indicative (but others generally are not) and
you order motivations by their real unidimensional factor
loadings, for instance, you may not be able to distinguish

parallel or equally informative gradations nor account for the
incomparable motivations (branching) located at the bottom
part of the hierarchy. There may be workarounds though, more
or less ad hoc and arbitrary solutions, which, however, may not
be as straightforward and principled anymore as the natural
combinatorial approach directly operating with orders.

2. In particular, we have contributed to the issue of
the number of essential dimensions underlying the theory’s
posited motivations. We could only try one data set. Thus,
we conjecture that in other empirical data sets of validated
SDT instruments, if occurring, multidimensionality, essentially,
is two dimensions only, which are also qualitatively close to
unidimensional. The findings of this article corroborated the
higher-order classification into autonomous motivation and
controlled motivation, which is also advocated by other SDT
researchers, the two branches of the hierarchy, but altogether
the motivations were also close to a single chain structure.
Whether the close proximity of one vs. two combinatorial
dimensions may entail significant differences in real use cases
is an interesting question. If necessary, based on the hierarchy
of dependencies among the regulations, combinatorially, we
could exploit the full information in the graph and differentiate
between “mixed” dimensionalities, in the sense that certain
motivations are chained, thus combinatorially unidimensional,
whereas others are branched, thus combinatorially two (or
more) dimensional.

3. In addition, this article adds insight into possible
inconsistencies that may arise in applications of the theory
in the way the different regulation types can be empirically
distinguishable (e.g., integrated regulation seems to be difficult
to identify). In particular, we conjecture that there may be
equally informative or parallel gradations of the basic regulation
types that may not be separable empirically, and thus remain
unidentifiable or indistinguishable by experiments, most likely.
Therefore, the generalized notion of equality, parallel equality,
of the regulations of motivation can be adequate.

4. A key requirement for any statistical or mathematical
model used to represent motivation qualitatively should
be the flexibility that comes with representing structures.
This is more the case with discrete structures than with
numerical values. Numerical values such as factor loadings,
factor scores, person abilities, or item difficulties, typical
parameters of the structural equation or item response models,
are more strongly aggregated numbers, implying their more
restrictive natural linear orderings. The use of more general
combinatorial structures such as surmise relations or even
surmises functions (Doignon and Falmagne, 1999) allows for
greater flexibility in the representing structures, for a more
qualitative, thus diagnostic, conceptualization of motivation.
Even a multidimensional numerical approach, which generally
may be ambiguous and more difficult to interpret compared
with a unidimensional model, can only yield partially ordered
structures, by component-wise comparisons. In particular,
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M

FIGURE 8

The quasi-ordinal motivation space Mf corresponding to the final IITA solution vf. The graphical representation is read from bottom to top,
where a sequence of arcs linking a motivation state to a state located top of it means that the former is a subset of the latter. The bottom part of
the graph indicates a branched multidimensional structure, the top part a linear unidimensional (“mixed” dimensionality).

partial orders do not differentiate parallel or equally informative
motivations. Due to the use of more general KST structures, you
can in principle describe more data sets in practice.

5. On top of that, in contrast to the commonly used
psychometric approaches, the representing structures in KST are
mathematically linked by theorems such as Birkhoff’s, offering
additional flexibility in the choices of equivalent representations,
depending on the targeted use cases. For example, in the Rasch
model (Van der Linden and Hambleton, 1997; Chemolli and
Gagné, 2014), ability and difficulty estimates provide essentially
separate representations, at the levels of persons and items,
respectively. There is no direct and interpretable connection
between these real-valued point estimates. In contrast, the more

differentiated set representation (motivation structure) used for
the persons is mathematically connected, by Birkhoff’s theorem
(Theorem 1), to the fine-grained order representation (co-
occurrence relation) used for the motivations. The two levels,
people and regulations, are combinatorially interrelated, which
offers more ways for qualitatively representing and interpreting
motivation-related results.

6. A cornerstone of KST is adaptive testing (for applications
in education, see Falmagne et al., 2013). Originally, KST was
developed and is predestinated for this purpose. Thus, the
KST approach to SDT, as advocated by us, can provide the
necessary framework to develop adaptive assessment procedures
for motivation testing in SDT. To our knowledge, adaptive
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testing has not been addressed at all in the SDT literature. To
motivate, consider Figure 7. Under this co-occurrence relation,
for example, if we test that a student is intrinsically motivated,
possessing motivation i2, we do not need to further test that
student for the identified regulations d1, d2, d3, and d4, as
possessing the latter is necessary, implied by possession of the
former. Or, if a student is tested not to be externally motivated,
not possessing regulation e5, we can infer that this student must
also not possess the motivations j3, j4, d5, e1, and e2. Thus,
the assessment can skip testing for those motivations. These
are only simple illustrative examples. Dependency hierarchies
accompanied by adaptivity of this sort can build the basis
for efficient computerized adaptive assessment procedures for
testing and also training motivation in various SDT application
domains (e.g., to automate and efficiently test, or train, work
motivation among employees of a bigger company).

7. Related to the preceding point, the KST approach to
SDT also has the advantage that it can allow for dynamical
motivation systems for the study of motivational behavior in
time, particularly how motivation can progress in an orderly
fashion, or perhaps become altogether unpredictable or even
chaotic. The provision of a dynamical (including longitudinal)
self-determination theory could be accomplished based on
stochastic (learning) paths (Falmagne, 1993). The general idea
underlying such an extension of SDT has been conceptually
exemplified in section “Sets and relations among motivations,”
with Figure 1.

8. Mathematical, not statistical, modeling is possible.
Mathematical models of motivation, such as discrete
combinatorial structures (not only of KST), may help to
understand, from a purely theoretical viewpoint, the logical
foundations of the theory. In particular, the order-theoretic and
algebraic properties of self-determination may be derived and
studied mathematically (Ünlü, 2022), thus providing principled
definitions of the central concept of self-determination. This
may improve on the theory since in SDT, self-determination is
commonly “defined” in a more or less ad hoc manner, based
on such descriptive scoring protocols as the relative autonomy
index (Grolnick and Ryan, 1987), an index that was criticized
(Chemolli and Gagné, 2014; Ünlü, 2016). Or, the important
internalization continuum of SDT can be mathematically
defined by orders (Figure 2B).

9. Sets and relations derived for different motivations, for
example, in the domains of work, sport, or learning, could be
combinatorially compared, at a qualitative level. This could aim
at finding structural invariants of motivation across different
application contexts of the theory of self-determination.

The KST approach is relatively universal. It is generally
applicable in any context in which implications between,
even abstract, information units are of interest. For example,
information units can be the geometry questions of a
mathematical literacy test, where we are interested in whether
the mastery of a geometry question implies the mastery of

other questions of the test. In our context, the information
units are regulations, among which the implications in
their interpretation of motivation possession are considered.
In principle, the application presented in this article is
generalizable to other (psychological) theories (with appropriate
operationalizations), if the system of interest, its defining units
of information, the implications among those units, and their
interpretation are delineated as the objects of the study. Not-
so-obvious applications of this approach to other fields include
system failure analysis (e.g., of a nuclear plant), where the failure
of a component of the system may imply the failure of other
components. Or, in medical diagnosis, the system is the patient,
the information units are represented by the symptoms, and a
physician examines whether the presence of certain symptoms
in the patient imply that of others.

The present article has an obvious limitation, in that
only one scale and data set were analyzed, which can be
found in Appendices A, B, respectively. In future studies,
more popular scales such as the MWMS (Trépanier et al.,
2022), Sport Motivation Scale (SMS; Pelletier et al., 2013),
and Academic Motivation Scale (AMS; Vallerand et al., 1992)
with corresponding data sets could be examined using the
KST and IITA approaches. This is an important direction
for subsequent work. On the one hand, it remains to be
seen if in those application domains with their questionnaires
and data sets similar results can be obtained. On the other
hand, it would be interesting to see how domain-specific
motivation spaces and co-occurrence relations obtained in
different application contexts of SDT structurally compare with
each other. This could give (qualitative) information about the
properties, similarities, and differences, of work motivation,
sport motivation, and academic motivation, for example. To
accomplish such a program, at this point, we have a personal
recommendation addressed to the field of SDT. In the future,
SDT researchers could consider providing their most pertinent
data sets in a publicly accessible database. That would greatly
facilitate research of the sort reported in this article.

7. Conclusion

Chemolli and Gagné (2014) advocated the use of qualitative
motivation in self-determination theory (SDT). The approach
presented here to motivation, an application of knowledge
space theory (KST), is inherently qualitative, based on sets
and relations in motivation regulations. In particular, this
methodology allows us to treat each regulation as a separate
variable of the motivation domain (cf., Koestner et al., 1996),
and to represent every person by her or his total motivational
profile, the motivation state, of all regulations within the
person (cf., Vansteenkiste et al., 2009). This approach is flexible
and general. It incorporates combinatorial unidimensionality
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as well as multidimensionality of the possible motivation
structures in a unified and natural manner by the use of
linear orders (chains) and genuine quasi-orders, respectively.
In the empirical application, we have seen that there are
unidimensional substructures, such as that of autonomous
motivation (Figure 4A) and controlled motivation (Figure 4B).
We have also seen that the overall motivation structure was
basically branched into autonomous motivation and controlled
motivation and was two-dimensional in that sense (Figure 7).
However, that motivation structure could be slightly pruned
to become a chain, and thus unidimensional. Basically, two
combinatorial dimensions reducible to one were observed.

In essence, these results are in accordance with, both,
the seemingly contrary and exclusionary opinions expressed
in the articles by Chemolli and Gagné (2014) and Sheldon
et al. (2017), thereby bringing together and uniting their
views. The conjecture is that in empirical data sets of reliable
and valid SDT instruments if occurring, multidimensionality
is essentially two dimensions that are qualitatively close to
unidimensional. In future applications of this approach to other
scales (e.g., Trépanier et al., 2022), one could check if this may
be generally so. But in any case, one could study how close a
multidimensional relational structure is to unidimensionality,
and how to prune the structure accordingly, if possible.

The presented qualitative conceptualization of motivation
based on KST can contribute to SDT in novel ways,
practically and theoretically (cf. also section “Usefulness
of this approach for motivation research and limitation”).
Especially, adaptive assessment and training of motivation,
ideally computerized, or the dynamical or longitudinal analysis
of motivation progression in time, could be accomplished
based on stochastic paths in empirically valid motivation spaces
of the feasible motivation states (Figures 1, 8). This article
paves the way for these and other fruitful and interdisciplinary
contributions to the study of motivation from the viewpoint
of knowledge axiomatization and assessment in education. We
have only considered the basic, yet powerful, concepts and
their interpretations in motivation. More work in this direction
is needed, especially by applied SDT researchers, to relate
the combinatorial structures of motivation to behaviors and
experimental outcomes.

In the end, we would like to describe this contribution as
a cross-disciplinary methodology, an application of knowledge
modeling in education and mathematical psychology, KST,
to the study of motivation in, amongst others, social and
personality psychology, SDT. As such, the KST approach is,
most probably, not familiar to applied researchers in SDT,
but we think it is worth the effort. To our knowledge, the
qualitative representation and the analysis of motivation based
on discrete combinatorial structures, as proposed in this article,
are interesting new views on the quantitative treatment of
motivation in the theory of self-determination.
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Appendix

Appendix A. German modification Academic Self-Regulation Questionnaire (SRQ-A)

The SRQ-A questionnaire, in its original two versions, can be retrieved from https://selfdeterminationtheory.org/self-regulation-
questionnaires/ (as of 30 October 2022). Validations of this scale were presented by Ryan and Connell (1989) and Deci et al. (1992).
The adapted and supplemented version of the SRQ-A in German by Müller et al. (2007), which is used for the empirical application,
can be retrieved from https://ius.aau.at/wp-content/uploads/2016/01/mui_fragebogen.pdf (as of 30 October 2022). We have decided
not to translate this scale into English, for the following reason. The German modification seems to be more than a mere translation of
the original SRQ-A. According to the authors, only nine of the seventeen items are reused, just translated, items of the original SRQ-A.
Understandably, it has only been validated in the German language (Müller et al., 2007). Thus, to avoid the risk of any distortion of its
validated properties by an unverified translation (e.g., from German to English), we reproduce this scale in its original form in Table 3.
Other works could study possible translations of this German modification of the SRQ-A into different languages (such as English), to
validate or invalidate it in further settings.

Appendix B. Data sets

The binary data sets used for the empirical application are available in Tables 4A–4J, as frequency tables containing the observed
response patterns with their respective absolute frequencies, for intrinsic regulation (Table 4A), external regulation (Table 4B),
identified regulation (Table 4C), introjected regulation (Table 4D), autonomous motivation (Table 4E), controlled motivation
(Table 4F), all regulations (Table 4G), and for the subsets of motivations A = {i1, i3, ..., i5, d5, j1, ..., j4, e3, e4, e5} (Table 4H), B =
{i1, ..., i5, d1, ..., d4} (Table 4I), and C = {d5, j1, ..., j4, e1, e2, e5} (Table 4J). Note that the sequence of how the response patterns are
laid out in a data set according to their absolute frequencies is irrelevant for computations. The data sets made available in this appendix
were analyzed by IITA with free software (Schrepp, 2006; Ünlü and Sargin, 2010).
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Introduction: Depression and obesity are the main threat among women which have 
been considered by many research scholars in psychology studies. In their analysis 
for measuring and estimating obesity and depression they were involving statistical 
functions.

Methods: Regression, Analysis of Variance (ANOVA), and in the last two decades 
Structural Equation Modeling are the most familiar statistical methods among 
research scholars. Taguchi algorism process is one the statistical methods which 
mostly have been applying in engineering studies. In this study we are looking at two 
main objectives. The first one is to introduce Taguchi algorism process and apply it 
in a case study in psychology area. The second objective is challenging among four 
statistical techniques include ANOVA, regression, SEM, and Taguchi technique in a 
same data. To achieve those aims we involved depression and obesity indices with 
other familiar indicators contain socioeconomic, screen time, sleep time, and usage 
fitness and nutrition mobile applications.

Results and discussion: Outputs proved that Taguchi technique is able to analyze 
some correlations which are not achieved by applying ANOVA, regression, and SEM. 
Moreover, SEM has a special capability to estimate some hidden correlations which 
are not possible to evaluate them by using ANOVA, regression, and even Taguchi 
method. In the last, we found that some correlations are significant by SEM, however, 
in the same data with regression those correlation were not significant. This paper 
could be a warning for psychology research scholars to be more careful with involving 
statistical methods for measuring and estimating of their research variables.

KEYWORDS

Taguchi, obesity and depression, mHealth apps, women’s obesity, experimental design

1. Introduction

Over time, there has been a consistent rise in the number of people receiving a depression 
diagnosis. The patient’s ability to work, financial situation, and interpersonal relationships are all 
impacted by this mental disease (Muharam et al., 2018). Passive behaviors such as disinterest, guilt-
ridden thoughts, low self-esteem, lack of sleep, poor appetite, perpetual sadness, or signs of weariness 
can all be indicators of depression (El-Gilany et al., 2018; Zeng et al., 2018). Being depressed on a 
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day-to-day basis results in a major handicap that can cause mental and 
behavioral difficulties (Archana et al., 2017). It is very likely that this 
condition will have an effect on the patient’s physical well-being, which 
will ultimately lead to an elevated risk of morbidity and mortality 
(Elamoshy et al., 2018; Jia et al., 2018; Muharam et al., 2018). According 
to the World Health Organization (WHO), more than 300 million 
people worldwide experienced symptoms of depression in World Health 
Organization (2017). However, earlier research found that women, 
rather than men, were more likely to suffer from depression (Jin et al., 
2016). It was shown that hormonal changes, such as those that occur 
during puberty, pregnancy, and menopause, were the most significant 
contributors to depression in women. Particularly after giving birth, a 
woman needs to have extra care and obtain the right kind of health care 
priorities because any unpleasant act can cause depression at this stage, 
which will be devastating to the entire family (Correa et al., 2017). In 
addition, a woman needs to obtain the right kind of health care priorities 
because any unpleasant act can cause depression at this stage.

On the other hand, the epidemic of overweight and obesity is 
quickly spreading, especially to younger age groups; as a result, it has 
become a serious concern for healthcare systems due to the tremendous 
economic and psychosocial load it places on those systems (Rippe, 
2021). In 2017, it was estimated that 13% of the adult population globally 
was obese, and this number has consistently risen over the past few 
decades in both developed and developing countries (650 million 
people) (World Health Organization, 2017). Several types of cancer, 
heart disease, and diabetes type 2 are just a few of the many chronic 
illnesses for which obesity is a major risk factor.

On the other side, technology can help people reach their health 
goals. The Global Observatory for eHealth defines mobile health 
(mHealth) as the “medical and public health practice supported by 
mobile devices, such as mobile phones, patient monitoring devices, 
personal digital assistants (PDAs), and other wireless devices” (World 
Health Organization, 2011) has become a major focus in the delivery of 
health care in recent years because of its potential impact on a wide 
range of health outcomes (Boulos et al., 2014). With the use of mobile 
technology, psychosocial and health behavior therapies are now 
accessible to a wider range of patients, in their natural environments, 
and in real time (Heron and Smyth, 2010). Mobile applications, 
sometimes known as “apps,” enable remote access to health services by 
linking patients with health experts all over the world in a safe, 
confidential, and secure manner, with quick results (Qudah and Luetsch, 
2019). There are now a great number of smartphone apps that may 
be downloaded to help manage the symptoms of anxiety and depression.

Healthcare professionals are turning to mobile health (mHealth) 
technologies (Yuan et al., 2015), such as nutrition and fitness apps (Bt 
Wan Mohamed Radzi et al., 2020; Taylor et al., 2022) to support women 
in managing obesity and depression from home. The nutritional apps 
engage women because they are convenient for monitoring daily food 
intake for healthier eating. Meanwhile, fitness apps help women chart 
their weight loss progress and BMI levels while following various 
exercises (Cho et al., 2015). Women also benefit from quick and easy 
access to health information and use mHealth apps to communicate 
with health professionals and peers.

There is some encouraging evidence of their usefulness, but this still 
has to be validated because the majority of them have not been planned 
or studied with the level of rigor required (Rathbone and Prescott, 
2017). Moreover, inadequate scientific coverage, inaccurate weight-
related information, lack of important evidence-based features, lack of 
involvement of health-care experts in the development process, 
overlooking behavior change techniques, and not undergoing rigorous 

scientific testing are some of the issues that plague the majority of 
commercial mobile apps for weight loss and management (Bardus 
et al., 2016).

1.1. Gaps in previous psychology studies

There are three gaps in previous psychology studies regarding 
measuring depression and obesity. Some previous studies just focused 
on estimating either obesity or depression. There are few studies also 
considered depression as an input for estimating obesity, or they 
involved obesity as an input for estimating depression. However, 
based on some former studies we found that there is a correlation 
between depression and obesity. The first gap of these types of studies 
is that lack of analysis for estimating both obesity and depression as 
two dependent variables in a single model. We full-fill this gap with 
introducing a single model with two dependent variables (depression 
and BMI) based on SEM technique. In terms statistical methods, 
ANOVA, simple correlation, regression, and SEM are the most 
familiar statistical methods among research scholar in psychology 
studies. These statistical modeling or even mathematical modeling 
techniques including neuro-fuzzy inference systems can determine 
the impact of significant independent (input) variables on dependent 
variable/s.

They are unable to demonstrate, however, which levels or groups of 
independent variables result in higher, lower, or nominal dependent 
variable (output) rate levels. Therefore, the question of what level or 
category of independent variables results in higher or lower dependent 
variables cannot be addressed by statistical or mathematical modeling 
techniques. Based on our research variables we could turn this question 
to, what level of usage nutrition and fitness apps, sleep time, screen time, 
and demographic leads women to have high level of depression or BMI? 
Therefore, Taguchi method can answer this question. The second gap of 
former in phycology studies that, based on best on knowledge there is 
lack of studies to answer this question. In other words, Taguchi 
technique, been applied in various engineering studies but there is 
scarce evidence for applying this pattern in psychology studies. The final 
gap is that, while they frequently used fitness and nutrition apps 
separately, it was uncommon to find apps that effectively treated both 
obesity and depression using a single model or pattern.

1.2. Objectives of the study

Based on above matters, this study is trying to achieve the 
following objectives:

First objective: to find out the impact of nutrition apps and physical 
apps usage on women’s obesity and depression with application of 
ANOVA. This is a common analysis which have been done in 
previous studies.

Second objective: to estimate the effectiveness of nutrition apps and 
physical apps (with other research variables) on women’s depression and 
obesity based on regression modeling. In this part of the study, we will 
have separates models for estimating BMI and depression.

Third objective: to estimate the effectiveness of nutrition apps and 
physical apps (with other research variables) on women’s depression and 
obesity in a single model based on SEM.

Fourth objective: to recognize the combination of levels of both 
types of nutrition and physical apps (with other research variables) leads 
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to higher obesity and depression. For this objective of the study, 
we applied Taguchi algorithm process.

Fifth objective: To compare outputs of data analysis with different 
above statistical techniques.

2. Materials and methods

2.1. Taguchi method structure

In the Taguchi method, standard deviation and variation need to 
be measured for the expected value. The observed values were spread 
out from the expected value by a high standard deviation due to noise 
factors. The lower standard deviation indicates that the observed values 
are near the expected value due to noise factors. Observed and noise 
factor values can be controlled by the Signal-to-Noise (SN) ratio. The SN 
ratio effects noise factors on performance features and quantifies the 
variability (Salarzadeh Jenatabadi et al., 2016). The formula to calculate 
the signal to noise ratio (Manigandan et al., 2020) is given in Table 1.

The Taguchi method process analysis is as follows, which refers to 
the previous literature (Salarzadeh Jenatabadi et al., 2016):

Step 1: Identifying the Indicators.
Step 2: Calculate the weight of each indicator.
Step 3:  Choosing an appropriate experimental design based on the 

Taguchi method.
Step 4: Identifying the Optimal Levels of the Indicators.
Step 5: Data Analysis.
Step 6:  Assessing the Factors in the Columns of the Orthogonal  

Array.
Step 7: Introducing suitable patterns based on the optimal levels.

2.2. Participants

The sample size estimation was calculated using Krejcie and 
Morgan’s method (Chuan and Penyelidikan, 2006). The formula below 
is commonly used to establish the total sample size requirement (Krejcie 
and Morgan, 1970):

 
s =

−( )
−( )

+ −( )χ
χ

2

2

21

1
1

NP P
d N

P P
 

(1)

In the above equation, s is the required sample size; χ 2  is the table 
value of chi-square for one degree of freedom at the desired confidence 
level; N is the population size; P is the population proportion; and d is 

the degree of accuracy expressed as a proportion (0.05). This research 
subject focused on Malaysian women who lived in urban and populated 
cities, i.e., Kuala Lumpur, Selangor, Penang, and Johor. The data was 
distributed after the MCO via online questionnaires by sending the 
questionnaire links through WhatsApp to 878 respondents.

Note: Approaching to the participant were based on two data sets 
(a) University Malaya grant [title: New Framework and Statistical 
Approaches for Health Index Studies: Case Study in Malaysia (GPF066B-
2018)] and (b) our previous studies data set (Bt Wan Mohamed Radzi 
et al., 2020, 2021).

2.3. Measurement

The research variables were classified into five sections: demographic 
information, lifestyle, BMI, depression level, and mHealth app 
frequency. The demographic details were measured in terms of four 
criteria as follows:

•  Age: (a) 21–25 years old (value 1), (b) 26–30 years old (value 2), (c) 
31–35 years old (value 3), and (d) over 35 years old (value 4).

•  Education: (a) less than a high school diploma (value 1); (b) a high 
school diploma (value 2); (c) a diploma (value 3); (d) a bachelor’s 
degree (value 4); (e) a master’s or PhD degree (value 5).

•  Job Experience: (a) no job experience (value 1); (b) less than 3 years 
(value 2); (c) 3–6 years (value 3); (d) 6–10 years (value 4); and (e) 
more than 10 years (value 5).

•  Income: (a) less than RM 2,000 (value 1); (b) between RM 2,000 
and RM 3,000 (value 2); (c) between RM 3,000 and RM 4,000 
(value 3); (d) between RM 4,000 and RM 5,000 (value 4); (e) greater 
than RM 5,000 (value 5).

Lifestyle was measured based on Nakayama et  al. (2001) and 
Khajeheian et  al. (2018) research. The indicators included average 
working hours per day; physical activity per week; average screen time 
use per day (e.g., TV, smartphone, tablet); and average sleeping hours 
per night. These indicators were grouped as follows:

•  Working hours: (a) none; (b) less than 7 h; (c) 7–8 h; (d) 8–9 h; (e) 
more than 9 h.

•  Physical activity: (a) none; (b) once; (c) twice; (d) three times; (e) 
four times; (f) more than four times.

•  Screen time: (a) less than 1 h; (b) 1–2 h; (c) 2–3 h; (d) 3–4 h; (e) 
more than 4 h.

•  Sleeping hours: (a) less than 6 h; (b) 6–7 h; (c) 7–8 h; (d) 8–9 h; (e) 
more than 9 h.

Individuals’ BMI ranges were calculated using the standardized 
formula: (Weight in kilograms)/(Height in meters)/2 (Carlson et al., 
2016). Respondents gave their weight and height, so we can group their 
BMI according to the following categories (Fu et al., 2018):

BMI classification: (a) underweight (18.5 kg/m2); (b) normal (18.5–
23.9 kg/m2); (c) overweight (24.0–27.9 kg/m2); (d) obese (28.0 kg/m2).

The Center for Epidemiologic Studies Depression Scale (CES-D), 
created by Radloff (1977) was used to measure depression. Twenty 
items make up the CES-D questionnaire, each of which is graded on 
a 4-point Likert scale. Higher scores showed that the depression was 
more severe.

The frequency of respondents using mHealth apps was measured 
based on previous studies (Rasche et al., 2018). In this study, fitness and 
nutrition apps usage were indicated as follows:

TABLE 1 Signal-to-Noise (SN) application.

Optimisation type Calculation of SN

Lower is better
1SN 10log 2

1
y

n

n
i

i
= −

=
∑

Larger is better
1 1SN 10log 2

1n y

n

i i
= −

=
∑

Where, n, yi, and i shows the repetitions in the experiments. To be concise, y is the response 
factor (BMI and level of depression) and n is the number of observations.
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The frequency with which mHealth apps are used: (a) Every day; (b) 
every couple of days; (c) weekly; (d) monthly; (e) never.

3. Results

3.1. ANOVA, regression, and SEM

Before Taguchi analysis, we applied ANOVA and regression as the 
main common statistical approaches. ANOVA is used to evaluate the 
total sum of squares, the sum of squares due to BMI, and the sum of 
squares due to depression level. Estimating significant factors on BMI 
and depression involves regression modeling. From the outputs of 
Table 2, it can be seen that there are some significant differences between 
the outputs of using nutrition and fitness apps.

Tables 3, 4 show the regression outputs for BMI and depression. 
Both tables show that using nutrition apps among women does not 
significantly impact BMI and depression. Moreover, using fitness apps 
helped Malaysian women reduce their BMI and depression. However, if 
we use SEM and include both fitness and nutrition apps in a single 
model to estimate depression and BMI, we can see different results. 
Figure 1 shows there is a significant correlation between the usage of 
fitness apps and nutrition apps, and both fitness and nutrition apps have 
significant effects on both depression and BMI.

3.2. Taguchi method analysis

Based on the Taguchi method, data analysis was performed on the 
primary dataset extracted for the Taguchi experiment. In this study, all 
the variables were taken into consideration for the Taguchi experimental 
analysis. However, three indicators, including physical activity and 
average working hours, were eliminated from the analysis for the 
lifestyle variable. According to the previous studies, the average screen 
time used and sleeping hours were retained in the analysis (Khajeheian 
et al., 2018). For the demographic variable, we calculated the average 
level of the respondents’ backgrounds and distributed them into five 
categories, as indicated in Table 2. Each variable has five levels. Hence, 
the L25 (55) Taguchi experimental design was utilized. Table 5 contains 

the Taguchi coding structure for data analysis using the 
MINITAB software.

Figures 1, 2 and Tables 6, 7 express the Taguchi method outputs 
from MINITAB software for BMI and depression levels, respectively.

Figures  1, 2 show the Taguchi output for women’s obesity and 
women’s depression, respectively. Figure 1 illustrates that the highest 
BMI occurred in women who never use the fitness apps or use them 
once a month, with a 4-h average screen time per day and more than 9 h 
of sleep. However, according to Figure 2, the highest depression level 
among women can be observed for respondents who never use fitness 
apps, spend more than 4 h per day on screen, and have an average 
sleeping time of fewer than 6 h or more than 9 h per day.

4. Discussion

4.1. Discussion based on Taguchi method

In this study, we  designed the Taguchi method based on 
demographic details, screen time, sleep amount, F-App, and N-App. 
We chose “Larger is Better” (See Table 1) in Taguchi’s design. We want 
to know which combination of research variable levels causes higher 
BMI and depression levels among women. Figures 1, 2 illustrate the 
MINITAB software output according to the Taguchi method design for 
BMI and depression levels, respectively. Based on Figures  1, 2, the 
demographic and N-App are not significant for both outputs. The 
patterns shown in these two variables are near the dotted lines. 
Therefore, it can be interpreted that the demographic and N-App do not 
significantly affect BMI and depression levels. In other words, for 
women who have higher BMI and depression levels, their demographics, 
and N-App do not significantly impact their BMI and depression levels.

Figures  1, 2 show that the F-App has a negative slope, and the 
diagram has high variation. Therefore, F-App is effective in reducing 
BMI and depression levels. For better understanding, we grouped this 
variable (F-App) into groups: group  1 = never; group  2 = monthly; 
group 3 = weekly; group 4 = 2–3 times per week, and group 5 = more than 
three times per week. Figure 1 shows that the outputs for groups 1, 2, 
and 3 are the same in reducing depression. However, there is a significant 
decrease between groups 3 and 4, and a slight decrease from group 4 to 

TABLE 2 ANOVA outputs.

N-App Depression level Sum of squares df Mean square F Significant

Between groups 137.037 4 34.259 1.939 0.102

Within groups 15423.820 873 17.668

Total 15560.858 877

BMI Between groups 169.461 4 42.365 1.737 0.140

Within groups 21289.792 873 24.387

Total 21459.254 877

F-App Depression level Sum of squares df Mean square F Significant

Between groups 360.638 4 90.159 5.178 0.000

Within groups 15200.220 873 17.411

Total 15560.858 877

BMI Between groups 2612.257 4 653.064 40.250 0.000

Within groups 18846.997 873 21.589

Total 21459.254 877
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group 5. As a result, if the F-App matches these groups; never, monthly, 
and weekly, the outputs regarding reducing depression levels are the 
same, and second, there is no significant effect on reducing depression 
levels. Females who were using the F-App 2–3 times per week showed 
better progress in reducing depression. Figure 2 shows similar outputs 
for groups 1 and 2. However, there is a significant difference between 
group 2 and group 3 and also between group 3 and group 4. Note that 
there are no significant differences between groups 4 and 5. As a result, 
females who use F-App weekly, particularly 2–3 times per week, have a 
higher likelihood of reducing their BMI over time.

The third diagram (from left) of Figures 1, 2 shows the impact of 
screen time on depression level and BMI, respectively. The diagram has 

a positive slope and high variation. We  grouped this variable into 
groups: group  1 = less than 1 h; group  2 = 1–2 h; group  3 = 2–3 h; 
group 4 = 3–4 h; and group 5 = more than 4 h per day. The diagrams of 
screen time from Figures 1, 2 show that BMI and depression levels 
increase drastically with increasing screen time. However, respondents 
who spend less than 2 h (group 1 and group 2) on screen time have low 
depression symptoms. If they spend more time on-screen, the findings 
indicate that they have a higher depression level. This result is supported 
by Kim et al. (2017)’s previous studies in which smartphone addiction 
positively correlates with depression. The findings of this study suggest 
that more screen time increases respondents’ levels of BMI. Respondents 
who sleep more per night would have a higher BMI as well. This output 
is supported by previous studies (Maddahi et  al., 2020; Salarzadeh 
Jenatabadi et al., 2020).

The last diagrams of Figures 1, 2 show how sleep amount matters in 
measuring women’s BMI and depression, respectively. When the women 
have an average of 7–8 h or 8–9 h of sleep, it will not change their BMI 
levels. To have a normal BMI range, sleeping between 7 and 9 h is not 
effective at all. The Taguchi output for depression levels is different 
compared to the BMI level output. Respondents who use fitness apps 
every 2–3 days or daily seem to have lower depression levels. The use of 
fitness apps regularly decreased the level of depression among women. 
The Taguchi output in Figure  2 for sleeping hours shows exciting 
patterns. Respondents who sleep less than 6 h or more than 9 h every day 
have the highest level of depression (i.e., likely depression). The impact 
of these two levels of sleep on depression levels is the same. Sleep quality 
might be one of the main possibilities for respondents to suffer from 
depression. Besides, previous studies also claim that depression is linked 
to women’s lifestyle choices, e.g., sleep quality (Yang et al., 2019). Berk 
et al. (2013) abridged that claim by stressing that poor lifestyle choices 
cause depression.

4.2. Discussion based on SEM

We find a strong and consistent link between obesity and depression 
in this sample of Malaysian women. Additionally, we noticed a stepwise 

TABLE 3 Regression outputs (dependent variable: BMI).

Variables Coefficients Standard 
error

t-Stat p-
Value

(Constant) 28.386 1.195 23.761 0.000

F-App −1.624 0.142 −11.465 0.000

N-App −0.004 0.146 −0.030 0.976

Screen Time 0.370 0.168 2.200 0.028

Sleeping 0.398 0.153 2.604 0.009

Demographic 0.104 0.215 0.485 0.627

TABLE 4 Regression outputs (dependent variable: Depression).

Variables Coefficients Standard 
error

t-Stat p-
value

(Constant) 14.411 1.077 13.386 0.000

F-App −0.550 0.128 −4.307 0.000

N-App −0.008 0.131 −0.611 0.541

Screen Time 0.313 0.152 2.059 0.039

Sleeping 0.404 0.138 2.927 0.034

Demographic 0.213 0.194 1.101 0.271

FIGURE 1

SEM outputs (dependent variables: Depression and BMI).
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FIGURE 2

Taguchi output for BMI pattern with MINITAB software.

increase in both directions: increasing body mass index was strongly 
associated with higher risk of depressive disorder and increasing severity 
of depressive symptoms was strongly associated with higher risk of 
obesity. We discover that the link between depression and obesity was 
not just present in cases of more severe obesity. Accounting for potential 
confounders like demographic, screen time, sleep time, and use of 
mobile applications for nutrition and fitness had a negligible impact on 
this association. The correlation could not be explained by the specific 
effects of obesity on somatic depression symptoms. The demographic 
groups where the obesity-depression association is strongest may have 

been the focus of our survey. Despite the fact that we  did not find 
differences in the relationship between obesity and depression across 
demographic groups, earlier studies have suggested that this connection 
may differ based on ethnicity, education, age, and monthly income 
(Gavin et al., 2010; Assari et al., 2014; Lincoln, 2019).

We investigate two likely mediators of the link between obesity and 
depression: screen time and sleep time. In our study, after controlling 
for the link between sleep duration and obesity, depression was found 
to be  independently associated with less sleep. Of course, both 
hypotheses—that obesity causes depression or that depression causes 
obesity—are consistent with this observation. In the first scenario, 
depression might cause less sleep, which would then result in weight 
gain. In the latter case, fewer hours of sleep brought on by obesity may 
be a factor in low mood. In either case, though, our data imply that the 
amount of sleep that a person gets may play a role in mediating this 
relationship. After taking into account the connection between screen 
time and BMI, screen time was also linked to depression. This result 
supports the idea that obesity causes depression by stigmatizing the 
condition and reducing screen time.

4.3. Comparison of Taguchi outputs with 
ANOVA, regression analysis, and SEM 
process

Can fitness and nutrition apps help women control their BMI and 
depression during the COVID-19 breakdown? From Tables 3–5 and 
Figures 1, 2, we can deduce that using nutrition apps does not help 
women to control BMI and depression levels during the COVID-19 
outbreak. However, using fitness apps can increase the frequency of 
usage and may lower BMI and depression levels among women. From 
Tables 4, 5, the ANOVA and regression methods show us which 
variables effectively identify BMI and depression levels. It is worth 
noting that the Taguchi method gave information that ANOVA and 
regression could not present. Significantly, the Taguchi outputs of 
Figures 1, 2 show which combinations of research variables based on 
their level effectively identify women with higher BMI and depression. 

TABLE 5 Taguchi method coding.

Level Coding Level Coding

Demographic (Average) N-App

Very Low Code “1” Never Code “1”

Low Code “2” Monthly Code “2”

Moderate Code “3” Weekly Code “3”

High Code “4” Every 2–3 days Code “4”

Very High Code “5” Daily Code “5”

F-App Screen time

Never Code “1” Less than 1 h Code “1”

Monthly Code “2” 1–2 h Code “2”

Weekly Code “3” 2–3 h Code “3”

Every 2–3 days Code “4” 3–4 h Code “4”

Daily Code “5” More than 4 h Code “5”

Sleep Amount

Less than 6 h Code “1”

6–7 h Code “2”

7–8 h Code “3”

8–9 h Code “4”

More than 9 h Code “5”

211

https://doi.org/10.3389/fpsyg.2023.1060963
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Mohamed et al. 10.3389/fpsyg.2023.1060963

Frontiers in Psychology 07 frontiersin.org

However, Figure  1 shows that, with considering both F-APP and 
N-App for estimating both depression and BMI in a same model, 
we will have different outputs compare Taguchi method, regression, 
and ANOVA.

4.4. Contributions of the study

The novel contribution of this paper to theory are multifield. First, 
and the main contribution, the study adds its valuable contribution the 
effectiveness of different ways of estimating correlation among research 
variables with depression and BMI. With considering correlation or 
effectiveness of F-App and N-App on BMI and depression, ANOVA, 
regression, and Taguchi method were useful. However, these methods 
are not able to evaluate both F-App and N-App with other research 
variables on both BMI and depression in a single model. As you can see 
in data analysis part for ANOVA analysis we  have to analyze the 
effectiveness of F-App and N-App separately and for every of dependent 
variables need to present different analysis (see Table 2). This weakness 
of the analysis can be seen in regression (see Tables 3, 4) and Taguchi 
(see Figures  2, 3). Therefore, for analyzing one dependent variable 
analysis, these methods might be applicable. However, estimating two 
or more than dependent variables in a single model or analysis is 
applicable by involving SEM.

Second, this study adds valuables results to the mHealth literature. 
The study revealed demographic does not have significant impact on 
both depression and BMI based on regression, Taguchi method, and 
even SEM. However, with SEM technique, we realized demographic 
has an indirect significant effect on depression through screen time. 
The sudden and unexpected changes way of analysis, we are able to 
find hidden significant relationships whish have not been 
considered before.

Third, another novel contribution of the study is that we found out 
there is a strong correlation between the usage of F-App and N-App 
based on SEM technique which has nobody have done before.

4.5. Study restrictions

4.5.1. This research also has a few limitations
Self-reported: The questionnaires were self-reported by respondents, 

especially the weight and height measurements, to determine their 
BMI. The CES-D and frequency of using mHealth were also self-
reported. The validity of this method has been verified in previous 
studies (Sanchez et al., 2010; Banting et al., 2014). So, we considered the 
research data acceptable to be analyzed.

The CES-D questionnaire: It should be noted that in this study, 
we  only analyzed the depression symptoms of the respondents. As 

TABLE 6 Taguchi output for BMI.

A B C D E BMI1 BMI2 BMI3 BMI4 BMI5 BMI6 SNRA MEAN

1 1 1 1 1 23.2 18.4 30.5 24.2 17.2 22.2 26.653 22.637

1 2 2 2 2 31.2 32.1 20.0 20.8 30.8 23.4 27.915 26.369

1 3 3 3 3 25.9 19.8 26.4 24.0 31.3 29.3 28.045 26.103

1 4 4 4 4 24.5 27.1 27.0 30.6 30.1 17.1 27.788 26.086

1 5 5 5 5 23.6 26.2 24.4 21.6 29.7 28.4 28.019 25.624

2 1 2 3 4 27.4 24.6 20.0 27.1 24.0 19.9 27.319 23.814

2 2 3 4 5 26.5 20.0 21.3 20.3 17.0 30.8 26.624 22.667

2 3 4 5 1 17.8 22.0 32.8 30.1 20.1 26.8 27.321 24.946

2 4 5 1 2 20.2 28.6 19.7 19.1 17.8 32.0 26.608 22.913

2 5 1 2 3 18.3 22.0 29.1 29.4 27.6 25.7 27.692 25.361

3 1 3 5 2 22.2 23.8 22.6 20.1 28.0 17.0 26.654 22.275

3 2 4 1 3 30.7 29.3 24.6 31.4 23.4 32.8 28.939 28.686

3 3 5 2 4 30.6 19.3 26.7 32.6 19.3 28.3 27.775 26.133

3 4 1 3 5 31.4 24.5 24.5 21.2 27.7 31.7 28.309 26.856

3 5 2 4 1 24.4 31.6 32.7 17.8 19.9 27.9 27.528 25.705

4 1 4 2 5 25.4 29.5 26.1 25.0 23.2 23.6 28.038 25.457

4 2 5 3 1 30.9 31.6 31.8 27.9 29.5 23.6 29.17 29.227

4 3 1 4 2 25.9 31.4 23.8 17.1 30.6 27.5 27.755 26.063

4 4 2 5 3 25.5 18.5 17.8 24.8 20.6 32.6 26.8 23.299

4 5 3 1 4 26.8 26.0 19.8 18.1 27.8 31.7 27.462 25.046

5 1 5 4 3 27.1 32.8 26.1 28.0 24.5 24.7 28.571 27.201

5 2 1 5 4 18.4 26.4 21.8 22.1 26.0 29.5 27.302 24.032

5 3 2 1 5 23.6 24.5 21.5 31.8 29.6 33.0 28.405 27.335

5 4 3 2 1 21.4 20.5 17.2 25.9 21.0 24.9 26.537 21.823

5 5 4 3 2 27.5 27.5 21.0 18.6 28.9 31.2 27.764 25.774
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we calculated the score, we grouped the respondents according to their 
depression levels, as described in the method section. The questionnaire 
is not a substitute for clinical diagnosis.

Additional treatments: Some of the respondents might also receive 
other additional treatments such as personal trainers or psychologists, 
which could probably contribute to the BMI and depression levels. 

TABLE 7 Taguchi output for depression.

A B C D E Dep1 Dep2 Dep3 Dep4 Dep5 Dep6 SNRA MEAN

1 1 1 1 1 26 23 29 6 25 22 22.218 21.833

1 2 2 2 2 6 10 21 34 7 33 19.841 18.5

1 3 3 3 3 35 25 17 23 34 35 28.028 28.167

1 4 4 4 4 18 6 24 34 24 5 19.019 18.5

1 5 5 5 5 21 18 21 29 20 10 24.496 19.833

2 1 2 3 4 12 11 7 8 12 27 20.032 12.833

2 2 3 4 5 10 8 15 18 32 15 21.918 16.333

2 3 4 5 1 11 16 24 16 24 25 24.529 19.333

2 4 5 1 2 21 34 31 15 31 30 27.46 27

2 5 1 2 3 28 12 6 27 21 17 21.437 18.5

3 1 3 5 2 35 15 10 15 24 19 23.941 19.667

3 2 4 1 3 22 19 23 17 34 24 26.714 23.167

3 3 5 2 4 30 15 11 32 25 14 24.457 21.167

3 4 1 3 5 26 13 31 29 25 22 26.546 24.333

3 5 2 4 1 33 33 27 20 35 27 28.807 29.167

4 1 4 2 5 18 12 6 27 6 34 19.468 17.167

4 2 5 3 1 31 16 12 11 25 26 24.12 20.167

4 3 1 4 2 14 27 11 5 10 8 18.731 12.5

4 4 2 5 3 34 27 27 24 15 26 27.263 25.5

4 5 3 1 4 16 25 23 10 13 13 23.123 16.667

5 1 5 4 3 12 11 12 12 11 6 19.643 10.667

5 2 1 5 4 15 30 15 21 11 30 24.428 20.333

5 3 2 1 5 32 23 21 7 33 23 23.256 23.167

5 4 3 2 1 9 28 33 25 30 8 22.613 22.167

5 5 4 3 2 32 8 9 26 31 30 22.652 22.667

FIGURE 3

Taguchi output for depression pattern with MINITAB software.
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Future research should look into how these indicators affect female 
obesity and depression.

5. Conclusion

We conclude that throughout the pandemic in Malaysia, using 
fitness apps consistently was more effective than using nutrition apps to 
establish a better quality of life among women. As we live in the era of 
ICT, the availability of thousands of mHealth apps would help people 
organize their daily lives. For example, fitness apps help promote suitable 
physical activity, diet control, weight management, stress relief, and 
sleep monitoring (Higgins, 2016). Apart from that, we believe that poor 
sleep is also correlated with women’s depression and obesity 
development, which has been proven in previous studies (Saucedo et al., 
2021) and extensive screen time usage. The Taguchi method, which 
we used in this study, gave public health researchers a way to look at the 
levels of obesity and depression in women. The last and the main 
conclusion of this studies, with application of SEM, research scholar are 
able to find out significant different correlations among research 
variables compare to familiar mythologies include ANOVA, regression, 
and Taguchi methods.
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