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Editorial on the Research Topic
Training and Enhancing Executive Function

Executive Function (EF) refers to a complex set of cognitive control processes necessary for adaptive
functioning in daily life. EFs are predictive of intellectual achievement, health, wealth, and quality
of life across the entire life span (Moffitt et al., 2011), often more so than IQ or socioeconomic
status (Bertollo and Yerys, 2019). Evidence suggests that EFs can be distinguished into three core
capacities (working memory, inhibition, and shifting), which combine to support the higher-order
cognitive processing (e.g., planning, problem solving) required to remain goal-directed, resist
contrary impulses and distraction, and pursue more-positive (rather than most-immediate)
outcomes. Given this foundational importance, there has been increasing interest in improving
EFs. The goals of this line of research have been 2-fold: to improve EFs; and, as a consequence,
stimulate generalized improvements to other cognitive and life domains.

Yet approaches to stimulate EF change are highly discrepant, have yielded inconsistent effects
and limited transfer to untrained abilities and outcomes, and there is little agreement about the
underlying mechanisms of change that are needed to stimulate development in EFs (and EF-related
trajectories and outcomes). This special issue thus aimed to provide a snapshot of current evidence,
approaches and perspectives on EF intervention, to highlight emerging insights, to stimulate a
reconciliation, and to identify a unified way forward. Typifying contemporary investigations in
this field, we characterize submissions to this special issue as falling into one of five approaches
for fostering EFs: play-based and curricular approaches; technology-leveraged approaches; physical
approaches; strategy-based approaches; and investigations of plausible causal mechanisms. In our
conclusion, we offer some of our take-aways and suggestions for a possible way forward in this area.

PLAY-BASED AND CURRICULAR APPROACHES

The largest category of submissions to this special issue pertained to play-based and/or curricular
approaches to fostering EFs with pre-school and primary school children. In this approach,
everyday playful situations and activities were used to inject EF challenge into real-world situations,
with the aim of promoting EFs and related abilities (e.g., school readiness, learning). For instance,
the PRSIST Program (Howard et al.), Red Light Purple Light Circle Time Games (McClelland et
al.), and Chicco and Nana (in the Italian version; Traverso et al.) supported pre-school educators
to engage young children in EF-injected activities and games. Each program generated small
improvement in EFs, with the latter two also generating gains in academic learning when curricular
content was added. Similar EF gains were found amongst primary school students 8 months after
completion of a school-based program of EF games and activities (Rosas et al.).

Other studies within this category integrated EF challenge into school curricula and activities.
For instance, the PENCE program (de Oliveira Cardoso et al.) yielded EF benefits after teacher-led
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instruction of EF strategies, which were practiced during in-
school activities and then extended to real-world situations.
Teacher-rated EFs also improved after an arts- and culture-
focused program that injected EF challenge into music, drama,
dance, literature, art, and/or photography lessons (Andersen et
al.), and objectively measured EFs similarly improved after a
pre-school music program (Shen et al.).

While we consider these as play-based and curricular
approaches, of course alternative classifications are possible and
there is substantial overlap between these and subsequent studies.
In fact, many of these programs also included technology, motor
activities, and/or strategy-based instruction that are central to
approaches otherwise classified. This highlights the likelihood of
a set of general principles of effective EF intervention, which may
need to be adjusted to align with the “what, where, who, why, and
how” of EF intervention.

TECHNOLOGY-LEVERAGED
APPROACHES

Several studies used a technology-leveraged approach to
improve EFs across different populations, including typically
developing, special needs, and preterm children from pre-
school- to school-age. Although we characterized five studies
as technology-leveraged intervention, we can distinguish two
distinct approaches to technology use amongst them. In one case,
the technological tools were used to deliver the intervention.
This is the case of the intervention presented in van Houdt
et al’s study, where the BrainGame Brian Training sought to
improve EF abilities in a randomized controlled trial involving
school-aged children born very preterm. Another example is
Rossignoli-Palomeque et al.’s study, in which the Nexxo-training
app was supplemented by metacognitive strategies given by
an instructor to improve inhibition and vigilance abilities.
Technology was also employed as a vehicle for the delivery of
Exergames, where body movements were necessary to play a
computer game through connected devices (Mossmann et al.).
Consistent amongst these approaches was their engagement and
challenge of EFs through effortful tasks (Diamond and Ling,
2016), although EF improvements were inconsistent and there
were limited generalized improvements in untrained and real-
world outcomes.

The other approach, which in the current set of studies
seemed to be more promising in terms of EF gains, was when
a technology-based intervention exploited use of computational
processes to perform activities in the real world, such as with the
educational robotics approach (Di Lieto, Castro et al.; Di Lieto,
Pecini et al.). That is, educational robotics uses programming
principles that are used to manipulate concrete objects (i.e.,
robots) to speculate and test effects of this manipulation. In
doing so, these approaches seek to promote not only academic
skills, but also domain-general skills such as planning, problem-
solving and metacognitive abilities. In our compilation, this
approach yielded effects in both school- and pre-school-aged
children, and with special needs groups. A similar approach,
based on computational thinking and code processing activities

(Arfé et al), yielded significantly improved planning and
inhibition skills.

Taken together, these results suggest that technology can
provide a virtual environment to stimulate EF challenge, but
that this can be more or less effective in promoting EF and
in generalizing benefit to real-world behavior. More positive
results seemed to drive from interventions in which technology
compelled children to engage EFs in activities played outside of a
virtual environment.

PHYSICAL APPROACHES

Another approach sought to leverage the physical body to
promote EF. Several possible mechanisms for such an effect
have been suggested. Singh and Mutrejas study explored
the mechanisms through which specific body activities might
influence EF, specifically investigating the association of postural
and breath control with EF, through Yoga training. The authors
suggest that attention to postural and breath control during
yoga asanas and pranayama, respectively, may play a key role
in enhancing EF. Inhibition was shown to benefit from yoga
training, in particular, compared to working memory or shifting.

STRATEGY-BASED APPROACHES

In contrast to previous studies that target expansion of EF
capacities, Chan et al. adopted a strategy-promotion approach to
improve effective and efficient use of EFs. This approach provides
participants with explicit instruction and practice to improve
strategies useful in situations where it is necessary to exercise
EF control. In this study, children became able to generalize
and apply different strategies to novel problem-solving tasks, on
which they did not receive any explicit instruction.

CAUSAL MECHANISMS INVESTIGATION

Another promising approach to investigate the causal
mechanisms for promoting EFs is represented by Perry et
al’s contribution, in which a rat model was employed to
investigate the extent to which social experiences and the
acquisition of social skills contribute to the development of
EFs. Although it is unclear to what extent these findings can
be extended to human situations, it represents an experimental
confirmation with rats of negative impacts of early adverse
conditions and the role of social relations as a moderator of
EF development.

CONCLUSIONS

An average effect of EF training with preschoolers was provided
by Scionti et al; they found small EF improvement, probably due
to young age of the participants and weak specialization of their
EFs. Moreover, they found that these programs were significantly
more effective for developmentally at-risk children (e.g., ADHD,
low SES) than for typically developing children.

Frontiers in Psychology | www.frontiersin.org

August 2020 | Volume 11 | Article 2031


https://doi.org/10.3389/fpsyg.2019.01769
https://doi.org/10.3389/fpsyg.2019.01910
https://doi.org/10.3389/fpsyg.2019.02100
https://doi.org/10.3389/fpsyg.2019.02332
https://doi.org/10.3389/fpsyg.2019.02271
https://doi.org/10.3389/fpsyg.2019.02813
https://doi.org/10.3389/fpsyg.2019.03084
https://doi.org/10.3389/fpsyg.2019.02713
https://doi.org/10.3389/fpsyg.2020.00180
https://doi.org/10.3389/fpsyg.2019.01285
https://doi.org/10.3389/fpsyg.2019.02472
https://doi.org/10.3389/fpsyg.2019.02812
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Marzocchi et al.

Editorial: Training and Enhancing Executive Function

In conclusion, we propose that future studies on EF training
should integrate, comparatively evaluate, and reconcile across
different approaches (play and curriculum based, leveraging
new technologies) to discern principles for effective EF
intervention. These approaches should stimulate both cognitive
and emotional-motivational aspects of EF to increase likelihood
of far transfer to real-world outcomes of interest (e.g., academic
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Strategy-Based Working Memory
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We assessed the transfer effects of training working memory strategies to a novel
problem-solving task. Previous WM training studies have produced little evidence for
transfer across contexts. In the current study, 64 6- to 9-year-olds were randomly
assigned to one of four training conditions: semantic and rehearsal training, semantic
training only, rehearsal training only, and treated control group. All training groups
performed significantly better on the transfer task than the control group, but training
groups did not differ significantly from each other. Implications of the findings for
cognitive interventions and future WM training studies are discussed.

Keywords: working memory, strategy training, problem solving, executive function, far transfer

INTRODUCTION

Working memory (WM) is a limited-capacity system responsible for temporary storage and
simultaneous processing and manipulation of information (Baddeley, 2003; Miiller and Kerns,
2015). WM has been linked to general intelligence and reasoning skills (Stf3 et al., 2002; Kane
et al., 2004; Au et al., 2015), and shown to be predictive of academic outcomes such as school
readiness and achievement (Bull and Lee, 2014; Miiller and Kerns, 2015). Deficits in WM have also
been implicated in neurodevelopmental disorders (Melby-Lervag et al., 2012). Given the important
role of WM capacity in cognitive processes and scholastic skills, considerable attention has been
given to WM training with the goal of improving WM capacity (Karr et al., 2014; Melby-Lervag
et al., 2016; Weicker et al., 2016). A central issue in assessing the effectiveness of WM training
concerns the transfer of training effects. If WM training produces improvements only in a narrow
set of tasks that are highly similar to the trained task (near transfer), then it is hardly worthwhile
investing resources in this type of training. Rather, to be considered effective, training effects should
generalize to untrained tasks that are dissimilar from the trained task (far transfer; Barnett and Ceci,
2002). Furthermore, to be considered effective, training effects should also transfer temporally, that
is, be maintained over time.

Independent reviews of training studies have arrived at different conclusions with regard to
the effectiveness of WM training (see Klingberg, 2010; Shipstead et al., 2010; Morrison and
Chein, 2011; Melby-Lervag and Hulme, 2013; Karbach and Verhaeghen, 2014; Karr et al., 2014;
Au et al, 2015; Melby-Lervag et al,, 2016; Weicker et al., 2016). Current research provides
evidence for reliable short-term gains that generalize to somewhat similar WM tasks (intermediate
transfer), yet there is no evidence that “working memory training convincingly produces effects
that generalize to important real-world cognitive skills ... even when assessments take place
immediately after training” (Melby-Lervag et al., 2016, p. 523; see also Shipstead et al., 2010;
Melby-Lervéig and Hulme, 2013).
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One reason for the inconsistent findings is the failure to pay
attention to the distinction between untreated and treated (or
active) control groups (Melby-Lervag et al., 2016). In treated
control groups, participants engage in activities that aim to
provide equivalent exposure to non-experimental variables that
may otherwise act as confounds, such as time spent interacting
with the experimenter, or equivalent time looking at comparable
stimuli. However, such filler activities lack the essential features
characteristic of the training. In non-treated control groups,
variables other than the intended training may be causing
differences between groups. To illustrate the importance of
treated control groups, consider a handful of studies measuring
far-transfer training effects of non-verbal ability (e.g., Nutley
et al., 2009; Jaeggi et al., 2011). In these studies, significant
training effects were not detected when treated as opposed to
untreated control groups were used. Furthermore, far transfer
rarely has been documented in studies using treated control
groups in combination with randomized designs (Wass et al.,
2012; Melby-Lervag et al., 2016). Thus, training studies should
strive to include treated control groups to increase internal
validity of the research design (Melby-Lervag et al., 2016).

A further reason for inconsistent findings is that training
methods may vary in their intended scope and specificity of
training. WM training methods can generally be categorized
as either core-based if they target domain-general abilities, or
strategy-based if they target specific cognitive strategies that
change how information is organized and encoded (Morrison
and Chein, 2011). Core training methods are attractive because
they are designed to target domain-general WM mechanisms.
Such training would not be associated with a particular type of
information or sensory modality, but would aid in the overall
encoding, maintenance, and retrieval of information. Core-based
training paradigms are necessarily complex because the training
task must satisfy a long roster of criteria (see Morrison and
Chein, 2011, for discussion), but such complexity often presents
a challenge for task design and the interpretation of results when
trying to identify specific mechanisms of change.

Another more problematic assumption made by advocates
of core-based training is that because the training task is
complex and involves core processes, observed improvements
on the trained task equates to improvements in overall domain-
general abilities. However, such effects can be interpreted as
context-bound practice effects, and there is insufficient evidence
that learning would transfer to new tasks that differ in
presentation format.

In order to differentiate true training effects in core-processing
ability from practice effects, one must be able to demonstrate
transfer to a novel post-training task. The use of a novel post-
training task, in turn, creates the problem that training and
post-training tasks may not be tapping into the same underlying
constructs. To circumvent this problem, researchers in cognitive
training may adopt an alternative bottom-up approach by
directly training specific strategies that are reflective of more
efficient domain-general abilities, and which then can be applied
to a variety of contexts. Strategies are effortful, goal-directed
processes that enhance performance by facilitating information
encoding, maintenance, and retrieval (St Clair et al, 2010;

Morrison and Chein, 2011). In strategy-based training studies,
participants are explicitly taught to use the strategy of interest and
then encouraged to use and refine their mastery of specific skills
in practice. In some situations, the specificity of strategy training
is a grave limitation in itself, but in differentiating between
strategies that promote a way of doing (e.g., remembering
numbers in groups of threes to facilitate memorization), and
those strategies that promote a way of thinking (e.g., chunking
information at large makes memorization easier), strategies may
serve as effective tools in new situations. Working memory
strategies, in particular, can be used in different situations with
analogous WM demands. For example, although rehearsal can be
applied to remember discrete items in a list, it can also be used
in combination with a mnemonic or acronym to remember more
complex information such as a sequence of instructions or steps
to a problem. Because of the omnipresence of WM demands in
everyday situations, the training of WM strategies may benefit
performance in multiple situations.

There are several additional advantages of strategy-based
training over core-based training. First, core-based training
programs tend to include a compilation of several tasks with
the expectation that one training task, or some combination of
training tasks, will produce an effect (e.g., Holmes et al., 2009).
This results in a time-consuming and intensive endeavor that
is not cost effective in time or resources (e.g., in the above
study, training required 35 min per day for 20 days spread
out between 5 and 7 weeks). Moreover, researchers are left to
speculation at worst and theorizing at best, in pinpointing the
specific components of the training program that are responsible
for the training effects. By training specific strategies, it is easier
to isolate and test the mechanisms or processes that account for
improved performance.

Second, research shows that children with higher WM
capacity differ from their peers in their patterns of strategy use.
Although children with higher WM capacity may be benefiting
from a combination of factors, individual differences have been
shown to exist in children’s selection and implementation of
strategies, and these individual differences in strategy use account
for significant variance in performance on WM tasks (Engle et al.,
1992; McNamara and Scott, 2001; Turley-Ames and Whitfield,
2003; Friedman and Miyake, 2004; Dunlosky and Kane, 2007;
Kaakinen and Hyond, 2007). The efficacy of strategy-based
training may therefore lie in closing the gap between individuals
with higher and lower WM capacity by bringing the strategy use
of individuals with lower WM capacity on par with those with
higher WM capacity.

Related to this idea are the two opposing hypotheses about
the cause-and-effect relation of strategy use and WM capacity
(Bailey et al., 2008). The strategy-as-effect hypothesis suggests
that having higher WM capacity allows one to be more strategic
in how information is processed and encoded, which in turn
contributes to better performance on WM tasks. Alternatively,
the strategy-as-cause hypothesis claims that strategy use is the
direct cause of individuals demonstrating higher WM capacity.
For example, a rehearsal strategy allows a person to retain more
information, resulting in a higher span score. In support of the
strategy-as-cause hypothesis, Dunning and Holmes (2014) found
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that WM training gains were mediated by spontaneous memory
strategy use. Further support for this hypothesis comes from a
study by St Clair et al. (2010) who found that comprehensive
WM strategy training led to significant improvements in WM
tasks assessing the phonological loop and central executive.
Regardless of whether the strategy-as-effect or strategy-as-cause
hypothesis is correct, remediation of strategy use could result in
increases in WM capacity.

One pathway by which strategy use may facilitate performance
on WM tasks involves decreasing the cognitive load placed on
processing and encoding of information, thereby freeing up
resources for storage. We argue that three developmental changes
in strategy use, in particular, may impact efficiency in processing
and encoding information.

First, several lines of research show that as children age, they
increasingly organize information during both encoding and
retrieval (Tulving, 1962; Shiftrin and Atkinson, 1969; Schleepen
and Jonkman, 2012). Grouping and organization of information
is particularly useful in facilitating delayed retrieval (Lange et al.,
1990) and consolidation in long-term memory (Tulving, 1962;
Schleepen and Jonkman, 2012). Interestingly, a recent study
suggests that not all grouping strategies are equal: categorization
based on semantic features (e.g., types of dogs) has been shown
to improve memory performance more than categorization based
on perceptual features or personal associations (e.g., animals that
the child liked, disliked or feared) (Schelble et al., 2012). One
possibility is that categorization provides more salient cues that
link many concepts for quick retrieval. Children and adults with
higher WM capacity were also found to use the classification
strategy more often independently and spontaneously than peers
with lower capacity (Rosen and Engle, 1997; McNamara and
Scott, 2001; Schleepen and Jonkman, 2012). Some evidence
points to more efficient patterns of strategy leading to better
performance on tests of WM capacity, rather than higher WM
capacity per se. For instance, Schelble et al. (2012) showed that
children’s use of a semantic strategy made a stronger contribution
in predicting retrieval performance than did their individual WM
capacity scores. Moreover, although children with higher WM
capacity have been found to be more strategic than children with
lower WM capacity in free recall tasks, presenting participants
with retrieval cues which prompted better strategy selection
eliminated this difference (Unsworth et al., 2013). This finding
suggests that effective organizational strategies such as semantic
categorization could compensate for lower WM capacity in a
demanding retrieval task.

A second developmental change in strategy use concerns the
shift from non-verbal to verbal encoding by means of verbal
or phonological rehearsal. Rehearsal is particularly useful when
there is a delay between the presentation of information and
recall, as rehearsal helps maintain and refresh information in
verbal short-term memory (Morrison and Chein, 2011). There
are two processes involved with rehearsal, the initial recoding of
visual stimuli into a verbal format, followed by the rehearsal of
recoded items in the phonological store; children may struggle
with rehearsal by failing on the first or both of these steps
(Flavell et al., 1966). Rehearsal develops gradually starting from
about 5-6 years of age but more consistent use of this strategy

is not apparent until about 6-8 years of age as noted by
phonological similarity effects (lower recall of lists consisting of
phonologically similar items) and articulatory suppression effects
(reduced recall when required to repeatedly produce a task-
unrelated verbalization while encoding target items) occurring
only in older but not younger children (Henry et al., 2000;
Lehmann and Hasselhorn, 2007; Henry et al., 2012).

Although the acquisition of rehearsal follows a developmental
progression, rehearsal training has been shown to improve WM
task performance in both developmentally delayed (Conners
et al, 2008) and typically developing children and adults
(Ford et al., 1984; Ornstein and Naus, 1985). Furthermore,
the use of rehearsal as a memory strategy appears to be
particularly beneficial for children with lower WM spans
(Turley-Ames and Whitfield, 2003).

A third developmental shift in strategy use involves the
transition from passive maintenance to active refreshing of
information in WM. This shift occurs around 7 years of
age (Camos and Barrouillet, 2011). According to the task-
switching model (Towse and Hitch, 1995; Hitch et al., 2001),
younger children fail to implement maintenance activities while
performing a concurrent task, resulting in time-based decay of
the memory trace. Instead, they passively hold items in memory
without any attempt at active maintenance. Thus, their ability
to hold items in memory is greatly affected by the duration of
the delay period between presentation and recall. Older children
have an increased capacity to control attention and monitor
cognitive processes, allowing them to allocate attention during
processing to reactivate, or refresh memory traces in real time
(Camos and Barrouillet, 2011).

In the present study, we compare the independent and
cumulative effects of two strategies (rehearsal and semantic
organization) on WM capacity. The two strategies differ in terms
of their mechanisms and advantages. The rehearsal strategy is
useful for refreshing and maintaining unrelated information,
but may be susceptible to distraction, and it is constrained
by children’s short-term storage for auditory information.
A semantic strategy in contrast, is less constrained by an
individual’s short-term storage, and instead relies on the cued
activation of associated networks stored in long-term memory.
This strategy may be more effective in retrieving larger amounts
of information that can be visualized, but requires more planning
(e.g., the foresight and ability to categorize on multiple levels) and
may also be susceptible to commission or intrusion errors.

Current Study

The primary goal of this study was to examine whether strategy-
based training would transfer to a novel problem solving task.
The design of this study takes into account several important
considerations including the use of treated controls, a strategy-
based training paradigm, and the careful selection of strategies
that map onto the identified developmental changes that children
undergo as they move from being less efficient to more efficient
strategy users. There were three training conditions and one
control group. One group received rehearsal training (R), another
group received semantic training (S), and a third group received
training in both strategies (S+R). Children were trained in
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semantic organization and/or rehearsal with the expectation that
both strategies would improve efficiency of processing, thus
freeing up mental resources in WM for storage, with the result
that WM capacity could be increased. By extension, increased
WM capacity would produce improvements in problem-solving
performance that incorporates a WM component.

As mentioned above, rehearsal and semantic categorization
strategies have been independently used in previous training
studies to increase WM capacity. However, these studies have
typically involved older children, and did not assess their use
in younger children who may not be spontaneously using
these strategies very efficiently, if at all. Furthermore, no prior
study has looked at the combined effect of rehearsal and
semantic categorization training, nor have previous studies
examined training of these strategies in the context of a far-
transfer post-test.

We expected that children who received WM training would
outperform children in the control group, as developmental
research has shown that children between 6 and 8 years use
these strategies with varying degrees of success. We further
predicted that the combined training condition (S+R) would
be more effective than the individual training conditions, given
that children in the S+R condition would be provided with
more tools to increase their WM capacity. Among the single-
strategy conditions, we expected that semantic-strategy training
would be more effective than verbal-rehearsal training because
previous research has demonstrated that children and adults with
higher WM capacity tend to use deeper encoding strategies that
create meaningful networks between the items to be remembered
(Friedman and Miyake, 2004; Dunlosky and Kane, 2007).

Far-transfer effects were assessed using a novel problem-
solving task that was qualitatively different from the task on
which children were trained. Performance on this problem-
solving task was expected to improve with the use of trained
strategies, as WM demands were embedded within the task, but
children had to (a) realize on their own that strategies would be
helpful to the task and (b) choose to use them under conditions of
increased cognitive demand and interference. Careful attention
was given to the use of appropriate control tasks to address
previous concerns about the use of untreated control groups.
Control tasks were selected to correspond to semantic and
rehearsal training phases. These control tasks were comparable in
time, type of stimuli involved, and level of mental stimulation to
the training tasks. All groups therefore spent approximately the
same amount of time interacting with the experimenter.

Additionally, we examined a near-transfer effect for the
semantic categorization strategy (e.g., Black and Rollins, 1982).
Specifically, we tested whether children who were trained in
semantic categorization would use this strategy post-training in
a free recall task that involved a new set of stimuli.

MATERIALS AND METHODS

Participants
Sixty-five typically developing children aged 6-9 years were
recruited from private and public schools within Victoria,

BC, Canada. Flyers were distributed to children in school
and interested children and parents contacted the researcher
for participation. To ensure that participants could follow
instructions, only children who had English language fluency
and the absence of any developmental delay and/or learning
disabilities as reported by their parents were included in the
study. Written and informed consent was obtained from parents
for children’s participation, and child assent was obtained
verbally. Data from one child was excluded due to an inability
to understand and follow the instructions. The 64 remaining
children completed all the pretests, training phases, and post-test
measures over a single 1.5-h session.

Sixteen participants were randomly assigned to each of four
conditions, with the only requirement that the age distribution
was kept relatively similar between groups. There were no
significant differences between the mean ages across groups. The
S+R group (M age = 7.5; males = 9) received training in both S
and R strategies. Controls (M age = 7.4; males = 7) received only
the filler tasks in place of both semantic and rehearsal training.
The S group (M age = 7.2; males = 7) received semantic training
and rehearsal control tasks. The R group (M age = 7.4; males = 9)
received rehearsal training and semantic control tasks. Thus, each
group of children received two sets of tasks that were comparable
in administration time and complexity. While the S+R group
received two training sets, the S and R group received one each of
a training set and a filler set. Treated controls received two filler
sets. Filler sets are described in detail below.

Measures

Pretests

To assess whether any between-group differences existed on
relevant WM and short term memory abilities which could
potentially lead to differences in performance on the novel
problem solving task, several pretest measures were administered
including a visual memory task (memory for matrices), a verbal
memory task (forward and backward digit span), as well as a
free-recall task to examine use of clustering or organizational
strategies prior to training. A full breakdown of the item-level
questions and scoring criteria are provided in Appendix B.

Forward and backward digit-span tasks

In the forward digit-span task, children were asked to recall lists
of digits. Numbers were read to children at a pace of one number
per second, and were prompted to repeat the list in the same serial
order with, “Ready? Go.” Children received a score of 1 for a
correct response, and a score of 0 for an incorrect response. Points
were summed for a total score. The task was discontinued after
two consecutive scores of 0. In the backward-span task, children
were asked to recall the list in the reverse order in which it had
been presented, using the same prompt and scoring criteria.

Visual short-term memory (VSTM) task (Logie and Pearson,
1997; recall version)

The child was presented with a matrix pattern drawn on white
cards in which half the squares, chosen randomly, were colored
red. The pattern was displayed for 2 s and then removed, followed
by a further 2-s delay during which the child was shown a blank
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white card. The child was then given an empty version of the
same matrix and asked to point to the squares that previously
were colored red. Matrices increased in size, with the proportion
of red squares always fixed at 0.5. Children’s responses on each of
the three trials of Matrices were recorded live by the experimenter
on a blank grid. Correct squares were then tallied for each trial,
and an average score was computed.

Free-recall pretest

The task was adapted from Black and Rollins (1982). Free-recall
tasks are traditionally administered to adults in a written list
format but given that some children in this age group would not
be actively using verbal strategies and had limited reading skills,
pictures were used instead. Colored photos were used instead of
black and white line drawings to provide a more realistic and
ecologically valid representation of objects (Moreno-Martinez
and Montoro, 2012). Five cards each from four categories
(insects, fruits, vehicles, and furniture) were chosen for use in
the free recall task, for a total of twenty items. Different items
were used in the post-test and the free recall post-test. High-
frequency items previously used with children from each category
were preferentially selected (Snodgrass and Vanderwart, 1980;
Rabinowitz, 1984). Following the example of Black and Rollins
(1982), duration of study time was determined by the child. At
the end of the study period, the examiner collected the cards and
asked the child to name as many items as possible. During recall,
if the child appeared to run out of answers, they were prompted
once with, “Can you remember any more?” before recall was
terminated. The decision to allow the child to determine study
time was also made with two considerations: firstly, that a
timed study period would be stressful and anxiety-provoking
for children and could impair their ability to remember, and
secondly, that the vast majority of children in initial testing were
able to self-report in a reasonable time frame as to when they were
ready to have the cards taken away. The total number of correct
responses was recorded live.

Training Tasks

The goal of this short-term intensive training was to increase
children’s familiarity with and hone their correct use of strategies.
Therefore, accuracy was not recorded or analyzed for the training
tasks. Children were also encouraged to try as many times as
possible until they arrived at the correct answer. Only one item
was correct in any given array of objects. The duration of each
section of training was kept as closely as possible to around
10-12 min, with control tasks timed for a similar duration.

Semantic-categorization training tasks

These tasks encouraged children to organize information based
on their common abstract properties (e.g., things that hold liquid,
things that fly, etc.). Children were first trained to think in terms
of categories, and then to apply them strategically. Training
involved two phases. In phase A, children had to make decisions
about which object in a group did not belong with the others.
For example, on one slide, children were shown a butterfly,
beetle, spider, and banana. They were asked, “Which does not
belong?” followed by, “What do the other ones have in common?”
Nine training sequences were administered for Phase A of the

training (see Appendix C for all training items). The number of
items presented in each array ranged from 4 to 6 objects. Two
levels of difficulty were administered. In the first five training
sequences, objects in the same category shared the same identity
(e.g., they are all insects, vehicles, furniture...). Children were
then prompted that items in the final four sequences would be
similar in ways that were harder to see (e.g., container/non-
container, animate/inanimate, things that travel on land/water).
Children were given the opportunity to discuss their ideas for
each training sequence with the experimenter and were debriefed
on all correct answers.

In phase B of semantic training, a scaffolded free-recall task
was administered. Children were first prompted to sort the cards
by their categories (fruit, insects, furniture, vehicles). Next, they
were instructed to use the strategy of thinking about the similarity
among items (“If you study the cards that are similar together,
such as all the fruit together, it will be easier to remember them”).
Black and Rollins (1982) had found this method of explanation to
be most effective in encouraging children to adopt the category
clustering strategy. The experimenter checked whether children
could identify a few of the items that were similar and moved
these cards closer together to better illustrate the grouping. Once
it was clear that children had a grouping strategy in mind, they
were given 3 min for recall. As accuracy was not measured during
the training, children were given positive reinforcement for their
attempts at using the strategy. Children were also debriefed on
their performance and given feedback for correct application of
the categorization strategy.

Semantic control tasks

In the first control task, children were given a regular deck of
playing cards and asked to find all the cards that fit an arbitrary
criterion of color and shape (e.g., all the red hearts, black clubs,
etc.). In the second control task, the experimenter randomly
selected a few cards from the free-recall deck (e.g., apple, ant,
spider) and children were asked to tell a story about the items.

Phonological-rehearsal training

The goals of the rehearsal tasks were to train children in (1)
recoding visual information into verbal information, and then
(2) maintaining that verbal information in temporary storage
through rehearsal. In the first phase of training children were
asked to label a list of pictures out loud. They were then asked to
rehearse the list until they felt ready to report the items without
referring to the pictures. This recording of pictures into words
followed by rehearsal was practiced over four trials of increasing
list length, starting with three items and ranging up to seven
items, with item length increasing by one item in each added trial
(see Appendix C for full list). For example, on the first training
sequence, children would see images of an ant, eye, and car. They
were asked to label these objects and verbally rehearse them out
loud, followed by several more repetitions either out loud or
through inner speech. They were told to let the experimenter
know when they were ready to have the pictures removed, and
then repeated the items they had rehearsed. Effort was praised, as
was successful memorization of increasingly longer sequences. In
the second phase of rehearsal training, word lists were presented
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orally without the use of pictures, and children were tasked with
recalling lists after a short delay. Children were then tasked
with practicing this rehearsal strategy over five trials, starting
with a sequence of three items and ranging up to a sequence of
seven items. The sequence length increased by one item in each
added trial. As the goal of training was mastery of the technique,
children were allowed to repeat trials as necessary.

Rehearsal control tasks

Children were asked to read from a picture book with the help
from the experimenter, or engage in a discussion about what they
did on the weekend or about upcoming activities at home or
school for the duration of approximately 10 min.

Post-tests

Problem-solving task

A problem-solving game was developed for this study. The most
important function of the problem-solving post-test was to assess
the cross-contextual far-transfer of any potential training effect.
As such, novelty was a critical aspect of the task. Omitting to
include a problem-solving pretest came with certain advantages
and disadvantages, and the decision was ultimately made for
several reasons: (a) Even though exposing children to a problem-
solving pretest is often expected in a pre-post-test design, pretest
administration has the disadvantage of introducing a practice
effect, which reduces novelty of the task; (b) The average running
time for this study was approximately 1.5 h. With the problem-
solving task taking a large proportion of this time, adding a
pretest would have necessitated a second testing session, which
was not feasible at the time of data collection. Several safeguards
were implemented to ensure as much as possible that groups had
no significant differences at pretest: (1) A memory battery was
administered at pretest (visual matrices, digit spans, free recall)
to ensure that no between-group differences existed on a variety
of potentially relevant memory abilities. These measures were
then examined in relation to the problem-solving post-test in a
subsequent regression analysis; (2) Near-transfer (recall post-test)
and far-transfer (problem-solving task) are clearly distinguished
in the results; (3) The use of random assignment usually
safeguards against pre-existing group differences, and (4) The use
of a treated control group with appropriate filler tasks ensured
that pre—post differences would be related to intervention effects
and not to unspecific factors (e.g., engagement with children).
Opverall, we believed that these measures compensated for the lack
of the problem-solving pretest, while retaining the novelty effect
for assessing far-transfer.

The problem-solving task was structured like a shopping game
where the child had to retrieve items from a teddy bear’s list. It
involved three adjacent rooms: two troll houses where children
collected cards with pictures of items, and the bear’s house in
between. The goal of the task was to retrieve all the cards on
bear’s list while making as few errors as possible (see Appendix A
for task instructions). Each child completed three different lists
of items (three trials). Each trial consisted of 24 target items,
with each item repeating only once across the three trials. There
were a total of 48 possible cards, with 12 items of each category
(Animate: aquatic animals, terrestrial animals; Inanimate: school

supplies, wearable items). One troll housed animate categories
and the other housed inanimate categories, but children were not
told of this arrangement. Children were first introduced to the
bear, and then to each of the trolls. Each troll had a coin bank
for the child’s payment in order to open the box of cards. The
experimenter enforced correct token use. To elicit strategy use,
several constraints were put in place for the problem-solving task:
(1) Children received only six tokens to pay the trolls. Each time a
troll’s box was opened, a coin was forfeited. Once all the coins had
been used, the trial was terminated, regardless of whether or not
all cards had been collected. Thus, there were no explicit rules
about when or how often the child could return to consult the
bear’s list, nor any explicit penalty for selecting incorrect cards,
but the limited number of tokens forced children to maximize
the cards they would get with a visit to a troll. (2) Maximally
seven cards were allowed to be kept in the basket at any given
time. The number 7 was placed on the side of the basket, to serve
as a visible reminder of this rule. This constraint ensured that
children did not walk away with the entire deck of cards at once.
During the collection process, children could collect cards in any
order they liked. This allowed children to make plans about the
best way to collect cards. (3) Upon returning to the bear’s house,
the cards were placed on bear’s “shelf” (two empty marked-out
rows) in the same order as bear’ list. This rule was designed to
help children keep track of remaining cards. (4) Children were
told that in order to win the game, all correct cards had to be
retrieved while making as few mistakes as possible and using as
few of the coins as possible. Children did not have access to the
bear’s list while in the Trolls’ rooms and had to remember which
items to retrieve. Figure 1 shows the setup of the list in bear’s
house. Children were permitted to consult the list again when
they returned to the bear’s house to place their collected cards.
None of the children were given any explicit instruction that they
should use a particular strategy or that the items could be sorted
into categories.

We expected performance on this task to be improved by our
specific training for several reasons. The 24-items presented in
target lists would far exceed any individual’s maximum capacity,
and children who received training in either or both strategies

DOOLOY We are in bear’s house.
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FIGURE 1 | Initial set-up in bear’s house.

Frontiers in Psychology | www.frontiersin.org

June 2019 | Volume 10 | Article 1285


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

Chan et al.

Evidence for Working Memory Training

would be equipped with tools to improve WM at all stages
including encoding, maintenance, and retrieval, an advantage
that the control group would not have in such a demanding
task. In addition, the task constraints, as well as children’s own
WM capacity limits would be best overcome by the use of both
strategies. For instance, a child could first plan to visit the room
with the animate items, grouping animate items from the bear’s
list using a rehearsal strategy, and then visit the room with the
inanimate items on a separate trip, again using rehearsal for
these items. Use of a rehearsal strategy alone meant that items
from different categories rehearsed by the child would not be
completed on the same trip, as each room housed only animate
or only inanimate items. Similarly, children who used a semantic
strategy only would not benefit from the use of rehearsal to
maintain and refresh items in memory while shifting through
the deck of cards and be prone to making more intrusion or
commission errors.

For each of the three trials, the following outcomes were
recorded: number of correct cards retrieved, number of errors,
number of tokens used, and the number of cards retrieved
for each token. Performance scores were computed as follows:
total number of correct cards retrieved over three trials
(maximum = 72), total number of errors over three trials,
and total tokens used (maximum of 18 over three trials).
A performance index was calculated by subtracting total errors
(E) from total correct cards (C), divided by number of used
tokens (T): (C-E)/T.

Post-training free recall

A post-training free-recall task was administered to all groups
after the game as a near-transfer measure. The post-test used a
different set of stimuli and categories (e.g., body parts, nature,
instruments, kitchen utensils) than were used in the pre-test.

RESULTS

First, we compared the results of baseline WM and clustering
pre-measures across groups. Second, far-transfer effects were
compared across groups by looking at performance on the
problem-solving task. Third, to evaluate near-transfer effects,
groups that received semantic-categorization training were
compared to those that did not in their performance on the post-
training recall task. Finally, we evaluated the construct validity of
the problem-solving task.

Pretests

Prior to analyzing training effects, group performance on a
variety of pretests was examined to ensure that there were no
significant group differences in memory abilities which could
have led to between group differences in our post-test. Group
means for pretest measures can be found on Table 1.

Given that digit span scores are not expected to be normally
distributed (Babikian et al., 2006), Kruskal-Wallis tests were used
to test group differences on the digit forward and backward span
total and longest span. The test revealed that the total scores for
both forward, x2(3) = 2.96, p = 0.40, and backward x2(3) = 3.05
p = 0.38 digit span were not significantly different across groups.

Shapiro-Wilk normality tests suggested that matrices
W(64) = 0.97, p = 0.119, number of cards W(64) = 0.97, p = 0.14
and ARC W(64) = 0.57, p = 0.57 at pretest of the free recall were
normally distributed. Box’s M suggested that equal covariance
matrices of the dependent variables can be assumed across
groups F(9,41255.3) = 0.84, p = 0.58, and Levene’s test showed
that variance of matrices F(3,60) = 1.32, p = 0.28 and number of
correctly recalled cards F(3,60) = 0.25, p = 0.86 were assumed
equal across groups. A MANOVA was conducted to test the
between-group differences for matrices and the pretest free recall.
Results using Pillai’s trace showed no significant between-group
differences for these measures F(1.38,120) = 1.38, p = 0.23.

These findings suggest that there were no significant baseline
differences between groups on the pretests of visual and verbal
short-term memory and WM, as well as in the tendency to use
a clustering/organizational strategy. Based on these findings it is
reasonable to conclude that no group had any short-term or WM
advantage compared to other groups prior to training.

Near-Transfer Training Effects

We expected to see far-transfer effects only if near-transfer effects
were first established, as more proximal transfer would predict
more distal transfer. To reduce testing time, we prioritized the
measurement of near-transfer to one task, specifically the free-
recall task, because it was quick to administer and was a well-
established measure for at least one of our trained strategies.
Participants were grouped together depending on whether they
received semantic strategy training (S+R and S) or not (R
and control). The mean number of correctly recalled items
in groups that had not received semantic training was 11.00
(SD = 2.91) at pretest and 10.47 (SD = 3.35) at post-test. The
means of the groups that had received semantic training were
12.03 (SD = 2.8) at pretest and 13.16 (SD = 4.78) at post-
test. A 2x2 repeated measures ANOVA revealed a significant
main effect for the factor of semantic training, F(1,62) = 5.55,
p < 0.05, nlz, = 0.08; participants who received semantic
training did better on the free-recall task than those who did not
receive semantic training. There was also a significant interaction
between the within-subjects variable of time (pre- vs. post- test)
and training condition F(1,62) = 4.19, p < 00.05, nf, = 0.06,
indicating a larger positive change in performance for the
semantic training condition.

Relationship Between Problem-Solving
Task and Working Memory

The novel problem-solving post-test was designed such that it
made demands on WM processes. Specifically, children were
required to remember items, correctly select these remembered
items from a series of stimuli including both targets and
distractors, inhibit retroactive interference from previous sets of
remembered items, and simultaneously hold the rules of the game
in mind. To check whether the problem-solving task indeed made
WM demands, we examined the correlations between the verbal
and visual pretest WM measures and the problem-solving task.
Forward digit span, (62) = 0.28, p < 0.05, backward digit span,
r(62) = 0.34, p < 0.01, and matrices, r(62) = 0.31, p < 0.05, all
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were significantly correlated with the problem-solving task. Next,
we entered digit span forward, digit span backward, and Matrices
as predictors of problem-solving performance into a regression
model. This analysis showed that matrices and backward digit
span tasks explained 15.9% of the variance in problem-solving
performance (R? adjusted = 0.159), F(3,60) = 4.96, p < 0.01, and
significantly predicted problem-solving performance (f = 0.27,
p < 0.05, and p = 0.28, p < 0.05, respectively). The forward
digit span was not a significant predictor of problem-solving
performance (§ = 0.09, p = 0.50).

Far-Transfer Training Effects on the
Problem-Solving Task

For the problem-solving task, the performance index (C-E)/T was
computed using the total scores ([total correct - total errors]/total
tokens used) across three trials of the task. A univariate
ANOVA with training condition as the independent variable was
conducted to examine whether problem-solving performance
differed as a result of which training group children were
assigned. Results revealed a significant main effect for condition,
F(3,60) = 3.04, p < 0.05, nf, = 0.13. Post hoc analyses using
least significant difference (LSD) revealed statistically significant
differences in the problem-solving performance index (C-E)/T
between the control group and each of the three training
groups. As can be seen in Table 3, on average, the control
participants collected fewer cards than any of the training groups.
Importantly, medium to large effect sizes were found for all three
comparisons made between treatment groups and the control
group (see Table 2). The largest effect size was found for the
difference between the control group and the group that received
both interventions (S+R). The three training groups (S+R, S, R)
did not differ significantly from each other.

Due to the correlations between the pretest memory measures
and the problem-solving post-test, a one-way ANCOVA was
also conducted to examine whether post-test group differences
remained when including the digit span tests, matrices, and free-
recall pretest measures as covariates. Results showed a significant
main effect for condition F(3,60) = 2.80, p < 0.05, Yl%) =0.13. Post
hoc analyses again revealed that there were statistically significant
differences in the problem-solving performance between the
control group and the semantic training group (p < 0.05);
the rehearsal training group (p < 0.05), and the S+R group
(p = 0.05). No significant differences were found between the
three training groups.

TABLE 2 | Mean differences between groups on problem-solving outcomes
over all trials.

Condition Difference in Difference in p Effect
correct cards performance size (d)
index
) ) ()] ()]
Controls S+R —-14.63 —0.98* 0.006 0.97
S —8.69 —0.73* 0.038 0.63
R —12.06 —0.75* 0.035 0.74
S+R S 5.94 0.25 0.48 0.27
R 2.56 0.24 0.5 0.3

*Significant at p < 0.05; large effect size d > 0.8.

A breakdown of correct cards retrieved per trial is shown
in Table 2, as well as means for total errors across three trials,
and number of tokens used. No significant differences in token
usage were found.

Perfect performance on this task would have involved
collection of 72 cards in total, however no child collected all three
lists in their entirety and without error, which demonstrated that
the task was sufficiently challenging yet nuanced enough to show
variability in performance across children.

DISCUSSION

The main finding of this study is that strategy-based training
produced a far-transfer effect in a novel problem-solving task.
The control group performed significantly worse on the problem-
solving task than all three training groups. Most importantly,
children were not coached into using specific methods to
complete the problem-solving task, but had to recall and execute
the strategies by themselves in a context that differed considerably
from training (Barnett and Ceci, 2002). Surprisingly, there was no
statistically significant difference in receiving combined training
of both strategies compared to only one strategy.

A possible explanation for why there was no significant
difference in problem-solving performance between the
combined and separate training conditions is that the problem-
solving task may not have been sensitive enough to capture the
effects of the combined training. It is possible that these effects
would have emerged if a more demanding outcome measure
or a longer interval between training and test had been used.
It is also possible that the training phase itself was too short.

TABLE 1 | Group means for pretest measures.

Groups Matrices Free recall (correct) ARC DS forward DS backward

n X S X s ¢ s X s X s
S+R 16 4.52 0.97 12.69 2.41 0.4 0.36 5.69 0.87 3.56 0.96
Controls 16 4.19 0.64 11.13 2.92 0.31 0.32 5.31 0.95 3.19 0.83
S 16 4.4 0.4 11.38 3.07 0.37 0.4 5.75 1.07 3.19 0.66
R 16 4.75 0.79 10.88 2.99 0.37 0.4 5.13 0.62 3.19 0.75

ARC is a measure that reflects children’s use of the clustering strategy in the Free Recall task (see Senkova and Otani, 2012).
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TABLE 3 | Group means for problem-solving outcomes.

Correct cards Correct cards Correct cards Total Total Tokens
Groups n (C-E)IT Trial 1 (/24) Trial 2 (/124) Trial 3 (/124) Correct (/72) Errors used
¢ s X s X s X s X s X s X s

S+R 16 3.79 0.75 21.88 3.59 21.5 413 19.88 4.26 64.94 12.69 4.75 4.95 16.81 1.28
Controls 16 2.81 1.21 18.81 5.09 15.69 8.31 1413 8.1 60.44 12.12 11.81 9.31 17.56 0.892
S 16 3.54 1.1 20.88 2.94 19.25 5.43 17.19 6.4 65.38 6.3 8.44 8.03 16.63 1.71
R 16 3.56 1.76 21.88 2.25 19.81 4.65 19 5.2 67.44 415 6.75 6.36 17.25 1.18
Total 64 3.42 1.02 20.86 3.7 19.06 6.1 17.55 6.42 64.55 9.66 7.94 7.63 17.06 1.31

Total performance = (C-E)T.

Cognitive training studies are generally time intensive, spanning
multiple sessions over weeks. Training effects might have been
amplified if there had been multiple training sessions to help
consolidate learning.

Alternatively, children may not have benefited more from
the combined training than from the single-strategy training
because they may have used only one strategy although they had
received training on both. Controlling the use of two strategies,
in this case, first categorizing stimuli, and then rehearsing words
recoded from pictures, would require the metacognitive ability
to select and implement separate strategies in a logical sequence.
This, in turn, requires the comparison and evaluation of different
strategies, a mental task that may be difficult to do while
attempting to implement a strategy (Whitebread, 1999; Touron
etal., 2010). In a task that is cognitively demanding with multiple
subordinate goals, children with limited cognitive resources will
likely make less adaptive strategy choices (Imbo et al., 2007).
Moreover, children with lower WM are more likely to experience
a version of “utilization deficiency” (Bjorklund et al, 1994;
Gaultney et al., 2005), such that, despite being instructed to use
a particular strategy or seemingly comprehending the steps in its
application, they fail at implementing the strategy due to limited
cognitive resources. According to Lovett and Anderson (1996),
available processing capacity in WM is a constraint that limits the
amount of attention that can be distributed over concurrent tasks.
Younger children who have lower WM capacity may not always
be able to effectively implement strategies in spite of training. In
conclusion, the effortful task of alternating and deciding between
two strategies may actually impede the ability to use both, and
if one strategy is easier to implement, a child may default to
using only one. In addition to this possibility, the relatively small
sample size in each condition would make it more difficult to
detect differences between the training groups, especially if only
a small effect size differentiates the groups.

An underpowered sample size was a notable limitation of this
study. Due to the time intensive nature of pre- and post-test
intervention studies, large sample sizes for these types of studies
are achieved with some difficulty. The current study was also
completed under a narrow time constraint, which made further
data collection unfeasible. A one-way ANOVA would require a
large sample size (n = 280) to detect a medium effect size (0.25)
for four groups, using a 95% confidence interval. In the current
study with a sample size of 65 the observed power for detecting

a medium effect size was 0.338. Replication of this study with a
sufficiently powered sample would ensure that a Type II error was
not being made with respect to the lack of significant differences
between the different training conditions.

The current findings also did not support our second
hypothesis that children who were taught to use only a
categorization strategy would outperform those who were taught
only rehearsal. As previously mentioned, rehearsal may be
less effortful than semantic categorization, and in cognitively
demanding tasks, children tend to use less effortful strategies
(Beilock and DeCaro, 2007). Our problem-solving task involved
many rules in addition to memorizing items, and with these
aspects demanding the child’s attention, the ability to use a
more complex strategy efficiently may have been impaired. The
near-transfer effect found in this study lends credence to this
explanation. When comparing the group that received semantic
training to the group that did not receive semantic training
on the much less demanding free-recall post-test, those who
received semantic training outperformed those who received
rehearsal training.

Finally, the semantic training group may not have performed
better than the rehearsal group because of intrinsic limitations
to the categorization strategy. Semantic categorization is a good
strategy for recalling a large number of items because of primed
associations. However, it may actually impede performance
in a task that places emphasis on accuracy for the very
same reason. During free-recall tasks, participants occasionally
make intrusion and repetition errors. In the current problem-
solving task, retroactive inference between trials heavily impeded
accuracy because targets remembered from a previous list
may not have been targets on a current list. Accuracy was
also an important component of the problem-solving task; if
clustering both increased recall but also elevated the propensity
for intrusion and repetition errors, the overall performance
would be compromised. Future studies should seek to determine
whether semantic strategies are more helpful when retroactive
interference is reduced between trials. Retroactive interference
could be removed by using each target for only one trial. A follow
up study would also be improved by replication with more clearly
distinguished categories, as the groups of aquatic and terrestrial
animals may have been too similar for some children to fully
benefit from using a categorization strategy. Nevertheless, despite
the possible interference that children may have experienced
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while using a semantic strategy, the data showed that the
semantically trained group still significantly outperformed the
control group, suggesting that this strategy was overall successful
in improving performance in a far-transfer task.

Lastly, it is important to distinguish between cross-temporal
and cross-contextual transfer. Cross-contextual transfer is highly
relevant to our understanding of how training effects can be
transferred to real world environments. Although both cross-
temporal and cross-contextual considerations are important, the
focus of this study was on cross-contextual transfer, largely in
part because of the narrow time constraints of data collection.
Producing a sustained change is ideal, but longevity of a training
effect may sometimes be secondary to the nature of change
itself. Training which produces improvements in only a narrowly
constrained set of outcomes may not be viewed as successful as
training which produces improvement across multiple outcomes,
particularly if those outcomes involve higher order cognitive
process or more complex domains.

A challenge for the training literature has been to find a
compromise in the similarities and differences between the
trained and untrained tasks. On one hand, similarities between
the tasks are part of the point of training studies: common
elements must be identified and isolated in training, and
improvement in these common elements are what we measure
in transfer effects. If these common elements are unknown
or inconsistent, predicting and implying transfer is impossible
(Noack et al., 2009). On the other hand, if there is too much
overlap between the trained task and post-test limits, then gains
will likely be limited to near-transfer. In this study, we can clearly
identify the common elements between training and post-test,
as well as the overlapping elements between pretest and post-
test. These common elements are in sum: a measurably capacity
for short term storage of verbal and visual stimuli, a process
whereby visual information is recoded into verbal information,
the ongoing maintenance and refreshing of this information,
and ways of organizing information effectively for more effective
encoding and retrieval. Our training tasks focus on improving
these elements, and the post-test recruits exactly these abilities.

At the same time, we acknowledge that it is debatable whether
far-transfer has occurred in our study. The determination of
whether far-transfer has taken place requires the administration
of a series of post-test measures dissimilar enough from the
trained tasks to suggest change at the level of broad abilities
(Noack et al., 2009). We are less confident that our short training
has made changes in any one broad domain. Nevertheless, the
study demonstrated that the trained strategies could be used in
a context where there was substantially higher cognitive load, as
evidenced by the many other rules, constraints, and distractors,
and where application of the strategies was less transparent and
arguably more difficult to implement. Arguably, because of these
features, the post-tests were at least somewhat dissimilar from
the trained tasks, while retaining the common elements which
underlie transfer.

Near-Transfer Training Effects
A secondary goal of this study was to replicate near-transfer
effects of semantic strategy training. We expected near-transfer

effects for WM training more generally, because previous
research has shown considerable evidence for near-transfer
effects in training of executive functions (e.g., Klingberg et al,,
2002; Turley-Ames and Whitfield, 2003; Li et al., 2008; Karbach
and Kray, 2009). Results showed a significant interaction between
type of training and pre- versus post-test free recall. Children
who received semantic training showed a small but consistent
improvement from pretest to post-test on the free recall task,
whereas the performance of children who did not receive
semantic training did not show this gain.

Summary

The results of this study show that strategy-based WM training
produced a far-transfer effect on a problem-solving task. Groups
in all three training conditions outperformed control participants
in problem solving. This research is important because it shows
that children are able to generalize specific strategies to a
completely novel problem-solving task with which they have
no prior experience, and where no explicit instruction is given
on how to complete the task. Moreover, not only were the
test stimuli different from the ones used in training, the task
demands that children were tested on (i.e., use of semantic
categorization or rehearsal) were embedded in a game where
other complex rules and hierarchical goals had to be kept
in mind while remembering and implementing strategies. The
positive findings of our relatively short training study stand
in stark contrast to other research showing no evidence of
far-transfer even in testing that immediately follows training.
In our view, several factors contributed to the success of this
training. First, we selected strategies that are developmentally
appropriate in that these strategies were emerging but not
yet mastered or used consistently by the target age group.
Secondly, prior research has demonstrated these strategies
to be used very effectively by individuals with higher WM
capacity. In other words, children who do well in WM-related
tasks employ exactly the strategies that were trained in the
current study. Thirdly, in training these strategies we used
very concrete, explicit instruction, and the ease of their use
allowed them to be applied readily. Our finding shows that
application is not limited to near transfer, but also generalizes
to a new context.

Undoubtedly, more work is necessary to better understand
the causal relation between components of WM and different
types of higher-order abilities. Nevertheless, in examining our
between-group differences, we found a large effect size for the
difference between the combined training (Semantic+Rehearsal)
condition and the control group, a marginally large effect size
for the difference between Rehearsal training condition and
the control group, and a medium effect size for the difference
between the Semantic training condition and the control group.
These medium to large effect sizes are exciting as they suggest
that training simple strategies that focus on improving cognitive
efficiency can potentially moderate children’s performance on
higher-order tasks, particularly when task demands reflect
components of training. The fact that combined training
produced the largest effect size suggests that such training has the
potential to have an additive effect.
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Our training focused on practicing and fine-tuning strategies
that emerge in children who are between 6 and 9 years old,
suggesting that one direction of future research on WM training
should focus on enhancing and scaffolding the effective use of
cognitive strategies that are developmentally appropriate and
contextually relevant. This study also replicated near-transfer
effects, showing that those who received semantic training did
better on a free-recall task after training whereas those who
did not receive such training did not show improvement. This
second finding is also important because it suggests that rehearsal
and semantic categorization are two conceptually different
mechanisms by which children can more effectively encode and
maintain information in WM. Follow-up studies should further
tease apart the unique contributions of these different strategies
using more intensive training paradigms and larger samples.
Future studies should be conducted to determine whether long-
term gains can be produced by this type of WM training. In
addition, there is a need to explore longer-term, distributed
training paradigms, that take place over time and adjust for
children’s changing competencies, as well taking into account
individual differences in other factors related to task performance
such as attention and motivation.

Finally, it is important to discuss several limitations of the
present study. Despite the promising training effects, given the
time constraint of data collection it was not feasible to conduct
extended training over multiple sessions. Working memory
training studies have typically involved several training sessions
(about half an hour long each) over the span of a few weeks.
Although the relationship between the quantity and effectiveness
of training may be variable, it is likely that a more intensive
training program would achieve longer-term training effects than
a single session lasting half an hour as in the present study. In
particular, children who were trained in two strategies may have
benefited from more training sessions because of the complexity
of mastering and applying two strategies.

Lastly, children’s baseline WM could be more precisely
established in future studies to more clearly look at how children
with low WM respond to training in comparison to children
with high WM. It is also important that individual differences
are not underestimated in any learning situation. Aside from
baseline WM, other relevant factors such attention, emotional
regulation, anxiety, or curiosity may have influenced children’s
responsiveness to training and their ability to transfer training
to a novel problem solving context. We also acknowledge that
claiming far-transfer may be ambitious as it remains unclear to
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Executive functions (EFs) can be conceptualized as a mean of behavioral self-regulation,
and difficulties with EFs may adversely affect school success, social function, and
cognitive and psychological development. Research about EFs and how they are
affected by various educational and psychosocial factors is sparse. EFs are of great
importance to understand how children can handle the challenges that they meet at
various stages of development. There has been an increased focus on programs aimed
at improving EFs, either as a primary outcome, or as a supplemental result of a specific
activity. In this randomized controlled study, 66 children (31 girls, mean age 7:1 years)
were given an arts and culture rich intervention (Art of Learning) aimed at improving EFs.
EFs were assessed with the Behavior Rating Inventory of Executive Functioning-teacher
version (BRIEF-teacher form) before, immediately after, and 6 months after intervention.
Outcome in the intervention group was compared to children from two schools serving
as controls (n = 37, 18 girls, mean age 7:3 years). In addition, teachers from intervention
schools were also interviewed both individually and in focus groups. The results reveal
that both groups improved their EFs, as measured with BRIEF, over time on the
global executive composite (GEC) score, the metacognition index, and on behavioral
regulation index (BRI). However, the intervention group displayed a significantly greater
improvement than the control group on GEC and BRI. The teacher interviews reveal
positive effects for the children when it comes to several aspects: collaboration, conflict
management, inclusion, vocabulary, and confidence. These factors are regarded as
important for EFs development and academic outcome. The results support the notion
of best training transfer effects for tasks addressing global executive functioning and
specifically behavioral regulation skills (BRI).

Keywords: Art of Learning, behavioral self-regulation, BRIEF, executive function, executive function training,
metacognition

INTRODUCTION

Executive functions (EFs) can be conceptualized as a mean of behavioral self-regulation, crucial
for children’s social function, and cognitive and psychological development (Alloway, 2009).
EFs seem to be situated in neural networks including prefrontal cortex, striatum, and the basal
ganglia (Middleton and Strick, 2001), showing considerable development throughout childhood,
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reaching adult-like levels in middle adolescence (Best and Miller,
2010). Thus, difficulties with EFs have shown to adversely affect
school success, social function, and cognitive and psychological
development (Diamond, 2013; Zelazo et al., 2016; Pellicano
et al, 2017; Morgan et al, 2018). There are no generally
agreed definition of EFs. One reason for this might be different
research approaches to the construct, either through studies
of functional outcome of frontal lobes lesions/damage, or
examining different cognitive functions thought to regulate goal-
directed behaviors and studies investigating development of
cognitive control strategies and self-regulation (Cirino et al,
2018). However, a definition commonly used is provided by
Miyake and Friedman (2012) and refer to EFs as “a set of
general-purpose control processes that regulate ones thoughts and
behaviors”. Another common conceptualization refer to EFs as
“the attention-regulation skills that make it possible to sustain
attention, keep goals and information in mind, refrain from
responding immediately, resist distraction, tolerate frustration,
consider the consequences of different behaviors, reflect on past
experiences, and plan for the future” (Zelazo et al., 2016).

There is some ambiguity as to whether EFs can be judged as a
unitary construct or as a set of independent components. Miyake
etal. (2000) has gained a lot of support in their effort to bridge the
different constructs into a unity/diversity hypothesis of EFs. In
this view, EFs are both related and separate cognitive functions.
The unity/diversity hypothesis of EFs finds evidence for both
distinct and common loadings of inhibition, working memory
(WM), and cognitive flexibility in EFs (Miyake et al., 2000; Best
and Miller, 2010; Diamond, 2013). These functions are regarded
as foundations for other higher-order cognitive skills, such as
reasoning, problem solving, and planning (Diamond, 2013).

Inhibition comprises cognitive functions such as self-control,
selective/focused attention, and cognitive inhibition. Inhibitory
control improves rapidly in early childhood, followed by a less
dramatic change through adolescence (Best and Miller, 2010).
Poor inhibitory control is associated with reduced quality of
life, and relatively small improvements may have huge gains
(Moffitt et al., 2011).

The most commonly used definition of WM defines the
construct as the active maintenance and manipulation of
information within a limited time span (Baddeley, 2003). WM
have been shown to be crucial for children’s learning capacity,
and academic achievement in school (Alloway et al, 2005;
Alloway, 2009). As the development of WM is closely related
to the maturation of inhibitory control, the developmental
trajectory of WM is often difficult to disentangle from
inhibition (Best and Miller, 2010). That said, converging
evidence indicate a more protracted period of development
for WM, showing improvement at least through adolescence
(Best and Miller, 2010).

Cognitive flexibility refers to the ability to adapt to changing
situations requiring different thoughts and behaviors (Hill,
2004). The failure in generating novel solutions and to use
appropriate levels of representations in mental processing
may hinder creative responses in situations with open-end
outcomes (Ridley, 1994). Cognitive flexibility is important for the
behavior required in daily social activities (Memari et al., 2013).

Cognitive flexibility presupposes inhibitory control and WM
showing a protracted period of development through adolescence
(Best and Miller, 2010).

The notion of EFs as interrelated, but at same time distinct
components are also supported in a recent study by Cirino
et al. (2018). When assessing EFs in 846 children from 8 to
12 years they found a common factor and five separate factors.
Two components were WM related; span/manipulation with
planning and updating. The other three were generative fluency,
self-regulated learning (SRL), and metacognition (MCOG). The
EFs trident of WM, inhibition, and cognitive flexibility from
the unity/diversity model of EFs by Miyake et al. (2000)
was not supported, which is also the case in other studies
evaluating model fit in children (Huizinga et al., 2006; Espy
et al,, 2011; Lee et al, 2013; but see Miyake and Friedman,
2012). The two WM components found by Cirino et al. (2018)
fit well into the constructs of WM given above. SRL can be
described within the concept of EFs given by Zelazo et al. (2016)
comprising planning, reasoning, and problem-solving abilities.
MCOG refers to the ability to monitor, manipulate, and regulate
other cognitive processes (Cirino et al.,, 2018). The ability to
monitor and regulate cognitive processes has been a central
feature of the EFs models given by Barkley (1997). EFs can
also be conceptualized as a mean of behavioral self-regulation
where inhibition in particular has been associated with childhood
aggression (Barkley, 1997; Poland et al., 2016). A metacognition
index (MI) is incorporated as a main scale in the Behavior Rating
Inventory of Executive Functioning (BRIEF), contrasting the
behavioral regulating abilities in the Behavioral Regulation Index
(BRI) (Gioia et al., 2000a). Behavior regulation have in previous
studies been associated with social function (Kenworthy et al.,
2009), while metacognitive skills may be of greater importance for
school performance (Carretti et al., 2014). Although describing
the concept of EFs with different operationalization’s, the above-
mentioned descriptions seem to entail some of the same cognitive
mechanisms. The overarching notion of EFs as a cognitive
process regulating thoughts, behavior, and emotions important
for everyday functioning seems to be unanimous. And as early
EFs functioning predicts later EFs functioning (Moffitt et al.,
2011), interventions aimed at improving EFs are important.

The link between EFs and creativity is somewhat debated.
Radel et al. (2015) found that less inhibitory control was
associated with more fluent generation of ideas, one central
aspect of creativity. On the other hand, being able to cognitively
inhibit unrelated ideas is found to improve ideational fluency
and flexibility (Benedek et al, 2012). The modulation of
defocused attention together with controlled processing/selective
focused attention can be regarded as processes needed
for cognitive flexibility which is associated with creativity
(Zabelina and Robinson, 2010).

Several approaches, both direct and indirect interventions aim
to increase EFs in children. These approaches span from games,
digital games, art programs, social pretend play, mindfulness,
physical exercise, martial arts to parent training, and specific
educational practices (Diamond, 2012; Hsu et al., 2014; Zelazo
et al, 2016). Evidence for effects are mixed and are usually
measured with neuropsychological measures with relatively low
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correlation to everyday EFs as it unfolds in the classroom
(Toplak et al., 2013). Several pedagogical practices have shown
evidence for improving EFs in children; however, the evidence
for these are also mixed (for review see Jacob and Parkinson,
2015; Zelazo et al., 2016). Further, the unity/diversity hypothesis
by Miyake et al. (2000) also raises the question whether different
intervention programs will show best effect on behavioral
self-regulation, metacognitive skills, or result in more global
EFs improvements.

The best evaluated of these programs, “Tools of the Mind,”
“Head Start REDI,” and the “Chicago School Readiness Program
(CRSP)” are designed for kindergarten. Malleability of EFs
is thought to be best in pre-school years (Diamond, 2014).
The “Promoting Alternative Thinking Skills” program (PATHS;
Greenberg et al., 1995) is to our knowing the only program
designed for elementary school. PATHS is designed to promote
emotional and social functioning, and to reduce behavior
problems. This focus is thought to improve EFs as well (Riggs
et al,, 2006). Bierman et al. (2008a) reported improved emotion-
regulation and social problem solving in a randomized controlled
trial (RCT) of 356 pre-kindergarten children enrolled in PATHS
curricula (Bierman et al., 2008a). Small to moderate effects of this
RCT was further reported for improved examiner ratings of the
children’s attention, and performance on a neuropsychological
test assessing EFs (i.e., the dimensional Card Sort Task) (Bierman
et al., 2008b). In older age groups, however, effects of PATHS
school curricula are reported to be smaller (d = 0.1-0.2) than for
pre-kindergarten studies (Morris et al., 2014).

Art of Learning (AoL) is a program that combines teacher
professional development with a children’s learning program
over a period of 12 weeks (Creativity Culture and Education,
2018). The AoL program hypothesizes that an arts rich,
creative learning program, delivered intensively in schools over
several weeks can have a positive impact on the development
of EFs and attainment in children (Creativity Culture and
Education, 2018). AoL aims to improve teachers understanding
of creative skills and EFs. Furthermore, to help teachers gain
more confidence in using arts-based approaches and learning
to improve attainment across the curriculum. AoL seeks to
improve children’s understanding of their own creativity and help
them develop their EFs. The activities in the program focus on
each of the following art forms: music, theatre/drama, dance,
literature/poetry, visual arts, and photography/digital art. AoL
is largely based upon the review of the existent literature by
Diamond (2014), giving evidence that EFs interventions using
arts and physical activities are most promising. AoL has not
yet been evaluated.

Executive functions are usually assessed through laboratory-
based neuropsychological testing, measuring optimal
performance at a given time and with very limited distracting
stimuli. Hence, laboratory-based testing may not adequately
represent how children are able to utilize their EFs in the
complexity of more naturalistic settings, and questions have
been raised about the ecological validity and generalizability of
neuropsychological test results (McCue and Pramuka, 1998).
Furthermore, assessing EFs using neuropsychological test
batteries is also time-consuming and costly. The BRIEE, which

is used in this study tries to accommodate this critique aiming
to measure EFs abilities needed for everyday adaptive behavior
and functioning through teacher completion of the BRIEF rating
scale (Gioia et al., 2000a). This together with interviews with
participating teachers trying to capture both near and far transfer
effects of the intervention.

The first aim of the current study was to examine whether
an arts rich intervention constructed to improve children’s EFs
would yield any effect on a measure on everyday EFs as reported
by children’s teachers, and as reported in interviews. Based
on current knowledge we hypothesized that the intervention
group would have a greater improvement overall in everyday
EFs than the children in the control group. Our second aim
was to delineate whether this intervention program, delivered
intensively in schools, will have a differential impact on
behavioral self-regulation and MCOG. According to findings
reported by Carretti et al. (2014) we hypothesized that the
group receiving intervention will show a greater improvement in
MCOG than the control group. We did not expect to find greater
improvement in behavioral self-regulation in the group receiving
intervention compared to the control group.

MATERIALS AND METHODS

Participants
A total of 103 children (49 girls) between 6.1 and 9.3 years
(Table 1) were recruited from five different public schools in
the rural area of Gudbrandsdalen in Norway. Children from
three schools (grades 1-2) received the 12-week long AoL
intervention and children from the last two schools (grades
1-3, see Table 2) served as a control group. Children in the
control group worked with their curricula in a traditional manner
and received no specific intervention during the trial period.
All schools had volunteered to participate in the study. The
schools were randomly selected to either intervention or control
conditions. At baseline (T1), EFs for all children were assessed
by their teachers with the BRIEF-teacher form (Gioia et al,
2000a). The same teachers assessing children’s EFs at T1 also
reassessed them post-intervention (T2) and after 6 months (T3).
Demographic characteristics are presented in Tables 1, 2.

Focus group interviews with teachers were conducted at the
intervention schools, as well as individual interviews with one

TABLE 1 | Demographic characteristics.

Variable Intervention Control Group comparisons
(n = 66) (n=37)
x2/F P

Sex 35/31 19/18 0.27 NS
(male/female)

Age (months) 85.2 (6.1) 88.5(9.8) (1,101) 2.12 NS
BRIEF - GEC 92.1 (20.9) 87.9 (20.5) (1,101) 0.96 NS
T

BRIEF — GEC T1, Behavior Rating Inventory of Executive Function — Global
Executive Composite Time 1; NS, not significant.
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TABLE 2 | Number of participants in different grades and numbers of interviews
conducted in parenthesis.

Group Total
Intervention Control
Grade 1,00 30 (3) 17 47
2,00 36 (3) 13 49
3,00 0 7 7
Total 66 37 108

teacher at each of these schools. Three focus group interviews and
three individual interviews in total. Strategic committees were
made by discussing with the principals of two of the schools,
which teacher had been active in the project all the way, and
who had qualifications to be able to provide good information in
the interview. At the third school, only one of the teachers had
time to join the interview. Therefore, an accessibility selection
was made there. That is to say — the sample was strategically based
on the fact that the participant represented properties that were
relevant to the problem, and the method for selecting this teacher
was based on the teacher being available. All the teachers met up
at the agreed time to a 1.5 h per group interview and 1 h per
individual interview.

Art of Learning
Art of Learning is an arts rich, creative learning program
delivered intensively in schools and aims to have an impact
on the development of creative skills, EFs, and attainment in
children (Creativity Culture and Education, 2018). AoL is a
practice-based program where artists work in partnership with
teachers to support planning and implementation of lessons.
The program has a duration of 12 weeks and comprises pre-
designed creative learning practices from six different artforms
(music, theatre/drama, dance, literature/poetry, visual arts,
photography/digital) delivered 1 h (60 min) a day 3 days a
week (see Supplementary Data Sheets 1-6 for examples). Each
activity is specially designed to address either one or more of
the EFs; inhibition, WM, or mental flexibility. The sessions
consisted of a selection of 36 predetermined art activities and
were translated and adapted to the Norwegian context. They
involved a large upheaval of everyday life for the intervention
group, while for the control group it meant having teaching
as normal. The artists came to the intervention schools and
conducted the predetermined arts activities with the children
in collaboration with the teachers. The artist and the teacher
themselves, designs and deliver a 1-h activity (60 min) each week
based on the experiences they gain from the program. The artists’
work in one class over a period of 6 weeks and then another artist
follows the class for the remaining 6 weeks. The children received
a total of 240 min, or 4 h of arts activities each week, through
the 12 weeks. The sessions were structured based on the children
engaging with activities from the different art forms. Each art
form (music, theatre/drama, dance, literature/poetry, visual arts,
photography/digital) was devoted to 6 sessions, or 2 weeks.

The sessions were built up according to a fixed structure:
warm-up, main activity, and reflection. Each session schedule

provided instructions on time usage, materials needed, room
setup, guidance on how to conduct the activity, and which EFs the
session aimed to train (Table 3). It was up to the artists and the
teachers to adapt the sessions to the group of children. The artists
recorded all changes from the original plans after each session
and have since been filed in the project database.

Principals and teachers from the intervention schools, as
well as the artists, were trained ahead of the intervention to
ensure that they understood and could conduct the practical
aspects and the content by being part of the AoL, introducing
them to the aims and explaining the different elements of the
program (see Supplementary Appendix 1). They were also given
a comprehensive lecture of EFs and its relation to learning and
creativity. Teachers from control schools were not given this
information or training, this to ensure they did not alter their
pedagogical practices accordingly.

Artists who were to carry out the activities were recruited
based on experience from previous, similar activities in schools.
They were placed at the various intervention schools on the basis
of a desire for continuity. It was stressed that the artists should
become acquainted with the children and the teachers and vice
versa, based on which arts the artists worked with. Planning time
for the artist and teachers at least once a week was provided.
How the days were organized, and when time was allocated for
planning varied from school to school. The schools were given all
the material they needed before the intervention period, except
for material they had easy access to at each school. Otherwise,
the artists were responsible for ensuring that all material was
ready before each session, and for preparing it. During the
intervention, the Project Leader visited all the schools to ensure
program fidelity.

Measures
The BRIEF rating scale (5-18 years) assesses everyday executive
functioning and provides information about cognitive,

emotional, and behavioral regulatory processes (Gioia et al.,
2000b). BRIEF-teacher form is completed by the child’s teacher
and contains 86 items measuring different empirically derived
aspects of EFs behaviors. These are Inhibit, Shift, Emotional
Control, WM, Initiate, Plan/Organize, Organization of Materials,
and Monitor. These eight clinical scales form two broad
classifications of executive functioning; Behavioral Regulation
(BRI) and Metacognition (MI), as well as an overall Global
Executive Composite (GEC) score (Gioia et al., 2000a). The
current study used the Norwegian version of the teacher form.
The teacher form has shown high internal consistency with a
Cronbach’s « ranging from 0.80 to 0.98, and with test-retest
reliability correlations for BRI = 0.92, for MI = 0.91, and for
GEC = 0.91. Further, correlational analysis provide evidence for
convergent and divergent validity through comparisons with
other established scales for behavior (Gioia et al., 2000a). Studies
have reported discrepancies comparing European children
with the American norm sample in favor of European children
scoring better than American norms (Fallmyr and Egeland, 2011;
Huizinga and Smidts, 2011; Hovik et al., 2014). Of interest in the
current study are the broad measures BRI, MI, and the overall
GEC. Raw scores are used in the analyses. Lower raw scores
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TABLE 3 | Overview over Art of Learning exercises and aimed executive functions.

Artform Session Warm up IC WM CF Main activity IC WM CF Reflection IC WM CF
Dance Week 1 Session 1 Dance warm up v Name dance v v Questions v
Week 1 Session 2 Dance warm up 2 v v Movement symmetry v v v Mindful breathing v
Week1 Session 3 Dance warm up 3 v v The match moves v v Questions v
Week 2 Session 1 Brain warm-up and SG v v Welcome to the circus v v Open circle v
Week 2 Session 2 Alive, once alive, never.. v Welcome to the rainforest v v Postcard partners v
Week 2 Session 3 Stop go weather game v v It’s raining, it's pouring v Think, pair and share v v
Literature Week 1 Session 1 Shoulders v v This is a haiku v v Scale game v
Week 1 Session 2 Thisis a... v Be very afraid v Step in v
Week 1 Session 3 Poetry clap v v Maths poetry v v One word v v
Week 2 Session 1 Group story with cards v v Emotional fiction v Walking emotions v
Week 2 Session 2 Group story with cards 2 v v v Fifty-word story v v Walking reflection v
Week 2 Session 3 Group story with cards 3 v v v Fifty-word story 2 v v Moving reflection v
Music Week 1 Session 1 Four beats v Beat games v v Questions v
Week 1 Session 2 Don’t clap this one back v v Louisiana mud slap v v High and low reflection v
Week 1 Session 3 Ta ta kidi v v Rhythm of my body v v Feeling through my body v
Week 2 Session 1 Plasticine person v v v Beatboxing v v Sound reflection v
Week 2 Session 2 Rhyming stamp v v Rapping and rhyming v Reflecting on our work v
Week 2 Session 3 The opposite game v v Putting on a show v v Dartboard reflection v
Theatre Week 1 Session 1 Stop, go, gettingtoknow v Daily routine disco v v Questions v v v
Week 1 Session 2 Yes, let’s v The bag part 1 v v Freeze frame v v
Week 1 Session 3 1,2,3 v v v The bag part 2 v v Scale game v v v
Week 2 Session 1 Stop go v Mask monologs v v Mask monol. on paper v v
Week 2 Session 2 Fast and freeze v v What it’s like to be. .. v Questions v
Week 2 Session 3 Speed graffiti v v What it’s like to be. .. 2 v Open-minded reflection v
Visual arts Week 1 Session 1 Big draw v Back to back v v Eyes closed v v
Week 1 Session 2 Memory draw v Simon says — collage create v v v Facial feedback v
Week 1 Session 3 Question square v Frames of reference v v | liked v v
Week 2 Session 1 Count to 20 v Picture in my mind v v Recalled reflections v
Week 2 Session 2 Hand squeeze v Drawing through my senses v v v Post-it feedback v
Week 2 Session 3 Changing spaces v v Portrait of change v Scale game
Digital Week 1 Session 1 Me-pose v v Picture story v v Paper-ball free-writing v v
Week 1 Session 2 Speed graffiti v Picture an emotion v Emotional questions in pairs v
Week 1 Session 3 Group story v v Sound story of origins v v Radio interview v
Week 2 Session 1 Silent walk v School advert 1 v Yes/no questions v
Week 2 Session 2 Bouncy warm-up v School advert 2 v v Bouncy reflection v v
Week 2 Session 3 Nod, shrug and shake v School advert 3 v v Bottle reflection v

IC, inhibitory control; WM, working memory; CF, cognitive flexibility.
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on the BRIEF indicate better EFs. The teachers completing the
BRIEF were the same teachers who led the intervention in the
classroom together with the artists.

Information from BRIEF-teacher form was supplemented
with a partially structured interview, in which the questions and
topics are pre-arranged, but with the opportunity and openness
for the informants’ experiences as well as room for follow-up
questions along the way.

Analysis

SPSS version 24 was used for statistical analysis. Significant
results are reported at the p < 0.05 level. Demographic
characteristics are investigated using chi-square test for

independence (gender) and independent samples t-test
(age). Mixed between-within subjects ANOVA (mixed
ANOVA) were used to investigate possible interaction

effects in EFs development across groups (intervention vs.
controls, girls vs. boys). Significant interaction effects were
followed up with repeated-measures ANOVA for each group.
Indications of violations of the assumption of sphericity will
be reported together with Greenhouse-Geisser corrected
tests of within-subjects’ effects. Significant interaction effects
from mixed ANOVAs were also followed up with paired
samples t-tests to investigate differences within groups between
T1-T2 and T2—-T3.

The semi-structured interview had eight different topics: aims,
the sessions, executive functioning, academic functioning, social
functioning, role of the teacher, methods, and improvements.
Six teacher interviews with three 1st and three 2nd grade
teachers from three schools with a duration of approximately
60-90 min were conducted. All the interviews were recorded
using a telephone recorder before being transferred to a
computer with anonymous titles. After all the interviews were
completed, they were structured for analysis by transcription.
All participants became anonymous in the enrolment. The
computer program QDA Miner Lite was used for coding and
categorization. In this process, several meaningful categories
were extracted, and a selection of these was included in this
report. The categories are related to statements made by the
informants about the phenomena they had experienced along
the way and after the intervention. The material was read and
reviewed several times.

This study was carried out in accordance with the
recommendations of the Norwegian Centre for Research
Data with written informed consent from parents of all subjects.
All parents gave written informed consent in accordance with
the Declaration of Helsinki. The protocol was approved by the
Norwegian Centre for Research Data.

RESULTS

Behavior Rating Inventory of Executive
Function (BRIEF)

The results from the BRIEF for the intervention group and
control group are presented in Table 4. The mixed ANOVA for
GEC revealed a significant interaction effect of group x time

[F(2,202) = 4.4, p = 0.014, nf, = 0.042] indicating greater
improvement on results in favor of the intervention group
(Figure 1). A repeated measure ANOVA for each group revealed
that both had improved scores on GEC over time, intervention
group: F(2,130) = 19.2, p < 0.001, nf, = 0.228. For the control
group Mauchly’s test indicated a violation of the assumption of
sphericity, x2(2) = 16.3, p < 0.001, results from Greenhouse-
Geisser (¢ = 0.73)-corrected tests: F(1.49,52.5) = 4.05, p = 0.035,
nlz, = 0.101. A paired-samples t-test for the intervention group
revealed a significant improvement from T1 to T2 [#(65) = 3.58,
p =0.001, d = 0.30] and from T2 to T3 [£(65) = 2.56, p = 0.013,
d = 0.26]. A paired-samples t-test for the control group revealed
a significant improvement from T1 to T2 [#(36) = 2.81, p = 0.008,
d = 0.20] but not from T2 to T3 [t(36) = —0.7542, p = 0.456,
d = —0.04]. There was no significant interaction effect of
group X time on the mixed ANOVA for MI (Figures 2, 4).
A significant effect of time was found for MI [F(2,202) = 11.9,
p < 0.001, nf, = 0.105]. The mixed ANOVA for BRI showed
a significant interaction effect of group x time, F(2,202) = 5.3,
p = 0.006, nf) = 0.050 (Figures 3, 5). A repeated measures
ANOVA shows a significant effect of time for BRI in the
intervention group F(2,130) = 20.3, p < 0.001, nf) = 0.237, but
not for the control group F(2,72) = 1.85, p = 0.164, nf, = 0.049.
A paired-samples t-test for the intervention group revealed a
significant improvement from T1 to T2 [#(65) = 3.42, p = 0.001,
d = 0.27] and from T2 to T3 [t(65) = 2.96, p = 0.004, d = 0.30].
A paired-samples t-test for the control group revealed no
significant improvement from T1 to T2 [¢(36) = 1.81, p = 0.077,
d=0.14] nor from T2 to T3 [¢(36) = —0.862, p = 0.378, d = —0.04].

We found no significant interaction effects between time,
group, and gender on GEC, MI, or BRI [GEC, F(2,198) = 0.28,
p=0.755, nlzj =0.003; MI, F(2,198) = 0.01, p = 0.988, nf, =0.000;
BRI, F(2,198) = 1.54, p = 0.216, = 0.015]. Neither did we find
any interaction effects between time and gender.

Semi-Structural Interviews With

Teachers
The coding and categorization process extracted the following
categories relevant for the aims of this article.

Collaboration

The teachers from all three schools described that the project gave
the children new tools to succeed in cooperation with others. The
students had to discuss solutions, give and take, individualists
had to open to others’ views and ideas. The teachers believed
that intervening with classroom dynamics provided a better
school environment.

Conflict Management

The teachers all report that the children’s abilities to resolve
conflicts improved because of the intervention. At one school,
the teachers report that both children and teachers have a new
approach in conflicts, as the children have learned new concepts
and tools to resolve conflicts, and the teachers have become better
at challenging the children to reflect upon difficult situations. In
another school, the teachers report improved generosity in the
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TABLE 4 | Results on BRIEF-teacher form (raw scores) at T1, T2, and T3: means and
mixed model ANOVA.

standard deviations within the intervention and control groups, and results from

Variable Intervention (n = 66) Control (n = 37) Group Time Time x group

T1 T2 T3 T1 T2 T3 F p F P F P n;‘;
GEC 92.1(20.9) 86.0(18.6) 81.8(13.7) 87.9(20.5) 84.1(19.6) 84.8(21.7) (1,101)0.082 NS 158 >0.001 4.37 0.014 0.042
Mi 55.3(13.7) 51.8(11.1) 49.7(10.2) 52.4(10.8) 49.9(10.7) 50.2(10.7) (1,101)0.504 NS 11.9 >0.001 2.24 NS 0.022
BRI 36.5(8.31) 34.2(8.61) 32.1(6.000 356(11.8) 34.1(10.1) 34.6(11.8) (1,101)0.083 NS 12,6 >0.001 5.30 0.006 0.050

BRIEF, Behavior Rating Inventory of Executive Function;, GEC, global executive composite; MI, metacognition index; BRI, behavioral rating index; NS, not significant.
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FIGURE 1 | Raw scores, lower scores indicating better results. Vertical bars denote 95% confidence intervals.

group, the children accept each other in a new way, and no one is
laughing at each other.

Inclusion

In the interviews, the teachers emphasize the effect the project
has had for inclusion. Some describes how the children, through
collaborating with several, not just the best friends, create a better
school environment. They see that children who were previously
left out are included - that everyone is included in a different
way than before. The established groups were dissolved, and the
children expanded their circle of friends.

Vocabulary

The teachers all report that the children have expanded their
vocabulary. They describe, respectively, how the children have
acquired a richer language, learned new concepts, and have
become more reflective. One teacher describes how the children
gained a larger conceptual apparatus and thus were able to
verbalize how they experienced the sessions. That children who
initially just didn’t want to be involved at the end were able to
verbalize their own internal conflicts and how they could solve
it. Furthermore, teachers describe how children’s ability to take
conversational turns also had improved.

Confidence

All schools describe that the children have become more
confident in expressing their own opinions, and in taking
responsibility for group achievements. Teachers from all schools
believe the intervention has given the children mastery and a
sense of increased self-confidence.

DISCUSSION

The results reveal that both groups improve their EFs, as
measured with BRIEE over time on the GEC score, the MI
and on BRI. However, the group receiving the intervention
had a significantly greater improvement than the control
group on GEC and BRI. The teacher interviews reveal several
effects of the project. They report positive effects for the
children when it comes to; collaboration, conflict management,
inclusion, vocabulary, and confidence. The results revealed no
gender differences regarding development of EFs throughout
the study period.

Global Executive Composite
The first aim of the current study was to examine whether an arts
rich intervention constructed to improve children’s EFs would
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yield any effect on a measure on everyday EFs, as reported by
children’s teachers. Based on current knowledge we hypothesized
that the intervention group would have a greater improvement
overall in everyday EFs than the children in the control group. As
expected, the intervention group displayed greater improvement
overall with more than twice as large effect sizes, on a measure
on everyday executive function (GEC) as reported by children’s
teachers, compared to the control group.

These results indicating a global effect of AoL are consistent
with previous research showing a significant transfer effect of
school curricula aiming to enhance EFs (Diamond and Lee,
2011). These findings are also corroborated by the reports from

the teachers involved in the intervention and their reflections
upon the effects it had on the participants when it comes to social
competence, verbal abilities, and self-assurance. One potential
explanation for this wide transfer effect of school curricula
programs such as AoL may be the emphasis on dynamic EFs
training in all activities, across different situations that may
stay in contrast to more specialized EFs programs showing less
generalized effect (Lillard and Else-Quest, 2006; Riggs et al.,
2006; Diamond, 2007). As can be seen from Figure 1, GEC
improvement in the intervention group and the control group
divert from each other from the timepoint that the intervention
was discontinued and until follow-up after 6 months. However,
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it must be noted that this global effect on improved EFs in the
intervention group compared to the control group may primarily
be driven by improved BRI in the intervention group. As a main
difference between groups across time was found for the BRI,
improved BRI scores in the intervention group attributes to most
of the overall GEC score based on both MI and BRI. There is a
possibility that the teachers involved in the intervention gradually
altered their pedagogical practices to be more in accordance
with AoL, so the prolonged effect may be directly related to the
intervention. Such learning gains for teachers have also been
reported from previous evaluations of other creative, arts and
culture rich school curricula (Thomson et al., 2015).

Behavioral Self-Regulation

Our second aim was to delineate whether this intervention
program, delivered intensively in schools, will have a differential
impact on behavioral self-regulation and MCOG. According to
findings reported by Carretti et al. (2014) we hypothesized that
the group receiving intervention will show a significantly greater
improvement in MCOG than the control group. We did not
expect to find significantly greater improvement in behavioral
self-regulation in the group receiving intervention compared
to the control group. Contrary to our expectations, we did
not find support for greater improvement in MCOG for the
intervention group, compared to the control group. Surprisingly,
the intervention group displayed a greater improvement in
behavioral regulation with four times as large effect sizes
compared to the control group. Thus, findings from the
current study did not support our hypothesis that an arts rich
intervention, constructed to improve children’s EFs would yield
a particular effect on EFs sub-functions shown to be crucial
for school performance (Carretti et al., 2014). Where the MI
reflect the child’s ability to get engaged in planful and organized
problem-solving, as well as, updating and shifting of information
needed, the BRI to a higher extent comprises subscales reflecting
the child’s ability to initiate, inhibit, and modulate behavior,
emotions, and activities (Gioia et al., 2000b).

Interestingly, results from our study showing improved
behavioral regulation are consistent with findings by Bierman
et al. (2008a) reporting better emotion-regulation and social
problem-solving skills in pre-kindergarten children after being
enrolled in PATHS curricula. Along the same lines, the reduction
in problem behavior (d = 0.53—0.89) was the main finding in
one “CRSP” - RCT of 609 preschool children, showing more
moderate improvements in academic skills (d = 0.20—0.63)
(Raver et al., 2009, 2011).

A similar main effect on improved behavioral outcome is
evident in our study. When inspecting paired-samples ¢-tests for
the intervention group, the global effect of AoL from T1 to T2
(GEC: d = 0.30) and from T2 to T3 (GEC: d = 0.26) is mainly
driven by improved BRI (T1—-T2: d = 0.27; T2—T3: d = 0.30).
The effect sizes of t-tests from T1 to T2 and T2 to T3 are also
small, below, or in line with comparable studies mentioned above.
However, the effect sizes from the mixed measures ANOVAS are
larger (nfz, = 0.237) and indicate that these children continue to
improve their EFs more than controls from T1 to T3, although
improvements are small to moderate. Albeit the findings from

the RCTs by Bierman et al. (2008a), and Raver et al. (2009, 2011)
are based on preschool children from low-income families, our
findings corroborate previous results elucidating the centrality
of improved emotional-behavioral regulation when aiming to
improve EFs through different intervention programs.

Furthermore, as previous research has reported behavior
regulation to be closely linked to social function (Kenworthy
etal., 2009), and metacognitive competences of more importance
for school performance (Carretti et al, 2014), our findings
from both BRIEF and teacher interviews may indicate that the
main advantage of such intervention programs will be related
to children’s social function, rather than on academic outcome.
However, improved social function may boost academic
outcome, in the long run, as improved social competencies
enhance cooperation needed for solving many of the tasks
given in school settings. Egeland and Fallmyr (2010) have
speculated that the BRIEF’s emotional regulation scale (a subscale
of BRI) reflects the emotional and motivational aspects in
EFs (i.e., hot EFs), in contrast to the less emotional items
constituting the remaining scales in the BRIEF. In line with
the interpretation by Egeland and Fallmyr (2010), improved
BRI may reflect the necessities identified by Diamond (2014),
that effective EFs training programs also help children to
reduce stress, increase joy, make children feel they belong and
improve physical fitness, i.e., in sum programs that not only
will improve EFs and physical health, but also the children’s
mental health (Diamond, 2014). This assumption coincides
with the conclusions from a critical review of a similar
creative arts/culture-based curricula interventions, highlighting
the benefits for well-being, citizenship, work-related skills,
and habits (Thomson et al, 2015). Thus, improved BRI in
the intervention group may not only reflect less problems
with behavioral regulation, but also, according to Egeland
and Fallmyr (2010) improved emotional regulation skills, and
better mental health.

Metacognition

One potential interpretation of our results showing no greater
improvement on MI in the intervention group, compared to
the control group may be that potential improvements related
to academic problem-solving activities (MI) may be more easily
overlooked by teachers than the more overt behavior regulation
competencies incorporated in the BRI. Previous research with
clinical samples has shown that parents and teachers often
report more behavioral symptoms, while children often report
more symptoms about themselves than parents and teachers do
regarding anxiety and depression (Faraone et al., 1995; Grills and
Ollendick, 2002; Sciutto et al., 2004; Rothen et al., 2009; Skogli
et al., 2013). Consequently, teacher ratings may be informative
regarding behavioral regulation, but less sensitive regarding
metacognitive competencies in children at school.

Strengths and Limitations of the Study

Strengths of the current study is a global intervention specifically
aimed at improving executive functioning and the use of an
everyday EFs measure pre, post, and 6 months after intervention.
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Living in a society with low socio-economic differences and
very high attendance to public schools, the study comprises
a relatively representative group of pupils. The randomized
controlled trial design and the implementation of both qualitative
and quantitative data are also regarded as a strength. As the
interventions were governed by teachers and artists in classrooms
there is a possibility that interventions diverted slightly from
how it was originally planned. The project manager visited each
school to observe the sessions in order to check fidelity; however,
no checklists or other means of checking fidelity were applied.
A major limitation is using only teacher reports as outcome
measure. This may cause some difficulties regarding a potential
teacher—child disagreement. Due to this potential informant
variance, it may be stated that what we actually measure is the
teacher’s apprehension of the child and not the child’s capabilities.
Therefore, improved EFs may more precisely reflect the teachers
altered apprehension of the child. Teachers investment of time
and energy to make the intervention work may also reflect how
they rate their children after the intervention. However, as the
effect was more visible after 6 months this is less likely. Other
difficulties with the study are a relatively low n, and little control
over confounding factors.

CONCLUSION

In conclusion, the AoL program shows promising effects on
behavioral self-regulation (BRI) improvement in children aged 6-
9 years as reported both from teacher rating scales and interviews.
The executive subfunctions underpinning social competencies
rather than academic outcome seem to be most affected by the
intervention. It remains to be seen if this in turn will improve
academic functioning as well.
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Despite the crucial role played by the executive functions (EF) to cognitive, emotional,
and social development of children before and during school years, little attention
has been given to construct and analyze the efficacy of programs that intend to
develop them. The program of neuropsychological stimulation of cognition in students:
emphasis on EF, or PENCE (an acronym from its original name in Portuguese, Programa
de Estimulacdo Neuropsicoldgica da Cognicdo em Escolares: énfase nas Funcoes
Executivas), is an early and preventive intervention program for school-aged children,
and implemented at school three times a week for 5 months. The PENCE was structured
in four modules, each focusing on a different executive component: organization and
planning, inhibitory control, working memory, and cognitive flexibility. The objectives
of this study were to verify the effectiveness of the PENCE among elementary school
children and to investigate whether there are transfer effects to other executive,
cognitive, and academic abilities. The sample consisted of 113 children attending
3rd or 4th grade at two public elementary schools. Eight classes participated in the
study, divided into two groups: an experimental group (EG) (four classes; n = 64),
which received the intervention, and a control group (CG) (four classes; n = 49), which
continued their regular school activities. The EF and academic skills of both participant
groups were evaluated before and after the intervention. The EG showed significantly
greater improvements in inhibitory control, working memory, and abstract planning
relative to the CG, with a small to medium effect size. There were transfer effects
to other cognitive and academic abilities. These findings suggest the PENCE may be
a useful method of improving EF and could benefit both school-aged children and
education professionals.

Keywords: executive functions, cognitive development, cognitive stimulation, neuropsychological intervention,
prevention
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INTRODUCTION

Studies show that both academic and professional success depend
largely on executive functions (EF) (Carlson et al., 2004; Prince
et al,, 2007). These abilities help individuals regulate and control
their thoughts, behaviors, and emotions, allowing them to match
behaviors to goals. EF can be understood in terms of three
interconnected skills: working memory (the ability to hold and
mentally manipulate information in order to perform more
than one task at a time), inhibitory control (the ability to
resist impulses and control automatic responses), and cognitive
flexibility (the ability to change perspective or attentional focus)
(Miyake et al., 2000; Diamond, 2013). The interactions between
these abilities contributes to the emergence of more complex or
higher-level functions, such as reasoning, problem solving, and
planning (Diamond, 2013).

Metacognition is a skill that is closely related to EF. It
concerns, among other aspects, the understanding of one’s own
knowledge and thoughts (Flavell, 1987; Dantas and Rodrigues,
2013). The development of EF begins very early [from 4 to 10
or 12 months of age, according to different authors (Diamond,
2013; Hendry et al, 2016)] and extends into adolescence
or early adulthood (Best and Miller, 2010; Diamond, 2013).
In fact, the development of these cognitive skills depends
on both brain development and experience or environmental
factors (Center on the Developing Child at Harvard University,
2011; Diamond, 2013). In Brazil, for example, in the current
educational model, little instruction is given to students on
how to enhance their EF. Most of the time, the school focuses
on specific subjects, as well as competencies such as reading,
writing, and mathematics. Even though students are increasingly
required to complete projects, remember the dates of tests and
assignments, and concentrate despite the presence of multiple
distractions (Meltzer, 2010; Cardoso et al., 2016), they are hardly
ever taught how to reflect about what they think and learn
(metacognition) in a systematic way (Meltzer et al, 2007).
Furthermore, students are seldom taught how to solve problems
in a more flexible way (problem solving and mental flexibility) or
control their impulses (inhibitory control). Many educators are
interested in going beyond the school curriculum and providing
opportunities for students to develop their cognitive abilities.
However, they have no training or education on how to help
students in this way. A study by Leén (2018) examined the
content of pedagogy courses in the city of Sdo Paulo, Brazil,
and found that only 4.7% of institutions offered classes on
the neurobiology or neuropsychology of learning. The result is
an ever-widening gap between traditional teaching approaches
and the real-world challenges facing students and teachers
(Lopez-Rosenfeld et al., 2013).

To provide support to teachers and students and
contribute to educational improvement, scientists, educators,
and psychologists have become increasingly focused on
understanding the methods and approaches that can be used
to stimulate the development of EF in the school environment
(Barnett et al., 2008; Bierman et al., 2008; Dias and Seabra,
2013). Studies show that early interventions to promote the
development of such abilities can produce direct long-term

benefits to school performance, minimizing academic difficulties
and contributing to the reduction and prevention of social,
and mental health issues (Bull et al., 2008; Thorell et al., 2009;
Roebers et al., 2011).

The efficacy and effectiveness of existing programs aimed
at stimulating the EF in children were analyzed in a recent
systematic literature review, which examined 19 studies, mostly
involving preschool students (Cardoso et al., 2016). The authors
found that the interventions were successful in stimulating the
EF of healthy children. The majority of programs described in
the literature were computer based. Though the interventions
led to improvements in targeted skills, the presence of transfer
effects to other areas (cognitive abilities and everyday activities)
has not been established. In addition to computer-based training,
some studies have proposed a curriculum-integrated approach,
with activities included in the regular school curriculum. This
strategy seems to have broader and more generalizable effects,
since it stimulates several cognitive components simultaneously,
and tends to be more intensive than interventions outside the
classroom setting. However, the review also identified significant
heterogeneity in sample characteristics and in the instruments
used for pre- and post-intervention assessments, which interfered
with the comparison of results across studies (Cardoso et al.,
2016). In the school setting, the following programs stand out:
Tools of Mind (Bodrova and Leong, 2007; Diamond et al.,
2007; Barnett et al., 2008); PATHS (Promoting Alternative
Thinking Strategies) (Riggs et al., 2006); and the Program
of Intervention and Self-Regulation and EE or PIAFEx, an
acronym for its original name in Portuguese (Programa de
Intervengdo em Autorregulacdo e Fungdes Executivas) (Dias and
Seabra, 2013). The Tools of Mind is an American program
based on Vygosky’s theory of cognitive development. It was
designed to be implemented as part of the school curriculum
in early childhood education and instructs teachers on how
to assist in the promotion of students’ EF as part of their
everyday practice. The program involves 40 activities designed
to promote sociodramatic play, encourage the use of private
speech, and teach students to use external resources to stimulate
self-regulation (Bodrova and Leong, 2007). The PATHS program
focuses primarily on emotional and social skills in school-
age children and was developed in the United Kingdom. The
program was designed as a preventive intervention to be used by
educators in the classroom. The PATHS provides teachers with
the materials and instructions to teach children about emotions,
self-control, social competence, and interpersonal problem-
solving skills (Riggs et al., 2006). Last, the PIAFEx is a Brazilian
program focused on the stimulation of EF in early childhood
education and the Ist year of elementary school. It contains
43 activities and is implemented by teachers in the classroom
settings. The activities are divided into 10 basic modules and one
complementary section. The activities combine physical/motor
activities, rule-based games, strategy learning, organization, as
well as time, and goal management with the aim of enhancing
the EF (Dias and Seabra, 2013). These interventions have led
to improvements in cognitive flexibility and working memory
(Diamond et al., 2007), inhibitory control (Rothlisberger et al.,
2012; Dias and Seabra, 2015a,b), and social behavior (Barnett
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et al., 2008). However, most of these investigations focused
on preschoolers or first-year elementary students. Very few
programs have been developed for children in second grade and
beyond (e.g., Rosdrio et al., 2007). In several countries, children
are guaranteed the right to attend kindergarten, and preschool.
However, in some South American countries such as Brazil,
approximately 20% of children are not enrolled in preschool,
despite having the right to do so (Brasil, 2013). This means that
many children do not have the opportunity to enhance their
executive functioning and benefit from interventions carried out
before elementary school (Dias and Seabra, 2016).

In light of this shortcoming, a new program has been
developed to stimulate EF of school-aged children, entitled
Program for the Neuropsychological Stimulation of Cognition
in Students: emphasis on EF, or PENCE (an acronym from
its original name in Portuguese, Programa de Estimulagio
Neuropsicolégica da Cognigio em Escolares: énfase nas Fungdes
Executivas) (Cardoso and Fonseca, 2016). The program seeks
to potentiate and optimize the development of EF and related
cognitive processes through play, cognitive activities, and
teaching of systematic strategies in the school setting. The
purpose of this study was to investigate the efficacy of PENcE
in elementary school students (grades 3-4). Furthermore, we
sought to verify whether the program would have any transfer
effects to academic performance, other cognitive components,
and behavior. For this, different measures were used to investigate
several components of EF.

MATERIALS AND METHODS

Participants

The initial sample for the present study consisted of n = 160
elementary students in grades 3 and 4, recruited from two public
schools in the city of Porto Alegre, Brazil. Eight teachers also
took part in the study. The schools were chosen by convenience
after their principals agreed to participate in the study. Both
schools are in the same geographical area within the city of
Porto Alegre, Brazil. The choice of two nearby schools was made
in an attempt to control for demographic and socioeconomic
variables. Since children in the experimental and control groups
(CGs) attended the same schools, students and teachers were
instructed not to discuss the intervention with one another. The
importance of maintaining the confidentiality of intervention
sessions was discussed with every participating teacher, who was
also specifically instructed not to share or discuss with their
colleagues any of the materials used in the intervention. Written
informed consent was obtained from all parents, and assent forms
were signed by every participating student.

The following exclusion criteria were applied: intellectual
disability (25th percentile or lower on the Raven colored matrices
test — Raven, 1938; adapted to Brazilian Portuguese by Angelini
et al., 1999) (n = 13 children excluded); uncorrected sensory
impairment (n = 0); genetic, psychiatric or neurological medical
conditions (as reported by parents and teachers) (n = 10:
n = 1 cerebral palsy, n = 1 major depression, n = 1 bipolar
disorder, n = 7 attention deficit hyperactivity disorder); school

absence rates of 25% or more during the execution of the
program (n = 6); and age over 11 years and 11 months
(n = 6). An additional n = 11 children transferred schools
during the study and did not participate in the postintervention
assessment, and n = 1 child was expelled from school during
the postintervention assessment. Therefore, a total of n = 47
children were excluded from this study. Table 1 shows the
characteristics of the children in each classroom, the condition to
which they were assigned, the number of students with parental
consent to participate, the number of participants excluded, and
the final sample.

As shown in Table 1, the vast majority (82.5%) of children
agreed to participate in the study. The number of children
excluded and the final sample size were similar across different
schools. Cluster random sampling was used to assign each class
to a different condition, so that some classrooms were randomly
allocated to the experimental group (EG) and others to the CG.
Children and teachers in the EG participated in the PENCE, while
children in the CG continued their regular school curriculum.
Two classes in each school were assigned to the EG (one in
3rd grade and one in 4th grade), while two were assigned to
the CG (one in 3rd grade and one in 4th grade), for a total of
194 children (EG n = 103; CG n = 91). A total of 160 children
(82.4%) received parental consent to participate in this study (EG
n = 85, corresponding to 82.5%; CG n = 75, corresponding to
82.4%). A total of 24.7% of children in the EG (n = 21) and
36% in the CG (n = 26) were excluded from participation. As
such, the final sample consisted of n = 64 children in the EG
and n = 49 in the CG. The sociodemographic characteristics
of the final sample are shown in Table 2. A total of eight
public school teachers participated in the study, all of whom
were female. Though all had a background in pedagogy, only
five had postgraduate degrees (EG n = 3; CG n = 2). The
average age of teachers in the EG was 41.25 years (SD = 8.26),
while the average age in the CG was 46.25 years (SD = 7.41).
Those in the EG had been working as teachers for 15 years
on average (SD = 8.99), whereas those in the CG worked for a
mean of 16.75 years (SD = 8.54). Teachers in the EG had been
in their current jobs for an average of 8.50 years (SD = 3.87),
and those in the control condition for 7.00 years (SD = 5.83).
Teachers in both groups rated their professional performance as
good to very good.

Materials

The PENCE was structured in four modules, each focusing on a
different executive component: (1) organization and planning,
(2) inhibitory control, (3) working memory, and (4) cognitive
flexibility. To make the program more engaging and fun, students
watched the movie A Bugs Life. From that point onward,
every module in the program was presented by a different
“ant” character. The “ants” and the “League of Mind Training
Ants” were developed to accompany the program and improve
the learning and consolidation of EF strategies. “Ant Beatrix”
presents module 1 - organization and planning; “Ant Pedro”
presents module 2 - inhibitory control; “Ant Patricia” presents
module 3 - working memory; and “Ant Fabio” presents module
4 - cognitive flexibility. The “League of Mind Training Ants,” on
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TABLE 1 | Characterization of the participants in each classroom, the condition to which they were assigned, the number of students with parental consent to

participate, the number of participants excluded, and the final sample.

School Class Group Children enrolled Children with parental consent to Children unable to participate in the Final sample
participate in the study (%) study (%), considering the
exclusion criteria
School 1 3°-32 EG 25 24 (96) 5(20.8) 19
3°-33 CG 18 15 (83.3) 4 (26.6) iR
40-41 EG 23 21 (91.3) 6 (28.5) 15
4°-42 CG 26 23 (88.5) 10 (43.4) 13
School 2 3°-A CG 27 18 (66.6) 5(27.7) 13
3B EG 29 22 (75.9) 4 (18.1) 18
4°-A EG 23 18 (78.3) 6 (33.3) 12
4°-B CG 23 19 (82.60) 7 (36.8) 12
Total 160 (82.5) 47 (29.3) 113
TABLE 2 | Characteristics of the final sample. After explaining each strategy, the teacher provided
. examples and activities to illustrate how and when it
Sample characteristics EG (n = 64) CG (n=49) . . . .
could be implemented, in addition to modeling the
M (SD) M (SD) p-value strategies themselves.
Stage 2 — Learning and strategy consolidation. In the second
Age 864070 8.86(084) 0.138° stage, students are encouraged to actively implement
Age at school entry 5800098  602(091) 0288 the strategies through games, cognitive tasks,
Socioeconomic score 19.12(4.99) 2023 (5.23)  0.275° and school activities. Participants in the program
%) f%) completed a total of 38 cognitive activities.
Gender Male 81(48.4%) 21 (42.9%) 0555° Stage 3 - Reflection and transfer to daily life and school
Female 33(51.6%)  28(57.1%) activities. The teacher encouraged students to reflect
Preschool ves 51(82.3%) 88 (79.2%) 0682° on how they could apply what they had learned
No 11(7.7%) 10(20.8%) to everyday situations and school activities. While
Grade repetition  Yes 05 (7.8%) 08 (16.7%) 0.169° .
these ideas are presented, the teacher encourages
No 59 (92.2%) 89 (81.5%) discussion and reflection, providing feedback to
Maternal educational level llliterate 01 (1.6%) 01 (2.0%) 0.166°
_ _ students throughout the process.
Basic education 13 (20.3%) 20 (40.8%)
High school 36 (56.3%) 22 (44.9%) As an example, an activity developed in each module will be
CO”.ege ‘ 09 (14'10%) 03 <6'1:/°) presented. Additional details on the names and procedures of
S:tgzgzti;tional vl llterato OC?O(Z;%)/;) g? Eg;;:; 0,008 different tasks in the PENCE are available in Appendix 1, as well
, , as the recent book by Cardoso and Fonseca (2016).
Basic education 22 (34.4%) 24 (49.0%)
High school 27 (42.2%) 09 (18.4%)
College 07 (10.9%) 07 (14.3%) Module 1: Organization and Planning, Activities:
No information 08 (12.5%) 08 (16.3%) Looking for the Diamond

aVariables compared between groups using Student’s t-tests. PVariables
compared between groups using chi-square tests.

the other hand, was introduced as a group of more experienced
ants who are called in to help whenever the other ants need
assistance. Throughout the program, the “League of Ants” teaches
children the strategies and activities used to help the other ants,
encouraging them to learn, and participate in the activities. In
addition to the games and activities offered in the program,
teachers are encouraged to integrate EF strategies into school
activities in subjects such as mathematics, Portuguese, and
Science. Each module, in turn, was divided into three stages:

Stage 1 - Strategy: Psychoeducation and modeling. Students
are taught what, where, when, and how to use a
strategy associated with EF discussed in that module.

In this task, students must find a way to get to a diamond on
a game board. In addition to the board, each pair of students
receives a puppet, which they must place in a specific location.
Then, the students are asked to find the best way to get the puppet
to the diamond. Before making any moves, they must write down
the planned path on a piece of paper using arrows to show the
direction of each movement and stating the number of total steps
required to get to the diamond. Only then can they move the
puppet as planned.

Module 2: Inhibitory Control, Activities: Opposites
Game

In this activity, the students must first name a series of
pictures shown by their teacher. Then, they are shown a second
set of pictures but are asked to say the opposite of what
each picture shows.
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Module 3: Working Memory, Activities: Sequencing

In this activity, students are shown a sequence of pictures of
fruit and stationery. After the students see the sequence, the
pictures are shuffled, and students are asked to put them back
in their original order, organizing the fruits first and then the
stationery items.

Module 4: Cognitive Flexibility, Activities: A New
Ending for the Movie

After watching a movie, the teacher asks the students to imagine
different endings for the film, and encouraging them to consider
new possibilities and think in different ways. The teacher writes
down all the ideas on the blackboard.

Procedures

This study was conducted as part of a larger project, approved
by the Ethics Committee of the Pontifical Catholic University
of Rio Grande do Sul (PUCRS) (project number 1.035.498).
After the study was approved by the committee, we contacted
the schools and requested authorization to carry out the
investigation. Informed consent was obtained from the legal
guardians of all participants prior to the beginning of the study.
During the preintervention assessment, the children signed a
Term of Assent. The study was conducted in three stages:
(1) preintervention assessment, (2) program implementation,
and (3) postintervention assessment. Each stage is explained
in detail below. The assessments and the intervention were
performed during the school year, in the school setting, in
bright and airy rooms.

STAGE 1: Preintervention Neuropsychological
Assessment

All students underwent clinical and neuropsychological
evaluations prior to the intervention. All instruments were
administered individually, except for the “single word writing
test” and the “arithmetic subtest of the school achievement test
(SAT), 4th grade,” which were administered collectively. The
assessment took place in a suitable setting, during regular school
hours, with sessions lasting approximately 1 h and 30 min.

STAGE 2: Program Implementation

Prior to the intervention, each teacher in the EG took part in
three individual training sessions. The teachers received printed
material with key information on the PENCE and a proposed
implementation schedule. Teachers also had weekly meetings
with one of the cotherapists participating in the program, where
they would discuss the activities performed as part of the
intervention, clarify any questions, and present the tasks for
the following week. These meetings lasted for 20-30 min and
happened during school breaks or whenever the children were
involved in activities outside the classroom.

The program was implemented by two neuropsychologists
and a teacher from the EG. Group sessions were carried out in
the children’s regular classroom, three times a week for 5 months.
Each session lasted approximately 50-60 min. The teachers
conducted the program activities while the neuropsychologists
acted as cotherapists, assisting the teachers and participating in

two of the weekly intervention sessions The cotherapists were
two neuropsychologists who split their time between the four
classrooms of the EG according to a predetermined schedule (for
more information, see Cardoso and Fonseca, 2016).

STAGE 3: Postintervention Assessment

Shortly after the completion of the program, clinical, and
neuropsychological assessments were carried out for all students,
using the same instruments as the preintervention assessment.
The evaluation was performed by members of the research group
who did not participate in the intervention and were blind to
participant group.

Instruments Used in Pre- and

Postintervention Assessments
Questionnaires Answered by Parents or Guardians:

(1) Sociodemographic and health questionnaires. These
instruments were used to screen for medical issues and
investigate the childs developmental history, as well as
parental education levels (socioeconomic status). This
questionnaire was given to parents so they could provide
additional information about their children, including age,
education level, date of birth, socioeconomic status, history
of grade retention, diagnosed physical or psychological
illnesses, current medication use, previous hospitalizations,
and current medical treatments. This information was used
for sample characterization purposes.

Assessment of Intellectual Functioning

Cognitive functioning was evaluated using several different
instruments in order to evaluate all the components of the EF.
All the instruments used have been adapted for the Brazilian
population, and national normative data are available in all
cases. In addition, all instruments have evidence of validity
and reliability.

(1) Raven colored matrices test [Raven, 1938; adapted to
Brazilian Portuguese by Angelini et al. (1999)]. This is a
measure of non-verbal and fluid intelligence. It contains
36 items divided into three groups of 12 items each,
distributed in ascending order of difficulty. Correct answers
are summed to provide a total score (range of scores:
0 - 36 points).

Assessment of EF
(1) Hayling test [(Burgess and Shallice, 1997; Fonseca et al.,
2010); adapted for use in Brazilian children by Siqueira et al.
(2016)]. This instrument evaluates the following executive
components: inhibition, initiation, cognitive flexibility, and
processing speed. The test contains 20 sentences, divided
into two parts (A and B) of 10 sentences each. In part
A, the child must complete each sentence with a context-
compatible word. In part B, the child must complete the
sentences with a word that is not related to the general
meaning of the statement. The variables measured are total
reaction time until an answer is given (total time part A
and total time part B), number of errors (total errors part A
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and total errors part B/10) (range of scores: 0 — 10 points),
number of errors in part B divided by 30 (total errors part
B/30) (range of scores: 0 — 30 points), and ratio of the time
taken to complete parts A and B (time B/time A).

(2) Go/No-Go Task from the Child Brief Neuropsychological
Assessment Battery NEUPSILIN-Inf (Salles et al., 2016).
This instrument primarily measures cognitive inhibition.
An audio recording with 60 random numbers is played. The
child is instructed to say “yes” every time he or she hears a
number, but keeps silent when he or she hears the number
8. The total number of correct answers and omission and
commission errors was calculated for each child (range of
scores: 0 — 60 points).

(3) Unconstrained, letter, and category fluency (Jacobsen et al.,
2016). These task involve several executive components, as
well as lexical and semantic memory and linguistic abilities.
In the unconstrained fluency test, the child is given 2 min
and 30 s to say as many words as possible. In the letter
fluency test, the child is given 2 min to elicit words that
begin with the letter “p.” Last, in the category fluency test,
the child is given an additional 2 min to name as many
clothing items as they can. The total number of correct
responses was obtained for each fluency test.

(4) Digit Span Subtest from the Wechsler Intelligence Scale, 3rd
version [(Wechsler, 1999), adapted by Figueiredo, 2002].
This subtest examines attention and auditory working
memory. Numbers are presented in direct and reverse
orders. In the first case, also known as forward digit span,
the child must repeat the numbers listed by the examiner
in the same order they were presented. The backward digit
span portion is similar to the first, except the child must
repeat the numbers in reverse order of presentation. The
number of correct responses on the forward and backward
digit span tasks was calculated separately, and then added
up to yield a total score. With each hit, the child gets a point:
the forward digit span tasks range of scores, 0 - 16 points;
the forward and backward digit span tasks range of scores,
0 - 14 points; total score range of scores, 0 — 30 points.

(5) Wisconsin card sorting test (WCST)-short version (Kongs
et al, 2000). This test evaluates reasoning, abstract
planning, cognitive flexibility, and rule maintenance. The
task has 64 cards, which the participant must match to four
stimulus cards, according to a rule set by the examiner.
The children are given feedback on their response after
every attempt. The cards can be matched by either color,
shape, or number. The variables collected for this test were
the total number of trials (maximum score 64), number of
completed categories (range of scores: 0 — 3), number of
errors (range of scores: 0 — 64), number of perseverative
errors (range of scores: 0 — 63), and failure to maintain set.

Discourse Analysis
(1) Oral Narrative Discourse (OND) (Prando et al., 2016).
In this test, the children must retell a story they were
previously presented. The task has three stages: (a) partial
retelling of the story; (b) complete retelling of the story;
and (c) comprehension assessment, including 11 questions

about the text. Throughout the test, the examiner must
also determine whether the participant has understood the
moral of the story. In this activity, the following scores were
calculated: number of essential information items included
in the partial retelling (range of scores: 0 - 18 points),
total number of information items in the complete retelling
(range of scores: 0 — 13 points), and comprehension (range
of scores: 0 — 11 points).

Evaluation of Strategies and Academic Performance

(1) Arithmetic Subtest of the SATs (Viapiana et al., 2016a). This
test evaluates basic arithmetic skills. Items are arranged
according to their level of difficulty. Two different versions
were used in the present study: one for 3rd grade children
and another for 4th grade children. The overall number of
correct responses was calculated for each child (3th grade
children: range of scores, 0 — 47 points; 4th grade children:
range of scores, 0 — 54 points).

(2) Single word writing test (Smythe and Everatt, 2000;
Capovilla et al., 2001). Two single word writing tasks were
used, one of which was drawn from the International
dyslexia test (IDT). The instrument consists of a dictation
test with 40 stimuli: 30 real words and 10 pseudowords. The
examiner reads each word alone, then uses it in a sentence,
and repeats the word again. The number of correctly
written words (total: range of scores, 0 — 40 points; real
words: range of scores, 0 - 30 points; pseudowords: range of
scores, 0 — 10 points) was calculated for every participant.

(3) Decoding of words and pseudowords [developed by
Moojen and Costa (2007)]. This task consists of a list of 40
regular and irregular words, plus 10 pseudowords. Through
quantitative (number of correct and incorrect responses:
range of scores, 0 — 50 points) and qualitative (types of
errors) analyses, we identified the reading routes used to
complete the task.

Data Analysis

Data analyzed  descriptively and inferentially.
Sociodemographic characteristics were compared between
groups using chi-square and Student’s t-tests for categorical and
continuous variables, respectively. We then tested for significant
differences between the EG and CG on the preintervention
assessment using Student’s t-tests. The presence and magnitude
of intervention effects were determined using effect sizes (d),
calculated as follows: d = A1 — A2/S,45led, Where Aj = Xpos -
Xpre and Spooled = [QSIImage]. These analyses were conducted
using the Wilson’s effect size calculator. We first computed the
difference between group means for pre- and postintervention
assessments (A1 and A2), before pooling the standard deviations
of the four scores (EG pre- and postintervention, and CG pre-
and postintervention). The correlation between measures in
each group was also included in the calculation (Wilson, 2016).
Lastly, the efficacy of the intervention was evaluated based
on change scores, calculated as the difference between post-
and preintervention assessments. Effect sizes were interpreted
as described by Cohen (1988), with d = 0.20 suggesting a
small effect, d near 0.50 representing a medium-sized effect,

were
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and d>0.80 indicating a large effect size. A 95% confidence
interval (CI) was also calculated for each effect size. Lastly,
after calculating the difference between the mean values of each
variable, a t-test for independent samples was used to analyze
whether these values differed between participant groups. Results
were considered significant at p < 0.05.

RESULTS

Group Comparisons of Preintervention
Results (Baseline)

In Table 2 the sociodemographic characteristics of the final
sample are shown.

The groups did not differ with regard to gender, age, or
socioeconomic status. The mean socioeconomic status of both
groups was classified as C1 (low socioeconomic status, scores
23 - 28, mean family income of R$ 2,409.01/month), according
to the Brazilian Criteria for Economic Classification, developed
by the Brazilian Association of Research Companies (ABEP,
2014). Table 3 shows the comparison between the two groups
(experimental vs. control) on the preintervention assessment.
The groups did not significantly differ on any cognitive or
behavioral measures.

Cognitive Measures: Group Comparison
of Differences Between Post- and

Preintervention Assessments

Table 4 presents the mean and standard deviation for each
cognitive measure, as analyzed before and after the intervention.
Effect sizes (d), Cls, and p values are also shown. The number
of participants is not the same across all tests. This occurred
because some children and parents refused to complete certain
instruments and, in a few cases, because some participants were
unable to complete some of the tasks.

The groups differed significantly on some of the variables
analyzed. Our measure of fluid reasoning (Raven’s Colored
Progressive Matrices), for instance, showed a small to medium
effect size between groups. Improvements in inhibitory control
(total correct responses on the Go/No-Go test and total errors
part B/30 on the Hayling test) were also significantly greater
in the EG relative to the CG, with an effect size in the small
to medium range. Students in the EG took more time to
complete tasks involving inhibitory control relative to their
counterparts in the CG. This finding suggests that participants in
the EG were less impulsive and put more thought into complex
tasks (time B/time A on the Hayling test) than children in
the CG. Furthermore, a significant group effect was observed
on a measure of initiation and processing speed (total time
part A in the Hayling test), where the EG outperformed the
CG with a moderate effect size. The EG also obtained higher
scores than the CG on measures of auditory attention and
short-term auditory memory (total correct responses—digit span
forward and total score-digit span-WISC-III). However, the
groups did not differ in terms of their working memory (total
correct responses—digit span backward). Students in the EG also

showed improvements on the complete retelling score of the
OND task, which evaluates episodic memory, working memory,
linguistic expression, synthetic reasoning, and planning. The
results of the WCST also revealed greater improvements in
the EG relative to the CG on abstract planning (number of
completed categories and total number of errors). No group
effects were observed on any of the verbal fluency tests,
though postintervention scores did improve relative to the
preintervention assessment.

Measures of Academic Ability: Group
Comparison of Differences Between

Post- and Preintervention Assessments
Table 5 shows the results obtained by each group on measures of
mathematical ability (Arithmetic Subtest for 3rd and 4th grades),
reading (Decoding), and writing (single word writing).

Children in the EG outperformed the CG on all variables
obtained from the single word writing test. Among third graders,
significant differences between the EG and CG were also observed
on the arithmetic subtest from the SAT. Among fourth graders
however, no differences were noted either in the SAT or
the decoding test.

DISCUSSION

This study was designed to examine the effectiveness of an
early preventive intervention to stimulate EF in the school
setting. The program was aimed at school-aged children in
elementary grades 3 and 4. First, we sought to verify whether
children who completed the program showed improvements
in executive abilities relative to CG counterparts. Afterward,
we investigated the presence of transfer effects to other
cognitive (e.g., attention, fluid reasoning, and processing
speed) and academic abilities (mathematics, word reading, and
single word writing).

Our findings revealed significant differences between the EG
and CG on several measures of EF, with improvements in
the following executive components: inhibitory control, abstract
planning, and complex verbal working memory. The effect size
of these differences ranged from low to moderate. The results
are aligned with previous studies, which found that executive
components can be improved by school-based interventions
(Lizarraga et al., 2003; Diamond et al., 2007; Barnett et al,
2008; Rothlisberger et al.,, 2012; Dias and Seabra, 2015a, 2016;
Traverso et al., 2015). Furthermore, we observed transfer effects
to attention, fluid reasoning, academic abilities, and behavior.
These and other benefits of the PENCE will be discussed in more
detail below. It is important to note that outcomes were evaluated
through both formal methods (i.e., performance tests) as well as
functional and ecological measures.

With respect to inhibitory control, we found that children in
the EG had better impulse control than their CG counterparts.
This was deduced from the fact that children in the experimental
condition obtained significantly better scores than children
in the control condition on the following measures: Total
correct responses on the Go/No-Go test and total number
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TABLE 3 | Comparison of preintervention assessment results between the experimental and CGs.

Variables EG M (SD) CG M (SD) p

Raven - total correct responses 23.32 (4.23) 23.59 (4.96) 0.753
Verbal fluency — correct responses UVF 26.57 (12.21) 24.60 (14.19) 0.406
Verbal fluency — correct responses CVF 9.30 (4.82) 9.91 (3.80) 0.376
Verbal fluency — correct responses LVF 10.98 (4.22) 10.85 (4.02) 0.790
Go/No-Go - total correct responses 52.29 (5.70) 51.70 (5.99) 0.593
Go/No-Go - total omissions 4.30 (4.78) 4.75 (4.99) 0.619
Go/No-Go - total number of errors 3.46 (2.56) 3.52 (3.57) 0.937
OND - partial retelling El 9.97 (4.25) 10.12 (4.02) 0.942
OND - partial retelling PI 12.54 (5.39) 15.66 (3.84) 0.889
OND - complete retelling 6.77 (3.83) 7.27 (3.22) 0.457
OND - text comprehension 8.03 (2.42) 7.71(2.38) 0.419
Hayling test — total time part A 27.05 (15.68) 24.34 (14.29) 0.414
Hayling test — total errors part A 0.65 (1.03) 0.68 (0.88) 0.660
Hayling test — total time part B 48.33 (23.11) 40.49 (24.38) 0.565
Hayling test — total errors part B/10 5.78 (2.36) 5.37 (2.27) 0.563
Hayling test — total errors part B/30 14.97 (7.61) 13.72 (6.49) 0.595
Hayling test — time B/time A 2.04 (1.08) 2.05(1.21) 0.885
Digit span fwd WISC-II 6.50 (1.46) 6.25 (1.61) 0.471
Digit span bwd WISC-IlI 3.29 (1.20) 2.91 (1.39) 0.092
Digits span fwd + Bwd WISC-III 9.81(2.22) 9.18 (2.35) 0.152
Digit span fwd - Bwd WISC-IlI 3.21 (1.49) 3.33(1.89) 0.521
WGCST - number of trials 60.06 (7.43) 59.27 (7.51) 0.547
WCST - total errors 28.20 (12.35) 25.93 (13.76) 0.345
WGCST - total perseverative errors 16.45 (11.66) 17.79 (13.39) 0.624
WGCST - number of categories 1.85 (1.04) 1.96 (1.30) 0.760
WCST - conceptual-level responses 24.19 (11.69) 24.94 (12.96) 0.575
WGCST - trials: First category 26.90 (20.31) 26.29 (19.67) 0.797
WCST - failure to maintain set 0.31 (0.65) 0.50 (0.85) 0.732
Arithmetic subtest-3rd grade 22.79 (5.78) 20.13 (56.89) 0.202
Arithmetic subtest-4th grade 17.27 (6.94) 16.31 (4.21) 0.260
Single word writing test — total correct responses 23.82 (6.34) 22.00 (7.58) 0.214
Single word writing test — total correct responses: pseudowords 5.42 (1.74) 4.95 (2.09) 0.279
Single word writing test — total correct responses: real words 18.40 (5.24) 17.04 (5.86) 0.232
Decoding — total correct responses 43.53 (8.73) 44.15 (6.69) 0.654
Decoding - real words 35.35 (7.20) 37.53 (3.53) 0.532
Decoding - pseudowords 8.18 (2.28) 8.42 (1.83) 0.863

Raven, Raven’s colored progressive matrices; UVL, unconstrained verbal fluency; LVF, letter fluency; CVF, category fluency; El, essential information; Fwd, forward; Bwd,

backward; M, mean,; SD, standard deviation.

of errors/30 on the Hayling test. Previous studies have found
similar results among preschoolers (Dias and Seabra, 2015a;
Traverso etal., 2015) and first graders (Rothlisberger et al.,
2012; Dias and Seabra, 2015b). Additionally, as suggested by
a marginally significant group difference on time B/time A
of the Hayling test, the EG appeared to take longer than
the CG to respond to complex situations involving impulse
control. At first glance, this result may create the false
impression that participants exposed to the intervention have
become less flexible. However, we believe this finding can be
better explained by the fact that children in the EG may
have attempted to improve their accuracy by slowing down
task execution, which indicates a decrease in impulsivity.
Dias and Seabra (2015a) also found that children who

participated in a cognitive intervention program showed an
increase in reaction time when responding to a complex
situation, indicating they took some time to think before
providing a response.

This study also showed that children in the EG demonstrated
improvements in initiation and processing speed (as measured
by total time on part A of the Hayling test). This result
indicates an enhancement in automatic skills. In other words,
in more automatic situations, participants in the EG were
faster to respond. Therefore, the present findings suggest
that school-based interventions can lead to improvements
in inhibitory control, processing speed, and initiation in
typically developing children. Although not all measures showed
significant differences in the improvement of CG and EG
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TABLE 4 | Cognitive measures: descriptive and inferential data regarding the comparisons between preintervention, postintervention, and change scores
for the EG and CG.

Variables Group N Mpre- SDpre- Mpost- SD post- r Difference of means d Cl p

Raven’s colored progressive matrices

Total correct responses EG 62 23.26 4.23 26.15 3.75 0.44* 2.89 0.39 0.04/0.74 0.038
CG 48 23.75 4.88 25.04 3.60 0.69* 1.29

Go/No-Go

Total correct responses EG 62 52.29 5.70 56.85 2.81 0.43** 4.56 0.46 0.03/0.89 0.044
CG 48 51.70 5.93 54.10 3.92 0.31* 2.40

Omission errors EG 62 4.30 4.78 1.67 2.24 0.34** 2.63 0.33 —-0.11/0.77  0.163
CG 48 4.75 4.99 3.41 3.20 0.29* 1.34

Commission errors EG 62 3.46 2.56 1.41 1.24 0.11 2.05 0.40 —0.08/0.90 0.118
CG 48 3.52 3.57 2.47 2.05 0.20 1.05

Hayling test

Time part A EG 59 27.05 15.68 16.50 8.02 0.32** 10.55 0.53 0.09/0.97 0.035
CG 46 24.34 14.29 20.85 14.80 0.40** 3.49

Errors part A EG 60 0.65 1.03 0.62 0.82 0.28* 0.03 0.08 —0.35/0.52  0.656
CG 47 0.68 0.88 0.55 0.93 0.38** 0.13

Time part B EG 56 48.33 23.11 34.68 12.26 0.31** 13.65 0.37 —0.07/0.82  0.352
CG 41 40.49 24.38 34.06 15.62 0.45** 6.43

Errors part B/10 EG 60 5.78 2.36 4.80 1.81 0.40** 0.98 0.30 —0.13/0.74  0.166
CG 46 5.37 2.27 5.04 2.05 0.33* 0.33

Errors part B/30 EG 59 14.97 7.61 10.33 5.01 0.44** 4.64 0.45 0.03/0.87 0.044
CG 46 13.72 6.49 11.85 5.05 0.40** 1.87

Time B/time A EG 57 2.04 1.08 2.48 1.31 0.48** —0.44 —-0.41 -0.83/0.03 0.069
CG 41 2.05 1.21 2.01 1.11 0.40** 0.04

Digits WISC-I11I

Digit span fwd EG 62 6.50 1.46 7.48 1.70 0.48** 0.98 0.28 0.03/0.74 0.042
CG 48 6.25 1.61 6.62 1.56 0.61** 0.37

Digits span bwd EG 62 3.29 1.20 416 1.04 0.32* 0.87 0.25 —0.16/0.67  0.244
CG 48 2.91 1.40 3.48 1.11 0.44** 0.57

Digit span fwd + bwd EG 62 9.81 2.24 11.61 2.14 0.52%* 1.80 0.41 0.06/0.76 0.034
CG 48 9.19 2.37 10.08 2.04 0.62** 0.89

Digit span fwd - bwd EG 62 3.20 1.49 3.32 1.78 0.38** 0.12 0.17 —0.23/0.59  0.410
CG 48 3.33 1.89 3.14 1.76 0.45%* -0.19

Verbal fluency

Total correct responses (UVF) EG 60 26.57 12.21 33.00 11.33 0.54** 6.43 0.01 —0.33/0.35 0.943
CG 48 24.60 14.19 30.88 14.20 0.62** 6.28

Total correct responses (LVF) EG 60 9.30 4.82 11.02 3.58 0.35** 1.72 0.30 -0.11/0.72  0.161
CG 47 9.91 3.80 10.36 4.30 0.42** 0.45

Total correct responses (CVF) EG 60 10.98 4.22 12.18 3.87 0.46** 1.20 0.07 —-0.31/0.46  0.714
CG 47 10.85 4.02 11.74 4.54 0.49** 0.89

WCST

Number of trials EG 60 60.06 7.43 53.10 10.73 0.41** 6.96 0.15 —0.28/0.57  0.503
CG 48 59.27 7.51 53.70 11.70 0.35* 5.57

Total errors EG 58 28.20 12.35 17.18 10.83 0.29* 11.07 0.44 0.01/0.88 0.050
CG 46 25.93 13.76 20.22 11.49 0.43** 5.71

Perseverative errors EG 58 16.45 11.66 8.61 6.68 0.20 7.84 0.04 -0.42/0.49  0.994
CG 46 17.79 13.39 10.43 9.92 0.43** 7.37

Number of categories EG 60 1.85 1.04 2.55 0.59 0.35** 0.70 0.48 0.08/0.88 0.020
CG 58 1.96 1.30 2.19 0.89 0.45** 0.23

Conceptual level EG 60 2419 11.69 31.68 5.92 0.18 7.49 0.42 —0.09/0.92 0.123
CG 48 24.94 12.96 28.21 9.01 0.05 3.27

Trials to complete first category EG 60 26.90 20.31 16.17 10.24 0.36** 10.73 0.22 —0.23/0.68  0.380
CG 48 26.29 19.67 19.37 16.20 0.20 6.92

FMS EG 60 0.31 0.65 0.25 0.54 0.03 0.06 -0.18 —-0.70/0.33  0.457
CG 48 0.50 0.85 0.29 0.61 0.12 0.25

OND

Partial retelling EI EG 61 9.97 4.25 13.38 3.02 0.48** 3.41 0.09 —0.27/0.46  0.289
CG 49 10.12 4.02 12.76 3.83 0.55** 2.64

Partial retelling PI EG 61 12.54 5.39 15.66 3.84 0.50** 3.12 0.22 —0.14/0.58  0.247
CG 49 12.76 5.21 14.00 4.95 0.55** 1.24

Complete retelling EG 57 6.77 3.83 8.86 2.34 0.49** 2.09 0.42 0.03/0.82 0.042
CG 49 7.27 3.22 8.04 2.87 0.47** 0.77

Comprehension EG 60 8.03 2.42 9.10 1.92 0.58** 1.07 0.14 —0.21/0.49  0.446
CG 48 7.71 2.38 8.46 2.25 0.55** 0.75

Raven, Raven’s colored progressive matrices; UVL, unconstrained verbal fluency; LVF, letter fluency; CVF, category fluency; El, essential information; Fwd, forward; Bwd,
backward; M, mean; SD, standard deviation; FMS, failure to maintain set. Bold values - there was a significant difference between the groups in those items. The asterisks
represent significant at *p < 0.05 and **p < 0.001.

Frontiers in Psychology | www.frontiersin.org 42 August 2019 | Volume 10 | Article 1784


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

Cardoso et al.

Program Stimulation of Cognition: Effectiveness

TABLE 5 | Measures of academic ability: descriptive and inferential data regarding of the comparisons between preintervention, postintervention, and change scores

for the EG and CG.

Variables Group N M pre- SD pre- M post- SD post- r Difference of means d Cl P

Arithmetic subtest of the SAT

SAT 3rd grade EG 34 22.79 5.78 29.91 5.21 0.42** 712 0.57 0.04/1.10 0.041
CG 22 20.13 5.89 23.90 6.71 0.60%* 3.77

SAT 4th grade EG 22 17.27 6.94 23.59 6.34 0.40* 6.32 0.38 —0.21/0.99 0.950
CG 23 16.31 4.21 20.21 6.40 0.55** 3.90

Single word writing test

Total correct responses EG a7 23.82 6.34 28.85 5.52 0.85** 5.03 0.45 0.22/0.69 <0.001
CG 41 22.00 7.58 23.92 7.96 0.86** 1.92

Pseudowords EG 47 5.42 1.74 6.70 1.58 0.38** 1.28 0.78 0.36/1.19 <0.001
CG 41 4.95 2.09 4.70 2.44 0.69** —-0.25

Real words EG 47 18.40 5.24 2212 4.46 0.83** 3.72 0.26 0.09/0.52 0.046
CG 41 17.04 5.86 19.31 6.40 0.81** 2.27

Word decoding

Total correct responses EG 40 43.53 8.73 46.10 476 0.50** 2.57 0.22 —0.22/0.66 0.363
CG 33 4415 6.69 45.27 5.01 0.58** 1.12

Real words CG 40 35.35 7.20 37.53 3.53 0.55** 2.18 0.18 —0.24/0.61 0.598
EG 33 35.70 5.52 37.24 3.70 0.70** 1.54

Pseudowords CG 40 8.18 2.28 8.58 1.77 0.49* 0.40 0.40 —0.06/0.86 0.195
CG 33 8.42 1.83 8.03 1.98 0.52%* -0.39

M, mean; SD, standard deviation; d, effect size. Bold values - there was a significant difference between the groups in those items. The asterisks represent significant at

*p < 0.05 and **p < 0.001.

participants over time, all significant differences favored the EG,
that is, in no case did the CG present greater gains than the EG.

With regard to working memory, though the groups did
not differ on the backward digit span (WISC-III), significant
differences were identified on the complete retelling variable
from the OND task. This may be attributed to improvements
in episodic memory skills and complex verbal working memory
in EG participants. Unlike the Backward Digit Span, the OND
task evaluates cognition in a contextualized situation (narrative),
which places additional demands on linguistic expression,
synthetic reasoning, and planning. Indirectly, this task also
recruits working memory processes, since the individual must
retain the information from previous paragraphs and integrate
it with more recent information in order to understand and retell
the story. Previous studies involving school-based intervention
programs have produced inconsistent findings in this regard,
with some identifying significant group differences (Lizarraga
et al., 2003) and others failing to do so (Rothlisberger et al.,
2012; Dias and Seabra, 2015a,b). However, there is an important
difference between these studies: the program developed by
Lizarraga et al. (2003) was aimed at private school students with
an average age of 13 years. The present investigation, along
with other related studies (Rothlisberger et al., 2012; Dias and
Seabra, 2015a,b) focused on preschoolers and early primary
school children. The PENCE also appeared to have an impact on
planning skills, as evidenced by moderate group differences on
the number of completed categories on the WCST.

With respect to cognitive flexibility, although the EG showed
improvements relative to its preintervention assessment, there
were no differences between groups on the total number of
perseverative errors on the WCST. Similar results were found by

Dias and Seabra (2015a) in preschoolers and by Rothlisberger
et al. (2012) in school-aged children. Other studies, however,
found improvements in cognitive flexibility among participants
in the EG (Lizarraga et al., 2003; Diamond et al., 2007; Dias and
Seabra, 2015b). One possible explanation is the format of the tasks
used to evaluate cognitive flexibility. Instruments such as the trial
making test and Flanker test require that the individual respond
to a set of stimuli in a given manner, until they are instructed
by the examiner to change the type of response provided. Other
tasks, like the WCST, also involve changing response patterns;
however, in this case, the examiner does not explicitly inform
the participant when they must change their response. The
participant must infer the need to adopt a new response pattern
based on feedback and observation, which requires significantly
more abstract reasoning.

Another possible explanation for these findings is that
attention and inhibition begin to develop in early childhood,
while working memory and flexibility are more complex and
begin to develop later (Karbach and Kray, 2009; Dawson and
Guare, 2010; Diamond, 2013; Dias and Seabra, 2015a). It is
also possible that these abilities can only be affected by longer
interventions, as proposed in programs with an estimated
duration of 1-2 years (Lizarraga et al., 2003; Diamond et al,,
2007; Barnett et al., 2008). As such, we recommend that the
working memory and cognitive flexibility modules be extended
and complemented by additional activities. This must also be
accompanied by an increase in the length of teacher training
periods. We might also consider the structure of the program,
in which the working memory and cognitive flexibility modules
were the last to be presented. Thus, they are stimulated for
less time than components introduced earlier in the program,
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such as planning and inhibitory control. Another hypothesis is
that the benefits of the program may only become evident later
(Diamond and Ling, 2015). Some authors have not identified
improvements in EF immediately after an intervention but did
identify group differences on follow-up assessments (Hermida
et al., 2015; Dias and Seabra, 2016).

In addition to initiation and processing speed, there was
evidence of transfer effects to attention and short-term memory,
as measured by the Forward Digit Span (WISC-III). There also
appeared to be transfer effects to fluid reasoning/intelligence, as
measured by Raven’s colored progressive matrices. In the digit
span forward, children from the EG showed greater gains than
their CG counterparts. This result supports the hypothesis that
EG participants showed improvements in automatic abilities.
The relationship between fluid reasoning and EF has been
widely researched, and many authors have identified a close
association between these two constructs, especially during
childhood (Friedman et al., 2006; Brydges et al., 2012; Diamond,
2013). Furthermore, in the past few years, several studies have
shown that certain interventions on EF have positive impacts
on fluid intelligence (Klingberg et al,, 2002, 2005; Lizarraga
et al., 2003; Jaeggi et al, 2008; Klingberg, 2010; Bergman
Nutley et al., 2011). For instance, studies where a computer
program was used to stimulate working memory in children
with ADHD showed that participants also experienced significant
gains in fluid intelligence, also measured by the Raven test
(Klingberg et al., 2002, 2005). On the other hand, when this
protocol was administered to healthy preschoolers in a different
study, no improvements on the Wechsler Intelligence Scale
for Preschoolers were identified in children exposed to the
intervention (Thorell et al., 2009). Therefore, the literature is not
unanimous with regard to the transfer effects of cognitive training
programs to fluid intelligence.

The PENCE also had a positive impact on academic abilities,
namely, mathematics and single word writing. There is a strong
relationship between EF skills (especially working memory) and
mathematical ability. In fact, some studies consider EF a predictor
of academic ability (Blair and Razza, 2007; Raghubar et al,
2010; Cragg and Gilmore, 2014). Third graders in the present
study showed significant improvements in mathematical ability
relative to the CG, who maintained their regular school activities.
However, these differences were not observed among fourth
graders. The test is more demanding for third graders, which
may be why the effects were more evident in this population
(Viapiana et al., 2016b). In the single word writing test, the EG
showed significantly better performance than the CG for both
real words and pseudowords. Previous studies have also shown
that interventions to stimulate EF in typically developing children
can have a positive impact on academic skills such as reading
(Loosli etal., 2012; Karbach et al., 2015), mathematics (Soderqvist
and Bergman Nutley, 2015; Dias and Seabra, 2016), and writing
(reduced errors in syntax and orthography) (Hooper et al., 2006).
Despite improvements in some academic abilities, the EG did
not show significant differences in word decoding or school
performance (as graded by their teachers). In the study conducted
by Rosério et al. (2010), the authors found that participants in
the EG improved their knowledge of learning strategies but did

not show significant improvements in school performance in
mathematics or Portuguese.

Some limitations of the present study must be taken into
consideration. This program worked exclusively with teachers
and students and did not involve parents. Additionally, our
CG did not actively participate in a cognitive training program.
Moreover, the use of mixed outcome measures may have made it
more challenging to discuss the present findings. We recommend
that future studies work on adapting the PENCE to high school
students and different clinical groups (e.g., children with ADHD
or learning disorders), so that the program can be used in
different contexts. The PENCE may also be implemented in
the public schools of developing countries as a public policy
initiative. Additionally, we recommend a follow-up study to
evaluate whether the results change over time. The program
may also be complemented by meetings with parents and
guardians to raise awareness and provide guidance on how EF
can be stimulated at home and in daily life activities. Parents’
understanding of executive functioning can help maintain the
effects of the intervention in everyday life (Volckaert and Nael,
2015). We also suggest that the program be amplified to include
a module focused on “hot” EF and tasks used to evaluate
them. “Hot” EF are related to emotional processes and include
motivation, decision-making, emotion regulation, and responses
to reward and punishment. “Cold” EF, on the other hand, are
more closely related to logical and cognitive processes, such
as logical and abstract reasoning, planning, problem solving,
and working memory (Zelazo et al., 2005). The PENCE focused
on cold EF, and as such, it may benefit from the inclusion of
an additional module that deals with emotion regulation. Last,
another limitation of this study is that systematic assessments of
fidelity were not carried out. Future studies may complement the
measures used in the present investigation with records of the
number of children who implemented the strategies and used
them throughout the intervention (performance records) or in
their daily lives.

This study demonstrated the efficacy of the PENCE and
showed that it is possible to stimulate EF in school settings
with an early preventive intervention for children in elementary
school grades 3 and 4, even in poor socioeconomic conditions.
Children who participated in the EG outperformed their
CG counterparts in several outcome measures. We believe
that the ecological setting of the program, the use of a
children’s story to set up the intervention, and the inclusion
of cognitive activities and games were highly motivational,
improving engagement and the establishment of mnemonic,
and emotional connections among participants. This structure
provided the opportunity for exploration, active learning, and
the use of visual stimuli, all of which are known to be
beneficial for students (Marzano, 2003). Children seldom refused
to participate in the program or specific activities. Another
positive aspect of the intervention was that it took place
in children’s school, complementing the regular curriculum.
This program was unique in the sense that teachers were
encouraged to include EF strategies in other classroom activities,
which may have increased transfer effects. Finally, this program
encouraged the use of explicit and systematic strategies,
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as well as reflection, which plays a fundamental role in the
development of EF (Espinet et al., 2013).
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APPENDIX
Structure of the PENCE (Cardoso and Fonseca, 2016)

INTRODUCTION

Presentation of the program and movie (“Bug’s Life”)
MODULE 1: ORGANIZATION AND PLANNING

Strategy: Three steps: planning (taking the time to think before starting a task); execution (thinking while doing the task); and assessment (reflect and assess
whether the goals of the task were achieved)

Stage 1: Strategy acquisition: Psychoeducation and modeling
Psychoeducation: Introduction of “Ant Beatrix,” a ballerina who has trouble with planning, and gets confused when she has many things to do
Modeling: Activities: Packing your backpack and Creating a notebook cover
Stage 2: Learning and strategy consolidation

The following activities were developed as part of this section:

- Dot game

- Looking for the diamond

- Logical sequence

- Building a bug

- Cooking

- School activities

Stage 3: Reflection and transfer to daily life and school activities
Recap of the section and strategies learned; opportunity to discuss and reflect
RECAP OF PREVIOUS MODULES

Writing a text

MODULE 2: INHIBITORY CONTROL

Participants are taught the “Stop, Think, and then Go” strategy”

Stage 1: Strategy acquisition: Psychoeducation and modeling
Psychoeducation: Introduction of “Ant Pedro,” who loves playing soccer, but is very impulsive and has trouble waiting his turn
Modeling: Activities: Opposites game and looking for the target

Stage 2: Learning and strategy consolidation

The following activities were developed as part of this section:

- Dancing

- Looking for the target

- Willpower

- Simon says

- Card game: Snap

- School activities

Stage 3: Reflection and transfer to daily life and school activities
Recap of the section and strategies learned; opportunity to discuss and reflect
RECAP OF PREVIOUS MODULES

- Birthday party

- Building an object: a closed mouth catches no flies

MODULE 3: WORKING MEMORY

Strategy — Four steps are suggested: (1) paying attention to the stimulus/instruction; (2) memorizing new information — use of mental repetition and visualization;
(8) mental organization of information; and (4) performing activities slowly, focusing on quality rather than speed

Stage 1: Strategy acquisition: Psychoeducation and modeling

Psychoeducation: Introduction of “Ant Patricia,” who loves fashion and wants to be a model; but is very forgetful, and can’t keep track of multiple items of
information or instructions

Modeling; activities: Image sequencing; body parts; and numbering the sequence
Stage 2: Learning and strategy consolidation

The following activities were developed as part of this section:

- Sequencing

- Differences game
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- The missing one

- Completing sentences

- Numbering the sequence

- School Activities

Stage 3: Reflection and transfer to daily life and school activities
Recap of the section and strategies learned; opportunity to discuss and reflect
RECAP OF PREVIOUS MODULES

- Following instructions

- Crazy sentences

MODULE 4: COGNITIVE FLEXIBILITYS

Strategy: When something unexpected happens or a problem arises, we need to think of multiple alternatives
Stage 1: Strategy acquisition: Psychoeducation and modeling

Psychoeducation: Introduction of “Ant Fabio,” who sings in a band with his classmates. When he comes across a new situation or his plans fall through, he has
trouble thinking of different ways to resolve the situation

Modeling: activities: A new ending for the movie and group drawing
Stage 2: Learning and strategy consolidation

The following activities were developed as part of this section: - Taking a new perspective - Switching game - Matching cards - Crack the code - A new ending
- School activities

Stage 3: Reflection and transfer to daily life and school activities
Recap of the section and strategies learned; opportunity to discuss and reflect
RECAP OF PREVIOUS MODULES

Complete all modules Activities:

- A new ending for the “Three Little Pigs”

- Building a different tower

- Picnic
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Sustained Effect of Music Training on
the Enhancement of Executive
Function in Preschool Children
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Musical training is an enrichment activity involving multiple senses, including auditory,
visual, somatosensorial, attention, memory, and executive function (EF), all of which
are related to cognition. This study examined whether musical training enhances EF
in preschool children who had not undergone previous systematic music learning.
This study also explored the after-effects 12 weeks after cessation of musical training.
Participants were 61 preschool children from a university-affiliated kindergarten in North
China. The experimental group underwent 12 weeks of integrated musical training (i.e.,
music theory, singing, dancing, and role-playing), while the control group performed
typical daily classroom activities. The three components (inhibitory control, working
memory, cognitive flexibility) of executive functions were evaluated using the Day/Night
Stroop, Dimensional Change Card Sort, Dot Matrix Test, and Backward Digit Span
Task. In Experiment 1, EFs were tested twice-before (T1) and after (T2) the music
training. The results showed that children’s EFs could be promoted by musical training.
In addition, EFs were tested again 12 weeks later after the end of the intervention (T3) in
Experiment 2. We discovered that integrated musical training demonstrated a sustained
promotion effect.

Keywords: music, training, executive function, preschool children, sustained effect

INTRODUCTION

Executive Function and Training

Executive Function (EF) refers to a family of top-down mental processes necessary for
concentration, specifically when relying on instinct, intuition, or automatic processing would be
ill-advised, insufficient, or impossible (Miller and Cohen, 2001; Espy, 2004; Burgess and Simons,
2005). The division of EF dimensions by various researchers is still controversial. For instance,
Miyake et al. (2000) focused on the shifting of mental sets, monitoring/updating of working
memory representations, and inhibition of prepotent responses as the three subcomponents of
EF; while Garon et al. (2008) labeled EF as inhibition, shifting, and working memory. However,
the current study follows the definitions proposed by Diamond (2013), who considered EF to
consist of inhibitory control, working memory, and cognitive flexibility. Specifically, these three
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Music Training Enhances Preschoolers’ EFs

components were defined as (1) Inhibitory control: the aspect
of inhibitory control that involves resisting temptations and
not acting impulsively or prematurely; (2) Working memory
(WM): holding information in mind and mentally working
with it (e.g., relating one thing to another, using information
to solve a problem); and (3) Cognitive flexibility: changing
perspectives or approaches to a problem, flexibly adjusting to
new demands, rules, or priorities (as in switching between tasks)
(Diamond, 2013, p. 137).

Executive Function efficiency is an important factor
in ensuring physical/mental health, a key predictor of
academic/career achievements, and also it plays a vital role
in cognitive, social, and psychological development (Baler and
Volkow, 2006; Brown and Landgraf, 2010; Morrison et al., 2010;
Miller, 2011). EF is incredibly plastic, which can be improved
throughout the lifespan. However, the plasticity of EF tends
to show a gradual downward trend with aging (Fernandez-
Ballesteros et al., 2003; Lustig et al., 2009). Therefore, in the early
stages of child development, targeted training of EF can allow
cognitive ability, as well as physical and mental development, to
reach a higher level.

To date, researchers have used interventions such as sports,
meditation, and gaming to promote children’s EF development
(Lakes and Hoyt, 2004; Winsler et al., 2011; Becker et al., 2014;
Razza et al., 2015) (Table 1). For instance, Lakes and Hoyt (2004)
randomly divided 207 children into experimental and control
groups. Experimental group underwent 3 months of martial

TABLE 1 | A synthetic table of EFs.

The effects on the References

specific abilities of EFs

The type of training

Computerized training Working memory Klingberg et al., 2005;
Holmes et al., 2009;
Johnstone et al., 2010;
Bergman Nutley et al.,

2011

Manjunath and Telles,
2001; Lakes and Hoyt,
2004; Flook et al., 2010;
Zelazo and Lyons, 2012;
Razza et al., 2015
Tuckman and Hinkle,
1986; Sarnthein et al.,
1997; Lakes and Hovyt,
2004; Bergman Nutley
et al., 2011; Davis et al.,
2011; Kamijo et al., 2011
Degé et al., 2011;
Moreno et al., 2011;
Winsler et al., 2011
Binder et al., 2000;
Traverso et al., 2015

Arts training (e.g., martial
arts, mindfulness
practices, yoga)

Inhibitory control Working
memory

Sports Cognitive flexibility,
Working memory,

Inhibitory control

Music training Cognitive flexibility,
Working memory,

Inhibitory control
Task training (e.g., the
delay of gratification task:
flanker, go/no-go)

Inhibitory control

Add-Ons to Classroom
Curricula (e.g., Promoting
Alternative Thinking
Strategies, the Chicago
School Readiness
Project)

Inhibitory control
Cognitive flexibility

Kusché et al., 1993;
Webster-Stratton and
Reid, 2004; Riggs et al.,
2006; Raver et al., 2008;
Zhai et al., 2011

arts training, while the control group underwent 3 months of
traditional sports training. Following training, children in the
experimental group exhibited improved cognitive self-regulation,
affective self-regulation, prosocial behavior, classroom conduct,
and performance on a mental math test than children of the
control group. Additionally, Razza et al. (2015) divided 29
children, aged three to five, into experimental and control
groups, and then trained the experimental group in yoga based
meditation. Children were assessed via behavior questionnaire,
the toy wait task, and the pencil-tapping task, both before
and after training. Results showed a remarkable increase in the
experimental group’s inhibition ability. Further, Becker et al.
(2014) used brief sessions to develop EF of children, aged
four to six. Following intervention, children’s inhibition ability
was generally increased, as well as their ability in reading and
mathematics. Winsler et al. (2011) conducted a combination
of sound and behavioral musical training for 89 children,
between the ages of three and five. Using the gift delay
task, dragon/bear game, straight-line task, and other behavioral
inhibition experiments, the researchers examined whether the
experimental group could suppress its dominant response after
musical training. Results showed that the scores of the dominant
response of the children who had undergone musical training
were significantly higher than those of the control group, and
the children who had undergone musical training demonstrated a
significant increase in self-speaking in the selective attention task.

According to a comprehensive meta-analysis of EF training
programs (Diamond and Ling, 2016), there are several ways
to improve EF. These include computerized cognitive training,
Montessori-based school curricula, martial arts, and yoga.
To be successful, key elements, such as high-quality activity
presentation, adequate practice time, and constantly challenged
EF should be included in the training programs (Diamond and
Ling, 2016). Diamond and Lee (2011) concluded that the best
approaches to improve EF and school outcomes would likely be
those that (i) engage students’ passionate interests, bringing them
joy and pride; (ii) address stressors in students’ lives, attempting
to resolve external causes, and to strengthen calmer, healthier
responses; (iii) have students vigorously exercise; and (iv) give
students a sense of belonging and social acceptance, in addition
to giving students opportunities to repeatedly practice EF at
progressively advancing levels.

Musical Training

At present, there are many training methods to improve EF,
but musical training has characteristics of a wide transfer effect,
challenging training content, and time-consuming practice.
In musical training, children train independently, showing
interest, motivation, and pleasure in training. This makes
musical training an appropriate method for promoting children’s
EF. Compared to previous studies, musical training is more
accordant with the characteristics of promoting EF development
proposed by Diamond and Ling (2016). During the process of
musical training, individuals need to pay appropriate attention
to information from each sensory channel, switch between
different sensory simulations in r