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Abstract: STap2Go is the first pure digital strategy-based training of executive functions. This study
aims to assess the effectiveness of this intervention in typically developing children and those at
psychosocial risk, which refers to socio-educational vulnerability. Additionally, we determine
whether the training’s impact differs between these groups. One hundred and twenty-four children
aged 9-12 participated in this study. They were divided into typically developing children or those
at psychosocial risk and randomly assigned to either the experimental or active control group. Each
group received a 12- week intervention. Both experimental groups improved significantly in EF,
processing speed, 1Q, academic performance, and emotional regulation compared to the control
groups. The experimental group of children at psychosocial risk also improved in metacognition and
behavioral regulation compared to controls. Overall, no significant differences were found between
the experimental groups. Notably, participants in the psychosocial risk control group exhibited a
certain deterioration over time.

Keywords: executive functions; cognitive training; metacognition; strategy-based training; children;
children at psychosocial risk

1. Introduction

1.1. Conceptualization of Executive Functions

Executive functions (EF) are responsible for regulating cognition and behavior (Diamond, 2013;
Zelazo & Carlson, 2012; Frick et al., 2017). EF are applied in both neutral and emotionally salient
situations (Bailey & Jones, 2019). These processes can be understood as self-regulatory behaviors
(Doebel et al., 2018; Miyake & Friedman, 2012), which overlap with the concept of “effortful control,”
or the ability to appropriately direct attention and mental resources to pursue a plan (Schmidt et al.,
2022).

One of the most recognized models of EF is the three-dimensional model proposed by Miyake
et al. (2000), which has been influential in recent decades (Miyake & Friedman, 2012). This model
identifies three independent core factors of EF: inhibition, working memory (WM), and cognitive
flexibility. Inhibition refers to the ability to refrain from or interrupt actions, thoughts and emotions
that do not contribute to the task at hand (Diamond, 2013; Tamm & Nakonezny, 2015). It also involves
the capacity to postpone immediate gratification (Gagne et al., 2021). WM allows manipulating
information in short-term memory, while cognitive flexibility enables shifts in attention, tasks, or
strategies to achieve goals (Miyake & Friedman, 2012). Despite the acceptance of the three-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202501.2108.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2025 d0i:10.20944/preprints202501.2108.v1

2 of 38

dimensional model of EF, some criticisms suggest a broader dynamic model of EF. Jones et al. (2016)
integrate elements of Miyake et al. (2000) into a broader framework of self-regulation. Doebel (2020)
and Perone et al. (2021) understood EF as goal-directed behavior that encompasses multiple cognitive
and emotional elements, including personal experience, knowledge, and feelings.

EF primarily reside in the prefrontal cortex (PFC) (Miller & Cummings, 2017; Semrud-Clikeman
& Bledsoe, 2011; Stuss, 2011), a region particularly developed in humans and responsible for complex
functions (Goldberg, 2001). The PFC is one of the last brain regions to mature during development
(Fuster, 2002). EF development begins at an early age, with one of the first indicators being the
achievement of object permanence (Casandra & Reynolds, 2005; Isquith et al., 2004). Around the age
of two, EF continue to develop through language and symbol acquisition, which help children guide
their behavior (Zelazo et al., 2004; Marcovitch & Zelazo, 2009). This development undergoes critical
periods from early childhood to adolescence (Cassandra & Reynolds, 2005; Marcovitch & Zelazo,
2009). Basic EF such as inhibitory control, peak between the ages of 12 and 14, while others, such as
cognitive flexibility, problem-solving, and WM, continue to develop until approximately 15 to 19
years of age (Cassandra & Reynolds, 2005; Davidson et al., 2006), and even into young adulthood
(Larsen & Luna, 2018). The development of EF depends on PFC maturation (Diamond, 2013), which
is influenced by genetics (Friedman et al., 2008) as well as psychosocial elements such as inner speech
(Best et al., 2009; Manfra et al., 2014) and metacognition (Roebers & Feurer, 2016). In our study, we
test a novel digital EF strategy-based intervention, “STap2Go” which incorporates metacognitive
strategies. Due to developmental factors, we focused on children aged 9-12 years, as this period is
crucial for successfully facing basic EF demands (Brocki & Bohlin, 2004; De Luca et al., 2003; Davidson
et al.,, 2006). This timing is essential for intervening in EF while respecting developmental milestones.

EF are required in social, academic, and labour situations. They correlate with intelligence
(Ardilla et al., 2000; de Abreu et al., 2010; Friedman et al., 2006; Rossignoli-Palomeque et al., 2019;
Wang et al., 2021) and academic performance in reading (Johann et al., 2019a; Johann & Karbach,
2019b) and mathematics (Best et al., 2011; Cheung & Chan, 2022; Peng et al., 2015). Furthermore, the
relationship between EF with emotional domains is robust. Children with higher levels of EF perform
better in the theory of mind (Cole & Mitchell, 2000; Joseph & Tager-Flusberg, 2004; Sabbagh et al.,
2006), which is crucial for socio-emotional regulation (Jahromi & Stifter, 2008). EF are essential to
emotional and behavioral regulation (Andrés et al., 2016, Diamond, 2013; Hofmann et al., 2012;
Morgan & Lilienfeld, 2000; Riccio et al., 2011; Schoemaker et al., 2013; Séguin, 2009; Séguin et al.,
1999). This may be because emotions are embedded in most daily life challenges (Zelazo, Qu, &
Kesek, 2010). EF are critically required in social situations to adapt one’s behavior (Crick & Dodge,
1994). Given the relationship between EF and those dimensions, researchers and practitioners may
assume that EF interventions hold strong potential. Consequently, several cognitive training
programs have emerged in recent decades (Strobach & Karbach, 2021). In our study, we include these
constructs in the analysis to test the effects of the STap2Go intervention.

1.2. Executive Function Alterations: Children at Psychosocial Risk

The contemporary view of psychosocial risk involves a multi-dimensional, dynamic approach
to both risk and protective factors (Martins et al., 2023; Jiménez et al., 2019). Families are considered
at psychosocial risk when they are unable to meet their children’s needs, thereby deteriorating their
development and well-being (Rodrigo et al., 2012). Children at psychosocial risk may experience
situations such as poverty (e.g., malnutrition, healthcare needs), negative or coercive parenting styles
(e.g., exposure to violence or stress), traumatic experiences, or absence of education (Shore, 1997).
Prior studies have examined the effects of material and psychosocial deprivation on children’s health,
social competence, academic success, and overall life outcomes (Crawford, Macmillan & Vignoles,
2017; Yoshikawa, Aber, & Beardslee, 2012; Engle & Black, 2008).

Psychosocial adversity is associated with deficits in EF. Research has found poorer EF in children
exposed to early deprivation (Shin & Brunton, 2024), those in low-income environments (Waber et
al., 2006), and children in institutional settings (Lewis et al., 2024; Camunas et al., 2022). Generally,
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such children exhibit slower development of cognitive control (Hackman et al., 2010; Ison et al., 2015;
Lipina et al., 2011) and difficulties in behavioral and emotional regulation (Lozano & Ostrosky, 2011;
Moraine, 2014). They are more likely to experience deficits in mental, motor, and socio-emotional
behavior. They tend to present difficulties in peer cooperation and a higher prevalence of ADHD
(Sroufe, 2000).

In our study, we compare a group of typically developing children with a group of children
considered to be at psychosocial risk. Our aim is not only to test the effects of STap2Go but also to
study the principle of “compensation accounts,” which posits that those with greater needs benefit
more from training (Diamond, 2013; Diamond & Ling, 2019; Karbach et al., 2015; Smid et al., 2020).
In Canarias (Spain), where our study is conducted, the territorial government has established that
children at psychosocial risk include those under the following circumstances: those with basic
healthcare needs (e.g., food, housing), school-related needs (e.g., digital shortage, lack of education
or school materials), socio-educational needs (e.g., lack of extracurricular activities, lack of
stimulation), special educational needs, learning disabilities, and late incorporation into the
educational system. Interventions targeting EF are particularly relevant for this population.

1.3. Executive Function Interventions: The Novel Scope of EF Training + Metacognition

Takacs and Kassai (2019) described various digital EF interventions that exhibited “near
transfer” (effects in the same domains as those trained, e.g., WM, inhibition, or cognitive flexibility)
and/or “far transfer” (effects in other domains not directly trained, such as socio-emotional
regulation). The objective of EF interventions should be to achieve both near and far transfer. Given
the relationship between EF and other complex domains such as intelligence, academic skills, and
socio-emotional regulation, our study includes these as far-transfer variables. Review studies of
process-based EF training highlight their lack of far-transfer effects and long-term benefits (Melby-
Lervag et al., 2016; Rossignoli-Palomeque et al., 2018; Sala & Gobet, 2019; Simons, 2016; Takacs &
Kassai, 2019). This may be due to the reliance of these interventions on repetitive exercises, which
exclude strategies for learning (Rossignoli-Palomeque et al., 2018).

In response to the limitations of process-based EF training regarding far-transfer effects, a new
direction in EF training is emerging, which combines EF training + metacognition or so-called
“strategy-based training”. This approach is particularly effective when metacognitive strategies are
employed to best engage EF training (Strobach & Karbach, 2021). Metacognition plays a substantial
role in EF engagement (Marulis et al., 2020; Chevalier & Blaye, 2016) and EF development (Best et al.,
2011; Roebers, 2017). Furthermore, metacognitive strategies are especially beneficial for individuals
with lower EF (Rossignoli-Palomeque et al., 2020). Metacognitive regulation refers to the processes
that coordinate cognition (Nelson & Narens, 1994; Reder & Schunn, 2014; Shimamura, 2000),
implying self-monitoring processes (Nelson & Narens, 1990). This type of metacognition shares
similarities with EF development (Roebers & Feurer, 2016) and facilitates self-regulated learning
(Efklides, 2009). Metacognition is even a predictor of intelligence and academic performance (Ohtani
& Hisasaka, 2018).

Utilizing digital interventions that incorporate metacognitive strategies represents a new
significant scope in education. Precursors of this approach include non-digital “strategy-based
training,” in which, in addition to repetitive cognitive tasks, a human instructor provides strategies
to the user while performing tasks (Morrison & Chein, 2011; Jolles & Crone, 2012). This form of
learning support is known as “scaffolding” (Wood et al., 1976).

To our knowledge, only five studies have pursued strategy-based training of EF, or a
combination of digital EF training with metacognition, through randomized controlled studies
(Kubota et al., 2023; Partanen et al., 2015), including an active control group (Graziano & Hart, 2016;
Jones et al., 2019; Pozuelos et al., 2018). Three of these studies utilized WM training (Cogmed)
(Graziano & Hart, 2016; Jones et al., 2019; Partanen et al., 2015), finding greater benefits from WM
training combined with metacognitive strategies than from simple WM training alone. In Graziano
and Hart (2016), preschool children with behavioral problems on strategy-based training experienced
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greater gains in academic performance, emotional knowledge, and regulation compared to those who
received non-strategy-based training. These benefits were maintained at a 6-month follow-up. In the
study of Partanen et al. (2015) on children with special needs, the improvement in EF lasted more for
the WM training (6-month follow-up) than for mere WM training. Finally, in typically developing
children, gains in WM and mathematical reasoning were greater for the WM training combined with
metacognition (maintained at a 3-month follow-up; Jones et al., 2019).

The other two studies involved all three EF components (Kubota et al., 2023; Pozuelos et al.,
2018). In Kubota et al. (2023), children from disadvantaged backgrounds who received EF training
combined with metacognition demonstrated greater gains than the active control group in proactive
control engagement and EF. Finally, Pozuelos et al. (2018) tested the combined effect of EF training
and metacognition in typically developing preschool children. Children in the metacognitive group
showed greater gains in intelligence and significant increases in an electrophysiological index
associated with conflict processing. These results suggest that metacognitive scaffolding enhances
the influence of process-based training on cognitive efficiency and brain plasticity related to executive
attention.

The downside of strategy-based interventions is that they require instructors to undergo specific
training in scaffolding (Bosanquet & Radford, 2019), which can be time-consuming and costly.
Moreover, the success of the scaffolding relies on scaffold quality and instructor experience. All
training applied in these five studies was not entirely digital, as they required a human instructor to
provide or supervise the metacognitive strategies (Graziano & Hart, 2016; Kubota et al., 2023;
Partanen et al.,, 2015; Pozuelos et al., 2018), or used metacognitive workbooks in addition to a
computer-based program (Jones et al., 2019; Kubota et al., 2023). Regarding the training used in our
study, Rossignoli-Palomeque et al. (2020) conducted a randomized active-controlled pilot study with
typically developing children. The experimental group significantly reduced attentional and EF
problems at follow-up compared to the control group. In this pilot version, the strategies were
delivered by an instructor.

STap2Go is the first EF digital strategy-based training that does not require a human instructor.
The scaffolding is automated by the system, thanks to a pre-designed decision three. STap2Go’s
metacognitive strategies are directed at planning, monitoring, and evaluating self-performance. This
is why we hypothesize that the STap2Go intervention may impact not only EF and cognition but also
academic success and behavioral and emotional regulation. Finally, it seems reasonable to expect
stronger EF intervention benefits for children at psychosocial risk compared to typically developing
children (Titz & Karbach, 2014).

1.4. Objectives

This study primarily aims to assess the effects of the digital strategy-based training of EF,
“STap2Go,” in typically developing children (O1) and children at psychosocial risk (O2). Specifically,
we will evaluate Stap2Go impact on their EF, intelligence, processing speed, academic performance,
and emotional regulation. Secondly, we aim to evaluate whether the training impact differs between
typically developing children and those at psychosocial risk (O3).

We expect that STap2Go will benefit EF, academic scores, IQ, processing speed, and emotional
regulation after training for both typically developing children and children at psychosocial risk. We
also anticipate greater training gains for children at psychosocial risk.

2. Materials and Methods

Following the Declaration of Helsinki, written informed parental consent was obtained from
each participant. This study was approved by the ethics committee of Nebrija University (UNNE-
2021-012).
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2.1. Participants

One hundred and twenty-four children aged 9-12 participated in this study (M =11.1, SD =0.82),
with 50.8% being boys and 49.2% girls. The sample size was estimated using G-Power (available since
January 2007 in v. 3.1.9.7). The experimenter contacted various schools of Canarias Island (Spain) and
ultimately one of them consented to participate in the study. Children were enrolled in a regular
school. Initially, participants were divided into two main groups based on their condition: typically
developing children or children at psychosocial risk. Secondly, participants in each condition were
randomly allocated to two training groups: the experimental group (STap2Go training) or the active
control group. Children classified as “at psychosocial risk” were diagnosed by the educational
psychology services of the school following neuropsychological assessments. All study participants
were informed of the purpose of their participation, and parental consent was obtained from all
participants.

Table 1 shows the sociodemographic characteristics of the participants.

Table 1. Sociodemographic characteristics of the participants.

RIST Gender F/M Age
-etest Typically-developing 91.1 (4.76) 14/17 133 (12.9)
experimental group
Typically-developing control 90.7 (3.70) 12/20 131 (6.96)
group
Psychosocial risk experimental 89.8 (3.22) 14/16 135 (8.76)
group
Psychosocial risk control 90.8 (3.53) 21/10 133 (10.3)
group
. 11
F(3.120) 0.69 3
(p=.057) (p=.34)
Typically-developing
Postest experimental group 94.3 (5.06) 14/17 136 (12.9)
Typically-developing control 90.8 (3.17) 1220 135 (6.96)

group

Psychosocial risk experimental

94.2 (4.04) 14/16 138 (8.75)
group

10.1
F(3.120) 1.14
(p = <.001)
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Follow-up  Typically-developing

. 96.2 (5.36) 14/17 140 (12.9)
experimental group
Typically-developing control 90.0 (2.62) 12/20 138 (6.94)
group
Psychosocial risk experimental 96.8 (3.54) 14/16 142 (8.76)
group
Psychosocial risk control 90.5 (3.00) 21/10 90.5 (3.00)
group
32.4
F(14.5) 1.13
(p=<.001)

1 Table 1 legend: F= female; M= male. RIST: Reynolds Intellectual Screening Test. Age= participants’ age in terms
of month.

The inclusion criteria for the typically developing group were as follows: (1) aged 9-12, (2) no
psychological or psychiatric diagnosis, (3) no special educational needs, (4) no course repetition, (5)
an intelligence quotient (IQ) between 85 and 115, (6) and no clinical scores on the Behavioral
Assessment of Executive Function (BRIEF-2) behavioral and emotional regulation indices at T1 (Gioia
et al,, 2015). The inclusion criteria for the psychosocial risk group were as follows: (1) aged 9-12, (2)
diagnosed with psychosocial risk by the educational psychology services of the school, and (3) an IQ
between 85 and < 115.

Figure 1 shows the sample sizes and dropouts as a function of a group.

The independent variables include the interventions—STap2Go (GeneticAl, 2022) and Kawaii
(Piu Apps, 2020). The dependent variables of the study are (1) EF (e.g., inhibition, WM, cognitive
flexibility) and metacognition, (2) cognitive skills (e.g., intelligence, processing speed), (3) behavioral
and emotional regulation, and (4) academic performance.

Figure 2 clarifies the study design.
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Figure 1. Participant’s Flow diagram.


https://doi.org/10.20944/preprints202501.2108.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2025 d0i:10.20944/preprints202501.2108.v1

8 of 38

Follow-up (at two months):
weeks 2710 29

Pretest:
weeks 3

Experimental groups trained EF with
the Stap2Go app using metacognitive
strategies

Typl:ally( :E]vze;uep:'\sg) children P
-3 sessions per week
« 30 minutes per session
Near ransfer: « Both groups receive training Near transfer: Near transfer:
«FDT FD
- WM and Auditory WM and Auditory WM and Auditory
- WM index WM index WM index
Far transfer: | Faruansfer: | Faruansfer
*RIST (1Q) «RIST (1Q) “RIST (1Q)

« BRIEF-2 (EF assessed by parents) —_— « BRIEF-2 (EF assessed by parents) « BRIEF-2 (EF assessed by parents)
+ Academic scores (mathematics and « Academic scores (mathematics and « Academic scores (mathematics and

language) Active control groups trained with L) L)
(Kawai) a drawing app

Psychosocial risk children - 12 weeks
S -3 sessions per week

«30 minutes per session

- Both groups receive training

Figure 2. Illustration of the study design.

2.2. Assessments

Children were assessed before the training (T1), immediately after (T2), and two months after
(T3). The evaluation was by a doctoral student and other qualified collaborating examiners in
individual sessions. Families completed a questionnaire created ad hoc, as well as the BRIEF-2
questionnaire at T1, T2, and T3. Finally, the students’ tutors provided the participants’ academic
scores (mathematics and language) at T1, T2, and T3.

*  Questionnaire for parents created ad hoc: The questionnaire was used to collect participant data
related to the inclusion criteria, filled out by the child’s legal guardian.

e  Five Digit Test (FDT) (Sedo, 2007): This test provides measures of inhibition and flexibility. In
the inhibition subscale, participants must count the numbers in a box instead of reading them.
In the flexibility subscale, participants must change their strategy (from counting the numbers
in a box to reading the numbers in it). The boxes in which the strategy is changed are marked by
a blue frame. The Spearman-Brown coefficient for this test ranges from .92 to .95.

* WM sub-index of the Wechsler Intelligence Scale (WISC-V): We used the Spanish adaptation of
the WISC-V for children (2014), focusing on the WM index subtests: (1) Digits, which involves
repeating digits in direct, reverse, and ascending order; (2) Drawing Span, requiring participants
to recall and order drawings after brief exposure; and (3) Letters and Numbers, in which
participants repeat numbers in ascending order and letters alphabetically after hearing a mixed
series. The Spanish adaptation for children WISC-V (2014) was applied.

*  Reynold’s Brief Intelligence Test (RIST): RIST (Reynolds and Kamphaus, 2013) is a screening
intelligence test that contains two subscales: Riddles, to assess verbal intelligence, and
Categories, to assess non-verbal intelligence. The sum of both subscales determines an
intelligence index (M = 100; SD = 15). The reliability for this test, based on Cronbach’s alpha, is
91

¢  Behavior Rating Inventory of Executive Function (BRIEF-2) (Gioia et al., 2015): This standardized
test for youth aged 5 to 18 focuses on assessing EF with two versions, for teachers and parents.
It is a Likert-type assessment in which the parent/guardian responds regarding frequency to a
series of questions. Three main indices comprise the different clinical scales: Behavioral
regulation index, Emotional regulation index, and Cognitive regulation index. The Global index
of executive function is made up of all three. It provides various scores related to EF, such as
inhibition, flexibility, self-control, WM, and cognitive regulation. Higher scores indicate
problems or difficulties (T, typical scale M = 50, SD = 10). This study used the Spanish adaptation
(Gioia et al., 2017). This test has high reliability (based on Cronbach’s alpha M = .86).

®  School performance: The numerical evaluations provided by the participant’s tutor in
mathematics and language were used. Student’s academic performance ranges from 0 to 10.
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2.3. Interventions

Both groups received training sessions in groups of 10, conducted in the computer room during
school hours and supervised by the researcher. The experimental group underwent training sessions
lasting 12 weeks, following the STap2Go protocol. Students completed activities three times weekly
in 30-minute sessions on alternate days. The program included Go/no-go, stop-signal tasks, N-back
tasks, and switching tasks, combined with metacognitive strategies provided before, during, and
after the task (following a pre-designed decision tree). The stimulus presentation time was 1000-1500
ms, with a 500 ms window to respond. The average duration of each task was 2 minutes. Participants
received feedback in each trial, with the screen edge turning green for correct responses and red for
mistakes. As participants progressed through the protocol, the difficulty level increased by
combining different parameters (e.g., number of distractors, n-back elements, number of set shifts).
Each session combined different task types in a balanced proportion. All the instructions were
specific for each task, resulting in around 100 different exercises (e.g., (1) tap when you see something
edible, (2) tap when you see a duck if the previous image was also a duck, (3) tap when you see a
flower (...) now tap when you see a vegetable). The metacognitive strategies were inspired by Efklides
(2009) and designed by the creators of STap2Go. These strategies were validated in previous research
(Rossignoli-Palomeque et al., 2019). Strategies focused on instruction comprehension, self-
instructions, self-regulation, and performance supervision. Understanding instructions requires
additional clarifications. For example, in the “tap when you see something red” exercise, before
starting, the avatar asks: (1) “When should we tap?” prompting the user to tap when they see red,
and (2) “What if something orange or pink appears?” to clarify that they should not tap. These
instructions help identify task demands. Self-instructions then guide the user during the task, with
the avatar saying, “Focus on the center of the screen to improve attention. What steps should we
follow? First, wait, then observe, and finally, decide.” This helps direct attention and reduce
impulsivity. As the user completes the exercises, the avatar offers targeted strategies based on specific
errors (e.g., if the user taps impulsively, the avatar reminds them, “Remember, first wait, then
observe, then decide”), using a decision tree. After completing the tasks, the system reports the
number and types of errors. The avatar then prompts the user to reflect on mistakes (e.g., “I tapped
when I shouldn’t have” or “I missed a required tap”) and suggests strategies for improvement. To
motivate participants, they earn ‘energy’ points based on performance, which can be used for features
such as avatar customization.

All sessions were recorded through the application to ensure protocol fulfilment. Figure 3 shows
an example of an EF task. Figure 4 exemplifies the metacognitive strategies applied.
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Figure 3. Stap2Go exercise example. ! Figure 3 legend: Stap2Go exercise example. Instruction: “Tap when you

see something red”. In this case, user has to tap in the third screen. Stap2Go (2022). Reproduced with permission.
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Figure 4. Stap2Go strategy applied by the avatar example. ! Figure 4 legend: Self-control strategy in Stap2Go
exercise applied when user tap impulsively: 1 “Wait” “Do you remember how we should act? 2 “See” “Do you
remember how we should act? 3 “Decide” “Do you remember how we should act? Stap2Go (2022). Reproduced

with permission.

The active control or placebo group received the same amount of intervention time as the
experimental group but used another computer application (the Kawaii application). The same
conditions were provided for the experimental group. The Kawaii application allows users to draw
and create their compositions/designs. The researcher registered the training time and captured
images of each participant.

2.4. Data Analysis

The sample size was estimated using G-Power 3.1.9.7 (Faul et al., 2007), based on the assumption
that enrolling 140 participants would provide the trial with 95% power to detect an effect size of .35.
First, we analyzed at T1 across all groups (normality test, one-factor ANOVA, mean, and variance
homogeneity) to ensure no significant differences at the pretest among the groups.

To assess the intervention effects, a repeated-measures mixed ANCOVA 3x2 controlling for age
was conducted separately for typically developing children and those at psychosocial risk, with two
factors included: time (three measurements: T1, T2, and T3) and group (two groups: experimental
and active control). The main effects and inter-group effects were analyzed through Tukey post-hoc
tests. Effect size estimates were calculated using partial eta squared (np2), where np2 > 0.01 is
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regarded as a small effect, np2 > 0.06 as medium, and np2 > 0.14 as large. If the one-way ANOVA
indicated significant differences between groups at the pretest, we controlled for this variable in the
ANCOVA. The p-value ranges from 0 to 1, with higher values indicating a lower probability of
committing a type II error. The level of significance was set at p <.05. When parametric statistics
could not be applied, we used the U Mann-Whitney test to assess differences between experimental
and control groups, as well as Friedman analysis to test intragroup differences across assessment
moments. Hedges’ g was chosen as the effect size measure, as it is more appropriate than Cohen’s d
when dealing with small samples (Hedges & Olkin, 1985). The interpretation of g is as follows: < 0.2
small effect, > 0.5 medium, and > 0.8 large (Cohen, 1988).

Finally, to test the differences between the experimental groups, we applied the T-student test
or U Mann-Whitney when parametric statistics were not possible. The analyses used JAMOVI 2.3.24
(The Jamovi Project, 2020).

3. Results

3.1. Variables Considered Near Transfer Assessed Individually

Table 2 shows the mean and standard deviation of the variables considered near transfer
(pretest, post-test, and follow-up), the main effects for each dependent variable, and the results of the
ANOVA at T1.

Figure 5 represents the significant near-transfer results after the pretest.
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Table 2a. Mean and standard deviation of the Variables Considered Near Transfer (pretest, postest and follow-up) the main effects for each dependent variable, and the results

of the ANOVA at T1 for typically-developing children.

Main
Control effect Main effect
Experimental group ANOVA t1 p-value . .
group (Time in (Group/time/time*group)
each P group
group)
Pretest 89.2 (4.69) 88.1 (3.45)
Postest 101.2(8.10) 87.4 (2.34) Experimental: (x2 =52.7, p = <.001)
WISC-V Working Memory Index 31
Control: (x2 =5.02, p =.08)
Follow-up  104.2 (7.53) 88.8 (2.77)
Pretest 95.0 (4.17) 96.4 (5.36) (F (1,58)=60.75, p=<.001, n%p
=50)
Postest 110.5 (7.39) 96.4 (4.75) ~ B ,
WISC-V Auditory Working Memory Index 27 (=PO(71)'58) =446, p=<014, np
Follow-up 114 (6.56) 100 (4.45) (F (1,58)=85.55, p =<.001, n%p
=59)
Pretest 26.2 (8.43) 26.3 (9.53) 95 (F (1,60) =13.16, p=<.001, n’p
FDT Inhibition =18)
Postest 22.8 (5.96) 31.2 (5.52) (F (1,60) = 22, p = 81, n%p
=.004)
Follow-up ~ 22.9 (5.80) 30.3 (4.49) (F (1,60) = 14.96, p = <.001,

n°p=2)
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! Table 2a legend: post hoc: Differences Typically-developing experimental group - Typically-developing control group. Significance: p<.05 (*). FDT: Five Digit Test WISC-V:
Wechsler Intelligence Scale for Children Fifth Edition.
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Table 2b. Mean and standard deviation of the Variables Considered Near Transfer (pretest, postest and follow-up) the main effects for each dependent variable, and the results
of the ANOVA at T1 for children at psychosocial risk.

Experimental group

Control ANOVA t1 p-value

Main eff
an etfect Main effect

(Time in each

group group) (Group/time/time*group)
87.3
Pretest 88.4 (2.92) (3.61)
892 Experimental: (x2 = 55.9, p = <.001)
WISC-V Working Memory Index Postest 99.3 (4.28) G 2 6 .20
-26) Control: (x2=12.7, p=.002)
89.8
Follow-up 102.7 (4.23) 4.15)
95.2
Pretest 94.3 (5.07) (F (1,59) = 79.55, p = <.001,
(5.45) 2
1n’p =.58)
WISC-V  Auditory Working Memory 97.6 (F(1,59)=3.41, p=.036, n%p
P 110.3 (4. 4
Index ostest 03 (488) 3.72) ? -.06)
101 (F (1,59) = 80.16, p = <.001,
. 2 =
Follow-up 114 (4.02) (4.66) n?%p =.58)
254 (F (1,59) =8.35, p = .005, 2
Pretest 26.9 (8.37) 47 ’ 29, p =00, 1°p
(7.94) -
.13)
FDT Inhibition
302 (F(1,59) =77, p = 46, ’p
Postest 22.9 (4.06) (6.20) =.01)
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(F (1,59) = 18.25, p = <.001,

Follow-up 23.7 (5.04) ?50 ;5) n?p =.24)
36.7
Pretest 37.5 (9.55) (107) .76 (F (1,59) = 14.42, p = <.001,
' 17p =19)
= = 2
FDT Flexibility Postest 29.7 (5.90) (358 '248) (f 05)1;)59) Al p =662 1p
384 (F(1,59)=9.6, p=<.001, n%
Follow-up 30.3 (5.80) 5 .82) =.14)
36.0
Pretest 35.3 (6.19) (8.29) 72 (F(1,59)=1.74,p=.192,n%
’ =.03)
= = 2
FDT Counting Time Postest 33.7 (5.47) ?86 ';)6) (=F0(21)’59) L3Lp =27 %
38.1 (F (1,59) = 6.94, p = .001,
Follow-up 33.5 (5.16) © '49) n%p =.11)
Pretest 30.2 (6.75) ?6228 3
68) Experimental:
(x2 =255, p =
FDT Reading Time Postest 25.3 (3.11) (26E;§8) <001)
Control: (x2 =
301 11.3, p =.004)
Follow-up 23.8 (2.67) (5.82)

! Table 2b legend: post hoc: Differences Psychosocial risk experimental group - Psychosocial risk control group. Significance: p<.05 (*). FDT: Five Digit Test WISC-V: Wechsler

Intelligence Scale for Children Fifth Edition.
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Figure 5. Mean Chart of the variables considered as near-transfer assessed through individual assessments.

e  WISC-V Working Memory Index

Typically developing children (TDC): Significant differences were found at post-test (U =47, p <
.001, g = 2.3) and follow-up (U = 12.5, p < .001, g = 2.7) in favor of the experimental group. The
Friedman test also showed significant differences between the three assessment moments (x2 =52.7,
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p <.001) for the experimental group. They significantly improved at post-test (p <.001, g =1.7) and
at follow-up (p <.001, g =2.21) compared to the pretest (p <.001, g =2.21), and at follow-up compared
to post-test (p <.001, g = .44).

Children at psychosocial risk (CPR): Significant differences were found at post-test (U = 27.5, p
<.001, g =2.63) and follow-up (U = 20.0, p <.001, g = 3.0) in favor of the experimental group. The
Friedman test also showed significant differences between the three assessment moments (x2 = 55.9,
p <.001) for the experimental group. The experimental group significantly improved at post-test (p <
.001, g =2.93) and follow-up (p <.001, g =.31) compared to the pretest, and at follow-up (p <.001, g =
.80) compared to post-test. There were also significant differences between the three assessment
moments (x2 =12.7, p =.002) for the control group. They improved their results at post-test (p =.003,
g =.53) and follow-up (p <.001, g = .64) compared to the pretest.

No significant differences were found between the experimental groups at any of the three
assessments —pretest (U = 454, p = .87), post-test (U = 392, p =.28), and follow-up (U =439, p = .70).

o WISC-V Auditory Working Memory Index

TDC: Significant differences were found at post-test (p <.001, g = 2.23) and follow-up (p <.001,
g =2.47) in favor of the experimental group. The experimental group significantly improved at post-
test (p <.001, g =2.54) and follow-up (p =.003, g = 3.45) compared to the pretest, and at follow-up (p
<.001, g =.53) compared to post-test. The control group improved at follow-up compared to post-test
(p<.001, g =.82).

CPR: Significant differences were found compared to controls at post-test (p <.001, g =2.89) and
follow-up (p <.001, g =3.08) in favor of the experimental group. The experimental group significantly
improved at post-test (p <.001, g = 3.18) and follow-up (p <.001, g = 4.35) compared to the pretest,
and at follow-up (p <.001, g = .91) compared to post-test. The control group improved at follow-up
compared to post-test (p <.001, g =.74) and pretest (p <.001, g =1.09).

The difference between the experimental groups was not significant at post-test (t(59) =-.94, p =
.92) or follow-up (t(59) =-0.15, p = .88).

e  FDT Inhibition

TDC: There were significant differences between the experimental and control groups at post-
test (p <.001, g=1.44) and follow-up (p <.001, g =1.43) in favor of the experimental group. The control
group worsened at post-test (p =.009, g =.68) and follow-up (p = .04, g = .69) compared to the pretest.

CPR: There were significant differences between the experimental and control groups at post-
test (p < .001, g = 1.37) and follow-up (p < .001, g = 1.19) in favor of the experimental group. The
experimental group improved at post-test (p =.028, g =.6) compared to the pretest. The control group
worsened at post-test (p =.003, g = .68) and at follow-up (p =.014, g = .69) compared to the pretest.

The difference between the experimental groups was not significant either at post-test (t(59) = -
12, p=.90) or at follow-up (t(59) =-.61, p = .53).

e  FDT Flexibility

TDC: Significant differences were found at post-test (p =.001, g = 1.05) and follow-up (p <.001,
g =1.42) in favor of the experimental group. The experimental group significantly improved at post-
test (p =.02, g = .56) and follow-up (p = .003, g = .69) compared to the pretest, and at follow-up (p =
.009, g =.15) compared to post-test.

CPR: Significant differences were found at post-test (p <.001, g =1.53) and follow-up (p <.001,
g =1.37) in favor of the experimental group. The experimental group significantly improved at post-
test (p=.003, g=.97) and follow-up (p =.014, g =.90) compared to the pretest. The difference between
the experimental groups was not significant at either post-test (t(59) = .37, p =.71) or follow-up (t(59)
=-.66, p = .51).
e  FDT Counting Time (Processing Speed)

TDC: A significant difference was found at follow-up (p = .010, g = 1.23) in favor of the
experimental group. The control group significantly worsened at follow-up compared to post-test (p
<.001, g =.69).
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CPR: There were significant differences at follow-up (p =.038, g =.78), favoring the experimental
group. The control group significantly worsened at follow-up compared to post-test (p <.001, g =.28).
The difference between the experimental groups was not significant at either post-test (t(59) = -
1.13, p = .26) or follow-up (t(59) =-.18, p = .86).
e  FDT Reading Time (Processing Speed)

TDC: There were significant differences between the groups at follow-up (p <.001, g = 1.23) in
favor of the experimental group. The experimental group experienced a marginally significant
improvement at follow-up (p =.050, g =.07) compared to post-test.

CPR: There were significant differences at post-test (U =281, p =.008, g = .67) and at follow-up
(U =128, p <.001, g = 1.37) in favor of the experimental group. The Friedman test also showed
significant differences between the three assessment moments for the experimental group (x2 =25.5,
p = <.001). They significantly improved at post-test (p <.001, g = .62) and at follow-up (p >.001, g =
.43) compared to the pretest, as well as at follow-up compared to post-test (p =.023, g =.51). The result
for the controls was significant (x2 =11.3, p =.004), as they improved at post-test compared to pretest
(p=.001, g =.74) and at follow-up compared to post-test (p =.005, g = .89).

The differences between the experimental groups were not significant at any of the three
assessments— pretest (U = 382, p = .23), post-test (U =455, p =.88), or follow-up (U =349, p =.086).

3.2. Variables Considered Transfer in Participants’ Daily Lives Were Assessed Through Parent
Questionnaires

Table 3 shows the average and standard deviation of the variables considered transfer in
participants” daily lives (pretest, post-test, and follow-up) and the main effect for each dependent
variable, as well as the results of the T1 ANOVA.

Figure 6 shows the significant results after the pretest in the participants’ daily lives.
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Table 3a. Average and standard deviation of the variables considered transfer in participants’ daily lives (pretest, post-test, and follow-up) and the main effect for each

dependent variable, as well as the results of the T1 ANOVA for typically-developing children.

ANOVA t1 Main effect Main effect

Experimental group  Control group

p-value (Time in each group) (Group/time/time*group)
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Pretest 13.3 (2.57) 15.2 (3.25) (F(1,43)=264,p=.11,n%
Postest 12.5 (1.81) 13.9 (3.03) =59)
- (F (1,43) = .01, p = 92, n?p
BRIEF-2 Inhibition ' =.00)
Follow-up 13.3 (1.70) 15.0(2.68) ,
(F (1,43) =02, p = .87, n?p
=.001)
Pretest 11.2 (2.35) 12.4 (2.50) Experimental: x2 =
11 1.25,p =53
Postest 10.1 (2.05) 12.8 (2.80)
BRIEF-2 Flexibility Control: y2 = 438
ontrol: x2 = 438, p =
Follow-up 10.3 (1.81) 13.0 (3.05) .80
F (1,43) = 8.84, p = .005, 1?
Pretest 14.2 (2.71) 15.5 (2.22) (= 1(7) ) P TIP
Postest 13.7 (2.40) 14.8 (3.84) 0 (F (1,43) = .021, p = .98, n%p
BRIEF-2 Working Memory ’ =.001)
Follow-up 12.4 (1.34) 15.0 (2.71) (F (1,43) =143, p = .25, 1’p
=033)
Pretest 62.5 (10.09) 67.6 (9.62) (F (1,43) = 7.50, p = .009, np
BRIEF-2 Metacognition Index Postest 61.8 (11.7) 66.9 (14.5) 09 =1.52)
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(F (1,43) = 37, p = .7, n%p

=.009)
Follow-up 57.1 (6.86) 67.6 (11.20)
(F (1,43) = 1.55, p = .22, n?p
-.04)
Pretest 101 (15.9) 107 (25.6) Experimental:  (x2
=11.9, p =.003)
.36
BRIEF-2 Global Index of Executive Iostest 972 (14.2) 109.0(20.9) Control: (x2 =67, p
Function =72)
Follow-up 93.4 (9.55) 111.0 (17.70)

! Table 3a legend: post hoc: Differences Typically-developing experimental group - Typically-developing control group. Significance: p<.05 (*). BRIEF: Behavior rating

inventory of executive functions.

Table 3b. Average and standard deviation of the variables considered transfer in participants’ daily lives (pretest, post-test, and follow-up) and the main effect for each

dependent variable, as well as the results of the T1 ANOVA for children at psychosocial risk.
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Figure 6. Mean Chart of the Variables Considered as Transfer in Participants” Daily Lives as Variables Were

Assessed Through Parent Questionnaires.

e  BRIEF-2 Inhibition

TDC: No significant effects.

CPR: Significant differences were found at follow-up favoring the experimental group (U = 194,
p = .013, g = .94). The Friedman test revealed a significant effect of time for the control group (x2 =
6.74, p = .034). They significantly worsened at follow-up compared to pretest (p =.012, g =.61) and at
follow-up compared to post-test (p =.048, g = .27).

No significant differences were found between the experimental groups at any of the three
assessments —pretest (U = 241, p = .24), post-test (U = 278, p = .66), and follow-up (U =292, p = .88).
e BRIEF-2 Flexibility

TDC: Significant differences were found at post-test (U = 129, p <.002, g = 1.06) and follow-up
(U=129, p<.002, g =1.06) in favor of the experimental group.

CPR: Significant differences were found at post-test (U =182, p =.007, g =.79) and follow-up (U
=139, p <.001, g = 1.12) in favor of the experimental group. The Friedman test revealed a significant
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effect of time for the control group (x2 = 10.2, p = .006). They significantly worsened at the post-test
(p=.011, g =-.46) and at follow-up (p =.002, g = -.60) compared to the pretest.

No significant differences were found between the experimental groups at any of the three
assessments —pretest (U = 229, p = .15), post-test (U = 266, p = .50), and follow-up (U =292, p = .88).
e  BRIEF-2 Working Memory

TDC: Only the main effect of the group was significant.

CPR: Significant differences were found at post-test (U =189, p =.010, g = .68) and follow-up (U
=154, p =.001, g = .92) in favor of the experimental group. The Friedman test revealed a significant
effect of time for the experimental group (x2 =18.0, p <.001). They significantly improved at post-test
(p = .036, g = .36) and follow-up compared to the pretest (p <.001, g = .68), as well as at follow-up
compared to the post-test (p =.005, g =.52).

The differences between the two experimental groups were not significant at any of the three
assessment moments—pretest (U = 226, p = .14), post-test (U = 266, p = .50), or follow-up (U =278, p
=.67).

e  BRIEF-2 Metacognition Index

TDC: Only the main effect of the group was significant.

CPR: The differences between the groups were significant at post-test (p =.026, g = .90) and at
follow-up (p = .002, g = 1.15) in favor of the experimental group. The control group significantly
worsened at post-test compared to pretest (p =.008, g = .64).

The differences between the experimental groups were not significant at any of the three
assessment moments— pretest (U = 281, p = .718), post-test (U =294, p = .920), or follow-up (U = 296,
p=.952).

e  BRIEF-2 Global Index of Executive Function

TDC: Significant differences were found at follow-up (p < .001, g = 1.21) in favor of the
experimental group. The experimental group experienced significant changes across the assessments
(x2=11.9, p=.003). They significantly improved at the post-test (p =.008, g =.25) and at follow-up (p
<.001, g =.57) compared to the pretest.

CPR: The differences between the experimental and control groups were significant at post-test
(p=.021, g =.93) and follow-up (p = .001, g = 1.18) in favor of the experimental group. The control
group significantly worsened at post-test (p =.029, g =.61) and follow-up (p =.037, g = .58) compared
to the pretest.

No significant differences were found between them at any of the three assessments—pretest
(U =271, p =.58), post-test (U =287, p =.82), or follow-up (U =290, p = .86).

3.3. Variables Considered Far Transfer (Not Directly Trained)

Table 4 shows the average and standard deviation of the variables considered far transfer
(pretest, post-test, and follow-up) and the main effects for each dependent variable, as well as the
results of the T1 ANOVA.

Figure 7 illustrates the significant far-transfer results after the pretest.
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Table 4a. Average and standard deviation of the variables considered far transfer (pretest, post-test, and follow-up) and the main effects for each dependent variable, as well
as the results of the T1 ANOVA for typically-developing children.
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(F (1,60) = .78, p = .46, n7p =

.013
Follow-up  7.03 (1.60) 6.84 (1.89) )
(F (1,60)=9.57, p=<.001, n%
- 14)
Pretest 14.1 2.97) 14.7 (2.66) 51 (F (1,43) = 10.47, p = .002,
1n’p=.20)
Postest 12.7 (1.39) 15.4 (2.84) _ Can
BRIEF-2 Emotional Control (F(1,43) = .18, p = .83, p
004)
Follow-up  12.7 (1.60) 15.5 (2.92) (F (1,43) = 3.97, p = <.023,
n’p=.09)
Pretest 38.6 (6.60) 43.0 (6.47) 03 (F (1,43)=10.34, p=.003, 7
=20)
Postest 35.4 (3.38) 42.1 (7.47)
F (1,43) =112, p = .29, n?
BRIEF-2 Behavioral Regulation Index (143 P TP
=.03)
Follow-up  36.3 (3.51) 43.5(7.29) (F (1,43) = 01, p = .93,

=.00)

! Table 4a legend: post hoc: Differences Typically-developing experimental group - Typically-developing control group. Significance: p<.05 (*). RIST: Intelligence Index

Curricular subjects: Spanish Language academic performance and Mathematics academic performance. BRIEF: Behavior rating inventory of executive functions.
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Table 4b. Average and standard deviation of the variables considered far transfer (pretest, post-test, and follow-up) and the main effects for each dependent variable, as well ?—5
as the results of the T1 ANOVA for children at psychosocial risk. k]
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Postest 6.63 (1.35) 5.32
(1.30)
Follow-up 6.47 (1.74)
5.90
(1.85)
14.6
(3.21) Experimental:
Pretest 15.4 (5.55) o2 = 405,
16.6 -
BRIEF-2 Emotional Control Postest 13.3 (3.07) .54 p=<001)
(4.53)
Follow-up  13.0 (2.68) Control: (x2 =
16.3 2.05, p = .36)
(4.16)
41.0
(8.76)
Pretest 40.8 (5.61)
45.6 (F (1,46) =8.12, p=.006, n?%p = .15)
BRIEF-2 Behavioral Regulation Index Postest 37.8 (8.14) 9.56) 12 (F (1,46) =2.03, p = .14, %p = .041)
(F (1,46) =9.97, p = <.001, n?p = .17)
Follow-up 37.2 (6.97)
46.4
(9.12)

! Table 4b legend: post hoc: Differences Psychosocial risk experimental group - Psychosocial risk control group. Significance: p<.05 (*). RIST: Intelligence Index Curricular

subjects: Spanish Language academic performance and Mathematics academic performance. BRIEF: Behavior rating inventory of executive functions.
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Figure 7. Mean Chart of the variables considered as far-transfer (variables not directly trained.

e RIST Intelligence Index

TPC: Significant differences were found at post-test (U =298, p =.002, g = .82) and follow-up (U
=120, p = <.001, g = 1.46) in favor of the experimental group. The experimental group experienced
significant changes across the assessments (x2 = 32.1, p = <.001). They significantly improved at the
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post-test (p=<.001, g =.64) and at follow-up (p =<.001, g =.99) compared to the pretest, and at follow-
up compared to post-test (p =.006, g =.31).

CPR: The experimental group significantly improved at post-test (p =<.001, g =1.16) and follow-
up (p=<.001, g=1.87) compared to controls. The experimental group improved at post-test (p =<.001,
g =1.19) and follow-up (p =<.001, g = 2.04) compared to pretest, and at follow-up (p =<.001, g = .68)
compared to post-test.

The differences between the groups were not significant in any of the three assessments — pretest
(U =388, p=.26), post-test (U=447, p=.79), or follow-up (U =391, p = .29).

e  Spanish Language Academic Performance

TDC: The differences at post-test were significant (p =.009, g =.77) in favor of the experimental
group. The experimental group significantly improved at post-test (p = <.001, g =.59) and follow-up
(p=.017, g = .47) compared to pretest.

CPR: Significant differences were observed between the experimental and control group at post-
test (p = <.001, g =.77) and follow-up (p = <001, g = .06) in favor of the experimental group. The
experimental group significantly improved at follow-up (p =>.006, g = .36) compared to post-test.

The difference between the groups was significant in the pretest (U = 281, p = .007), but not in
the post-test (U =422, p =.53) or follow-up (U =359, p =.12).

e  Mathematics Academic Performance

TDC: The differences were significant at post-test (p =.043, g =.67) in favor of the experimental
group. The experimental group significantly improved at post-test (p = <.001, g = .61) and follow-up
(p =<.001, g =.55) compared to pretest. There was a significant difference at follow-up compared to
post-test for the control group (p =<.001, g = .44).

CPR: The differences between the groups were significant at post-test (p =>.001, g = .98) in favor
of the experimental group. The experimental group significantly improved at post-test (p=<.001, g =
.91) and follow-up (p =<.001, g = .87) compared to pretest.

Regarding the experimental groups, the differences between them were only at the pretest (U =
323, p = .038), but not at the post-test (U =386, p = .24) or follow-up (U =379, p = .21).

e  BRIEF-2 Emotional Control

TDC: The differences between the experimental and control groups were significant at post-test
(p=.007, g=1.17) and follow-up (p = .006, g = 1.15) in favor of the experimental group.

CPR: Significant differences were found at post-test (U =156, p = .001, g = .85) and follow-up (U
=165, p =.002, g =.93) in favor of the experimental group. The Friedman test revealed a significant
effect of time for the experimental group (x2 = 40.5, p = <.001). They significantly improved at post-
test compared to pretest (p =<.001, g =.46) and at follow-up compared to pretest (p =<.001, g = .55).

No significant differences were found between the two experimental groups at any of the three
assessments — pretest (U = 260, p = .44), post-test (U =298, p = .98), or follow-up (U =292, p = .92).

e  BRIEF-2 Behavioral Regulation Index

TDC: Only the main effect of the group was significant.

CPR: The difference between the experimental and control groups was marginally significant at
post-test (p = .05, g = .86) and significantly different at follow-up (p = .003, g = 1.13) in favor of the
experimental group. The control group significantly worsened at follow-up (p = .012, g = .60)
compared to the pretest.

Although both experimental groups improved, no significant differences were found between
them at any of the pretest (U =227, p =.15), post-test (U =285, p =.79), or follow-up (U =287, p =1.00).

4. Discussion

This study primarily aimed to assess the effects of a novel digital strategy-based training of EF,
“STap2Go,” in TDC (O1) and CPR (O2). Secondly, it aimed to examine whether the training impact
differed between TDC and CPR, as might be expected according to the “compensation accounts”
principle. It must be considered that Stap2Go is the first pure digital strategy-based intervention for
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EF; thus, testing its effects is relevant. Our results support the idea presented by Niebaum and
Munakata (2022), which claims that interventions designed to encourage children’s engagement with
EF may produce better outcomes than those simply aimed at improving EF capability.

In relation to O1, our results showed that experimental TDC improved EF after the training,
maintaining or even enhancing their results at follow-up. The improvements in EF were observed in
WM auditory working memory, inhibition, cognitive flexibility, and processing speed (counting time
and reading time). Unlike other process-based interventions in which children only improved in EF
(Diamond et al., 2007; Liu et al., 2015; Zhao et al., 2018), our results also indicated transfer in variables
that affect children’s daily lives (flexibility, global index of EF). Moreover, there was also a far transfer
in 1Q, mathematics, Spanish language academic performance, and emotional control. To our
knowledge, only two other studies have used digital EF strategy-based intervention on TDC (Jones
et al., 2019; Pozuelos et al., 2018), finding stronger benefits in mathematics academic performance
and IQ gains for those children who received the EF+metacognitive training. Our results support the
transfer effects of EF strategy-based interventions. In contrast to the lack of transfer effects observed
in this domain through process-based interventions (Melby-Lervag et al, 2016; Rossignoli-
Palomeque et al., 2018; Sala & Gobet, 2019; Simons, 2016; Takacs & Kassai, 2019), Stap2Go produces
transfer effects on the emotional control of children. We believe this is due to training directed toward
self-regulation, which is strongly related to emotional regulation (Diamond, 2013; Hofmann et al.,
2012; Morgan & Lilienfeld, 2000; Riccio et al., 2011; Schoemaker et al., 2013; Séguin, 2009; Séguin et
al., 1999).

This study included not only TDC but also CPR. O2 shows that experimental CPR improved in
several domains after training and maintained or even enhanced their results at follow-up. They
improved in individual assessments of EF (WM, inhibition, auditory WM, and cognitive flexibility)
and processing speed (counting time). Moreover, there was transfer in the children’s daily lives, as
observed in the family environment (inhibition, EF and metacognition). Additionally, far transfer
was found in IQ, behavioral and emotional regulation, mathematics, and Spanish language academic
performance. Previous studies with children in disadvantaged situations, such as those with special
needs (Patarnen et al., 2015) or children from disadvantaged backgrounds (Kubota et al., 2023), only
found near-transfer effects. According to Zuber et al. (2022), WM training produces the largest
performance improvements compared to other core elements of EF. Our study, in contrast to those
(Patarnen et al., 2015; Kubota et al., 2023), not only trained WM but also the main EF components,
and this method seems to produce more benefits than simple WM alone. In the case of children with
behavioral problems, Graziano and colleagues (2016) found stronger benefits for those children who
received additional strategies over EF, academic performance, emotional knowledge, and regulation.
To our knowledge, this is the only study to find transfer in those domains similar to our study.
Nevertheless, we must consider that the strategies were provided by trained parents. This variable
could extend beyond the results of this study, as parents’ techniques and styles impact children’s
behavior (Grolnick & Ryan, 1989; Sarwar, 2016). Our study is the only pure digital EF strategy-based
intervention to produce such transfer effects without the influence of a human instructor.

We must also discuss some positive effects found in all groups. Regarding TDC, controls also
improved at follow-up in auditory WM. This could be attributed to a general improvement in this
capability over time due to developmental factors rather than a “practice effect” as indicated by the
test-retest index of .86. Additionally, the effect size is stronger for the experimental group (g = 2.47)
compared to the control group (g = .82). For CPR, the only positive effect in the controls was in
individual assessments of WM and auditory WM. Nevertheless, the effect sizes were smaller for
controls compared to the experimental group at post-test (g =2.93 vs. g =.53) for the WM, and for the
auditory WM (experimental follow-up g = 4.35 vs. control g = 1.09). We interpret the results of this
variable cautiously, as all groups improved. Finally, regarding processing speed (reading time), both
groups improved after training, which may be due to a developmental factor rather than the
intervention (the effect sizes are not larger for the experimental group).
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Regarding study design, contrary to others (Graziano & Hart; Patarnen, 2015), our study
includes an active control group. This approach reduces the likelihood of committing a Type I error
and strengthens the validity of the results (Field, 2013). Furthermore, our study includes a 2-month
follow-up, during which most of the effects were maintained. Although other strategy-based
intervention studies include follow-up (Graziano & Hart, 2016; Kubota et al., 2023; Jones et al., 2019),
the maintained effects were only near transfer (except for Graziano and colleagues’ study [2016]
already discussed).

While considering O3, it is important to highlight that significant improvements occurred in
both experimental groups, with no significant differences between them. Overall, the Stap2Go
intervention seems effective in both conditions. Nevertheless, the time*group interaction was
significant in three variables for CPR but not for TDC (inhibition, metacognition, and behavioral
regulation of the BRIEF-2). The experimental CPR improved in those variables after training
compared to controls. Still, we must consider that there were some negative effects for the TDC (they
worsened their scores in FDT inhibition at post-test and follow-up, and for FDT counting time at
follow-up). In contrast, at-risk students in the control group experienced a wider deterioration in
several areas (i.e., FDT inhibition and BRIEF inhibition, FDT counting time, BRIEF (flexibility,
metacognition, global index of EF, and behavioral regulation), indicating a certain vulnerability of
this group. This deterioration seems to occur without receiving a specific intervention in EF. These
results highlight the relevance of this intervention for a particularly vulnerable group. CPR
deteriorate if not adequately intervened. Our results support the notion that children from
disadvantaged socio-educational conditions benefit the most from this type of intervention
(Diamond, 2013; Diamond & Ling, 2019).

The transfer effects of Stap2Go align with the demonstrated relationship between EF and
intelligence (Ardilla et al., 2000; de Abreu et al., 2010; Friedman et al., 2006; Rossignoli-Palomeque et
al.,, 2018; Wang et al., 2021) and academic performance (Best et al., 2011; Cheung & Chan, 2022; Peng
et al., 2015). Finally, the connection between EF and emotional and behavioral regulation has also
been established in several studies (Diamond, 2013; Hofmann et al., 2012; Morgan & Lilienfeld, 2000;
Riccio et al., 2011; Schoemaker et al., 2013; Séguin, 2009; Séguin et al., 1999).

Our study results exceed the findings from the pilot study of Rossignoli-Palomeque et al. (2020),
in which the strategies were facilitated by an instructor, and interventions were only assessed in TDC.
In the present study, however, the latest version of the program was used, in which an avatar
facilitates the strategies according to the user’s performance. This novel approach may promote the
emergence of other digital strategy-based interventions, considering that process-based interventions
primarily produced near transfer (Melby-Lervag et al., 2016; Rossignoli-Palomeque et al., 2018; Sala
& Gobet, 2019; Simons, 2016; Takacs & Kassai, 2019). Furthermore, the Stap2Go intervention may
prevent the detriment suffered by children in conditions of psychosocial vulnerability, as the
experimental group improves in most of the domains assessed, while the control group deteriorates
over time.

Finally, this study faced the limitation of sample loss, as not all families provided the
questionnaires at different evaluation moments. Additionally, the consideration of psychosocial risk
is very broad, making it a heterogeneous group. In future studies, we would like a more detailed
analysis according to specific risk conditions. As a future direction, we would extend the study to
other developmental stages to determine whether there are greater or lesser benefits depending on
participants’ ages. Finally, we intend to compare the Stap2Go intervention with another group
receiving the Stap2Go intervention without metacognitive strategies to assess the impact of the
strategies on the results. Additionally, a latent-change score study will help us better understand the
influence of metacognition on training effects.


https://doi.org/10.20944/preprints202501.2108.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 January 2025 d0i:10.20944/preprints202501.2108.v1

32 of 38

5. Conclusions

Experimental groups significantly improved in individual assessments of basic EF, IQ,
processing speed (counting time), and EF according to family assessments compared to controls.
Furthermore, the experimental groups improved in emotional regulation and academic performance
(i.e., language and mathematics) after the intervention. These results were maintained at follow-up.

Generally, the control groups did not improve, and there was even some deterioration in
individual assessments of EF for both control groups (inhibition and counting time). More negative
effects were observed for the control group of CPR according to their family environment (i.e., in
inhibition, flexibility, global index of EF, metacognition and behavioral regulation) at post-test and/or
follow-up. This suggests that this group appears to be more vulnerable than the TDC group.

Although the intervention benefits both TDC and CPR, some positive effects were found only
for the children at psychosocial risk (inhibition, metacognition, and behavioral regulation according
to their families).
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