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Abstract

Childhood and adolescence are critical periods for the development of Executive Functions (EF),
which underpin self-control, planning, and social adaptation, and are often compromised in children
growing up in psychosocially vulnerable contexts. This study examined the effects of STap2Go, a
fully digital, strategy-based EF training, on EF performance and self-perceived maladjustment in 36
at-risk children and adolescents compared with 32 controls. Participants completed pre- and post-
intervention assessments using the Neuropsychological Assessment Battery of Executive Functions
(BANFE-3) and the Multifactorial Self-Evaluative Test for Child Adaptation (TAMALI). Results
showed a significant effect of training on global EF and on General Maladjustment, with
improvements only in the intervention group. These findings support the inclusion of scalable,
avatar-guided EF stimulation programs such as STap2Go within social inclusion pathways for youth
in vulnerable situations.

Keywords: adolescence; social vulnerability; maladjustment; executive functions; gamification;
Stap2Go

1. Introduction

Childhood and adolescence constitute critical stages for the acquisition and consolidation of
cognitive, socioemotional, and behavioral skills that shape human development (Noble et al. 2015;
Olhaberry & Sieverson, 2022). During this period, multiple internal factors—such as personality, self-
esteem, or resilience—and external factors of social, family or school origin (Barraca & Artola
Gonzalez, 2006; Forster & Lopez, 2022) can influence developmental trajectories. These factors,
individually or combined, may affect the development of Executive Functions (EF), a set of higher-
order cognitive processes essential for self-regulation and adaptive adjustment (Diamond, 2013).

Executive Functions encompass skills that support self-control, decision-making, and adaptation
to changing environments (Friedman & Robbins, 2022). The classical model proposed by Miyake et
al. (2000) describes EF as three interrelated components: Inhibition, which regulates automatic
responses; Working Memory, responsible for temporarily storing and updating relevant information;
and Cogpnitive Flexibility, which enables adaptation to novelty or change. Diamond (2020) highlights
their relevance for social competence and adjustment, noting that EF predicts scholastic, social, and
psychological success even more strongly than intelligence or socioeconomic level. In line with this,
recent studies show that better executive performance predicts higher social cognition skills (Schulte
et al., 2022; Williams et al., 2023), even above emotional comprehension alone (Wang & Feng, 2024),
while EF deficits are consistently associated with social behavior difficulties (Holl et al., 2021; Otsuka
et al., 2021; Pineda-Alhucema et al., 2018; Yeh et al., 2017).
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Evidence shows that early exposure to adverse experiences such as abandonment, violence, or
parental neglect may compromise these executive processes, resulting in difficulties in behavioral
regulation and increasing vulnerability to maladaptive outcomes (Erazo Santander, 2022; Johnson et
al., 2021). Children and adolescents living in psychosocially vulnerable contexts tend to present a
higher perception of maladjustment, expressed as difficulties in socialization, school performance,
and personal functioning (Carrera et al., 2019; Wade et al., 2019). These situations frequently coexist
with lower executive performance compared with peers in more normative environments (Aguilar-
Gonzalez et al., 2025; Camunrias et al., 2022; Johnson et al., 2021). A recent meta-analysis confirms that
Adverse Childhood Experiences (ACE) are consistently associated with deficits in Working Memory,
Inhibitory control, and Cognitive Flexibility (Rahapsari & Levita, 2024). Studies conducted in the last
decade further indicate that exposure to adversity compromises skills necessary for academic success
and social adaptation, including planning, self-control, and working memory, and can alter
neurocognitive development and functioning in brain networks related to regulation (McLaughlin et
al., 2019; McLaughlin, Sheridan & Lambert, 2014). The impact of adversity, however, is not uniform;
children’s perception of stressful experiences modulates outcomes, and negative effects emerge
mainly when events are interpreted as threatening (Smith & Pollak, 2021), although this does not
apply equally across all adverse contexts (McLaughlin et al., 2021). Danese and Widom (2024) also
suggest that executive functioning plays a moderating role, as children with significant cognitive
deficits present more difficulties in processing adverse situations than those with preserved EF.

Given the strong link between EF, adaptation, and academic and social success, interventions
aimed at strengthening EF have grown in relevance within educational and psychosocial fields (e.g.,
Vaillo & Camufias, 2015). EF interventions have encompassed a wide spectrum of methods such as
digital and traditional cognitive training, neurofeedback, school-based programs, physical-activity
interventions, mindfulness practices, and various other approaches (e.g., drama-based curricula or
Experience Corps) (Diamond & Ling 2019). One of the largest systematic reviews of EF interventions
shows that movement-based mindfulness practices and some school programs provide the strongest
EF gains, outperforming both computerized and non-computerized cognitive training.
Computerized programs such as Cogmed or BrainGame Brian aim to enhance executive functions by
training specific components, but improvements largely remain confined to the practiced tasks, with
minimal transfer to other skills or real-world contexts (Aksayli et al., 2019; Melby-Lervag and Hulme,
2013; Shipstead et al., 2012; Takacs & Kassai, 2019). Meta-analytic evidence shows short-term gains
in verbal and visuospatial working memory —especially for children with learning disorders—yet no
effects on inhibition, limited long-term maintenance, and limited to task-specific learning (Takacs &
Kassai, 2019). These explicit training programs based on repeated practice of executive-function tasks
produced markedly smaller effects in atypically developing groups than in typically developing
children. Conversely, interventions that teach children new self-regulation strategies appear to be
more effective for nontypically developing groups than for their typically developing peers. A
proposed explanation is that explicit practice requires a baseline level of executive functioning and
sustained attention that these children may not yet possess, whereas strategy-based approaches offer
more accessible and beneficial routes for improvement.

In this sense, to overcome the limited transfer to other skills observed in traditional EF training,
new approaches combine cognitive training and metacognitive strategies. The so-called strategy-
based training has shown promising results both in typically developing children and in those living
in vulnerable environments (Caceres-Gonzalez et al., 2025; Graziano & Hart, 2016; Jones et al., 2020;
Kubota et al., 2023; Partanen et al., 2015; Pozuelos et al., 2018; Rossignoli-Palomeque et al., 2020). This
method seeks to promote more generalizable learning by engaging children in monitoring and
regulating their own cognitive processes. Evidence shows that metacognitive strategies enhance EF
engagement and development, are particularly helpful for individuals with lower EF levels, and
support self-regulated learning (Caceres-Gonzalez et al., 2025). Given these links, strategy-based
training offers a promising route for achieving far transfer beyond the tasks directly practiced.
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However, a limitation of strategy-based interventions is their reliance on trained instructors, as
effective scaffolding requires specialized preparation and depends heavily on instructor expertise.
Consequently, most of the existing implementations have not been fully digital: most studies
involved adults guiding or supervising children’s use of metacognitive strategies, or supplementing
computer activities with metacognitive workbooks (Graziano & Hart, 2016; Jones et al., 2020; Kubota
et al., 2023; Partanen et al., 2015; Pozuelos et al., 2018). In this context, STap2Go is the first fully digital,
strategy-based EF intervention that eliminates the need for a human instructor by embedding
scaffolding into an automated decision tree (Caceres-Gonzalez et al., 2025). Its metacognitive prompts
target planning, monitoring, and evaluating one’s performance. The first empirical results using this
digital intervention are encouraging. The intervention not only improved EFs and processing speed,
but also broader outcomes such as IQ, metacognition, academic achievement, and behavioral and
emotional regulation. Importantly, children at psychosocial risk benefited the most from the
program, suggesting that this intervention constitutes a valuable and affordable resource for
supporting children in vulnerable environments and mitigating the impact of risk factors on
academic and social adaptation (Caceres-Gonzalez et al., 2025).

In this context, the present study seeks to further examine the impact of a fully digital, strategy-
based EF intervention in children and adolescents living in vulnerable contexts. Specifically, we were
interested not only in EF outcomes but also in self-perceived maladjustment, which—while a relevant
variable underlying difficulties in socialization, school performance, and personal functioning—has
not been previously considered (Caceres-Gonzalez et al., 2025).

2. Method

2.1. Participants

Seventy-three children and adolescents with active cases in Welfare Services due to their
situation of social exclusion participated in the study. These individuals were referred to a socio-
educational program aimed at reducing risk factors for social exclusion. Sample selection followed a
non-probabilistic purposive sampling strategy, as participants were required to meet specific
inclusion criteria (having an active file in Social Services due to risk of social exclusion, attendance
greater than 80%, provision of informed consent and assent) and exclusion criteria (selective mutism,
low-functioning autism, a curricular gap greater than four years).

During the intervention, attrition occurred for five participants in the experimental group and
two in the control group. In all cases, withdrawal was due to family-related difficulties that prevented
continued participation in both the training and the broader socio-educational program.

From the total remaining sample of 68 children (38 males), simple randomization was used to
allocate 36 participants (52.94%) to the Intervention group and 32 (47.06%) to the Control group,
ensuring equal probability of assignment. Participants in the training group ranged in age from 8 to
15 years (M =12.03, SD = 1.90), while those in the control group ranged from 8 to 17 years (M = 12.56,
SD = 2.34). Written consent was provided in all cases, in accordance with the Declaration of Helsinki.

2.2. Assessment

EF and self-perceived adjustment were assessed before and after the intervention using the
following instruments:

General Maladjustment: The Multifactorial Self-Evaluative Test for Child Adaptation (TAMAIL
Hernandez-Guanir, 2015) is a questionnaire composed of 170 dichotomous items (true/false) that
assesses a global dimension (General Maladjustment) and several subdimensions. Personal
Maladjustment (PM) evaluates self-esteem, insecurity, and emotional functioning. Social
Maladjustment (SM) captures perceived difficulties in peer relationships and adherence to social
norms. Scholastic Maladjustment (5cM) reflects perceptions of motivation, diligence, and attitudes
toward authority and school. Family Maladjustment (FM) assesses perceptions of parental
educational styles, including perfectionism and emotional communication. The Discrepancy (DIS)
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scale indicates the degree of consistency between parental educational styles. Two control indices are
included: Pro-Image (social desirability) and Contradictions (response consistency). On the
maladjustment scales, higher scores indicate better adaptation. The instrument demonstrates very
high reliability (Cronbach’s a = .92) (Hernandez-Guanir, 2015).

Executive Functions: The Neuropsychological Assessment Battery of Executive Functions
(BANFE-3; Flores et al., 2020) comprises fifteen performance-based tests grouped into four domains.
The Orbitofrontal (OF) index assesses emotion regulation, behavioral control, inhibitory control, rule-
following, and risk-benefit evaluation. The Dorsolateral (DL) index measures verbal fluency,
cognitive flexibility, planning, sequencing, and working memory (visual, verbal, visuospatial). The
Anterior Prefrontal (AP) index evaluates metamemory, figurative-language comprehension, and
abstract reasoning. A Global Executive Function score is also provided. Higher scores indicate better
performance. Reliability is high (Cronbach’s a = .80) (Flores et al., 2020).

2.3. Intervention

The experimental group received the STap2Go intervention approximately over 12 weeks
(STap2Go, 2022), completing three 15-minute sessions per week. The training was performed in a tablet
with Android operating system on which the application was installed. Training was carried out in the
early afternoon, during the first 15 minutes of activity, three times per week, on alternate days.

STap2Go is structured as a gamified digital environment in which participants progress through
a sequence of fixed sessions represented as nodes on a map (Figure 1). Each session consisted of three
exercises (two repetitions each), drawn from go/no-go, stop-signal, N-back, and task-switching
paradigms. A total of 100 exercises were completed across the intervention. Task difficulty increased
progressively through adjustments in parameters such as distractors, N-back load, and switching
frequency. Participants received immediate feedback on each trial, and task stimuli were displayed
for 1,000-1,500 ms with a 500-ms response window. Crucially, the program integrates automated
metacognitive scaffolding through a pre-designed decision tree. Before, during, and after each task,
the system prompts users to clarify instructions, apply self-instructions, regulate their performance,
and reflect on errors—strategies grounded in Efklides’s (2009) framework and validated in previous
work (Rossignoli-Palomeque et al., 2019). The system also adapts error-specific prompts to guide self-
correction. Performance yields points that can be used for avatar customization, although ancillary
game features were disabled in this study.

Figure 1. Gamified digital environment of the STap2Go intervention. Participants progress through a map-based

virtual world in which each node represents a fixed training session. Advancement along the path is contingent
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on completing sessions in a predefined order, allowing for structured and progressive engagement with the

intervention tasks within a playful, game-like setting.

2.4. Procedure

Prior to obtaining authorization from the Socio-Educational Center, families were informed
about the purpose of the training. Informed consent was then obtained, outlining the aims of the
assessment (pretest—posttest), the nature and potential benefits of the training, and the principle of
non-maleficence, along with a commitment to provide families with feedback on each participant’s
results. Before the intervention, standardized assessments of EF (BANFE-3) and self-perceived
maladjustment (TAMALI) were administered. The training group then completed 34 training sessions
of 15 minutes each, scheduled on alternating training and rest days and supervised by the educational
team, over an approximate period of three months. After completing the intervention, the training
group was reassessed using the same instruments and procedures. The control group did not receive
training; instead, they underwent a second assessment after a three-month interval matching the
duration of the intervention and continued to receive the usual services provided by the Socio-
Educational Center. This study was approved by the Ethics Committee of Nebrija University, and
participant confidentiality was ensured throughout the process.

2.5. Statistical Analysis

A quasi-experimental longitudinal design with repeated measures was employed, consisting of
an experimental group and an equivalent control group. Group effects and within-group changes
over Time were examined using mixed 2x2 ANOVAs on the global scores derived from the TAMAI
subscales and the BANFE-3 indices. All statistical analyses were conducted using jamovi (The jamovi
project, 2025; version 2.7.6.0).

3. Results

Descriptive results are shown in Table 1.

Executive Functions: Statistical analyses showed a significative effect of the factor Time (F(1,66) =
12.27,p<0.001, n; =0.16), indicating a general change in the pretest and posttest variable regardless
of the group. The main effect of Group was not significant (F(1,66) = 0.12, p = 0.726, n; = 0.00),
indicating that the groups did not differ in their level of Executive Functions. Crucially, the
interaction between Time and Group was significant (F(1,66) = 4.33, p = 0.041, 771,2, =.06). Post-hoc
analyses revealed that Executive Functions only improved in the Intervention group (¢(66) = -4.07;
p<0.01 Bonferroni corrected), while the change was not significant in the Control Group (£(66) =-0.97,
p > 0.05 Bonferroni corrected).

General Maladjustment: The factors Time and Group were not significant (F(1, 66) =.05, p=0.823,
ng=0.00) and F(1,66) = 0.07, p = 0.795, n = 0.00). Importantly, the interaction between Time and
Group was significant (F(1,66) = 14.00, p <0.001, n; = 0.18). Post-hoc analyses revealed that General
Maladjustment only improved after the intervention in the Intervention group (#(66) = 2.89; p < 0.05
Bonferroni corrected), while the change was not significant in the Control Group (t(66) = -2.41, p >
0.05 Bonferroni corrected).

Table 1. Means and standard deviations for Executive Functions (BANFE-3) and General Maladjustment
(TAMALI) scores at pretest and posttest for the Intervention and Control groups.

Intervention Group Control Group
Mean sd Mean sd
Pre-test 366,28 28,76 372,72 42,35
BANFE Post-test 390,47 25,66 378,88 41,84
Pre-test 43,97 12,25 37,38 15,94
TAMAI
M Post-test 37,81 12,91 42,84 14,3
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4. Discussion

The present findings provide further support for the potential of strategy-based, fully digital EF
interventions to promote cognitive and psychosocial improvements in children and adolescents
living in vulnerable contexts. Consistent with prior evidence showing that metacognitive scaffolding
enhances the effectiveness of EF training (Caceres-Gonzalez et al., 2025; Graziano & Hart, 2016; Jones
et al., 2020; Kubota et al., 2023; Partanen et al., 2015; Pozuelos et al., 2018; Rossignoli-Palomeque et
al., 2020)—particularly among individuals with lower baseline executive skills—participants who
received the STap2Go intervention showed improvements not only in EF performance but also in
self-perceived maladjustment. This pattern aligns with previous studies reporting gains for children
exposed to psychosocial adversity (e.g., Caceres-Gonzalez et al., 2025), suggesting that digital,
automated scaffolding may offer an accessible alternative to instructor-dependent interventions.
Importantly, the present study extends existing literature by demonstrating that EF training
influences not only cognitive abilities but also children’s subjective sense of adjustment—an aspect
closely tied to socialization, school functioning, and emotional well-being, yet rarely included in EF
intervention research.

A key contribution of this study is that, unlike traditional computerized EF programs—which
typically yield gains limited to the trained tasks and show little evidence of generalization—STap2Go
produced both near and far transfer effects. Whereas process-based interventions usually improve
only task-specific performance and rarely influence broader executive or adaptive skills (Melby-
Lervag & Hulme, 2013; Sala & Gobet, 2019; Simons et al., 2016), our results showed improvements in
standardized EF measures and, notably, in self-perceived maladjustment. This broader transfer is
consistent with evidence that metacognitive, strategy-focused approaches are more likely to affect
children’s functioning beyond the training context (Caceres-Gonzalez et al., 2025; Jones et al., 2020;
Pozuelos et al., 2018). The reduction in maladjustment suggest that participants were able to
generalize self-regulation strategies to everyday social, personal, and academic situations, supporting
the idea that metacognitive scaffolding facilitates the application of EF skills across domains
(Efklides, 2009; Roebers, 2017).

Another important aspect concerns the delivery format of strategy-based interventions. Most
existing programs rely on a trained adult—such as a teacher, therapist, or parent—to provide
metacognitive scaffolding, guide reflection, and model self-regulation strategies (Graziano & Hart,
2016; Kubota et al., 2023; Partanen et al., 2015). Although effective, this format poses substantial
challenges in vulnerable contexts, where adult availability, training, and consistency may be limited,
and where caregiver practices can vary widely. The use of an automated avatar in STap2Go addresses
these constraints by standardizing the provision of strategies and ensuring that every child receives
high-quality, consistent scaffolding regardless of their environment. For children in psychosocially
adverse situations, the neutrality and predictability of the avatar may also reduce pressure, minimize
evaluative concerns, and provide a stable model of regulation, thereby enhancing engagement and
facilitating the internalization of strategies that might otherwise be inconsistently available in their
daily contexts.

The study by Caceres-Gonzélez et al. (2025) was the first to demonstrate that a fully digital,
avatar-based instructor can produce both near and far transfer effects in children living in
psychosocially vulnerable contexts. Their findings showed that metacognitive scaffolding delivered
by an automated agent—rather than a human instructor—was sufficient to generate meaningful
cognitive and behavioral gains. The present study reinforces and extends those results by replicating
the benefits of avatar-guided strategy-based training in a different geographical area and with a
distinct sample of at-risk children. Crucially, we also document far-transfer effects in an outcome not
previously examined: children’s perceived adjustment. This supports the robustness and
generalizability of avatar-based scaffolding and suggests that such digital interventions can
positively influence domains of functioning beyond cognition, including children’s self-perceived
socioemotional adaptation.
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The effect on General Maladjustment is particularly noteworthy and aligns with extensive
evidence linking executive functioning to social competence and adaptive behavior (Diamond, 2020;
Holl et al., 2021; Otsuka et al., 2021; Schulte et al., 2022; Williams et al., 2023). Executive processes
play a central role in how individuals navigate everyday environments, and dimensional models of
adversity emphasize that children’s interpretations of stressful experiences are critical in shaping
developmental outcomes (Smith & Pollak, 2021). Strengthening EF may therefore exert indirect
benefits by enhancing self-regulation, coping strategies, and reflective processes. Consistent with this
view, children in the intervention not only improved their EF performance but also reported better
perceptions of their own adjustment—suggesting greater self-understanding and a heightened sense
of agency in social and academic contexts (Bandura, 2001). These results indicate that EF-focused
interventions may help buffer the negative developmental trajectories often associated with
psychosocial risk (Danese & Widom, 2024; McLaughlin et al., 2019).

Taken together, the positive changes observed in the training group, compared to the stability
observed in the control group, indicate that the STap2Go intervention had a measurable impact on
the executive and psychosocial domains assessed. Overall, the program demonstrated efficacy in
improving overall EF and perceived adjustment, highlighting its potential as a cost-effective and
scalable tool for supporting children in vulnerable environments.
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