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Abstract

Introduction: There is scientific evidence indicating positive effects on executive functions in
autism, but with certain limitations.

Objective: The present pilot multiple case study obtained preliminary estimates of the effects
of a multicomponent physical exercise program on executive functions in children with Autism
Spectrum Disorder Level 1.

Methodology: Twenty-one children (13 in the experimental group, 8 in the control group)
between 8 and 12 years old participated. Executive functions were assessed using the Behavior
Rating Inventory of Executive Function (BRIEF-2) in two naturalistic contexts: at home and at
school. The Jacobson and Truax Reliable Change Index was used to identify clinical responders,
along with the Number Needed to Treat (NNT).

Results: 45,5 % of participants in the experimental group showed clinically significant
improvement in at least one setting, compared to no participants in the control group (NNT =
2.20, 95% CI 1.58 to oo). Differentiated response patterns were identified according to the
assessment context, with a greater effect on the school environment (d = -.53) than at home (d
=-45).

Conclusions: The results are consistent with the hypothesis that multicomponent physical
exercise could be a viable intervention to improve executive functions in children with Level 1
ASD, although contextual generalization represents a more ambitious therapeutic goal.
Definitive conclusions about efficacy await replication in adequately powered confirmatory
trials.

Keywords

Autism spectrum disorder; BRIEF-2; executive functions; children; physical exercise; multiple
case study; number needed to treat.

Resumen

Introduccion: Existe evidencia cientifica que indica efectos positivos sobre las funciones ejecu-
tivas en el autismo, pero con ciertas limitaciones.

Objetivo: El presente estudio piloto de casos multiples obtuvo estimaciones preliminares de los
efectos de un programa de ejercicio fisico multicomponente sobre las funciones ejecutivas en
nifios con trastorno del espectro autista nivel 1.

Metodologia: Participaron veintitin nifios (13 en el grupo experimental y 8 en el grupo control)
de entre 8 y 12 afios. Las funciones ejecutivas se evaluaron utilizando el inventario BRIEF-2 en
dos contextos naturalistas: en casa y en la escuela. El indice de cambio fiable de Jacobson y
Truax se utilizé para identificar a los respondedores clinicos, junto con el nimero necesario
para tratar.

Resultados: El 45,5% de los participantes del grupo experimental mostré mejoria clinicamente
significativa en al menos un entorno, en comparacién con ningin participante del grupo control
(NNT = 2.20, IC 95% 1.58 a ). Se identificaron patrones de respuesta diferenciados segun el
contexto de la evaluacién, con un mayor efecto en el entorno escolar (d = -.53) que en casa (d =
-45).

Conclusiones: Los resultados son consistentes con la hipétesis de que el ejercicio fisico multi-
componente podria ser una intervencion viable y eficaz para mejorar las funciones ejecutivas
en nifios con trastorno del espectro autista de nivel 1, aunque la generalizacién contextual re-
presenta un objetivo terapéutico mas ambicioso. Las conclusiones definitivas sobre la eficacia
requieren replicacion en ensayos confirmatorios con potencia estadistica adecuada.

Palabras clave

Trastorno del espectro autista; BRIEF-2; funciones ejecutivas; nifios; ejercicio fisico; estudio de
casos multiples; nimero necesario para tratar.
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Introduction
___________________________________________________________________________________________________________________________|
Executive functions encompass abilities such as working memory, inhibition, planning, impulse control,
flexibility, attentional shifting, initiation, and self-regulation. Located primarily in the prefrontal cortex,
these functions coordinate mental processes that resolve internal and external problems (Miyake et al.,
2000). Executive functions develop gradually from the first year of life, with peaks of performance du-
ring childhood and adolescence, followed by stabilization in adulthood and eventual decline with aging
(Diamond, 2013). Deficits in executive functioning have been observed both in populations with acqui-
red frontal lobe damage and in developmental disorders such as autism, supporting the executive dys-
function hypothesis of Autism Spectrum Disorder (Ozonoff et al.,, 1991). Neuroimaging studies reveal
atypical frontal lobe development in autism, including early cortical overgrowth followed by accelerated
gray matter decline, as well as altered structure and connectivity in dorsolateral and medial prefrontal
regions (Carper & Courchesne, 2005; Ong & Fan, 2023). Children and adolescents with ASD exhibit a
delayed neurodevelopmental trajectory of executive function maturation compared to typically develo-
ping peers (Sadozai et al., 2024).

Educational context

In educational settings, students with autism experience difficulties in executive functions such as wor-
king memory, planning, mental flexibility, and inhibition (Ryan & Marshall, 2018). These challenges
arise from demands imposed by conventional classrooms on students with ASD, including changes in
schedules and environments, comprehension of complex instructions, and task initiation and comple-
tion. Teachers who facilitate task sequencing, the use of visual supports, and the organization of sche-
dules and spaces play a key role in supporting learning (Darretxe & Sepulveda, 2011). However, when
support is excessive, it may prevent students from developing independence, denying them tools and
opportunities to manage tasks autonomously (Ryan & Marshall, 2018). Structured environments, com-
plemented by evidence-based pedagogical strategies (visual supports, predictable routines, and work
systems), have been associated with improvements in cognitive flexibility, working memory, and plan-
ning in students with autism (Mesibov et al., 2005; Virues-Ortega et al., 2013).

Family and social context

Executive function difficulties significantly impact family and social contexts. Problems in managing so-
cial challenges, often linked to deficits in emotional control and cognitive flexibility, can trigger frustra-
tion and elevated anxiety levels, and correlate with high stress levels in parents of children with ASD
(Costescu et al., 2024). Deficits in emotion regulation in children with autism have been conceptualized
as a transdiagnostic mechanism underlying aggression, self-injury, anxiety, and depression (Mazefsky
et al,, 2013), and impairments in working memory and emotional control have been associated with
greater family difficulties. Empirical evidence shows that middle childhood executive functioning, par-
ticularly behavioral regulation, mediates the pathway between early childhood autism symptoms and
adolescent externalizing behaviours and adaptive functioning (Ameis et al,, 2022). There is scientific
evidence of greater emotional dysregulation, a narrower range of adaptive strategies, and more intense
and prolonged emotional reactions compared to typically developing children (McDonald et al., 2024),
underscoring the need for ecological interventions that target executive functions in natural contexts.

Need for effective interventions

Effective strategies for managing executive function deficits include personalized schedules, predictable
routines, clear spatial boundaries, and visual supports, complemented by consistent assessment met-
hods (Darretxe & Sepulveda, 2011). The TEACCH methodology encompasses physical structure, indivi-
dualized schedules, work systems, visual routines, and task organization (Mesibov et al., 2005; Virues-
Ortega et al,, 2013). The literature highlights the importance of ecologically contextual interventions,
since parent and teacher assessments capture demands differently athome and school (Gentil-Gutiérrez
etal, 2022).

The Behavior Rating Inventory of Executive Function, Second Edition (BRIEF-2; Gioia et al., 2015) is an
internationally recognized instrument with clinical scales grouped into three regulation indices plus the
Global Executive Composite (GEC): the Behaviour Regulation Index (BRI; Inhibit and Self-Monitor), the
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Emotional Regulation Index (ERI; Shift and Emotional Control), and the Cognitive Regulation Index (CRI;
Initiate, Working Memory, Plan/Organize, Task-Monitor, and Organization of Materials).

Physical Exercise and Executive Function

Scientific evidence demonstrates positive effects of physical exercise on executive functions in children
with autism (Hou et al,, 2024; Liang et al,, 2022). A recent network meta-analysis showed that different
sports exhibit varying effectiveness across executive domains: mini-basketball, exercise programs, mar-
tial arts, bicycle riding, table tennis, and Neiyang Gong excelled in improving cognitive flexibility and
inhibitory control, while table tennis, bicycle riding, and martial arts proved most effective for working
memory (Hou et al,, 2024). Recent evidence also suggests that cognitively challenging physical activity,
particularly through nonlinear pedagogy, can produce significant improvements in executive functions
in school contexts (Kaloka et al., 2024).

The choice of a multicomponent approach is grounded in the need to simultaneously address multiple
domains of executive functions (behavioral, emotional, and cognitive regulation) and in evidence sug-
gesting that integrated programs combining aerobic exercise, motor coordination, and cognitive-motor
tasks produce effects more transferable to naturalistic contexts (Liang et al., 2022; Rivera et al., 2025).

Motor competence correlates directly and significantly with school participation in children with au-
tism, whereas school participation shows an inverse correlation with executive function metacognition
and behavioral regulation (Kheirollahzadeh et al.,, 2021).

While there is growing evidence on the benefits of physical exercise in children with ASD (Rivera et al,,
2025), most studies have included heterogeneous samples in terms of ASD severity, limiting the gene-
ralizability of findings to specific support levels. Furthermore, analyses have predominantly focused on
group-level measures, with little attention to individual response variability and contextual generaliza-
tion (Liang et al., 2022).

A recent scoping review of school-based physical activity programs for children with ASD found that
cognitive and psychosocial function was among the most frequently studied outcomes, with a higher
percentage of articles reporting positive effects (Robles et al., 2023).

Objectives

The present work was conceived as a pilot multiple case study designed to (a) obtain preliminary esti-
mates of the magnitude and variability of effects of a multicomponent physical exercise program on
executive functions in children with Level 1 ASD, (b) explore individual response patterns through case-
level reliable change and within-subject effect-size indices, (c) quantify intervention effects using Num-
ber Needed to Treat (NNT) analyses, and (d) inform the design and a priori sample size calculation of a
subsequent adequately powered confirmatory randomized controlled trial.

Primary objective: To obtain preliminary estimates of the effects of a multicomponent physical exercise
program on global executive functions (Global Executive Composite of BRIEF-2) in children with Level
1 ASD, using a pilot multiple case study design.

Secondary objectives:

o Toanalyze the contextual specificity of the response to the intervention by comparing home and
school-based assessments.

e To identify individual response patterns through reliable change indices and within-subject ef-
fect sizes per responder.

e To quantify the magnitude of the effect of the intervention using the Number Needed to Treat
(NNT).

e To explore the mechanistic pathways through behavioral, emotional, and cognitive regulation
indices (BRI, ERI, and CRI).
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Method
___________________________________________________________________________________________________________________________|
This pilot study utilized a hybrid design combining a pre-post quasi-experimental controlled compari-
son with an aggregated case-level analysis. Between-group comparisons followed an intention-to-treat
framework, while individual response patterns were examined following Single-Case Experimental De-
sign (SCED) reporting standards (Kratochwill et al,, 2023). This approach aligns with methodological
recommendations for pilot studies, aiming to yield preliminary estimates of effect size and response
variability to inform a future definitive randomized controlled trial.

Participants

Because this is a pilot study, sample size was not determined by priori statistical power. The conve-
nience sample included all eligible children with Level 1 ASD who agreed to participate during the re-
cruitment period, yielding an analytical sample of N = 21 (Experimental = 13, Control = 8). The effect
sizes derived from this study (within-subject Cohen's d, between-group Cohen's d, and Number Needed
to Treat) will be used to inform the power calculation and sample size estimation of the future confir-
matory trial.

Participants were consecutively enrolled and allocated to either the experimental or control group ba-
sed on logistical accessibility to the intervention site. Due to the preliminary nature of this pilot study
and its small sample size, formal randomization was not implemented (a methodological limitation that
increases the potential for selection bias). During the 12-week study period, the control group maintai-
ned their usual school and family routines without receiving any structured physical exercise interven-
tion or active control activity. To minimize assessment bias, the statistician responsible for outcome
analyses remained blinded to group allocation until the primary analyses were finalized.

Inclusion criteria required participants to: (a) be between 8 and 12 years of age, (b) have a clinical diag-
nosis of ASD Level 1 confirmed by the ADI-R (Lord et al., 1994) and ADOS (Lord et al., 2000), and (c)
complete the 12-week program. Exclusion criteria included: (a) bone fractures within the previous six
months, (b) a clinical diagnosis of anxiety disorder requiring anxiolytic medication, or (c) current parti-
cipation in competitive sports.

Of the 21 enrolled participants, three (Experimental: Ex7, Ex12; Control: C4) did not provide post-inter-
vention data and were excluded from the pre-post change analyses, yielding a retained sample of 18
participants (86% retention) who completed the entire protocol. Specifically, 18 participants provided
full pre-post data within the family context (Experimental, n=11; Control,n=7),and 17 provided school
data (Experimental, n = 11; Control, n = 6); participant C6 contributed only family data. The complete
participant flow is detailed in Figure 1. A complete-case approach was adopted for the primary analyses
without data imputation, and a worst-case sensitivity analysis is subsequently reported in the Results
section.
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Figure 1. Flow diagram

Enrollment Assessed for eligibility (n=43)
Excluded (n=22) ‘
Randomized (n=21)

l . 1

Allocated to infervention experimental group Allocated to intervention control group (n=8}
(n=13)

Follow-Up

Lost to follow-up (give reasons) (n=1)

Lost to follow-up (give reasons) (n=2)
Loss of tracking: It does not provide
questionnaires and does not answer calls
(n=1)

Discontinued intervention (Maladaptafive
behavior (n=2)

Analysis

Analysed (n= 11) Analysed (n=7}

Source: Authors' own elaboration.

Procedure

The Catholic University of Valencia research ethics committee approved all procedures (reference num-
ber: UCV/2021-2022/124), and participants provided informed consent. Assessments were conducted
during the week prior to the start of the intervention and repeated in the week immediately following
its conclusion.

The multicomponent physical exercise program was administered over 12 weeks, consisting of two 60-
minute sessions per week. Sessions were delivered in an inclusive group format led by two trained pro-
fessionals, maintaining a strict 2:7 professional-to-participant ratio. Each group was composed of 3-4
children with ASD and 2-3 neurotypical peers, a configuration intentionally designed to foster social
interaction, peer-modeling, and naturalistic social inclusion.

To accommodate the specific cognitive and behavioral profiles of Level 1 ASD populations, seven evi-
dence-based pedagogical frameworks were integrated into the sports context (Figure 2).

Figure 2. Integrated pedagogical frameworks for ASD Level 1 sports intervention.
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Source: Compiled by the authors from the cited theoretical frameworks (Deci & Ryan, 2012; Gray, 2015; Matson & Boisjoli, 2009; Mesibov et al.,
2005; Piaget, 1995; Schmidt et al.,, 2013; Suskind, 1998)

All intervention sessions followed a standardized, predictable sequence divided into specific training
components (Table 1).

The development of the multicomponent physical exercise program for children with level 1 autism was
structured in three phases distributed over 12 weeks. Its methodological development is as follows:

- Phase 1 Adaptation (weeks 1-2): Its objective is to introduce children progressively to the dif-
ferent routines and dynamics.

- Phase 2 Development (weeks 3-5): The objective is to progressively increase the level of demand
for the workload. After consolidating the dynamics of the sessions, the demand in each of the activities
is progressively increased.

- Phase 3 Consolidation (week 6-12): The goal is to maintain and optimize performance. The con-
solidation of routines allows the workload to be maintained while increasing the demands with the aim
of maximizing physical adaptations.

Table 1. Standardized Structure of the Multicomponent Exercise Sessions.
Session Component Duration Target Objectives & Methodological Content
Initial greeting, review of the TEACCH visual schedule, and

Introduction & Adaptation ~5 min . L
behavioral priming.
Warm-up ~10 min Low-intensity dynamic movements to prepare physiological
systems
Physical & Motor Module 20-30 min .Act1V1t1es targetlng aerobic capacity, speed, strengt.h,
fine/gross motor skills, balance, accuracy, and catching.
Motor-cognitive dual-tasks targeting core executive functions
Cognitive Training Module 20-30 min (inhibitory control, working memory, and cognitive
flexibility)
Cool down ~10 min Anxiety management via Koeppen's [1974_}) progressive
muscle relaxation adapted through a narrative motor story.
. Final reflection, token economy review, and dismissal
Closure ~5 min

greeting

Minimum thresholds for prior attendance were established, requiring participants to attend at least
75% of scheduled sessions to be included in the primary outcome analyses. Attendance was recorded
at each session and communicated weekly to families, implementing strategies to address attendance
barriers when participants approached the threshold.

Instrument

Global Executive Composite (GEC) in two contexts (home and school) were assessed using the Spanish
adaptation of the BRIEF-2 (Gioia et al., 2015; Spanish adaptation: Maldonado et al., 2017). This instru-
ment analyzes executive function through nine clinical scales (Inhibition, Self-Supervision, Flexibility,
Emotional Control, Initiative, Working Memory, Planning and Organization, Task Monitoring, and Mate-
rials Organization), three general indices (BRI, ERI, CRI), and the Global Executive Composite (GEC). The
Spanish adaptation demonstrates adequate internal consistency, with a mean Cronbach's « of .86 across
scales (Maldonado et al,, 2017).

Data analysis

Analyses were conducted using IBM SPSS Statistics for Windows, version 28.0 (IBM Corp., Armonk, NY,
USA), with figures generated using Python 3.11 with matplotlib 3.7 (Hunter, 2007).

The Global Executive Composite (GEC) was calculated as GEC = BRI + ERI + CRI, following standard
BRIEF-2 procedures (Gioia et al., 2015; Spanish adaptation: Maldonado et al., 2017).

Baseline between-group equivalence was assessed using independent-samples t-tests. Effect sizes were
computed at two levels. For individual change, Cohen's d was calculated as d = (X, - X1) / SD normative,
where SD normative = 10.

For group-level pre-post effects, Morris's d (Morris, 2008) was used with 95% confidence intervals.
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Clinical significance at the individual level was assessed using the Reliable Change Index (Jacobson &
Truax, 1991): RCI = (X, — X4) / SEM, with SEM = 3.5 for the BRIEF-2 GEC based on the test-retest relia-
bility reported in the Spanish adaptation manual (Maldonado et al., 2017). Participants with |RCI| = 1.96
were classified as showing clinically significant change (improvement, deterioration, or stability). The
Number Needed to Treat was calculated as NNT =1 / (EER - CER), where EER and CER are the experi-
mental and control responder rates.

Between-group differences in responder rates were tested using Fisher's exact test. Effect size interpre-
tation followed Cohen (1988; small = .20, medium = .50, large = .80). All tests were two-tailed with o =
.05.

All tests were two-tailed with a = .05. To evaluate the robustness of the responder-rate contrast to the
assumption of missing completely at random, a worst-case sensitivity analysis was pre-specified. The
three excluded participants were assigned values unfavorable to the study hypothesis: no post-inter-
vention change for the two Experimental participants (Ex7, Ex12) and a clinically significant improve-
ment (RCI = -2.5) for the Control participant (C4). Responder rates and Fisher's exact test were then
recomputed on the resulting full sample (N = 21).

Results
[

Sample Features and Missing Data Management

The final analytical sample comprised 18 participants with complete pre-post data (Experimental, n =
11; Control, n = 7); one control participant (C6) contributed only family-context data. Baseline analyses
were performed with the complete recruited sample (Experimental, n = 13; Control, n = 8).

Table 2 presents demographic and baseline characteristics. No statistically significant differences were
found between groups at baseline (Family: t (18) = -1.47, p = .159; School: t (18) = -.260, p = .798),
indicating comparability.

A notable finding was the marked heterogeneity of executive profiles. Baseline GEC scores ranged from
normal functioning to severe impairment in both contexts, consistent with executive function pheno-
types in ASD. A pre-specified worst-case sensitivity analysis was conducted to evaluate the robustness
of the primary findings to the assumption of missing completely at random. Under the conservative sce-
nario described in the Method, 5 of 13 Experimental participants (38.5%) showed clinically significant
improvement in at least one setting, compared to 1 of 8 Control participants (12.5%; Fisher's exact p =
.336; NNT = 3.85). The direction of the between-group contrast was preserved, supporting the conclu-
sion that the primary results are not driven by selective attrition, although the loss of statistical signifi-
cance reinforces the preliminary nature of the findings and the need for replication in adequately po-
wered trials.

Table 2. Participant Demographic and Baseline Characteristics by Group

Variable Experimental (n = 13) Control (n=8)
Age, M = SD 10.1+1.3 10.1+1.2
Sex (F/M) 0/13 1/7
GEC-Family, M + SD 729 +9.4 67.3+4.8
GEC-School, M + SD 66.0+11.4 64.6 +12.3
Years since diagnosis, M + SD 6.7 £2.4 5.9+2.3
Comorbidities, n %
Yes 8 (61.5%) 3(37.5%)
No 5 (38.5%) 5 (62.5%)
Current medication. n %
Yes 7 (53.8%) 3 (37.5%)
No 6 (46.2%) 5 (62.5%)

Note. GEC = Global Executive Composite; M = mean; SD = standard deviation.

Individual Change Analysis

Pre-post changes in Global Executive Composite (GEC) T-scores for the 18 participants with complete
data in at least one context are visualized as scatter plots in Figure 3.
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Across the experimental group, mean within-group pre-post effect sizes were d = -0.45 (95% CI [-.73,
-.18]) for the family context and d = -0.53 (95% CI [-1.06, .003]) for the school context, indicating small
to medium effects (Cohen, 1988). In contrast, the control group showed negligible effects of d = +0.04
(95% CI [-.34, .43]) and d = +0.22 (95% CI [-.40, .83]), suggesting no benefit and potentially opposite
trends.

Three participants in the control group (C1, C3, and C8) showed clinically significant deterioration, with
RCI values of +2.00, +2.00, and +3.11, respectively, and no control participant showed clinically signifi-
cant improvement in either context. Because the between-group difference in responder rates did not
reach conventional statistical significance (see Clinical Responder Analysis below), this contrast should
be interpreted as descriptive evidence consistent with a clinically meaningful pattern rather than as a
demonstration of intervention efficacy. It is, however, informative regarding the natural course of exe-
cutive function in untreated Level 1 ASD over a 12-week period, which in this sample appeared to be
stagnation or worsening rather than spontaneous improvement.

Figure 3. Individual pre-post change in Global Executive Composite (GEC) T-scores of the BRIEF-2 across family (a) and school (b) assessment
contexts.

a) Family context b) School context
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Clinical Responder Analysis

Table 3 presents the distribution of responders according to clinically significant change criteria. In the
experimental group, 5 of 11 participants with complete data (45.5%) reached the responder threshold
in at least one setting, while no participants in the control group (0%) showed clinically significant im-
provement in either setting. Responder rates were compared between groups using Fisher's exact test
(two-sided). The proportion of clinical responders differed between groups (5/11 experimental vs. 0/7
control), but this difference did not reach conventional statistical significance (Fisher's exact p =.101,
OR not estimable due to zero events in the control group). This non-significant result reflects the limited
statistical power of the pilot sample (estimated at approximately 31%) and is consistent with the pre-
liminary nature of the study; the observed responder pattern should therefore be interpreted as hy-
pothesis-generating rather than as evidence of intervention efficacy, awaiting confirmation in ade-
quately powered trials.

Contextual specificity of response: Distinct patterns were identified in the experimental group:

. Total success (both contexts). Participant Ex3 (9.1%) showed clinically significant improvement
in both settings, with reductions of 12 and 16 T-score points (RCI = -3.43 and RCI =-4.57, both p <.001).
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. Contextualized response at school. Participants Ex10 and Ex13 (18.2%) showed clinically sig-
nificant improvement exclusively in the school setting, with reductions of 17 and 18 T-score points (RCI
=-4.86 and RCI = -5.14, both p <.001).

. Contextualized response in the family. Participants Ex5 and Ex8 (18.2%) showed clinically sig-
nificant improvement exclusively in the family context, with reductions of 8 and 7 T-score points (RCI =
-2.29 and RCI =-2.00, both p <.05).

Table 3. Responder Classification by Group and Context

Group n Total Success School Only Family Only Non-Responder Total (%)
Experimental 11 1(9.1%) 2 (18.2%) 2(18.2%) 6 (54.5%) 5 (45.5%)
Control 7 0 (0%) 0 (0%) 0 (0%) 7 (100%) 0 (0%)

Note: Control n=6 for school-context analyses (C6 missing school data)

Multiple Case Analysis: Patterns of Response

Following the logic of systematic replication across cases (Yin, 2018), four representative case-level re-
sponder analyses are presented: one generalized responder, two family-only responders, two school-
only responders, and three control-group deteriorators. Each pattern is described in detail with GEC T-
scores, Reliable Change Indices (RCI), and within-subject Cohen's d effect sizes with 95% CI. The selec-
tion of these cases followed a maximum-variation sampling strategy aimed at illustrating the range of
response patterns observed in the experimental and control groups, rather than probabilistic generali-
zation.

Pattern 1: Generalized improvement (Participant Ex3). This participant, with moderate to severe initial
severity (GEC-F = 79, GEC-E = 70), achieved the greatest improvements in both contexts: reductions of
12 T-points in family (RCI = -3.43, p <.001) and 16 T-points in school (RCI = -4.57, p <.001). The effect
sizes were d = -1.20 (95% CI [-1.83,-0.57]) and d =-1.60 (95% CI [-2.32, -0.88]) respectively.

Pattern 2: Family-only improvement (Participants Ex5, Ex8). Two participants showed clinically signifi-
cant improvement exclusively in the family context.

. Ex5: Greatest contextualized improvement in the family with an 8-point reduction in family T-
score (RCI =-2.29, p < 0.05; d = -0.80, 95% CI [-1.42, -0.18]), while school scores remained essentially
stable (A = -1 T-point).

. Ex8: Moderate baseline impairment (GEC-F = 67, GEC-E = 53) with clinically significant improve-
ment in family (RCI = -2.00, p <.05; d =-.70, 95% CI [-1.31, -.09]), but minimal change in school (A = +1
T-point).

Pattern 3: School-only improvement (Participants Ex10, Ex13). Two participants showed clinically sig-
nificant improvement exclusively in the school context.

. Ex10: Severe baseline deterioration in school (GEC-E = 82). Intervention produced a reduction
of 17 T-points (RCI = -4.86, p < 0.001; d = -1.70, 95% CI [-2.44, -0.96]), from 98th to 91st percentile,
while home change was subclinical (A = +5 T-points, RCI = -1.43).

. Ex13: Slight baseline elevation in school (GEC-S = 65) but no clinical range. Achieved clinically
significant improvement in school: reduction of 18 T-points (RCI = -5.14, p <.001; d = -1.80, 95% CI [-
2.54,-1.06]), from 63rd to 16th percentile. Family context showed minimal change (A = -6 T-points, RCI
=-1.71, subclinical).

Pattern 4: Deterioration in the absence of intervention (Control C1, C3, C8). Three control participants
showed clinically significant deterioration (RCI = |1.96]) in the absence of intervention, illustrating nat-
ural variability without intervention:

. C1: 7-point increase in family executive symptomatology (GEC-F = 67—-74, RCI = +2.00, p < .05;
d=+.70,95% CI [-.07, 1.47]), moving from moderate to severe profile.

. C3: 11-point increase in school GEC (GEC-S = 58—-65, RCI = +2.00, p < .05; d = +.70).

. C8: 11-point increase in school GEC (GEC-S =47-58, RCl = +3.11, p< 0.01; d = +1.10).
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° C2: Subclinical worsening trend (GEC-F = 68—73, RCI = +1.43; GEC-S = 78-80, RCI = +.57).

Together with the stable controls (C5, C7), four of seven control participants showed unfavorable tra-
jectories in the absence of the intervention.

Magnitude of Effect and Contextual Specificity

Among experimental group responders (n = 5), the pattern of change varied by context. In the school setting,
the mean change was -10.2 T-score points (range: -18 to +1), with a mean effect size of d = -1.02. In the family
context, the mean change was -7.6 T-points (range: -12 to -5), with d =-0.76. This gradient of effects suggests
that the multicomponent exercise program produced greater improvements in the school context,
where executive regulation demands are more structured and predictable.

Number Needed to Treat (NNT)

Clinical effectiveness analysis using NNT indicated that 2.2 participants are needed to obtain a single
clinical responder in at least one setting (NNT = 2.20, 95% CI [1.58, co]) (table 4). To achieve full success
(improvement in both settings), NNT increased to 11.0 (95% CI: [6.18, o]), reflecting that contextual
generalization is a more ambitious therapeutic goal.

Table 4. Program Effectiveness Summary

Measure Value 95% CI Interpretation
NNT (any context) 2.20 [1.6, 0] Good clinical utility
NNT (both contexts) 11.0 [6.2, 0] Ambitious goal
Effect size (Family) d=-45 [-.73,-.18] Small-medium
Effect size (School) d=-53 [-1.06,.003] Small-medium
Responder rate (Exp) 45.5% [16.8,76.7] Clinically meaningful

Note. NNT = Number Needed to Treat; CI = confidence interval.

Preliminary findings on BRIEF-2 component indices

Although this study focused on the Global Executive Composite, the available data on componentindices
provide insights into underlying mechanisms. Table 5 presents changes in BRIEF-2 component scales
among clinical responders.

School-improving responders (Ex10, Ex13) showed the greatest improvements in CRI and BRI at school,
with changes ranging from -14 to -22 T-scores. Family-based responders (Ex5, Ex8) showed greater
improvements in ERI, with gains of -6 to -19 points in the family context. The participant with generali-
zed response (Ex3) showed balanced improvements in all components in both contexts.

Exploratory Spearman correlation analyses revealed that changes in CRI showed a moderate to strong
positive correlation with GEC changes in the family context (r =.700, p = .104), and a strong positive
correlation in the school context (r =.975, p =.005). These exploratory analyses with n = 5 should be
interpreted with caution given the very small sample size.

Table 5. Changes in BRIEF-2 component indices in clinical responders

ID ABRIF AERI F ACRIF ABRI S AERI S ACRI S AGECF AGEC S Pattern
Ex3 -8 -13 -10 -13 -17 -13 -12 -16 Generalized
Ex5 -2 -19 -2 -2 -3 +4 -8 +1 Family
Ex8 0 -6 -8 +8 -12 -1 -7 -1 Family
Ex10 -8 -6 -1 -18 -13 -13 -5 -17 School
Ex13 -8 0 -7 -14 -9 -22 -6 -18 School

M £SD -5.2+39 -88+73 -56+39 -78+106 -80+7.0 -9.0+104 -76+2.7 -10.2+94
r ACRIF/S -224 .718 .700 .800 -.100 975 * -

Note. BRI = Behavior Regulation Index; ERI = Emotional Regulation Index; CRI = Cognitive Regulation Index; A = post-pre-difference (negative
values indicate improvement); F = family context; S = school context.
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Discussion
[

Interpretation of Main Findings

The present pilot multiple case study examined the preliminary effects of a multicomponent physical
exercise program on executive functions in children with Level 1 ASD. The 45.5% clinical responder rate
in the experimental group, compared to no response in the control group, provides preliminary evidence
of a clinically meaningful therapeutic effect; however, given the non-significant Fisher's exact test (p =
.101) and the limited statistical power of the pilot, these results should be interpreted as hypothesis-
generating rather than as confirmation of efficacy. The NNT of 2.20 for any response context, although
suggestive, falls below the conventional threshold of NNT < 10 typically used to denote a clinically
worthwhile intervention (Citrome, 2008); yet, in the absence of statistical significance for the respon-
der-rate comparison, this NNT estimate should likewise be interpreted with caution and replicated in
larger trials before being used to inform clinical or policy decisions. The observed effect sizes (d = -.45
to -.53) are consistent with those reported in meta-analyses of exercise interventions on executive fun-
ctions in children with ASD (Liang et al., 2022; Rivera et al., 2025) and with multimodal physical activity
programs implemented in educational contexts (Vallejos-Merifo et al., 2024).These findings align with
the broader literature suggesting that exercise interventions may produce meaningful improvements in
executive functioning among children with neurodevelopmental disorders (Hou et al., 2024), although
the present pilot does not allow us to establish a causal claim of efficacy.

In line with these findings, a recent scoping review of school-based physical activity programs for stu-
dents with ASD reported that cognitive and psychosocial outcomes were among the domains with the
highest proportion of positive results (Robles et al.,, 2023), supporting the plausibility of the present
observations while underscoring the need for more rigorous experimental designs in the field.

A descriptive finding of interest is that four of seven control participants showed unfavorable trajecto-
ries over the 12-week period, three reaching clinical significance for deterioration and one with a sub-
clinical trend. This pattern is consistent with the literature suggesting that executive function deficits in
ASD can persist or worsen over time without targeted support, following a delayed neurodevelopmental
trajectory (Ameis et al., 2022; Sadozai et al., 2024). This observation is consistent with the notion that
the control condition approximates the natural course of EF maturation in this population, although the
small control sample size precludes strong inference and the finding should be replicated in larger stu-
dies.

Contextual Specificity of Response

One of the most distinctive findings was the identification of differentiated response patterns according
to the evaluation context. The observed effect gradient (greater in school: d = -.53 vs. home: d = -.45)
suggests that the physical exercise program produced more pronounced improvements in the structu-
red school environment.

This contextual specificity can be explained through multiple mechanisms. First, the school environment
presents more explicit and consistent executive demands, which may facilitate detection of subtle im-
provements; the cognitive activation triggered by structured tasks may be particularly relevant for aca-
demic demands (Hillman et al., 2008). Second, the familiarity of the home context may reduce the need
for executive resources, masking potential improvements. Third, school-based settings impose explicit
rules, sequential tasks, and constant demands for attentional change, which align with the executive
functions most impaired in ASD, specifically cognitive flexibility and planning (Blijd-Hoogewys et al,,
2014).

Previous research underscores the ecological and contextual nature of executive function in children
with ASD (Gentil-Gutiérrez et al., 2022), and the BRIEF-2 framework explicitly recognizes that the BRI,
ERI, and CRI capture functionally distinct domains that may respond differently to environmental de-
mands (Gioia et al,, 2015). Variability in regulation indices according to context should not be interpre-
ted as measurement inconsistency, but as a reflection of differentiated functional demands. This finding
supports the theoretical framework proposed by integrative models of executive function (Ameis et al.,
2022), which posits that executive functioning is highly context-dependent and that interventions must
account for environmental specificity.
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The identification of exclusively school-based or home-based responders has important implications for
clinical practice: (a) intervention effect assessment must include multiple contexts, as informant discre-
pancies are meaningful (Gentil-Gutiérrez et al., 2022); (b) therapeutic objectives must be individualized;
and (c) contextual generalization should not be automatically assumed.

Preliminary Findings on BRIEF-2 Component Indices

Although the present pilot study was not powered to detect changes in the Global Executive Composite,
exploratory analyses of component indices provide preliminary mechanistic insight into the differential
response patterns. School-improving responders (Ex10, Ex13) showed the greatest improvements in
the Cognitive Regulation Index and Behaviour Regulation Index at school, with reductions of 14 to 22 T-
score points. In contrast, family-based responders (Ex5, Ex8) showed the greatest improvements in the
Emotional Regulation Index in the family context (-6 to -19 T-points). The participant with generalized
response (Ex3) showed balanced improvements across all components in both contexts.

This pattern is consistent with the BRIEF-2 conceptual framework, in which the BRI, ERI, and CRI cap-
ture functionally distinct domains (Gioia et al., 2015), and with evidence that the Shift scale (part of the
CRI) captures some of the most clinically meaningful impairments in ASD (Blijd-Hoogewys et al., 2014).
Specifically, Spearman correlation analyses revealed that changes in CRI showed a strong positive co-
rrelation with GEC changes in the school context (r = .975, p = .005), suggesting that school-context
improvement may be differentially associated with gains in cognitive regulation rather than with isola-
ted improvements in behavioral or emotional domains. Conversely, family-context improvements ap-
peared to be primarily driven by changes in emotional regulation, in line with literature linking the fa-
mily environment to frequent demands for emotional self-regulation due to unpredictability, affective
intensity, and frequency of social interactions (Costescu et al., 2024; Mazefsky et al.,, 2013).

Number Needed to Treat (NNT)

The NNT analysis revealed a meaningful distinction between obtaining a clinical response in any single
context (NNT = 2.20, 95% CI [1.58, oo]) and obtaining generalized improvement across both contexts
(NNT = 11.0, 95% CI [6.18, oo]). The latter, less favorable NNT reflects that contextual generalization.
where improvements transfer across both school and home environments, is a more ambitious thera-
peutic goal. This distinction is rarely reported in the exercise-ASD literature, where most studies eva-
luate outcomes in a single context (Liang et al., 2022; Rivera et al., 2025). The present data suggests that
while the intervention is highly efficient at producing clinically meaningful change somewhere, achie-
ving consistent cross-contextual transfer requires longer intervention duration, higher dose, or adjunc-
tive strategies targeting home-context generalization.

Responder and Non-Responder Profiles

Among clinical responders, distinctive patterns were identified. School-improving responders showed
the greatest gains in cognitive flexibility and emotional regulation, while home-based responders
showed improvements in emotional regulation. Emotional regulation emerged as particularly sensitive
to intervention, consistent with literature showing that physical exercise has positive effects on emotion
regulation in children and adolescents (Liang et al., 2022).

Improvements in the Cognitive Regulation Index suggest that cognitive flexibility, working memory, and
planning skills improve preferentially in structured environments such as school, which imposes expli-
citrules, sequential tasks, and constant demands for attentional change. Improvements in the Emotional
Regulation Index at home coincide with literature linking family life to greater demands for emotional
self-regulation due to unpredictability, affective intensity, and frequency of social interactions (Costescu
etal.,, 2024; Mazefsky et al.,, 2013). Thus, exercise-induced emotional improvements could transfer more
effectively to the family environment, possibly because the emotional demands of family contexts share
regulatory features with the emotional demands of group physical activity (e.g., affective intensity, peer
interaction).

The only participant who achieved clinically significant improvement in both settings presented a pro-
file of balanced improvements in all three indices. This pattern supports integrative models of executive
function that postulate contextual generalization requires coordinated improvements in behavioral,
emotional, and cognitive regulation (Ameis et al., 2022).
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On the other hand, 54.5% of experimental group participants did not reach the reliable clinical change
threshold. Factors that could predict intervention response include baseline symptom severity, comor-
bidities (particularly ADHD), prior physical activity level, and family and contextual factors. Future stu-
dies should explore these potential moderators to better understand for whom the intervention works
best.

The neurobiological mechanisms proposed in the literature to underlie exercise-induced cognitive ef-
fects include: (a) increased cerebral blood flow and prefrontal cortex activation; (b) release of neuro-
trophic factors such as BDNF; and (c) modulation of cortical excitation-inhibition systems through neu-
rotransmitter systems including dopamine, serotonin, and norepinephrine (Basso & Suzuki, 2017; Liang
etal, 2022). These mechanisms have been proposed as providing biological plausibility for the present
findings, suggesting that physical exercise could, in principle, enhance the neural substrates underlying
executive functions in ASD populations and potentially address the atypical frontocortical development
documented in autism (Carper & Courchesne, 2005; Ong & Fan, 2023). However, it should be explicitly
noted that these mechanisms have been established primarily in typically developing populations and
in animal models; their applicability to children with ASD remains to be empirically demonstrated. Con-
sequently, the mechanism-level interpretation offered here is intentionally tentative and should be re-
garded as a hypothesis to be tested by future neurophysiological studies in this population.

Clinical Implications

The implications for practice, offered with appropriate caution given the preliminary nature of the evi-
dence, include: (a) the potential value of considering structured physical exercise programs as one com-
ponent of Individualized Education Plans for children with Level 1 ASD, pending confirmation in
adequately powered trials; (b) the importance of evaluating intervention effects in multiple naturalistic
contexts, as informant discrepancies appear to be meaningful; and (c) the potential of multicomponent
programs as a candidate complement to other non-pharmacological interventions, although this hypot-
hesis has not yet been empirically confirmed (Liang et al., 2022; Rivera et al,, 2025). The NNT of 2.20,
while preliminary, suggests that, among those who respond, the intervention could be not only meaning-
ful but also efficient from a clinical standpoint; however, given the non-significant between-group com-
parison and the limited statistical power, this estimate should not yet be used to justify implementation
atthe population level, although it is relevant to consider in the context of the limited resources available
in many educational and clinical settings serving children with ASD.

Implications for Future Trial Design

The within-subject effect sizes detected in this pilot (d = 1.02 at school, d = 0.76 at home) provide a
defensible basis for a priori power calculation of a subsequent confirmatory randomized controlled trial.
Assuming a two-group design with a =.05 and 80% power:

. Using the school-context effect (down-rounded to a defensible between-group estimate of d =
0.80), the future trial would require approximately n = 26 participants per group (52 total).

. Using the family-context effect (d = 0.50), approximately n = 64 per group (128 total) would be
needed.

The substantially larger sample required to detect the family-context effect supports using school-con-
text BRIEF-2 GEC as the primary outcome in the future trial, with family-context as a secondary outcome.
These estimates should be adjusted for the design effect if the future trial uses cluster (group-based)
delivery of the intervention (estimated ICC = 0.05 for school-based physical activity programs).

G*Power v3.1 was used for these calculations (Faul et al., 2007).
Limitations
The present study has several limitations that should be considered when interpreting the results.

Limited sample size and statistical power: The sample of 18 participants with complete pre-post data is
small for detecting small to medium-sized effects with adequate statistical power. The estimated power
(~31%) explains the lack of statistical significance in Fisher's exact test despite clinically significant dif-
ferences.
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Quasi-experimental design without randomization: group assignment was based on logistical accessi-
bility rather than on random allocation, which may have introduced selection bias related to unmeas-
ured family, contextual, or motivational variables, and limits the internal validity of the between-group
comparisons.

Informant dependence on outcome measurement. BRIEF-2 depends on parent and teacher reports,
which may be subject to expectation biases and social desirability.

Limited generalizability: Participants were recruited from specific educational centers, which may limit
generalizability to other Level 1 ASD populations with different socioeconomic or geographical charac-
teristics.

Conclusions

The results of this pilot multiple case study provide preliminary evidence that a 12-week multicompo-
nent physical exercise program could produce clinically meaningful improvements in executive func-
tions in children with Level 1 ASD, particularly in the school context. The detected effect sizes (within-
subject d = -1.02 at school, d = -0.76 at home; NNT = 2.20 for any response) are consistent with the
magnitude of effects reported in the broader literature and offer a defensible basis for the a priori power
calculation of a future confirmatory randomized controlled trial. However, given the non-significant be-
tween-group comparison of responder rates, the small sample size, and the quasi-experimental design,
these findings should be interpreted as preliminary and hypothesis-generating. Definitive conclusions
about the efficacy of the intervention await replication in adequately powered, randomized controlled
trials.

Multicomponent physical exercise may represent an accessible, low-risk therapeutic option that could
complement existing pharmacological and behavioral strategies to address the executive deficits that
impact daily functioning of children with Level 1 ASD, although this hypothesis requires empirical con-
firmation.
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