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Executive function predicts academic and social
skills in autistic kindergartners based on a
multimodal approach
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Background: Executive functions (EF) are cognitive processes that underlie goal-directed abilities and behaviors
which have been found to be variable in autistic children. While EFs are well-established predictors of academic and
social outcomes in neurotypical children, it is unclear if these same associations are true for children with autism
spectrum disorder (ASD). This study examined the relation between EF and academic and social skills in cognitively
able, verbal kindergarteners with ASD, while using a multimeasurement approach to EF skills. Methods:
Participants included 67 autistic children aged 4-6 years longitudinally followed from kindergarten entry to exit.
Children’s EF was measured using a multimodal assessment approach with a computerized EF battery, behavioral
observation, and parent report. Academic achievement and social skills were evaluated through a standardized
assessment and parent report, respectively. Multiple regression models were conducted to explore the associations of
EF with academic and social outcomes, while controlling for key demographic factors (e.g. age, sex, nonverbal IQ).
Results: EF, measured through the computerized battery, was significantly associated with math achievement when
controlling for age, sex, and nonverbal IQ, both concurrently and longitudinally. EF difficulties, as reported by
parents, were closely linked to current and later parent-reported peer play challenges. Conclusions: These findings
indicate that EF may be critical foundational skills for school success in young autistic children at school transition.
Therefore, targeted EF interventions could be a powerful way to optimize academic and social development in autistic
kindergarteners. The results also highlight the importance of a multimeasurement approach to EF assessment, as it
provides a more comprehensive understanding of the broader impact of EF on key developmental outcomes in ASD.
Keywords: Autism spectrum disorder; executive function; academic achievement; social skills.

research reports significant EF difficulties across
the lifespan of autistic individuals (Demetriou
et al.,, 2018; Happé, Booth, Charlton, &
Hughes, 2006). For example, a meta-analysis syn-
thesizing findings from 235 studies indicated sub-
stantial overall impairments in multiple EF domains,
such as working memory, attention shifting, and
inhibition, among autistic individuals compared
with neurotypical peers (Demetriou et al., 2018).

EF deficits emerge in childhood and persist into
adulthood, even among cognitively able autistic
adults (Dijkhuis, de Sonneville, Ziermans, Staal, &
Swaab, 2020; Rosenthal, Wallace, & Lawson, 2013;
Wallace et al., 2016; Xie, Sun, Yang, & Guo, 2020).
EF difficulties are also pervasive across environ-
ments, including school and home (Tschida &
Yerys, 2022). This early emergence and pervasive-
ness of EF deficits highlight the need to study EF
development, particularly during the transition to

Introduction

Autism spectrum disorder (ASD) is a neurodevelop-
mental condition characterized by difficulties in
social communication and restricted and repetitive
behaviors/interests (American Psychiatric Associa-
tion, 2013, 2022). In addition to the diagnostic
criteria, many autistic individuals experience chal-
lenges in executive function (EF), a set of
higher-order cognitive processes that underlie
goal-directed abilities and behaviors (Lezak, Howie-
son, Bigler, & Tranel, 2012). This aligns with the
longstanding executive dysfunction theory of autism
from the 1990s, which suggests that deficits in EF
are a common feature of ASD and underlie many of
its behavioral characteristics (Hill, 2004; Pennington
& Ozonoff, 1996). Supporting this, extensive
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formal schooling—a critical period for social, emo-
tional, and academic growth (Lloyd, Irwin, & Hertz-
man, 2009; Marsh, Spagnol, Grove, & Eapen, 2017).
The preschool to elementary years represent a key
window for EF growth in neurotypical children
(Anderson & Reidy, 2012; Reilly, Downer, &
Grimm, 2022), with EF skills being essential for
success in school settings. EF is also crucial for
developmental milestones, such as joint attention
and theory of mind (Dawson et al., 2002; Pelli-
cano, 2010) and is strongly linked to personal
autonomy in adulthood (Cribb, Kenny, & Pelli-
cano, 2019; Fossum, @ie, Orm, Andersen, & Sko-
gli, 2024). These studies therefore collectively
underscore the significance of promoting strong EF
skills beginning in childhood to enhance outcomes
throughout the lifespan of autistic individuals.
However, most prior research has relied on
cross-sectional designs, limiting insight into devel-
opmental directionality between EF and academic
skills. To address this gap, the present study uses a
longitudinal design to track EF development across
the critical transition from preschool to formal
schooling.

Another limitation of prior work is the variability of
EF measurement methods. Some studies have
evaluated EF skills using computerized tasks (e.g.
EF Touch; Willoughby, Blair, Wirth, & Green-
berg, 2010) and behavioral observations (e.g. Head-
Toes-Knees-Shoulders [HTKS]; Kenny et al., 2023),
while others have used informant measures such as
the Behavior Rating Inventory of Executive Function
(BRIEF-II; Gioia, Isquith, Guy, & Kenworthy, 2015)
to ecologically assess daily EF difficulties (Tschida &
Yerys, 2022; Wallace et al., 2016). Different mea-
surement approaches complement each other and
bring additive value in assessment contexts (Pino
Munoz & Aran Filippetti, 2021; Toplak, West, &
Stanovich, 2013). Computerized tasks provide pre-
cise data in controlled settings but may lack
ecological validity (Willoughby, Blair, Wirth, &
Greenberg, 2012). Behavioral observations allow
clinicians and researchers to judge EF performance
in more naturalistic, social settings. Informant-
reported measures add a critical perspective on
the individual’s day-to-day EF across multiple con-
texts (Kenworthy, Yerys, Gutermuth Anthony, &
Wallace, 2008).

Studies have reported low correlations and dis-
crepancies between task-based and everyday EF
assessments (Kenworthy et al.,, 2008; Pino Munoz
& Aran Filippetti, 2021) and suggested that these
measures evaluate different underlying mental con-
structs of EF (Camerota, Willoughby, Kuhn, &
Blair, 2018; Toplak et al., 2013). However, most
individual studies tend to measure EF using one or
the other approach, thereby failing to capture a more
comprehensive picture of EF across different con-
texts. As many studies with autistic children do not
always incorporate multiple assessment tools to
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measure the various aspects of EF within one study
(Kuhn, Willoughby, Blair, & McKinnon, 2017), the
results from this methodological constraint may
obscure the full extent of EF variability observed in
autistic children. Notably, performance-based tasks
may reveal greater heterogeneity in EF profiles, while
parent-report measures tend to show more consis-
tent difficulties (Demetriou et al., 2018). Incorporat-
ing diverse, multimethod approaches could offer a
more holistic view of EF and yield deeper insights
into its associations with functional outcomes such
as academic and social skills.

Executive function and academic achievement

Although EF impairments in ASD have been exten-
sively studied (Demetriou et al., 2018; Hill, 2004), its
specific relation to academic achievement in autistic
individuals has received less attention. This may be
partly due to past assumptions that most autistic
individuals had cognitive impairments, leading stud-
ies to predominantly focus on intellectual abilities
and language skills as key predictors of functional
outcomes; however, these factors explain only a
small portion of the variance in later outcomes
(Duncan et al.,, 2007; Eaves & Ho, 1997; Happé
et al.,, 2006; Mayes, Calhoun, Bixler, & Zimmer-
man, 2009). Recent studies consistently indicate
that 60%-90% of the ASD population have average to
above-average cognitive skills (Baio, 2018; Depart-
ment of Education, 2016), highlighting the impor-
tance of identifying additional early neurobehavioral
predictors of academic outcomes, such as EF, in
young autistic children. In neurotypical children,
components of EF skills are known to predict
academic success (Cameron et al., 2012; Spiegel,
Goodrich, Morris, Osborne, & Lonigan, 2021; Wil-
loughby, Piper, Oyanga, & Merseth King, 2019,
Willoughby, Wylie, & Little, 2019). For example,
working memory (the ability to hold information over
short periods) is essential for following multistep
instructions, while attentional shifting (the ability to
switch between tasks) and inhibitory control (the
ability to suppress inappropriate behaviors) are
critical for maintaining focus and resisting distrac-
tions during learning (Blair & Raver, 2015; Raver,
Smith-Donald, Hayes, & Jones, 2005).

Despite the well-documented link between EF and
academic achievement in neurotypical populations,
this connection is less explored in ASD. Existing
research highlights links between EF and academic
outcomes, such as attentional switching and math
performance in autistic children aged 7-12 years
(May, Rinehart, Wilding, & Cornish, 2013), as well as
associations between inhibitory control and school
readiness (Pellicano et al., 2017) and between EF
and math progress in autistic preschoolers (Chen &
Jahromi, 2024). Neural correlates of EF have also
been tied to reading and math skills in autistic
kindergartners (Buzzell, Thomas, Choi, & Kim, 2022;
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Kim, Buzzell, & Faja, 2020). Longitudinal studies
further demonstrate that EF skills predict later math
achievement in autistic children (St John, Dawson,
& Estes, 2018) and academic progress in autistic
adults (Dijkhuis et al., 2020). However, many
studies lack a comprehensive EF measurement
approach, highlighting a gap in the literature that
warrants further investigation. Further, most have
focused on older children, leaving a gap in under-
standing EF’s role in academic achievement among
younger autistic populations, particularly during
school transition.

Executive function and social skills

Autistic individuals experience challenges in social
communication and interaction, which are often
compounded by EF difficulties. For example, deficits
in working memory can hinder autistic individuals’
ability to follow conversations or maintain social
exchanges (Akbar, Loomis, & Paul, 2013; Kuijper,
Hartman, Bogaerds-Hazenberg, & Hendriks, 2017).
Difficulties with attention shifting can also make it
challenging to adjust behavior to different social
contexts, potentially leading to inappropriate or rigid
responses. Moreover, individuals with poor inhibi-
tory control may find it difficult to suppress mal-
adaptive social behaviors or irrelevant information,
which can disrupt the flow of communication. In
fact, Greco, Choi, Michel, and Faja (2023) found
greater inhibitory control difficulties in autistic
children were linked to less fluent narrative produc-
tion during social interactions, demonstrating how
EF deficits can negatively impact social engagement.

Several studies have explored the link between EF
and social skills in autistic individuals, but the
findings have been mixed. For instance, Landa and
Goldberg (2005) found no significant association
between neuropsychological assessments of EF and
social skills. By contrast, Kenworthy et al. (2009)
reported that certain aspects of EF, such as seman-
tic fluency and auditory divided attention, are
significantly related to social symptoms in ASD.
More recently, Berard, Loutzenhiser, Sevigny, and
Alfano (2017) found EF was associated with
parent-reported social competence in autistic boys
aged 8-13 years. Similarly, Baez, Dajani, and
Voorhies (2020) reported autistic children with
impaired EF faced greater social challenges. Addi-
tionally, metacognitive challenges were associated
with increased playground isolation and reduced
peer engagement in elementary-aged children with
ASD (Freeman, Locke, Rotheram-Fuller, & Man-
dell, 2017) and lower overall social functioning in
autistic children and adolescents (Torske, Neerland,
Jie, Stenberg, & Andreassen, 2018). Longitudinal
research by Faja et al. (2016) further demonstrated
that EF abilities during preschool predicted play
skills at age 6 in autistic children. These mixed
findings underscore the need for more research to
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better understand the link between EF and social
skills.

In summary, while EF is a well-established predic-
tor of academic and social outcomes in neurotypical
children, its role in ASD remains less clear. Given the
variability in EF among autistic individuals (Craig
et al.,, 2016; Hill, 2004), a multimeasurement
approach is essential to fully capture EF skills and
their impact on academic and social skills. Under-
standing these relations could shed light on the
variability in functional outcomes within ASD. Thus,
this study aimed to address the following research
questions: (1) Do EF skills relate to current and future
reading and math achievement in autistic kindergar-
teners? (2) Are EF skills associated with current and
later social skills in autistic kindergarteners?

Methods
Participants

Participants were 67 autistic children aged 4-6 years at
enrollment. Children were recruited from the clinic at the
Center for Autism and the Developing Brain, as well as from
the urban and suburban communities of New York. Inclusion
criteria were as follows: (1) a previous clinical diagnosis of ASD
confirmed using the Autism Diagnostic Observation Schedule-
2 (ADOS-2; Lord, Rutter, DiLavore, Risi, & Gotham, 2012) and
other sources of information; (2) no intellectual disability
based on the DSM-5 criterion (APA, 2013; APA, 2022); (3)
flexible use of complex sentences (i.e. language appropriate for
ADOS-2 Module 3); and (4) English as primary language. The
mean full-scale IQ of children was 102.55 (SD= 12.07,
range = 75-132), with a mean verbal IQ of 99.63
(SD = 15.55, range = 70-138) and a mean nonverbal IQ of
105.03 (SD = 12.07, range = 68-135). All assessments and
diagnostic confirmation were done by trained research staff
and a licensed clinical psychologist with extensive experience
working with autistic children. Participant characteristics are
detailed in Table 1.

Procedure and measures

All parents provided written informed consent for their child’s
participation, and protocols and procedures were approved by
the Institutional Review Board at [institution name masked].
At kindergarten entry, children were administered diagnostic
and cognitive assessments in the lab to determine study
eligibility. Children’s EF skills, academic achievement, and
social behaviors were measured at kindergarten entry and exit.

Diagnostic and cognitive assessments at kinder-
gartenentry. ADOS-2 (Lordetal.,2012): Research-
reliable examiners administered the ADOS-2 under the super-
vision of a licensed clinical psychologist. The ADOS-2 provides
an overall Calibrated Severity Score (CSS), enabling comparison
across different modules while minimizing the influence of
developmental factors such as IQ and language level (Hus &
Lord, 2014). All children had CSS scores within the ASD
classification on the diagnostic algorithm (M = 8.28;
SD = 1.94; Gotham, Pickles, & Lord, 2009).

Differential Ability Scales II (DAS-II; Elliott,

2007): To measure cognitive functioning, the DAS-II was
administered. The DAS-II is a standardized, norm-referenced

© 2025 The Author(s). Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for

Child and Adolescent Mental Health.

85US017 SUOLULLIOD BAIES.D 3ot |dde au} Aq pauRA0B 81 SO VO ‘35N JO S3INI 04 ARIq1T BUIUO AB|IA UO (SUORIPUOD-PUR-SWRYLLIOD A8 | 1M ARe4q)| U1 |UD//SdNY) SUORIPUOD PUe swis | 8y} 88s *[9202/50/02] uo Ariqiauliuo Aeim ‘Ariqi Aisieaiun suewom eym3 Aq 800, ddol/TTTT 0T/I0p/wo0 Ao |1mAeiq Ul U0 yurede//sdny Woy papeo|umoq ‘g ‘9202 ‘0T9.L69T



228 Boin Choi et al.

Table 1 Descriptive statistics for demographic information, EF measures, academic achievement, and social skills at kindergarten

entry and kindergarten exit

J Child Psychol Psychiatr 2026; 67(2): 225-37

Kindergarten entry

Kindergarten exit

(N=167) (N=164)
Demographic information
Age (in months) 63.0 (5.0) 72.3 (4.4)
54-79 65-87
Percent male 73.1% 79.7%
Race
Percent White 53.8% 57.1%
Percent Black/African-American 7. 7% 6.3%
Percent Asian/Pacific Islander 4.6% 6.3%
Percent biracial 23.1% 19.0%
Percent other 10.8% 11.1%
Percent non-Hispanic 69.0% 70.2%
Percent college degree of mothers 87.7% 90.3%
Educational placement
General education 8.9% 15.3%
General education with pullout 13.3% 10.2%
Inclusion 53.3% 52.5%
Special education 24.4% 22.0%
EF measures
EF Touch composite 0.01 (0.70) 0.00 (0.72)
—1.29 to 1.67 —1.60 to 1.36
N=151 N=63
Spatial conflict arrows (raw score) 0.61 (0.19) 0.75 (0.17)
0.20-0.97 0.33-1.00
N=52 N= 63
Pick the picture (raw score) 0.65 (0.11) 0.74 (0.11)
0.38-0.97 0.38-0.97
N=52 N= 63
Something’s the same (raw score) 0.71 (0.12) 0.79 (0.13)
0.50-0.93 0.47-0.97
N= 51 N= 63
HTKS total score (raw score)?® 14.73 (17.74) 25.47 (21.44)
0-54 0-58
N=44 N =64
BRIEF-II global executive composite (T-score)® 61.97 (10.95) 63.41 (12.86)
39-79 37-88
N=30 N=27
Academic achievement
WJ-III passage comprehension (W-score)® 414.79 (35.02) 441.39 (25.70)
322-470 353-487
N=67 N=64
WJ-III applied problems (W-score)® 425.21 (18.30) 441.78 (20.01)
380-470 406-498
N=67 N =64
Social skills
PIPPS disruption (T-score)? 51.86 (10.23) 51.38 (9.29)
29-73 33-73
N=66 N=63
PIPPS disconnection (T-score)? 56.42 (16.27) 57.70 (13.07)
10-73 10-73
N=066 N=163
PIPPS interaction (T-score)? 37.02 (11.77) 39.40 (11.47)
10-61 10-64
N=66 N=63

Data are presented as means and standard deviations unless otherwise indicated. Some of the children were lost to follow-up at
kindergarten exit, resulting in a sample size of 64 children at kindergarten exit. Therefore, descriptive statistics are provided
separately for children at kindergarten entry and exit.

“Head-Toes-Knees-Shoulders.

PBehavior Rating Inventory of Executive Function.

“Woodcock-Johnson III—Tests of Achievement.

dPenn Interactive Peer Play Scale.

assessment that evaluates levels of functioning in verbal M =100, SD = 15) served as an estimate of cognitive ability,
reasoning, nonverbal reasoning, and visual-spatial reasoning. assessed through tasks including Pattern Construction and
In our analyses, nonverbal IQ (NVIQ; Standard Scores Picture Similarities.
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EF skills at kindergarten entry and exit. EF skills
were measured using three distinct, yet complementary,
methods to ensure a comprehensive assessment of EF: EF
Touch, HTKS, and BRIEF.

EF Touch (Willoughby et al., 2010): EF Touch is a
computerized battery administered on a touchpad tablet,
designed for assessing EF in children. Extensively validated
in 1,292 neurotypical children 3-5 years of age, it demon-
strates strong psychometric properties and has been previ-
ously used with autistic preschoolers (Kuhn et al., 2017). It
includes seven tasks, three of which were used in this study:
Spatial Conflict Arrows (inhibitory control), Pick the Picture
(working memory), and Something’s the Same (attention
shifting) (see Appendix S1). The proportion of correct answers
across all trials for each task was calculated, yielding scores
between O and 1. Following the methodology established by the
creators of EF Touch (Willoughby, Kuhn, Blair, Samek, &
List, 2017; Willoughby, Piper, et al., 2019; Willoughby, Wylie,
& Little, 2019), we created a composite EF score based on the
proportion of correct answers across the tasks. This was
calculated by standardizing the individual task scores (M = 0,
SD = 1) and averaging the child’s performance across the
tasks, which were positively correlated with each other
(s =.318-.424 at kindergarten entry; rs=.213-.427 at
kindergarten exit). Only children completing over 95% of total
trials per task were included (77.6%), and the remainder
(22.4%) were excluded (see Appendix S2 for a comparison of
included and excluded participants).

HTKS (McClelland & Cameron, 2012): HTKS is a
structured behavioral observation task designed to evaluate
self-regulation in children aged 4-8 years. It has shown high
construct and predictive validity and reliability, offering
insights into children’s ability to integrate multiple EF skills,
including working memory for rule retention and flexibility for
rules change (McClelland et al.,, 2014; Ponitz, McClelland,
Matthews, & Morrison, 2009). In the first part of the task,
children performed the opposite of what the examiner said (e.g.
if instructed to ‘touch your head’, they were supposed to touch
their toes). If the children passed this head/toes task, they
moved onto the second part, during which rules involving
knees and shoulders were added (e.g. touching shoulders
when instructed to touch knees). In the third part, the rules
were further changed (e.g. touching their head when told to
touch their knees, touching shoulders when told to touch their
toes). While HTKS yields performance-based scores, it involves
real-time, socially embedded responses and allows researchers
to evaluate how children integrate EF skills in response to
verbal instructions from an adult social partner. HTKS
consists of 30 items, each scored as O (incorrect), 1 (self-
correct), or 2 (correct), yielding a total score ranging from O to
60, where higher scores indicate better EF.

BRIEF-II (Gioia et al., 2015): To assess children’s EF
difficulties in real-life settings, we utilized the BRIEF-II, a
standardized' report measure where parents rated the fre-
quency of their child’s EF challenges (e.g. ‘Resists or has
trouble accepting a different way to solve a problem with
schoolwork, friends, tasks, etc’.). The BRIEF-II consists of 63
items, each rated on a 3-point Likert scale (1 = Never,
2 = Sometimes, 3 = Often). For analyses, we used the Global
Executive Composite (GEC), an overall summary score that
incorporates all BRIEF-II clinical scales including behavioral,
cognitive, and emotional regulation, with higher scores indi-
cating more EF challenges.

Academic achievement at kindergarten entry
and exit. Two subtests of the Woodcock-Johnson III-Tests
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of Achievement (WJ-III; Woodcock, McGrew, Mather, &
Schrank, 2001), a norm-referenced measure of academic
abilities, were used to assess children’s reading and math
skills: Passage Comprehension and Applied Problems. The
Passage Comprehension assesses reading comprehension
skills, and the Applied Problems measures the ability to use
mathematical operations to solve practical problems. W scores
from these two subtests were used for analyses. The Wscaleis a
special transformation of the Rasch ability scale, providing a
common, equal-interval measurement scale on which an
individual’s ability and the task difficulty can be represented.
The W scale is centered on a value of 500, which approximates
the average performance of children at age 10 years, O months.

Social skills. Social skills were measured using the Penn
Interactive  Peer Play Scale (PIPPS; Fantuzzo &
McWayne, 2002). The PIPPS is a parent or teacher report
based on a 32-item Likert scale that evaluates peer play
interaction across Play Interaction (e.g. encouraging others to
join play), Play Disruption (e.g. aggressive, antisocial behaviors
that interfere with peer play), and Play Disconnection (e.g.
withdrawn behavior and nonparticipation in play). The PIPPS
has been previously validated as an outcome measure of peer
connections in school-aged autistic children (Jones, Pickles, &
Lord, 2017). Higher scores in Play Interaction reflect more
adaptive behaviors, whereas higher scores in Play Disruption/
Disconnection reflect more problematic behaviors. Standard-
ized scores from the three domains based on parent reports
were used in the current analyses.

Data analytic approach

Before conducting the main analyses, we first examined
descriptive statistics for outcome measures to understand
the distribution of academic achievement and social skills.
Additionally, we assessed the bivariate correlations among the
three EF measures to explore the relations among these key
variables.

To address the first research question about the associa-
tions between EF skills and academic outcomes in autistic
kindergarteners, we conducted multiple regression analyses.
We identified relevant covariates by examining their correla-
tions with academic skills, including age, sex, and nonverbal
IQ, given their established relations to academic outcomes (e.g.
Bolte, Duketis, Poustka, & Holtmann, 2011). In our sample, all
these variables were significantly correlated with academic
achievement. We also considered school placement as a
potential covariate; however, it was not correlated with any of
the outcomes and thus was dropped from all analyses. For
regression analyses, with alpha = .05, power = .8, a sample
size of 55 is required to detect an R® change with a medium
effect size (f =.15) while controlling for three covariates;
therefore, we have sufficient power to conduct the models with
our sample size of 67. For the second research question on the
relation between EF skills and social skills, we applied a
similar approach. Among potential covariates, only parental
education level significantly related to PIPPS Disconnection
scores and was included as a covariate.

For academic/social outcomes, we ran three main sets of
regression models to examine: (1) concurrent associations at
kindergarten entry, (2) concurrent associations at kindergar-
ten exit, and (3) longitudinal associations between
kindergarten-entry EF and -exit academic/social skills. Each
EF measure (EF Touch, HTKS, BRIEF) was entered separately
as the predictor in the regression models. After testing all
regression models, results were interpreted only if the model
remained statistically significant following a false discovery
rate correction applied to account for multiple comparisons,
with the threshold at g < .05. All analyses were performed
using Stata 18.0 (StataCorp, ;2023).
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Figure 1 Individual variation in reading and math achievement (WJ-I11) and social skills (PIPPS play interaction) among autistic children at

kindergarten entry and kindergarten exit

Results

Descriptive statistics for academic achievement and
social skills are provided in Table 1. Consistent with
previous research (Jones etal.,2009; Kimetal.,2016),
autistic children varied widely in their academic and
social skills during kindergarten (Figure 1). At kinder-
garten entry, WJ-III Passage Comprehension Wscores
ranged from 322 to 470, while at kindergarten exit,
these scores ranged from 353 to 487. The substantial

heterogeneity was also evident in the social skills of
children. For instance, some children scored as low as
10 on the PIPPS Disconnection domain, indicatingless
difficulty in engagement and interaction with peers
during play; others scored more than two standard
deviations above the mean T-score of 50, reflecting
severe difficulty in peer interactions.

Bivariate correlations between EF Touch, HTKS,
and BRIEF scores are summarized in Figure 2. At
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Exit Longitudinal
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-0.02 Exit EF Touch 0.42 0.21 -0.28

Figure 2 Bivariate correlations among EF Touch, HTKS, and BRIEF scores at kindergarten entry and kindergarten exit. The black outlines

indicate the correlations with significance (p < .05)

kindergarten entry, higher HTKS scores (more
advanced skills) were significantly correlated with
lower BRIEF scores (less impairment; r= —.413,
p=.023). In contrast, EF Touch was not signifi-
cantly correlated with BRIEF scores; however, the
moderate magnitude of the correlation (r= —.38)
suggests a modest relation that may not have
reached statistical significance, partly due to the
relatively small sample size. By the end of kinder-
garten, HTKS was no longer correlated with the
BRIEF, while EF Touch scores were significantly
correlated with HTKS (r= .539, p < .001). EF Touch,
HTKS, and BRIEF scores at kindergarten entry were
significantly positively correlated with their respec-
tive scores at kindergarten exit, indicating stability
over time.

Associations between EF and academic achievement

As expected, age, sex, and NVIQ were significantly
associated with reading and math. As shown in
Table 2, based on multiple regression analyses at
kindergarten entry, EF Touch was significantly
positively related to current reading (B= 16.35,
SE=6.51, p=.016) and math (B=8.23,
SE = 3.05, p=.010), when controlling for age, sex,
and NVIQ. At kindergarten exit, EF Touch continued

to be significantly associated with current math
(B=11.75, SE=3.01, p<.001), and HTKS was
significantly positively associated with math
(B=0.37, SE=0.11, p=.002). Longitudinal analy-
sis revealed that EF Touch at kindergarten entry
significantly predicted later math (B= 10.67,
SE = 4.42, p = .021) at kindergarten exit, controlling
for the covariates.

A sensitivity analysis on the subset of children who
completed all three EF measures (entry: n = 15; exit:
n=27) was conducted to determine whether the
statistical effects changed, as not all children
completed all three measures. Results indicated that
EF Touch remained significantly related to current
reading (B = 37.25, SE = 12.03, p = .011) and math
(B=16.12, SE=6.29, p=.028) at kindergarten
entry. However, in this reduced sample, EF Touch
and HTKS no longer related to current math at
kindergarten exit and EF Touch at kindergarten
entry no longer predicted math at kindergarten exit.

Associations between EF and social skills

As displayed in Table 3, based on multiple regression
analyses at kindergarten entry, BRIEF-II was posi-
tively associated with current PIPPS Disconnection
(B=1.08, SE=0.28, p=.001) and Disruption

Table 2 Associations between EF variables and academic achievement at kindergarten entry and kindergarten exit

Kindergarten entry

Kindergarten exit

B (SE) B (SE)
Predictor Passage comprehension Applied problems Passage comprehension Applied problems
Entry EF touch 16.35 (6.51)* 8.23 (3.05)* 3.91 (6.03) 10.67 (4.42)*
Entry HTKS? —0.16 (0.30) 0.21 (0.16) —0.08 (0.22) 0.09 (0.18)
Entry BRIEF® 0.52 (0.65) 0.43 (0.34) 0.61 (0.44) 0.59 (0.36)
Exit EF touch - - 8.84 (4.40)* 11.75 (2.01)***
Exit HTKS - - 0.27 (0.16) 0.37 (0.11)**
Exit BRIEF - - 0.76 (0.31) 0.64 (0.33)

Data from the multiple regression models are reported as unstandardized coefficients with standard errors in parentheses.

Covariates (not shown) include sex, NVIQ, and age.
®Head-Toes-Knees-Shoulders.
PBehavior Rating Inventory of Executive Function.

*p < .05; **p < .01; ***p < .001 based on false discovery rate (FDR) corrections.
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Table 3 Associations between EF variables and social skills at kindergarten entry and kindergarten exit

Kindergarten entry

Kindergarten exit

B (SE) B (SE)

Predictor Disconnection Disruption Interaction Disconnection Disruption Interaction

Entry EF touch —2.45 (2.98) —0.47 (2.30) —2.06 (2.43) —1.61 (3.25) 2.33 (2.03) —0.73 (2.76)
Entry HTKS? —0.27 (0.15) 0.04 (0.09) 0.15(0.11) —0.12 (0.12) —0.10 (0.10) 0.10 (0.10)
Entry BRIEF® 1.08 (0.28)** 0.57 (0.16)** —0.53 (0.19)** 0.78 (0.19)*** 0.56 (0.15)** —0.24 (0.14)
Exit EF touch - - - —3.54 (2.29) 0.27 (1.65) 1.28 (2.04)
Exit HTKS - - - —0.14 (0.08) —0.01 (0.06) 0.03 (0.07)
Exit BRIEF - - - 0.67 (0.14)*** 0.45 (0.12)** —0.29 (0.11)

Data from the multiple regression models are reported as unstandardized coefficients with standard errors in parentheses. A
covariate (not shown) includes parent education in regression models predicting PIPPS Disconnection scores.

#Head-Toes-Knees-Shoulders.
PBehavior Rating Inventory of Executive Function.

*p < .05; **p < .01; ***p < .001 based on false discovery rate (FDR) corrections.

(B=0.57, SE=0.16, p=.001; higher PIPPS scores
indicate more impairment for these two domains).
Further, BRIEF-II was negatively associated with
current PIPPS Interaction scores (B= —0.53,
SE =0.19, p=.008; higher PIPPS scores in this
domain indicate more advanced social skills). A
similar pattern of results was found at kindergarten
exit, such that higher BRIEF-II continued to be
associated with higher Disconnection and Disrup-
tion; however, BRIEF-II no longer was associated
with Interaction. These significant associations
between parent-reported EF and social skills
remained robust when a sensitivity analysis was
conducted on the subset of children who completed
all three EF measures.

Longitudinal analyses revealed that BRIEF-II at
kindergarten entry was positively associated with
PIPPS Disconnection (B = 0.78, SE=0.19, p < .001)
and Disruption (B=0.56, SE=0.15, p=.001) at
kindergarten exit. However, these predictive rela-
tions became marginally significant in the reduced
sample used in the sensitivity analysis. EF Touch
and HTKS were not associated with any of the PIPPS
domain scores concurrently and longitudinally.

Finally, given that the majority of our participants
were male, we conducted exploratory analyses to
examine the potential moderating effect of sex on the
reported findings. Results were largely consistent
with those from the full sample. When analyses were
restricted to male participants only, for academic
outcomes, the overall pattern of associations
remained similar; however, a few findings shifted
from statistically significant to marginally signifi-
cant, likely reflecting reduced statistical power due
to the smaller sample size. For social outcomes, all
key associations remained robust.

Discussion
This longitudinal study examined the relations of EF
with academic and social skills in cognitively able,

verbal autistic kindergartners. Key findings indicate
that EF, measured through a computerized battery,
was positively associated with math performance,
concurrently and longitudinally. Additionally,
parent-reported EF difficulties were associated with
current and later challenges in peer play
interactions.

Descriptive statistics on academic achievement
and social skills indicated wide variation in func-
tional outcomes in autistic kindergarteners, similar
to previous findings (Jones et al., 2009; Kim et al.,
2016). Specifically, children demonstrated a broad
range of skills in reading and math, as well as
differences in peer play interactions at kindergarten
entry and exit. This is noteworthy because even
within the relatively homogenous sample of cogni-
tively able, verbally fluent autistic kindergarteners,
there was a substantial heterogeneity in these key
functional outcomes during school transition. This
variation indicates that, from the early stage of
formal schooling, autistic children vary widely in
their academic and social skills, which highlights the
critical need to identify factors, such as EF, contrib-
uting to this variability.

When examining the correlations among the three
EF measures, we found a negative correlation
between HTKS and BRIEF at kindergarten entry,
indicating that children who performed better on a
behavioral observation task had fewer parent-
reported EF difficulties. However, this correlation
disappeared by kindergarten exit, suggesting that
the consistency between the parent- and
observation-based measures of EF may shift as
children develop. Additionally, while EF Touch was
not significantly correlated with BRIEF at kindergar-
ten entry, the modest correlation suggests a poten-
tial association that may have been underpowered.
Notably, EF Touch became significantly positively
correlated with HTKS by kindergarten exit, indicat-
ing a stronger alignment between performance-
based EF assessments over time. These results,
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while requiring replication in samples with wider
abilities, raise the possibility that different EF
measures may tap into distinct aspects of EF at
varying points of time. However, these findings
should be interpreted with caution, as the observed
correlations were small to moderate, and only a
subset of children completed all three EF measures.
Therefore, the changes over time may reflect a
combination of measurement variability and task-
specific demands, rather than definitive develop-
mental shifts in EF measurement.

BRIEF scores showed greater stability from kin-
dergarten entry to exit (r = .88; Figure 2) compared
with task-based EF measures (s = .42-.52). This
pattern may reflect the relatively stable nature of
everyday EF in real-life settings, as perceived by
parents, while task-based assessments may be
more sensitive to developmental changes. Alterna-
tively, the parent-report measures may not be
precise enough to detect subtle EF improvements
(i.e. change in skills) that are more readily captured
by structured tasks. Future research should
explore the extent to which these different mea-
surement approaches are precise enough (i.e.
sensitive) to accurately capture small developmen-
tal changes.

These differences in measurement patterns also
highlight a broader issue of variability in how EF
manifests across contexts and methods. This vari-
ability may arise due to differences in assessment
contexts and demands, with performance-based
tasks focusing on specific structured skills and
behavioral ratings reflecting broader, everyday EF
applications influenced by social and environmental
factors. Parental biases, such as expectations and
stress, may further affect ratings. Additionally, EF is
a multifaceted construct involving multiple cognitive
processes that may manifest differently across
contexts, making it challenging for any single
assessment to capture the entire scope of EF.
Together, these results highlight the importance of
a multimodal approach to fully capture the diverse
EF skills of autistic children.

EF, assessed through a computerized battery,
was significantly associated with current math
achievement at kindergarten entry. Specifically,
children who performed better on EF Touch
achieved higher scores in math. These associations
remained robust in the sensitivity analysis while
controlling for key demographic factors, age, sex,
and NVIQ, highlighting the robustness of EF as an
indicator of academic success. Additionally, stron-
ger EF skills at kindergarten entry longitudinally
predicted better math outcomes at kindergarten
exit. Moreover, HTKS performance was significantly
related to current math achievement at kindergar-
ten exit. However, this relation was not as consis-
tent in the sensitivity analysis, suggesting that the
predictive power of HTKS may be more variable
across samples. In sum, our analyses support the
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notion that EF is positively associated with aca-
demic success, especially math, suggesting that EF
skills generally contribute to better academic
outcomes.

Children’s EF challenges, as reported by their
parents, were related to peer play difficulties,
concurrently and longitudinally. Specifically, greater
EF impairment was associated with higher scores in
PIPPS Disconnection and Disruption, indicating that
children with poorer EF skills exhibited more
withdrawn and aggressive behaviors in peer settings.
This pattern persisted longitudinally, showing that
children with more EF difficulties at kindergarten
entry exhibited more disconnected and disruptive
play behaviors by kindergarten exit. Our finding
aligns with those of previous research reporting
relations between EF and social skills in ASD (Baez
et al., 2020; Berard et al.,, 2017; Freeman
et al., 2017; Torske et al., 2018). Faja et al. (2016)
reported that EF predicted play skills over time,
particularly in preschoolers with ASD who had high
language abilities, but not in those who had more
limited language skills. These results as a whole
suggest that the association of EF with play may
differ based on children’s developmental levels and
that EF plays a critical role in the social development
of autistic children, even in the presence of advanced
language skills.

Several limitations should be noted. First, this
study focused on cognitively able, verbal autistic
children, which limits the generalizability of the
findings to those with a wider range of abilities.
Although EF and its key role in academic and social
success have been studied extensively in neuroty-
pical children, the focus of the current study was
not on the between-group comparisons. However,
the direct comparison with matched controls or
other clinical populations in future studies could
elucidate the unique needs in the autistic popula-
tion as well as intervention strategies that could cut
across various developmental disorders. The pre-
dominantly male sample further restricts the appli-
cability to autistic girls, given known sex differences
in EF (Bolte et al.,, 2011), although sex was
controlled for in our analyses. Additionally,
although participants were identified as Hispanic
or non-Hispanic, we did not collect further infor-
mation on ethnicity. This limits our ability to
explore within-group differences in a demographi-
cally diverse population and may obscure culturally
nuanced patterns related to EF or functional out-
comes. Further, a subset of participants (22.4%)
was excluded due to not meeting the 95% comple-
tion threshold across all three EF Touch tasks, and
these children were significantly older than those
retained in the analysis. As such, our findings may
not fully generalize to the broader age range of the
sample. Second, this study examined general EF in
relation to academic and social skills without
investigating the contributions of specific EF
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components. While some view EF as a single factor
before school entry (Wiebe et al., 2011; Willoughby
et al., 2010), others highlight distinct but related
components in preschoolers (Lerner & Loni-
gan, 2014). Given that these components may relate
differently to academic and social skills (Spiegel
et al., 2021), future research should examine the
unique contributions of each EF subdomain to
functional outcomes in ASD. We did not include
lab-based assessments of social skills or broader
indicators of school success (e.g. teacher reports),
which may provide a more comprehensive analysis.
Future studies should include other unmeasured
factors, such as externalizing and internalizing
behaviors, to explain the variability in outcomes.
Finally, both the BRIEF-II and PIPPS are parent
reports, which could introduce shared method
variance and potentially inflate the strength of the
observed associations. Similarly, the use of the
performance-based EF task (EF Touch) and a direct
assessment of academic skills (e.g. math) may
share method characteristics—such as the struc-
tured testing context—that contribute to the
observed relation. Future studies should consider
the influence of method variance more explicitly,
ideally incorporating multiple informants and mul-
tiassessment approaches to better disentangle true
associations from measurement artifacts.

Nonetheless, our findings contribute valuable
insights into the relations between EF and academic
and social skills in autistic kindergarteners. Our
results underscore the importance of early, compre-
hensive assessment of EF skills in ASD, which could
help identify children at risk for academic and social
difficulties, allowing for targeted interventions before
substantial academic and social gaps accumulate
(Spiegel et al., 2021). Targeted EF interventions have
the potential to maximize school readiness and
social skills for autistic children, providing them
with the necessary tools to succeed in various
domains of their lives. In fact, efforts have been
made to implement EF interventions in school
settings, including with elementary and middle
school students (Kenworthy et al., 2014; Tamm
et al., 2024). While these programs show consider-
able promise, evidence on the generalization of
improvements to real-life settings and long-term
effects has been less explored (Pasqualotto
et al., 2021). Therefore, future work could explore
ways to extend or adapt EF supports into various
community settings (e.g. home, school, community
centers) to enhance generalization and consistency
in children’s everyday executive functioning.

Conclusion

This longitudinal study provides a comprehensive
examination of the relations between EF skills and
academic and social outcomes in cognitively able
autistic kindergarteners. EF, as measured through a

J Child Psychol Psychiatr 2026; 67(2): 225-37

computerized battery, was associated with reading
and math performance at kindergarten entry and
exit, while everyday EF abilities, as reported by
parents, predicted day-to-day social skills. Our
findings underscore the important role of EF in early
academic achievement and social interactions
among autistic children, who exhibit substantial
variability in these functional outcomes. Enhancing
EF development would be one path to fostering
better cognitive, academic, and social outcomes,
ultimately supporting more optimal developmental
trajectories for autistic individuals.

Supporting information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Appendix S1. Description of EF Touch tasks.
Appendix S2. Participant characteristics by EF Touch
task completion rate.
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Endnote

1. The BRIEF-II is standardized for children ages
5-18. Although 17 children (25% of the sample) were
4 years old at kindergarten entry (none remained
4 years of age by exit), the BRIEF-II was
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administered to all participants to ensure consis-
tency across time points and age groups. This
approach allowed us to track changes over time
using the same instrument. For these younger
children, the lowest age-based norms available were
applied to support appropriate score interpretation.
When analyses were repeated without this subgroup
of children, results remained largely consistent with
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a few results reaching marginal significance, partly
due to a reduced sample size.
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Key points

kindergarteners.

linked to peer play challenges.

on key developmental outcomes.

- Executive function (EF) is linked to academic and social outcomes in neurotypical children, but its role in
autistic children during school transition has been less explored.

« This longitudinal study uses a multimodal approach, integrating a computerized battery, behavioral
observation, and parent report to evaluate the role of EF in the academic and social skills of autistic

« Children’s EF, measured through computerized tasks, was significantly associated with concurrent and
future academic performance in reading and math, while EF difficulties, as reported by parents, were

« Targeting EF through interventions may enhance both educational and social development in autistic
children. In addition, a multidimensional EF assessment offers a more comprehensive view of its effects
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