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Abstract

Objective: Executive functions (EFs) play a crucial role in overall human functioning. Children with Autism Spectrum Disorder (ASD)
often have EFs deficits. The aim of this study was to examine EFs in preschool children with ASD.

Methods: The sample for this study comprised 32 children (27 boys, mean age 65.3 months, SD- 4.0 months) with ASD. The
control group consisted of 32 children with neurotypical development (16 boys, mean age 64.3 months, SD- 5.1 months). EFs
were assessed with Behavior Rating Inventory of Executive Function- Preschool version.

Results: The results of this study indicated that children with ASD have more heterogeneous EFs profiles than children with typical
development. Children with ASD had substantially lower EFs than children with neurotypical development.

Conclusion: |dentifying EFs deficits in children with ASD at an early age may help create programs to ameliorate these deficits.
Psychologists and educators have many evidence-based interventions at their disposal to improve EFs in children with ASD.
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Resumen

Objetivo: Las funciones ejecutivas (FE) desempefian un papel crucial en el funcionamiento humano general. Los nifios con
Trastorno del Espectro Autista (TEA) a menudo presentan déficits de FE. El objetivo de este estudio fue examinar las FE en nifios
preescolares con TEA.

Métodos: |.a muestra de este estudio estaba formada por 32 niflos (27 varones, con una edad media de 65,3 meses, SD- 4,0
meses) con TEA. El grupo de control estaba formado por 32 nifios con desarrollo neurotipico (16 nifios, edad media de 64,3
meses, SD- 5,1 meses). Las FE se evaluaron con el Inventario de Calificacion de la Conducta de la Funcion Ejecutiva - version
preescolar.

Resultados: Los resultados de este estudio indicaron que los nifios con TEA tienen perfiles de FE més heterogéneos que los
niflos con desarrollo tipico. Los nifios con TEA tenian unas FE sustancialmente méas bajas que los nifios con desarrollo neurotipico.
Conclusion: |dentificar los déficits de EFs en niflos con TEA a una edad temprana puede ayudar a crear programas para mejorar
estos déficits. Los psicologos y educadores tienen muchas intervenciones basadas en la evidencia a su disposicion para mejorar
las FE en los nifos con TEA.

Palabras clave: Funciones ejecutivas, Dominios del desarrollo, Trastorno del espectro autista, Ninos en edad preescolar.
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Introduction

Executive functions (EFs) refer to a set of higher-order
cognitive processes involved in goal-directed behavior!,
They are crucial for everyday functioning and are
described as a “cognitive toolkit of success™. Defining
EFs is a difficult task given the different theoretical
standpoints of the researchers and different taxonomies®.
One of the definitions is that EFs are self-regulatory
behaviors necessary for selecting and sustaining actions
and guiding behaviors in the context of rules’. EFs are
required for novel tasks and situations, problem solving,
conscious choices, and overriding a strong internal or
external pull®.

EFs develop rapidly in early childhood and evidence
clearly shows their importance for school readiness and
academic success®. The development of EFs during
childhood is of great importance for many later life
outcomes, such as health and wealth’. However, despite
being widely researched, there are still many questions
related to EFs. One of the questions is related to the
dimensionality of EFs, that is are EFs unidimensional or
multidimensional construct, especially at a younger age®.
Recent research suggests that EFs are multifaceted and
that different EFs are correlated but separable®. Most
researchers agree that EFs consist of a wide range of
skills, including inhibition, mental flexibility, self-control,
shifting of attention, initiation, impulsivity, working memory,
and planning'™'2, It is also important to note that some
researchers view EFs as a unitary concept at preschool
age' and that differentiation into separate skills begins
at school age. Some authors have proposed that at
preschool age it is possible to differentiate two EFs,
namely working memory and inhibition, while the shifting,
as the third EF, appears later, around 8 years of age'.

Autism Spectrum Disorder (ASD) is a neurodevelopmental
disorder characterized by deficits in the social-
communicationdomain and a pattern of repetitive sensory-
motor behaviors'® 6, As the name implies, ASD is a highly
heterogeneous disorder with symptoms ranging from mild
to severe'’. According to the 5th Edition of Diagnostic
and Statistical Manual of Mental Disorders, ASD s
categorized into three severity levels: Level 1 “Requiring
support”, Level 2 "Requiring substantial support” and
Level 3 “Requiring very substantial support”™®. ASD is
a common neurodevelopmental disorder with a current
prevalence rate of 2.79% in children aged 3to 17 years'®,
Given the high prevalence rate, it is particularly important
to identify ASD at an early age which, in tum, will lead to
provisions of timely interventions and possibly improve
the developmental trajectory of the disorder.

EFs have been widely studied in neurodiverse populations,
including traumatic brain injury'®, schizophrenia®®, and
depression?’. In addition to this, EFs deficits were widely
examined in developmental disorders, including Attention

Deficit Hyperactivity Disorder, Autism Spectrum Disorder,
and Intellectual Disability?>?*, Much scientific attention
has been directed to EFs development in individuals
with ASD. It is widely recognized that children with
ASD have deficits in EFs, which, consequentially, affect
their adjustment and social skills?®. Children with better
EFs have more prosocial behavior according to their
peer's rating®®. EFs play a significant role in the adaptive
behavior of children with ASD, thus affecting their overall
outcomes?’. More specifically, the research has shown
that EFs affect three domains of adaptive behavior:
socialization, communication and daily living®®. Given
the role EFs play in everyday functioning, a rationale
for the increasing research in this area stems from the
notion that EFs may improve everyday functioning.
Many studies have found a relationship between social
communication deficits and EFs in children with ASD?%%,
However, the exact nature of this relationship is not
clear. More specifically, it is unclear whether EFs deficits
contribute to social and communication deficits or vice
versa. Although there is strong evidence of EFs deficits
present in individuals with ASD, findings for the preschool
age have been inconsistent®! and require further scientific
investigation. Thus, given the wide implications of EFs
deficits in ASD, we wanted to further examine the EFs
profiles in this group of children. We also wanted to
examine how EFs in children with ASD compare with the
profiles of typical, age-matched, preschool children. The
research questions we set to answer in this study are:

1. Do children with ASD have more heterogeneous
scores across EFs domains than typically
developing children?

2. Are there differences in EFs of children with ASD
and typically developing children?

3. Is ASD severity level related to EFs?

Methods

Participants

The sample for this study consisted of 32 children with
ASD (27 boys, mean age 65.3 months, SD- 4.0 months).
Children with ASD were conveniently recruited from the
Center for Early Intervention in Sarajevo that provides
services to families and children with ASD. Children
were referred to the Center after a formal diagnosis of
ASD was made by a neuropediatrician at the local clinic.
The inclusion criterion was that children had a formal
diagnosis of ASD and were younger than 7 years.
The control group consisted of 32 typically developing
children (16 boys, mean age 64.3 months, SD- 5.1
months) who, according to their parent’s statements, did
not have developmental disability. Children with typical
development were conveniently recruited from two local
kindergartens. The inclusion criterion was that children
did not have a diagnosis of developmental disability and
were younger than 7 years. The mean age of children
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in the ASD group was not different from the mean age
in the control group (t(62)=0.93; p=.36). However, the
groups were not matched in relation to gender (2 = 8.4;
p < .01), as there were significantly more boys than girls
in ASD group, a ratio which corresponds to the actual
population rates of ASD in relation to gender®,

Procedure

Parents of children with ASD who attended the Center
for Early Intervention were asked to participate in the
study. Parents provided basic demographic information
for their children and granted permission to early special
educators to complete the Behavior Rating Inventory of
Executive Functions- Preschool Edition (BRIEF-P; Gioia
et al., 2003), and the Gilliam Autism Rating Scale (GARS;
Gilliam, 2014) for this research. Total of 32 written consent
forms were obtained and professionals (early childhood
special educators) who have a wide experience working
with children with ASD (ranging from 8-20 years) and
have worked with these children for at least two months
completed the scales. Parents of typically developing
children attending two local kindergartens were asked
to participate in the study. After the written parental
consent forms were received, early childhood educators
completed BRIEF-P for 32 children with neurotypical
development. The approval for this study was granted
by the Faculty of Educational Sciences, University of
Sarajevo.

Instruments

The Behavior Rating Inventory of Executive Function —
Preschool Version (BRIEF-P;%%) is an ecologically valid
measure of executive functions intended for children
aged 2-5.11 years. BRIEF-P consists of five clinical
scales: Inhibit, Shift, Emotional Control, Working Memory,
and Plan/Organize. These five clinical scales vield three
indexes: Inhibitory Self-Control Index, Flexibility index, and
Emergent Metacognition Index. The overall composite
index is the Global Executive Index. For this study, we
only used the clinical scales of the BRIEF-P, which are
continuous variables. According to the BRIEF manual
Cronbach’s alphas for the BRIEF-P clinical scales ranges
from r = .80 to .90 for parent version and from .90 to .97
for the teacher version.

The BRIEF-P takes 10-15 minutes to complete. Raw
scores were used in the analysis and lower score means
better executive function. We used Bosnian translation of
the BRIEF-P3,

The Gilliam Autism Rating Scale - Third Edition (GARS-
3,%°) was developed to screen for ASD in individuals
aged between 3 and 22 years. The GARS-3 consists
of six clinical subscales: Restrictive/Repetitive Behaviors,
Social Interaction, Social Communication, Emotional
Responses, Cognitive Style, and Maladaptive Speech.
These six clinical subscales are converted to Autism
Index Composite score, a measure that was used in

this study and indicates the severity of autism. Interclass
correlation coefficients of the subscales are within the
acceptable range (r=.71 - .85). Internal consistency,
Cronbach'’s alpha is high and is above .90.

Statistical analysis

Forthe firstresearch question, we we calculated Pearson’s
correlation coefficients between EFs (as measured by
the BRIEF-P) for children with ASD and children with
neurotypical development. These correlations helped us
determine whether the EFs profiles of children with ASD
are uneven. We next separately standardized the scores
of BRIEF-P for each group of children and presented their
distribution to examine whether children with ASD have
more heterogeneous score distribution within the EFs
domains than children with neurotypical development,
For the second research question, we performed
independent t-tests and presented Cohen’s d effect size
of mean differences in EFs between children with ASD
and children with neurotypical development. For the third
research question, we calculated the Pearson correlation
coefficients between autism severity (as measured by
the GARS) and EFs. We also regressed scores of EFs
clinical scales to predict ASD severity. An alpha level of
.05 was used as a benchmark for statistical significance.
The statistical analysis was performed with the computer
program SPSS v.27%,

Results

Heterogeneity of EFs profiles

The first research question was to examine the
heterogeneity in EFs domains in children with ASD and
children with neurotypical development. We first present
correlations between EFs domains in table 1.

Table I: Correlations between EFs domains in children with ASD and children with
neurotypical development.

Executive | Variables 1 2 3 4 5
functions | Inhibit .38 .76 .46 .29
Shift .58 .66 .48 .38
Emotional Control .67 .70 === .34 12
Working memory .36 13 10 --- .78
Planning .78 .48 .40 .59 ===

Note. Correlations below diagonal line are for children with ASD, and above
the line are for neurotypically developing children. Correlations in bold font are
statistically significant at p<.05 level.

As for the correlations within the domain of EF for
children with ASD, only two of the correlations were not
statistically significant, the one between working memory
and shifting, and the one between working memory and
emotional control. In typically developing children, three
correlations within the domain of EF were not statistically
significant, the correlation between emotional control
and working memory, the correlation between emotional
control and planning, and the correlation between
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inhibition and planning. We next inspected standardized
values within EFs domains in children with ASD and
children with neurotypical development to examine the
spread of results. We first converted EFs scores into
standardized z-scores values separately for children
with ASD and separately for children with neurotypical
development. In figure 1, we presented the interquartile
range of these scores.

Figure 1: Interquartile range of standardized values of EF domains in children with
ASD and typically developing children.

[ [
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As can be seen from figure 1, EFs profies seem to be
more heterogeneous in children with ASD, especially in
the domains of emotional control and planning.

Differences in EFs between children with ASD
and children with typical development

The second research question was to examine the
differences in the mean scores in EFs between children
with ASD and children with neurotypical development.
These results are shown in table .

Table II: Group differences for EF domains and Developmental domains between
children with ASD and typically developing children.

Variable  Children with ASD Typical children t (62)* Cohen’
M SD M SD d
EF Inhibit M7 6.2 19.9 5.2 153| 38
domains | Shift 23.4 5.4 11.2 2.4 117 29
Emotional | 25.0 4.8 11.8 4.0 19| 3.0
Control
Working 46.5 5.7 21.4 5.9 17.3| 43
memory

Planning 26.2 4.5 12.4 3.3 14.0 3.5

Note.” all p's are <.001.

There were statistically significant and large differences
in favor of children with neurotypical development on
al EFs domains mean scores. All effect sizes were
large according to criteria set by Cohen®”. The largest
differences in EFs were for the variables working memory
and inhibition.

The relation between ASD severity and EFs

The last research question examined the correlation
of the autism severity level as measured by the Gilliam
Autism Rating Scale and EFs domains.

These results are shown in table Il

Table llIl: The Pearson correlation of the Gilliam Autism Rating Scale and EF
domains and Developmental domains.

Variable Gilliam Autism Rating Scale
r P
EF domains | Inhibit .31 .10
Shift .35 .04
Emotional Control .29 .10
Working memory .33 .06
Planning 42 .01

Note. N=32. Values in bold are statistically significant at p < .05 level.

The severity of autism symptoms as measured by GARS-
3 is significantly related to EFs domains of Shifting and
Planning. The correlation between autism severity and
working memory narrowly fell short of reaching statistical
significance (p=.06). All other correlations were not
statistically significant. On the other hand, results of the
regression analysis of EFs domain predicting severity of
ASD were not statistically significant (F = 1.7, p = .17)
and are shown in table IV.

Table IV: Regression analysis of EFs domains predicting ASD severity.

EFs Estimate Std Beta = Std Error |t Ratio P
Inhibition -0.56 -0.26 0.75 -0.74 | 0.46
Shifting 0.43 0.18 0.61 0.70 | 0.49
Emotional control 0.48 0.18 0.77 0.62 0.54
Working memory 0.38 0.16 0.50 0.75 | 0.46
Planning 1.10 0.38 1.00 110 | 0.28
Note. N=32, R* = .24; R? .09.

(adjusted) —

Discussion

The goal of the present study was to investigate EFs
in preschool children with ASD. The first finding of this
study was that preschool children with ASD had slightly
more heterogeneous EFs profiles than children with
neurotypical development. We mentioned earlier some
reports that children with ASD have unbalanced EFs
profiles, as indicated by strengths and weaknesses in
various domains. This study showed that children with
ASD had more variable EFs scores than children with
neurotypical development on all EFs clinical subscales.
Although children with ASD had significant EFs deficits on
the group level, given the high variability in their scores, it
is evident that some individuals with ASD had smaller or
even non-existing EFs differences compared to children
with neurotypical development. This again points to the
importance of examining differences on the individual
level and the group level.

Conversely, correlations of all EFs domain were
slightly stronger in children with ASD. These findings
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contrasted with our expectations, as we hypothesized
lower correlations between various EFs domains in
children with ASD given the genetic and phenotypical
heterogeneity of ASD®*®, However, it might be the case
that EFs profiles in children with ASD become more
uneven at a later chronological age. This explanation is
related to the developmental trajectory of EFs. It might be
the case that EFs, after starting as a unitary concept'®,
remain more unitary/less specialized in children with ASD
and differentiate more slowly in this group of children.
This might explain the stronger relationships within EFs
domains in preschool children with ASD. Similarly, it
has been shown, that EF differentiation in children with
intellectual disability begins at a preschool age®. Lastly,
another explanation for these findings might be due to
the assessment instruments that we used. Although
ecologically valid, the BRIEF-P was not developed
specifically for children with ASD and thus might not have
the same measurement properties as in the group of
children with neurotypical development. Understanding
the individual differences of children with ASD might help
practitioners design better treatment protocols®.

We found large, statistically significant differences
between chidren with ASD and children with
neurotypical development in all EFs domains. The most
significant differences were for the domain of working
memory, followed by inhibition, planning, emaotional
control, and shifting. However, existing research
does not point to the universal profile of weaknesses
in EFs that we found in our study. For example, other
studies have also found significant EFs differences in
preschools with ASD and preschoolers with neurotypical
development in the domain of shifting and inhibition
but not on visual-spatial working memory tasks®. In
a study that used the BRIEF-P for the assessment of
EFs, significant differences between preschoolers with
ASD and children with neurotypical development were
found on the subscales: inhibition and shifting but not
on the subscale working memory*'. On the other hand,
there are studies that point to working memory as the
main EFs impairment in children with ASD*. A large
meta-analysis of 28 studies involving 819 individuals
with ASD has found significant impairments in working
memory in this group compared to typically developing
individuals*®, The possible reason individuals with
ASD have impairments in working memory might be
that they are deficient in the use of verbal mediation
strategies that helps to maintain goal-related information
in the working memory*. As for the differences in the
studies regarding the role of working memory deficit
in ASD, the potential explanation for these differences
might be related to factors such as autism phenotype,
inteligence, and autism severity level which differ in
participants across studies. The most likely explanation
is that working memory is intact in some children with
ASD, while in other children with ASD, working memory
is much more impaired.

Autism severity was statistically significantly correlated
with two executive functions: shifting and planning. The
results in our study are in line with earlier studies that found
people with autism to have particular deficits in shifting and
planning®®. We have now found these significant deficits
to be present in preschool children with ASD as well,
We also performed a regression analysis to determine
the ASD severity based on EFs measures. The results
indicated a non-significant model, which means the EFs
domains were not significant predictors of ASD severity.
However, this result should be interpreted cautiously as
the sample size was rather small for regression models.
Future studies should aim to validate or refute these
findings with a larger, more diverse sample of preschool
children with ASD.

Identification of EFs deficits in children at an early age will
help create programs to ameliorate these deficits. Earlier
research has shown that it is possible to improve EFs in
preschool children?®, This is especially relevant for children
with ASD. Some reports showed that Early Intensive
Behavioral Training could significantly improve EFs in
children with ASD®. Behavioral intervention, through
the use of positive reinforcement, has the potential to
significantly improve working memory in children with
ASD*, Programs that aim flexibility, goal-setting, and
planning significantly improve EFs in children with ASD
and improve social skills*’. Besides these programs, it
is also noteworthy to mention physical activities as an
efficient way to improve EFs in children with ASD. Many
studies have shown positive effects of martial arts*®
and exergaming®® on EFs. In addition, physical activity
has also been found to positively affect the academic
achievements of children with ASD50. Educators have
many evidence-based interventions at their disposal to
improve EFs in children with ASD. Better understanding
of EFs deficits in ASD and individual EFs will lead to better
intervention programs at an early age.

The strength of this study is the employment of ecologically
valid measure, the BRIEF-P, in the assessment of EFsin a
group of preschool children with ASD. In addition, we also
assessed the control group of children with neurotypical
development, which in turn helped us identify which EFs
are particularly vulnerable in children with ASD.

There are several limitations of this study that need to
be noted. First of all, we used only one measure of EFs
domains (BRIEF-P). It would be useful if we have used
parental’s reports as well, which would increase the
reliability of the results. Second, it would also be useful
if we have used some performance-based measures
of EFs. Third, the sample size was relatively small, thus
reducing the generalizability of the results. Conversely,
the mean differences in EFs were exceptionally large, so
there was a minimal risk of committing a type | error. Lastly,
we did not have 1Q scores of children, a measure which
could be used as an important covariate in this study.
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Conclusions

Children with  Autism  Spectrum Disorder had more
heterogeneous EFs profiles than typically developing
children. There is more interindividual variability in EFs
a domain scores in children with ASD than in typically
developing children. Preschool children with ASD had
significantly lower EFs domains scores than children
with typical development. Autism severity level had a
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