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Abstract

This study explored the performance of children on the autism spectrum (AS) and control
children in executive function (EF) tasks and the relationship between EF and pragmatic
skills using clinically available measures. 15 Finnish children on the AS (mean age 7;8 years)
and 15 control children (mean age 7;7 years) participated in this study. We examined EF
domains of working memory (verbal working memory) and inhibitory control of attention
(selective auditory and visual attention) using the neuropsychological assessment battery
NEPSY-II. Pragmatic skills were assessed by using the Pragma Test and Pragmatic Composite
score of the Children’s Communication Checklist-2 (CCC-2). According to the results, the
control group performed better in verbal working memory and selective auditory attention
subtests, but no between-group difference was observed in selective visual attention. In the
control group, verbal working memory was positively associated with the Pragmatic
Composite score of the CCC-2. No statistically significant associations were observed in the
AS group. Our findings indicate that many, but not all, children on the AS have domain-
specific EF difficulties. Our findings also suggest that verbal working memory has a stronger
relationship with pragmatic skills in the control group than in the AS group. Clinical
implications are discussed.
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Introduction

Executive function (EF) can be broadly defined as the regulation of goal-directed, higher-
order cognitive processes that are needed to manage thinking and behaviour (Demetriou
et al, 2018; Diamond, 2013). Skills such as working memory, selective attention, inhibitory
control, planning and cognitive flexibility are often included in the definition of EF
(Diamond, 2013; Miyake et al., 2000). EF skills are suggested to underlie social function
(Beauchamp & Anderson, 2010) and to be the basis for the ability to engage in decision
making, problem solving and reasoning (Diamond, 2013; O'Hearn et al., 2008), which are
needed in everyday life, including in social situations which require complex pragmatic
processing of language.

Navigating social situations successfully requires pragmatic ability which refers to the skills
of using and interpreting spoken language and other expressive means in different contexts
and adapting to contextually demanding social situations (e.g. Gibbs & Colston, 2012;
Loukusa, 2021). Pragmatic abilities affect how a person communicates and behaves in differ-
ent social situations, which has implications on how others respond (see e.g. Loukusa et al.,
2018). Pragmatic abilities include skills such as the ability to initiate conversation and to
respond with contingent and relevant information as well as to produce and understand
contextually situated utterances (e.g. Levinson, 1983; Loukusa, 2021; Matthews et al., 2018).
Prior research has shown that children on the autism spectrum (AS)' tend to interpret con-
textually demanding social situations differently than control children (e.g. Loukusa et al.,
2018; Makinen et al., 2014; Norbury & Bishop, 2002). Children on the AS also differ from
control children in context-situated use of language, recognition of others’ feelings and
making inferences from, for instance, metaphors, receiving lower scores on tasks measuring
these abilities (e.g. Dennis et al., 2001; Loukusa et al., 2018). Research has further shown
that difficulty with pragmatic tasks increases for children on the AS as the intentionality
and inferencing loads increase (Angeleri et al., 2016; Dennis et al, 2001; Loukusa et al.,
2007, 2018).

It is argued that EF skills, such as working memory, are essential for the management of
thinking and behaviour (Barendse et al., 2013; Matthews et al, 2018). The examination of
the relationship between EF and pragmatic skills is informative given that pragmatic skills
concern the ability to interact as well as use spoken language and other expressive means
in a context-sensitive manner (Levinson, 1983; Loukusa, 2021), at times in a context of other
simultaneous competing stimuli. Clinically, it is also an important question whether by
strengthening EF skills it would be possible to support pragmatic skills, or vice versa (see
Friedman & Sterling, 2019). One relevant theoretical model to conceptualize this relationship
is the Hierarchical Competing Systems Model (HCSM, Marcovitch & Zelazo, 2009). This
model argues that there are two hierarchical systems, a habit and a representational system,
which compete in guiding one’s goal-directed behavior. The habit system uses information
based on one’s previous experiences whereas the representational system involves the con-
scious language-guided reflection of behavior. According to the model, the representational
system can override the habit system, which would lead an individual to engage in con-
scious reflection of behaviour rather than be influenced by perceptual information
(Marcovitch & Zelazo, 2009, see also Friedman & Sterling, 2019).
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The relationship between different domains of EF and pragmatic skills has received some
attention in previous research (e.g. Blain-Briere et al., 2014; Cardillo et al., 2021; Friedman &
Sterling, 2019; Parola et al., 2020). However, the investigations of the relationship are chal-
lenged by the lack of consensus on what constitutes EF and which measures are best to
use (Matthews et al., 2018). More research is needed to better understand the relationship,
particularly with regard to the heterogeneous group of individuals on the AS with reported
challenges both in EF and pragmatic skills (see e.g. Christoforou et al., 2023; Friedman &
Sterling, 2019; Loukusa, 2021 for reviews).

Executive functioning in autism spectrum

Many prior studies based on direct clinician-administered tests and indirect caregiver-,
teacher- or self-reports have found children on the AS and adolescents having difficulties
with EFs (Cardillo et al, 2021; Corbett et al., 2009; Demetriou et al, 2018; Ellis Weismer
et al, 2018; Filipe et al, 2020; Joseph et al, 2005; see Christoforou et al, 2023 and
Friedman & Sterling, 2019 for reviews). Studies have however reported mixed findings con-
cerning different EF domains (Bolte et al., 2011; Hill, 2004; Schmitz et al., 2006; White et al.,
2017; Yang et al.,, 2009), suggesting that EF difficulties are not global, but rather domain-
specific, in autism (O’Hearn et al., 2008). In this article, we focus on working memory (meas-
ured as verbal working memory) and inhibitory control of attention (measured as selective
auditory and visual attention), which are two core EF domains (Demetriou et al., 2018;
Diamond, 2013; Hill, 2004; O’'Hearn et al., 2008).

Working memory is used for integrating information from different sources (O'Hearn et al,,
2008). Previous findings on working memory of individuals on the AS have been inconsist-
ent (see Habib et al, 2019 and Christoforou et al., 2023 for reviews). While some studies
have not found differences between children on the AS and typically developing children
and adults (e.g. Faja & Dawson, 2014; Ozonoff & Strayer, 2001), other studies have found
children, adolescents, and adults on the AS having working memory difficulties particularly
in tasks that require cognitive flexibility and complex information processing (e.g. Barendse
et al,, 2013; Hill, 2004; Habib et al., 2019; Joseph et al., 2005; Kercood et al., 2014; Narzisi
et al.,, 2013; Wang et al., 2017). Prior studies using clinical direct assessments of verbal work-
ing memory have also indicated that the immediate verbal recall of complex material, such
as sentences, can be considerably difficult for children and adolescents on the AS (e.g.
Minshew & Goldstein, 2001; Narzisi et al., 2013).

Inhibitory control is another key EF domain (e.g. Demetriou et al., 2018; Diamond, 2013;
Hill, 2004). Inhibitory control of attention refers to the ability to selectively attend to a
chosen target and suppress attention to another (Diamond, 2013; Friedman & Sterling,
2019). Inhibitory control of attention is interesting to study in the context of AS since dis-
tinctive sensory experiences and interests are common in individuals on the AS (American
Psychiatric Association, 2013), reportedly influencing an individual’s attentional focus and
the ability to engage in or shift between activities (e.g. Buckle et al.,, 2021; Murray et al.,
2005; Phung et al., 2021). The findings on inhibitory control in children and adults on the
AS are however mixed (see e.g. Christoforou et al., 2023; Friedman & Sterling, 2019; Hill,
2004; O'Hearn et al., 2008; Russo et al., 2007). In the current study, we examine selective vis-
ual and auditory attention as measures of inhibitory control of attention which involves



K. Dindar et al.

discriminating relevant information from information that is not relevant at a given moment
(Diamond, 2013). As regards to selective visual attention, prior studies have shown that chil-
dren and adults on the AS often excel in tasks requiring visual search by having shorter
reaction times as compared to control groups (Hessels et al, 2014; Jarrold et al., 2005;
Joseph et al, 2009; Remington et al., 2009). Clinical selective visual attention tasks have
shown no differences in the performance of children on the AS and control children
(Barron-Linnankoski et al., 2015; Hooper et al., 2006; Narzisi et al., 2013), some studies sug-
gesting that individuals on the AS have an increased capacity for visual perception (e.g.
Remington et al., 2009).

Research also suggests enhanced auditory selective attention capacity in children and
adults on the AS (Haesen et al,, 2011; Remington & Fairnie, 2017). Increased susceptibility to
auditory distraction in individuals on the AS could result in either increased or reduced per-
formance in a task, depending on the task itself (Remington & Fairnie, 2017). Previous stud-
ies using clinical selective auditory attention tasks have often found children on the AS
having lower scores as compared to control children (Barron-Linnankoski et al., 2015;
Hooper et al., 2006; Narzisi et al., 2013).

Associations between executive function and pragmatic skills

Multiple studies argue for associations between EF and pragmatic skills. For instance, in typ-
ically developing children, better inhibitory control has been found associated with a
decrease in talkativeness and assertiveness in a semi-structured conversation (Blain-Briere
et al, 2014; see also Matthews et al, 2018) whereas better working memory skills have
been found associated with the ability to produce contingent answers and clear utterances
(Blain-Briere et al., 2014).

Evidence for associations between these skills exist also in children on the AS, yet the
findings are mixed (see Friedman & Sterling, 2019, for a review). Evidence has been found
for higher caregiver-reported EF abilities across all domains associated with lower levels of
caregiver-reported social pragmatic difficulties (Pervasive Developmental Disorders Behavior
Inventory; Cohen & Sudhalter, 2005) in children on the AS (Howard et al., 2023). Also, a
study by Filipe et al. (2020) found that a composite measure of caregiver-reported EF skills
was associated with clinician-assessed pragmatic skills (Pragmatic Protocol; Prutting &
Kittchner, 1987). On the other hand, in a study by Cardillo et al. (2021), a composite meas-
ure of clinician-assessed EF skills was found associated with clinician-assessed pragmatic
skills (assessed as the ability to understand metaphors and produce correct inferences) only
in typically developing children but not in children on the AS.

The variation in findings may be due to methodological reasons since composite meas-
ures of EF skills do not show how specific EF domains may or may not be associated with
pragmatic skills (Toplak et al., 2013). Further, the use of clinician-administered direct assess-
ments or indirect caregiver- or teacher-reports can tap different levels of functioning of an
individual and result in different findings (Toplak et al., 2013).

Domain-specific investigations on working memory have found both clinician-assessed
and caregiver- and teacher-reported skills associated with caregiver-reported (Children’s
Communication Checklist; Bishop, 1998) and clinician-assessed (Comprehensive Assessment
of Spoken Language, Pragmatic Judgement subtest; Carrow-Woolfolk, 1999) pragmatic skills
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(Akbar et al., 2013; Baixauli-Fortea et al., 2019; Razavi et al., 2019). These findings provide
evidence for the connections between working memory and pragmatic ability (see also
Friedman & Sterling, 2019). For the other EF domain of interest in the current study, inhibi-
tory control, the findings are more mixed. Razavi et al. (2019) have found caregiver-reported
inhibitory control associated with caregiver-reported pragmatic skills (Children’s
Communication Checklist; Bishop, 1998), whereas contrary to these findings, Akbar et al.
(2013) reported finding no associations between caregiver- and teacher-reported nor clin-
ician-assessed inhibitory control skills and clinician-assessed pragmatic skills (Comprehensive
Assessment of Spoken Language, Pragmatic Judgement subtest; Carrow-Woolfolk, 1999).

Also the directionality of these associations is not clear (see Friedman & Sterling, 2019).
Previously, associations between language and EF have been interpreted in the light of children
using language skills in the service of EF (e.g. Joseph et al, 2005). The study by Akbar et al.
(2013) also suggests that clinician-assessed pragmatic skills predict clinician-assessed and teacher-
reported working memory skills. However, training studies with adolescents on the AS have
shown that improvement in pragmatic ability does not necessarily result in improvement in EF
skills (see Gabbatore et al, 2022), although contrasting findings have also been reported (see
Friedman & Sterling, 2019, for a review). Examining different directionality, Baixauli-Fortea et al.
(2019) reported that despite observed associations, clinician-assessed working memory did not
predict caregiver-reported pragmatic skills. Similarly, the study by Cardillo et al. (2021) found
composite measure of clinician-assessed EF skills not predicting clinician-assessed pragmatic skills.

To better understand these associations or lack thereof, research using domain-specific EF
measures and both direct and indirect measures of pragmatic skills is needed. It can also be
considered important to examine the associations between these skills separately in chil-
dren on the AS and typically developing children. Hypothesized in the light of the HCSM
model (Marcovitch & Zelazo, 2009), it may be that children on the AS, with distinctive sen-
sory experiences and increased susceptibility to sensory distraction, rely on the use of the
experience-based habit system more than typically developing children who may instead
use the conscious language-guided reflection (see also e.g. Joseph et al., 2005).

The current study

In this study, we examine:

1. Do children on the AS differ from control children in the clinician-assessed EF domains
of working memory (verbal working memory) and inhibitory control of attention
(selective auditory and visual attention)?

2. Are EF and pragmatic skills associated in children on the AS and control children, as
measured by
a the clinician-administered Pragma Test?

b caregiver-reported Pragmatic Composite score of the Children Communication
Checklist (CCC-2)?

Materials and methods

Participants
In total 30 five to ten-year-old children (15 children on the AS and 15 control children) par-
ticipated in the study. All participants were Finnish-speaking, had normal hearing and lived
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in the Northern Ostrobothnia region of Finland. One female on the AS was excluded from
the otherwise male-dominated sample due to known sex differences in EF skills (Bolte et al.,
2011; Demetriou et al., 2018; White et al., 2017). The remaining participants in both groups
consisted of males only. Participation in the study was voluntary and based on informed
consent. The study was approved by the Ethical Committee of the Northern Ostrobothnia
Hospital District.

The children in the AS group (mean age 7;8years, range 5;1-10;7 years) originally partici-
pated in a larger Finnish clinical study (see Loukusa et al., 2014; Makinen et al., 2014). They
were recruited from the Clinic of Child Psychiatry or Child Neurology at the Oulu University
Hospital where they had been diagnosed earlier by child psychiatrists or child neurologists
in multiprofessional collaboration based on the Autism Diagnostic Interview Revised (ADI-R;
Lord et al., 1995), the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000),
and other clinical information using the ICD-10 (World Health Organization, 1993) diagnostic
criteria. Study inclusion criteria for the AS group required a child to be a native Finnish
speaker and to not show signs of significant difficulties with cognitive functioning. The chil-
dren on the AS had been previously assessed for cognitive functioning by clinical psycholo-
gists using the Finnish versions of the age-appropriate Wechsler Intelligence Scales (e.g.
Wechsler, 2010). The information regarding children’s Intelligence Quotients (IQs) were col-
lected with parental permissions. Such information was available for 12 out of the 15 partic-
ipants in the AS group. The Full-Scale Intelligence Quotients (IQs) (Mdn=96.50,
IQR=31.00), Verbal Scale 1Qs (Mdn=90.50, IQR=37.75), and Performance Scale IQs
(Mdn =90.50, IQR = 27.50), were within typical range. For the three participants with missing
information, it was evident from psychologists’ written reports that these children’s cogni-
tive functioning was within a typical range since no significant difficulties with cognitive
functioning were mentioned in the reports.

The children in the control group (mean age 7;7years, range 5;2-10;0years) were
recruited from municipal day care centers or mainstream schools. There were no between-
group differences according to participant age (see Table 1). A parent-reported question-
naire about the child’s developmental history (e.g. early language development, familial risk
of language delays and attendance in speech language therapy) was used to verify the con-
trol children’s typical development. Study inclusion criteria for the control group required a
child to be a native Finnish speaker, not to have a history of language delay, any neuro-
logical or language disorder diagnosis nor prior or current attendance to speech language
therapy. However, functional single speech sound error did not prevent a child participat-
ing. Our study design did not include the clinical assessment of cognitive functioning of the
control group. Our control group represents a population of children without developmen-
tal concerns. In Finland, children go through regular free-of-charge health clinic appoint-
ments to assess the development of children. Specific data on socioeconomic status was
not available for the current study. All Finnish citizens have an equal right to free basic edu-
cation, health care and social security.

Measures and procedure

Data on children’s receptive language and pragmatic skills are presented as participant
background information in Table 1. These are presented as background information since
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Table 1. Background information and test scores by groups and group comparisons (Mann Whitney U
test).

Autism spectrum
group (n=15) Control group (n=15)
Mean Mdn Mean Mdn V) Effect
(SD) (IQR) Range (SD) (IQR) Range statistic | P value size®
Age® 91.87 93.00 61-127 90.53 92.00 62-120 116.0 0.902 0.04
(19.35) (33.00) (17.31) (29.00)
TTFC-2° 96.33 97.00 75-132 112.93 116.00 97-127 28.50 <0.001 0.65
(13.23) (11.00) (9.15) (13.00)
Pragma test 20.99 19.20 —4.80- 49.03 47.20 36— 6.00 <0.001 0.81
total® (14.35) (20.20) 43.65 (7.83) (11.56) 61.67
Pragmatic 26.33 27.00 16-38 60.20 63.00 41.00- 0.00 <0.001 0.85
composite? (5.62) (7.00) (8.24) (10.00) 70.00

2Age in months.

PTTFC-2 = Token Test for Children 2. Reported as standardised scores based on the norm data collected in the United
States (McGhee et al.,, 2007).

t scores computed for the current study only.

9Summed scaled scores of the Children’s Communication Checklist 2 (CCC-2) scales Coherence, Inappropriate
initiation, Stereotyped language, Use of Context and Non-verbal communication. Transformation of the raw scores
into scaled scores based on the CCC-2 manual (Bishop, 2015).

CEffect size calculated using r=2Z/,N.

these data are previously reported in Loukusa et al. (2014, 2018) with partially overlapping
samples. The Token Test for Children-2 (TTFC-2, McGhee et al, 2007) was used to assess
children’s comprehension of spoken instructions. The TTFC-2 has been translated (with for-
ward and back translation) into Finnish for research purposes. Since the TTFC-2 has not
been standardized in Finland, we converted the children’s raw scores into standardised
scores based on the norm data collected in the United States (McGhee et al., 2007). The
TTFC-2 standard scores have a mean of 100 and standard deviation of 15. Although the
control group was assessed to have better skills in comprehending spoken instructions
(control group mean performance “above average”), neither of the groups showed difficul-
ties in their performance (AS group mean performance “average”; McGhee et al, 2007).
There was however individual variation between the participants (see Table 1).

Pragmatic skills were explored using assessment tools commonly used in clinical practice
in Finland: the Pragma Test (Loukusa, 2019; see also e.g. Gabbatore et al., 2021; Loukusa
et al, 2018) and the Finnish version of the Children’s Communication Checklist-2 (CCC-2,
Bishop, 2015). The Pragma test is a Finnish clinician-administered assessment method for
comprehension of social and pragmatic language. The Pragma Test includes tasks that
measure Contextual inference—not implying Theory of Mind, Contextual inference—implying
Theory of Mind, Relevant language use, depending on the communicative context, Emotion rec-
ognition, and Understanding of False Beliefs. The tasks consist of short scenarios that are pre-
sented verbally to children with the support of pictures and plastic characters to minimize
memory load. For the current study, the Pragma Test total raw scores were transformed
into t scores. The control group was assessed to have better pragmatic skills as measured
with the Pragma Test (see Table 1).
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The CCC-2 is a caregiver-reported measure of the children’s everyday social communica-
tion skills (Bishop, 2015). The CCC-2 consists of 70 items originally divided into ten subscales
that measure language structure, vocabulary and discourse (Speech, Syntax, Semantic and
Coherence), pragmatics (Inappropriate initiation, Stereotyped language, Use of context and
Nonverbal communication) as well as Social relations and Interests. The caregivers are asked
to score the items on a four-point scale (less than once a week [or never], at least once a
week, but not every day, once or twice a day, and several times [more than twice] a day [or
always]). We transformed the scores into scaled scores according to the CCC-2 manual
(Bishop, 2015). Although not included as part of the CCC-2 manual, the Pragmatic
Composite (PC) has been calculated in multiple studies (see e.g. Geurts & Embrechts, 2008;
Helland et al.,, 2014). The PC gives a general impression of the pragmatic skills as assessed
by caregivers. The PC is calculated by summing the scaled scores of the subscales
Coherence, Inappropriate initiation, Stereotyped language, Use of context and Nonverbal com-
munication. Coherence is commonly included in the PC due to its coverage of aspects of
both structural language and pragmatics (e.g. Helland et al., 2014). Since the PC is based on
the scaled scores, higher score represents the skills of a child. The AS group showed more
pragmatic difficulties as measured by the PC (see Table 1).

Verbal working memory as well as selective auditory and visual attention were assessed
using the Finnish version of the NEPSY-ll (Korkman et al, 2008) that is a comprehensive
neuropsychological assessment battery widely used in clinical practice and research. Verbal
working memory was assessed using either the Sentence Repetition or Word List
Interference subtest, depending on the age of the participating children. Sentence
Repetition (for three to six-year-old children) assesses the ability to recall and repeat
increasingly complex and long sentences. In this subtest, the child listens to a series of sen-
tences and is asked to recall each sentence immediately after its presentation. Word List
Interference (seven to 16-year-old children) assesses verbal working memory, repetition, and
word recall after interference. In this subtest, two series of words are presented to the child
and he or she is asked to repeat each sequence following its presentation. Then, the child
is asked to recall each series in order of their presentation. Verbal working memory (instead
of visuospatial working memory) was assessed since it was the only working memory subt-
est available in the NEPSY-II.

Selective auditory attention was assessed using the Auditory Attention Response Set A
that was suitable for the age group of the current study. This subtest measures selective
auditory attention and a child’s ability to sustain it (vigilance). In this subtest, the child lis-
tens to a series of audio-recorded words and touches an appropriate circle when hearing a
target word. In addition to correct responses, commission errors were recorded.
Commission errors represent non-targets that were reacted to although they were supposed
to be ignored. The total raw score is calculated by subtracting the number of commission
errors from the total correct score. Selective auditory attention data was available for 10 or
11 individuals in the AS group (depending on the score type examined) due to technology
or examiner related errors.

Selective visual attention was assessed using the Visual Attention subtest, which measures
selective visual attention and a child’s ability to sustain it (vigilance). In this subtest, the
child is presented with a paper containing both target and distractor stimuli and asked to
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select only the items that match with the target stimuli. The total raw score is calculated by
subtracting the number of selected incorrect targets from the selected correct targets.

Scaled scores were calculated for each participant for each subtest using the NEPSY-II
manual. A scaled score of > 8 represents an “average” or “above average” performance, a
scaled score of 6 or 7 “slightly below average”, and a scaled score of 5 or below
“significantly below average” performance (see Korkman et al, 2008). For the Auditory
Attention Response Set A and Visual Attention subtests, performance percentiles were fur-
ther examined. The Sentence Repetition subtest does not include additional correct or
incorrect answer scores, hence verbal working memory was not examined further based on
percentiles. Percentile transformations were conducted according to the Finnish NEPSY-II
manual (Korkman et al., 2008).

Children were assessed individually in a quiet room at children’s schools, preschools or at
the premises of the University of Oulu. Each assessment session was video recorded which
enabled offline coding procedures.

Statistical analyses
Statistical analyses were carried out using nonparametric tests due to the small sample size
and non-normal distribution of variables. To examine between-group differences in EF,
Mann Whitney U tests were conducted for the NEPSY-II subtests. Fisher's Exact Tests using
Bonferroni-corrected post hoc pairwise Z tests were used to further examine between-group
differences in the NEPSY-II Auditory and Visual Attention correct (total correct, correct
targets) and incorrect (commission errors, incorrect targets) performance percentiles.
Within-group associations between EF and pragmatic skills were examined using Spearman
correlation coefficients. Due to missing data, the sample sizes varied between 10 and 15. A
correlation of 0.5 was considered large, 0.3 medium and 0.1 small (Cohen, 1988). All statis-
tical tests were two-tailed.

Effect sizes were estimated using r=2/N for Mann-Whitney U tests and Cramer’s V (¢c)
for Fisher's Exact Tests. For both r and oc, an effect size above 0.5 could be considered as a
large, above 0.3 as a medium and above 0.1 as a small effect (Cohen, 1988).

Results

Performance and between-group differences in executive function skills
In working memory, the performance of the AS group varied from “significantly below
average” to “average” performance whereas the performance of the control group varied
from “slightly below average” to “above average” performance (see Figure 1). In auditory
attention, the performance of the AS group varied from “significantly below average” to
“average” performance whereas the performance of the control group varied from “average
to “above average” performance. The variance was high in the AS group particularly as
regards selective auditory attention. In visual attention, the performance of the AS group
varied from “significanly below average” to “average” performance whereas the perform-
ance of the control group varied from “below average” to “above average” performance.
The control group was assessed to have better skills in verbal working memory
(U=52.00, p=0.011, r=0.46, see Figure 1(a)) and selective auditory attention (U=20.00,
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Figure 1. NEPSY-Il Sentence Repetition or Word List Interference (verbal working memory, 1(A)),
Auditory Attention and Response Set A (selective auditory attention, 1(B)), and Visual Attention
(selective visual attention, 1(C)) subtest scaled scores in the autism spectrum (AS) and control group.
Dots represent individual participants. Solid lines in the middle represent the group medians and
dashed lines group means.

p = <0.001, r=0.65, see Figure 1(B)) than the AS group. The effect sizes were medium and
large, respectively. The variance was high in the AS group particularly regarding auditory
attention (see Figure 1(B)). No between-group differences were observed in selective visual
attention skills (U=39.00, p=0.171, r=0.31, see Figure 1(C)). The effect size was small.

We further examined whether the groups differed in the distributions of the NEPSY-II
Auditory Attention and Response Set A correct and incorrect answer percentiles (see
Table 2). The groups differed statistically in the distribution of the correct answer (total cor-
rect) percentiles (x? (5, N=25) = 10.672, p=0.006, ¢pc=0.697) and incorrect answer (com-
mission errors) percentiles (x> (4, N=25) = 7.090, p=0.016, oc=0.573). The effect sizes
were large. With regard to the correct answer percentiles, the analyses showed that more
children in the AS group scored in the 2-5 percentile compared to children in the control
group. With regard to the incorrect answer percentiles, the analyses showed that more chil-
dren in the AS group scored in the 6-10 percentile compared to children in the control
group. The analyses of the NEPSY-II Visual Attention percentiles showed that the groups did
not differ statistically in the distribution of correct answer (correct targets) percentiles (32 (6,
N=30) = 7.452, p=0.099, pc =0.510) or incorrect answer (incorrect targets) percentiles (x>
(5, N=30) = 4.652, p=0.470 @c=0.389). The effect sizes were large and medium,
respectively.

Within-group associations between executive function and pragmatic skills

In the control group, there was a large positive correlation between verbal working memory
and the Pragmatic Composite score of the CCC-2 (see Table 3). That is, the better the verbal
working memory skills, the better the overall pragmatic skills of a child as reported by the
caregivers. No other statistically significant associations were observed in the control group.
No statistically significant associations were observed in the AS group.

Discussion

This study examined the differences between children on the AS and control children in
the EF domains of working memory and inhibitory control of attention. We further explored
the within-group associations between these EF skills and pragmatic skills.
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First, the EF performances of the AS and control group had differences and similarities
depending on the specific EF domain examined. On a group level, the control children were
found to have higher verbal working memory skills as compared to the AS group, providing
evidence toward domain-specific EF difficulties in some children on the AS (e.g. Christoforou
et al,, 2023; Friedman & Sterling, 2019). Some previous studies on working memory in individ-
uals on the AS have yielded mixed findings (e.g. Christoforou et al., 2023; Habib et al.,, 2019),
possibly due to the different types of working memory measured (visuospatial, verbal) and
the different methods used (Kercood et al., 2014). Our findings are however in line with the
previous NEPSY-II validation study by Narzisi et al. (2013) as well as other prior studies finding
working memory difficulties in children, adolescents and adults on the AS (e.g. Habib et al,,
2019; Kercood et al., 2014; Wang et al., 2017). Our findings therefore lend support to the idea
that verbal recall of material, such as sentences, can pose difficulties for some children on the
AS (Minshew & Goldstein, 2001; Narzisi et al., 2013). This might relate to how children on the
AS recall information: their cognition is reportedly rooted “in the here-and-now” and children
on the AS may benefit from immediate memory cues (e.g. Bowler et al., 2008), which could
have implications for pragmatic skills.

The control children were also found to have better skills in selective auditory attention,
supporting previous studies (Barron-Linnankoski et al, 2015; Hooper et al, 2006; Narzisi
et al,, 2013). Difficulties of children on the AS in these tasks could reflect challenges in sus-
taining and shifting attention in tasks with high cognitive load. Lower scores in these tasks
could also possibly reflect a narrow attention tunnel and difficulties in engaging in or shift-
ing between activities (Buckle et al., 2021; Murray et al, 2005; Phung et al., 2021). There
have been also findings on increased susceptibility to auditory distraction in individuals on
the AS (Remington & Fairnie, 2017), which could be reflected in the tendency of the AS
group to respond to non-targets. This could also suggest an impulsive responding style,
possibly relevant for pragmatic communication.

Contrary to the findings on verbal working memory and selective auditory attention, we did
not find between-group differences in selective visual attention. This is in line with prior evi-
dence reporting strong performance in individuals on the AS in visual search tasks (e.g. Barron-
Linnankoski et al., 2015; Remington et al., 2009; see Christoforou et al., 2023 for a review).

It is important to note that while our study observed the AS group, on a group level, scor-
ing lower in the verbal working memory and selective auditory attention tasks, 9 out of 15
participants in verbal working memory and 4 out of 11 participants in selective auditory
attention had an "average" performance. Therefore, our study does not suggest that all chil-
dren on the AS have domain-specific EF difficulties even in verbal working memory or
selective auditory attention, highlighting the importance of understanding variation
between individuals on the AS.

Regarding associations between the EF and pragmatic skills, we found that in the control
group, verbal working memory was positively associated with pragmatic skills whereas no
associations were found in the AS group. Previously, Cardillo et al. (2021) did not find asso-
ciations in children on the AS between clinician-assessed EF skills and pragmatic skills
either. Also, the study by Gabbatore et al. (2022) showed that improvements in pragmatic
skills do not necessarily improve EF skills, suggesting the specificity of these constructs (see
Bosco et al.,, 2018). Our findings however contradict with some other studies reporting asso-
ciations in children on the AS between pragmatic skills and a composite EF measure (Filipe
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et al., 2020), specific domains of working memory (Akbar et al., 2013; Howard et al.,, 2023;
Razavi et al, 2019) and inhibitory control of attention (Howard et al, 2023; Razavi et al.,
2019). These studies that have found associations are mostly based on indirect parent- or
teacher-reported EF skills, except for the study by Akbar et al. (2013) which used both direct
and indirect measures.

Overall, our findings support the notions of complex relationships between EF and prag-
matic skills (e.g. Cardillo et al, 2021). Our findings further suggest that the connections
between EF skills and pragmatic skills can be different in the AS and control group. Our study
design does not allow for the evaluation of directionality of these associations. However, in
light of the HCSM model (Marcovitch & Zelazo, 2009), it could be that the observed associ-
ation between verbal working memory and pragmatic skills in the control group tells us about
the more conscious language-guided task orientation (using the representational system) of
the control group in solving the working memory task (see also Akbar et al., 2013; Joseph
et al,, 2005). For the AS group, their task orientation may have been more perception-based
(using the habit system) and less dependent on conscious reflection of language. The fact
that we used a verbal working memory measure, could have had an impact as to why we did
not observe similar association between inhibitory control and pragmatic skills in the control
group (that is, language-guided reflection was presumably less relevant for the inhibitory con-
trol task). These hypotheses merit further research, including the examination of directionality
and the effect of age, since the HCSM model proposes that the use of the representational
system increases by age (Marcovitch & Zelazo, 2009).

Given the variation in findings between different studies, it is likely that methodological
differences play a role. For instance, clinician-administered tests and caregiver-reports may
measure considerably different levels of functioning (Toplak et al., 2013). Caregiver-reported
EF and pragmatic skills focus more on the “broad” management of daily situations and
evaluate how a child applies a skill in different settings, whereas clinician-assessed prag-
matic skills zoom in on how efficiently a child uses the skill in isolation (see e.g. Toplak
et al,, 2013). The use of complementary measures of both EF and pragmatic skills can be
therefore recommended in future studies for a comprehensive understanding of these skills
(see also Christoforou et al., 2023; Gabbatore et al., 2023). Our study utilised assessment
methods that were available and commonly used in clinical practice in Finland given our
aim of increasing knowledge based on clinically easily accessible tools.

The current study has also limitations that merit discussion. First, the small sample size
and the considerable variance in the performance of the AS group should be carefully con-
sidered when making generalisations based on our findings. Whereas some prior studies
have utilised a similar sample size (e.g. Filipe et al., 2020), larger samples that also include
female participants would be useful and would also allow to examine gender differences.
Our clinical sample was male-dominated and did not enable the examination of the role of
sex. Therefore, the findings of our study should be taken as suggestive when considering
the population of children on the AS. Second, the EF skills were examined as part of a
larger data collection procedure, and the measures were narrowed down in order to create
a comfortable, “autism-friendly” data collection procedure with a reasonable duration.
However, the assessment of EF using additional methods (caregiver- and teacher-assess-
ments, e.g. Behavior Rating Inventory of Executive Functioning [BRIEF], Gioia et al., 2000)
would be interesting both in terms of exploring potential between-group differences as
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well as the associations with pragmatic skills. It is also important to note that we only meas-
ured verbal working memory and our findings on working memory do not necessary reflect
spatial working memory. Also, NEPSY-II involves the use of two different working memory
tasks depending on participants’ age, which means that not all the children completed the
same tasks. However, there was no between-group age difference which indicates that the
working memory tasks were distributed evenly between the groups. The findings of our
study should however be interpreted in the light of the measures used. Third, we measured
the ability to comprehend spoken instructions using the TTFC-2 as an index of language
ability and neither the AS nor control group showed difficulties. However, the control group
had a higher performance as compared to the AS group, which may have some effect on
the findings on verbal working memory. Fourth, the current study focused on pragmatic
skills whereas theory of mind, the ability to attribute mental states to oneself and others, is
a closely related construct (see Cardillo et al.,, 2021) that merits a separate examination (e.g.
Bosco et al., 2018). Future studies would also benefit from cultural comparisons. Cultural dif-
ferences may be evident particularly in the parent-, teacher- and self-reported measures
reflecting cultural understanding of appropriate EF and pragmatic skills (see e.g. Gabbatore
et al.,, 2023). Cultural comparisons could significantly inform clinical practice and therefore
deserve more consideration in the future research.

There is a clear clinical relevance in understanding the EF skills of individuals on the AS
and the relationship between EF and pragmatic skills. A thorough assessment of these skills
using a variety of direct and indirect measures provides a comprehensive profile of a child’s
strengths. Our findings suggest that clinicians should be aware that EF and pragmatic skills
in children on the AS may not have a straightforward relationship. Therefore, it is important
to encourage clinicians to consider both EF and pragmatic skills in their own right to pro-
vide comprehensive support for a child to navigate social situations.

Note

1. We use terminology that is reportedly preferred by people on the autism spectrum (see e.g. Bury
et al, 2023).
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