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Abstract: Autistic individuals often show impairments in cognitive and developmental domains
beyond the core symptoms of lower social communication skills and restricted repetitive behaviors.
Consequently, the assessment of cognitive and developmental functions constitutes an essential
part of the diagnostic evaluation. Yet, evidence on differential validity from intelligence and devel-
opmental tests, which are commonly used with autistic individuals, varies widely. In the current
study, we investigated the cognitive (i.e., intelligence, executive functions) and developmental (i.e.,
psychomotor skills, social-emotional skills, basic skills, motivation and attitude, participation during
testing) functions of autistic and non-autistic children and adolescents using the Intelligence and
Development Scales-2 (IDS-2). We compared 43 autistic (Mage = 12.30 years) with 43 non-autistic
(Mage = 12.51 years) participants who were matched for age, sex, and maternal education. Autistic
participants showed significantly lower mean values in psychomotor skills, language skills, and the
evaluation of participation during testing of the developmental functions compared to the control
sample. Our findings highlight that autistic individuals show impairments particularly in motor and
language skills using the IDS-2, which therefore merit consideration in autism treatment in addition
to the core symptoms and the individuals’ intellectual functioning. Moreover, our findings indicate
that particularly motor skills might be rather neglected in autism diagnosis and may be worthy of
receiving more attention. Nonsignificant group differences in social-emotional skills could have been
due to compensatory effects of average cognitive abilities in our autistic sample.

Keywords: autism spectrum disorder; cognitive functions; developmental functions; Intelligence
and Development Scales—2; children and adolescents

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
difficulties in social communication and interaction accompanied by restricted repetitive
behaviors, activities, and interests (American Psychiatric Association 2013). The worldwide
prevalence of ASD has increased in recent years to approximately 1-2% (Idring et al. 2015;
Maenner et al. 2020) and ASD is now considered a comparatively frequent condition
(Happé and Frith 2020). Autistic individuals often experience difficulties beyond the
core symptoms, such as impairments in cognitive and developmental domains, which
in turn predict long-term development (e.g., Howlin and Moss 2012). Information about
each individual’s cognitive and developmental abilities is particularly important when
it comes to making decisions about access to social services, the selection of appropriate
treatment programs, and educational placement (White et al. 2007). Moreover, the amount
of provided support is oftentimes determined on the basis of a cognitive assessment
(Bowen 2014). According to the criteria of the Diagnostic and Statistical Manual of Mental
Disorders (5th ed.; American Psychiatric Association 2013) and the International Statistical
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Classification of Diseases and Related Health Problems (11th ed.; World Health Organization
2018), clinicians have to report potential difficulties such as intellectual and language
impairments in the diagnostic evaluation. Therefore, assessments with intelligence and
developmental test batteries—in addition to autism-specific test procedures—represent a
core part of the diagnostic process for autistic children and adolescents.

Yet, current tests for children and adolescents mainly allow the assessment of only
single characteristics, such as intelligence, at a time and test batteries including multiple
cognitive and developmental functions are missing so far. Consequently, when information
about several domains or a broad assessment in a diagnostic evaluation is needed, clinicians
often have to use various tests. This can be challenging, as the theoretical background
and test administration differ widely among tests and dealing with these differences
requires resources from the clinician. Moreover, tests build upon different characteristics of
standardization samples and thus show less comparable scaled scores. The Intelligence and
Development Scales-2 (IDS-2; Grob and Hagmann-von Arx 2018a) is a standardized test
battery that assesses cognitive (i.e., intelligence and executive functions) and developmental
(i.e., psychomotor skills, social-emotional skills, basic skills, motivation and attitude, and
participation during testing) functions in 5- to 20-year-olds. The IDS-2 thus provides a
comprehensive picture of an individual’s strengths and difficulties with a single test battery
across a wide age range from childhood to adolescence. In addition, the IDS-2 contains
clear instructions and structured tasks, and many subtests use a closed-response format,
which is particularly important for autistic children because of frequent structural language
difficulties (Boucher 2012), making it suitable for administration with autistic individuals.
Since the publication of the IDS-2 in 2018, it has often been used in psychological and
medical practice in German-speaking countries. Further international adaptations for
several other languages are currently in progress or have recently been published (e.g.,
Dutch, English, Italian, Polish; Grob et al. 2018, 2019, 2021, 2022). In the present study,
we aimed to compare autistic children and adolescents to a matched non-autistic control
sample on cognitive and developmental functions to study the differential validity of test
scores from the IDS-2. By doing so, we can assess whether the IDS-2 is able to distinguish
between clinical subgroups and typically developing individuals (Schmidt-Atzert and
Amelang 2012).

Although general intellectual functioning varies substantially among autistic indi-
viduals, the latest report from the Centers for Disease Control and Prevention showed
that almost 60% of autistic children are classified in the below-average intelligence range
(IQ < 85), with about half of these children meeting criteria for intellectual disability
(IQ < 70; Maenner et al. 2020). Autistic individuals typically display uneven cognitive
profiles, with relative strengths in nonverbal domains (e.g., Coolican et al. 2008; Grondhuis
et al. 2018) and in tasks assessing abstract reasoning and visuospatial abilities (Charman
et al. 2011; Nader et al. 2016), such as a well-documented peak in the Block Design subtest
of the Wechsler Intelligence Scales (e.g., Muth et al. 2014). In contrast, relative weaknesses
have been demonstrated in verbal domains, particularly in the Comprehension subtest of
the Wechsler Intelligence Scales (e.g., Oliveras-Rentas et al. 2012), and in processing speed
and working memory tasks' (Mayes and Calhoun 2003a; Nader et al. 2016; Oliveras-Rentas
et al. 2012).

Autistic individuals often experience further cognitive difficulties on measures as-
sessing executive functions (e.g., Hill 2004). Executive functions include a set of mental
top-down regulation and control mechanisms (Miyake and Friedman 2012). In the theory
of executive dysfunction, it is assumed that impairments in executive functions are respon-
sible for some of the autism symptoms (Pennington and Ozonoff 1996), such as repetitive
behavior (e.g., de Vries and Geurts 2012; Yerys et al. 2009). Demetriou et al. (2018) reported
in the largest meta-analysis to date (235 studies) that autistic individuals showed moderate
impairments in executive functions, both overall and in subdomains such as cognitive
flexibility, fluency, planning, and inhibition,—which are also assessed with the IDS-2 (see
Table S1 in the Supplement for an overview)—compared to non-autistic individuals.
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Moreover, previous research showed significant impairments in autistic individuals’
motor abilities, beginning in early childhood with deficits in the acquisition of motor
milestones, such as later independent walking (e.g., Manicolo et al. 2019), and delays in
gross and fine motor skills, for example, diminished object manipulation activity (Libertus
et al. 2014; Provost et al. 2007). In a recent meta-analysis of 139 studies with samples of
autistic children, adolescents, and young adults, their overall motor ability as well as gross
and fine motor skills were strongly impaired in comparison to non-autistic peers (Coll
et al. 2020). In line with this result, several studies found that autistic children, compared
to non-autistic samples, scored lower on subscales (i.e., manual dexterity, ball skills, and
balance) of the Movement Assessment Battery for Children-2 (M-ABC-2; Petermann 2008),
which is a test of motor development that contains tasks similar to those in the IDS-2
psychomotor skills domain (Liu and Breslin 2013; Manicolo et al. 2019; Siaperas et al. 2012).

Further, research has shown that lower motor skills of autistic children were signif-
icantly associated with poorer social communication skills (MacDonald et al. 2013b). It
has been suggested that motor problems might even precede social and communication
deficits in autistic individuals because they may limit social participation and interaction
with peers during play and may interfere with effective and timely movements, such as
turning the head or pointing to something, that are particularly important for joint attention
(Bhat et al. 2011). Impairments in social communication and interaction, such as difficulties
in social-emotional reciprocity and nonverbal communicative behaviors, as well as in
developing, maintaining, and understanding relationships constitute a core diagnostic
characteristic of ASD (American Psychiatric Association 2013; World Health Organization
2018). These impairments are reflected in less accurate emotion recognition in human faces,
with increased response times (Leung et al. 2022; Yeung 2022), more maladaptive emotion
regulation strategies (Cai et al. 2018), including more reliance on others to regulate their
emotions (Cibralic et al. 2019), and fewer socially competent behaviors (e.g., Meyer et al.
2009) compared to non-autistic individuals.

Additionally, language difficulties commonly co-occur with autism (Kjellmer et al.
2018). Some autistic individuals do not acquire verbal language at all (Brignell et al. 2018).
Among those who develop language, delays often begin in infancy with retardations in
the production of first words and in early language comprehension (e.g., Luyster et al.
2007; Mitchell et al. 2006). Moreover, across the preschool years, autistic children exhibit
difficulties in phonological awareness skills (e.g., identifying syllables or onset-rimes), with
slower development than their non-autistic peers (Dynia et al. 2019). Regarding language
production and comprehension (i.e., expressive and receptive language skills, respectively),
some studies indicated an atypical pattern, with better expressive and poorer receptive
language skills in autistic individuals (e.g., Hudry et al. 2010). However, a meta-analysis
examining 74 studies reported that autistic children and adolescents had scores that were
approximately 1.5 standard deviations lower in receptive as well as expressive language
abilities compared to non-autistic samples (Kwok et al. 2015).

In terms of academic skills, research indicated that autistic students demonstrate
variable performance (Keen et al. 2016). Specifically, in previous studies, autistic individuals
showed similar basic word-reading skills, such as word recognition, compared to non-
autistic peers, but they tended to have difficulties in reading comprehension (for a meta-
analysis: Brown et al. 2013). Autistic individuals with higher (vs. lower) reading skills also
seemed to demonstrate better writing abilities (Zajic et al. 2020). Studies predominantly
indicated deficits in text generation abilities for autistic individuals, while overall intact or
slightly impaired spelling skills were reported (Finnegan and Accardo 2018; Mayes and
Calhoun 2003a, 2003b). Similarly, the majority of autistic individuals exhibited average
competencies in mathematics, such as mathematical problem solving, compared to non-
autistic peers or to the norm population in previous research (Chiang and Lin 2007; Titeca
et al. 2017; Troyb et al. 2014).

Concerning motivation and attitude, a recent meta-analysis reported that autistic
individuals displayed significantly lower levels of conscientiousness than non-autistic
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individuals (Lodi-Smith et al. 2019). In contrast, less is known regarding achievement moti-
vation in autistic individuals. A few studies reported that autistic individuals encountered
problems with self-regulation (e.g., Jahromi et al. 2012; Konstantareas and Stewart 2006)
and displayed higher interest in mathematics while simultaneously showing more fear of
failure and lower mastery goals (Georgiou et al. 2018). Moreover, autistic children tended
to exhibit impaired engagement (Keen 2009), especially in assessment situations where they
frequently demonstrated off-task behaviors (Akshoomoff 2006) and a lack of willingness to
complete tasks (Mandelbaum et al. 2006).

Previous research has rarely used the IDS-2 in order to test autistic individuals. The
only study so far reported in the technical manual of the IDS-2 (Grob and Hagmann-
von Arx 2018b) built upon a small sample of autistic children and adolescents (N = 18;
Mage = 13 years 4 months, age range 8-17 years; 17 males and 1 female). Findings showed
significantly lower group mean values for autistic children and adolescents compared
to non-autistic peers in the composite score of social-emotional skills (d = 0.62) and the
composite score of psychomotor skills (d = 1.01) of the IDS-2. No differences were found in
the composite scores of other domains. However, evidence of possible differences at the
level of subtests is currently lacking, as analyses on this level have not been performed.
Moreover, the study included mainly children and adolescents with Asperger’s syndrome
(n = 13) and no participants with previously diagnosed infantile autism. Given the small
sample size, which may have diminished the power to find group differences, and the
biased distribution of sex and subtype, it remains unknown to what extent these results
can be generalized.

Building on this theoretical background, we pursued two goals for the present study:
First, we aimed to extend previous research on various cognitive and developmental
functions in autistic children and adolescents using a single test procedure and based
on the norms of a large and representative standardization sample. By doing so, our
findings will provide a comparable and comprehensive view of participants’” performance
in relevant domains. Second, we aimed to add knowledge regarding the differential validity
evidence for test scores of the IDS-2 in autistic individuals, as psychological test procedures
need to be examined in terms of their scientific quality in order to draw appropriate
conclusions based on their test results. Given that previous research had some limitations
(Grob and Hagmann-von Arx 2018b), we attempted to overcome these shortcomings by
assessing a larger sample, including a more representative mapping of sex and subtypes,
and performing analyses at the level of subtests, which have not yet been investigated
in this population. We therefore examined possible mean-level differences between a
large sample of autistic children and adolescents and a control sample of non-autistic
children and adolescents matched by age, sex, and maternal education in the cognitive and
developmental functions measured by the IDS-2. We included maternal education as a
proxy for socioeconomic status (SES) to control for the fact that more autistic children and
adolescents come from families with higher SES than from other SES groups (Thomas et al.
2012; Van Meter et al. 2010).

Taking into consideration the presented literature, we hypothesized that autistic
children and adolescents would score lower than the control sample of non-autistic children
in the following IDS-2 domains as displayed in Table 1, while we assumed that autistic
children and adolescents’ scores would be similar to those of the control sample in the
other IDS-2 domains (see Table 1 for a summary).
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Table 1. Summary of our hypotheses.

Domain

Assumed Differences in Performance
between Autistic and Non-Autistic

Assumed Similar
Performance inAutistic and

Intelligence

Participants Non-Autistic Participants
Variable Variable
Composite scores (Profile IQ, Full-Scale
IQ, Screening 1Q)
Processing Speed
Parrots
Boxes
Audltgry Short-Term Memory Visual Processing
Digit and Letter Span Shape Desi
Mixed Digit and Letter Span ape estgh
Washer Design

Visuospatial Short-Term Memory
Shape Memory
Rotated Shape Memory
Verbal Reasoning
Naming Categories
Naming Opposites
Long-Term Memory
Story Recall
Picture Recall

Abstract Reasoning
Matrices: Completion
Matrices: Odd One Out

Executive functions

Composite score
Listing Words
Divided Attention
Animal Colors
Drawing Routes

Psychomotor skills

Composite score
Gross Motor Skills
Fine Motor Skills
Visuomotor Skills

Social-emotional
skills

Composite score
Identifying Emotions
Regulating Emotions

Socially Competent Behavior

Basic skills

Language skills
Phoneme Analysis
Phoneme-Grapheme Correspondence
Language Expressive
Language Receptive
Text Comprehension

Composite score
Logical-Mathematical
Reasoning
Reading
Reading Words
Reading Pseudo Words
Spelling

Motivation and
attitude

Composite score
Conscientiousness
Achievement Motivation

Participation during
testing

intelligence
executive functions
developmental functions

Note. Differences in performance between autistic and non-autistic participants are interpreted as meaningful if
the p value is significant after Hommel’s correction and the effect size is at least small.

2. Materials and Methods
2.1. Participants and Procedure

Forty-three autistic children and adolescents (Mage = 12 years 4 months, age range
7-17 years; 35 males and 8 females) were recruited during (n = 18) or after (n = 25) the IDS-2
standardization and validation study with the help of local child and adolescent psychiatric
services and hospitals, privately practicing psychiatrists and psychotherapists who are
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experts in autism diagnoses, and associations for autistic individuals. All included children
and adolescents were diagnosed with ASD (infantile autism: n = 11, atypical autism: n = 6,
Asperger’s syndrome: n = 24, not specified: n = 2) but were not selected on the basis of
specific subtypes. Participants had received the diagnosis on average 4.08 years (SD = 2.61)
prior to their participation in the present study. The ratio of males to females corresponded
to the distribution of approximately four males to one female diagnosed with ASD in the
population (Maenner et al. 2020).

A control sample of 43 non-autistic children and adolescents (Mage = 12 years 6 months,
age range 6—20 years; 35 males and 8 females) was drawn from the German standardization
and validation sample of the IDS-2 (N = 2030; Mage = 12 years 3 months, age range
5-20 years; 977 males and 1053 females). The control sample was matched by age, sex,
and maternal education (as a proxy for SES) and did not differ regarding demographic
characteristics from the sample of autistic children and adolescents (see Table 2). Non-
autistic children and adolescents were recruited from kindergartens and schools.

Table 2. Demographic Characteristics of Autistic and Non-Autistic Children and Adolescents.

Autistic Sample  Non-Autistic Sample 2 p
Characteristic n=43 n=43

n % n %

Sex 11.33 1.000
Female 8 19 8 19
Male 35 81 35 81

Maternal education 14.24 1.000
No postsecondary education 23 54 23 54
Compulsory school 1 2 2 5
Apprenticeship 16 37 15 35
High school 1 2 1 2
Higher vocational education 5 12 5 12
Postsecondary education (university degree) 19 44 19 44
Other 0 0 0 0
Unknown 1 2 1 2

Participants’ current education 7.00 1.000
Kindergarten 0 0 1 2
Elementary school 14 33 20 47
Secondary school 10 23 11 26
School for special education 8 19 1 2
High school 6 14 5 12
Apprenticeship 3 7 4 9
University 0 0 1 2
None 2 5 0 0

Intelligence level 11.09 1.000
<70 9 21 1 2
70-84 7 16 6 14
85-99 8 19 16 37
100-114 11 26 14 33
>115 6 14 6 14

Comorbid condition 12.15 1.000
Visual impairment 6 14 8 19
Motor problems 4 9 0 0
Speech problems 4 9 1 2
Dyslexia 2 5 2 5
Dyscalculia 0 0 2 5
ADH)D 4 9 4 9
Depression 1 2 1 2
Medical problems 10 23 2 5

Ethnicity 10.04 1.000
German-speaking country 38 88 39 91
Other European country 4 9 2 5
Non-European country 1 2 1 2
Unknown 0 0 1 2
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Table 2. Cont.
Autistic Sample  Non-Autistic Sample 2
. n=43 n=43 X P
Characteristic
n % n %
Native language 10.99 1.000

Monolingual German 32 74 35 81
Bilingual 6 14 6 14
Other language than German 5 12 2 5

Note. Samples were matched for age, sex, and maternal education (as a proxy for socioeconomic status). Autistic
sample: Mage = 12.3 years, SD = 3.08; non-autistic sample: Mage = 12.51 years, SD = 3.56. Paired-sample ¢ test
for age: t = 0.34, p = .733. %2 test for sex (0 = male, 1 = female), maternal education (0 = no postsecondary
education, 1 = postsecondary education), participants’ current education (0 = no special education, 1 = special
education), intelligence level (0 = average, 1 = below/above average), comorbid condition (0 = no, 1 = yes),
ethnicity (0 = German-speaking country, 1 = other), and native language (0 = monolingual, 1 = not monolingual).
AD(H)D = attention deficit/hyperactivity disorder or attention deficit disorder.

All participants were individually tested using the IDS-2 by psychologists or trained
psychology students. For the administration of the IDS-2 with autistic children and adoles-
cents, we received input from psychiatrists and psychotherapists who specialize in autism.
Test administration lasted approximately 4 h and was split into two sessions no longer than
1 week apart upon a participant’s request. Participants were tested either at their homes or
in a laboratory at the university. The local ethics committee (Ethics Committee Northwest
and Central Switzerland) provided approval and the study was conducted in accordance
with the Declaration of Helsinki. Written informed consent was obtained from participants
and/or their parents.

2.2. Instrument

A detailed description of the IDS-2 (Grob and Hagmann-von Arx 2018a) can be
found in the Supplemental Material (Table S1). Psychometric properties have been demon-
strated in several studies for the standardization sample (Grieder and Grob 2020; Grob and
Hagmann-von Arx 2018b). Demographic characteristics were assessed through a parental
interview at the beginning of the first test session.

2.3. Statistical Analyses

Analyses were conducted with R (R Core Team 2021). To obtain a non-autistic sample
that would be comparable to the autistic sample with respect to demographic characteristics,
we performed a matching procedure using the Matchlt package (Ho et al. 2011). We
matched the two samples by age (nearest; continuous), sex (exact; 0 = male, 1 = female),
and maternal education (nearest; 1 = compulsory school, 2 = apprenticeship, 3 = high
school, 4 = higher vocational education, 5 = university degree, 6 = other, 7 = unknown). We
calculated independent-samples ¢ tests to investigate mean-level differences between the
autistic sample and the non-autistic sample in cognitive and developmental domains using
standardized scores (M = 100, SD = 15, for Profile IQ, Full-Scale IQ, Screening IQ, and the
seven intelligence group factors; M = 10, SD = 3, for other composite scores and subtests).
To reduce the alpha error inflation caused by multiple testing, p values were adjusted with
Hommel’s (1988) correction by including p values from all tests simultaneously. Effect
sizes were computed (Cohen 1988) and interpreted in accordance with common practice
(Cohen’s d; small effect: d > 0.20, medium effect: d > 0.50, large effect: 4 > 0.80). A post hoc
power analysis using G*Power (Faul et al. 2007) revealed that with & = .05 and power = .80,
small effects (d = 0.30) could be detected in the present sample (note that this is without
accounting for multiple testing). Differences were interpreted as meaningful if they were
significant after Hommel's correction and showed at least a small effect size. In addition, we
reported reliabilities for all IDS-2 scores, consisting of Cronbach’s alpha for homogeneous
subtests; reliabilities calculated according to a formula of Lienert and Raatz (1998) for
composite scores, which are based on intercorrelations and reliabilities of those subtests
or tasks that are included in the corresponding score; or retest reliabilities reported in the
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technical manual of the IDS-2 (Grob and Hagmann-von Arx 2018b) for subtests that contain
a single score or consist of heterogeneous tasks.

3. Results

Reliabilities, descriptive statistics, and results of the independent-samples f tests’
are presented in Table 3 for the cognitive functions and in Table 4 for the developmental
functions. Reliabilities were high for composite scores and high-to-satisfactory for subtests
in both samples.

Table 3. Reliabilities, Means, Standard Deviations, and t tests of the Cognitive Functions From the
Intelligence and Development Scales-2 for Autistic and Non-Autistic Children and Adolescents.

Autistic Sample Non-Autistic Sample

- - t a p pu d
Variable N=43 n=43
Rel M SD Range Rel M SD Range
Profile IQ P 99 9016 1998  55-131 99 9768 1382 61-121 196 77 027 406 0.44
Full-Scale IQ P 99 9158 2077 55-129 98 9763 1360 63-120 158 81 .059 .627 0.35
Screening IQP 98 9354 1935 55-125 98 100.58 16.45 61-134 180 82  .038 490 0.39

Visual Processing b
Processing Speed b

Auditory Short-Term Memory ?
Visuospatial Short-Term Memory P .97 88.92 15.12

Abstract Reasoning b
Verbal Reasoning b
Long-Term Memory °

.99 97.03  21.50
.98 9558  20.47
97 90.77  16.95

55-129 .97 102.67 12.50
55-143 .98 100.19 15.57
55-139 .96 97.76  12.54
55-118 94 96.79  10.89
55-141 .97 97.55 1493
58-126 .97 99.98  15.29
55-113 .97 93.64 16.06

80-129 1.46 80 .148 .809 0.32
56-126 1.15 80 126 .758 0.25
64-121 212 79 019 352 047
77-118 2.70 79 .004 .161 0.60
63-122 0.62 80 539 846 0.14
61-131 1.48 81 .071 .674 0.33
58-137 1.57 79 .060 .627 0.35

.98 95.10 20.67
.99 94.32 19.29
.97 88.08 15.82

Shape Design ? .95 9.62 4.24 1-16 .89 10.65 255 7-16 1.36 83 176 .846 0.30
Washer Design 2 .94 9.54 3.83 1-17 .92 1057 278 4-19 1.41 81 .162 .811 0.31
Parrots @ 92 9.15 4.28 1-19 91 9.74 2.94 1-17 0.75 82 228 .846 0.16
Boxes @ .93 9.28 3.29 1-16 .90 10.40 3.36 2-17 1.54 80 .064 .642 0.34
Digit and Letter Span ? .90 9.02 3.67 1-18 .82 9.95 2.17 5-14 1.42 83 .079 .693 0.31
Mixed Digit and Letter Span ? .86 8.49 3.19 1-18 .84 10.21 2.99 1-17 2.51 79 .007 231 0.56
Shape Memory 2 .88 8.41 2.99 1-14 .78 9.28 2.36 5-16 147 82 .072 .674 0.32
Rotated Shape Memory 2 .90 8.36 3.06 2-17 .82 10.12 263 6-18 2.78 79 .003 .132 0.62
Matrices: Completion ? .93 9.32 3.63 3-18 .90 10.70 3.07 4-17 1.89 82 .063 .628 0.41
Matrices: Odd One Out 2 93 9.72 3.82 2-18 .86 9.14 2.93 2-15 —0.78 80 440 .846 0.17
Naming Categories ? .95 9.38 3.92 1-16 .92 10.33 3.49 2-18 1.17 83 122 755 0.25
Naming Opposites 2 92 941 3.49 1-16 .87 1050  2.90 3-19 1.54 81 .063 .633 0.34
Story Recall .93 8.40 3.56 1-14 .88 9.42 3.17 1-16 1.39 82 .084 .693 0.30
Picture Recall @ .85 8.05 2.73 3-14 .88 8.90 3.32 3-18 1.27 80 .104 .726 0.28
Executive functions composite score b 97 8.84 2.20 4-13 .96 9.95 1.98 6-15 2.27 71 .013 317 0.53
Listing Words © .75 7.89 3.13 1-14 .75 9.55 2.93 4-17 2.38 73 010 .292 055
Divided Attention P 92 8.76 2.93 4-15 .90 10.11 2.52 5-17 2.13 71 .019 .352 0.50
Animal Colors © .72 8.09 3.55 1-14 72 9.47 3.44 3-19 1.70 72 .047 547 040
Drawing Routes b .96 9.91 2.60 5-15 94 10.41 2.41 5-15 0.88 74 192 846 0.20

Note. Samples were matched for age, sex, and maternal education (as a proxy for socioeconomic status). py
indicates p values adjusted with Hommel’s (1988) correction. Please note that after this correction, none of the
comparisons were significant. Rel indicate reliabilities. The following reliabilities are reported:  Cronbach’s
alpha, P reliability calculated according to a formula by Lienert and Raatz (1998), or © retest reliability.

Table 4. Reliabilities, Means, Standard Deviations, and ¢ tests of the Developmental Functions From
the Intelligence and Development Scales-2 for Autistic and Non-Autistic Children and Adolescents.

Autistic Sample Non-Autistic Sample

- - t df p PH d
Variable n=43 n =43
Rel M SD Range Rel M SD  Range
Psychomotor skills composite score b 98 849 2.22 4-12 95 1043 1.57 7-15 4.60 81 <.001 <.001 1.01
Gross Motor Skills 2 .72 529 3.57 1-11 .77 11.35 3.08 5-15 5.30 32 <001 <.001 1.82
Fine Motor Skills 96  8.65 3.03 2-14 96 1059 239 4-16 3.20 79 <.001 .046 0.71

Visuomotor Skills P

95 879 197 413 .87 10.01 1.73 7-13 3.01 81 .002 077 0.66
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Table 4. Cont.

Autis;ii i;mple Non-Au:iitzilc3 Sample ; df p - d
Variable - -
Rel M SD Range Rel M SD  Range
Social-emotional skills composite score P 9 832 28 1-13 95 982 215 5-13 2.71 82 .004 154 059

Identifying Emotions ©
Regulating Emotions ¢
Socially Competent Behavior ©

85 771 427 1-12 .85 1024  2.68 4-12 2.07 32 .023 388 0.71
78 840  3.39 1-13 78 10.00 2.75 4-15 2.37 82 .010 292 052
71 832 317 1-15 71 9.81 2.70 5-15 2.29 80 .012 311 051

Basic skills composite score

99 977 253 2-14 99 992 215 5-13 0.29 74 772 846  0.07

Logical-Mathematical Reasoning ? 98 9.07 421 1-17 96 1024 3.07 3-16 1.44 81 .153 809  0.32

Language Skills
Phoneme Analysis 2

98 712 265 3-14 98 10.50 1.86 6-13 4.11 28 <001 .008 151
92  6.07 3.00 1-13 97 1024 313 3-15 3.75 29 <001 019 135

Phoneme-Grapheme Correspondence® .86 9.07  4.20 1-15 96 10.00 218 5-13 0.79 29 217 846 029

Language Expressive ?
Language Receptive ?

Reading P

Reading Words ©
Reading Pseudo Words ©
Text Comprehension ?

Spelling 2

81 7.08 296 1-14 .89 1041 2.55 5-15 3.31 28 .001 .058 122
85 6.71 3.34 2-14 81 1135 237 7-16 4.52 29 <001 .003 1.63
98 876 333 1-15 95 9.65 240 5-14 1.35 74 182 846 031
79 934 341 2-16 79 947 256 5-14 0.20 76 .846 846 0.04
67 889 289 2-14 67 982 248 4-14 1.52 75 132 792 035
.69 940  5.02 1-16 .69 1037 279 4-16 1.00 68 .160 809  0.24
88 889 319 3-15 88 979 266 4-15 1.26 65 212 846 031

Motivation and attitude composite score 96 1056 324 617 96 1065 278  6-19 0.11 46 458 846 0.03

Conscientiousness @
Achievement Motivation 2

82 1021 3.27 6-18 79 1026 2.85 6-19 0.06 45 477 846 0.02
87 1112 3.96 4-19 86 11.04 3.11 6-19 —-0.07 47 .528 846 0.02

Participation during testing, intelligence 2 93 819 315 1-16 93 1017 357 1-16 268 81 .004 169 059

Participation during testing,
executive functions ?
Participation during testing, developmental

functions @

89 876 275 1-16 91 1017 2.89 4-16 2.13 71 .018 351 0.50

95 833 331 1-16 92 10.66  3.02 5-16 3.30 79 <001 .035 0.73

Note. Samples were matched for age, sex, and maternal education (as a proxy for socioeconomic status). py
indicates p values adjusted with Hommel’s (1988) correction. Significant results after accounting for multiple
testing (Hommel correction) are presented in bold. Rel indicate reliabilities. The following reliabilities are reported:
2 Cronbach’s alpha, P reliability calculated according to a formula by Lienert and Raatz (1998), or © retest reliability.

3.1. Cognitive Functions

Figure 1 displays the means and standard deviations in the cognitive functions of
the IDS-2 for the autistic and non-autistic samples. Before controlling for multiple testing,
we found significant group differences for the intelligence composite scores: Profile I1Q,
1(77) = 1.96, p = .027, and Screening IQ, #(82) = 1.80, p = .038, with small effect sizes (d = 0.44
and 0.39, respectively), indicating lower scores for the autistic sample than the control
sample. Furthermore, we observed group differences for the intelligence group factors:
Auditory Short-Term Memory, £(79) = 2.12, p = .019, and Visuospatial Short-Term Memory,
t(79) = 2.70, p = .004, with small-to-medium effect sizes (d = 0.47 and 0.60, respectively),
and the corresponding subtests Mixed Digit and Letter Span, #(79) = 2.51, p = .007, and
Rotated Shape Memory, #(79) = 2.78, p = .003, with medium effect sizes (d = 0.56 and
0.62, respectively), such that the autistic participants showed lower mean values than the
control sample. Moreover, the autistic participants had significantly lower mean values
in the executive functions composite score, {(71) = 2.27, p = .013, and the subtests Listing
Words, £(73) = 2.38, p = .010, Divided Attention, #(71) = 2.13, p = .019, and Animal Colors,
t(72) = 1.70, p = .047. Effect sizes were in the small-to-medium range (d = 0.40 to 0.55). We
found no differences between autistic and non-autistic participants in the Full-Scale IQ,
(81) = 1.58, p = .059, in the intelligence group factors Visual Processing, #(80) = 1.46, p = .148,
Processing Speed, #(80) = 1.15, p = .126, Abstract Reasoning, #(80) = 0.62, p = .539, Verbal
Reasoning, #(81) = 1.48, p = .071, and Long-Term Memory, £(79) = 1.57, p = .060, including
corresponding intelligence subtests, and in the executive functions subtest Drawing Routes,
t(74) = 0.88, p = .192.
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Figure 1. Means and standard deviations are reported for (A) intelligence composite scores, (B) in-
telligence group factors, (C) intelligence subtests, and (D) executive functions composite score and
subtests of the Intelligence and Development Scales-2 for autistic and non-autistic children and
adolescents. Asterisks in grey indicate p values not adjusted with Hommel’s (1988) correction. As-
terisks in black indicate p values adjusted according to Hommel (1988). Please note that after this
correction, none of the comparisons were significant and therefore, no black asterisks are included
in the present graphs. PrIQ = Profile IQ; FSIQ = Full-Scale IQ; ScrIQ = Screening IQ; VP = Visual
Processing; PS = Processing Speed; ASTM = Auditory Short-Term Memory; VSTM = Visuospatial
Short-Term Memory; AR = Abstract Reasoning; VR = Verbal Reasoning; LTM = Long-Term Memory;
SD = Shape Design; WD = Washer Design; PSP = Parrots; PSB = Boxes; DLS = Digit and Letter
Span; MDLS = Mixed Digit and Letter Span; SM = Shape Memory; RSM = Rotated Shape Memory;
MC = Matrices: Completion; MOO = Matrices: Odd One Out; NC = Naming Categories; NO = Nam-
ing Opposites; SR = Story Recall; PR = Picture Recall; EFC = Executive functions composite score;
LW = Listing Words; DA = Divided Attention; AC = Animal Colors; DR = Drawing Routes. * p < .05.
**p < .01 ***p <.001.
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However, after controlling for multiple testing, the significant differences in intelli-
gence and executive functions fell above the Hommel-corrected p-value threshold (see
Table 3).

3.2. Developmental Functions

Figure 2 shows the means and standard deviations in the developmental functions
of the IDS-2 for the autistic and non-autistic samples. Before controlling for multiple
testing, results indicate that autistic participants scored significantly lower than non-autistic
participants in psychomotor skills [composite score, #(81) = 4.60, p < .001; Gross Motor
Skills, £(32) = 5.30, p < .001; Fine Motor Skills, £(79) = 3.20, p < .001; Visuomotor Skills,
#(81) = 3.01, p = .002] with medium-to-large effect sizes (d = 0.66 to 1.82). We found a similar
group difference for participants’ social-emotional skills [composite score, £(82) = 2.71,
p = .004; Identifying Emotions, #(32) = 2.07, p = .023; Regulating Emotions, #(82) = 2.37,
p = .010; Socially Competent Behavior, #(80) = 2.29, p = .012] with medium effect sizes
(d = 0.51 to 0.71), and in language skills [composite score, #(28) = 4.11, p < .001; Phoneme
Analysis, t(29) = 3.75, p < .001; Language Expressive, t(28) = 3.31, p = .001; Language
Receptive, #(29) = 4.52, p < .001] with large effect sizes (d = 1.22 to 1.63). Furthermore,
autistic participants showed significantly lower group mean values than the control sample
for the evaluation of participation during the test session of intelligence, £(81) = 2.68,
p = .004, executive functions, t(71) = 2.13, p = .018, and developmental functions, £(79) = 3.30,
p < .001, with medium effect sizes (d = 0.50 to 0.73). We found no differences in the subtests
Logical-Mathematical Reasoning, #(81) = 1.44, p = .153, Reading, {(74) = 1.35, p = .182,
Spelling, t(65) = 1.26, p = .212, and in the motivation and attitude domain [composite
score, t(46) = 0.11, p = .458; Conscientiousness, £(45) = 0.06, p = .477; Achievement Motivation,
t(47) = —0.07, p = .528], indicating similar performance in autistic and non-autistic participants.

After controlling for multiple testing, significant group differences remained for the
composite score of psychomotor skills (py <.001) and subtests Gross Motor Skills (py < .001)
and Fine Motor Skills (pg = .046). Moreover, the composite score of language skills remained
significant (py = .008) as well as Phoneme Analysis (pyg = .019) and Language Receptive
(pu = .003) tasks. Finally, the evaluation of participation during testing of the developmental
functions remained significant (py = .035; see Table 4).>

3.3. Post Hoc Analyses

To assess for age-related differences between children and adolescents, we further
performed post hoc analyses separately for children aged 5-10 years (1 = 17) and adolescents
aged 11-20 years (n = 26). After Hommel’s (1988) correction, autistic children scored
significantly lower than non-autistic children in the composite scores of the cognitive
functions, the intelligence group factors, Auditory Short-Term Memory, Visuospatial Short-
Term Memory, and Verbal Reasoning (including the corresponding subtests) as well as in
psychomotor skills, social-emotional skills, and basic skills of the developmental functions
(see Tables S3 and S4 in the Supplemental Material for results). We found no significant
group differences between autistic and non-autistic adolescents for the cognitive and
developmental functions of the IDS-2 after controlling for multiple testing (see Tables S5
and S6 in the Supplemental Material).
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Figure 2. Means and standard deviations are reported for (A) psychomotor skills composite score
and subtests, (B) social-emotional skills composite score and subtests, (C) basic skills composite
score and subtests, and (D) motivation and attitude composite score and subtests as well as for the
evaluation of participation during testing of the Intelligence and Development Scales-2 for autistic
and non-autistic children and adolescents. Asterisks in grey indicate p values not adjusted with
Hommel’s (1988) correction. Asterisks in black indicate p values adjusted according to Hommel
(1988). PSC = Psychomotor skills composite score; GM = Gross Motor Skills; FM = Fine Motor Skills;
VM = Visuomotor Skills; SESC = Social-emotional skills composite score; IE = Identifying Emotions;
RE = Regulating Emotions; SC = Socially Competent Behavior; BSC = Basic skills composite score; MR
= Logical-Mathematical Reasoning; LS = Language Skills; PA = Phoneme Analysis; PGC = Phoneme-
Grapheme Correspondence; LE = Language Expressive; LR = Language Receptive; RD = Reading;
RW = Reading Words; RP = Reading Pseudo Words; TC = Text Comprehension; SP = Spelling; MAC
= Motivation and attitude composite score; CS = Conscientiousness; AM = Achievement Motivation;
PDTIQ = Participation during testing, intelligence; PDTEF = Participation during testing, executive
functions; PDTDF = Participation during testing, developmental functions. * p < .05. ** p < .01.
***p <.001.
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4. Discussion

In the present study, we compared autistic children and adolescents to a matched
control sample on six cognitive and developmental functions assessed with the IDS-2. Our
results provide evidence for differential validity for the IDS-2 test scores in psychomotor
skills, language skills, and in the evaluation of participation during testing of the develop-
mental functions, with autistic children and adolescents scoring lower than non-autistic
participants in these domains. No group differences were detected in the other domains af-
ter controlling for multiple testing. Overall, our findings provide an overview of important
cognitive and developmental functions in autistic children and adolescents using a single
comprehensive and standardized test battery.

In line with our hypotheses, we found similar performance in autistic and non-autistic
participants for the intelligence group factors Visual Processing and Abstract Reasoning,
which corresponds to studies reporting relative strengths for autistic individuals in nonver-
bal domains (e.g., Grondhuis et al. 2018) and in subtests measuring fluid reasoning and
visuospatial abilities (Charman et al. 2011; Nader et al. 2016). Specifically, the Shape Design
subtest, which is part of the Visual Processing group factor of the IDS-2, requires partici-
pants to reproduce presented geometric figures with rectangles and triangles. This task is
similar to the Block Design subtest of the Wechsler Intelligence Scales, for which autistic
individuals oftentimes show at least comparable performance to non-autistic controls (e.g.,
Muth et al. 2014).

However, in contrast to our hypotheses and previous research (e.g., Demetriou et al.
2018), no significant group differences emerged for the other cognitive functions scores of
the IDS-2 after correcting for multiple testing, even though effect sizes were in the small-
to-medium range. This finding suggests that our autistic sample included participants
with overall average cognitive abilities. One explanation for this result could be that
about half of our autistic participants had been diagnosed with Asperger’s syndrome,
which is known for impairments in social interaction and restricted interests, but without
deficits in cognitive development (10th ed.; World Health Organization 2016). Moreover,
when assessing age-related differences in a set of post hoc analyses, we found that autistic
adolescents scored similarly to non-autistic adolescents in the IDS-2, while autistic children
obtained significantly lower scores in several domains of the IDS-2 compared to non-
autistic children. In particular, group differences between autistic and non-autistic children
remained significant after controlling for multiple testing in the composite scores of the
intelligence and executive functions domains as well as in the intelligence group factors
Verbal Reasoning and Auditory and Visuospatial Short-Term Memory. These results are in
line with previous research reporting weaknesses of autistic children in verbal domains
(e.g., Oliveras-Rentas et al. 2012) and in working memory tasks (e.g., Mayes and Calhoun
2003a) as the IDS-2 Auditory and Visuospatial Short-Term Memory group factors also
include tasks measuring working memory (i.e., [Mixed] Digit and Letter Span—backwards
and Rotated Shape Memory; see Table S1 in the Supplement). In addition, autistic children
scored lower on motor and language skills, and importantly, also on social-emotional skills.
Interestingly, we did not find any differences between autistic and non-autistic participants
when focusing on adolescents only. One reason for this finding could be that autistic
adolescents have already received support and intervention in crucial developmental areas,
whereas the included autistic children may have been recently diagnosed with autism
and thus have had little or no treatment to that point. However, it should be noted that
these results are based on small sample sizes. Thus, future studies should use larger age-
specific samples to investigate developmental effects across childhood and adolescence
and simultaneously control for previous interventions.

Autistic participants had significant impairments in overall psychomotor skills as well
as lower scores in gross and fine motor skills in the IDS-2 compared to the non-autistic
participants. This finding is in line with results of a previous meta-analysis (Coll et al. 2020)
and studies using the M-ABC-2 to assess motor abilities (e.g., Manicolo et al. 2019). Motor
skills are particularly important for carrying out everyday tasks (e.g., grasping a glass) and
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performing activities of daily living (MacDonald et al. 2013a), as well as for participating in
activities at school or in the community (Oliveira et al. 2021). It has been suggested that one
reason for these motor differences may be that autistic individuals encounter problems in
the translation of sensory inputs into movements (Hannant et al. 2016). Moreover, structural
and functional alterations in motor cortex regions of the brain (Mostofsky et al. 2007; Nebel
et al. 2014) and in the cerebellum (Fatemi et al. 2012; Mostofsky et al. 2009) have been
detected for autistic individuals, which might explain some of the motor impairments. The
strong group difference we observed in gross motor skills, representing the largest effect in
our study, is in accordance with previous research (Coll et al. 2020) and may be associated
with the high prevalence of autistic individuals exhibiting hypotonia (51%) or motor apraxia
(34%; Ming et al. 2007). Hence, autistic individuals tend to experience difficulties especially
in movements that require activation of muscles in the entire body including balance,
arm movements, and coordination. However, as this subtest is administered only to 5-
to 10-year-olds in the IDS-2 and correlational research has shown that autistic children’s
motor skills improve with age (Coll et al. 2020), future longitudinal studies are needed to
study possible developmental effects. Although it is not compulsory to report potential
difficulties in motor skills as part of the diagnostic criteria of ASD, our findings support the
importance of assessing psychomotor abilities during the diagnostic evaluation of children
and adolescents at increased likelihood of ASD, as they might be crucial for treatment
programs (Bhat et al. 2011; Colombo-Dougovito and Block 2019).

As stated in previous studies, we found that autistic children scored lower in language
skills, such as in phoneme analysis (Dynia et al. 2019) and receptive language tasks (Kwok
et al. 2015), compared to the non-autistic participants. However, we detected no signifi-
cant group differences after correcting for multiple testing in expressive language tasks.
Although a previous meta-analysis showed equally impaired receptive and expressive
language skills in autistic individuals (Kwok et al. 2015), our finding is in line with other
studies that also indicated an atypical language pattern of autistic individuals with an
advantage in expressive over receptive language skills (e.g., Hudry et al. 2010). One reason
for this result might be that we used a direct measurement of language skills in our study.
Previous research also found this pattern when using a similar test procedure but did not
detect any expressive language advantages when using caregiver reports (Ellis Weismer
et al. 2010). Given that having better language production than comprehension skills is
contrary to what is generally anticipated in typically developing peers, researchers even
suggested that this pattern may be unique to autism (e.g., Volden et al. 2011) and therefore
could be used for differential diagnosis (Mitchell et al. 2011) and specific interventions
(Hudry et al. 2010). Nevertheless, as the expressive and receptive language tasks are
conducted only with 5- to 10-year-olds in the IDS-2 and previous studies have reported a
decrease in the expressive-receptive discrepancy in older autistic individuals (Kwok et al.
2015; Volden et al. 2011), it could also be that our result was driven by age effects. Because
of the diagnostic and therapeutic potential of this finding, future studies should continue to
examine this potential discrepancy between expressive and receptive language in autistic
individuals across development.

Additionally, we found no significant group differences in tasks measuring phoneme—
grapheme correspondence, which is consistent with our finding that autistic participants
also scored similarly to the non-autistic control group in the reading and spelling subtests
in our study. This result might be explained by the fact that knowledge of letter—-sound
correspondence is a prerequisite for the development of literacy skills (Carnine et al. 2010)
and therefore needs to be intact for average reading and spelling skills. The finding that
our autistic participants showed no differences in the basic skills logical-mathematical
reasoning, reading, and spelling compared to non-autistic peers is in line with other
studies (e.g., Brown et al. 2013; Chiang and Lin 2007). One reason may refer to the fact
that most of the autistic participants in our study attended inclusive educational settings.
The enrollment in integrative settings can have a positive impact on autistic individuals’
academic skills as individualized education plans in mainstream programs focus more
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on academic enhancement than in specialized settings which place more emphasis on life
competencies and developmental domains (Kurth and Mastergeorge 2010).

Contrary to previous research (e.g., Cai et al. 2018; Yeung 2022), we found no significant
group differences for social-emotional skills after correcting for multiple testing. One
explanation for this result could be that the tasks assessing social-emotional skills in the
IDS-2 mainly measure explicit knowledge, such as naming socially competent behavior in
hypothetical social situations, rather than actual behavior in real-life situations. Since we
did not observe any group differences in the cognitive functions of the IDS-2 either, it might
be that autistic participants could compensate for difficulties in social-emotional skills with
higher-level analytical strategies (Harms et al. 2010; Leung et al. 2022). This would be in
line with studies reporting that intelligence is positively associated with social-emotional
skills (Jones et al. 2011), especially in autistic individuals (Dyck et al. 2006; Salomone et al.
2019; Trevisan and Birmingham 2016). We found further evidence for this assumption in
supplementary analyses where we matched the non-autistic control sample by age, sex,
and Full-Scale IQ and obtained lower effect sizes for the social-emotional skills composite
score as well as for the subtests Identifying Emotions and Regulating Emotions compared
to the effect sizes obtained by matching the samples by age, sex, and maternal education
(see Table S2 in the Supplemental Material). In addition, time limits in testing procedures
might explain part of the nonsignificant group differences in social-emotional skills. Nagy
etal. (2021) found impairments only when time limits for responding were applied, and the
present tasks assessing social-emotional skills did not have any time restrictions. However,
it is important to note that although meta-analyses and reviews show significant deficits in
social-emotional abilities of autistic individuals (e.g., Cai et al. 2018; Yeung 2022), several
previous studies were also not able to detect impairments in emotion recognition and
regulation (e.g., Jones et al. 2011; Mazefsky et al. 2014; Rosset et al. 2008) or reported
difficulties only for certain emotions, for example, for negative emotions (e.g., Shanok et al.
2019). To clarify the interplay between explicit knowledge and social-emotional skills in
the IDS-2, future research should use multiple methods to assess social-emotional skills
and compare the autistic participants’ performance in the IDS-2 with the behavior they
demonstrate in real-life social interactions using observational measures. Even though
the group differences in the social-emotional skills of the IDS-2 were no longer significant
after correcting for multiple testing, it is crucial to mention that effect sizes were within a
medium range and comparable to those in a previous meta-analysis (Yeung 2022) which at
least tends to indicate differential validity of test scores from the social-emotional skills
domain of the IDS-2.

A strength of our study is that we assessed the cognitive and developmental functions
using a standardized test procedure with good psychometric properties. Moreover, we
used a single test battery based on one standardization sample for the assessment of a broad
range of cognitive and developmental domains. In addition, our sample covered a wide age
range and was representative of the autistic population, in that the male:female ratio was
approximately 4:1 (Maenner et al. 2020), different subtypes were included, and children and
adolescents exhibited known comorbid conditions (Leyfer et al. 2006; Salazar et al. 2015).
We also consider it a strength that we included participants with intellectual functioning
below 70, which represents an understudied subpopulation in autism research (Russell
et al. 2019). In addition, by selecting the control sample through a matching procedure, we
could control for possible confounding influences of age, sex, and SES.

The present study also has limitations that need to be considered and addressed in
future research. First, we relied on diagnostic evaluations carried out by clinical services
and experienced psychiatrists and psychotherapists and hence could not consider the
standardization and comparability of the diagnoses. Second, we had no information
regarding symptom severity or previous treatment programs and could therefore not
control for these factors. Third, analyses were conducted at the group level, which limits
generalizability to individuals. Finally, although the sample size was larger than in previous
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studies, an even larger sample of children and adolescents would further increase the power
to detect small effects in future studies.

5. Conclusions

In sum, our findings suggest that in particular, motor and language skills as well
as achievement motivation rated by the test administrator were impaired in autistic chil-
dren and adolescents in the IDS-2 compared to non-autistic participants, which provides
evidence for differential validity for these domains of the IDS-2. The largest difference
was found in gross motor skills. We therefore advise that therapists working with autistic
children should gain knowledge in the area of motor and language therapeutic intervention.
Speech-language pathologists as well as psychomotor therapists should obtain autism-
specific knowledge, so that autistic children with limited motor and language skills receive
appropriate therapeutic support regardless of the background of the therapist. Arguably,
with optimal training, autistic participants may also perform tasks in the psychomotor and
language domains with greater engagement, which, in turn, could have a positive impact
on the long-term development of their motor and language abilities. In conclusion, our
results highlight important domains beyond the core symptoms of ASD that need to be
considered in future research, educational contexts, and clinical assessment and that seem
particularly critical for interventions.
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Notes

! According to current models of intelligence (Schneider and McGrew 2018) and executive functions (Miyake et al. 2000), working

memory can be understood as a component of intelligence or executive functions. Because working memory is included in the
intelligence domain in the IDS-2, we subsumed working memory under the realm of intelligence.

Although the sample size met the robustness criteria for using independent-samples ¢ tests (Eid et al. 2017), we also examined the
variables regarding normal distribution and variance homogeneity. Analyses using the Shapiro-Wilk test showed that 12 of the
55 dependent variables may not fulfill the normality assumption. Therefore, we additionally calculated Mann—Whitney U tests
for these variables. The results remained largely the same with two exceptions: First, the mean difference in the subtest Identifying
Emotions was no longer significant before controlling for multiple testing. Second, the mean difference in the composite score of
language skills was no longer significant after controlling for multiple testing. Furthermore, we found that the Levene’s test was
significant for fewer than 10 of the dependent variables, indicating unequal variances. Thus, Welch’s ¢ tests were additionally
performed. The results were identical to those obtained from the independent-samples ¢ tests.

To control for effects of intelligence, we repeated the independent-samples ¢ tests for the developmental functions with a
non-autistic control sample matched by age, sex, and intelligence (Full-Scale 1Q). The pattern of results remained largely the
same, showing lower group mean values for the autistic participants than for the control sample in the domains psychomotor
skills, social-emotional skills, language skills, and participation during testing (see Table S2 in the Supplemental Material for
full results). These differences hold when correcting for multiple testing in the domain of psychomotor skills. These post hoc
analyses underscore the robustness of our findings.
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