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Abstract
Verbal short-term memory (vSTM) has been shown to be associated with
language development in typical and atypical populations. In this study, we
investigated cognitive and language skills in 33 school-aged children with
ASD (6 - 12 years old) with both typical and low levels of intelligence (18 with
typical non-verbal IQ [>80 in Raven] and 15 with low non-verbal IQ [<60 in
Raven]). We administered standardized measures for the assessment of cognitive skills: non-verbal IQ (Greek version of Raven), vSTM (assessed with
word recall), immediate and delayed visual memory, as well as language
skills: expressive vocabulary (Greek Crichton vocabulary scale), receptive vocabulary and syntactic production (assessed with sentence recall). We were
interested in investigating whether there is an interrelation between cognitive
and language measures, which cognitive function(s) could better predict the
language skills of children with ASD and vice versa and whether ASD children with low cognitive skills always perform poor on language tasks. The
results showed that non-verbal IQ correlated significantly and strongly with
all three language tasks (p < 0.001), while memory tasks (vSTM, immediate
and delayed visual memory, visual information recall) correlated significantly
and strongly with expressive vocabulary and syntactic production (p < 0.05).
Regression analysis showed that expressive vocabulary was predicted by
non-verbal IQ and vSTM, syntactic production was predicted by vSTM and
picture comprehension was predicted by non-verbal IQ. Conversely, expressive vocabulary could predict non-verbal IQ, vSTM, immediate visual
memory, delayed visual memory, and visual information recall. It seems that
vSTM is a strong predictor of language skills for children with ASD, just like
it is for other typical and atypical populations. Finally, dissociations exist in
individual performances between non-verbal IQ and memory on the one
hand and language skills (expressive vocabulary, syntactic production) on the
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other hand. We discuss the significance of these findings in terms of previous
results reported in ASD literature as well as in terms of clinical implications
and intervention in ASD individuals.

Keywords
Autism Spectrum Disorder, Language Skills, Cognitive Skills, Verbal
Short-Term Memory

1. Introduction
Autism Spectrum Disorder (ASD) is characterised by persistent deficits in social
communication and social interaction and restricted and repetitive patterns of
behavior in early developmental period, according to Diagnostic and Statistical
Manual of Mental Disorders [1]. Along with these phenotypical autistic symptoms, variations in performance in cognitive skills-such as intelligence, memory
and attention, as well as in language skills may also be present in ASD. Almost
half (44%) of children identified with ASD have average to above average intellectual ability (i.e., intelligence quotient [IQ] > 85), 31% are classified in the
range of intellectual disability (IQ < 70) and 25% are in the borderline range (IQ
71 - 85) [2] [3].
The phenotype concerning how affected are cognitive and language skills in
ASD varies dramatically in degrees of severity and impairment. However, very
little is known about the interaction between these two domains. Children with
ASD may display spared skills in some areas of cognitive functioning (such as in
non-verbal or visuo-spatial domain) [4] [5] [6] and low level skills in others
-such as in verbal abilities, working memory and processing speed [7] [8] [9].

1.1. Language Skills in ASD
There is great heterogeneity and variability in the language development in ASD
and a large cohort of studies has shown that it is qualitatively similar in its developmental course to that of non-autistic children at the same stages of development (for a review see [10]). Language skills in ASD, unless they are intact,
may be impaired across all domains with different patterns of strengths and
weaknesses; however research has focused mainly in the domain of pragmatics
and discourse, which are socially motivated language domains [11]. This is because even in cases where children no longer meet the criteria for ASD diagnosis
(the so called “optimal outcome” children), pragmatics and discourse are still
impaired [12] [13] [14]. Another reason why research hasn’t focused on other
domains of language, such as phonology or morpho-syntax is because, although
they are important domains of language, deficits in such domains are not present in all individuals with ASD and are not considered necessary for an ASD
diagnosis [15]. For instance, grammatical abilities in ASD vary widely, even in
high-functioning (HF) individuals with ASD. Some children have average
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grammatical abilities [15] [16], while others have impaired grammatical skills
[15] [17] [18] [19]. Moreover, a proportion of children with ASD fail to acquire
spoken language skills and may use from zero to less than 20 - 30 words [20]. On
the other hand, some studies investigated the resemblance of grammatical
(morpho-syntactic) impairment in HF children with ASD and in children with
DLD. Some found similar skills [21], others found more severe deficit in children with DLD [22], while others in children with ASD [23]. However the question of how language skills develop in low functioning ASD children remains
open. There are studies that have found very impaired morpho-syntactic skills
[24], while others have found spared language skills [25]. In Greek, Terzi and
colleagues found impaired performance both in comprehension and production
of clitic pronouns in ASD children with HF (aged 5 - 8 years) compared to TD
vocabulary-matched children. The same results were found both when comprehension was assessed via a picture matching task [26] and production via a narration task (Frog, where are you?) [27].
It is thus, very important to investigate why language outcomes are so heterogeneous, in terms of individual performance and the degree to which language
skills are impaired. Moreover, it is important to clear whether low cognitive
skills in children with ASD indicate low language skills and conversely. As far as
we know, very few studies assessing language skills in ASD have included both
ASD children with normal and low cognitive abilities (such as non-verbal IQ
and memory).

1.2. Cognitive Skills in ASD
Significant variability exists also across cognitive skills in ASD. First of all, intellectual ability (non-verbal IQ) may vary in individuals with ASD from average or
above average level to intellectual disability. Of course, the characteristics of individuals with intellectual disability vary dramatically from those with average or
above average non-verbal IQ skills in terms of linguistic, cognitive and social
skills [28]. Previous research, especially genetic studies, has suggested that
non-verbal IQ may constitute a basis for ASD subtypes [25] [29]. Nevertheless,
for more detailed analysis of ASD profiles, when assessing non-verbal IQ, it is
considered to be of crucial importance to assess verbal IQ as well [30].
Memory function in ASD has been a subject of study for decades and is often
a combination of typical and atypical functioning. Early studies of memory skills
in ASD have shown intact memory span (e.g. [31] [32] [33], however more recent studies have shown that children and adults with ASD have difficulties with
STM, especially with serial order recall [8]. This variation in memory function
patterns cannot be explained by intelligence or language skills, but is probably
related to these skills [8] [34].
In addition, recent research has shown that individuals with ASD demonstrate
difficulty in verbal and non-verbal STM, especially in serial order but not in item
recall [8] [35] [36]. Several other studies have shown that ASD individuals have
lower spatial STM and working memory (WM) span than TD groups (for a reDOI: 10.4236/jbbs.2020.105013
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view see [37]).
Visual memory has been found to be an area of strength for children with
ASD, but it depends on the complexity of the stimuli, whether they depend on
verbal skills or not (e.g. meaningless shapes) and on the effect of age and IQ
[38]. For instance, Ameli et al. [39] found poor visual memory skills for meaningless patterns, but normal for meaningful pictures. Other studies have linked
visual memory skills (for meaningless patterns) with intelligence, since the differences between ASD and TD children disappeared when controlling for
non-verbal IQ [40]. Contrary to this finding, Chien et al. [38] assessed two groups
of children and adolescents with ASD, one with autism and one with Asperger’s
Syndrome (normal intelligence), based on the criteria of the previous version of
DSM-IV, and a TD age-matched group on visual memory tasks and found that
both clinical groups were worse than TD and that there was no significant difference in the performance between the two clinical groups, regardless of their
difference in non-verbal IQ. They suggested that visual memory is impaired
across all individuals with ASD, regardless of their IQ level. Funabiki and Shiwa
[41] also found visual but not auditory WM deficits in individuals with ASD
compared to the same-aged and the same full-scale IQ TD individuals. Consequently, there is no consistency in findings regarding visual memory, nor is it
clear whether subgrouping reveals different cognitive abilities across participants
with ASD.

1.3. The Relation between Memory and Language Abilities in ASD
As far as memory compared to language skills in ASD population are concerned,
studies have come up so far with heterogeneous and contrasting results. STM
and working memory have been suggested to be fundamental for language acquisition, both language reception and expression [42] [43] [44] [45]. More specifically, vSTM has been repeatedly found to be related to vocabulary development in typical and atypical populations (e.g. [46] [47] [48] [49] [50]).
Concerning the performance and the association between verbal STM (vSTM)
and syntactic abilities in ASD, findings are conflicting. Some studies show that
children with ASD have similar vSTM and syntactic skills with TD children. Faja
and Dawson [51] compared vSTM abilities of 6 - 7 year old children with ASD to
those of TD children and found no differences between the two groups. Furthermore, Phelan, Filliter, and Johnson [52], found no differences in performance on a verbal memory test (word recall; California Verbal Learning Test)
between a group of ASD children and adolescents and TD children matched on
age and non-verbal IQ.
Nevertheless, there are findings that show lower performance of ASD compared to TD children in vSTM and syntax. Gabig [53] found that children with
ASD underperformed their age-matched TD children in both vSTM (repetition
of non-words, digits) and syntactic production (sentence repetition), especially
in sentence repetition, which is considered as a complex syntactic task, suggesting that language processing demands affect performance of ASD children on
DOI: 10.4236/jbbs.2020.105013
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vSTM tasks. Moreover, Meir and Novogrodsky [9] assessed vSTM (forward digit
span), WM and syntactic production skills (sentence repetition) of monolingual
and bilingual children aged 4.6 - 9.2 years with HF autism and TD peers and
found lower performance in HF children with ASD. However, some of monoand bilingual HF children with ASD had unimpaired syntactic abilities but no
differences were found in vSTM skills between those with impaired and unimpaired syntactic skills. They suggested that syntactic difficulties of HF children
with ASD do not stem from impaired vSTM skills. Likewise, Durrleman, Delage,
Tuller and Prevost [54] did not find a relation between syntactic skills (assessed
with a comprehension of passives task) and vSTM and WM skills.
Contrary to these findings, Tyson et al. [55] assessed two groups of ASD individuals, one with HF and one with optimal outcome autism (OO) and compared
them with a TD group on language (syntax and semantics assessed with
CELF-IV test), receptive vocabulary, vSTM (word recall) and phonological STM
(non-word repetition) tasks. They found that HF group with ASD performed
more poorly on all tasks than the OO and TD group and that for both clinical
groups with ASD, vSTM and phonological STM skills predicted the language
skills of both clinical groups -and a bit more of the OO group, but not of the TD
group, suggesting that the good language abilities of participants with ASD with
normal non-verbal IQ are a reflection of their good vSTM abilities. Similarly,
Durrleman and Delage [17] showed that ASD children with impaired syntactic
skills scored lower on a vSTM task than ASD children with unimpaired syntactic
skills, demonstrating a link between syntactic abilities and vSTM.
Furthermore, given that vSTM is a clinical marker of language disorders, it
has been suggested that a comorbidity exists with DLD in children with ASD
who have language problems [56]. However, studies comparing both clinical
populations have repeatedly shown that they are two distinct developmental
disorders with distinct profiles of difficulties in vSTM [57] [58] [59].
Therefore, it is not yet clear: 1) whether good language abilities reflect good
cognitive abilities, 2) whether language difficulties always co-exist with low cognitive abilities and 3) whether there are differences between these skills among
subgroups of children with ASD. Our study aims besides the above questions at
exploring whether cognitive abilities among children with ASD can predict language abilities and vice versa.

1.4. The Present Study
This study aims at contributing to the field of language skills in children with
autism by examining the cognitive and language skills of school-aged children
with ASD (6 - 12 years old) with typical and low levels of intelligence. More specifically, we assessed with standardized measures the following cognitive skills:
non-verbal IQ, verbal STM, visual memory, auditory memory and the following
language skills: expressive vocabulary, receptive vocabulary and syntactic production. The purpose of the present study is to investigate possible interrelation
DOI: 10.4236/jbbs.2020.105013
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between linguistic and cognitive domains. We also explore whether memory
(vSTM, immediate and delayed visual memory) and non-verbal IQ skills can
predict language skills and vice versa. Since memory has been shown to contribute to higher cognitive functions and to be associated with language development in typical and atypical populations, then discovering a relationship between STM or visual memory in ASD could potentially shed some light on how
best to communicate information to these children and suggest beneficial remedial interventions.
The specific questions the present study addresses are the following:
1) Is there a relationship between cognitive (non-verbal IQ, vSTM, immediate
and delayed visual memory, visual information recall) and language skills (expressive vocabulary, receptive vocabulary, syntactic production) for children
with ASD and which cognitive skills are strongly related with language skills?
2) To what extent can cognitive skills (non-verbal IQ, vSTM, immediate and
delayed visual memory, visual information recall) predict the language skills
(expressive vocabulary, receptive vocabulary, syntactic production) of school-aged
children with ASD and to what extent can language skills predict their cognitive
skills?
3) Do children with ASD with low cognitive skills always perform poorly on
language tasks and vice versa?

2. Method
2.1. Participants
Thirty-three children (25 males; 8 females) 6 - 12 years old with ASD (with typical and low non-verbal IQ: range 30 - 130 in RPM) were recruited from public
primary schools (both mainstream and special education schools) in the city of
Thessaloniki and in Peloponnese, Greece during autumn and winter of
2017-2018. Only those children whose parents gave written permission to participate in the research were included in the study and research ethics protocols
were followed. From this cohort 18 children (13 males, 5 females; average age: 9;
5 years) had typical non-verbal IQ (>80 in Raven Progressive Matrices) and 15
children (12 males, 3 females; average age: 8; 5 years) had low non-verbal IQ
(<60 in RPM). All children were diagnosed with ASD by public hospitals and
public medical-pedagogical centres according to the DSM-V [1] and ICD-10
[60] official criteria.

2.2. Procedure
Participants were assessed at their school individually in one or two sessions of a
total duration of 45 minutes.

2.3. Tasks
In this study, we employed tasks to assess cognitive as well language skills. They
were all Greek standardised tests. More specifically, experimental tasks included:
DOI: 10.4236/jbbs.2020.105013
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2.3.1. Cognitive Measures
Non-verbal IQ. Non-verbal IQ was assessed with the Greek version of Raven
Standard Progressive Matrices [61]. Both standard scores and percentiles were
taken into consideration.

Verbal short-term memory, visual and auditory memory. There were totally
seven measures. Verbal short-term memory (vSTM) assessment included word
recall, while visual and auditory memory included immediate and delayed visual
memory and visual information recall. All measures were subtests of the
Memory Test [62].

VSTM word recall was assessed using the Memory Test [62]. The child had to
repeat a list of everyday words (not necessarily in the right order) and had five
trials. Before every trial the list of words was presented to the child orally. For
children 6 - 8 years old the list contained five words to be repeated, while for
children 9 - 12 years old the list contained seven words. The score was calculated
based on how many words the child recalled in every trial and how many trials it
took him/her to remember all items of the list.

Immediate visual memory was assessed using a frame with 12 squares, in
which the examiner placed chips in specific positions and then the child had to
reproduce the same design. For children 6 - 8 years old there were five chips,
while for those 9 - 12 years old there were seven chips to be placed in the correct
position. There were five trials in total and before every trial the correct design
was shown to the child. The score was calculated based on how many chips the
child placed correctly in every trial and how many trials it took him/her to place
all chips correctly. Delayed visual memory was assessed using the immediate
visual memory subtest after a short break. The child had to remember the design
s/he had learned before. There was only one trial and the score was calculated
based on the number of the chips the child placed correctly. Visual information

recall was assessed similarly to the immediate visual memory subtest, only this
time the frame had images and there were two different colors of chips (red and
yellow), five chips for children aged 6 - 8 years old and seven for children 9 - 12
years old respectively. Again there were five trials and the score was calculated
based on how many chips of the right color the child placed correctly in every
trial and how many trials it took him/her to place all chips correctly.
2.3.2. Language Measures
Expressive vocabulary. Expressive vocabulary (definitions) was assessed using
the Greek version of Crichton Vocabulary Scales [63]. It contains 80 word definitions, presented orally, and arranged in order of increasing difficulty. The interruption criterion is four consecutive errors. Standard scores and percentiles
were taken into consideration. Only one child among children with low
non-verbal IQ skills was able to name a few definitions, so for all the rest of the
children with low non-verbal IQ skills, picture naming and comprehension subscale were administered (see below).
Receptive Vocabulary. This task was administered only to children with low
DOI: 10.4236/jbbs.2020.105013
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non-verbal IQ skills, because they couldn't be assessed with CVS, due to the fact
that they were minimally verbal. Receptive vocabulary was assessed using Picture Naming and Comprehension Subscale from Detection of Speech and Language Disorders Test Preschool (DSLD Test, [64]). At first, the child was administered with Picture Naming test in which s/he was shown a picture from everyday life (e.g. fork) and s/he had to name it. When there were 10 consecutive errors, then Picture Comprehension test was administered in which the examiner
would show 4 pictures (and ask the child to point to one of them).
Syntactic production: In accordance with Klem, Melby-Lervag, Hagtvet, Lyster,
Gustafsson, and Hulme [65], we consider sentence recall (or sentence repetition)
as a measure of syntactic production abilities. Sentence recall was a subtest of the
TAAC [66], in which the child had to repeat the sentence s/he heard orally by
the examiner. For each correct repetition of the sentence the child was given two
points, one if there was one error and zero if there were two or more errors. The
interruption criterion was two consecutive zeros.

3. Results
3.1. Correlation Analysis
In order to explore whether there is a relationship between cognitive and language skills and which cognitive skills are strongly related with language skills,
non-parametric correlations (Spearman’s rho) were conducted between measures
of IQ, language and memory tasks (see Table 1).
Non-verbal IQ correlated significantly and strongly with all three language
tasks (expressive vocabulary: r(33) = 0.721, p < 0.001; receptive vocabulary:
r(14) = 0.59, p = 0.025; syntactic production: r(33) = 0.067, p < 0.001). VSTM
word recall correlated strongly with expressive vocabulary (r(33) = 0.88, p < 0.001)
and syntactic production (r(33) = 0.87, p < 0.001). Immediate visual memory
correlated strongly with expressive vocabulary and syntactic production (r(33) =
0.72, p < 0.001 for both) and moderately, but not significantly, with receptive
Table 1. Non parametric correlations (Spearman’s rho) between measures of non verbal
IQ, language and memory.
1
1) Non verbal IQ

2

3

4

5

6

7

8

1

2) Expressive Vocabulary

0.72**

1

3) Receptive Vocabulary

0.62**

-

4) Syntactic Production

0.66** 0.91**

-

1

5) VSTM (word recall)

0.76** 0.88**

-

0.87**

6) Immediate Visual Memory

0.77** 0.72**

0.51

7) Delayed Visual Memory

0.67** 0.78** −0.05 0.75** 0.78** 0.82**

8) Visual Information Recall

0.67** 0.71**

1

0.32

1

0.72** 0.80**

1
1

0.73** 0.79** 0.92** 0.90**

1

Note: *p < 0.05, **p < 0.001.
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vocabulary (r(14) = 0.51, p = 0.62), while delayed visual memory correlated
strongly with expressive vocabulary (r(33) = 0.78, p < 0.001) and with syntactic
production (r(33) = 0.75, p < 0.001). Visual information recall correlated
strongly with expressive vocabulary (r(33) = 0.71, p < 0.001) and syntactic production (r(33) = 0.73, p < 0.001).

3.2. Regression Analysis
3.2.1. Can Performance on Cognitive Skills (Non-Verbal IQ, Memory)
Predict the Language Skills (Expressive and Receptive Vocabulary,
Syntactic Production) and Vice Versa?
According to our research questions, we were first interested in exploring which
cognitive skills (non-verbal IQ, vSTM, immediate and delayed visual memory,
visual information recall) could better predict the language skills of school-aged
children with ASD and more specifically expressive and receptive vocabulary
and syntactic production. We thus performed three linear regression analyses
with the stepwise method with expressive vocabulary, receptive vocabulary and
syntactic production (all language measures) as the dependent variable (one at a
time). The independent variables were non-verbal IQ, vSTM, visual memory
(immediate and delayed) and visual information recall (see Table 2 and Figure
1). The results showed that expressive vocabulary was predicted significantly and
strongly by vSTM and non-verbal IQ (vSTM only: R2 = 0.83, both vSTM &
non-verbal IQ: R2 = 0.88), syntactic production was predicted significantly by
vSTM (R2 = 0.34) and receptive vocabulary was predicted significantly by
non-verbal IQ (R2 = 0.45).
Conversely, we were interested in exploring which language skills (expressive
vocabulary, syntactic production) could better predict the cognitive skills
(non-verbal IQ, vSTM, immediate and delayed visual memory and visual information recall) of children with ASD. We thus performed five linear regression
analyses with the stepwise method with non-verbal IQ, vSTM, immediate and
Table 2. Results of linear regression analyses: effect of cognitive skills (non-verbal IQ,
vSTM, immediate and delayed visual memory and visual information recall) on language
skills (expressive vocabulary, syntactic production, receptive vocabulary respectively).
Category

Variable

B

SE

t

p

R2

Expressive vocabulary

(Constant)

7.05

4.13

1.71

0.098

0.83

vSTM

3.10

0.26

12.12

0.000

(Constant)

−13.67

6.50

−2.10

0.044

vSTM

2.15

0.33

6.47

0.000

Non verbal IQ

0.44

0.12

3.76

0.001

(Constant)

0.23

2.67

0.09

0.932

vSTM

0.65

0.17

3.96

0.000

(Constant)

−3.83

2.13

−180

0.097

Non verbal IQ

0.16

0.05

3.14

0.008

Syntactic production

Receptive vocabulary
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(a)

(b)

(c)

Figure 1. Scatterplots from the regression analyses (effect of cognitive skills on language
skills): (a) effect of vSTM on expressive vocabulary; (b) effect of non verbal IQ on expressive vocabulary and (c) effect of non verbal IQ on receptive vocabulary.
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delayed visual memory and visual information recall as the dependent variable
(one at a time) and expressive vocabulary and syntactic production as the independent variables (see Table 3 and Figure 2). The results showed that expressive
vocabulary could predict significantly and strongly non-verbal IQ (R2 = 0.72),
vSTM (R2 = 0.83), immediate visual memory (R2 = 0.62), delayed visual memory
(R2 = 0.54), and -significantly but not strongly-visual information recall (R2 =
0.44).
3.2.2. Summary of the Regression Analysis Findings
In sum, as it can be seen in Table 2 & Table 3 and Figure 1 & Figure 2, on the
one hand vSTM was found to be a significant predictor for expressive and receptive vocabulary and syntactic production, while on the other hand expressive
vocabulary was found to be a significant predictor for all cognitive measures:
non-verbal IQ, vSTM, immediate and delayed visual memory and visual information recall.

3.3. Individual Analysis
Individual data analysis was conducted for children with ASD, to investigate
whether children with ASD with low cognitive skills (non-verbal IQ, memory)
always perform poorly on language tasks, and vice versa. In addition, we classified the results following a Guttman scale (or cumulative scale). Individual data
are presented in the Appendix.
Thirty out of thirty three children with ASD had a below mean TD performance in either cognitive (non-verbal IQ, vSTM, immediate and delayed visual
memory, visual information recall) or language measures (expressive and receptive vocabulary, syntactic production). Twenty-four had low performance in
both cognitive and language measures and six had a low performance only in at
least one cognitive measure. Finally, there were 3 children with ASD who had
average or above average performance in both cognitive and language domains.
Table 3. Results of linear regression analyses: effect of language skills (expressive vocabulary, syntactic production) on cognitive skills (non-verbal IQ, vSTM, immediate and delayed visual memory and visual information recall respectively).
Variable

B

Std. Error

Non-verbal IQ

(Constant)

41.96

4.58

9.16 0.000 0.72

Expressive vocabulary

0.70

0.08

8.85 0.000

(Constant)

0.14

1.27

0.11 0.910 0.83

Expressive vocabulary

0.27

0.02

12.12 0.000

(Constant)

3.85

2.14

1.80 0.082 0.62

Expressive vocabulary

0.26

0.04

7.10 0.000

(Constant)

0.36

0.47

0.78 0.444 0.54

Expressive vocabulary

0.05

0.01

6.02 0.000

(Constant)

0.25

0.89

0.28 0.779 0.44

Expressive vocabulary

0.08

0.02

4.93 0.000

vSTM

Immediate visual memory

Delayed visual memory

Visual information recall

DOI: 10.4236/jbbs.2020.105013

210

t

p

Category

R2

Journal of Behavioral and Brain Science

I. Talli

(a)

(b)

(c)

(d)
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(e)

Figure 2. Scatterplots from the regression analyses (effect of language skills on cognitive
skills): (a) effect of expressive vocabulary on non verbal IQ; (b) effect of expressive vocabulary on vSTM; (c) effect of immediate visual memory on expressive vocabulary; (d)
effect of expressive vocabulary on delayed visual memory; (e) effect of expressive vocabulary on visual information recall.

An interesting point was that for two children delayed visual memory was intact, while immediate visual memory was impaired. The opposite, which was
more expected, happened for five children. Moreover, four children had a low
performance only in visual memory (immediate or delayed) and not in vSTM. In
sum, the above findings show that limitations in non-verbal IQ and memory
almost systematically co-occur, but they also show that highly selective limitations in these domains can exist in ASD.

4. Discussion
In the present study, we assessed school-aged children with ASD with typical
and low verbal IQ on cognitive and language measures. The aim of this study
was to investigate whether there is an interrelation between cognitive and language skills in ASD, since there is such a large heterogeneity in cognitive and
linguistic profiles among ASD individuals and findings are controversial. We
were also interested in exploring the role of memory in the cognitive function of
individuals with ASD. More specifically, we evaluated which cognitive skills can
predict the language skills (expressive and receptive vocabulary and syntactic
production) of children with ASD and vice versa. Finally, we were interested in
determining if children with ASD with low cognitive skills always perform
poorly on language tasks and vice versa.
Correlations between cognitive and language measures indicated that nonverbal IQ correlated significantly and strongly with all three language tasks,
while memory tasks (vSTM, immediate and delayed visual memory, visual information recall) correlated significantly and strongly with expressive vocabulary and syntactic production.
Furthermore, our study showed a vSTM-but not a visual memory-effect in
linguistic abilities. More specifically, regression analysis showed that expressive
DOI: 10.4236/jbbs.2020.105013
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vocabulary was predicted by non-verbal IQ and vSTM to a large extent, syntactic
production was predicted by vSTM and picture comprehension was predicted by
non-verbal IQ. Conversely, expressive vocabulary could predict significantly
non-verbal IQ, vSTM, immediate and delayed visual memory and visual information recall. In this respect, we suggest that vSTM is a strong predictor of language skills for children with ASD, just like it is for other typical and atypical
populations reported in literature [46] [47] [67] [68] [69].
Furthermore, individual analysis showed that dissociations exist between
non-verbal IQ and memory on the one hand and language skills (expressive vocabulary, syntactic production) on the other hand. Thirty out of 33 children with
ASD had a below mean TD performance in either cognitive (non-verbal IQ,
vSTM, immediate and delayed visual memory, visual information recall) or language measures (expressive vocabulary, syntactic production, picture comprehension). Twenty-four had low performance in both cognitive and language
measures and six had a low performance in at least one cognitive measure. In
sum, the above findings show that low performance in non-verbal IQ and
memory almost systematically co-occur with low performance in expressive vocabulary, syntactic production and picture comprehension for most but not all
children with ASD.

5. Limitations and Future Directions
The results of the present study of cognitive and language skills of children with
ASD must be interpreted with caution for the following reasons: The sample was
relatively small with a wide age range and no generalizations can be made to all
children with ASD. In order to develop adequate educational and language interventions, we have to fully understand the cognitive and language challenges of
individuals with ASD. The information about such skills is also important to
compare such performance to that of children with other developmental disabilities that also show difficulties in memory and language, such as ADHD, developmental language disorder and developmental dyslexia.
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Appendix
Table A1. Individual data of children with ASD on cognitive and language measures (dark grey indicates double deficit in
memory and language skills, while light grey indicates deficit only in language or memory skills).
Non-verbal
IQ

Expressive
vocabulary

vSTM

Immediate
visual memory

Delayed
visual memory

Syntactic
production

Visual
information recall

ASD1

95

75

26

27

20

7

9

ASD17

110

75

26

35

20

7

12

ASD21

100

80

20

23

40

5

12

ASD2

80

90

15*

32

20

5

7

ASD3

130

65

19

35

1*

7

12

ASD4

90

80

18

27

20

6

4*

Subjects

Picture
comprehension

ASD18

85

75

29

35

1*

7

12

ASD32

110

105

23

25

10*

6

11

ASD13

95

65

22

35

1*

3*

9

ASD20

110

70

31

30

20

2*

5*

ASD24

95

65

15*

32

1*

5

7

ASD33

85

100

31

30

20

2*

5*

ASD15

80

80

20

10*

40

3*

1*

ASD27

90

80

20

10*

40

3*

1*

ASD28

90

75

19

18*

1*

3*

1*

ASD16

110

75

1*

12*

1*

0*

0*

ASD19

130

70

15*

6*

0*

1*

0*

ASD26

90

60

17*

18*

1*

1*

1*

ASD30

50*

50*

16*

12*

1*

3*

3*

ASD5

0*

50*

0*

0*

9*

0*

3*

1*

ASD6

4*

60*

0*

0*

11*

0*

0*

1*

ASD7

5*

50*

0*

0*

10*

0*

2*

1*

ASD8

2*

30*

0*

0*

0*

0*

0*

0*

ASD9

8*

60*

0*

0*

11*

0*

0*

1*

ASD10

6*

50*

0*

0*

8*

0*

0*

0*

ASD11

5*

50*

0*

0*

0*

0*

0*

0*

ASD12

6*

30*

0*

0*

0*

0*

0*

0*

ASD14

0*

30*

0*

0*

0*

0*

0*

0*

ASD22

0*

30*

0*

0*

0*

0*

0*

0*

ASD23

0*

30*

0*

0*

0*

0*

0*

0*

ASD25

0*

30*

0*

0*

0*

0*

0*

0*

ASD29

0*

30*

0*

0*

0*

0*

0*

0*

ASD31

0*

30*

0*

0*

0*

0*

0*

0*

Note: *indicates performance below the mean performance of TD children on standardised measures.
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