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Abstract

Background: Past studies have documented working memory impairment in participants with high-functioning Autism Spectrum
Disorders (IQ>70), but inconsistent findings have been reported. One possibility is the existence of verbal responses in the evaluation of
working memory performance. The aim of the current study is to examine the working memory performance and its correlation with a
prominent deficit in participants with high-functioning Autism Spectrum Disorders by non-verbal working memory tasks compared with
typically developing samples.

Methods: The current study is a cross-sectional, comparative study. The working memory performance of the 30 participants with
high-functioning Autism Spectrum Disorders (7-16 years) and 30 typically developing was compared by working memory subtests of
the Leiter International Performance Scale-Revised in Tehran, Iran. Two groups were matched for age and gender. ANOVA, ANCOVA,
repeated measures ANOVA and Pearson’s correlation coefficient were used to analyze the data statistically. The significance value was
set at p<0.05.

Results: The results showed that if the effect of FSIQ (full-scale intelligence quotient) were controlled individuals with high-
functioning Autism Spectrum Disorders exhibited significant impairment in the Reverse Memory subtest (p=0.001). Also, unpredictably
Forward Memory (r=0.38, p=0.03) and Reverse Memory tasks (r=0.38, p=0.03) displayed a significant positive correlation with the
Social interaction subscale of the Gilliam Autism Rating Scale (Second Edition).

Conclusion: It seems that nonverbal working memory is impaired in persons with high-functioning Autism Spectrum Disorders.
Results of the current study revealed that factors like complexity and cognitive load of tasks may influence working memory performance
in individuals with high-functioning Autism Spectrum Disorders.
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Introduction
Autism Spectrum Disorder (ASD), a heterogeneous set  tics of ASD are the presence of stereotypic patterns of be-
of neurodevelopmental disorders, is characterized by per-  haviors across several contexts with or without accompa-
sistent deficits in social communication. Other characteris-  nying intellectual disability (1). High functioning ASD
does not appear in the Diagnostic and Statistical Manual of
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Mental Disorders (DSM) as a separate diagnosis but is a
subtype of autism without any cognitive delay. The full-
scale intelligence quotient (FSIQ) of them is reported above
70 (2). The prevalence of ASD is approximately 95 per
10,000 population in Iran (3). There is the significant male-
female ratio in the ASD and high-functioning ASD. The
most widely reported is a 4:1 or 5:1 male: female ratio in
the ASD prevalence (4). In high-functioning ASD the sex
ratio is even higher. The ratio is reported from 5:1 to a max-
imum of 9:1 (5). The etiology of ASD has remained un-
known (6). Many theories try to describe the prominent def-
icits of ASD. The Executive Dysfunction Theory is one of
them. Executive function includes several abilities related
to working memory (WM) as the main component (7). WM
is defined as a process for the temporary holding and ma-
nipulating of information (8). WM is important in academic
learning and daily living (9). The small number of studies
investigated the relationship between prominent deficits of
the ASD and WM impairment (7). In some of these studies,
the authors reported a negative correlation between WM
performance and the prominent deficits of ASD (10, 11).
So, it is important to investigate WM impairments in indi-
viduals with ASD. There are a considerable amount of stud-
ies done in the developed countries on exploring the WM
impairment of individuals with high-functioning ASD.
There is inconsistent in the reported results of these studies.
While the results of some research support an im-
paired WM (12), others have found evidence of relatively
intact WM (13). Kercood et al. (2014) published a review
of literature in WM and autism research and indicated that
the arrangement of WM tasks might define whether or not
functioning is impaired and the existence of verbal
responses in the evaluation of WM might be a confounding
variable and should be considered in future research (14).

To evaluate the cognitive functioning of people between
2 and 21 years old, the Leiter International Performance
Scale-Revised (Leiter-R) was designed (15). This scale is a
non-verbal and culturally free instrument. Because the Lei-
ter-R is nonverbal, it is particularly appropriate for assess-
ment of younger children with little or no language skills
such as ASD. The Leiter is divided into two groups, (Visu-
alization and Reasoning Battery (VR) and Attention and
Memory Battery (AM)), and each group contains ten sub-
tests. The VR and AM Battery may be administered sepa-
rately or together, depending on the clinical necessity (16).
Some studies explored the profile of VR Battery in children
with ASD. These studies highly recommended using Lei-
ter-R for assessment of WM in children with ASD (17) and
showed a good competence in visuospatial disembedding
and detail-focused processing and incompetence in abstrac-
tion and concept formation (18). To the authors’
knowledge, no data exist on subtests of AM Battery in par-
ticipants with ASD. However, some studies explored the
subtests of AM Battery in fragile X syndrome (FXS) and
found relative difficulty on WM tasks of the Leiter-R in
children with FXS (19, 20).

Some studies have been performed on WM in persons
with high functioning ASD in developed countries;
however, their results are contradictory (7, 14). Previous
studies showed the existence of verbal responses in the
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evaluation of WM might be a confounding variable and
should be considered in future research (14). It seems that
culture influences in working memory (21). Additionally,
there is a dearth of similar data for developing countries for
this topic, so the aim of the present study was to investigate
WM performance in persons with high-functioning ASD
and compare it to TD participants and to carefully look at
patterns of relative strengths and weaknesses in each group,
separately. Also, another aim of the present study is to re-
search the possible correlation between prominent deficits
of ASD that assessed through Gilliam Autism Rating Scale-
Second Edition (GARS-2) (22) and the WM tasks of Leiter-
R.

Methods

Participants

Participants with high-functioning ASD: In the present
study, 30 children and adolescents with a confirmed diag-
nosis of high-functioning ASD aged 7 to 16 years
(mean=133, SD=33 months) were recruited. The samples
were selected using convenience sampling method. Partic-
ipants in the current study were recruited from 121 people
(7-16 years) with a diagnosis of high-functioning ASD.
Special centers (the Iranian Special Education Organiza-
tion, the Autism Charity, Roozbeh Psychiatric Hospital, the
specialized clinics of schools of rehabilitation sciences, and
ten specialized clinics for children with autism) referred
these patients to the first author.

In order to confirm the diagnosis of high functioning
ASD, GARS-2 and Wechsler Intelligence Scale for Chil-
dren-Fourth Edition (WISC-IV)(23) were used. A trained
speech and language pathologist (Ph.D. candidate) used
GARS-2 and a well-trained and experienced psychologist
(MSc degree) measured the intellectual levels of
individuals. Participants, which were included in the study,
were ones who obtained a standard score equal to or above
70 on the WISC-IV and a cut-off score on the GARS-2.

The subsequent criteria (24) were considered to exclude
the participants from the study :

e Metabolic disorders and/or genetic syndromes which
are known as comorbid conditions.

e A previous history of neurological diseases (eg.
previous history of trauma, tumors, brain lesions, stroke or
amedical problem such as epilepsy or Tourette syndrome).

e Further medical difficulties affecting cognition,
comorbid mental disorders like schizophrenia or bipolar
disorder, and special visual, hearing or motor problems
which prevent performance in the study.

Conclusively, a total of 30 participants, including 27 boys
and 3 girls, with high-functioning ASD were recruited in
this research. The average age of participants (both gen-
ders) was 11.08 years. The socioeconomic status of the 7
families of these participants (23%) was rated as 3 (to be in
the middle class), 9 families (30%) was rated upper than 3
(in the upper middle class) and 14 families (47%) was rated
lower than 3 (in the lower middle class). Assessments were
carried out in a quiet room with appropriate light and tem-
perature.



TD participants

Twenty-seven boys and three girls (a total of 30 typically
developing children) comprised the control group. They
were matched based on gender and age (mean=134, SD=32
months) with participants with high-functioning ASD. The
TD participants control group recruited via cluster sam-
pling from public schools in Tehran. Some of the
municipality districts of Tehran were randomly selected,
and an all-boys’ and an all-girls’ school were randomly se-
lected from the primary and lower secondary schools of
each district. No evidence of behavioral problems or a his-
tory of relevant diseases were detected according to the
Strengths and Difficulties Questionnaire (SDQ), which will
be described later in the Research Tools section and also a
semi-structured interview. Situations disqualifying the par-
ticipants were personal or family histories of psychiatric,
neurological or other medical conditions affecting brain de-
velopment. A typical academic background was existent in
TD children in this sample. WISC-IV was used to estimate
their intellectual levels of participants.

Research tools

The Wechsler Intelligence Scale-Fourth Edition (WISC-
IV): The Wechsler Intelligence Scale (WISC) is an intelli-
gence test for youngsters ranging in ages 6 to 16 years
old. The WISC-IV has four indices, ten core subtests, and
five complementary subtests. The present study used the
Persian version of the WISC-1V. The validity and reliabil-
ity of this scale were evaluated on 872 Iranian people aged
6 -16 years. The test-retest reliability values were 0.91 for
FSIQ and between 0.65 to 0.94 for its subtests (25).

WM subtests of The Leiter International Perfor-
mance Scale-Revised (Leiter-R): Four subtests from the
Attention and Memory Battery (AM) suitable for ages 6 to
20 years (Associated Pairs, Forward Memory, Reverse
Memory and Spatial Memory) were used for more precise
examination of WM ability. In Associated Pairs, pairs of
pictured objects are revealed for a short time (5-10 seconds)
then the participant is asked to put the pictured objects
cards on a blank matrix in the right place. The ability to
recall meaningful and non-meaningful associations is con-
sidered. For the Spatial Memory subtest, a demonstration
of pictures in a matrix is shown for a short time of ten
seconds. The participant has to place cards of the pictured
objects on a blank matrix in the accurate positions. The as-
signment starts and ends with a single picture in a two-box
matrix and eight pictures in a 12-box matrix, respectively.
Credit on a given sample is received when the youngster
puts all the pictures correctly on the matrix. The assignment
is terminated after six errors one after the other. For the For-
ward Memory subtest, the examiner points to a picture
every second, and then the youngster must show the equiv-
alent picture with the same organization. The number of
pictures escalates but begins with just one picture. The task
terminates when six cumulative sequence errors have been
made. The procedure in the Reverse Memory is analogous
to the Forward Memory subtest; this means that the young-
ster shows the exact pictures in a reversed order.

The Persian version of the test was normalized by the Ira-
nian Special Education Organization and psychometric
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properties of this scale were investigated in a national scale
study.

The norms are used by Iranian Special Education organ-
ization with the purpose of diagnosis of children with spe-
cial need annually in the national elementary school entry
evaluation plan called “Sanjesh” (evaluation in Persian).
The organization classified the statistical data and the test
content as top confidential because of the possible misus-
age by nonofficial parties. No journal publication has been
done yet about the so-called collected official information
by this organization. The present study benefited assistance
from the official test administrators and therefore was able
to use the Iranian Special Education Organization norms.

The Gilliam Autism Rating Scale-Second Edition (GARS-
2): The GARS-2 is an instrument that assists clinicians in
recognizing and diagnosing autism in individuals with the
age range of 3 to 22 years. The scale has 42 items in three
subscales (stereotyped behaviors, communication, and so-
cial interaction). The Persian version of the scale was used
for this study. The psychometric properties of GARS-2
were evaluated in 658 children (442 with Autism; 112 in-
tellectually disabled and 102 typically developing). The in-
ternal consistency of the subscales stereotyped behavior,
Communication and Social interaction were reported to be
0.84, 0.87 and 0.88 respectively (26).

The Strengths and Difficulties Questionnaire (SDQ): The
SDQ is a brief screening tool. Three to 16-year-olds take
this test so we can determine emotional and behavioral dif-
ficulties in children and adolescents (27). The Persian ver-
sion of this questionnaire test is a reliable and valid instru-
ment (28, 29). The Validation of SDQ was performed on
600 children aged between 6 and 12 years old. The internal
consistency was reported (0.73) and concurrent validity of
this questionnaire was good.

The self-administered demographic and economic data
gathering: Parental data is included in this form (their em-
ployment status, annual income, and level of education). It
also includes questions about children’s demographic in-
formation. In this research, the socioeconomic status of
families was calculated based on the three variables (family
income, parental education, and occupational status). Ac-
cording to the results of a study by Kazemipour (1999),
each variable classified as a 5-point scale. The average of
these three variables determined SES (30).

Ethics approval

This study was approved by the ethics committee of the
Iran University of Medical Sciences (ir.iums.rec.
1394.9211363204). The parents of the participants signed
a written approval form. Verbal approval was obtained
from the participants.

Statistical analysis

The normality of the data was tested by the Kolmogorov-
Smirnov test. The Analyses of Variance (ANOVA) and re-
peated measures ANOVA were used to examine the in-
tragroup and intergroup comparisons on different WM sub-
tests. Analyses of Covariance (ANCOVA) was used to
control the effect of FSIQ on WM tasks. The Partial Eta
Squared was used to evaluate the outcome of size on the
http://mjiri.iums.ac.ir
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ANOVA and ANCOVA. We examined the relationship be-
tween the GARS-2 with WM subtests of Leiter-R by Pear-
son’s correlation coefficient. Analyses were done using
SPSS 16 and a p<0.05 was the level of the statistical signif-
icance in all statistical tests.

Results

One-Sample Kolmogorov-Smirnov test in the WM sub-
tests confirmed the normal distribution of the data in the
WM subtests of the ASD group (Associated Pairs (p=0.96),
Forward Memory (p=0.59), Reverse Memory (0.84), Spa-
tial Memory (0.27)) and TD group (Associated Pairs (0.07),
Forward Memory (0.19), Reverse Memory (0.90), Spatial
Memory (0.68)).

Intergroup Comparisons

Characteristics of two groups of participants including
age, and FSIQ and the results of the GARS-2 in participants
with ASD are shown in Table 1.

Age and gender were not significantly different in the two
groups, but a significant difference was found in the FSIQ
between the two groups. The matter of using FSIQ as a co-
variate in analyses of data has not been resolved yet in peo-
ple with psychiatric disorders. Therefore the analyses were
performed with and also without FSIQ as a covariate (31).

Analysis of each of the WM tasks between the high-func-
tioning ASD and TD groups as shown in Figure 1, was re-
vealed that participants with ASD were weaker than TD
participants in all WM subtests (Associated Pairs (F i,
58=10.56, p=0.002, Partial 1?=0.15), Forward Memory (F
a, s8=17.12, P=0.001, Partial n?=0.22), Reverse Memory
(F , 58=54.96, p=0.001, Partial n*=0.48) and Spatial
Memory (F (1, 58=22.60, p=0.001, Partial n?=0.28)).

After covarying the FSIQ and evaluating other variables
as dependent variables, it was discovered that participants
with high-functioning ASD were significantly punier than
the TD control group in the Reverse Memory (F 1, 57)=5.93,
p=0.01, Partial n*= 0.09).

Table 1. Characteristics of the high-functioning ASD participants

250
type

Error bars: +/-2 5D

Fig. 1. Bar-chart of the working memory tasks of Leiter-R by type
(the high-functioning Autism Spectrum Disorders and typically de-
veloping)

Intragroup Comparisons

A significant difference was found between the different
subtests (F , $7=6.74, p=0.001, n>=0.18) in participants
with high-functioning ASD. The post hoc tests revealed the
mean scores of the Forward Memory (mean=8.17,
SD=2.06) considerably greater than the other subtests.

Also in TD participants, a significant difference was
found between the different subtests (F 3, §7=21.49,
p=0.001, n?>=0.42). The post hoc tests revealed the mean
scores of the Associated Pairs (mean=8.17, SD=2.06) sig-
nificantly lower than the other subtests.

The Correlations between WM performance and ASD
prominent deficit in participants with high-functioning
ASD

As shown in Table 2, the Pearson’s correlation coeffi-
cient exhibited a significant positive correspondence be-
tween the Social interaction-standard score of the GARS-2
and the Forward Memory subtest (r=0.389 p=0.034) (Fig.
2) and the Reverse Memory subtest (r=0.387, p=0.035)

ASD (N=30) TD (N=30) P
Items Mean (SD) Range Mean (SD) Range (ASD vs. TD)
Age (mounts) 133.17 (33.12) 70-120 134.43 (32.06) 91-128 0.881
FSIQ (WISC-1V) 85.63 (12.51) 83-184 111.87(9.62) 83-184 0.001
GARS-2 Stereotyped Behaviors SS 6.1 (2.66) 3-12 - - -
GARS-2 Communication SS 4.2 (1.38) 1-7 - - -
GARS-2 Social interaction SS 6.1 (1.56) 3-10 - - -
GARS-2 Autism Index 74.16 (11.85) 58-102 - - -

ASD: Autism Spectrum Disorder

TD: Typical Development

FSIQ: Full-Scale intelligence quotient

SES: Socioeconomic Status

WISC-IV: Wechsler Intelligence Scale for Children-Fourth Edition
GARS-2: Gilliam Autism Rating Scale-Second Edition

SS: Standard Score

Table 2. Pearson’s correlations between the WM tasks of Leiter-R and ASD symptomatology

Associated Pairs

Forward Memory

Reverse Memory Spatial Memory

Scale Pearson p Pearson P Pearson P Pearson P
Correlation Correlation Correlation Correlation

GARS-2 Stereotyped Behaviors SS 0.02 0.90 0.20 0.27 0.15 0.41 0.23 0.21

GARS-2 Communication SS -0.14 0.43 -0.04 0.80 0.01 0.93 -0.23 0.20

GARS-2 Social interaction SS 0.13 0.47 0.38%* 0.03 0.38* 0.03 0.30 0.09

GARS-2 Autism Index 0.01 0.94 0.23 0.21 0.21 0.26 0.16 0.39

* Significant with p<0.05
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Fig. 2. Correlation of Forward Memory task and Gilliam Autism Rating
Scale-Second Edition-Social interaction
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Fig. 3. Correlation of Reverse Memory task and Gilliam Autism Rating
Scale-Second Edition-Social interaction

(Fig. 3).

Discussion

The aim of the current study was to compare nonverbal
working memory capacity in persons with high functioning
ASD and typically developing peers.

Working memory performances of the two groups were
compared in 4 subtests: Associated pair subtest, Forward
Memory subtest, Reverse Memory subtest and Spatial
Memory subtest. Two groups were compared in two condi-
tions: in the first condition, FSIQ wasn’t controlled be-
tween two groups and in the second one FSIQ was con-
trolled between two groups. Two groups had a significant
difference in four subtests in the first condition, but there
was a significant difference between the two groups only
for Reverse Memory in the second condition.

The significant differences between the two groups in
WM subtests showed general WM impairment in individu-
als with high functioning ASD. This finding is consistent
with the results of most past studies in developed countries
(7, 14). In neuropsychological studies, to justify the WM
impairment in people with ASD, structural abnormality and
hyperconnectivity in the brain need to be considered which
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is contributing to the cognitive function of ASD (32).

The results of the present study revealed that if the effect
of FSIQ was controlled in the two groups, the Reverse
Memory subtest could detect WM impairment. In order to
interpret this finding the four WM subtests of the Leiter-r
were compared. Association pair subtest measures the
performance of long-term retrieval as a broad ability. Three
remaining subtests measure visuospatial WM (33). Some
studies reported that individuals with ASD had relatively
intact long-term memory(34, 35), but behavioral (7, 14) and
electrophysiological studies (36) indicate that persons with
ASD had visuospatial memory deficits.

Among the three tasks used in this research for the eval-
uation of visuospatial WM, Reverse Memory task is more
complex than Spatial Memory task (19) and need more cog-
nitive load than Forward Memory task. Reverse Memory
involves both brief holding of information and manipulat-
ing them, but Forward Memory task involves only holding
the information (37). These findings were consistent with
the results of the previous study that found children with
ASD were significantly poorer performance than the FSIQ
matched TD participants in the Backward Spatial Span but
not in the Forward Spatial Span (38). Past studies support
this notion that individuals with ASD have more challenges
in performing more complex tasks (14, 32).

In participants with high-functioning ASD, better perfor-
mance was found in the Forward Memory subtest, and a
relative weakness was found in TD participants in the As-
sociated Pairs subtest. As mentioned above, the Associated
Pairs subtest explores long-term memory(33). It seems that
in TD participants’ cognitive load and complexity had no
significant effect on visuospatial WM tasks and long-term
memory task is more challenging than visuospatial WM
tasks. However different profile was detected in partici-
pants with ASD.

Unpredictable results in the present study were a signifi-
cant positive correlation between the GARS-2 subscale of
Social interaction with the Forward Memory and Reverse
Memory subtests of Leiter-R. In other words, the higher pa-
rental reported social problems were correlated with a score
of the Forward Memory and Reverse Memory subtests. It
should be noted that a small number of studies that examine
the WM impairment in individuals with high-functioning
ASD have reported the relationship between autism symp-
toms and working memory impairment (7). The results of
some studies showed a negative correlation between ASD
prominent deficit and WM performance (11, 39, 40) but
others did not find this relationship (41). Given that few
studies have investigated this relationship, limited WM
tasks have been used to examine this relationship. Given
the impact of the format of the WM task on the performance
of people with ASD so, it could be concluded that this re-
lationship can also alternate based on the nature of different
tasks. Of course, it should also be noted that in this sample,
the relationship between autism prominent deficit and the
WM subtests of the WISC-IV Integrated were also exam-
ined (unpublished study). These results also showed a sig-
nificant positive correlation between the Social interaction
subscale of the GARS-2 and the Digit Span Forward sub-
test. Also, the GARS-2 Stereotyped Behaviors subscale
http://mjiri.iums.ac.ir
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showed a significant positive correlation with the Visual
Digit Span task. Although due to the limitations of the
study, these results should be interpreted with caution. An
important point in these findings is the value of examining
it in future research.

Limitations

The results of this study should be reevaluated in larger
sample size using different WM tasks in various communi-
ties to reach a definitive result. One limitation of this study
was the difference between the two groups in terms of their
FSIQ. Since the FSIQ of participants with ASD is mostly
lower than their age-matched TD group, matching the FSIQ
of the two groups was rather difficult (42). So, in the pre-
sent study, statistical analysis was used to control the effect
of FSIQ similar to previous studies conducted in this area
and not able to match the two groups from the baseline for
FSIQ (43-45). Try to raise some more points which needed
to be addressed in the next studies.

Implications of the findings for future research

The results of the present study will have important im-
plications for to understand the impact of high-functioning
ASD performance on nonverbal WM profiles and to
identify the patterns of relative strengths and weaknesses of
WM in children with high-functioning ASD, and to guide
intervention and educational programming.

Conclusion

The results obtained in this study exhibited that the Re-
verse Memory task could detect WM impairment in partic-
ipants with high-functioning ASD compared to TD group
in the recruited samples if the effect of FSIQ were con-
trolled. This means that the design of WM tasks may regu-
late whether or not WM performance is impaired. Partici-
pants with high-functioning ASD may have more problems
when task complexity and cognitive load increased. Also,
the profile of WM subtests of Leiter-R in participants with
high-functioning ASD and TD group were different. The
point to be considered in this research is that there is a
significant positive correlation between two WM subtests
of Leiter-R and subscale of Social interaction GARS-2.
Further research with more sample sizes can reevaluate the
results of the present study.
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