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ORIGINAL ARTICLE
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Kimiko Murakamib, Rie Ishidab, Kaoru Mizunob, Mizuho Takayanagid, and Shin-Ichi Niwae

aFaculty of Education, Hokkaido University, Sapporo, Japan; bDepartment of Child Psychiatry, Musashino Child Development Clinic, Tokyo, 
Japan; cDepartment of Neuropsychiatry, Fukushima Medical University, Fukushima, Japan; dDepartment of Child and Adolescent Psychiatry, 
Arisawabashi Hospital, Toyama, Japan; eDepartment of Psychiatry, Aizu Medical Center, Fukushima Medical University, Fukushima, Japan

ABSTRACT
The present study aimed to investigate the test-retest reliability of the Wechsler Intelligence Scale 
for Children-Fourth edition (WISC-IV) in a sample of 138 children with autism spectrum disorder 
(ASD) from a child psychiatric clinic in Tokyo, Japan. The stability coefficient of the Full Scale 
Intelligence Quotient (FSIQ), which is composed of four indices, was very high at .83, while those 
of the Verbal Comprehension Index (VCI), Perceptual Reasoning Index (PRI), Working Memory Index 
(WMI), and Processing Speed Index (PSI) individually were moderate to high, ranging from .62 to 
.79. Comparisons among three age groups revealed that the coefficients for children aged 5 to 
7 years tended to be lower than those for children aged 11 years and older. With respect to relative 
strengths and weaknesses between index scores, approximately half of children did not exhibit the 
same trend in the second test. These results revealed that the FSIQ and index scores are stable in 
the long term in children with ASD aged 11 years and older, and that the PSI and discrepancies in 
index scores are less stable. Thus, practitioners should take into account ecological information and 
the test-taking behaviors of children when interpreting WISC-IV results for children with ASD.

Abbreviations: ASD: autism spectrum disorder; WISC-IV: wechsler intelligence scale for children – 
fourth edition; FSIQ: full scale intelligence quotient; VCI: verbal comprehension index; PRI: percep
tual reasoning index; WMI: working memory index; PSI: processing speed index
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Autism spectrum disorder; 
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelop
mental disorder mainly characterized by difficulties in 
social communication and restricted patterns of beha
vior. The prevalence of ASD was initially approxi
mately 4.5 persons in a population of 10,000 (Lotter, 
1966). However, over the past four decades, prevalence 
has drastically increased to 86 per 10,000 in Japan 
(Honda et al., 2005), 168 per 10,000 in the United 
States (Baio et al., 2014), and 189 per 10,1000 in the 
UK (Rydzewska et al., 2019). This is primarily due to 
the increased recognition of ASD in individuals with 
high IQ scores and an absence of intellectual disabilities 
(Charman et al., 2011; Fombonne, 2005). In addition, 
ASD manifests itself in various ways depending on the 
level of intelligence or language skills (American 
Psychiatric Association [APA], 2013; Saulnier & 
Ventola, 2012; Volkmar & Pauls, 2003).

The Wechsler Intelligence Scale for Children (WISC), 
which has been revised several times, is the most widely 
utilized tool for assessing cognitive abilities in children. 
The fourth edition of the WISC (WISC-IV) is the version 

most frequently used globally, and a Japanese version of 
the WISC-IV published in 2010 allows the assessment of 
children between 5 and 16 years of age. It is often applied 
to evaluate the level of individual educational support 
needed for children with disabilities. This test is 
a culmination of in-depth research efforts and produces 
four main indices to assess the strengths and weaknesses 
of an individual: the Verbal Comprehension Index (VCI), 
Perceptual Reasoning Index (PRI), Working Memory 
Index (WMI), and Processing Speed Index (PSI). 
Moreover, its reliability and validity have been established 
according to the classical test theory, and an interpretive 
system focused on index scores based on statistical evi
dence has been subsequently developed. When interpret
ing WISC-IV scores using this system, analyses of the Full 
Scale Intelligence Quotient (FSIQ); index scores for VCI, 
PRI, WMI, and PSI; and discrepancies between these 
index scores are critical.

In previous studies that investigated cognitive profiles 
in individuals with ASD, some researchers focused on 
specific conditions such as islets of abilities and language 
impairment (Lockyer & Rutter, 1970) or theory of mind 
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and weak central coherence (Happe, 1994; Shah & Frith, 
1993). These peaks and troughs were repeatedly reported 
as specific WISC subtest profiles that reflect dysfunctional 
phenotypes (Allen et al., 1991; Bartak et al., 1975; Ehlers 
et al., 1997; Freeman et al., 1985; Lincoln et al., 1988; Ohta, 
1987; Siegel et al., 1996). In the 1990s, however, ASD 
diagnostic criteria were updated (APA, 1994; World 
Health Organization, 1992), and the prevalence of high- 
functioning ASD has increased since this change. Along 
with this trend, the WISC subtest profile for ASD has also 
changed. Several studies (Mandy et al., 2015; Nader et al., 
2015; Oliveras-Rentas et al., 2012; Stack et al., 2017) have 
reported that children with ASD exhibit relative weakness 
on subtests for Coding and Comprehension. 
Furthermore, several research groups have discussed the 
relationships among low scores in Coding, cognitive flex
ibility (e.g., attentional shifting), and motor skills (Hedvall 
et al., 2013; Ozonoff et al., 2000; Sattler & Dumont, 2004).

However, in their multiple single-case study, Mandy 
et al. (2015) reported that a subtest pattern observed at 
the level of the group mean did not consistently apply to 
individual participants. Furthermore, since the develop
ment of the WISC-IV, there has been a growing argu
ment that the subtest scores are less stable than 
composite scores such as the total test IQ and index 
scores. Some have also argued that the analysis of subtest 
discrepancies to determine specific cognitive character
istics and impairments should be avoided, and that 
practitioners should focus on composite scores and 
their differences (Flanagan & Kaufman, 2009).

Research reporting WISC composite scores among 
ASD subtypes suggests that classical autism is character
ized by strengths in nonverbal and visual-spatial compo
site scores, whereas Asperger’s syndrome is characterized 
by strengths in verbal composite scores (Foley-Nicpon 
et al., 2012; Mayes & Calhoun, 2004; Nader et al., 2015). 
However, the diagnostic classifications of Asperger’s syn
drome and childhood autism have been integrated into 
one category, and the discrepancy between VCI and PRI 
in ASD is no longer seen as significant (Li et al., 2017; 
Mandy et al., 2015; Oliveras-Rentas et al., 2012; Stack 
et al., 2017). Nevertheless, children with ASD have 
shown weaknesses in the PSI (Foley-Nicpon et al., 2012; 
Ishikawa et al., 2013; Li et al., 2017; Mandy et al., 2015; 
Mayes & Calhoun, 2004; Nader et al., 2015; Oliveras- 
Rentas et al., 2012; Stack et al., 2017).

Cognitive profiles are clinically assessed at the indi
vidual level by analyzing discrepancies across the index 
scores (Wechsler, 2003). Stack et al. (2017) reported the 
percentage of participants with index profiles specific 
to ASD. They examined three different profiles: strong 
VCI (in comparison with PRI), strong PRI (in compar
ison with VCI), and weak PSI (in comparison with 

VCI). Their analysis revealed that 28% of children 
had strong VCI, 25% had strong PRI, and 41% had 
weak PSI, and that 53% of participants had either 
a strong VCI or PRI profile. Approximately half of 
the participants in their study had individual profiles 
specific to ASD. This finding demonstrated that indi
vidual profiles based on the composite score level 
(Stack et al., 2017) were relatively more consistent 
than those based on the subtest score level (Mandy 
et al., 2015).

Knowledge of the strengths and weaknesses of an 
individual may help predict his/her future difficulties, 
while also providing guidance on appropriate treatment. 
Under the circumstances, it is essential for clinical prac
tices to confirm not only the consistency, but also the 
stability of the discrepancies across index scores. During 
its development, researchers investigated the short-term 
stability of the WISC. For the WISC-IV, stability coeffi
cients of composite scores range from .73 to .89, while 
those for subtests range from .57 to .80. Moreover, 
research by Kieng et al. (2017; Non-clinical sample, 
N = 277, interval: 1.73 years), Watkins and Smith 
(2013; Special needs sample, N = 344, interval: 
2.8 years), and Bartoi et al. (2015; Clinical sample, 
N = 51, interval: 2.3 years) has confirmed the long- 
term stability of the WISC-IV (Table 1). These studies 
have demonstrated that coefficients for the FSIQ, VCI, 
and PRI are particularly stable, and that children tend to 
have similar scores in the second test after a long period 
of time has passed since the first test. Despite this find
ing, these studies reported that stability coefficients were 
moderate for the WMI, PSI, and almost all subtests, 
ranging from approximately .40 to .70, which is rela
tively lower than the stability coefficients of other 
indices. Furthermore, they were lower than the short- 
term stability coefficients (Wechsler, 2003) determined 
when tests were readministered within 1 month after the 
first assessment.

Since the PSI and the Coding subtest are influenced 
by cognitive flexibility and motor skills, both of these 
scores and stability coefficients are lower in individuals 
with ASD than in those without (Okada et al., 2010, 
Table 2). Bartoi et al. (2015) compared the stability 
coefficients between patients with and without atten
tional impairments, reporting that stability for the 
WMI, Digit Span, and Matrix Reasoning scores was 
lower in the former group than in the latter (Table 2). 
Thus, it is safe to say that clinical features of ASD and 
attentional impairments influence the scores and stabi
lity of the WMI, PSI, and some subtests. For psycholo
gists, assessing low WMI and PSI scores and the 
variability in these scores allows them to better identify 
the symptoms of ASD and attentional impairments.
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There is evidence that attentional impairments are 
related to the stability of WMI scores and certain subtest 
scores in the WISC-IV. However, no studies to date have 
investigated the long-term stability of the WISC-IV in 
ASD samples. Okada et al. (2010) examined WISC-III 
results, but 20% of the study samples had a test-retest 
interval of less than 1 year. Furthermore, no previous 
studies have investigated the consistency in discrepancies 
across index scores in ASD samples. In addition, the 
WISC-IV is administered not only to school aged children 
but also to younger children who are not familiar with 
academic tasks. In younger children, WISC-IV scores may 
be affected primarily by attention and fatigue. Therefore, 
the stability of WISC-IV scores may differ with age.

Given the abovementioned findings, the present 
study aimed to confirm the cognitive profiles of WISC- 

IV index scores at the individual level, as well as the 
long-term stability of WISC-IV scores in children with 
ASD based on their test-retest data. We analyzed the 
cognitive strengths and weaknesses at both the group 
mean and multiple single-case levels and investigated 
the stabilities of discrepancies across index scores 
according to age. In particular, we intended to deter
mine the following:

(1) Are there cognitive profiles specific to ASD as 
reported in previous studies? What percentage of 
children have strong VCI or strong PRI? What is 
the percentage of children with weak PSI?

(2) Are WISC-IV composite scores and their discre
pancies stable in children with ASD over a long 
period of time?

Table 1. Stability coefficients of WISC-Ⅳ  index scores and subtest scores.
Articles Wechsler (2003) Kieng et al. (2017) Bartoi et al. (2015) Watkins and Smith (2013)

Retest-interval 27 days 1.7 year 1.8 year 2.8 year
N 93 248 51 344
Samples Standardized sample Non-clinical sample Clinical sample Special needs sample
First/second test age 8.9/10.6 11.2/13.1 8.7/11.6
FSIQ .89 .80 .86 .82
VCI .88 .80 .81 .72
PRI .80 .73 .79 .76
WMI .73 .61 .60 .66
PSI .79 .62 .58 .65
Similarities .77 .67 .80 .58
Vocabulary .80 .71 .81 .69
Comprehension .80 .59 .49 .48
Block Design .72 .74 .78 .70
Picture Concepts .57 .40 .54 .46
Matrix Reasoning .68 .56 .74 .63
Digit Span .59 .58 .63 .60
Letter Number Sequencing .66 42 .35 .48
Coding .75 .56 .52 .52
Symbol Search .70 .47 .62 .54

Table 2. Stability coefficients of WISC in children with/without ASD and ADHD.
Articles Okada et al. (2010) Okada et al. (2010) Bartoi et al. (2015)

Mean of test-retest interval (year) 1.7 1.5 1.5 1.5 1.8c

N 46 91 115 22 21 29
Samples Clinical sample 

without 
PDDb

Clinical sample 
with 
PDDb

Clinical sample 
without 

HDb

Clinical sample 
with 
HDb

Low attention 
problem

High attention 
problem

VCI .81 .80 .81 .57 .85 .78
PRI/POIa .81 .82 .79 .89 .86 .67
WMI/FDIa .74 .68 .71 .65 .62 .52
PSI .69 .49 .59 .51 .72 .47
Similarities .56 .50 .55 .17 .81 .83
Vocabulary .65 .66 .62 .67 .87 .78
Comprehension .57 .61 .62 .30 .52 .36
Block Design .72 .69 .71 .63 .80 .81
Picture Concepts - - - - .65 .39
Matrix Reasoning - - - - .88** .50**
Digit Span .72 .71 .75* .42* .73 .40*
Letter Number Sequencing - - - - .35 .39
Coding .80** .36** .56 .64 .65 .43
Symbol Search .33 .47 .43 .43 .76 .48

aPOI and FDI are WISC-3 index scores in Okada’s study. 
bPDD: Pervasive Developmental Disorders, HD: Hyperkinetic Disorder in ICD-10. 
cTest-retest intervals for each subgroup were not provided. 
* p< .05, ** p< .01, significant difference between two stability coefficients (underline) using Z-test.
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(3) Are there some differences in the stability of 
composite scores and their discrepancies based 
on age?

(4) Are the profiles of strong VCI, strong PRI, and 
weak PSI in an individual consistent over a long 
period of time?

Methods

Participants

Among children who visited the Musashino Child 
Development Clinic in Tokyo and were diagnosed with 
ASD, 145 children completed the WISC-IV twice at 
intervals of 2 or more years. Among them, seven chil
dren with one or more raw subtest scores of 0 were 
excluded, given that such scores make it impossible to 
measure cognitive ability. In the end, we analyzed data 
for 138 children. All participants met the criteria for 
a clinical diagnosis of ASD in the International 
Classification of Diseases, Eleventh Revision (ICD-11). 
A pediatric psychiatrist with more than 40 years of 
clinical experience made diagnoses using the criteria 
for ASD outlined in the ICD-11.

Participants in this study consisted of 108 male and 
30 female children with a mean age of 9.2 years (stan
dard deviation [SD] = 2.4, minimum: 5.5, maximum: 
14.9) at the time of initial WISC-IV administration, and 
a mean age of 11.8 years (SD = 2.5, minimum: 7.5, 
maximum: 16.8) at the time of retesting (Table 3). The 
mean test-retest interval was 2.6 years (SD = 0.7, mini
mum: 2.0 years, maximum: 5.0 years). Their psychiatric 
doctors, psychologists, and guardians confirmed that all 
children had not taken medication and had not had 
emotional and/or behavioral problems for at least 
1 month before taking the WISC-IV.

Procedures and materials

The WISC-IV is composed of 10 core subtests, five 
ancillary subtests, and five composite scores (FSIQ, 
four indices). The 10 subtests are organized into four 
index scores: VCI, composed of Similarities, 
Vocabulary, and Comprehension; PRI, composed of 
Block Design, Picture Concepts, and Matrix 
Reasoning; WMI, composed of Digit Span and Letter 
Number Sequencing; and PSI, composed of Coding 

and Symbol Search. The 10 primary subtests of the 
Japanese version of the WISC-IV were administered 
in accordance with the standard method by clinical 
psychologists with 20 to 40 years of experience of 
working with children with developmental disorders 
and related conditions. All tests and retests were car
ried out individually in the laboratory of the clinic 
where only a desk, two chairs, and test equipment 
were placed. In every case, the WISC-IV was adminis
tered under the supervision of a child psychiatrist or 
a clinical psychologist, each having more than 40 years 
of experience.

Prior to administration of the test, informed consent 
(assent if the child was under 10 years old or with below- 
average cognitive ability) was obtained from children 
and their guardians with regard to test administration. 
Moreover, with respect to the utilization and release of 
data for research purposes, consent was obtained from 
guardians provided that personal information would not 
be disclosed. This study was approved by the Research 
Ethics Committee, Faculty of Education, Hokkaido 
University [approval number: 15–35].

Data analysis

Means, standard deviations, and ranges of scores in the 
first and second tests were calculated for FSIQ, the four 
index scores (VCI, PRI, WMI, PSI), and 10 subtests 
(Similarities, Vocabulary, Comprehension, Block 
Design, Picture Concepts, Matrix Reasoning, Digit 
Span, Letter Number Sequencing, Coding, and Symbol 
Search).

The discrepancies between the VCI and PRI scores 
were calculated for each child, and if the discrepancy 
score was significantly higher for the VCI (at a 5% sig
nificance level according to the Japanese version of 
WISC-IV scoring manual (Wechsler, 2010)), the child 
was classified as having a strong VCI (sVCI) profile. If 
the discrepancy score was significantly higher for the 
PRI, the child was classified as having a strong PRI 
(sPRI) profile. If no significant differences were noted, 
the child was assessed as having a VCI = PRI (V = P) 
profile.

Moreover, the discrepancies between the VCI and PSI 
scores were calculated for each child according to the 
method utilized by Stack et al. (2017). If the discrepancy 
score was significantly higher for the PSI at a 5% sig
nificance level according to the Japanese version of the 
WISC-IV scoring manual (Wechsler, 2010), the child 
was classified as having a strong PSI (sPSI) profile. If 
the discrepancy score was significantly lower for the PSI, 
the child was classified as having a weak PSI (wPSI) 
profile. If no significant differences were noted, the 

Table 3. Distribution of participants by age (N = 138).
Age

5 6 7 8 9 10 11 12 13 14 15 16

First test 16 11 18 24 15 10 29 9 3 3 0 0
Second test 0 0 10 13 9 21 26 8 6 37 2 6
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child was assessed as having a non-significant PSI (nPSI) 
profile.

We also calculated the long-term stability coeffi
cients of the WISC-IV index scores and of the dis
crepancies among index scores. In addition, we 
analyzed these long-term stability coefficients in 
three different age groups (5–7 years, 8–10 years, 
and 11 years and older). We also investigated 
changes in the percentage of children with relative 
strengths and weaknesses between VCI and PRI, as 
well as the percentage of those with PSI that were 
relatively weaker than FSIQ.

SPSS 26.0 (IBM Corp., Armonk, NY, USA) statis
tical software was used to perform all statistical 
analyses.

Results

Profiles of WISC-IV index scores in children with ASD

The descriptive statistics of the FSIQ and index 
scores in the first and second tests for 138 children 
with ASD are shown in Table 4. In the first test, the 
FSIQ, VCI, PRI, and WMI were within the average 
range, whereas index scores differed significantly 
(F (3, 548) = 12.65, p < .001, partial η2 = 0.07). 
A Bonferroni post hoc test revealed no significant 
difference between the VCI and PRI. The mean dif
ference between the VCI and PRI was 0.14, with 
a 95% confidence interval ranging from −5.17 to 
5.20. Bonferroni post hoc testing also revealed that 
PSI scores were lower than VCI scores (p < .001), 
PRI scores (p < .001), and WMI scores (p < .01). The 
mean difference between the VCI and the PSI was 
−10.43, with a 95% confidence interval ranging from 
−15.59 to −5.23. The mean difference between the 
PRI and the PSI was −10.40, with a 95% confidence 
interval ranging from −15.58 to −5.22. The mean 

difference between the WMI and the PSI was −6.16, 
with a 95% confidence interval ranging from −11.34 
to −0.98.

In the second test, the FSIQ, VCI, PRI, and WMI 
were within the average range, whereas index scores 
differed significantly (F (3, 548) = 21.28, p < .001, 
partial η2 = 0.10). A Bonferroni post hoc test revealed 
no significant difference between the VCI and the 
PRI. The mean difference between the VCI and the 
PRI was 1.36 points, with a 95% confidence interval 
ranging from −3.83 to 6.56. Bonferroni post hoc 
testing revealed that PSI scores were lower than 
VCI scores (p < .001) and PRI scores (p < .001). 
The mean difference between the VCI and the PSI 
was −13.48 points, with a 95% confidence interval 
ranging from −18.68 to −8.28. The mean difference 
between the PRI and the PSI was −12.12 points, with 
a 95% confidence interval ranging from −17.31 to 
−6.92. The mean difference between the WMI and 
the PSI was −4.39 points, with a 95% confidence 
interval ranging from −9.59 to 0.81.

Comparison of index scores for the first and second 
tests

When comparing scores on the first and second tests, 
the mean FSIQ and VCI scores increased by 3.4 and 
4.6 points in the second test, and the effect sizes were 
medium (respectively, r = 0.36; r = 0.35). The mean 
PRI score increased by 3.3 points, and the effect size 
was small (r = 0.25). The WMI and PSI scores chan
ged little between the first and second tests.

WISC-IV subtest score profile in children with ASD

The descriptive statistics of the WISC-IV subtest 
scores in the first and second tests are shown in 
Table 4. In both the first and second tests, children 
had the lowest score in Coding, a subtest of the PSI. 
As for subtests of the VCI, Comprehension scores 
were low, and there was a 1.3-point difference 
between Similarities and Comprehension scores in 
both the first and second tests.

Long-term stability of index scores and subtest 
scores

The stability coefficients of the WISC-IV FSIQ and 
index scores are shown in Table 5. Although stability 
coefficients for the four indices were moderate to 
high, ranging from .620 to .794, the stability coeffi
cient of the FSIQ composed of the four indices was 
.83, indicating very high stability.

Table 4. Descriptive statistics of the WISC-IV scores (N = 138).
First test Second test

Mean SD Mean SD

FSIQ 95.2 15.4 98.6 15.9
VCI 99.1 17.1 103.7 17.8
PRI 99.1 15.8 102.4 16.1
WMI 94.8 17.6 94.6 16.3
PSI 88.7 14.3 90.3 14.9
Similarities 10.4 3.5 11.3 3.5
Vocabulary 10.4 3.4 10.9 3.3
Comprehension 9.1 3.5 10.0 3.3
Block Design 10.1 3.2 10.4 3.4
Picture Concepts 9.5 2.8 10.3 3.1
Matrix Reasoning 9.9 3.5 10.4 3.3
Digit Span 9.2 3.2 9.1 3.1
Letter Number Sequencing 9.1 3.5 9.1 3.2
Coding 7.7 3.2 7.9 3.3
Symbol Search 8.4 2.9 8.7 3.1
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Comparison of long-term stability according to age 
group

When comparing the three age groups (5–7 years, 
8–10 years, 11 years and older), scores were less 
stable overall in children aged 5 to 7 years, whereas 
children ≥11 years old had index scores consistently 
above .700. A comparison of stability coefficients 
revealed that, in terms of PRI scores, significant dif
ferences were observed between children aged 5–7 
and those aged 11–14, and between those aged 8–10 
and those aged 11–14 (z = −2.32, p = .024, z = −3.03, 
p = .002). In terms of WMI scores, significant differ
ences were noted between children aged 5–7 and 
those aged 8–10, and between those aged 5–7 and 
those aged 11–14 (z = −2.16, p = .031, z = −2.96, 
p = .003). In terms of PSI scores, a significant differ
ence was noted between those aged 5–7 and those 
aged 11–14 (z = −2.46, p = .014), and a marginally 
significant difference was noted between those aged 
8–10 and those aged 11–14 (z = −1.72, p = .085). 
While VCI results were consistent across different 
age groups, consistent results for PRI and PSI scores 
were only obtained if children were aged 11 years or 
older. Similarly, consistent results for WMI scores 

were only obtained if children were aged 8 years or 
older.

The stability coefficients for Picture Concepts, 
Coding, and Symbol Search scores were below .600, 
consistent with the findings of previous studies (Bartoi 
et al., 2015; Kieng et al., 2017; Watkins & Smith, 2013). 
The stability coefficient for the Letter Number Sequence 
was .669, which was higher than that reported in 
a previous study (Bartoi et al., 2015; Kieng et al., 2017; 
Watkins & Smith, 2013).

When comparing results across age groups, the sta
bility coefficient was under .400 for Picture Concepts 
and Symbol Search scores in children aged 5–7, and for 
Picture Concepts and Matrix Reasoning scores in chil
dren aged 8–10. Overall, stability coefficients for subtests 
were higher in children aged 11–14, ranging from .590 
to .808.

A pair-wise comparison of the difference in stability 
coefficients between age groups was carried out using 
the z-test. This analysis revealed a significant difference 
in stability coefficients for Matrix Reasoning scores 
between children aged 8–10 and those aged 11–14 
(z = −3.26, p = .001). Furthermore, significant differ
ences in Digit Span scores were observed between chil
dren aged 5–7 and those aged 11–14, and between those 
aged 8–10 and those aged 11–14 (z = −2.15, p = .044, 
z = −1.96, p =.050). In terms of Coding scores, a signifi
cant difference was observed between children aged 5–7 
and those aged 11–14 (z = −2.23, p = .025).

Only the stability coefficient for Matrix Reasoning 
scores decreased in those aged 8–10 years. In contrast, 
stability increased with age for Picture Concepts, Digit 
Span, Letter Number Sequence, Coding, Symbol Search, 
and other items.

Long-term stability of discrepancies between index 
scores

The stability coefficients for discrepancies between index 
scores are shown in Table 5. Among all 138 participants, 
the correlation coefficients were moderate, ranging from 
.51 to .60. In children aged 5–7 years, correlation coeffi
cients for discrepancies between the WMI and other 
indices ranged from .34 to .37 and were statistically 
significant at a significance level of 5%, indicating little 
stability.

Changes in ASD-specific profiles from the first 
to second test

In the first test, 35 children had an sVCI profile (25%), 
68 children had a V = P profile (49%), and 35 children 

Table 5. Stability coefficients of the WISC-IV scores (N = 138).

Total
Aged 
5–7

Aged 
8–10

Aged 
11–14 Significant difference

FSIQ .834 .752 .796 .899
VCI .743 .762 .779 .711
PRI .688 .592 .499 .834 5–7 < 11–14*, 

8–10 < 11–14**
WMI .794 .624 .831 .883 5–7 < 8–10*, 

5–7 < 11–14**
PSI .620 .458 .570 .772 5–7 < 11–14*
Similarities .629 .535 .687 .695
Vocabulary .654 .660 .637 .641
Comprehension .626 .634 .622 .590
Block Design .737 .701 .723 .774
Picture Concepts .419 .303 .267 .590
Matrix Reasoning .626 .649 .381 .808 8–10 < 11–14*
Digit Span .709 .559 .785 .784 5–7 < 8–10*
Letter Number 

Sequencing
.669 .576 .663 .778

Coding .577 .430 .523 .746 5–7 < 11–14*
Symbol Search .475 .322 .415 .639
VCI-PRI .560 .596 .590 .596
VCI-WMI .601 .347 .703 .660 5–7 < 8–10*
VCI-PSI .567 .662 .611 .494
PRI-WMI .582 .362 .640 .638
PRI-PSI .526 .496 .451 .622
WMI-PSI .518 .373 .528 .615

* p < .05, ** p < .01. 
significant differences in correlations between two age groups using Z-test 

(two tailed). 
5–7 < 8–10: the group aged 5–7 showed significantly lower stability than the 

group aged 8–10. 
5–7 < 11–14: the group aged 5–7 showed significantly lower stability than 

the group aged 11–14. 
8–10 < 11–14: the group aged 8–10 showed significantly lower than the 

group aged 11–14.
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had an sPRI profile (25%). In the second test, 36 (26%), 
75 (54%), and 27 (20%) children had sVCI, V = P, and 
sPRI profiles, respectively, and the proportions of chil
dren with each profile were similar to those observed for 
the first test (Table 6). The number of children classified 
under the same profile in both the first and second tests 
was 18 (51%) for sVCI, 40 (58%) for V = P, and 14 (40%) 
for sPRI. The relative strengths and weaknesses between 
the VCI and PRI scores were consistent in nearly half the 
participants. However, one child (3%) changed from an 
sVCI to sPRI profile, and two children (6%) changed 
from an sPRI to sVCI profile.

There were nine (7%), 73 (53%), and 56 (41%) chil
dren in the sPSI, nPSI, and wPSI categories, respectively, 
after the first test. After the second test, there were 11 
(8%), 64 (46%), and 63 (46%) children in the sPSI, nPSI, 
and wPSI categories, respectively. In both the first 
and second tests, approximately 40% of children were 
in the weak PSI category. Of the nine children in the 
sPSI category after the first test, three children (33%) 
remained in the sPSI category. Of the 73 children in the 
nPSI category after the first test, 44 (60%) remained in 
the nPSI category after the second test. Of the 56 chil
dren in the wPSI category after the first test, 42 (75%) 
remained in the wPSI category after the second test.

Discussion

The purposes of this study were to confirm the cognitive 
profiles of index scores at an individual level, and to 
examine the long-term stability of WISC-IV scores in 
children with ASD based on their test-retest data.

WISC-IV profiles in children with ASD

In this study, we collected the WISC-IV test data of 
children with ASD assessed at intervals of 2 or more 
years. An analysis of variance (ANOVA) demonstrated 
that, in both the first and second tests, the participants 
had a profile characterized by relatively low PSI and high 
VCI and PRI scores at the group mean level. These 
results are consistent with the findings of past WISC 
profile studies for ASD (Ishikawa et al., 2013; Nader 
et al., 2015; Oliveras-Rentas et al., 2012; Stack et al., 
2017; Wechsler, 2003). Such studies indicate that the 
profile specific to ASD may be common across cultures.

On an individual level, approximately half of the 
participants had a strong VCI (25% on the first test 
and 26% on the second test) or a strong PRI profile 
(25% on the first test and 20% on the second test), as 
well as a weak PSI profile (41% on the first test and 46% 
on the second test). These results are in accordance with 
those of previous research (Stack et al., 2017) and indi
cate that approximately half of children with ASD have 
index score profiles specific to ASD. The results also 
suggest that discrepancies between VCI and PRI, and 
between PSI and other indices characterizes the cogni
tive feature of ASD, rather than a single index score such 
as PSI.

Conversely, half of our participants exhibited a profile 
in which there was no difference between VCI and PRI. 
In addition, approximately half of participants did not 
have a weak PSI. These results indicate that approxi
mately half of the children with ASD in our study had 
a flat profile of index scores. There are two possible 
explanations for this finding: Either the intra- 
individual differences among cognitive abilities in 
many children with ASD are latently small, or they are 
not likely to be well represented by WISC-IV composite 
scores. Irrespective of the explanation, the finding 
implies that psychologists must make careful clinical 
decisions without being restricted to the cognitive pro
files determined at a group mean level.

Long-term stability of composite scores

The stability coefficients for two tests separated by 
a 2-year interval, which is long enough to reduce the 
practice effect, were high for the FSIQ, VCI, and WMI. 
Thus, the results of the present study verify the long- 
term stability of the FSIQ, VCI, and WMI in children 
with ASD. In ASD, intellectual and verbal functions 
during childhood are known to be strong predictors of 
outcomes in adulthood (Volkmar & Pauls, 2003). FSIQ 
is composed of primary index scores (primary subtests) 
and has been reported to be most stable during a short 

Table 6. Changes in the proportion of those who had relative 
strengths and weaknesses between index scores (N = 138).

Second test Second test

sVCI V = P sPRI Total sPSI nPSI wPSI Total

First test First test
sVCI 18 16 1 35 sPSI 3 6 0 9

51% 46% 3% (25%) 33% 67% 0% (7%)
V = P 16 40 12 68 nPSI 8 44 21 73

24% 59% 17% (49%) 11 60 29 (53%)
sPRI 2 19 14 35 wPSI 0 14 42 56

6% 54% 40% (25%) 0% 25% 75% (41%)
Total 36 75 27 138 Total 11 64 63 138

(26%) (54%) (20%) (8%) (46%) (46%)

The percentages were computed by dividing the count for a cell by the total 
sample size for that row. 

The percentages of total, shown in parentheses, were computed by dividing 
the count for a cell by the total sample (N = 138). 

The VCI-PRI discrepancy analysis was performed and the participants show
ing a difference at a 5% significance level were classified as having strong 
VCI (sVCI) or strong PRI (sPRI), and those showing no significant difference 
were classified as having a V = P profile. 

The VCI-PSI discrepancy analysis was performed and the participants show
ing a difference at a 5% significance level were classified as having strong 
PSI (sPSI) or weak PSI (wPSI); those showing no significant difference were 
classified as having a non-significant PSI (nPSI) profile.
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interval (Wechsler, 2003, 2010, 2014). The fact that the 
FSIQ is stable in children with ASD after long intervals 
has important clinical implications.

The stability coefficients of the PRI and PSI were 
slightly lower than those of other indices (under .70). 
The low stability of the PRI (r = .688) seems related to 
the low stability of the Picture Concepts subtest 
(r = .419). Indeed, previous studies (Bartoi et al., 2015; 
Kieng et al., 2017; Watkins & Smith, 2013) have reported 
that stability coefficients are lower for this subtest than 
for other PRI subtests.

The stability of the PSI (r = .620) was similar to that 
observed in the clinical groups in previous studies (Table 
1). The instability of the PSI may not be limited to ASD. 
The PSI is influenced by attention, motivation, and 
fatigue (Sattler & Dumont, 2004; Wechsler, 2003); there
fore, it may be less stable than other indices. It is there
fore essential that, when interpreting PSI scores, 
practitioners observe the child’s psychological and phy
sical response during the subtest sessions to analyze 
influencing factors.

Long-term stability of composite scores according to 
age

In the analysis of long-term stability across age groups, 
the correlation coefficients of the PRI, WMI, and PSI 
were significantly lower in younger children (5–7 years) 
than in other age groups. PSI, WMI, and PRI values were 
under .700 in children aged 5–7 years, while PRI and PSI 
values were under .600 in children aged 8–10 years. 
Moderate correlations were observed in all cases. Since 
young children are unfamiliar with academic tasks, they 
may have difficulty in dealing well with numbers, sym
bols and a pencil. As a result, the scores obtained in the 
first test depend on the academic experiences in pre
school stage, and hence, these scores may vary between 
the first and second tests. The fourth edition of Wechsler 
Preschool and Primary Scale of Intelligence (WPPSI-IV) 
for very young children implements new game-like 
subtests, which offer animal and bug pictures and use 
of an ink dauber to indicate responses, thereby minimiz
ing the demands of pencil-based tasks (Wechsler, 2014). 
The latest revision of the WPPSI may be meaningful for 
young children. When psychologists apply the WISC to 
young children, they should focus on whether a child is 
familiar with academic tasks and pencil-based activities.

Long-term stability of subtest scores according to 
age

Notably, in children who completed the initial WISC 
assessment at 8 to 10 years of age and the second WISC 

at 10 to 12 years of age or older, the stability coefficients 
for the PRI (r = .499), Matrix Reasoning (r = .381), and 
Picture Concepts (r = .267) subtests were small to mod
erate. There may be two reasons for the stability gaps in 
these subtests when analyzed by age. First, the stage of 
cognitive processing may differ, depending on the indi
vidual’s age and ASD characteristics. Matrix Reasoning 
and Picture Concepts subtests include fluid reasoning 
components, and the Block Design test – which exhib
ited a relatively high stability coefficient – is considered 
to represent visual-spatial processing ability (Wechsler, 
2003). At around age 11, a child enters a stage of formal 
operations and is able to perform abstract and logical 
reasoning (Harris & Westermann, 2014). During this 
period, children with ASD are split into those who do 
develop this capacity for operational thinking without 
relying solely on visual processing and those who cannot 
develop thinking skills beyond visual or concrete think
ing. This might have led to large gaps between the first 
and second test results. Since this remains speculative, 
future studies must elaborate on this point by assessing 
task-solving strategies in individuals completing the 
WISC-IV and by analyzing correct and incorrect 
answers in each subtest.

Second, stability gaps may be related to whether each 
subtest requires attentional and inhibitory control. 
Performance on Matrix Reasoning and Picture 
Concepts subtests may be influenced by inattention 
and impulsivity, given that children are required to care
fully consider response options before making their 
choice (Bartoi et al., 2015; Sattler & Dumont, 2004). In 
a previous study (Bartoi et al., 2015), the stability of 
Matrix Reasoning scores was lower in children with 
more severe attentional impairments than in those 
with less severe attentional impairments. In the present 
study, the stability of Matrix Reasoning scores was mod
erate in children aged 5–7 years (r = .649) but low in 
children aged 8–10 years (r = .381). Moreover, the sta
bility of Picture Concepts results was small in both the 
5–7 and 8–10 age groups (r = .303 and .267, respec
tively). Further research is required to confirm the rela
tionships among age, attentional control, and subtest 
stability.

Conversely, the stability coefficient of the Block 
Design test exceeded .700. This was the only subtest 
with a large stability coefficient in the 5–7 age group. 
In this subtest, children may handle blocks without 
careful thinking, thereby allowing them to solve tasks 
based on trial and error without inhibiting impulsiv
ity. In addition, many preschoolers usually like to 
play with blocks. As the Block Design task is familiar 
to them, they may be able to perform such tasks in 
a stable manner.
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Long-term stability of discrepancies between index 
scores and consistency of index score profiles

Among our participants with ASD, we observed moder
ate long-term stability coefficients ranging from .518 to 
.601 for discrepancies between index scores. In addition, 
the numbers of children classified under the same profile 
after both the first and second tests were 18 (51%) for 
sVCI, 14 (40%) for sPRI, and 42 (75%) for wPSI.

These findings indicate that discrepancies between 
index scores tend to be more variable than each index 
score itself. Thus, when identifying whether a child has 
a strength in visual ability or verbal ability, and 
a weakness in processing speed, it is not sufficient for 
psychologists to rely solely on the statistical evaluation 
of the discrepancies between index scores.

Moreover, in children aged 5–7 years, the discrepan
cies between WMI and other indices were all low (sta
bility coefficients ranging from .347 to .375). The WMI 
is impacted by attention, concentration, and executive 
functions (Wechsler, 2003). Young children such as 
preschoolers may be more inattentive than school-aged 
children. Therefore, they are likely to respond without 
thinking during tasks, or to be distracted by unnecessary 
stimuli. This may result in unstable discrepancies 
between WMI and other indices; it also indicates the 
importance of psychological assessment focusing on the 
child’s development of attention and executive skills. In 
a different light, it indicates that analysis of influencing 
factors may lead to valuable evaluation of a child’s 
executive function development.

Implications for practice

Our findings indicated that the stability coefficients of 
discrepancies between index scores and the consistency 
of index score profiles specific to ASD were not suffi
ciently high for predicting children’s abilities over time. 
To compensate for this limitation, we must better 
understand what strategies are used when solving 
tasks and what factors affect children’s scores by care
fully observing their behavior during each subtest. This 
qualitative behavioral analysis is termed a process 
approach (McCloskey 2009) or an Assessment of Test 
Behaviors (Oakland et al., 2005) and is used to assess 
neuropsychological symptoms such as executive dys
functions. When interpreting the PRI score, PSI score, 
and discrepancies related to the WMI score in children 
with ASD, it is necessary to link these results with the 
behavioral assessments in a comprehensive manner to 
specifically address each child’s individual characteris
tics. Moreover, when interpreting test results in a way 
that is not described in the test manual or in a manner 

that has not been fully validated, it is necessary to link 
these results to a child’s daily functioning and difficul
ties (e.g., previous school records, histories, and rat
ings) to confirm the ecological validity of interpretation 
(Hale et al., 2011).

Limitations

There are some limitations to this study. First, we could 
not collect data pertaining to comorbid symptoms such 
as inattention and motor deficits. Furthermore, we did 
not assess influencing factors using external variables 
related to executive functions, such as cognitive flexibil
ity. It is presumed that these deficits may influence the 
index and discrepancy scores. Future studies should 
investigate the relationships between scores and influen
cing factors using additional scales such as the Behavior 
Rating Inventory of Executive Function (BRIEF; Gioia 
et al., 2002), which includes flexibility and inhibition 
subscales; the Attention Deficit Hyperactive Disorder 
Rating Scale (ADHD-RS; DuPaul et al., 1998), which 
includes an inattention subscale; and the 
Developmental Coordination Disorder Questionnaire 
(DCDQ; Wilson et al., 2009). Furthermore, the findings 
of this study must be confirmed in a comparative study 
involving other clinical groups of children with learning 
disabilities or attention-deficit/hyperactive disorders.

Second, the stabilities of the WMI and PSI scores 
were low in children aged 5–7 years, as was the stability 
of discrepancies in scores. Thus, application of the 
WISC-IV to young children should be reconsidered. 
The Wechsler scales are available in three different for
mats according to the age of test takers: the WPPSI, 
WISC, and Wechsler Adult Intelligence Scale (WAIS). 
The Japanese versions of the WISC-IV and WPPSI-III 
overlap at ages 5 to 7 years and 3 months. The WPSSI-III 
is recommended for younger children with low intellec
tual levels (Sattler & Dumont, 2004). This recommenda
tion is based on the FSIQ ceiling, floor, and breadth of 
coverage in the WISC-IV and WPPSI-III. Our results 
suggest that use of the WPPSI should be considered for 
young children in the overlapping age bracket. To this 
end, it is important to confirm the long-term stability of 
the WPPSI, as well as changes in scores and the long- 
term stability of outcomes when shifting from using the 
WPPSI to the WISC.

Third, although retests were administered after 
2 years, which is long enough to reduce the practice 
effect, the VCI and FSIQ scores increased significantly 
with medium effect sizes in the second test. The FSIQ 
also increased in the second test because it is composed 
of the VCI, PRI, WMI, and PSI. Although the standard 
deviations of the VCI were large (SD = 17.1 for the first 
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test, SD = 17.8 for the second test) and the increase in 
scores must be interpreted with caution, the second 
VCI score may be influenced by social and educational 
experiences. The VCI not only measures verbal ability 
but also crystalized ability (Flanagan & Kaufman, 
2009). Almost all participants had participated in 
some type of educational treatment (e.g., special edu
cational support in the classroom, professional treat
ment in a resource room, etc.). We could not collect 
data regarding the quality and quantity of educational 
treatment, the family’s nursing skills, or socio- 
economic status. Further studies are required to under
stand the factors influencing WISC scores and their 
stability.
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