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ABSTRACT 

Patterns of performance on the Wechsler Individual Achievement Test 
(WIAT) were examined in a heterogeneous neuropsychological sample of 298 
children aged 6 to 16 years. Cluster analysis was applied to a split-half sample of 
selected WIAT subtests to examine the sample. for underlying patterns of acade
mic performance. Four distinct and reliable WIAT pattern subtypes were identi
fied. These subtypes included (1) global academic deficits, (2) better performance 
on tasks of mathematical ability relative to reading and spelling, (3) better per
formance on tasks of reading and spelling relative to mathematics, and ( 4) aver
age performance on all tasks. These WIAT subtypes had been previously reported 
in cross-cultural literature, utilizing clinical and statistical methodologies with the 
Wide Range Achievement Test (WRAT) ( e.g., van der Vlugt & Satz, 1985). 

INTRODUCTION 

It has been well establis'1ed that children with learning disabilities exhibit a 
range of underlying neuropsychological deficiencies and learning deficits (e.g., 
D' Angiulli & Siegel, 2003; Fletcher, Francis, Rourke, Shaywitz, & Shaywitz, 
l 992; Rourke, 1975). Nevertheless, an accepted way of identifying children with 
learning disabilities in educational systems in Canada and the United States 
continues to involve an examination of IQ-academic achievement discrepancies, 
which has proven to be insensitive to ch~ldren with specific patterns of learning 
problems. In fact, the validity of diagnoses that are based solely on IQ-academic 
achievement level discrepancies was the subject of a special series of articles in 
the November 1992 issue of the Journal of Learning Disabilities (JLD) (see 
Fletcher, 1992). Over 10 years later, JLD devoted a special issue to IQ-discrepan
cy definitions and the diagnosis of learning disabilities (LD) (see Siegel, 2003). 
Clearly, alternative means of conceptualizing and classifying children's learning 
disabilities continue to be warranted. 
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One such alternative involves examining relative levels and resulting patterns 
of academic achievement (Rourke & Finlayson, 1978; Rourke & Strang, 1978; 
Strang & Rourke, 1983) in relation to a broad range of neuropsychological test 
results. This clinical classification method has been employed in our neurop
sychology program over the past 25 years (Strang, Saunders & Casey, 2002). The 
neuropsychology program is located in a regional children's mental health center 
(Windsor Regional Children's Centre; WRCC) in Southwestern Ontario, serving 
a heterogeneous child clinical population. Children at WRCC are referred for 
neuropsychological assessment due to known or suspected underlying learning 
disorders, combined with reports of social or behavioural adjustment problems 
(Saunders, Hall, Casey & Strang, 2000). 

Early investigations of patterns of academic achievement utilized the Wide 
Range Achievement Test (WRAT; Jastak, Bijou, & Jastak. 1965). This measure is 
comprised of standardized tests of oral word reading, written spelling, and written 
arithmetic achievement. 

The neuropsychological significance of varying patterns of academic 
achievement on the WRAT was investigated in a series of studies conducted at 
WRCC (Rourke & Finlayson, 1978; Rourke & Strang. 1978; Strang & Rourke, 
1983). Three groups of children who had been referred for neuropsychological 
assessment were selected for the studies based on their distinct patterns of acade
mic functioning and the likelihood that they would exhibit significantly different 
patterns of neuropsychological competencies. Group l was composed of children 
who were uniformly impaired in reading, spelling, and arithmetic. Children in 
Group 2 exhibited deficient reading and spelling, and a relative strength in arith
metic. Children in Group 3 had difficulty with arithmetic but had well developed 
reading and spelling skills. 

Contrasting patterns of neuropsychological skills and deficiencies were identi
fied for children in Groups 2 and 3 (Strang & Rourke, 1985). Children in Group 2 
exhibited weaknesses in auditory-perceptual, verbal memory, and verbal output 
skills along with strengths in visual-spatial, tactile-perceptual, psychomotor, and 
nonverbal problem solving abilities. Group 3 children exhibited problems with 
visual-spatial skills, tactile-perceptual abilities, psychomotor competencies, and 
nonverbal reasoning with strengths in auditory-perceplual, verbal memory, and 
verbal output capabilities. These contrasting patterns of underlying neuropsycho
logical capabilities were determined to be directly associated with the demon
strated academic achievement patterns and hypothesized brain-behavioral compe
tencies (Strang & Rourke, 1985). 

Within this same time period, Satz and Morris ( 1981) examined the WRAT 
profiles of 236 children who participated in the Florida Longitudinal Project. 
They identified nine subtypes of academic performance using cluster analysis. 
Even though the children were not initially selected on the basis of learning 
problems, three of these subtypes were similar to those identified by Rourke and 
his colleagues (Rourke & Finlayson, 1978; Rourke & Strang, 1978; Strang & 
Rourke, 1983 ). In an independent cross-cultural cluster analysis study, van der 
Vlugt and Satz ( 1985) identified WRAT subtypes similar to those found by Satz 
and Morris ( 1981) in a group of 231 normal and learning-disabled Dutch children. 

These investigations indicated that there are specific WRAT patterns of 
academic achievement identified through clinical suhtyping and cluster analytic 

96 



SUBTYPES OF WIAT PERFORMANCE 

strategies across cross-cultural populations. Since specific WRAT subtypes were 
found to have neuropsychological and learning disability classification signifi
cance, i~ was imperative to ascertain whether the same subtypes could be identi
fied using a different and commonly used measure of academic achievement 
- the Wechsler Individual Achievement Test (WIAT; Psychological Corpora
tion, 1992). A second edition of the WIAT was published in 2002 (WIAT-II; 
Psychological Corporation) and this measure includes some changes in the WIAT 
subtests under consideration in this study. However, only WIAT profiles were 
~ncluded in this study. 

The present study was designed to determine whether reliable subtypes of 
academic performance could be derived from selected subtests of the WIAT in a 
clinic referred, heterogeneous neuropsychological sample. Cluster analysis of the 
WIAT profiles was undertaken using a split half sample to address these ques
tions. 

METHOD 

Participants 

The participants consisted of 298 children and adolescents (222 boys and 76 
girls) between the ages of 6 and 16 years (M = 10.30, SD= 1.99). These particip
ants had been referred to a regional children's mental health center in Southwest
ern Ontario for neuropsychological assessment due to a combination of known or 
·suspected underlying learning disorders and parent reports of emotional or be
havioral difficulties at the time of case intake. A significant proportion of the 
sample had identifiable eJiologies for their learning problems, including genetic 
or teratologic disorders (e.g., Fragile X, Fetal Alcohol Syndrome, and Down 
Syndrome), neurological disorders (e.g., Cerebral Palsy, Epilepsy, and Acquired 
Brain Injury), and neurodevelopmental disorders (e.g., Mental Retardation, High
Functioning Autism, Asperger's Disorder and Pervasive Developmental Disorder 
Not Otherwise Specified). 

Measures 

The WIAT is a test of academic achievement that is administered to children 
who range in age from 5 to 19 years. The WIAT subtests assess a range of 
academic abilities. Performance is reported as standard scores that are normed 
separately by age or grade level with no significant gender bias identifiable in the 
normative data (Psychological Corporation, 1992). These ·scores can also be 
compared to IQ scores derived from the Wechsler Intelligence Scales. WIAT 
subtests selected for the present investigatio·n included Basic Reading, Spelling, 
Mathematics Reasoning, and Numerical Operations. 

Procedures 

The sample was randomly divided into two equal subsamples of 149 cases 
each. The first half of the sample (Subsample l) consisted of 114 boys and 35 
girls who had a mean age of 10.19 years (SD= 1.99). The second half of the. 
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sample (Subsample 2) consisted of 108 boys and 41 girls who had a mean age of 
10.38 years (SD= 2.00). The data were not balanced by age, gender, or other 
characteristics to maintain the random selection of subjects and because the repre
sentativeness of the normative sample minimized the influence of these variables 
during standardization. Individual cases representing multivariate outliers (n = 6) 
were eliminated prior to determining the final participants. Outliers were identi
fied based upon extreme deviations on most or all of the WIAT subtests (i.e., >3 
SD) and would have likely adversely affected the various cluster analytic tech
niques if utilized. Such WIAT profiles were thought to be either unique or to 
represent invalid administrations of the test. 

A two-stage cluster analysis was applied independently to both subsamples. 
The first stage involved a hierarchical cluster analysis of the data using Ward's 
minimum variance method. Squared Euclidean Distance was selected as a meas
ure of similarity for both analyses because it preserves the shape, elevation, and 
scatter of the data (Morris & Fletcher, 1988). A K-Means iterative partitioning 
cluster analysis technique was utilized in the second stage to correct fusion errors 
and improper initial assignments for the clusters. In this stage, the mean centroids 
resulting from the hierarchical agglomerative solution were used as seeds for 
determining the final cluster centers for each sample. To examine the reliability of 
the solution, the same process was conducted on each of the subsamples using the 
Group Average Linkage method during the hierarchical step. 

A Goodman and Kruskal's tau analysis was conducted to examine the level of 
association between the cluster memberships generated by each of the two-stage 
cluster analysis techniques within each of the subsamples. This analysis deter
mined the reliability of the derived patterns of academic achievement by examin
ing whether cases were placed into the same clusters using the two different 
methods. The linearity of this association was examined using a linear association 
chi-square analysis. Finally, the profiles generated in the analysis of both sub
samples were visually inspected for similarities. 

RESULTS 

Sample Characteristics 

The mean WIAT scores for the entire sample were calculated and can be 
found in Table I. To ensure that the randomly derived subsamples were compar
able to each other and the composition of the entire sample, the mean WIAT 
scores were also calculated for the split-half samples. These scores are also re
ported in Table 1. The mean profiles calculated for both the total sample and the 
subsamples were relatively undifferentiated, with no evidence of any specific 
pattern of academic performance. 

Cluster Analysis 

Analysis of the resulting agglomeration schedule fusion coefficients, den
dograms, and pseudo F statistics for each of the four hierarchical cluster analyses 
conducted strongly supported a four-cluster solution. These clusters were subse
quently subjected to an iterative partitioning method using K-Means analysis (k = 
4). 
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Figure 1. Cluster 1: WIAT profile pattern for children with performance 
deficits on all subtests. 
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Figure 2. Cluster 2: WIAT profile patterns for children with better 
performance on the Mathematics Reasoning and Numerical Operations 
subtests relative to the Basic Reading and Spelling subtests. 
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Cluster 3 
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Figure 3. Cluster 3: WIAT profile patterns for children with better 
· performance on the Baste Reading and Spelling subtests relative to the 
Mathematics Reasoning and Numerical Operations subtests. 

Cluster 4 

110 -

100 - ~~1'~ 
G> 
~ 

0 
() 90 -en 

"CJ 
~ ca ,, 

~ Wards/K-Means: Subsample 1. C 80 -ca -a- GAUK-Means: Subsample 1 -en -A- Wards/K-Means: Subsample 2 
~ GAL/K-Means: Subsample 2 

70 -

60 
Reading 

I 
Mathmatics 

I 
Spelling 

I 
Numerical 

I 

Reasoning Operations 

WIAT Subtest 
-

Figure 4. Cluster 4: WIAT profile patterns for children with average 
performance on all sub tests. 
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Table 2. WIAT Subtest Means, Standard Deviations, and Distributions for Each of the Identified Clusters 

WIAT Subtests 

Clustering Gender Basic Reading Marhematics Reasoning Spelling Numerical Operations 
Subsample Technique Cluster n % male M SD M SD M SD M SD 

> 
Ward's/K-means 34 85 70.44 7.15 71.15 8.63 67.41 5.31 69.26 8.16 "'O 

'"O 
2 48 85 80.31 5.37 90.65 7.05 77.7] 6.67 89.29 7.49 t""' 

rii 
3 34 62 90.09 7.94 78.09 8.20 87.00 6.19 77.74 7.08 0 
4 33 70 103.67 8.47 94.97 10.04 99.45 9.28 94.39 10.13 :s:: 

C 

GALIK-means 37 84 70.68 6.89 72.24 9.14 67.51 5.10 70.05 8.33 B 
0 2 47 87 81.15 5.46 91.09 6.90 78.79 6.77 90.02 7.09 ~ 
N ;0 

3 34 59 90.21 8.01 77.79 7.94 87.47 6.63 77.79 7.16 ...... 

4 31 71 104.45 8.00 95.48 9.98 99.58 9.53 94.55 10.39 ~ 
2 Ward's/K-means 57 67 70.65 7.05 72.32 7.37 68.70 5.39 68.61 8.04 ~ 

fJ1 

2 48 75 81.81 5.83 86.77 8.56 81 .71 7.22 89.81 6.68 tTl 
> 

3 22 73 100.86 9.85 81.9 I 5.64 94.95 8.16 77.77 7.98 ;0 n 
4 22 82 100.82 7.37 99.50 9.56 97.68 8.04 97.09 9.83 :t 

GALIK-means 1 57 67 70.65 7.05 72.32 7.37 68.70 5.39 68.61 8.04 
2 48 75 81.81 5.83 86.77 8.56 81.71 7.22 89.81 6.68 
3 22 73 100.86 9.85 81.91 5.64 94.95 8.16 77.77 7.98 
4 22 82 100.82 7.37 99.50 9.56 97.68 8.04 97.09 9.83 
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DISCUSSION 

The four WIAT subgroups generated in the present sample included the fol
lowing: (l) global academic deficits, (2) better performance on tasks of 
mathematical ability relative to reading and spelling, (3) better performance in 
reading and spelling relatfve to mathematics, and (4) average performance on all 
academic tasks. In the past, WRAT pattern subtypes were identified that were 
similar to the WIAT subtypes generated in this investigation. The WRAT sub
types were established through (a) clinic referred learning disabled children utiliz
ing clinical intuitive subgrouping methods (Rourke & Finlayson, 1978; Rourke & 
Strang, 1978; Strang & Rourke, 1983), (b) cross cultural cluster analysis of.child
ren who were not initially selected on the basis of their learning problems (Satz & 
Morris, 1981), and (c) cluster analysis of a mixed sample of normal and learning 
disabled children (van der Vulgt & Satz, 1985). These WIAT subtypes further 
support the validity of these specific patterns of academic functioning, along with 
the usefulness of the WIAT for their identification. 

Past and present findings concerning the above-identified academic subtypes 
hold additional implications for developmental neuropsychology and present 

· diagnostic classification systems for childhood disorders. Keeping in mind the 
heterogeneity of clinical populations included in the study sample, the results 
challenge presently accepted exclusion practices for LD identification with re
spect to requirements for a Full Scale IQ in the average range or that the child 
does not have another overriding "neurodevelopmental" diagnosis. Our sample 
·contained children with IQswell below 85 in some cases (including Mild Mental 
Retardation) and children with medical (e.g., Cerebral Palsy) or DSM-IV diag
noses (e.g., Asperger's Disorder). Therefore, the identified WIAT academic defi
ciency patterns were found to co-exist in these "special clinical" populations and 
may be best thought of as a type of learning disability comobidity that requires 
identification, along with tailored s.pecial educational intervention that goes 
beyond expectations based on the child's primary diagnosis. Clearly more re
search is needed to shed further light on these issues. 

Those children in Clusters l, 2, and 3 who possess an IQ score in the average 
range, and do not have another neurodevelopmental diagnosis, will not necessari
ly meet with LD identification criteria in the educational setting. Crite.ria for LD 
identification in educational jurisdictions across North America continues to 
focus on the need for a pre-determined IQ/Composite score-academic achieve
ment subtest score discrepancy level, rather than the relationship between the 
child's patterns of academic problems and underlying neuropsychological defi
ciencies (Rourke, Fisk & Strang, 1986). This study lends further support for the 
serious limitations of the IQ-academic achievement score discrepancy for LD 
diagnosis (see Siegel, 2003). These findings also highlight the need to establish 
the neuropsychological characteristics of these WIAT academic subtypes. 

The neuropsychological characteristics of children in Cluster 2 (strengths in 
WIAT Numerical Operations and Mathematics Reasoning and weaknesses in 
Basic Reading and Spelling) and Cluster 3 (strengths in WIAT Basic Reading and 
Spelling and weaknesses in Numerical Operations and Mathematics Reasoning) 
are of particular interest from a number of standpoints including special educa
tion. Children in these subgroups exhibit clear academic strengths and learning 
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deficiencies and require tailored intervention to meet their special educational 
needs, based on their neuropsychological and achievement related strengths and 
weaknesses (Strang & Casey, 1994). In addition, qualitative examination of these 
groups revealed a gender-related trend (i.e., a greater proportion of boys in Clus
ter 2 and girls in Cluster 3) that was also evident in previous investigations using 
the WRAT (e.g., Rourke & Finlayson, 1978; Rourke & Strang, 1978; Strang & 
Rourke, 1983 ). 

Crockett (2004) has edited a special series in JLD that once again highlighted 
the importance of the use of scientific evidence in the identification of the indi
vidual learning disabled child's characteristics for special educational intervention 
purposes, a viewpoint that has been long held in our clinical and research setting 
(Rourke, Bakker, Fisk & Strang, 1983}. In this study, split-half reliability and 
multi-method reliability were established utilizing cluster analysis methodology 
of WIAT achievement scores in a heterogeneous clinical population. A very high 
degree of statistical reliability was established for the empirically derived WIAT 
dusters identified. These statistical procedures and the results of the analyses 
added to the overall reliability and confidence of the findings, as well as the utili
ty of this methodical protocol (Jones, Drummond, Saunders & Strang, 2006). This 
Ozad Institute cluster analysis protocol should be of use in other cluster studies. 
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