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ABSTRACT

WALIS-R performance can be analyzed at the level of the 1Qs, factor scores, or subtests. This study exam-
ined the relative utility of such analyses in a closed-head-injured (CHI) sample (n = 233). Comparison of
the sample with matched controls (n =117) indicated that factor scores may be the most appropriate level
of analysis in clinical practice. This conclusion was supported by a series of discriminant function analyses
performed on the WAIS-R scores of the CHI sample and 356 healthy controls drawn from the general
population. Factor scores achieved a significantly higher classification accuracy than 1Qs or indices of
subtest scatter (all /?s < .001). Combining the scatter indices with the composite measures (i.e., IQs or
factor scores) did not produce a significant improvement in discrimination over that achieved by the com-
posites alone. Counter to the assumptions underlying the clinical analysis of subtest profiles, CHI partici-
pants failed to exhibit significantly greater intraindividual subtest variability in their subtest profiles than

the matched control sample.

The Wechsler Adult Intelligence Scale-Revised
(WAIS-R; Wechsler, 1981) is widely employed
in clinical practice to assess the cognitive se-
quelae of closed-head injury (CHI) (Lezak,
1995; McKinlay & Gray, 1992; Richardson,
1990; Walsh, 1991). However, currently there is
little published research on the characteristics of
WAIS-R performance following a CHI (Cros-
son, Greene, Roth , Farr, & Adams, 1990). The
studies conducted to date have predominantly
employed small samples and have been con-
cerned with the WAIS rather than WAIS-R.
These WAIS studies have typically reported def-
icits in both Verbal and Performance IQ but with
deficits being more pronounced on the latter
scale (see Crosson et al., 1990; and Richardson,
1990 for reviews). Where performance on the
individual subtests has been reported, Arithme-
tic and Digit Span have typically been the most

impaired of the Verbal subtests with Digit Sym-
bol exhibiting the largest Performance Scale
deficit (Becker, 1975; Richardson, 1990).

A number of authors have pointed out the
dangers of assuming that the results of research
obtained using the WAIS will be applicable to
the WAIS-R (e.g. Bornstein, 1987; Reitan &
Wolfson, 1990). Therefore, there is a need for
new data obtained from CHI populations to aid
clinicians in their interpretation of WAIS-R per-
formance.

Clinical interpretation of WAIS-R perfor-
mance can be based on analysis at the level of
the summary IQs, factor scores, or the subtests.
Authorities on the Wechsler have divided opin-
ions on the usefulness of the summary IQs.
Matarazzo and Herman (1985) for example,
have suggested that the discrepancy between
Verbal and Performance 1Qs is the best
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validated Wechsler index of cerebral dysfunc-
tion, whereas Lezak (1995) is dismissive of its
importance. Many clinicians base their interpre-
tation of the WAIS-R primarily on the pattern of
strengths and weaknesses in a client's subtest
profile (e.g., Lezak, 1995; Walsh, 1991). Lezak
(1988a) for example, notes that IQs can obscure
clinically important strengths and weaknesses
and suggests that "although the traditional scor-
ing scheme for the Wechsler exemplifies the IQ
problem, these tests also show us a way out of
the problem by providing a profile of scores"
(p- 359).

However, the interpretation of subtest profiles
is not without its own difficulties. The rationale
underlying this approach is that, because indi-
viduals differ widely in terms of premorbid abil-
ity, the clinician needs to employ individual
rather than normative comparison standards
when attempting to detect impairment. It is as-
sumed that some subtests will be relatively
spared following neurological injury and thus
will provide these comparison standards. Thus,
in inferring impairment, the emphasis is placed
more on the presence of large discrepancies
among an individual's subtest scores than on
comparison of these subtest scores with the rele-
vant norms (e.g., Crawford, 1992; Lezak, 1995).

There has been limited research on the utility
of this approach in detecting and quantifying
cognitive dysfunction. Furthermore, studies of
healthy samples have revealed a surprisingly
large degree of intraindividual variability; a
relatively flat subtest profile is the exception
rather than the rule in the general population
(e.g., Crawford & Allan, 1996; Kaufman, 1990;
Matarazzo, Daniel, Prifitera, & Herman, 1988).
These studies suggest that there is a danger of
over-inference when discrepancies between sub-
tests are examined in clinical populations and
underlines the need for statistical indices to sup-
plement clinical judgment. Two such indices
will be considered in the present study. McLean,
Reynolds, and Kaufman (1990) have suggested
using the variance of an individual's subtests as
an index of subtest scatter: they termed this the
Profile Variability Index (PVI).

A recently proposed alternative approach to
the analysis of subtest discrepancies uses the

Mahalanobis Distance as an index (Burgess,
1991). The Mahalanobis Distance Index (MDI)
is a multivariate indicator of the abnormality
(i.e., rarity) of an individuals' scatter and has a
chi-square distribution with 11 degrees of free-
dom when used with a full-length WAIS-R. In
the present study it was hypothesized that the
MDI would achieve better discrimination be-
tween healthy and CHI participants than the
PVI as it factors in the estimated population
correlations between subtests when evaluating
the abnormality of discrepancies. For example,
an extreme Digit Span score would be given
less weight than an equally extreme Vocabulary
score as the former subtest has a lower average
correlation with the other subtests; that is, ex-
treme Digit Span scores will occur with greater
frequency in the healthy population. The
greater sophistication of the MDI has a practi-
cal cost. In contrast to the PVI, which can be
rapidly calculated by hand, the calculation of an
individual's MDI requires a computer as it
makes use of the subtest covariance matrix.
Thus, the MDI would have to significantly out-
perform the PVI to justify its routine use in
clinical practice.

An alternative to the analysis of both Qs and
subtest discrepancies is to examine scores ob-
tained from factor analysis of the WAIS-R
(Atkinson, 1991; Canavan, Dunn, & McMillan,
1986; Crawford, 1992; Kaufman, 1990). Al-
though this suggestion has a long history (e.g.,
Maxwell, 1960), factor scores have not been
widely employed in clinical practice or research.
The present authors are unaware of any research
which has examined WAIS or WAIS-R perfor-
mance in CHI in terms of factor scores, despite
the indications that the factor structure of the
WAIS-R is preserved in CHI and other neuro-
logical disorders (e.g., Atkinson, Cyr, Doxey, &
Vigna, 1989; Leckliter, Matarazzo, & Silver-
stein, 1986). This neglect of the factor score ap-
proach may be unfortunate as it has some advan-
tages over the use of summary IQs or subtests;
unlike IQs, factor scores are empirically derived
composites rather than composites formed a pri-
ori, they therefore have superior construct valid-
ity. Because they are composites of correlated
components, they necessarily possess superior
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reliability to the subtests from which they are
formed (e.g., see Guilford, 1954).

Factor analyses of the WAIS and WAIS-R
have commonly extracted three factors: a verbal
(V) factor on which Information, Vocabulary,
Comprehension, and Similarities have high
loadings, a perceptual organization (PO) factor
defined by high loadings from Block Design and
Object Assembly, and a third factor termed at-
tention/concentration (A/C) or freedom-from-
distractibility consisting of Arithmetic, Digit
Span, and Digit Symbol (e.g., Crawford, Allan,
Stephen, Parker, & Besson, 1989; Leckliter et
al., 1986). The factor score approach may be
particularly useful in the interpretation of
WAIS-R performance following a CHI. Lezak
(1988b) for example, in arguing the case against
IQs and for examination of subtest profiles,
notes that "Many persons who have suffered a
mild concussion with loss of consciousness ...
tend to perform relatively poorly on Digits
Backward, Arithmetic and Digit Symbol"
(p. 358). This clinical observation is in line with
the present authors' experience and the research
reported above, but it could be argued that it
provides a justification for the use of factor
scores as much as subtest profile analysis be-
cause these three subtests make up the attention/
concentration factor.

In the present investigation the WAIS-R per-
formance of a sample of CHI patients was com-
pared with a matched sample of healthy controls
to identify which components of WAIS-R per-
formance typically reveal the largest deficits and
which are relatively preserved. The aim was to
update similar data obtained with the WAIS
with the exception that factor scores were also
examined. The second component of the study
employed discriminant function analysis and
was prompted by the fact that the principal con-
cern for clinicians is how successful these indi-
ces are liable to be at detecting impairment
when used with individual clients. Furthermore,
in clinical work, healthy samples matched for
age, sex, and education are obviously not readily
available to provide comparison standards
against which a client's performance can be
compared. Because of this we employed a large
sample drawn from the general adult population

to serve as the healthy group in the discriminant
function analyses.

The foregoing discussion of WAIS-R indices
focused on their relative merits. However, in
clinical practice interpretation of the WAIS-R
will be based on a consideration of these indices
in combination (analysis of the qualitative fea-
tures of performance also plays an important
role, but is beyond the province of the present
investigation). A final aim of the present study
was therefore to examine whether the combina-
tion of composite scores (i.e., the IQs or factor
scores) and indices of subtest scatter would
achieve better discrimination between the per-
formance of and healthy individuals and patients
with CHI than either of these sets of measures
alone.

METHOD

Participants

Individuals who had suffered a CHI requiring a
period of inpatient care (n = 233; males = 172, fe-
males = 61) were recruited from referrals to four
clinical neuropsychology services in the UK. Mean
years of age in this sample was 32.3 (SD = 13.07).
Mean years of education was 11.7 (SD = 2.16).
English was the first language for all participants
(this also applied to all controls). Individuals were
excluded if there was a preexisting psychiatric or
neurological disorder, a history of alcoholism/drug
dependency, or if they had not completed a full-
length WAIS-R. All participants were judged to
have exited post-traumatic amnesia (PTA) at the
time of testing. The mean time elapsed between
injury and testing was 33.4 months (SD = 23.29)
with a median of 25 months. Reasonable estimates
of length of PTA could be determined for 143 cases
although, because of the difficulties in assessing
this variable and differences across centers in their
approach to its measurement, the data should be
treated with caution. In most centers PTA was as-
sessed retrospectively from the case notes and in-
terviews with clients. Mean length of PTA was 21.9
days (SD = 31.57) with a median of 10 days. The
percentage of cases for whom PTA information
was available (61%) was similar to that obtained by
Crosson et al. (1990) in their study of WAIS-R
cluster patterns in CHI (59%) as was the mean
length of PTA (Crosson et al., mean = 28.44 days).
A control sample was recruited to match the CHI
sample for age, years of education, and sex
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ratio (n = 117; males = 81, females = 36). The
mean years of age in this sample was 34.9 (SD =
14.04) and the mean years of education was 11.9
(SD = 2.21). The samples did not differ signifi-
cantly in terms of mean age (/ = 1.67, p > .05) or
mean years of education (¢ = 0.73, p > .05). Addi-
tionally, F tests revealed that the samples did not
differ significantly in terms of the variances of age
(F=1.15,/7 > .05) or years of education (¥ = 1.05,
p > .05). A Chi Square test revealed that the sex
distribution did not differ significantly between the
two samples, (1, N=350)=0.61, p > .05.

A further large healthy sample (n = 356) was
recruited from the general adult population for use
in the discriminant function analyses. Mean years
of age in this sample was 42.3 (SD = 17.16) and
mean years of education was 12.15 (SD = 2.86).

Potential participants in either of the two
healthy samples were screened by interview to ex-
clude those with known neurological, psychiatric,
or systemic disorders. The majority received a
small honorarium for their participation and were
recruited from a variety of sources including com-
mercial and public service organizations, commu-
nity centers, and recreational clubs.

Procedure

All participants completed a full-length WAIS-R
according to standard procedures (Lea, 1986;
Wechsler, 1981). In a study of the basic psycho-
metric properties of the WAIS-R, Crawford, Gray,
and Allan (1995) reported that there are significant
differences among subtest means in the UK. These
authors provided a table (Table 9) which adjusts
US-derived age-graded scores to have a common
mean of 10 and SD of 3 in the UK. The table was
derived from a sample of 200 healthy participants
recruited to match the UK census in terms of the
distributions of age, sex, and occupational code. In
the present study these adjusted scores were used
in all analyses involving age-graded scaled scores.

Each participant's Profile Variability Index
score was calculated by entering their subtest
scaled scores into the relevant formula (McLean et
al., 1990). Each subject's age-graded subtest
scaled scores were entered into a PASCAL pro-
gram which calculated the Mahalanobis Distance
Index scores (see Crawford & Allan, 1994). Be-
cause MDI scores are distributed as Chi Square, a
square-root transformation was applied prior to
conducting any statistical analysis.

To obtain scores on the Verbal, PO, and A/C
factors the WAIS-R averaged subtest intercorre-
lation matrix, obtained from the WAIS-R manual
(Table 16; Wechsler, 1981), was subjected to a
principal components analysis with a priori extrac-

tion of three factors and varimax rotation. The re-
sults of this analysis are presented in Table 1; for
each factor the factor loadings appear in the first
columns and the factor score coefficients in the
second. Examination of the factor loadings reveals
the expected pattern of loadings described in previ-
ous factor analytic studies in US and UK samples
(e.g., Crawford et al., 1989; Leckliter et al., 1986).
The steps followed to factor score WAIS-R perfor-
mance are given below in sufficient detail to allow
the reader to use the method in their own practice:
(1) each of an individual's age-graded subtest
scores were converted to z scores; for example, as
age-graded subtest scores are standardized to have
a mean of 10 and SD of 3, a subtest score of 6
would produce az score of-1.33; (2) for each fac-
tor, the z scores for each of the 11 subtests were
multiplied by their corresponding factor score co-
efficients (Table 1) and then summed; (3) factor
scores are expressed as z scores if they have a
mean of zero and SD of one. These scores were
transformed so that, in common with the 1Qs, they
had a mean of 100 and SD of 15. Because the fac-
tor scores have a mean of zero, this can be
achieved by simply multiplying each of the three
factor scores by 15 and adding 100 to the products.
The dependent correlation method was
employed to determine whether a deficit exposed
by any particular index was significantly greater
than that exposed by the alternative indices. This
method was proposed by Baron and Treiman
(1980) and endorsed by Strauss and Allred (1987)
as a means of establishing evidence for differential
deficits following closed-head injury. The point-
biserial correlations of group membership (i.e.,
CHI vs. control in the present case) with scores on
competing indices are tested for a significant dif-
ference using Williams' (1959) test. This test fac-
tors in the correlation between the indices and
yields a ¢ value with TV-3 degrees of freedom.

RESULTS

Summary statistics for the three 1Q scales
(FSIQ, VIQ, and PIQ), the three factors, the
PVI, and MDI are presented in Table 2. The re-
sults of ¢ tests comparing the CHI and matched
control sample on these indices are also pre-
sented in Table 2. A Bonferroni correction was
applied to reflect the fact that eight comparisons
were conducted (i.e., three 1Q scales, three fac-
tors, and two scatter indices). For example, to
maintain the family wise error rate at .05, p for
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Table 1. Factor Loadings (FL) Obtained by Subjecting the Averaged Correlation Matrix from the WAIS-R Stan-
dardization Sample to Principal Components Analysis with Varimax Rotation.

Factor Loadings

Verbal PO A/C
Subtests FL FSC FL FSC FL FSC
Information .84 355 .25 —-.150 .29 —.080
Comprehension .81 349 .26 -.121 .26 - 110
Vocabulary .87 341 27 —-.163 34 -.031
Similarities .76 .301 34 —-.047 25 -.116
Digit Span 59 —-.193 30 -.222 83 756
Arithmetic 67 .002 40 —.080 .59 353
Picture Completion 43 .084 .64 353 11 -.262
Picture Arrangement A8 141 .49 214 13 -211
Block Design 33 -.199 .19 410 .38 101
Object Assembly 14 -.236 86 597 19 -.086
Digit Symbol 43 -.209 50 061 .61 466

Note. Factor Score Coetficients (FSC) form the second column for each factor.

Table 2. Summary Statistics for (s, Factors, and Scatter indices in CHI and Control Sampies.

CHI Sample (n =233) Control Sample (n=117)

Index M SD M SD t P
Su"mmary IQS - )
FSIQ 88.7 14.32 102.0 13.28 8.37 <.001
VIQ 90.6 14.49 102.1 12.82 7.27 <.001
PIQ 87.9 14.83 101.7 13.81 8.42 <.001
Factors
Verbal 96.5 16.9 99.5 16.2 1.62 ns
PO 93.6 17.3 99.2 14.4 3.20 <.05
A/C 79.6 15.7 100.9 15.4 12.00 <.001
Scatter Indices
PVI 4.62 2.81 5.26 2.83 2.46 ns

MDIP 3.35 0.75 3.32 0.78 0.41 ns

“The p values are those obtained after applying a Bonferroni correction.
® The values reported are for the square-root transformation of MDI scores.

any single comparison would have to exceed  three IQ scales (p <.001 for all comparisons).
.006. Paired ¢ tests revealed that the means for VIQ

It can be seen from Table 2 that the CHI sam-  and PIQ did not differ significantly from each
pie obtained significantly lower scores on all  other in the control sample (z = 0.45, p> .05) but
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PIQ was significantly lower than VIQ in the
CHI sample (¢ = 3.85, p <.001). However, the
magnitude of the difference in the CHI sample
was modest as indicated by a small effect size
(1*=0.06).

As can be seen from Table 2 the two samples
differed significantly on the attention/con-
centration and perceptual organization factors
but not on the verbal factor. The deficit on atten-
tion/concentration was particularly marked (¢ =
12.0,/? <.001); the mean difference between the
control and CHI samples was 21 points (i.e., >
1.3 SDs). Application of the dependent correla-
tion method for testing for differential deficits
revealed that the deficit on the attention / concen-
tration factor was significantly greater than the
deficits on either of the other two factors and also
greater than the deficits observed on all three of
the 1Q scales; ¢ values ranged from 2.84 to 6.73
(df= 347 and/? < 0.001 for all comparisons).

The differences between the control and
head-injured samples on both the PVI and MDI
failed to achieve statistical significance. Thus
there was no evidence for an increase in subtest
scatter in the head-injured sample.

Summary statistics for the WAIS-R subtests
in the CHI and control samples are presented in
Table 3. Subtest performance is expressed as
age-graded scaled scores as these are used in
clinical practice when examining subtest pro-
files (e.g., Lezak, 1995).

Two sets of discriminant function analyses
(DFAs) were run with the CHI sample and large,

healthy sample. Five DFAs were conducted in
the first set to examine the classification accu-
racy achieved by (1) FSIQ; (2) the combination
of VIQ and PIQ; (3) the combination of the
three factor scores; (4) the PVI, and (5) the
MDI.

The results of these analyses are presented in
Table 4 which records the percentages of partic-
ipants correctly classified as head-injured or
healthy, x> *'d its probability level for each
discriminant function, and the canonical correla-
tions. It can be seen from Table 4 that the factor
scores achieved a higher classification accuracy
than either the IQs or scatter indices. To deter-
mine if the factors achieved significantly better
discrimination than the summary IQs or scatter
indices, forced entry regression analyses were
performed with each set of variables as the pre-
dictors and group membership as the criterion.
The correlations of the regression scores derived
from these analyses with group membership are
directly equivalent to the canonical correlations
in Table 4. However, by using regression scores
it is possible to compute the correlation between
the competing sets of discriminating variables
and thus employ the significance test for depen-
dent correlations outlined previously. The re-
suits of this procedure are presented in the last
two columns of Table 4 from which it can be
seen that the factor scores achieved significantly
better discrimination than the summary I1Qs and
scatter indices (p < .001 for all comparisons).

Table 3. Summary Statistics for WAIS-R Subtests in CHI and Control Samples.

CHI Sample (n = 223)

Control Sample (n=117)

Subtest M SD M SD
Information 8.03 3.23 10.00 3.09
Comprehension 8.10 3.61 10.11 2.99
Vocabulary 7.89 3.44 9.80 3.20
Similarities 8.60 3.58 9.72 293
Digit Span 6.94 3.14 9.92 3.29
Arithmetic 6.92 3.43 10.53 2.86
Picture Completion 8.22 2.87 9.62 2.95
Picture Arrangement 7.44 3.07 9.90 3.08
Block Design 8.11 3.21 10.19 2.80
Object Assembly 851 3.76 9.89 291
Digit Symbol 5.27 3.48 9.73 3.07
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The second set of analyses involving the CHI
and large healthy sample employed hierarchical
discriminant function analysis to determine
whether the addition of either of the two scatter
indices would improve upon the discrimination
achieved by the composite variables alone (i.e.,
the IQs and factor scores). Thus, three hierarchi-
cal analyses were run in which either FSIQ, the
combination of VIQ and PIQ, or the three factor
scores were entered into a DFA with subsequent
entry of the PVI. The same analyses were then
re-run using the MDI in place of the PVI. When
either the PVI or MDI was entered into the
DFAs the change in the percentage of cases cor-
rectly classified by the composite variables was
uniformly modest ( < 2% for all comparisons).
McNemar-repeated-measures Chi Squared tests
revealed that the addition of either of the scatter
indices did not significantly improve upon the
classification accuracy achieved by any of the
composites alone ( all ps > .05). This method
was recommended by Tabachnick and Fidell
(1989) and assessed whether the number of par-
ticipants incorrectly classified initially and sub-
sequently correctly classified differed signifi-
cantly from the number in which the converse
occurred (participants in whom there is no
change are ignored).

DISCUSSION

In the present study the comparison of the CHI
sample with matched controls confirm the pres-

ence of significant intellectual deficits following
closed-head injury. It also confirms WAIS find-
ings of a significant discrepancy between Verbal
and Performance IQ in favor of the latter (e.g.,
see Richardson, 1990). However, the mean dif-
ference (2.7 points) is modest, particularly when
set against the large discrepancies between the
factorially derived composites; for example, the
discrepancy between the attention / concentra-
tion and verbal factors exceeded 16 points. The
small discrepancies in the means (and corre-
spondingly small effect size) suggests that the
VIQ/PIQ discrepancy will be of little or no
value as an index of impairment when used with
individual clients. This was confirmed by the
results from the discriminant function analyses.
The classification accuracy achieved by the
combination of the VIQ and PIQ scales (71.7%)
was only marginally greater than that achieved
by FSIQ (70.8%); thus the contrast between VIQ
and PIQ is not an important discriminating fea-
ture of CHI performance in the individual case.
Comparison of the results for the IQs and factor
scores provides empirical support for Le-zak's
(1988a) point that summary IQs can obscure
important cognitive strengths and weaknesses.
It will be noted that a highly significant
difference in VIQ was obtained when the CHI
group was compared with matched controls.
However, examination of the factor scores (and
individual subtest scores) indicates that the prin-
cipal reason for this difference arises from the
inclusion of the two Verbal subtests which index
the attention/concentration factor in the compu-

Table 4. Results from Discriminant Function Analyses Comparing Classification Accuracy of Summary 1Qs,

Factor Scores, and Scatter Indices.

Variables % Correctly Canonical

Classified Chi Square Correlation t P
FSIQ 70.8 150.4 <.0001 476 5.40 <.001
VIQ & PIQ 71.7 156.6 <.0001 484 4.86 <.001
Factor Scores 76.9 2472 <.0001 587 - -
PVI 523 3.9 <.05 081 1291 <.001
MDI 53.7 3.5 077 9.3 <.001

# Results of testing for a significant difference in dependent correlations for factor scores (/) versus the other

indices (0)| df= N-3 = 586 for all comparisons.
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tation of VIQ. Scores on the verbal factor did
not differ significantly between the CHI and
matched control samples demonstrating that
CHI does not typically seriously impair the
largely well-consolidated verbal abilities tapped
by this empirically derived composite; as can be
seen from the factor score coefficients in Table
1, Arithmetic and Digit Span make little contri-
bution to this factor.

In contrast to the verbal factor results, a se-
vere deficit was apparent on the attention/
concentration factor (to which Digit Span and
Arithmetic are two of the three principal contri-
butors). Indeed the difference between the CHI
and control groups on this factor (21 points) was
significantly greater than the difference obtained
on PIQ. Thus, an apparently moderate deficit on
VIQ masked an absence of deficit on the verbal
factor and a severe deficit in attention/
concentration.

The results for the attention/concentration
factor and examination of the means for the sub-
tests which contribute to this factor also provide
empirical support for Lezak's (1988a) clinical
observation which identified Arithmetic, Digit
Span and Digit Symbol as the subtests which
typically expose problems following a CHI. It
can be seen from Table 3 that these subtests
yielded the largest differences between the CHI
and control samples. This result is also consis-
tent with the findings of earlier, smaller scale,
studies which employed the WAIS rather than
WAIS-R (Richardson, 1990).

The discussion of results to this point has
mainly concentrated on the comparison of mean
differences between the CHI and matched con-
trol samples in order to identify the typical ef-
fects of a CHI on WAIS-R indices. However,
although the results provide useful information
to guide assessment, the principal concern for
clinicians is how useful these indices are liable
to be when used with individual clients. The
discriminant function analyses addressed this
latter issue.

The discriminant function analyses were not
aimed primarily at determining the absolute
level of classification accuracy achieved by
WAIS-R indices (nor at deriving discriminant
functions for actuarial purposes). The principal

aims were to assess the relative utility of com-
peting indices in detecting deficits in CHI and to
assess empirically whether combining clinical
interpretation of composites and subtest vari-
ability is liable to have advantages over focusing
interpretation on either of these sets of variables
alone. However, some brief commentary on the
absolute levels of accuracy achieved by the indi-
ces is warranted. It can be seen from Table 4
that, even for the factorially derived composites,
the classification accuracy achieved is modest
(77%). Such a result is not unexpected. The
large and highly significant differences between
mean scores for the CHI and matched control
samples on the majority of the composites indi-
cate that the present CHI sample exhibited
marked cognitive deficits. However, the sample
was heterogeneous with regard to injury severity
and substantial WAIS-R deficits would not be
anticipated following a mild CHI. Furthermore,
although as Lezak (1988b) notes, the Wechsler
is "the single most utilized component of the
neuropsychological repertory” (p. 53), it consti-
tutes only a small part of the armamentarium
that the clinical neuropsychologist will utilize in
assessing the cognitive consequences of a CHI.
On the basis of the comparison of mean
scores for the CHI and matched control sample
it was concluded that a factor score approach to
the clinical interpretation of WAIS-R perfor-
mance is to be preferred over the use of sum-
mary IQs or examination of subtest scatter. The
results of the discriminant function analyses
support these conclusions. Factor scores were
significantly better than conventional summary
IQs at discriminating between the WAIS-R per-
formance of individuals with a CHI and a large
sample of the general, healthy population (p <
.001 for all comparisons). Given that factor sco-
res also possess superior construct validity (i.e.,
they are empirically derived composites rather
than composites formed in an ad hoc fashion) a
strong case can be made for their use in clinical
practice. Furthermore, although some authorities
have stressed the analysis of subtest scatter
and subtest profiles (e.g., Lezak, 1995), the
WAIS-R could be viewed as primarily providing
broad indicators of current functioning against
which more specific neuropsychological mea-
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sures are compared. The superior construct va-
lidity of the factorially derived composites sug-
gest that they are better suited to provide these
broad intraindividual comparison standards than
are 1Qs.

In clinical practice a client's subtest profile is
examined to assist in the process of identifying,
quantifying, and specifying the nature of any
acquired deficits. The presence of acquired defi-
cits is inferred when there are marked discrepan-
cies between subtests (e.g., Crawford, 1992;
Lezak, 1995, 1988b; Walsh, 1991). However,
clinicians have not normally had the opportunity
to administer the WAIS-R, or indeed their other
assessment instruments, to significant numbers
of non-clinical individuals. Because of this, we
may form inaccurate or distorted impressions of
the degree of subtest variability that occurs in
the general, healthy population. It is, therefore,
important to consult relevant base-rate data as it
would be difficult to justify drawing inferences
regarding the presence and nature of deficits
from a clinical subtest profile in which the de-
gree of subtest variability is likely to be equaled
or exceeded by a substantial proportion of the
healthy population.

The results of the present study are dis-
appointing for clinicians who emphasize the im-
portance of analyzing subtest profiles and run
counter to the present authors' own expec-
tations. The differences between the CHI and
matched control sample on the PVI and MDI
scatter indices failed to achieve significance,
thereby failing to support the assumption that
intraindividual subtest variability will be in-
creased following a CHI. Indeed, on the PVI the
trend was for the matched controls to exhibit
greater variability than the CHI cases although
this difference failed to achieve significance
after applying the Bonferroni correction. The
results of the discriminant function analyses un-
derlined that intraindividual variability in
subtest performance is unlikely to be of clinical
significance; these indices performed at essen-
tially chance levels in discriminating CHI partic-
ipants from the large sample of participants
drawn from the general healthy population.

Scatter indices are sensitive to intraindividual
variability and are relatively insensitive to abso-

lute levels of performance. For example, the
MDI score for an individual who obtained age-
graded scaled scores of 1 on all subtests would
not be statistically significant (Burgess, 1991)
and the variance of the profile (i.e., the PVI
score) would be zero. It might, therefore, have
been expected that combining these indices with
composites which express averaged perfor-
mance in absolute terms would have led to an
improvement in classification over the use of
either of these sets of variables alone.

In view of the clear superiority of the com-
posites over the scatter indices (see Table 4),
this issue reduces to the question of whether in-
clusion of the scatter indices improves upon the
discrimination achieved by the composites
alone. The results of the hierarchical discri-
minant function analyses revealed that neither of
the scatter indices produced a significant im-
provement in classification.

These results suggest that giving weight to
information on a client's subtest scatter may do
little to aid the accuracy of clinicians' attempts
to identify the presence of acquired deficits.
However, they do not undermine the general
utility of evaluating a client's strengths and
weaknesses as the factorially derived compos-
ites were significantly better at discriminating
between healthy and CHI samples than was
FSIQ. Thus, there is value in incorporating in-
formation on relative strengths and weaknesses
on the WAIS-R into clinical decision-making
but the results suggest that this information
should be gleaned from differences between the
factors rather than between the 1Qs (i.e., VIQ vs.
PIQ) or subtests.

It should also be stressed that the implications
of the present results depend on the purposes of
assessment. Where an important aim is to iden-
tify the presence of acquired deficits (e.g.,
where a medico-legal assessment is conducted
for cases of personal injury litigation) interpreta-
tion of subtest differences may be best avoided.
However, subtest profile analysis has a legiti-
mate role in assessment conducted for rehabili-
tation purposes as the nature of a client's
strengths and weaknesses at the subtest level
may still have important implications for the
design of remedial interventions regardless of
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whether the weaknesses are, or are not, the re-
sult of any injury.

The CHI participants in the present study
were recruited from amongst neurological cli-
ents referred through routine channels to four
geographically diverse services. These features
plus the large n (and correspondingly large n for
the healthy comparison samples) suggest that
the present results may be generalizable to CHI
populations serviced by other centers. However,
given that the WAIS-R remains a widely used
instrument in neuropsychological assessment
(Lezak, 1988a) and the present results cast doubt
on assumptions underlying a widely endorsed
approach to its clinical interpretation (e.g.,
Crawford, 1992; Lezak, 1988b; Walsh, 1991),
we would encourage attempts at replication in
clients with head injuries and other neurological
disorders.

One obvious limitation of the present study
was the quality of information on indicators of
the severity of injury. Any future multi-center
studies of this issue could attempt to achieve
standardization of methods for assessing and
recording PTA and thereby examine whether
any of the conclusions drawn from the present
findings require refinement when subgroups
differing in severity of injury are examined.
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