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ABSTRACT

This study investigated the factorial composition of brain damage tests
gelected on the basis of a comprehensive review of the test literature. The
tests were administered to 100 normal persons between the ages of 16 and 70.

Two analyses were performed. The first analysis concerned the determi-
nation of the factorial composition of the brain damage tests selected. The
results suggested that although the dimensionality of the brain damage test
battery is relatively complex, the majority of the tests discriminate on the
basis of a few dimensions, at least for normal persons.

The second analysis involved the determination of factor scores for each
individual on the twelve factors extracted in the 16-70 age group analysis.
An analysis of the factor scores as a function of age indicated a significant
difference for only two of the factors. This finding was discussed in terms
of the possibility that certain of the tests would be psychometrically more
efficient in differential diagnosis of brain damage in the older person.

Over the last thirty years a vast number of tests have been
constructed for the purpose of identifying the individual with
cerebral dysfunction and, in some cases, for isolating the specific
locus of the lesion. One of the most successful batteries of such
tests has been constructed by Halstead (1947) and used in a modi-
fied form with considerable success by Reitan (1959). The pri-
mary interest of the Halstead-Reitan battery, as used by Reitan,
is to measure as many individual input-mediation-output dimen-
sions as possible so that loss of a specific function might suggest
a specific localized lesion. The emphasis in this approach is to pro-
vide as complete a description as possible of the individual’s level
of functioning in terms of a large number of dimensions.

The success of such an approach depends to some extent on

1. This report is based, in part, on a doctoral dissertation submitted by
M. S. Aftanas to the Department of Psychology, University of Alberta. The

research was made possible through the facilities of a long range project,
Factorial Studies of Human Brain Damage, under the direction of Joseph R.

Royce, and financially supported by Grant No. 608-7-82, Department of Publie

Health, Ottawa, Ontario, Canada.

2. The authors wish to thank Dr. £. Hunka for his assistance in the data
analysis and Dr. K. V. Wilson for his constructive comments.

3, This research was conducted while the first author held a postgraduate
scholarship from the National Research Council of Canada.
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the purity of the measure being used to tap a particular dimension,
the degree to which the several tests tap different dimenions,
and the degree to which the tests are age independent. A measure
which is dependent upon several abilities for successful completion
would not be expected to indicate specific lesions because poor
performance may be a result of deterioration in any one or all of
the abilities or dimensions being measured by the test. On the
basis of this consideration it would be expected that rather gross
measures, such as general intelligence tests, would be of limited
value in the identification of specific lesions (Haynes and Sells,
1963). Similarly, a test battery which in fact contains tests that
overlap and measure only a limited number of input-mediation-
output dimensions would also have limited value since much of the
information gained would be redundant. It would also seem rea-
sonable that a test which does not diseriminate between age re-
lated deficits and specific lesions would not have general validity
since low scores may be a function of either a specific lesion or the
aging process. Schludermann, Brown and Halstead (1965) and
Schludermann (1966) have found that certain of the tests in the
Halstead battery were not differentially sensitive to age related
deficits and frontal lobe damage. Schludermann (1966) also found
a consistent positive relationship between age and the Halstead
impairment index. These results suggest that psychometric evalua-
tion of older persons suspected of brain damage would result in a
large number of false positives. In terms of the above considera-
tions, and in view of the desirability of having measures which
would allow the identification of specific lesions, it would seem
that a study of the dimensionality of the more valid and reliable
brain damage tests and determination of differences in scores as
a function of age is long overdue.

Several factor-analytic studies of brain damage tests have
been reported, but these have been limited in terms of the types of
tests included in the battery. Halstead’s original work in this area
(Halstead, 1947) involved a factor analysis of thirteen measures
which resulted in the extraction of four factors. One of these
factors, however, was a doublet which makes interpretation diffi-
cult, if not impossible. The fact that only four factors were ex-
tracted suggests that therc is duplication in the tests and perhaps
a dearth of marker variables which could be used to identify other
sources of variance. Coppinger, Bortner and Saucer (1963) report
a study in which 42 variables were factor analyzed after being
administered to 88 subjects. Of the nine factors extracted seven
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- consisted almost entirely of sub-tests from a gingle test. This find-

ing, coupled with the fact that abnormal groups were incorporated
in the sample, makes interpretation of the factors and generaliza-
tion from the study difficult. In two other factor-analytic studies,
Jones and Wepman (1961), and Schuell, Jenkins and Carroll
(1962) report on the dimensionality of language deficit. The tests
incorporated in these studies were aimed primarily at determining
the nature of language performance in brain injured patients. For
a more complete review of the factor-brain correlate literature,
including the issue of factorial invariance (a problem which is of
particular importance in the domain of biopsychology), see Royce

- (1966).

The present study is related to a broader research program
(Royce, 1968) whose goals are to: (1) identify neurologically rele-
vant factors in the domain of cognition; (2) determine the rela-
tionship between cognitive factors and brain loci; (8) identify
invariant factors across brain damaged and non-brain damaged
populations; and (4) provide an impairment index for predicting
the extent and locus of brain damage. The present study is focused
on identifying those dimensions being measured by the more re-
liable and valid brain damage tests presently available. A hetero-
geneous, normal (or non-brain damaged) group is being tested so
that a maximum number of sources of variance on the tests will
become evident in the analysis. It seems reasonable to assume that,
for some tests at least, individuals with deficits would perform at
or near the “floor” of these tests so that minimum variability
would be evident. An analysis of a sample of normal individuals
should also provide a basis for comparison when the same tests are
administered to selected samples of brain damaged subjects.

The present study will also investigate the factorial complex-
ity of these tests of brain damage. Ideally, each individual test in
a battery of tests which is to be used for identifying specific brain
lesions should measure a single dimension. A test which is fac-
torially complex would not allow for the identification of a specific
lesion since a low score may result from a deficit in any one or

" more of the dimensions being measured by the tests.

Finally, the sample selected for study will range in age from
16 to 70 so that factor scores for each factor can be plotted as a
function of age. The determination of age related and non-age
related tests and factors can serve two functions. It will allow
(a) the selection of tests most sensitive to some types of brain

_ damage in the older groups and (b) the determination of functions
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which are related to both age and brain damage. It should be
made clear that the results should suggest those tests which are
psychometrically most efficient for the older person rather thay
indicate age changes. It is realized that a modified procedure such
as has been presented by Schaie (1965) would be required to dem-
onstrate the latter.

METHOD
Subjects

The sample of Ss selected for testing consisted of 100 persons
between the ages of 16 and 70 years of age. Fifty of these S8 were
between 16 and 35 years and another fifty were between 36 and 70
years of age. An attempt was made to keep the distribution of Ss
within these age groups constant across specific age ranges. In the
16-35 year group the range was five years while in the 36-70 group
the range was increased because of the extensive period under
consideration. Table 1 presents the distribution of Ss within the
various age groups. The only other criterion used in the selection
of subjects was freedom from any known injury which might have
resulted in brain damage,

Table 1
Distribution of subjects within the dift:erent age groups

Age Group 16-20 21-25 26-30 31-35 i 36-45  46-56 56-65 66

Number 16 11 13 10 l 15 14 12 9

Tests

The tests used in this study were compiled on the basis of an
exhaustive search through the literature for tests which were re-
ported to discriminate between brain lesion groups and normals.
The initial search and selection of these tests was made under the
direction of the second author. A review of approximately 300
titles resulted in an initial list of 75 tests. Twenty-nine of these
tests were chosen for inclusion in the battery on the basis of the
following criteria: validity, reliability, objectivity of procedure
and scoring, a priori factorial simplicity, low dependence on cul-
tural variables, and diversity (Royce & Carran, 1964). Four of
these tests were not included in this study because they were un-
available or because preliminary testing indicated a complete lack
of variability in a normal sample. The inclusion of twenty-five
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tests resulted in a total of thirty-four variables since some tests,
such as Halstead’s Tactual Performance Test (Halstead, 1947)
involved more than one measure. The measures and the primary
validity sources are given in Table 2. Age was included as variable
thirty-five for purposes of the factor analysis.

Table 2
The Complete Set of Variables in the Order in which they
Appear in all Analyses
Validity Study for Each Test

TREST

. Retinal Rivalry

. Modified Word Learning

. Apparent Motion

. Organic Integrity

. Binaural Beats

. Grassi Accuracy

. Grassi Time Credits

10. Symbol Gestalt

11. C.F.F. Mean

12. C.F.F. Deviation

13. Porteus Mazes(s)

14. Memory for Designs

15. Halstead Rhythm

16. Tactual Performance Latency
17. Tactual Performance Memory
18. Tactual Performance Localization
19. Trail Making Latency

20. Hooper Visual Organization
21. Halstead Speech Sounds

22. Halstead Category

23, Minnesota Percepto-Diagnostic
24. Grayson Perceptualization

25. Sound Localization Separation
26. Sound lLocalization—Localization
27. Purdue Pegboard Total

28. Purdue Pegboard Assemblies
29, Kahn Test-Symbolization

30. Kahn Test-Recall

81. Muller-Lyer Error

32. Muller-Lyer Difference

33. Reaction Time Simple

34. Reaction Time Choice

35, Age

5 00 =3 OO UT i L3 DO e

PRIMARY REFERENCE
. Coloured Progressive Matrices Dils (1960)
. Proverbs Elmore & Gorham (1957)

Sappenfield & Ripke (1961)
Walton & Black (1957)
Saucer & Deabler (1956)
Tien (1960)

Price et al. (1958)

Grassi (1953)

Grassi (1963)

Stein (1962)

Halstead (1947)

Halstead (1947)

Porteus (1959)

Graham & Kendall (1946)
Halstead (1947)

Halstead (1947)

Halstead (1947)

Halstead (1947)

Reitan (1955)

Hooper (1952)

Halstead (1947)

Halstead (1947)

Fuller & Laird (1963)
Grayson (1954)
Shankweiler (1961)
Shankweiler (1961)
Costa et al. (1963)

Costa et al. (1963)

Kahn (1951)

Kahn (1951)

Jenkin & West (19569)
Jenkin & West (1959)
Benton & Blackburn (1959)
Benton & Blackburn (1959)

Procedure and Analysis

The placement of the tests in the battery was directed by
several considerations, the primary one being to intersperse the
tasks so as to maintain the interest and motivation of the S. The
shorter tasks were alternated with longer ones, and tests which
seemed to require certain abilities were placed so that tests of
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_other abilities would intervene. This consideration was felt to he
of greater importance for those tests requiring continued per-
ceptual or motor components because of the possibility of satiation
effects. The simpler tests, which were felt not to require a high
degree of ability, were placed at the start of the battery in an
attempt to alleviate apprehension concerning the test situation.

Testing was conducted with individual Ss in multiple test
sessions. The length of the test session varied depending on the
age of the S and the amount of time he had allotted for the
gession. IT an entire morning were involved then a break was
introduced. Testing was discontinued if S began to feel tired.

The data for the 100 persouns on the thirty-five variables were
first correlated and then submitted to an Alpha Factor Analysis
(Kaiser and Caffrey, 1965). The initial estimate of the com-
munality entry was the squared multiple correlation of each vari-
able with every other in the matrix. The solution was iterated
until the communalities converged with a .01 criterion. The cri-
terion used for determining the number of factors to retain for
rotation was that outlined by Kaiser and Caffrey (1965).

The method and criteria used for oblique rotation of the
Alpha factor matrix were those outlined by Hendrickson and
White (1964). The first step was to use the Varimax analytic
criterion (Kaiser, 1958) to achieve orthogonal simple structure.
The Promax method was then used to achieve oblique simple strue-
ture. This method begins with an orthogonal solution, such as
Varimax, and powers the elements of this matrix so as to maxi-
mize the differences between the high and low loadings. The
method then involves the determination of a least squares fit of
the powered matrix to the orthogonal matrix of factor loadings.
The Procrustes equation outlined by Hurley and Cattell (1962)
is used for this purpose. One problem in using the Promax method
involved the selection of a value for k, the power to which the
elements of the Varimax solution were taken. After several values
of k, ranging from two to six, were attempted, the power two and
four solutions were selected and plotted in two dimensional sec-
tions. Inspection of these sections for the two different solutions
indicated a better simple structure for the power two solution,
and this was selected for interpretation.*

4, Royce is conducting an empirical study of the adequacy of simple struc-
ture fit using several analytical solutions and graphic rotation. One compari-
“gon to date (involving mouse cmotionality data) between the Promax rotation
and blind graphic rotations from the Varimax solutions reveals essentially
-identical results. It is anticipated that the data from the present study will
eventually be graphically rotated and similarly compared with the Promax
golution herein reported.
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The final analysis undertaken was the determination of an
n X r factor score matrix based on the factor solution for the
entire age range, 16-70. The program used for this purpose was
based on Kaiser’s (Kaiser, 1962) modification for the determina-
tion of factor score estimates. The factor matrix used for this
analysis was the Promax rotated matrix with a k value of two.
This particular matrix was selected for two related reasons. It was
felt to be desirable to select that factor matrix for the 16-70 age
group upon which the interpretation of the factors had been based.
This selection would allow a more meaningful discussion of possi-
ble changes in factor scores as a function of age. The related rea-
son is based on the degree of obliquity observed between the fac-
tors after the Promax rotation. Use of the Promax rotation would
have been obviated with a high degree of obliquity because factor
changes observed for one factor would not necessarily have been
independent of a correlated factor. In view of only a slight degree
of relationship, as indicated by the cosine matrix, however, the
increase in meaningfulness of discussion was felt to more than
compensate for the possible lack of independence. Finally, the fac-
tor scores obtained for each factor across age groups was sub-
mitted to an analysis of variance to determine whether any of the
changes were significant.

RESULTS AND INTERPRETATION OF FACTORS

The basic analyses for the total group are outlined in Tables
3, 4, 5 and 6. Convergence for the Alpha analysis was attained
after thirteen interations and twelve factors were retained for
rotation. For purposes of interpretation variables having load-
ings greater than = .30 were considered. Maximum weight for
the interpretation was, however, assigned to variables having sub-
stantially higher loadings than this minimum.

FACTORI

The variables with loadings above .80 on Factor I are:

18. Tactual Performance—Localization +.657
17. Tactual Performance—Memory -4-.602
14. Memory-for-Designs 4-.597
20. Hooper Visual Organization +.549
16. Tactual Performance—Latency —.545
1. Coloured Progressive Matrices +4.498
13. Porteus Maze 4-.449
22. Halstead Category +-.448
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This factor is interpreted as perceptual organization. The
factor may be characterized as an ability to integrate or organize
the relevant aspects of the perceptual field. This interpretation is
suggested particularly by variables 18, 17, 1, 13, and 22. These
tests would seem to require an integration or organization of the
perceptual information received.

The interpretation of this factor was made difficult by the
apparent memory component in the high loading variables. This
suggested, however, that perceptual organization or integration
would facilitate proficiency on those tests involving a memory
component. The emphasis on organization rather than the per-

ceptual aspects was made evident by the near zero loadings of

strictly perceptual tests such as Retinal Rivalry (8), Halstead’s
Rhythm Test (15), and Halstead's Speech Sounds Test (21). It
might be interesting to include in a future analysis the Block
Design and Object Assembly sub-tests of the WAIS which have
consistently been used to identify a perceptual organization factor
in analyses of the WAIS. The identification of the same factor
with high loadings on these sub-tests would tend to corroborate

the present interpretation.

FACTORII

Eight variables have loadings above .30 on Factor II. These
are:

27. Purdue Pegboard—Total -}-.867
28. Purdue Pegboard—Assemblies +4-.618
19. Trail Making Latency —.446
24. Grayson Perceptualization 4-.434
10. Symbol Gestalt +-.395
35. Age --.318
81, Muller-Lyex-Error —.315
8. Retinal Rivalry +.306

This factor is interpreted as perceptual-motor speed. The high
loading variables on this factor would seem to require an inte-
grated perceptual-motor response under speeded conditions. The
importance of the perceptual aspect of this factor is indicated by
the high loadings of variables 19, 24, and 10, which appear to
depend more heavily upon perceptual information than motor co-
ordination, and the loading of tests 31 and 3, which do not require

a motor response.
OCTOBER, 1969 471



FACTOR 111

This factor is interpreted as temporal perceptual resolution_l
The relevant high loading variables are:

35. Age —.b92
3. Retinal Rivalry -}.522
4. Modified Word Learning +.493
11. C.F.F.—Mean -4-.473
6. Organic Integrity +.372
18. Tactual Performance—Localization -+-.313
13. Porteus Mazes —.306

The title of this factor is meant to be descriptive of a per-
ceptual phenomenon analogous to the resolving capacity used to
describe visual resolution (Westheimer, 1965). The purely sensory
use of the term resolving capacity could be considered in terms of
at least two dimensions: Temporal and spatial. Temporal resolu-
tion for visual phenomenon would include such measures as the
critical flicker frequency, while a measure of spatial resolution
for the same modality would be the Landoldt C. The interpretation
of temporal perceptual resolution was meant to indicate a per-
ceptual source of variance analogous to the temporal dimension of
resolving capacity. This particular interpretation was suggested
by the high loading tests, such as variables 3, 4, and 11, which are
more perceptual than sensory in nature, and by variables 3 and 11
which seem to require a perceptual form of resolving power. This
factor would appear to be most similar to Halstead’s Power Factor
(Halstead, 1947). The type of tests loading his Power Factor and
what has been termed a perceptual resolution factor are at least
superficially similar.

The high negative loading of age on Factor III suggests that
the factor is particularly sensitive to differences in age. This find-
ing is consistent with studies reporting a monotonic decline as a
function of age for one of the measures, critical flicker frequency.

The one test loading that initially appeared to be inconsistent
with the interpretation was Modified Word Learning (4). The
high loading of this variable could be explained, however, by the
manner of presentation. The words and meanings are presented
verbally to the S, and he is required to memorize these meanings.
It is suggested that an important aspect of the test situation is
S’s reception of the orally presented test material. Variability
associated with reception could account for part of the variability
in scores obtained for the Ss tested.

472 MULTIVARIATE BEHAVIORAL RESEARCH
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FACTORIV
The high loading variables for Factor IV are:

33. Simple Reaction Time --.730
34. Choice Reaction Time +-.600
15. Halstead Rhythm Test —.337

This factor is considered to be uninterpretable in this battery
for at least two reasons. In addition to being minimally deter-
minate, there is a possibility of experimental dependence between
the two reaction time variables. The high loading variables do
suggest, however, a speed or timing factor.

FACTORV

Factor V is considered to be unique in this battery. Only one
test has a projection above .30 and that is Halstead’s Speech
Sounds Test with a loading of .839. The inclusion of other compre-
hension tests such as have been studied by Schuell, Jenkins, and
Carroll (1962) might provide a basis for identification of this

factor.

FACTOR VI -

" Three variables have loadings above .30 on thig factor. These
are: ' o ‘
82. Muller-Lyer—Difference o -—.632
31. Muller-Lyer—Error —.b518
5. Apparent Motion 4-.312

This factor is considered to be uninterpretable because of rela-
tive underdetermination and possible experimental dependence.
One could speculate that the high loading variables suggest a bi-
polar illusion factor. This gpeculation, however, would be based on
the apparent content of the high loading variables which could be
misleading without other sources of possible identification.

FACTORS VII-XII

The remaining factors extracted in the 16-T0 age group
analysis are considered uninterpretable. They consist of triplet fac-
tors combined with the possibility of experimental dependence,
and doublet or unique factors. The high loading variables of these
factors are indicated in Table 7.

OCTOBER, 1969 473



Table 7

High Loading Variables for Factors VII-XII

Factor Variables Projection
VII Grassi-Accuracy +.479
Grassi-Time Credits +-.446
C.F.F. Mean +.354
VIII Kahn Test—Symbolization +.674
Kahn Test—Recall +.340
Proverbs +.318
IX Sound Localization—Separation -+.636
Sound Localization—Localization +.471
X C.F.F. Deviation +.670
Kahn Test—Recall +.387
X1 Binaural Beats +.512
Kahn Test—Recall -—.390
XII Minnesota Percepto-Diagnostic —.bB37

The factorial complexity of the thirty-four variables is given
in Table 8. The Varimax rather than the Promax solution was
selected for this particular analysis to avoid possible misinterpre-
tation of communality values in the oblique solution. Only those
factors having loadings greater than = .300 were considered.

Table 8

Factorial Complexity of the Thirty-Four Variables
Based on the Orthogonal Solution

TEST FACTOR(S) h2? TEST FACTOR(S) h2
1 1 608 18 1,3 700

2 1,178 .b69 19 2,14 .668

3 2, 8 H77 20 1 506

4 8 849 21 5 182

b 6, 12 346 22 1 496

6 3 306 23 12 379

7 11 312 24 2,1 517

8 7 382 2b 9 503

9 7, 2 501 26 9, 8 Al
10 2,1 627 27 2 582
11 3,7 503 28 2 519
12 10 502 29 8 483
13 1 534 30 8, 10, 11, 4 764
14 1 640 31 6, 2 483
15 4 408 32 6 491
16 1 .603 33 4 .686
17 1 529 34 4, 2 491
474 MULTIVARIATE BEHAVIORAL RESEARCH
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When such a eriterion is used only 13 of the 84 variables have a
factorial complexity greater than one. It should be noted, however,
that the mean communality value for the remaining 21 variables
is only .507. There is a possibility that other components could
not be identified because the appropriate marker variables were
not included in the test battery.

The final analysis of the data involved the determination of
factor score estimates for each individual on each of the factors
retained. The plots of these factor scores as a function of age is
given in Figures 1, 2, and 3 for the interpretable factors. Analyses
of variance performed for factor score differences for all 12 factors
revealed significant changes for only two. The decline observed for
Factor II was found to be significant (F = 4.15, p < .01; 7, 92 df)
as was the decline for Factor III (F = 11.81, p < .01; 7, 92 df).
These factors have been termed the perceptual-motor speed and
temporal perceptual resolution factors respectively.

Further evidence of the significant difference as a function
of age for Factors IT and III is given by the negative loading of
age on these factors. As outlined in Table 4 the age variable has
a projection of —.318 on Factor II and —.592 on Factor III
These results represent a more direct indication of the difference
gince the observed loadings represent the correlation between age
and the true factor scores, whereas the obtained factor scores are
only estimates of these true factor scores.

65 T L) L] T T L3 T ¥
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55 .
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Fig. 1 Factor I Scores as a Function of Age
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FACTOR SCORE
g

45t

B30 21-25  26-30  31-35  36-45 4655 5665 EeT
AGE GROUP
Fig. 2 Factor II Scores as a Function of Age

60

6-20 2135 B30 3B WA e  em T
AGE GROUP
Fig. 8 Factor III Scores as a Function of Age

DiscussioN

The factorial analysis of the brain damage test battery for
the 16-70 age group indicates that the factorial composition of the
battery is relatively complex when administered to normal indi-
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viduals. The number of dimensions that could be identified was
less than the number of factors retained, however, which suggests
that several dimensions are not being adequately sampled by valid
and reliable instruments presently being used.

All the tests included in the present battery have been found
to discriminate between brain damaged and normal individuals.
If one could assume that these discriminations are being made on
the basis of dimensions identified in this study, it would appear
that many of the dimensions of interest are only partially sampled
by this test battery. This would be evident from that fact that nine
of the twelve factors extracted could not definitely be idemtified.
The evidence provided by this analysis in conjunction with the
assumption made, suggest the importance of studying the factorial
composition of the tests for groups of normals and individuals
with specific lesions. A test of the assumption would involve a
comparison of the factors extracted for the two differently con-
stituted groups. If the comparison indicated a high degree of simi-
larity, then some of the factors which were underdetermined in
this battery should be investigated further. This would mean that
the test battery would be augmented with tests similar to the
ones which indicated important sources of variance, but which
could not be identified in the present battery.

Factor analytic studies of the WAIS administered to both
normals and brain damaged groups have indicated substantial
similarity in factor structures (Cohen, 1952; Berger et al., 1964).
In fact, in the Berger et al. study the authors concluded that dif-
ferences observed over age were greater than that found for nor-
mal and brain damaged groups. In view of these suggestive find-
ings further study of the possible dimensions of discrimination
between normals and brain damaged groups would be warranted.

The results of this study also indicate a duplication in terms
of the number of tests which discriminate on the basis of the same
continua in normal samples. Nineteen of the tests included in the
battery had substantial projections on one or other of the first
three factors extracted. These factors were all interpreted as hav-
ing a perceptual component, which could suggest the importance
assigned to perceptual activities in the construction of brain dam-
age tests. If one could assume that the sources of variance observed
in this study are also the important dimensions of discrimination
between normals and brain damage groups, then these results
would suggest that differences in perception, and perceptual fune-
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tioning integrated with response components, form an important
aspect in the discrimination between these groups.

The relationship of the factors extracted in this study to thoge
found in earlier factor analytic studies of brain damage testg
would be difficult to assess. One possibly important difference was
the use of a normal sample in this study as contrasted with brain
damaged and other pathological groups in previous studies (Hal.
stead, 1947; Jones and Wepman, 1961; Schuell, Jenkins, and
Carroll, 1962; Coppinger, Boriner, and Saucer, 1963). A factor
analytic study reported by Berger et al. (1964) has suggested g
high degree of factor comparability between normals and brain
damaged individuals for performance on the WAIS. Whether or
not such a conclusion can be drawn for the tests used in this study
awaits empirical investigation. A more critical difference obviat-
ing comparison between studies concerns the tests included for
study. The Jones and Wepman (1961) and Schuell, Jenkins, and
Carroll (1962) studies were concerned with tests of aphasia. In
terms of the criteria outlined for the selection of tests in this
study (Royce and Carran, 1964) the aphasia tests had not been
included.

Although the tests included in the Coppinger et al. (1963)
study were essentially different, one of the factors extracted ap-
pears to bear at least a superficial resemblance to the Perceptual
Resolution factor interpreted in this study. The factor reported
in the Coppinger et al. study was interpreted as “sensory alert-
ness and includes loadings of C.F.F., Age, and a variable termed
Shortest Noticeable Dark Time. The inclusion of different content
tests in the two studies precluded any further subjective compari-
sons between factors,

Perhaps the greatest degree of similarity between factors
would have been expected in a comparison of Halstead’s study
(Halstead, 1947) and the present analysis. This expectation was
based on the fact that many of Halstead’s variables were included
in the present battery. Inspection of the high loading variables
in the factor matrices suggested a similarity only between Hal-
stead’s Factor P and the temporal Perceptual Resolution Factor
observed in this study. A more direct comparison could not be
applied since the number of variables used in the two studies were
different and the number of factors extracted in this study was
much greater than was found in Halstead’s study. :

The analysis of the factorial complexity of the tests in the
battery suggested that at least for some of the more widely used
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tests the complexity is greater than one. Reitan’s Trail Making
Test (Reitan, 1955), for example, has a complexity of three in the
orthogonal solution which would suggest that this particular test
would not be appropriate for identifying specific lesions. For the
remaining tests one cannot conclude their complete appropriate-
ness since in general the communality values were relatively low.
Further study of this important problem might consider the relia-
bility of each of the tests and attempt to identify other sources of
variance not isolated in this study.

The different declines observed for the factor scores of the
factors extracted would suggest that certain of the tests would be
psychometrically more efficient for older age groups. By a psy-
chometrically efficient brain damage test is meant one which dis-
criminates between normals and brain damaged persons. In this
sense a test loading highly on Factor I would be more efficient
for older age groups than a test loading Factor III. If the tests
loading the two factors have equal validity for brain damage it
would be reasonable to select a test with a high loading on Factor I
for an older person since a large part of the variance observed in
test scores is not systematically associated with age. A low score
on a test with substantial loading on Factor III, on the other
hand, could be attributed to age.
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