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A general neuropsychological test battery was assembled and individually given to a 98-subject sample, aged 11-12 years old. 
The battery included some basic and common tests routinely used in the evaluation of language, memory, spatial abilities, 
concept formation, and praxic abilities. Twenty-five different scores were calculated. A factor analysis with varimax rotation 
disclosed nine different factors, accounting for about 70% of the variance. Factor I was measured by a Sequential Verbal 
Memory test and Verbal Fluency subtests ("verbal factor"). Factor II was measured by the Wechsler Memory Scale Visual 
Memory subtests (immediate and delayed reproduction), and the Rey-Osterrieth Complex Figure (copy and immediate 
reproduction) ("non-verbal memory and constructional factor"). Factor III was measured by the WMS Logical Memory 
subtests (immediate and delayed; "verbal memory factor"). Factor IV was associated with fine movements (tapping subtests, 
right and left hand; "fine movements factor"). Factor V was specially measured by the Information subtest of the WMS and 
the Boston Naming Test ("verbal knowledge"). Factor VI represented a "praxic ability factor" (ideomotor praxis tests). 
Delayed Associative Learning subtest measured Factor VII; and Digits measured Factor VIII. Factor IX was a "mental 
control factor" (Mental Control subtest of the Wechsler Memory Scale). The implications of these results to theories relating 
to the structure of cognitive activity are discussed. 
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INTRODUCTION 

Different factorial studies of general intelligence have 
been described in the psychological literature (e.g. 
Guilford, 1967; Cattell, 1971; Matarazzo, 1972). Guil
ford (1967, 1968) and Guilford and Hoepfner (1971) 
proposed a three-dimensional classification of intelli
gence, consisting of contents (letters, numbers, words, 
and behavioral descriptions), operations (memory, 
evaluation, convergent thinking, and divergent think
ing), and products (units, classes, relations, systems, 
transformations, and implications). According to 
Guilford, 120 different intellectual abilities could be 
distinguished. Cattell (1971) distinguished between 
"fluid intelligence" (corresponding to and reflecting 
a pattern of neurophysiological and incidental learn
ing influences), and "crystallized intelligence" (highly 
sensitive to each person's unique cultural, educational 
and environmental experiences). 

Most often, a four-factor structure has been found 
in the WAIS (Matarazzo, 1972). Factor I ("verbal 
comprehension") is measured by Information, Vo
cabulary, Similarities, and Comprehension subtests. 
Factor II ("perceptual organization") is measured 
with Object Assembly, Block Design, Picture Comple
tion, and Picture Arrangement subtests. Factor III 
("freedom of distractibility") is specially measured 
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with the Digit-Symbol subtest. A fourth (albeit 
weaker) factor is measured by the Arithmetic subtest 
(Cohen, 1957). 

In the field of neuropsychology, factorial analysis 
has been applied to some specific tests and scales 
directed to measure single cognitive abilities. The 
Wechsler Memory Scale (WMS) is a good example. 
To date, several factor-analytic studies with the WMS 
have been published, usually reporting a two-factor 
structure ("general memory" and "attention" factors) 
(Wechsler, 1987; Bornstein and Chelune, 1988; Roid 
et ai., 1988; Ardila and Rosselli, in press). However, 
Elwood (1991) analyzed the factor structure of the 
revised WMS in a clinical sample and observed that 
only a single general memory component accounted 
for 54% of the variance; a second factor which 
contributed 9.4% of the total variance was found 
only after I.Q. scores were included. Ardila and Ros
selli (in press) used the original WMS version, but 
included delayed recall for the Logical Memory, 
Visual Reproduction and Associative Learning sub
tests. One general memory component accounted for 
51 % of the variance. A second factor reported by 
Wechsler (1987) as an "attentional factor" was also 
found. Further, Ardila and Rosselli have observed a 
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third, very weak factor, related to verbal memory, 
specially measured by means of the Associative 
Learning subtests ("verbal memory factor"). These 
results with the WMS are very similar to the results 
obtained by Wechsler (1987), Bornstein and Chelune 
(1988), and Elwood (1991) using the revised WMS. It 
seems probable therefore that there is not too much 
difference between the WMS and the revised WMS 
factor structure. 

Very few factorial analyses of neuropsychological 
battery tests have been described in the literature. 
Ostrosky et al. (1985, 1986), using a neuropsychologi
cal battery test derived from Luria, found three main 
factors. Factor I included complex linguistic aspects, 
reading and calculation ("verbal factor"); Factor II 
included a large number of motor tasks, related in 
particular to motor programming ("motor program
ming factor"); and Factor III basically comprised 
two movement coordination tasks as well as certain 
aspects of memory and complex aspects of language 
comprehension. However, to perform the factorial 
analysis, the authors selected only those tests sensitive 
to sociocultural effects, and not the whole battery 
test. Recently some new attempts to apply factor 
analysis to different neuropsychological tests have 
been presented (e.g. Haut et al., 1992; Wilhem and 
Franzen, 1992). 

Factor analysis represents a strong and relatively 
sophisticated statistical tool to measure research, and 
permits the deduction of underlying factors account
ing for variance in individual tests. Commonality, 
and in consequence, "relative distance" among differ
ent subtests can be determined. The purpose of this 
research was to attempt a further step in the compo
nent analysis of cognitive activity. A general neuropsy
chological battery test was assembled and individu
ally given to -a 98-subject sample. The battery in
cluded some basic and common tests routinely used 
in the diagnosis of language, memory, spatial abili
ties, concept formation, and praxic abilities. Norma
tive results of this battery test have been presented 
elsewhere (Ardila and Rosselli, 1992, in press). 

METHODS 

Subjects 
Ninety-eight 11-12 year old normal schoolchildren 
(49 boys and 49 girls) were selected. The subjects 
included in the sample corresponded to three socio
economic groups: high, middle, and low. For each 
socio-economic group, two different schools were 
taken. Schools included in this study were carefully 
informed about the purposes of the research. Al-
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though the children were randomly selected from a 
list presented by the school principal, all of them 
voluntarily agreed to participate in the testing. All 
the subjects were considered at school as "normal 
children". All subjects were Colombians living in 
Bogota (population around 5 500000 inhabitants), 
and were native Spanish speakers. All children were 
in the fifth or sixth grade at school (except two 
children who were in the fourth grade). Distribution 
among different socio-economic groups was equal. 

Testing 
The following tests were individually given to each 
subject. 

(1) Verbal Fluency: Semantic (VFS; animals and 
fruits) and Phonologic (VFP; F, A, S, and M). 

(2) WMS (Wechsler, 1945). The six subtests were 
independently scored and analyzed: Information 
(lNF) , Orientation (ORI), Mental Control 
(MC), Logical Memory (LM), Digits (DIG), 
Visual Reproduction (VR), and Associative 
Learning (AL). In addition, delayed recall for 
Logical Memory (LMD), Associative Learning 
(ALD), and Visual Reproduction (VRD) sub
tests was included. 

(3) A Sequential Verbal Memory Test, specially de
signed for this research (Table J). This test at
tempted to measure the subject's ability to se
quentially memorize a series of words in two 
different conditions: immediate (maximum level: 
VMM), and delayed recall (VMD). 

(4) An Ideomotor Apraxia Test adapted from De 
Renzi (1985), Poeck (1986), and Rosselli and 
Ardila (1991). Seven movements were included 
(a military salute, waving goodbye, calling some
body with the hand, saying "no" with the hand, 
hammering a nail, brushing his/her teeth, and 
using scissors), first with the left hand (PLH) 
and then with the right hand (PRH). 

(5) The Tapping Test (Reitan and Davidson, 1974). 
Scores were given for the right hand (TRH) and 
the left hand (TLH) performance. 

(6) Figure Recognition (FR). Recognition of 14 
commonly drawn figures, superimposed one on 
another in four groups (2, 3, 4, and 5; 
Poppelreuter-type figures). Maximum score was 
14. 

(7) The Token Test (TT)-shortened version (De 
Renzi and Faglioni, 1978). 

(8) The Wisconsin Card Sorting Test (WCST). The 
protocol was administered and scored according 
to the rules of the WCST Manual (Heaton, 1981). 
Two different scores were used: Categories 
Achieved (WCA) and Correct Responses (WCR). 



FACTORIAL STRUCTURE 

TABLE I. Sequential Verbal Memory test 

"I went to the store and bought ... " 
1 2 3 4 5 6 7 8 9 10 

1. A watch 
2. A book 
3. A shirt 
4. Candy 
5. A picture 
6. A glass 
7. A knife 
8. A brush 
9. A card 

10. A pencil 

Others 

Highest level: o 1 2 3 4 5 6 7 8 9 10 
Intrusions: o 1 2 3 4 5 6 7 8 9 10 
Changes in order: o 1 2 3 4 5 6 7 8 9 10 
Delayed recall: o 1 2 3 4 5 6 7 8 9 10 (15-20 slater) 

Instructions. Say to the subject: "Please, repeat what I am going to say". 
Begin with one-word level ("I went to the store and bought a watch"). If 
repeated, write number 1 in the upper left space. Move to two-words level 
("I went to the store and bought a watch and a book"). Write 1 and 2 in the 
corresponding spaces, according to the answering order; and so on. Write 
the non-presented words in the spaces "Others". When the subject fails at a 
particular level (because of omissions or changes in the order), this level is 
repeated. If the subject fails again, the test is stopped. Highest level is the 
maximum number of words correctly repeated without mistake (either in the 
first or second presentation). 

(9) The Boston Naming Test (BNT) (Kaplan et at., 
1983). The Spanish version (Goodglass and 
Kaplan, 1983) was adapted to the idiosyncracies 
of the Spanish language spoken in Colombia. 

(l0) The Rey-Osterrieth Complex Figure, copy 
(CFC) and immediate memory (CFM; Oster
rieth, 1944). Subjects were required to copy the 
figure placed in front of them on a plain piece 
of paper. There was no time limit. When the 
subject finished copying the figure, both the 
design and the subject's copy were removed and 
the subject was asked to draw the figure from 
memory. Both the copy and the memory designs 
were scored considering 18 units separately 
(Taylor, 1959; Lezak, 1983). Maximum score 
was 36. 

RESULTS 

Means and standard deviations for the 25 test scores 
were calculated. Results are presented in Table II. It 
is observed that performance at 11-12 years ap
proaches the performance expected in young normal 
adults (Lezak, 1983; Spreen and Strauss, 1991; Ardila 
et aI., 1994). 

An intercorrelation matrix of the different test 
scores is shown in Table III. Forty-four out of 300 
correlations reached a statistical level of significance. 
Some of the test scores presented a complex intercor
relation system (e.g. Logical Memory); others pre
sented very few significant correlations (e.g. Associa
tive Learning, Delayed condition). 

Both Verbal Fluency subtests (Semantic and Phono
logic) significantly correlated with WMS Logical 
Memory subtest, and with the Sequential Verbal 
Memory Test (Maximum Level and Delayed Repro
duction). Correlation between both conditions (Se
mantic and Phonologic) was 0.50 (p < 0.01). Addi
tionally, Semantic (but not Phonologic) Verbal Flu
ency correlated with WCST (Correct Responses). Sur
prisingly, both Verbal Fluency subtests (although 
only Phonological Verbal Fluency subtest at a statisti
cally significant level) negatively correlated with the 
WMS Orientation subtest. 

The different WMS subtests behaved in a heteroge
neous way. The WMS Information subtest correlated 
with Orientation, Logical Memory, WCST (Catego
ries Achieved), but especially with the BNT score 
(r = 0.46; p < 0.01). The Orientation subtest nega
tively correlated with Delayed Associative Learning 
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TABLE II. Means and standard deviations found in the 
different neuropsychological tests in the 98-subject 
sample 

Test 

Verbal Fluency 
Semantic (VFS) 
Phonologic (VFP) 

WMS 
Information (INF) 
Orientation (ORI) 
Mental Control (MC) 
Logical Memory (LM) 
Digits (DIG) 
Visual Reproduction (VR) 
Associative Learning (AL) 
Delayed Logical Memory (LMD) 
Delayed Associative Learning (ALD) 
Delayed Visual Reproduction (VRD) 

Verbal Memory 
Maximum (VMM) 
Delayed Recall (VMD) 

Praxis 
Left Hand (PLH) 
Right Hand (PRH) 

Tapping Test 
Right Hand (TRH) 
Left Hand (TLH) 

Figure Recognition (FR) 
Token Test (TT) 
WCST 

Correct Responses (WCR) 
Categories Achieved (WCA) 

Boston Naming Test (BNT) 
ROCF 

Copy (CFC) 
Memory (CFM) 

Mean 

26.67 
29.64 

5.49 
4.94 
6.19 

12.84 
9.50 
9.52 

18.20 
12.67 
7.49 
8.70 

6.85 
6.45 

6.49 
6.52 

44.11 
33.79 
13.20 
35.03 

66.16 
5.67 

48.00 

28.66 
20.52 

S.D. 

9.51 
8.87 

0.69 
0.28 
1.64 
3.06 
1.42 
2.21 
2.26 
2.90 
2.32 
2.41 

2.37 
2.36 

0.78 
1.04 

11.20 
8.62 
1.15 
1.90 

9.83 
0.86 
4.80 

4.77 
5.97 

TABLE IV. Factor analysis of the neuropsychological 
battery test 

Factor Eigenvalue Pct. of variance Cum. Pct. 

I 3.560 14.2 14.2 
II 3.218 12.9 27.1 
III 2.445 9.8 36.9 
IV 1.591 6.4 43.3 
V 1.508 6.0 49.3 
VI 1.386 5.5 54.8 
VII 1.342 5.4 60.2 
VIII 1.241 5.0 65.2 
IX 1.111 4.4 69.6 

and Verbal Fluency (above), and positively only with 
Figure Recognition (r = 0.30;p < 0.05). Mental Con
trol correlated with the BNT and the Tapping Test 
(right hand). The Logical Memory subtest presented 
a high number of statistically significant correlations: 
with Associative Learning (both conditions), BNT, 
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Verbal Fluency (both conditions), and Information. 
Correlation between Logical Memory and Delayed 
Logical Memory was 0.63 (p < 0.01). Digits corre
lated with Associative Learning and Figure Recogni
tion. Visual Reproduction subtest correlated with 
Rey-Osterrieth Complex Figure (copy; r = 0.41; 
p < 0.01), but negatively with Figure Recognition 
(r = - 0.25; p < 0.05). Correlation between Visual 
Reproduction scores and Delayed Visual Reproduc
tion scores was Logical Memory and Digits). Correla
tion between Associative Learning and Delayed Asso
ciative Learning was non-significant. Delayed Asso
ciative Learning correlated with WCST (Correct Re
sponses), and negatively with Orientation. 

The Sequential Verbal Memory Test (both condi
tions) correlated with Verbal Fluency subtests. For 
the immediate condition, a negative correlation with 
the Tapping Test (right hand) was observed. Correla
tion between immediate and delayed condition was 
0.92 (p < 0.01). 

Praxic Ability Test correlated only with the Token 
Test. Correlation between right and left hand perform
ance was 0.56 (p < 0.01). 

In the Tapping Test, besides the described associa
tions, significant correlation with the Token Test and 
the WCST (Categories Achieved) was observed. Cor
relation between right and left hand performance 
was 0.60 (p < 0.01). 

The Figure Recognition Test correlated with the 
BNT, Orientation, Digits, and Delayed Logical 
Memory. It negatively correlated with WMS Visual 
Reproduction subtest and the WCST (Correct 
Responses). 

The Token Test correlated with the BNT, Delayed 
Logical Memory, Praxic Ability Test (left hand), and 
Tapping Test (right hand). It negatively correlated 
with WCST (Correct Responses). 

The WCST and the BNT presented a complex set 
of correlations (see above). The correlation between 
the WCST (Correct Responses) and the BNT was 
- 0.33 (p < 0.01). However, for Categories Achieved 
score, the correlation between both tests was positive, 
although non-significant. 

The Rey-Osterrieth Complex Figure only corre
lated with the WMS Visual Reproduction (both condi
tions). Correlation between copy score and immediate 
reproduction score was 0.42 (p < 0.01). 

A factor analysis with varimax rotation of the 
neuropsychological battery test was performed. Nine 
different factors with eigenvalues higher than 1.00 
were disclosed. These nine factors accounted for 
about 70% of the total variance. Table IV presents 
the general results of the factor analysis. 

Factor I was measured by the Sequential Verbal 
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TABLE III. Intercorrelation matrix of the different test scores 

Test 

VFS 

VFP 

INF 

ORI 

MC 
LM 

DIG 

VR 

AL 

LMD 

ALD 

VRD 

VMM 
VMD 

PLH 
PRH 

TRH 

TLH 

FR 

TT 

WCR 

WCA 

BNT 
CFC 

VFP 

0.50t 

INF 

0.07 
0.19 

ORI 

-0.17 

-0.25' 
0.26' 

MC 

0.01 
0.11 

0.22 
-0.02 

LM 

0.25' 
0.33' 
0.24' 

-0.04 

0.10 

See Table II for abbreviations.' p < 0.01; t p < 0.001. 

DIG 

0.02 
0.12 

0.01 
-0.03 

0.18 
0.07 

VR 

0.22 
0.14 

-0.04 
-0.13 
-0.04 

0.10 
0.03 

AL 

0.05 
0.22 

0.17 
-0.03 

0.11 

0.36t 
0.24' 
0.01 

LMD 

0.19 
0.10 
0.10 

0.01 
0.21 

0.63t 
0.17 
0.10 
0.21 

ALD 

0.05 
0.02 

-0.06 

-O.33t 
0.13 
0.10 

-0.03 
-0.07 

0.11 
0.09 

VRD 

-0.10 

0.00 
0.04 
0.09 

-0.05 

0.08 
0.04 
0.65t 
0.10 
0.02 

0.18 

VMM 

O.44t 

0.37t 
0.01 

-0.11 

0.06 
0.15 
0.18 
0.16 
0.08 
0.15 

-0.03 

0.06 

VMD PLH 

0.46t 0.05 
O.43t 0.08 
0.08 0.08 

- 0.05 0.00 
0.15 0.10 
0.19 -0.05 

0.10 0.00 
0.21 0.10 
0.14 0.12 
0.17 0.11 

-0.09 - 0.05 
0.11 0.01 

0.92t 0.01 
0.04 

PRH 

-0.17 
-0.11 

0.01 
0.00 
0.05 

-0.11 
-0.06 

0.12 

0.09 
-0.Q1 

-0.04 

0.07 
-0.20 
-0.16 

O.56t 

TRH 

-0.08 
0.06 

0.12 
0.13 
0.27' 
0.05 
0.05 

-0.09 

0.16 
0.10 

0.04 
0.13 

-0.17 
-0.06 

0.17 
0.11 

TLH 

-0.19 

0.01 
0.02 

0.15 
0.17 
0.07 
0.15 

-0.08 

0.20 
0.18 

0.03 
-0.03 
-0.24' 
-0.13 

0.22 
0.17 

0.60t 

FR 

-0.03 
-0.04 

0.20 
0.30' 

-0.01 

0.21 
0.28' 

-0.25' 

0.20 
0.25' 

-0.01 
-0.15 
-0.08 
-0.10 

0.05 
0.02 
0.21 
0.18 

TT 

0.11 
0.17 
0.18 
0.23 
0.13 

0.13 
0.04 
0.05 
0.22 
0.25' 

-0.06 
-0.06 
-0.04 

0.11 
0.27' 
0.17 
0.39t 
0.19 
0.19 

WCR 

0.28' 

0.01 
-0.08 
-0.18 

-0.19 

0.02 
-0.17 

0.18 
-0.21 
-0.10 

0.27' 
0.10 
0.17 

0.15 
-0.15 
-0.15 
-0.10 
-0.15 
-0.29' 
-0.14 

WCA 

0.01 

0.13 
0.24' 

-0.04 

0.06 
-0.06 

0.21 
-0.08 

0.15 
0.04 

-0.07 

0.11 
-0.15 
-0.05 

0.09 
0.08 
0.26' 

0.32t 
0.14 
0.05 

-0.01 

BNT 

0.13 

0.22 

0.46t 
0.01 

0.32t 
0.24' 
0.12 
0.01 

0.35t 
0.23 

-0.09 

0.06 
0.04 
0.11 
0.08 
0.07 
0.22 
0.26' 
0.26' 

-0.02 

-0.33t 
0.21 

CFC 

0.13 
-0.02 

0.10 
-0.05 

0.14 
-0.12 
-0.07 

0.41t 
0.04 

-0.12 

0.12 

0.46t 
-0.04 
-0.02 

0.12 
0.08 
0.18 

-0.07 
-0.20 
-0.04 

0.18 
0.09 
0.09 

CFM 

0.03 
0.12 
0.11 

-0.10 

0.10 

0.04 
0.05 
0.23 
0.12 
0.05 
0.02 
0.23' 
0.00 

0.02 
0.18 
0.21 
0.04 

-0.03 

0.07 
0.07 

-0.09 
0.17 

0.17 

0.42t 
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FIG. 1. Graphic representation of the nine factors disclosed 
in the neuropsychological test battery. 
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FIG. 2. Intercorrelations among the four test scores involved 
in Factor II. 

Memory Test (Maximum Level and Delayed Recall), 
and Verbal Fluency sub tests (Semantic and Phono
logic). It represents, hence, a "verbal production" 
factor. Factor II was measured by the WMS Visual 
Memory sub tests (Immediate and Delayed Reproduc
tion), and the Rey-Osterrieth Complex Figure (Copy 
and Immediate Reproduction). It represents in conse
quence a "non-verbal memory and constructional" 
factor. Factor III was measured by the WMS Logical 
Memory subtests..(Immediate and Delayed Recall). It 
is in consequence a "verbal memory" factor. Factor 
IV was measured by the two Tapping subtests (right 
and left hand). This is a factor associated with fine 
motor movements ("fine movements" factor). Factor 
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V was specially measured by the Information subtest 
of the WMS and the Boston Naming Test ("verbal 
knowledge" factor). Factor VI represents aPraxic 
Ability factor (Ideomotor Apraxia Test, left and right 
hand; "praxic ability" factor). Delayed Associative 
Learning subtest measured Factor VII ("delayed 
associative learning" factor), and Digits measured 
Factor VIII ("digits" factor). And finally, Factor 
IX was measured almost exclusively by the WMS 
Mental Control score ("mental control" factor). 
Figure 1 illustrates the way the different tests were 
grouped. 

The correlations between the different tests and 
the nine factors are presented in Table V. It is ob
served that for each factor, only a few test scores 
(some one to three) present a high (over 0.65) correla
tion with the factor, while the rest of the correlations 
are in general low. That is, only one to three test 
scores were significantly saturated by each factor. 
The level of the correlations was equivalent across 
the nine factors. 

The most independent factor was Factor II. It was 
measured by two tests (WMS Visual Memory and 
Rey-Osterrieth Complex Figure) under the two condi
tions used. Correlations with other test scores were 
particularly low and non-significant. It represented 
in consequence a somewhat isolated factor. Intercorre
lations among Factor II and these four scores are 
illustrated in Fig. 2. 

DISCUSSION 

Several shortcomings should be noted in the present 
research . 
(1) The age of the subjects was low; only older 

children (or young pre-adolescents) were in
Cluded. This is due to the fact that the research 
was primarily directed to the normalization of 
neuropsychological instruments in children 
(Ardila and Rosselli, 1992, in press). The factorial 
analysis represents a secondary analysis of the 
test result data. However, it is considered that 
performance on neuropsychological tests in 11-
12 year old children approaches the performance 
expected in young normal adults (Spreen and 
Strauss, 1991). Further, using an older popula
tion, the ceiling of some tests can become very 
low (e.g. the Token Test, the Boston Naming 
Test, etc.). 

(2) The number of tests and subjects were relatively 
low (only 10 tests and 25 scores). That means 
that the ratio of subjects to variables was about 
4: 1, which is on the borderline of acceptability. 

(3) Distribution of the tests was uneven and biased; 



FACTORIAL STRUCTURE 

TABLE V. Correlations between the different tests and the nine factors 

Test II III 

Verbal Fluency 
Semantic (VFS) 0.706 0.011 0.156 
Phonologic (VFP) 0.673 -0.052 0.127 

WMS 
Information (INF) 0.098 -0.006 0.146 
Orientation (ORI) - 0.167 -0.068 0.064 
Mental Control (MC) 0.097 - 0.015 0.041 
Logical Memory (LM) 0.170 0.038 0.848 
Digits (DIG) 0.136 0.024 0.105 
Visual Reproduction 
(VR) 0.198 0.819 0.112 
Associative Learning 
(AL) 0.086 0.039 0.433 
Delayed Logical 
Memory (LMD) 0.111 0.028 0.803 
Delayed Associative 
Learning (ALD) -0.098 - 0.018 0.212 
Delayed Visual 
Reproduction (VRD) -0.029 0.879 0.065 

Verbal Memory 
Maximum (VMM) 0.844 0.076 0.051 
Delayed Recall (VMD) 0.882 0.116 0.065 

Praxis 
Left Hand (PLH) 0.087 0.036 0.011 
Right Hand (PRH) - 0.188 0.097 -0.025 

Tapping Test 
Right Hand (TRH) -0.068 0.D78 0.049 
Left Hand (TLH) - 0.173 -0.053 0.113 

Figure Recognition (FR) - 0.167 -0.263 0.404 
Token Test (TT) 0.185 - 0.132 0.303 
WCST 

Correct Responses 
(WCR) 0.250 0.214 - 0.100 
Categories Achieved 
(WCA) 0.014 0.044 -0.195 

Boston Naming Test 
(BNT) 0.065 0.019 0.211 
ROCF 

Copy (CFC) - 0.019 0.700 -0.199 
Memory (CFM) -0.034 0.413 - 0.021 

the majority of the tests were language related; 
neither facial recognition nor non-verbal auditory 
recognition tests were included. There was a lim
ited number of perceptual tests. No somatosen
sory test was included. Some abilities (e.g. calcula
tion abilities) were only indirectly measured. 

Despite these shortcomings, the current factorial 
analysis of normal performance in neuropsychologi
cal tests, albeit tentative, allows some conclusions to 
be drawn. 

The number of extracted factors was high. How
ever, each factor accounted for a minor percentage 
of the variance. In consequence, our current neuropsy-

Factor 

IV V VI VII VIII IX 

-0.034 0.171 -0.068 0.168 - 0.211 -0.193 
0.075 0.298 0.811 0.210 0.060 -0.131 

0.090 0.738 -0.042 -0.268 -0.205 0.082 
0.176 0.070 -0.083 -0.797 -0.143 0.041 
0.238 0.244 0.035 0.131 0.065 0.798 

- 0.017 0.155 - 0.110 0.076 -0.035 - 0.031 
0.143 -0.005 -0.084 0.007 0.760 0.029 

-0.115 -0.112 0.118 - 0.210 -0.004 - 0.071 

0.149 0.262 0.158 0.109 0.325 0.005 

0.101 - 0.Q15 0.042 0.010 0.090 0.125 

0.110 - 0.071 - 0.105 0.714 - 0.195 0.165 

0.064 - 0.017 - 0.040 - 0.031 0.100 -0.040 

- 0.197 - 0.140 - 0.086 - 0.071 0.162 0.179 
-0.048 -0.069 -0.042 -0.132 0.098 0.203 

0.169 0.023 0.840 -0.025 - 0.011 0.048 
0.057 0.023 0.826 0.007 - 0.013 - 0.011 

0.842 0.102 0.062 -0.047 -0.004 0.173 
0.748 0.007 0.124 0.010 0.240 0.066 
0.153 0.274 - 0.002 -0.258 0.305 -0.157 
0.495 -0.038 0.329 - 0.291 - 0.219 - 0.015 

0.090 -0.226 - 0.293 0.335 - 0.451 -0.296 

0.474 0.441 -0.004 0.114 0.315 -0.364 

0.079 0.686 0.033 -0.044 0.239 0.278 

0.114 0.273 0.045 0.148 -0.230 0.132 
-0.141 0.447 0.300 0.166 0.126 - 0.010 

chological tests consisted of a multifactorial battery 
which is not surprising considering that tests directed 
to measure a diversity of cognitive activities were 
included (language, memory, spatial abilities, concept 
formation, and praxic abilities). 

In general, correlations between individual tests 
and the nine extracted factors were high (usually 
over 0.80). Only one (or two) tests measured a single 
factor and no test score was simultaneously and 
significantly saturated by two different factors. 

Most factors were measured by only one or two 
test scores. Factor III was measured by the WMS 
Logical Memory subtests (immediate and delayed), 
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Factor IV by the Finger Tapping sub tests and Factor 
V was measured by the Information subtest of the 
WMS and the Boston Naming Test. Factor VI was a 
Praxic Ability factor (ideomotor praxis, right and left 
hand). The delayed Associative Learning subtest 
measured Factor VII; and Digits measured Factor 
VIII. Factor IX was correlated with the WMS Mental 
Control subtest. It might be supposed that single 
factors (and, to a certain extent, single tests) were 
measuring independent cognitive abilities. 

It is possible that common "brain systems" under
lie the performance of those tests measuring common 
factors. For example, in our results, Factor II ("non
verbal memory and constructional" factor) repre
sented a quite independent and isolated factor. It 
could be proposed that the two tests saturated by 
this factor (Visual Reproduction and Rey-Osterrieth 
Complex Figure) were the only two tests associated 
with the activity of certain specific "brain systems" 
(according to current neuropsychological knowledge, 
and most likely linked with the activity of right 
hemisphere areas). It can also be expected that they 
would be impaired by lesions in this "brain system" 
(i.e. right hemisphere pathology). Correlations be
tween these two tests and other tests were low and 
non-significant. The brain activity supporting per
formance in these two tests should be quite independ
ent of the brain activity supporting performance in 
the rest of the battery. But both tests share the same 
"brain system". "Functional distance" between them 
is very low. Conversely, "functional distance" be
tween these two tests and the rest of the tests is high. 
"Functional distance" should be understood as the 
commonality in the brain organization of the cogni
tive processes supporting their performance. 

With the exception of the Visual Reproduction 
and Rey-Osterrieth Complex Figure scores, for the 
rest of the tests a quite complex matrix of intercorrela
tions was obtained. Nonetheless, albeit correlated, 
different factors were extracted. These tests were not 
homogeneous in their scores, and probably they 
depended on different (but relatively "close") "brain 
systems". For example, it could be hypothetized that 
performance on the Boston Naming Test and the 
Information sub test of the WMS (highly correlated, 
and grouped into the single "verbal knowledge" 
factor) depend on "closer" (or rather, "common") 
brain systems, than the Boston Naming Test and, 
say, the Orientation subtest of the WMS (with a 
correlation close to zero). It could be supposed that 
the stronger the correlation between two tests, the 
higher the commonality of the brain activity support
ing their performance should be, and the lower the 
correlation, the higher the "functional distance" in 
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the brain organization of those cognitive abilities 
required for their correct performance. 

The factor structure of our neuropsychological bat
tery showed a moderate coincidence with the factor 
structure reported in intelligence factorial research 
using the WAIS (Cohen, 1957; Matarazzo, 1972). 
The number of factors that we observed was, how
ever, considerably higher. W AIS Factor I ("verbal 
comprehension" factor: Information, Vocabulary, 
Similarities, and Comprehension subtests) might cor
respond to our Factor V ("verbal knowledge", includ
ing the Information subtest of the WMS and the 
Boston Naming Test). Factor II ("perceptual organi
zation" factor: Object Assembly, Block Design, Pic
ture Completion, and Picture Arrangement subtests) 
may partially correspond to our Factor II ("non
verbal memory and constructional" factor: WMS 
Visual Memory subtests and the Rey-Osterrieth Com
plex Figure, copy and immediate reproduction). 
Factor III ("freedom of distractibility") measured 
with Digit-Symbol subtest might partially correspond 
to our Factor IX ("mental control": WMS Mental 
Control score). Sometimes a Factor IV (Arithmetics) 
has been reported in the W AIS factorial analysis 
(Cohen, 1957); our closest factor could be Factor 
VIII ("digits"). 

However, we observed five additional factors: 
Factor I is a "verbal production" factor (Verbal 
Fluency subtests and Sequential Verbal Memory Test 
scores). Factor III represents a "verbal memory" 
factor (WMS Logical Memory subtests). Factor IV is 
a "fine movements" factor (Tapping subtests, right 
and left hand). Factor VI represents a "praxic ability" 
factor (ideomotor Apraxia Test, left and right hand). 
Finally, we observed a "verbal delayed memory" 
factor (Factor VII: Delayed Associative Learning 
subtest). In brief, we observed one extra factor associ
ated with verbal production ("verbal production" 
factor); two extra factors associated with memory 
("verbal memory" and "delayed associative learn
ing"); and two factors associated with movement 
control ("fine movements" and "praxic ability" fac
tors). This is understandable taking into account that 
we tried to cover a wide range of cognitive abilities 
when our neuropsychology test battery was 
assembled. 

Verbal functions were over-represented in our neu
ropsychological test battery. Out of nine factors, two 
(Factor I: "verbal" factor, and Factor V: "verbal 
knowledge") were associated with verbal functions, 
while only one (Factor II: "non-verbal memory and 
constructional factor") was clearly associated with 
non-verbal functions. Three factors were clearly asso
ciated with memory functions (Factor III: "verbal 
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memory", Factor VII: "delayed associative learning", 
and Factor VIII: "digits"). Two factors were associ
ated with motor functions (Factor IV: "fine move
ments" and Factor VI: "praxic ability"). Finally, one 
factor was related to maintained attention (Factor 
IX: "mental control"). Scores in verbal factors are 
expected to depend (according to our current neu
ropsychological knowledge) upon some left hemi
sphere activity, whereas scores in non-verbal factors 
are expected to depend on right hemisphere activity. 
In the two motor control factors (Factor IV: "fine 
movements", and Factor VI: "praxic ability") high 
and significant correlations were observed for both 
the right and left hand movements. In consequence, 
a bihemispheric participation may have been in
volved. Memory function has been associated with 
temporal lobe activity, although some asymmetry 
can be expected (verbal vs non-verbal memory). We 
observed three verbally based memory factors, and 
only one non-verbally based (Factor II: "non-verbal 
memory and constructional factor"). Performance in 
the Figure Recognition test theoretically is expected 
to depend upon the activity of those most posterior 
brain areas; and performance in the WeST has been 
reported to be impaired in cases offrontal lobe pathol
ogy (Heaton, 1981). 

Recently, Matarazzo (1992) has emphasized the 
importance of obtaining a better understanding of 
the structure of cognitive activity. He considers that 
neuropsychological tests of the future will provide 
more sophisticated analyses of the component pro
cesses underlying various cognitive functions. Excel
lent clinical! anatomical correlations (i.e. sensitivity 
of different neuropsychological tests to different 
brain pathologies) have been obtained in neuropsy
chology clinical research. However, our understand
ing about the structure of the cognitive activity, and 
its brain organization, remains limited. The need for 
further analysis of the underlying cognitive structure 
measured through our current neuropsychological 
tests is evident. 
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