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ABSTRACT

Fourteen measures of abstraction were compared on their sen

sitivity to brain-damage and their dependency on lateralized brain func
tions , Interrelationships between the measures were also investigated.
Two studies were performed. Study 1 compared 50 non-brain-damaged controls 
to 50 heterogeneous brain-damaged subjects. Study 2 compared 50 subjects 
with left cerebral lesions and 50 subjects with right cerebral lesions.
All abstraction tests showed significant differences between the control 
and heterogeneous brain-damaged groups <, although some of the differences 
were less pronounced. Four of the abstraction tests showed a significant 
difference between the groups with lateralized lesions. Correlations 
between the abstraction measures which required learning were much lower 
than intercorrelations between measures which did not require learning. 

These results indicate a greater complexity in abstraction measures 
which required learning and application of the abstract principle versus 

those which only required application of a given abstract principle. 
Consistent interrelationships between the abstraction measures were found. 
Certain tests were more frequently highly correlated to each other while 
others more frequently showed low intercorrelations. The similar sen
sitivity of the abstraction measures to brain-damage suggest that there 
is little quantitative difference between measures of abstraction. In 
contrast5 the inter correlat ions suggest that there are distinct and con
sistent qualitative differences between types of abstraction tests.

x



These results suggest a resolution of the controversy between the quali
tative and quantitative characteristics of abstraction•



CHAPTER 1

INTRODUCTION

Abstraction and concept formation have long been areas of intense 
interest and investigation in the field of neuropsychology. Among the 
most notable investigations were the studies of the cerebral correlates 
of abstraction conducted by Halstead (1940, 1943, 1947), Goldstein (Gold
stein and Scheerer, 1941) and Reitan (1955, 1958, 1959). These early 
studies, particularly those by Reitan, demonstrated that concept forma
tion, reasoning ability, and abstraction ability are functions highly 
dependent on the biological integraty of the cerebrum.

Based on these fundamental studies, investigations during the 
last two decades have further explored the sensitive relationship between 
abstraction ability and cerebral functioning. One of the earliest studies 
investigated the neuropsychological effect of a condition in which the 
cortical tissue was not suddenly injured or destroyed, namely alcoholism. 
Fitzhugh, Fitzhugh and Reitan (1960, 1965), compared hospitalized alco
holics and normal controls on abstraction measures, particularly on the 
Category Test. The alcoholic subjects performed well within the normal 
range on measures of general intelligence although they showed some de
gree of impairment on a number of tests more sensitive to the biological 
integrity of the brain. Surprisingly, and in marked contrast to other 
results, the alcoholic subjects were severely deficient on the Category 
Test, performing even more poorly than the brain-damaged subjects.

1
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2

Further exploring the sensitivity range, Reitan conducted a 
number of studies (Reitan, R. M. , 1957, 1962b, 1967, 1970; Reed, H.B.Ce 
and Reitan, R. M,, 1963a, 1963b) investigating the effects of normal 
aging on neuropsychological abilities. Again, abstraction ability was 
found to be closely related to the biological integrity of the cerebrum 
The normal older subjects demonstrated deficits in abstraction ability 
when compared to younger subjects.

Recent studies (Grant, I, et al,, 1976; Wesson et al,, 1978) 
investigated the effects of polydrug abuse on adaptive abilities and 
again demonstrated the sensitivity of abstraction to conditions which 
compromise cerebral cortical functioning. Although few studies have been 
published in this area, current investigations are underway that explore 
the neuropsychological effects of radiology/oncology procedures on children 
for the treatment of acute lymphatic leukemia. These investigations may 
again demonstrate the sensitive relationship of abstraction ability with 
the biological integrity of the cerebrum. Results of these numerous in
vestigations demonstrate that conditions, with or without verifiable cor
tical tissue destruction, which compromise cerebral functioning also 
compromise abstraction ability.

This evidence of the sensitive nature of abstraction measures to 
changes in brain functions led to the present investigation. In this 
study, however, we felt that it would be desirable to select abstraction 
measures that ranged from simple to complex measures and that were pre
sented via several sensory modalities. In addition, we were interested 
in (1) the differential sensitivity of various types of abstraction



measures to brain damage as well as their complementary significance;
(2) the relationship of these abstraction measures to each other, and
(3) how these relationships influenced the interpretation of the neuro

psychological relevance of the various measures with respect to brain 
functions. A detailed study of abstraction as related to changes in 
brain functions, such as herein proposed, has not previously been done 
and represents a potentially unique contribution to this significant 
aspect of higher brain functions.

The history of investigations of abstraction and brain functions 

has included two significant controversies— (1) the question of cerebral 
localization of abstraction abilities and (2) the question of whether 
abstraction abilities are quantitative or qualitative in nature. The fol
lowing section of this paper will not attempt a comprehensive review of 
all studies of'abstraction but, instead, will approach the historical back
ground of this area using these two major areas of controversy as an organi- 
zational framework.

These controversies were of significance in the design of the 
present study, especially in selection of the subject-groups, the abstrac
tion measures included for study, and the statistical analysis utilized.

Historical Background
The first controversy, concerning the role of frontal lobes in 

abstraction, stemmed from investigations of brain-injured soldiers in 

World War I (Goldstein, 1942a) and continued in the 1930’s based on 
frontal excisions in monkeys (Jacobson et al., 1935) and frontal



lobectomies in man (Halstead, 1939; Hebb, 1939)» The degree of involve

ment of the frontal lobes in abstraction ability is still debated today. 
The second controversy, the qualitative versus quantitative effects of 
cerebral lesions on abstraction ability, emerged from the problems result
ing from these earlier studies and continued to the late 19601s.

Any discussion of abstraction must refer to the voluminous liter
ature inextricably linking the frontal lobes with concept formation and 
logical analysis. Major investigators in this area were Ward C. Halstead 
and Kurt Goldstein. Both Halstead (1940, 1947) and Goldstein (1936a, 
1936b, 1939a, 1944) reported that abstraction ability was maximally im
paired with frontal lobe lesions. Further, both investigators postulated 
that the frontal lobes are actually the seat of reason and logical analy
sis (Goldstein, 1939b; Halstead, 1947). This functional conceptualization 
of the frontal lobes has been supported by the work of other investigators 
(Goldstein, 1936a, 1939a, 1944; Bylander, 1939; Halstead, 1947; Shure and 
Halstead, 1958; Milner, 1963; Teuber, 1964). Luria (1973) has also be
lieved the frontal lobes play a prominent role in the ability to reason 

and abstract.
Nowhere was the conviction of the frontal lobes? central role in

abstraction more eloquently,stated than in Halstead's 1947 book. Brain

and Intelligence, where he wrote:
The frontal lobes of the brain, long regarded as silent areas, 
are the portion of the brain most essential to biological 
intelligence. They are the organs of civilization - the basis 
of man's despair and of his hope for the future (p. 149).



With respect to the measure considered by Halstead to be his 
best measure of abstraction ability, the Category Test, differences 
between his groups with frontal and non-frontal cerebral lesions were 

not strikingly significant (p < .04) (Halstead, 1947). Nevertheless, 
Halstead’s experimental approach did set an example for the study of 
frontal lobe lesions. In all of Halstead's studies of frontal lobe 
lesions (as well as in studies of other cerebral lesions) (Halstead,
1939, 1940, 1947; Halstead et al., 1946) there were comparative groups 
with lesions in other locations. Unfortunately, the other studies cited 

(Goldstein, 1936a, 1939a, 1944; Rylander 1939; Milner, 1963; Luria, 1973) 
concentrated on examining subjects with frontal lobe lesions without com
parable examination of subjects with cerebral lesions in other locations. 
Without examination of the effects of other cerebral lesions, it was not 
possible to obtain a clear and comparative picture of characteristics or 
contributions to abstraction ability represented by the frontal lobes in 
contrast to the characteristics and contributions of the other cerebral 
lobes.

Despite the lack of conclusive data presented in most of the 
studies, the functional relationship between abstraction and the frontal 
lobes continued to be supported. Directly contradicting this notion was 
the evidence accumulated by Hebb (Hebb, 1939; 1941, 1945; Hebb and Pen- 
field, 1940). In these studies, Hebb demonstrated that persons with fron

tal lobe lesions were not inferior on psychometric tests of intelligence 
when compared to persons with posterior lesions. Hebb did suggest.



however9 that frontal lobe lesions might produce behavioral deficits, 
but that such deficits had not been specifically or adequately demon
strated.

Studies conducted later by Reitan (1957, 1958, 1959) with a 
greater number of subjects, also failed to demonstrate a difference in 
abstraction ability between persons with frontal lobe lesions and those 
with lesions more posterior in the cerebral hemisphere. Reitanfs studies 
demonstrated that abstraction ability and concept formation were signifi
cantly impaired with lesions of the cerebral cortex regardless of loca
tion. Collectively, the studies of Hebb and Reitan served to demonstrate 
that although the frontal lobes were involved in abstraction, the frontal 
lobes were not unique in this function.

At about the same time that the question of the role of the fron
tal lobes in abstraction was being investigated, the controversy between 
the quantitative versus the qualitative effects of brain-damage on abstrac
tion ability was emerging. Kurt Goldstein postulated that in addition to 
having a frontal localization, abstraction deficits were essentially qual
itative rather than quantitative in nature. This position was later chal

lenged by Reitan.
Goldstein (1936a, 1936b, 1939a, 1939b, 1940, 1942a, 1942b, 1943, 

1944, 1959; Goldstein and Scheerer, 1941) strongly believed that there 
were two qualitatively different types of thought processes; abstract 
and concrete. According to Goldstein the normal person is capable of 
assuming both the abstract and concrete attitudes according to the de
mands of the situation. In contrast the brain-damaged person is capable
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of only assuming the concrete attitude. In describing the difference 
between concrete and abstract thinking Goldstein (1943) wrote:

In the concrete attitude we experience and recognize a 
given thing or situation immediately. Our thinking and 
acting are directly determined by the present claims upon us.
In the abstract attitude we go beyond the current claims of 
objects or of sense impressions. Specific properties or situa
tions are overlooked. We are oriented in our actions by a con
ceptual point of view which takes into consideration the 
demands of the entire situation.

Goldstein further believed that there was no transition from 
abstract to concrete thought but that they were dichotomous processes.
In his 1940 paper Goldstein described this transitionless phenomenon:

o..abstraction is separate in principle from concrete be
havior. There is no gradual transition from one to the other.
The assumption of an attitude toward the abstract is not more 
complex merely through the addition of a new factor of determina
tion, it is a totally different activity of the organism.

In a later paper Goldstein (1944) again attempted to describe 
the dichotomous relationship between the abstract and concrete attitudes.

There is a pronounced line of demarcation between these two 
attitudes which does not represent a gradual ascent from more 
simple to more complex mental sets. The greater difficulty con
nected with the abstract approach is not simply one of greater 
complexity, measured by the number of separate, subservient 
functions involved. It demands the behavior of the new emer
gent quality, generically different from the concrete.

The notion of a qualitative difference between brain-damaged and 
normals on measures of abstraction, expressed by Goldstein and Scheerer, 
may possible have stemmed from a committment to an ontological and regres- 
sional view of psychological development and subsequent degeneration with

aging.



In 1959 Scheerer attempted to distinguish between the qualita
tive factors of perception and abstract thought and to link the inter
mediate stages between the two to developmental psychology. Scheerer 
used Piagetfs developmental scheme to characterize the developmental 
span from perception to abstract thought or the sequential emergence of 
unit formations. This sequential emergence of these units or organized 
structures was considered to represent invariant relationships and func
tional interdependencies. Abstraction ability was thus thought of as a 
developmental process and was attained only after certain developmental 
stages have been successfully experienced. The neurological corollary is 
obvious. Neurological development follows a sequential order and each 
stage is presumably dependent on the previous one. Unsuccessful develop
ment in any stage affects the following stages and ultimately leads to a 
defective or impaired nervous system.

The developmental-regression analogy breaks down when one tries 
to apply the developmental progression of ability attainment to a process 
of deteriorating abilities. The neuropsychologically mature.adult is 
vastly different psychologically and neurologically from the developing 
child. The proposition that deterioration is the opposite of development 
is to ignore the substrate— the organism. To suggest that abstraction 
ability in the child is the same as in the adult and further to propose 
that once abstraction ability is impaired in the adult that the adult has 
regressed to the preabstract thought stage of the child is far too simple 
a conception of the neurological and neuropsychological principles of 
development and behavior.
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As the major proponent of the quantitative position. Re itan (1956, 

1957a, 1958, 1959) conducted a series of experiments to determine whether 
or not the same abilities, expressed by their quantitative relationships, 
were being tested in subjects with and without brain lesions. Reitan rea
soned that if there was a qualitative difference between the abstraction 
of persons with brain-damage and that of normal persons, the interrelation
ships or correlations of various tests would probably differ between the 
two groups because the same test would be qualitatively different for per
sons with damaged and normal brains. If the intercorrelations between the 

two groups did not significantly differ from each other, it could be rea
soned that both the normal subjects and the brain-damaged subjects were 
utilizing the same type of cognitive process to perform the various ab

straction tests (Reitan, 1958).
Investigating these hypotheses, Reitan (1958) composed a control 

and brain-damaged group and examined the intercorrelations between 25 
neuropsychological test measures. The correlation matrix for these 25 
tests yielded 300 coefficients of correlation. Subsequent correlation 
of the matrices between the two groups yielded an r of .85. Quoting from 
Reitan's 1958 study, "The results show a conclusion that while brain

damaged patients tend to show definite impairment of abilities, their 
abilities remain essentially of the same kind as those persons without 

brain damage."
Reitan investigated this issue further in another experiment util

izing only the results from the Halstead Category Test (Reitan, 1959).
Two groups of 52 subjects with and without brain lesions were compared
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on their performance on subtests 5 and 6 of the Category Test. These 
two subtests are based on the same principle of abstraction (the sub
ject s howevers is not informed that the same abstract principle applies 
to both subtests). A comparison was made of the absolute number of errors 

on each subtest5 the absolute improvement from subtest 5 to subtest 6, 
and the proportional improvement from subtest 5 to subtest 6. The hypoth
eses were that the brain-damaged group would perform more poorly on both 
subtests. However9 possible differences in type of abstraction abilities 
should be reflected in the differences in the absolute or proportional 
degree of improvement from subtest 5 to subtest 6. This study was specifi
cally designed to test Goldstein’s proposition that "abstraction is separate 
in principle from concrete behavior" and "that there is a pronounced line 
of demarcation between these two attitudes which does not represent a 
gradual ascent from more simple to more complex mental se,ts." The results 
of the study demonstrated significant differences between the groups on 
the number of errors made on each subtest. However9 there was no signifi

cant difference between the groups in either absolute or porportional 

improvement from subtest 5 to subtest 6 (Reitanj 1959). Quoting again 
from Reitan (1966)9 " . . . 9  while the brain-damaged subjects consistently 
performed more poorly than the group without brain damage9 they showed 

the same pattern of error scores between the two subtests."
These results again demonstrated that the difference between the 

abstraction of normal individuals and individuals with brain lesions 

represents a quantitative difference and not a difference in kind.
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In summarys studies on both sides of these controversies pre- 

meated the neuropsychological literature for at least three decades.

The conclusions drawn from the initial controversy were that although 

the frontal lobes are involved in abstraction, reasoning, and logical 
analysis, these functions are not isolated to the frontal lobes. Re
sults from the studies conducted by Reitan demonstrated that the entire 
cerebral cortex participates in the solution of complex abstraction 

problems.
The qualitative vs. quantitative issue was not so easily re

solved since it seems to be a perpetual question in all of science. How
ever, the experimental data does support a quantitative difference in 
abstraction ability between brain-damaged and normal individuals. The 
correlation data supports a similarity in the abstraction process of 
brain-damaged and normal individuals on simple and complex measures of 
abstraction. In other words, there were definite quantitative differences 

between brain-damaged and normal individuals although both groups of sub
jects appear to be qualitatively similar. Abstraction abilities are 
definitely impaired as a result of cerebral damage, but the available
evidence at this point suggests that the effect of cerebral cortical

z
damage is to impair abstraction ability rather than to bring about a dif

ferent kind of cognitive performance.
f  'In contrast, investigations of the effects of lateralized lesions 

on abstraction ability have not been so controversial. Studies demon
strating the influence of lateralized lesions on certain verbal and non
verbal abstraction abilities have been conclusive and reproducable 

(Reitan, 1955, 1957b, 1962a; Matthews et al., 1962). However, the
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influence of lateralized cerebral lesions on the attainment of abstract 
concepts has not been as clearly demonstrated. McFie and Piercy (1952a, 
b), in two studies using one of the abstraction tests employed by Gold
stein, found that a significantly greater proportion of subjects with 
left hemisphere lesions than subjects with right hemisphere lesions failed 
the test. This finding has not been consistently supported by the results 
of other investigators. Rylander (1939) tested two groups of 32 subjects 
with lesions of the right or left frontal lobes and found no difference 
between laterality of lesion and performance on various abstraction tests. 
Halstead (1940) also found no association between laterality of the lesion 
and abstraction abilities.

Shure and Halstead (1958) administered the Category Test to two 
groups of 32 subjects with lateralized cerebral lesions and found that 
subjects with left-hemisphere lesions tended to make more errors than 
subjects with right hemisphere lesions. However, this difference was not 
statistically significant. In a study performed a year later. Chapman 
and Wolff (1959) compared the Category Test performances of 12 subjects 
with lesions of the dominant hemisphere to that of 12 subjects with 

lesions of the nondominant hemisphere. Results of this study indicated 

that subjects with lesions involving the nondominant hemisphere (right 
hemisphere is right-handed subjects) performed more poorly than subjects 

with lesions involving the dominant hemisphere.
In studies that did not involve a direct comparison of subjects 

with lateralized lesions, Reitan (1960) found no significant difference 
between the Category Test performance of 32 brain-damaged subjects with
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dysphasic symptoms and 32 brain-damaged subjects with no dysphasic symp
toms. However9 Doehring and Reitan (1961) found that brain-damaged sub
jects with left homonymous visual field defects (predominantly associated 
with right hemisphere dysfunction) made significantly more errors on the 
Category Test than subjects with right homonymous visual field deficits 
(associated with left hemisphere dysfunction). A later study by Doehring 
and Reitan (1962) which did not control for the presence of dyphasic 
symptoms or visual field deficits, demonstrated no significant difference 
in either the absolute number of errors or pattern of errors on the Cate
gory Test between subjects with left hemisphere lesions and subjects with 

right hemisphere lesions.
In summary, results of studies investigating the effects of later- 

alized lesions clearly demonstrated that abstraction ability is impaired 
with lesions occurring in either hemisphere.

While there has been great emphasis in recent years on the differ

ential verbal and non-verbal abilities that represent specialized func
tions of the left and right cerebral hemispheres, the important area of 
abstraction has not been studied with respect to cerebral lateralization 
since the early I960’s. Investigation into the effects of lateralized 
lesions on general measures of abstraction and their interrelationships 
with each other may provide new information regarding the unique contribu
tions to abstraction ability of the right and left cerebral hemispheres.



Specific Aims
While the present study investigated the relationships among 

various tests of abstraction, it also represents a replication of some 
of the results reviewed in the preceding sections of the Introduction.
The major purpose of this study was to perform a preliminary investiga
tion into the characteristics of abstraction as measured by valid neuro

psychological tests. In order to complete the aims of this investigation 
it was necessary to perform two separate but related studies. Hypotheses 

tested were as follows:

Study #1
1. Measures of abstraction ability will generally be sensitive to 

the biological integrity of the cerebrum;
2. Different measures of abstraction will have varying ability to 

differentiate between brain-damage and non-brain-damage;
3. Different measures of abstraction will have varying relationships 

to each other;
4. If differential relationships do exist, the same pattern of dif

ferential relationships will hold for both the brain-damaged and 

non-brain-damaged groups.

Study #2
1. Different measures of abstraction will have varying relationships 

to each other in accordance with their dependence on either the 
right or left hemisphere or on the entire cerebrum;

2. If differential relationships do exist, the same pattern of dif
ferential relationships will be present for the right and left
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hemisphere lesions groups on abstraction measures that are 
dependent on the entire cerebrum;

3. If differential relationships do exist, dissimilar patterns
of differential relationships will occur for the right and left 
hemisphere lesion groups on abstraction measures that are differ
entially dependent on either the right or left hemisphere.

e



CHAPTER 2

METHOD

Subjects

Data for all subjects was provided by Ralph M. Reitan, Ph. D. 
from the files maintained by Dr. Reitan at The University of Arizona, 
Department of Psychology.

Subjects for Study #1 were 50 individuals with proved cerebral 
lesions and 50 individuals with no evidence of past or present cerebral 
disease or damage. The brain-damaged group was heterogenous with respect 
to type and location of cerebral lesions. Diagnostic categories are 
listed iri Table 1. Both the control and bra in-damaged group contained 
43 males and 7 females and 47 right-handed and 3 left-handed subjects.
The groups were comparable in age for both the control group (Mean =
30.36 years, SD = 10.02) and the brain-damaged group (Mean = 30.52 years, 
SD = 9.55). Mean education was 11.43 years for control group (SD = 3.56) 

and 11.34 years for the brain-damaged group (SD = 2.96). None of these 
intergroup differences approached statistical significance.

Subjects for Study #2 were 50 individuals with proved lesions of 
the left cerebral hemisphere and 50 individuals with proved lesions of 
the right cerebral hemisphere. Diagnostic categories are listed in 
Table 2. Both the left and right cerebral hemisphere lesion groups con

tained 41 males and 9 females and 48 right-handed and 2 left-handed sub
jects. The groups were comparable in both age and education. Mean age

16
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Table 1» Diagnostic Categories of 50 Subjects Included in the 

Heterogenous Brain Damaged Group.

Diagnostic Categories Number of Subjects
1. Craniocerebral trauma 11
2. Cerebral Vascular Disease 14
3. Intrinsic Brain Tumor 5
4. Multiple Sclerosis 5
5. Epilepsy with positive neurological findings 6

6. Cerebral abscess 3
7. Extrinsic brain tumor 2
8. Barbituate intoxication with positive

neurological findings 1
9. Carbon monoxide poisoning 1

10. Degenerative brain disease 2
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Table 2, Diagnostic Categories of 50 Subjects Included in Eight 

and Left Hemisphere Lesion Groups.

Diagnostic Categories Lesion Group Number of Subjects
1. Cerebral vascular disease Left 14

(strokes and congenital Right 14
vascular lesions)

2. Intrinsic Brain Tumors Left 14
(fast and slow growing Right 13
gliomas)

3. Osteoma Left 0
Right 1

4. Meningioma Left 2
Right 2

5. Metastatic Carcinoma Left 2
Right 3

6. Closed Head Injury Left 3
Right 3

7. Open Head Injury Left 6
Right „ 5

8o Complex Partial Epilepsy Left 4
Right 4

9. Infantile Hemiparesis Left 1
Right 0

10. Carbon Monoxide Poisoning Left 1
Right 0

11. Cerebral Atrophy Left 1
Right 3

12. Cerebral Abscess Left
Right

2
2
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was 39 e14 years for left .hemisphere group (SD = 13.83) and 38.18 years 
for the right hemisphere group (SD + 13.83). Mean education was 11.14 
years for the left hemisphere group (SD = 3.90) and 11.16 years for the 
right hemisphere group (SD = 3.33). None of these differences in mean 
age or education were statistically significant.

Evidence for the presence and laterality of brain lesions was 
derived from a complete neurological examination and from one or more of 
the following diagnostic procedures: pertinent neurological history,
electroencephalogram, skull X-rays, angiography, pnuemoencephalography, 
neurosurgical findings, and autopsy.

Procedure
All subjects were administered the Halstead-Reitan Neuropsycholo

gical Test Battery. Included in the test battery were the Trail. Making 
Test, and the Wechsler Adult Intelligence Scale. All tests were adminis
tered by technicians, using standard testing procedures. The abstraction 
measures included in this study were selected (1) on the basis of prior 
evidence of sensitivity to brain functions and (2) to cover.a range of 
abstraction abilities from simple matching (Halstead Speech-Sounds) to 
relatively complex categorization of neutral stimulus figures (Halstead 
Category Test). In addition, "marker** variables of a verbal and visual- 
spatial nature were included for the right and left cerebral hemisphere 
comparisons (Similarities and Block Design from the Wechsler Scale).

The abstraction measures utilized in the study were: Halstead
Category Test (including all seven tests and the total score). Trail 
Making Test Parts A and B, Speech-Sounds Perception Test, Seashore Rhythm
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Test9 and the Wechsler subtests of Similarities and Block Design. These 
abstraction measures were selected because they represented a continuum 
from simple to more complex abstraction problems; verbal and nonverbal 
abstraction; and specifically structured to relatively1''less structured 
types of tasks. Another continuum represented in the selected abstrac
tion measures was represented by the presence or absence of a learning 
requirement.

The Category Test differs significantly from the other abstraction 
measures in several fundamental ways. Firsts and perhaps most important- 
lys this task requires the subject to learn the correct abstract principle 
for categorizing visual stimuli which varied in colors number, shapes size, 
relative position and proportion. This learning is achieved by the use of 
a bell and buzzer system. Each time a new visual stimulus is presented
the subject tests his or her proposed abstract principle. If the answer

_ i
is correct the subject hears a bell; if the answer is incorrect the sub
ject hears a buzzer. Using this system the subject learns whether she/ 
he had formulated the correct abstract principle. Further, the subject 
then applies the learned abstract principle to finer and finer refine
ments of the general abstract principle. Since all of these requirements 
were present in six subtests of the Category Test (the seventh subtest 
is a memory test) all the subtests and the total score were included as 
separate variables.

The remaining abstraction measures used in this study do not re
quire learning of an abstract principle. In each of these tests the sub
ject was required to apply the abstract principle that was given in the
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instructionso Therefore learning of the abstract principle was not re
quired before application of the principle was performed. This type of 
abstraction measure, where the abstract principle is told to the subject, 
is typical of psychometric tests. Because of the fundamental difference 
in the formal and requirement of these abstraction tasks the psychometric 
measures were contrasted with the Category Test in the analysis and eval
uation of the data. A complete description of the tests is listed in 

Appendix A.
Pearson product-moment coefficients of correlation were computed 

between all variables for each group considered individually. A compari
son of the.sensitivity of the abstraction measures to cerebral damage 
was performed by a one-way analysis of variance for the brain-damaged vs. 
the control group and the right vs. left hemisphere lesion groups. A 
MANOVA could have been performed in this type of study which would have 
given overall group comparisons as a basis for proceeding with intergroup 
test-by-test comparisons. However, prior studies have indicated that 
differences between groups with and without cerebral damage, in terms of 
level of performance, are definitely to be expected on these measures.

In addition, Doehring and Reitan (1962) found no difference in groups with 

lateralized lesions on the Category Test. In consideration of these find
ings, it was possible to be quite pointed with respect to hypotheses in 
this study and a decision was made to perform a direct comparison of indi
vidual measures, rather than to perform overall comparisons initially. 
Thus, the presumption was made that definite positive results would con
sistently be obtained when comparing the groups with and without brain



damage and that negative results would be obtained, except on the "marker" 
variables for the left and right cerebral hemispheres, in comparing the 

groups with lateralized cerebral lesions.



CHAPTER 3

RESULTS 

Study #1
. Analysis of variance demonstrated striking differences between 

the control and brain-damaged groups on all the abstraction variables.
As expected9 intergroup differences were relatively minimal on the very 
simple abstraction problems presented in subtests 1 and 2 of the Category 
Test indicating that even damaged brains can perform certain abstractions. 
However^ the differences were striking on subtests 3 through 7 and on the 
total score of the Category Test with probabilities of .0001 (Figure 1). 
Significant intergroup differences were also present for the additional 
abstraction tests (Figure 2), but were less striking for the tests that 

essentially required only matching or comparison of stimuli (Seashore 

Rhythm and Speech-Sounds Perception).
Table 3 presents median intercorrelations between the Category 

Test and the other tests. The median coefficient of correlation between 
subtests 1 through 6 (omitting the correlation between subtests 5 and 6 
because they are based on the same principle) of the Category Test was 
.155 for the control group and .075 for the brain-damaged group. The 
small magnitude of these coefficients was especially remarkable consider

ing the essential identity of apparatus and procedure used in each sub
test. Much higher median coefficients of correlation were found for the 
relationship between the psychometric tests of abstraction. The median

23
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coefficient of correlation for the control group was .43 and .44 for 
the brain-damaged group (Table 4).

Table 3. Median Coefficients of Correlation and Their Probabilities 
and Range for Subtests 1 through 6 of the Category Test.
(omitting correlation between subtests 5 and 6 because they 
are based on the same principle.)

Group Median r Range
Control .155 p=.145 -.07 to .34
Brain-damaged .075 p=.306 -.20 to .28
Left Cerebral Damage .165 p=.121 -.13 to .47
Right Cerebral Damage .345 p=.007 .19 to .48

Table 4. Median Coefficient of Correlation and Their Probabilities 
and Range for the Psychometric Measures of Abstraction.

Group Median r Range

Control .43 p=.001 .19 to .66
Brain-damaged .44 p=.001 .37 to .73
Left Cerebral Damage .40 p=.002 .10 to .59
Right Cerebral Damage .45 p=.001 .16 to .76
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In an attempt to gain further insight into the relationship 

among the various measures 9 the frequency was determined with which each 
of the psychometric abstraction tests had either the highest or lowest 
correlation with the other tests. Only the psychometric abstraction 
tests were used for this purpose because of the previous finding of very 
low intercorrelations of the subtests of the Category Test, apparently 
due to the learning requirement of the task. The frequency of highest 
or lowest correlations were tabulated on an observational basis with full 
recognition that significant differences between many of the coefficients 
were in all probability absent. Nevertheless, it seemed possible that 
trends might be discerned regarding particular tests that best generally 
represented the overall abstraction abilities or deviated from the gene
ral tendency. A summary table (Table 5) of the correlational interrela
tionships between the abstraction measures was tabulated. In the interest 
of clarity, these tables only note the principle frequencies of highest 
and lowest intercorrelations.

Figures 3 and 4 show the frequencies, for a total of fourteen 
possible instances for the control group. The Similarities subtest of 
the Wechsler Scale (Fig. 3) by far most frequently had the highest cor
relation with the other tests (6-1/2 of a possible 14 instances among a 
total of 6 tests) whereas Rhythm (Fig. 4) tended most to deviate from 
the other tests (5 of 14 coefficients among 6 tests). These results 
would suggest that Similarities was a good measure of abstraction gene
rally whereas Rhythm did not closely relate to other abstraction tests. 
Figures 5 and 6 break these frequencies down into those relating only



Table 5. Summary Table of Correlational Interrelationships between the Abstraction Measures0

Controls

Highest Total 

Lowest Total 

Highest Category 

Lowest Category

Highest Psychometric 
Lowest Psychometric

Similarities 6.5/14

Rhythm 5/14

Similarities 4.5/8

Trails A 2/8 : Speech 2/8 
Rhythm 2/8

Similarities 2/6
Rhythm 3/6

Heterogeneous Brain-damage 
Trails A 6/14

Rhythm 5.5/14 : Speech 4/14 

Trails A 3/8 : Similarities 3/8 

Speech 4/8

Trails A 3/6 : Trails B 2/6 
Rhythm 3.5/6

Left Hemisphere Lesion
Highest Total

Lowest Total 

Highest Category 

Lowest Category 
Highest Psychometric 
Lowest Psychometric

Block Design 5/14:
Trails B 4/14
Speech 7/14 : Rhythm 4/14

Block Design 4/8

Speech 6/8
Trails B 3/6
Rhythm 3/6

Right Hemisphere Lesion 

Trails B 8.5/14

Similarities 10/14 : Rhythm 4/14 

Trails B.5.5/8

Similarities 5/8 : Rhythm 3/8 
Trails B 3/6 

Similarities 5/6
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to the Category Test, whereas Figs. 7 and 8 give this information only 
for the psychometric tests of abstraction. Similarities were especially 
related to the Category Test among the control subjects whereas the 
Rhythm Test was nearly evenly distributed in its low relationship to the 
Category Test and the additional tests.

Figure 9 indicates that Trail Making Part A rather consistently 
had the highest coefficients with all of the other tests among the group 
with heterogeneous brain damage, although Similarities was next most fre
quent. In terms of the deviant measures, Rhythm was again most frequent 
with Speech-Sounds Perception in a secondary position.

Figures 11 and 13 show no definite pattern regarding differen
tial association frequency with the Category Test vs. other abstraction 
measures. However, Figs. 12 and 14 suggest that Speech-Sounds Perception 
deviates from the Category Test whereas Rhythm deviates from the psycho
metric measures of abstraction.

These results suggest that Similarities is the most consistent 
measure of abstraction among the psychometric tests for normals whereas 
Trail Making Part A appears to occupy this position for brain-damaged 
subjectso The least related measure in both groups was Rhythm followed 
by Speech-Sounds Perception. These latter tests appear to require the 
least amount of higher-level abstraction, needing principally only match
ing or differentiating primary stimulus characteristics as a basis for 
performance.
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Study #2
Analysis of variance demonstrated no significant differences 

between the left hemisphere lesion group and the right hemisphere lesion 
group on any of the subtests or total score of the Category Test (Fig.
15)o However, significant differences were, found on Block Design (with 
the right hemisphere lesion group performing more poorly) and on Similari
ties (with the left hemisphere lesion group performing more poorly) (Fig.
16)o In general the groups with lateralized lesions had approximately 
equivalent performances, but the group with the left cerebral lesions had 
particular difficulties on a task that required abstraction in a verbal 
context and the group with right cerebral damage had difficulty with a 
visual-spatial abstraction task.

The median coefficient of correlation between subtests 1 through 
6 (again omitting the correlation between subtests 5 and 6) of the
Category Test was .165 for the left hemisphere group and .345 for the
right hemisphere group. These results again demonstrated the presence 
of higher median coefficients of correlation between the psychometric 
tests of abstraction than the learning tests. The median coefficient of 
correlation among the psychometric tests was .40 for the left hemisphere
group and .45 for the right hemisphere group, suggesting that the correla
tions in general for the groups with lateralized lesions were about com
parable (see Tables 3 and 4).

Table 5 (p. 28) presents a summary of the correlational interrela
tionships between the abstraction measures for the left and right lesion
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groups» The pattern of tests generally having the highest or lowest 
correlations with the other abstraction tests varied when lateralized 
lesions were considered as compared with the pattern previously noted 
for the control and the brain-damaged groups. The similarities subtest 
had been found to be the most consistent measure of abstraction for the 
controls and Trails A followed by Similarities was most consistent for 
the brain-damaged group. Considering both groups with lateralized le
sions (Figs, 17 and 23), however. Trails B was by far the most general 
measure of abstraction, having the largest frequency of highest correla
tions with the other tests in 12.5 of 28 instances (using 6 tests, the 
expected mean number per test would be 4.7 per test). The frequency 
with which Trails B had the highest coefficients, however, was largely 
due to the contribution of the group with right cerebral lesions (8.5 
of 14 instances). In the group with left cerebral lesions, Block Design 
shared the largest frequency of correlations with Trails B.

As was the case in the control and heterogeneous brain-damaged 
groups, Rhythm and Speech were frequently the least related to other 
measures of abstraction in the groups with lateralized lesions. However9 

one remarkable result occurred. In the group with right cerebral lesions 
Similarities consistently (10 out of 14 instances) was the test that had 
the lowest correlation with the other tests (Fig. 24). It is interesting 
to note that a right hemisphere test (Block Design) tended to be a good 
general measure of abstraction in persons with left hemisphere lesions 
(Fig. 17), whereas a left hemisphere test (Similarities) tended to be a 
poor measure among persons with right hemisphere lesions (Figs. 24, 26
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and 28)„ Apparently 9 when the left hemisphere is damaged, and language 
capabilities are presumably impaired9 Block Design is solved by calling 
upon general abstraction abilities» Conversely, when the right cerebral 
hemisphere is damaged, and visual-spatial skills are presumably impaired. 
Similarities is solved rather strictly with verbal skills and it appears 
that general abstraction abilities are minimally involved.

Comparisons of the tests with the highest and lowest relationships 
with the Category Test vs. the psychometric abstraction tests (Figs. 19 
and 25) reyealed additional findings of interest. Block Design (a right 
hemisphere test) seemed closely related to the Category Test for subjects 
with left hemisphere lesions (Fig. 19), but Trails B ( a more general 
test of cerebral functions) occupied this position when the right hemi
sphere had been damaged (Fig. 25). Trails B was generally the most con
sistent measure in terms of relationships to the psychometric abstraction 

tests (Figs. 21 and 27). Speech-Sounds had the least relationship to the 
Category Test in the group with left cerebral lesions (6 of 8 instances 

among all 6 tests; Fig. 20) but Rhythm tended to occupy this position 
among the psychometric tests (3 of 6 instances; Fig. 22). In the group 
with right cerebral lesions, Similarities had the lowest relationship 
with both the Category Test and psychometric tests (10 of 14 total in
stances) sharing some coefficients only with Rhythm (Figs. 26 and 28).

It must be noted that a procedure which merely counts the tests 

having the highest and lowest coefficients of correlation with other mea
sures can hardly be considered a very sophisticated approach to data 
analysis. We consider this approach only to be an observational



procedure. Nevertheless9 a number of consistencies were noted and 
presented above and these may be of some heuristic significance.



11

10

9

8

7

6

5

4

3

2

1

0

Lg.

11 ~

1 0 -  

9- 

8 -  

7 - 

6 -  

5- 

4-

3- 

2 -

Tr. A Tr. B
1 1 

Sim. BID.

1 -

Rhy.
I

Spe.

.7. Frequency of the Psychometric Abstrac
tion Tests with the Highest Correla
tion with Neuropsychological Measures 
of Abstraction (Left Hemisphere Lesion 
Group).

Tr. A Tr. B Sim. Bl. D. Rhy. Spe.

Fig. 18. Frequency of the Psychometric
Abstraction Tests with the Lowest 
Correlation of Neuropsychologi
cal Measures of Abstraction 
(Left Hemisphere Lesion Group). 4>-M



8 -

7-

6 -

5 -

4 -

3 -

2 -

1 -

— i— kn — U4n — ^ ^ ^ —
Tr. A Jr. B Sim. BI.D. Rhy. Spe.

Fig. 19. Frequency of the Psychometric
Abstraction Test with the Highest 
Correlation with the 7 Sub tests and 
Total Score of the Category Test 
(Left Hemisphere Lesion Group).

8 -

7 -

6 -

5-

4-

3-

2 -

U     ,-----1----- 1--- — , — |---
Jr. A Tr. B Sim. BI.D. Rhy. Spe.

Fig. 20. Frequency of the Psychometric
Abstraction Test with the Lowest 
Correlation with the 7 Subtests 
and Total Score of the Category 
Test (Left Hemisphere Lesion Group) £



6 -  

5 - 

4 

3 - 

2 -  

1-

T1  r
Jr. A Tr. B Sim. BI.D. Rhy. Spe.

Fig. 21. Frequency of the Psychometric Tests
with the Highest Correlation with the 
Other Psychometric Abstraction Measures 
(Left Hemisphere Lesion Group).

6 —

5- 

4 — 

3- 

2 -  

1 - 

0 -

Fig.

I | | ■— 1 l-*-| ‘“‘“ I
Tr A Tr.B Sim. BI.D. Rhy. Spe.

22. Frequency of the Psychometric
Tests with the Lowest Correlation 
with the Other Psychometric Abstrac
tion Measures (Left Hemisphere 
Lesion Group). ^

4>



11 -

5-

4 —

Tr.A

11

10

9

8

7

6

5

4

3

2

1

0

Fig. 23. Frequency of the Psychometric Abstraction 
Tests with the Highest Correlation with 
Neuropsychological Measures of Abstrac
tion (Right Hemisphere Lesion Group).

Fig. 24. Frequency of the Psychometric 
Abstraction Tests with the 
Lowest Correlation with Neuro
psychological Measures of 
Abstraction (Right Hemisphere 
Group).

tn



8 -

6 -

5 -

4-

3 - 

2 -  

1 -

o 1 1 i iJn — — i---- 1----1-- h —
Tr. A Tr. B Sim. BI.D. Rhy. Spe.

Fig. 25. Frequency of the Psychometric Abstrac
tion Tests with the Highest Correlation 
with the 7 Subtests and Total Score of 
the Category Test (Right Hemisphere 
Lesion Group).

8 —

7 - 

6 - 

5 — 

4 — 

3- 

2 -  

1 - 

0 -

Fig.

—1----1----1— — I--M — — I--
Tr.A Tr. B Sim. BI.D. Rhy. Spe.

26. Frequency of the Psychometric
Abstraction Tests with the Lowest 
Correlation with the 7 Subtests 
and Total Score of the Category 
Test (Right Hemisphere Lesion ^
Group).



6

5 H  

4 

3 

2 

1

0
Tr. A Tr. B Sim. BI.D. Rhy.

T “
Spe.

Fig. 27. Frequency of the Psychometric Abstrac
tion Tests with the Highest Correla
tion with the Other Psychometric Ab
straction Measures (Right Hemisphere 
Lesion Group).

6 -  

5- 

4 -  

3- 

2 -  

1 -

u ---1-----1--- — |— — |-----1— — |--
Tr.A Tr. B Sim. BI.D. Rhy. Spe.

Fig. 28. Frequency of the Psychometric
Abstraction Tests with the Lowest 
Correlation with the Other Psycho
metric Measures (Right Hemisphere 
Lesion Group) . js



CHAPTER 4

DISCUSSION 

Study #1
Results from the analysis of variance indicate that regardless 

of the type of abstraction involved«> the brain-damaged group was impaired 
and performed significantly worse than controls. It would appear that 

abstraction ability is a fundamental aspect of brain functions which is 
dependent upon the general biological integrity of the brain. However, 
intergroup differences suggest that the Category Test differentiated 
between the control and brain-damaged groups somewhat more effectively 
than did the other tests. These results are similar to those obtained 
by Reitan in his studies conducted in the 1950,s (1955, 1958, 1959).

Examination of the intercorrelations revealed that the subtests 
of the Category Test were generally characterized by remarkably small 
coefficients (median correlation of .15 for the controls and .07 for the 
brain-damaged group). There was a higher correlation between subtests 
5 and 6, as expected, since they are based upon the same principle 
(r=.67 for the controls and r=.79 for the brain-damaged group). The
extremely low correlations between the subtests of the Category Test

Vwere remarkable in light of the fact that the subtests were all part of 

the same test which was administered in the same fashion using the same 
apparatus. The low intercorrelations among the subtests certainly would 
suggest that different types of abstraction were measured. If the same

48
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type of abstraction was measured one would expect to find correlations 
such as that for subtest 5 with subtest 6 (which are based on the same 
principle).

The intercorrelations among the psychometric tests of abstraction 
were of considerably larger magnitude despite the apparent diversity of 
the tests (speed and power tests; verbal and visual-spatial tests; simple 
and complex tests)« Tests that tended to be highly correlated with all 

abstraction measures were Similarities in the control group and Trails A 
in the brain-damaged groupo This finding possibly suggests that being 
able to identify similarities between objects (Similarities Test) and 
alertness9 speed, and flexibility of thought (Trails A) may be fundamental 
elements in any measure of abstraction. Interestingly, Similarities and 

Block Design tended to be highly correlated with each other (r=.52 for 
controls, r=„44 for brain-damaged) even though they are completely differ
ent tests. Despite the apparent dissimilarity in the tests and hemispher
ic dependence (Similarities being predominantly a left hemisphere test and

' " \Block Design a right hemisphere test) they were more closely related to 

each other than the subtests of the Category Test.
Perhaps a way of explaining the striking similarity among ob

viously different tests relates to the requirements of the task. The 
subtests of the Category Test require abstraction ability in the context 
of a learning task whereas the other tests require the performance of 
an abstraction task after the nature of the problem has been explained 
to the subject in the test instructions given by the examiner. In other 
words, to perform the Category Test, the subject is required to postulate
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the principle on the basis of her/his observation of the details of the 
stimulus material and to test the relevance of her/his hypotheses by 
giving the solution (answer). In fact, the Category Test requires the 
subject to learn the essential nature of the problem as a basis for the 
performance. The other tests require the subject to perform the abstrac
tion task after the examiner has carefully explained the problem and re
quirements to be met. Viewed from this perspective the Category Test 
falls in the tradition of the psychology of learning whereas the other 
tests fall in the psychometric tradition.

Examination of the median correlation of those tests that could 
be considered in the psychometric tradition versus the median correlation 
of those tests that could be considered in the psychology of learning 
tradition supports the similarity between the psychometric measures of 
abstraction. Those tests that simply require the subject to perform 
abstraction tasks have a median coefficient of correlation of ,43 for the 
control group and ,44 for the brain-damaged group with ranges of ,19 to 
,66 and =37 to ,73 respectively, whereas the subtests of the Category 
Test, which are in the psychology of learning tradition, had a median 
coefficient of correlation of ,15 for the control group and ,07 for the 
brain-damaged group with ranges of 0,07 to =34 and -,20 to ,28 respec
tively, The relationship between the psychometric type of measures sug
gests that these tests were measuring a more similar type of abstraction. 
In contrast, the very low correlations between the subtests of the Cate
gory Test suggests that when learning and application of abstract prin
ciples are required far more complex and diversified abilities were



51
measuredo The median coefficient of correlation of ,15 for the control 
(p > e145) and ,07 for the brain-damaged group (p > ,306) did not even 

come close to approaching statistical significance. This strongly sug
gests that one could not improve prediction of the performance of one 
subtest from knowledge of performances on other subtests of the Category 
Test, In contrast, the level of significance for the median coefficient 
of correlation of .43 and .44 for the psychometric type of tests was a 
p < .001. Coefficients of this magnitude indicate that one could improve 
prediction beyond chance with knowledge of the predictor variable.

Examination of those psychometric tests that most frequently had 
the highest and lowest correlations with the other psychometric measures 
and with the Category Test also yielded interesting results. In the con
trol group Similarities turned out to be the best psychometric abstrac
tion test. Rhythm deviated from the other psychometric tests, thus 
appearing to be the poorest measures in controls. The role of Similari

ties as an abstraction test was principally reflected in its relationship 

to the Category Test, whereas Rhythm generally stood out as the test that 
had the least abstraction characteristics, having low correlations with 
the Category Test as well as with the psychometric tests.

In the brain-damaged group Trails A stood out as a good abstrac

tion test with Similarities being next. Trails A and Similarities de
rived their abstraction characteristics principally from their correlation 
with the Category Test. Trails A was also rather generally related to 
the other abstraction tests. Both the Rhythm and Speech-Sounds Percep
tion tests stood out as abstraction tests that were not closely related 
to other abstraction measures. The lack of abstraction characteristics
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of the Speech-Sounds Perception Test was about evenly divided between 
the lack of a relationship with the Category Test and the psychometric 
abstraction tests.

In summary9 results of Study #1 indicated that abstraction, re
gardless of the type (whether the abstract principle must only be per
formed or must be learned and then applied) is a fundamental aspect of 
brain functions and is dependent upon the general biological integrity 
of the brain. The results indicate that quantitatively many tests of 
abstraction can discriminate between brain-damaged and non brain-damaged 
groups just about equally well.

Despite the similar discriminational ability, the intercorrela
tions between the abstraction variables demonstrated striking qualitati- 
tive differences between those tests in the psychometric tradition versus 
those tests in the learning theory tradition. Those tests that required 
the subject to arrive at the abstract principle by logical analysis and 
trial-by-trial testing of hypotheses, until gradually the abstract prin
ciple was learned, respresented extremely complex and diversified abil
ities. Psychometric tests that required recognition of similarities 
between different objects and alertness and flexibility of thought pro
cesses were related to the Category Test in which the learning theory 

tradition was emphasized.

Study #2

Results from the analysis of variance indicated that there were 
no significant differences in the performances of the groups with right 
hemisphere vs. left hemisphere lesions on either the subtests or total



score of the Category Test- This finding supports ReitanTs 1962 study 
which demonstrated no lateralizing effects on the Category Test- The 
results of this study and Reitan!s 1962 study indicated that abstraction 
ability, as measured by the Category Test9 is a general brain function 
-dependent on both cerebral hemispheres -

Contrasting the general nature of abstraction were those 
abstraction tests set in a visual-spatial or verbal context- Lateral-i
izing effects were demonstrated with the right hemisphere lesion group 
performing more poorly on the Block Design Test, The left 
hemisphere lesion group characteristically performed more poorly on the 
Similarities9 a verbal abstraction task. This group also performed more 
poorly5 although not at a statistically significant level9 on the Trail 
Making Test Part B and the Speech-Sounds Perception Test, Thus 9 the 
content of the abstraction test (non-verbal ys* verbal) seems to relate

i
to the differential roles of the two cerebral hemispheres rather than 
the abstraction process itself-

Intercorrelations of the subtests of the Category Test (again 
omitting the correlation between subtests 5 and 6) in the left hemisphere 
group were similar to those of the control and heterogeneous brain
damaged groups, The median coefficient of correlation was -16 with a 
range of --13 to - 47, A few of the intercorrelations of the right hemi
sphere lesion group reached significance and they tended to be higher 
than those of the left hemisphere lesion group, The median coefficient 
of correlation for the subtests of the Category Test in the right hemi
sphere lesion group was ,34 with a range of ,19 to -48- Despite slightly
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higher intercorrelations in the right hemisphere group, the predominant 
character of the correlations between the subtests of the Category Test 
was their low value. These low correlations again indicate the complex
ity and diversity of abstraction ability as measured by the Category Test.

As was found in the control and heterogeneous brain-damaged 
groups, the intercorrelations among the psychometric tests of abstraction 

were high, indicating again the similarity between these measures. The 
median coefficient of correlation among the psychometric measures for the 
left hemisphere lesion group was .40 (p < .002) and for the right hemi
sphere lesion group, .45 (p < .001).

Results of those psychometric tests which most frequently had the 
highest and lowest correlations with the other psychometric tests and the 
Category Test differed somewhat from the results previously found in the 
control and heterogeneous brain-damaged groups. In the left hemisphere 
lesion group Block Design frequently had the highest correlation with 
the Category Test whereas Trails B frequently had the highest correlation 
with the psychometric abstraction tests. In other words. Block Design's 

role as an abstraction measure was principally reflected in its relation
ship to the Category Test, whereas Trails B 1s role as an abstraction mea
sure was more closely related to the psychometric measures. In contrast, 
the Speech-Sounds Perception Test stood out as the test with the least 
abstraction content. This lack of abstraction content was reflected 
principally in its low relationship to the Category Test. Rhythm also 
lacked in abstraction content with low correlations principally with the 

other psychometric measures.
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Examination of these same relationships in the right hemisphere 

lesion group revealed much more homogeneous results. The psychometric 
test most frequently highly correlated with the Category Test was Trails 

B, followed by Trails A 0 Trails B ?s role as an abstraction measure was 
reflected by its high correlations with both the Category Test and the 
psychometric tests. In contrast. Similarities had the highest frequency 
of low correlations with both the Category Test and the psychometric . 
tests. In the context of right hemisphere lesions it appears that Simi
larities looses its abstraction characteristics and reverts to primarily 
being a verbal content test. It is interesting to note that the relation
ships of the abstraction measures to each other were much more definite 
and homogeneous in the right hemisphere lesion group than in the left 
hemisphere group. The reason for this homogeneity is not known. How
ever, it does appear that Trails B, in terms of its relationship with the 
other measures, maintained its integrity as an abstraction test in either 
right or left hemisphere lesions. In these terms it may perhaps be con
sidered the best general psychometric measure of abstraction.

In summary, results of Study #2 indicated that abstraction ability 
in a learning context with subsequent application of learned concepts is 
not a lateralized function of the brain. This type of abstraction ability 
requires the entire cerebral cortex and is thereby a general brain func
tion. Lateralizing effects were demonstrated on tests which had specific 

verbal or visual-spatial content.
As in the control and heterogeneous brain-damaged groups, low 

coefficients of correlation characterized the relationship between the 
subtests of the Category Test for both the right hemisphere lesion group
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and the left hemisphere lesion group„ These results again indicated 
the diversity and complexity of the Category Test. In contrast higher 
coefficients of correlation characterized the psychometric abstraction 
measures9 again indicating their similarity. Results similar to Study 
#1 were also found in those measures frequently highly correlated to 
the Category Test. Those tests that required flexibility of thought 
processes and recognition of similarities were related to both the neuro
psychological and psychometric abstraction measures.

Conclusions
In summary9 the hypotheses stated in the introduction for Study 

#1 were validated. All the measures of abstraction utilized in this 
study demonstrated a dependence on the biological integrity of the cere
brum although the Category Test appeared to be somewhat more sensitive 
than certain of the psychometric abstraction measures. Further9 differ
ential relationships among the abstraction measures were found. Certain 
tests rather consistently showed a closer relationship to the Category 
Test and others a lesser relationship. The occurrence of low intercorre

lations between abstraction tests in the learning theory tradition (Cate
gory Test) and higher coefficients between the psychometric measures was 
maintained in the control and brain-damaged groups. However 9 the speci
fic interrelationships between the Category Test and the psychometric 
abstraction measures were different in the control and brain-damaged 

group.
The hypotheses for Study #2 were also confirmed. There were 

distinctly different relationships between the abstraction measures.
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These relationships depended upon whether the test was dependent on the 
entire cerebral cortex or was primarily dependent on either the right 
or left cerebral hemisphere« While both groups were similar in that 
low intercorrelations characterized the relationship between the sub
tests of the Category Test whereas higher intercorrelations characterized 

the relationship between the psychometric measures, the specific pattern 
of intercorrelation among the abstraction measures were dissimilar.

It is interesting to note the quantitative and qualititative 
issues examined in this study. From the analysis of the interrelation
ships between the abstraction measures it is evident that there were 
recurring relationships among the tests. Qualitatively some of the tests 
were similar to each other while others were distinctly different. What 
was most striking was the relationship of Similarities in the control 
group compared to the relationship of Similarities in the right hemi
sphere lesion group. The switch from the test most frequently having, 
the highest correlations with the other tests in the control group to 

the test most frequently having the lowest correlation in the right hemi

sphere group raises a very interesting question. Is the abstraction com
ponent of the Similarities test (traditionally considered to be a left 
hemisphere, verbal abstraction test), a function of the right hemisphere? 
It would appear so since in every instance where the right hemisphere 
was not damaged, and therefore able to perform. Similarities maintained 

its abstraction character. However, when the right hemisphere was dis

tinctly impaired in its performance. Similarities lost its abstraction 
character and appeared to become a simple verbal matching test.
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Although there are other instances9 the striking contrast in 

the qualitative aspects of one test may well have been what Goldstein 
was observing in the performance of his subjects« It seems that there 
is a very real possibility that both Goldstein and Reitan were correct 
in their convictions» From these data presented in this study very 
definite qualitative and quantitative differences between and within 
abstraction measures have been demonstrated.

In conclusion9 abstraction measures are essentially alike in 
their sensitivity to the biological status of the cerebral cortex.
They are however quite different in their abstraction characteristics 
and specific content. From the results found in this study, abstraction 
can be thought of as a global capacity to reason logically and purpose
fully. The global nature of abstraction characterizes the general mea
sures of abstraction in that these measurements require the person to 

recognize and differentiate the relevant from the irrelevant. Stated 
another way, general abstraction measures require differentiation of 
the signal from the noise. This type of general abstraction ability 
characterizes an individual's behavior as a whole. In real life terms 
abstraction ability is represented by the capacity effectively to learn 
from one's environmental experience, to generalize, and subsequently 
to apply those learned principles to other situations.

This general abstraction ability becomes somewhat more focused 

when the task is specifically oriented towards verbal or visual spatial 
requirements. Refinement of the task requirements is the feature which 
determines the differential dependence on the right or left cerebral



hemisphereo Thus, besides being a global capacity, abstraction can 
also be regarded as an aggregate of different types of abstraction. 
Conceptually then abstraction can be thought of as being composed of 
elements or abilities, which though not entirely independent are quan
titatively similar. In the complexities of application, however, they 
are distinguishable from each other.



APPENDIX A

DESCRIPTION OF ABSTRACTION MEASURES

The following pages represent description of the measures of 
abstraction that were used in this study6 These descriptions were taken 
directly from the Manual for Administration and Scoring of the Halstead- 
Reitan Neuropsychological Test Battery and from the Manual for the 

Wechsler-Bellevue Scale.

Category Test
This test utilizes a projection apparatus for presentation of 

208 stimulus figures on a milk-glass screen» An answer panel for use 
by the subject is attached.to the test apparatus and is located at a 
convenient level below the screen. The answer panel contains four levers 
which are numbered from 1 to 4. The subject is told that he should in
spect each stimulus figure when it appears on the screen and depress one 
of the four levers, depending upon which answer he thinks may be correct. 
Depression of any of these levers will cause either a bell or buzzer to 
sound depending upon whether or not the lever selected is the "right11 or 
"wrong11 answer. Only one response is allowed for each item. Before the 
test begins, the subject is told that the test is divided into seven 

groups of pictures and that each group has a single principle running 

through the entire group from beginning to end. On the first item in 
any group, the subject can only guess with regard to the right answer, 
but as he progresses through the items of the group, the occurrence of

60
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the bell or buzzer with each response indicates whether his guesses are 
correct or incorrect. In this way, the test procedure permits the sub
ject to test one possible principle after another until an hypothesis is
hit upon which is positively reinforced consistently by the bell. The 
subject is never told the principle for any group regardless of the dif
ficulty he might encounter, but the first and second groups are nearly

always easily performed even by persons with serious brain lesions.
The first group requires only the matching of Arabic numerals above each 
of the answer levers with individual Roman numerals that are shown on the 
screen. In the second group, the subject must learn to press the lever 
which has a number corresponding to the number of items appearing on the 
screen, regardless of their content. For example, the answer would be 
"2" if two squares appeared, "4" if four letters of the alphabet com
posed an item, etc. The examiner announces the end of each group and 
tells the subject that he is ready to proceed to the next group. Before 
each group of items is begun the examiner points out that the principle 
might be the same as it has been or that it might be different and that 
the task of the subject is to try to discern the principle. The third 

group of items is based on a uniqueness principle. Four figures appear 
in each item, and the subject must learn to depress the lever corre

sponding with the figure which is most different from the others. Al
though this group begins rather simply, it progresses to items in which 
one figure may differ from the others in three or more respects (such as 
size, shape, color, solidness of figure), while the rest of the figures 
differ from each other in only two respects., For example, an earlier
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item may be made up of four identical triangles except that the third 
triangle is large and the others are equally small* In this case the 
"correct11 answer would be "3" with the determinant of uniqueness having 
been size* On a later item all four figures may differ in shape and 
color, be the same size, with the first figure being solid while the 
other three figures are formed only by an outline. Uniqueness in this 
case could not be determined by shape, color, or size since these deter
minants were entirely variable or entirely constant. The answer would 
be "I" since the first figure was the only one that was solid.

The fourth group uses identification of one of the four quad
rants of each figure as the basis for the correct response. The upper 
left quadrant is associated with "I" as the correct answer and "2," "3," 
and "4" correspond with a clockwise progression of quadrants. The first 
six items omit one quadrant or another in each item, but the three quad
rants present in these items are identified by Roman numerals. The 
relationship between number and quadrant is, of course, constant through
out the entire group of items. After the first six items the Roman

numerals identifying quadrants are no longer present even though one
quadrant or another is omitted in each item. At this point the subject 

is told that the principle is the same, even though the numbers are no 
longer present. Some normal subjects do not remember the correct answer 
for each quadrant, particularly confusing quadrants 3 and 4* However, 
the bell and buzzer soon provide them with the necessary information. 
Subjects with cerebral lesions, however, frequently persist in misiden

tification of quadrants (especially 3 and 4) even though the buzzer makes
it perfectly clear that their answers are wrong.
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The fifth group of items is organized according to a principle 

based on the proportion of the figure that is made of solid versus 
dotted lines o If one-quarter of the figure is solid the answer is !!1!! 
and so on to an answer of "4" for a completely solid figure. Even 

though varied stimulus figures are used, the principle remains constant 
throughout the group. As with other groups, the examiner announces 
the end of the group and states that the next group may be based upon 
the same principle or it may use a new principle. Group six is based 
on the same principle as group five, the only instance in the test where 
use of the same principle occurs in an ensuing group.

The seventh group is not based on a single principle because it 
is a review group that makes use of items and principles that have been 
previously in the test. The subject is told this and instructed to try 
to remember the correct answer for each item.

The Halstead Category Test has several characteristics that make 
it somewhat different from many tests. It is a relatively complex con

cept formation test which requires fairly sophisticated ability in noting 
similarities and differences in stimulus material, postulating hypotheses 
that appear reasonable with respect to recurring simularities and dif
ferences in the stumulus material, testing these hypotheses with respect 
to positive or negative reinforcement (bell or buzzer), and adapting 
hypotheses in accordance with the reinforcement accompanying each re

sponse. While the test is not particularly difficult for most normal 
subjects, it would seem to require competence in abstraction ability 
especially, since the subject is required to postulate possible solutions



in a structured rather than permissive context. Since positive or nega
tive reinforcement (bell or buzzer) follows each response, in this 
sense the test becomes a learning experiment with each subject in the 
area of concept formation, rather than the usual situation in psychologi
cal testing which requires solution of an integral problem situation. 
While this aspect of the test may well reflect an important approach in 
the study of human brain-behavior relationships, it also represents a 
serious complication with respect to determining the reliability of the 

procedure as a single psychological test. The essential purpose of the 
test is to determine the ability of the subject to profit from both nega
tive and positive experiences as a basis for altering his performance, 
and the precise pattern and sequence of negative and positive reinforce
ment is probably never exactly the same throughout the test for any two 
subjects. Since every item in the test may be presumed to have an effect 

on the subject’s response to ensuing items, and the pattern of positive 
and negative reinforcement is different for each subject (or for the 
same subject upon repetition of the test), the usual approaches toward 
determination of reliability indices are confounded. The essential 
nature of the test, as an experiment in concept formation, is neverthe

less fairly clear.

Trail Making Test 
The Trail Making Test consists of two parts, A and B. Part A 

consists of 25 circles distributed over a white sheet of paper and num
bered from 1 to 25. The subject is required to connect the circles with 
a pencil-line as quickly as possible, beginning with the number 1 and
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-■ proceeding in numerical sequence» Part B consists of 25 circles num
bered from 1 to 13 and lettered from A to L. The subject is required 
to connect the circles, alternating between numbers and letters as he 
proceeds in ascending sequence. The scores obtained are the number of 
seconds required to finish each part. This test would appear to require 
immediate recognition of the symbolic significance of numbers and let
ters, ability to scan the page continuously to identify the next number 
or letter in sequence, flexibility in integrating the numerical and 
alphabetical series, and completion of these requirements under the pres
sure of time.

Similarities

Directions: Say, "I am going to name two things which are the
same or alike in certain ways and I want you to tell me in what way they 
are alike.11 For example: "In what way are an orange and banana the
same?" (Pause). If subject answers with the reply "They are fruits," 
say, "that is right," and proceed with the list. If his response is 

"They are not alike," the examiner adds, "They are alike in some ways, 
tell me one way in which they are alike." If subject fails to answer 
within 10 to 15 seconds, expresses a difference or gives an inferior 
reply, the examiner says, "Well, you might say you can eat them both, or 
than they both have skins, or that they are both fruits.” Then proceed 
with the list as given. Continue until 4 successive pairs are completely 

failed. Record answers verbatim. The following is a list of Similarities 
to be read:
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1. Orange Banana

2. Coat Dress

3. Dog Lion

4. Wagon Bicycle

5. Daily paper Radio
6. Air Water

7. Wood Alcholol

8. Eye Ear

9. Egg Seed

10. Poem Statue

11. Praise Punishment

12. Fly Tree

Scoring: Responses are scored either 09 1 or 29 depending upon
the degree and quality of the generalizations. Use criteria illustra
tions for evaluating the responses. The examiner matches his responses 

against the sample answers and scores accordingly. Sometimes the sub
ject "spoils" an answer by an additional response. If the original re
sponse was scored 2, it reduces the score to 1. Spontaneous emendations 
are allowed. In such cases , the examiner asks 9 "Now which one is it?" 
Total score on Tests is the sum of the partial credits on the 12 ques

tions. Maximum score: 24.
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Block Design

Directions: This requires a box of 16 cubes and 9 designss two
of which are samples. Remove four cubes from the box and say: "You see
these blocks are painted different colors on the different sides» One 
side is blue* one red, one white, one yellow, one red and white, one 

blue and yellow« And all the blocks are exactly alike." The examiner 
next places Demonstration Card I in front of subject and says: "Now I
want you to make me a design with the blocks so that it will look like 
the drawing on this card." Notice that the drawing is all fed; so, to 
make one just like it with these 4 blocks I would have to arrange them 
this way." (Illustrating.) "Do you understand?" (Pause.) "Well, let's 
try another. This one is more difficult," Examiner assembles blocks to 
make design shown on Card II, pausing to make clear to subject how two 

half designs can be put together to make on solid patch of color. When 
reasonably sure that subject understands, examiner presents card I and 
says— "Now you take these 4 blocks and put them together so they'll make 
a design (picture) like the one you see on this card." "Go ahead."
When subject has finished with design, remark, "That's pretty good."
Brush up the blocks, place second design before him saying, "Now make 
me one like this." Proceed with cards in order until design (5) is 
reached when examiner takes 5 more blocks out and says, "Now make me one 
like this, using 9 blocks." When design (7) is reached examiner takes 
out the remaining 7 blocks and says, "Now make me one like this using 
16 blocks." Continue presenting designs in numbered order until subject 
has failed three consecutive ones. Help or further demonstration on 
designs other than that given on Demonstration Cards (I and II) is not
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permissible. The maximum time allowed for completing the various de
signs is shown in the tables,

Card Number of Blocks Time Limit
Demonstration I and II 4
Designs 1 to 4 4 75 seconds
Designs 5 and 6 9 150 seconds
Design 7 16 195 seconds

Time Scores for Block Design (When Correct)

Design 1—2—3 Design 4
Time Credits Time Credits
i"-5" 3 1"-10" 3
6"-10" 2 11"-15" 2
11"-15" 1 16"-25" 1

Design 5 Design 6
Time Credits Time Credits
l"-25" 3 l"-40" 3
26"-35" 2 41"-50" 2
36"-50" 1

Design 7
51"-80" 1

Time Credits
l!,-80" 3
8! " - 100" 2
101"-140" 1

It is not uncommon for some subjects, particularly children, 

when making the first design either to rotate the pattern or to reverse 
color and background. When this happens say, "Is this right, does it 
look just like the design?", and pause for a while. Usually the subject 

will make a spontaneous correction or will do it if the instructions are 
repeated. Reversals and rotations appear to be associated with reading 
disability, but with many children they seem to be "normal" phenomena.
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Scoring: The test is scored for both accuracy and time.

Three (3) points are given for each design correctly reproduced within 
maximum time limits; and one (1), two (2), or three (3) additional 
points for success within certain times as indicated in the table.
To receive credit for time, the design must be reproduced just as shown 
on the csrd. Blocks to not have to fit perfectly together, but the 
design must be absolutely correct. Maximum score: 42.

Rhythm Test
The Rhythm Test is a subtest of the Seashore Tests of Musical 

Talent. The subject is required to differentiate between 30 pairs of 
rhythmic beats which are sometimes the same and sometimes different.
This test would appear to require alertness, sustained attention to the 
task, and the ability to perceive and compare different rhythmic se
quences.

Speech-Sounds Perception Test
The Speech-Sounds Perception Test consists of 60 spoken nonsense 

words which are variants of the "ee” sound presented in multiple choice 
form. The test is played from a tape recorder with the intensity of 

sound adjusted to meet the subject’s preference. The subject’s task is 
to underline the spoken syllable, selecting from the four alternatives 
printed for each item on the test form. This test requires the subject 

to maintain attention through 60 items, to perceive the spoken stimulus- 
sound through hearing, and to relate the perception through vision to 
the correct configuration of letters on the test form.



APPENDIX B

SUMMARIES OF ANALYSES OF VARIANCE FOR DIFFERENTIATION 
BETWEEN HETEROGENEOUS BRAIN-DAMAGED AND CONTROL GROUP

SOURCE df ms F p
Category Test 

1. Subtest 1
Between
Within

1
98

21.16
10.36

' 2.04 .16

2, Subtest 2
Between
Within

1
98

256.00
58.25

4.39 .04

3. Subtest 3
Between
Within

1
98

1772.41 
80.39 '

22.04 .00001

4. Subtest 4
Between
Within

1
98

2490.01
74.93

33.23 .00001

5. Subtest 5
Between
Within

1
98

1354.24
88.24

15.35 .0002

6 . Subtest 6
Between
Within

1
98

1391.29
88.10

15.79 .0001

7. Between
Within

1
98

1909.69
75.01

25.46 .00001

8. Total
Between
Within

1
98

3969.00
60.51

65.59 .00001

9. Trails A
Between
Within

1
98

1332.25
88.80

15.00 .0000,

10. Trails B
Between
Within

1
98

2171.56
'78.32

27.72 .00001
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SOURCE
12. Block Design

Between
Within

13. Rhythm
Between
Within

14. Speech
Between
Within

df ms

1 1971.36
98 78.06

1 349.69
98 96.78

1 396.01
98 96.66

F p

25.25 .0000

3.61 .06

4.10 .04

*An F value of 3.72 yields a p < .01 according to the Scheffe 
procedure.



APPENDIX C

PEARSON PRODUCT MOMENT COEFFICIENTS OF CORRELATION 
BETWEEN ABSTRACTION MEASURES IN THE CONTROL GROUP 

AND HETEROGENEOUS BRAIN-DAMAGED GROUP
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Pearson Product Moment Coefficients of Correlation Between Abstraction Measures in the Control Group

SUBTESTS AND TOTAL SCORE OF CATEGORY TEST TRAILS WECHSLER
BLOCK

1 2 3 4 5 . 6 7 TOTAL A B S I ML DES RHYTHM SPEECH

1 1.00

2 . 09 1 .0 0

3 .07 .19 1.00

4 .02 .24 .30 1.00

5 .16 -.04 . .01 .34 1.00

6 .27 -.03 .00 .15 .67 1.00

7 .13 .29 .11 .26 .07 - .04 1.00

TOTAL .14 .16 .61 .72 .60 .54 .33 1.00

A .25 .10 .05 .29 .08 .13 .29 .27 1.00

B .22 .00 .15 .26 . .07 .14 .28 .36 . 66 1.00

SIM .26 .20 :32 .28 .20 .35 .34 .54 .24 .28 1.00

BD .17 ' '.20 .25 .29 .13 .11 .29 .40 .47 .43 .5 1.00

' RHY .27 -.12 .14 .19 .21 .28 .02 .32 . .34 .20 .44 .19

SPEECH .10 -.13 .20 .30 .26 .33 .26 .45 -.40 .43 .51 .48

u>



Pearson Product Moment Coefficients of Correlation Between Abstraction Measures in the Heterogeneous Brain
■ Damaged Group

SUBTESTS AND TOTAL SCORE OF CATEGORY TEST TRAILS WECHSLER
BLOCK

1 2 3 4 5 6 7 TOTAL A B SIML DES RHYTHM SPEECH

1 1.00
2 .08 1.00

3 i ro o .19 1.00

4 -.07 -.02 .26 1.00

5 .14 -.20 .20 .14 1.00

6 .28 -.06 .07 .00 .79 1.00
7 .09 -.17 ,45 .48 ■ .38 .24 1.00

TOTAL .08 -.17 .58 .61 .72 .59 .73 1.00
A .28 -.09 .05 -.09 .35 .53 .25 .27 1.00
B .22 -.07 -.14 .02 .27 ■ .49 .07 .22 .67 1.00
SIM .31 .03 -.28 .04 .41 .49 .15 .20 .42 CO 1.00
BD .18 -.00 .01 -.05 .24 .49 .27 .25 ’ .73 .59 .44 1.00
RHY .32 -.15 i o ■Pa -.09 .27 .31 .15 .17 ,43 .39 .42 .37

SPEECH .08 -.15 ro CO .03 .13 .37 .06 .08 .59 .64 .58 .48



APPENDIX D

SUMMARIES OF ANALYSES OF VARIANCE FOR DIFFERENTIATION BETWEEN LEFT 
HEMISPHERE LESION GROUP AND RIGHT HEMISPHERE LESION GROUP BY VARIOUS

ABSTRACTION MEASURES

SOURCE df ms F p

Category Test
1. Subtest 1

Between
Within

1
98

14.44
16.17

.893 .35

2. Subtest 2
Between
Within

1
98

1.69
74.67

.023 .88

3. Subtest 3
Between
Within

1
98

19.36
103.38

.187 .66

4. Subtest 4
Between
Within

1
98

34.81
102.10

.34 .56

5. Subtest 5
Between
Within

1
98

59.29
99.28

.59 .44

6. Subtest 6
Between
Within

1
98

23.04
97.58

.23 .64

7. Subtest 7
Between
Within

1
98

123.25
94.62

1.40 .24

8. Total
Between
Within

1
98

.81
101.06

.008 .93

9. Trails A
Between
Within

1
98

302.76
99.42

3.04 .08
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SOURCE df ms F P
10. Trails B

Between 1 75.69 .74 .39
Within 98 101.58

11o Similarities
Between 1 615.04 6.74 .02
Within 98 91.19

12. Block Design
Between 1 576.00 6.23 .0‘2
Within 98 92.38

13. Rhythm
Between 1 324.00 3.48 .06
Within 98 93.02

14. Speech
Between 1 240.25 2.44 .12
Within 98 98.27



APPENDIX E

PEARSON PRODUCT MOMENT COEFFICIENTS OF CORRELATION BETWEEN 
ABSTRACTION MEASURES IN THE RIGHT HEMISPHERE LESION GROUP 

AND THE LEFT HEMISPHERE LESION GROUP
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Pearson Product Moment Coefficients of Correlation Between
Abstraction Measures in the Right Hemisphere Lesion Group

SUBTESTS AND TOTAL SCORE OF CATEGORY TEST TRAILS WECHSLER

- BLOCK
1 2 3 4 5 6 7 TOTAL A" B SIML DES RHYTHM SPEECH

1 1. 00

2 .48 1 . 0 0

3 .32 .29 1.00

4 .39 .35 .38 1.00

5 .24 .34 .19 .38 1.00

6 .33 .43 - .20 .42 LO 1.00

7 .32 .26. .53 .48 .45 .55 1.00

TOTAL .36 .44 .66 .76 .69 .70 .72 1.00

A .36 .40 .23 .49 .44 .46 .30 .51 1.00

B .33 .45 .32 .59 .41 .60 .47 .66 .70 1.00

SIMIL -.10 .02 ' .07 .35 .14 .24 .11 .28 .16 .30 1.00

BD .32 .38 .19 .51 .38 .56 CO cn .54 .68 .76 .30 1.00

RHY .03 .13 .09 .45 .22 .26 .34 .39 .51 .45 .23 LOCO 1.00

SPEECH .35 .27 .32 LO .35 .54 .41 .52 .45 .66 .35 .60 .56

oo



Pearson Product Moment Coefficients of Correlation Between
Abstraction Measures in the Left Hemisphere Lesion Group

SUBTESTS AND TOTAL SCORE OF CATEGORY TEST TRAILS WECHSLER

1 2 3 4 5 6 . 7 TOTAL A B
BLOCK 

SIML DES . THYTHM SPEECH

1.00

2 .48 1.00

3 .32 .29 1.00

4 .39 .35 .38 1.00

5 .24 .34 .19 .38 1.00

6 .33 .43 .20 .42 .75 1.00

7 .32 .26 .53 .48 .45 .55 1.00

TOTAL .36 .44 .66 .76 .69 .70 .72 1.00
A .10 .04 -.04 -.05 .20 .33 .15 .15 1.00

B

' o .25 .13 .11 .12 .34 .26 .25 .56 1.00

SIM .08 .20 .25 .26 .30 .32 .27 .40 .40 .40 1.00

BD .12 .19 .12 .28 .31 .49 .32 .41 .40 .59 .44 1.00

RHY .13 .20 .17 .05 .13 .19 .08 .16 .10 .35 .48 .20 1.00
SPEECH -.22 -.01 .04 -.07 -.05 -.03 -.03 -.01 .30 .53 .32 .23 .31

vo
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