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INTRODUCTION

Left hemisphere or dominant cortical areas are responsible for proposi-
tional, analytic, serial, or linear processing of information. In contrast,
right hemisphere or nondominant cortical areas are responsible for apposi~-
tional, holistic, synthetic, simultaneous, or gestalt processing of
information (Bever, 1975). Adamovich and Brooks (1981) reported auditory
comprehension, verbal expression and reading comprehension deficits as a
result of their investigation of right hemisphere damaged subjects. These
investigators indicated the need for further research with regard to the
communication deficits of patients with specific lesion sites within the
right hemisphere.

Limited information is available with regard to specialized right
hemisphere cortical linguistic functions which differ from right hemisphere
subcortical linguistic functions. Lesions in cortical areas are thought to
contribute to decreased divergent though (Gazzaniga, 1977; Galin, 1974).
Right parietal lesions can result in neglect (Meyers, 1978; Hacaen, 1962)
and prosopagnosia (Joynt and Goldstein, 1975). Right temporal lesions can
result in decreased memory for spatial and nonverbal material and tonal
patterns (Milner; 1964, 1974). Occipital lobe lesions can result in
decreased visual perception (DeRenzi and Spinnler, 1966).

With regard to right hemisphere subcortical structures, lesions in the
right subcortical white matter lateral to the splenium of the corpus callosum
can result in decreased naming abilities. Right ventrolateral thalamic
lesions cause decreased storage and recall of verbal and visual information,
along with decreased recognition, decreased learning and overall deteriora-
tion of verbal performance (Perrelt et al., 1969; Asso et al., 1969; Shapiro
et al., 1973). The purpose of this investigation was to compare the communi-
cative capabilities of patients with cortical versus subcortical right
hemisphere lesiomns.

SUBJECTS

Two experimental subject groups were selected. The first group
consisted of three subjects (two females and one male) who sustained
cortical right hemisphere damage from a single cerebrovascular accident.
The group mean age was 64 years with a range of 46-81 years. The mean
educational level was 10 years. The second group consisted of two subjects
(one female and one male) who sustained subcortical damage from a single
cerebrovascular accident. The group mean age was 59.5 years; one subject
was 53 years and one subject was 66 years old. The mean education level
was 9 years. Two non-brain-injured controls were also examined. Their
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mean age was 62 years; one subject was 67 years and one subject was 55
years old. The mean educational level for this group was 12 years. Only
those subjects who displayed unilateral damage based on CT scan and neuro-
logical examination were selected for inclusion in the experimental groups.
Other experimental group requirements included at least six months post
cerebrovascular accident, right handed, and English speaking only.

METHODS

Each subject was tested in two one~hour sessions. The following
tests were administered: 1) portions of the Boston Diagnostic Aphasia
Examination including:

Auditory Comprehension Subtests: "Commands," in which motor planning
and motor control, auditory retention, auditory sequencing, and selective
attention are necessary to carry out verbally presented information. "Body
Part Identification" in which subjects are required to point to body parts
named by the examiner and to display right-left discrimination. Motor
control, motor planning, selective attention and auditory retention are
also necessary for this task. "Complex Ideational Material" in which
subjects are required to attend to and retain verbal stimuli of increasing
length and complexity.

Verbal Expression Subtests: "Automatic Sequences" in which the sub-
ject is required to name the days of the week, months, numbers and letters
in sequence. '"Repetition of Words," "Repetition of Phrases,'" and '"Respon-
sive Naming,'" in which the subject is required to name items described
verbally by the examiner.

Reading Comprehension Subtest: "Sentence and Paragraph Comprehension"
in which subjects are required to visually perceive and comprehend sentences
and paragraphs of increasing length and complexity.

2) Hooper Visual Organization Test in which subjects are asked to
name pictures of objects which are fragmented.

3) Borkowski, Benton and Spreen Word Fluency Task in which subjects
are given one minute per letter to name words beginning with the letters
S, T, P and C.

4) The last fifty items of the Boston Naming Test in which subjects
are asked to name pictures of objects.

5) Subtests of the Detroit Test of Learning Aptitude including:
"Verbal Absurdities," in which subjects are required to tell what is absurd
about statements such as, "If I am in a hurry I get a horse because an
automobile is too slow." Portions of "Verbal Opposites'" subtest. Portions
of the "likenesses and differences" subtest, in which subjects are required
to describe the ways in which two items are most alike and most different.

6) Informal Linguistic/Cognitive Assessment Tests included a non-—
standardized assessment of: Verbal Sequencing Skills, in which subjects
are asked to tell the steps necessary to make a telephone call from a
phone booth.

Verbal Problem Solving, in which subjects are asked to describe three
possible solutions to the problem of locking keys in a car.

Linguistic Visual Closure, in which subjects are required to name the
word which would be made if missing letters were filled in.

Linguistic Visual Reorganization, in which subjects are required to name -
the word which would be made by unscrambling a group of letters presented
visually. o '
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Immediate and Short Term Memory for Related and Unrelated Words, in
which subjects are asked to repeat increasingly longer sets of word strings
under no delay and 30~second delay conditions.

RESULTS

A one-way Analysis of Variance (ANOVA) and a Duncan Multiple Comparison
Test were conducted to determine if there were relationships between group
mean test scores (percentages) of subjects with right hemisphere cortical
lesions, subjects with right hemisphere subcortical lesions and non-brain-
injured subjects. The ANOVA yielded F-ratios which were significantly
different for 5 of the 19 test variables between subject groups. In
addition to these 5 test variables, the Duncan Multiple Comparison Test
revealed a significant difference between subject groups on the Linguistic
Visual Closure Test. Specific test variables which differed significantly
between groups are summarized in Table 1.

Table 1. A summary of the test variables which differed significantly
between experimental groups. KEY: Group 1 = non-brain injured; Group 2 =
cortical damage; Group 3 = subcortical damage.

Significant Difference Between Experimental Groups

Group 1
Group 1 vs Groups 1 & 2
vs Group 2 vs
Experimental Groups 2 & 3 vs Group 3
Tests Group 3
Boston Naming Test .05
Verbal Opposites .01
Likenesses & Differences .05 .05
Hooper Visual Organiza-
tion Test .001
Linguistic Visual
Closure Test .05 .05
Commands .01
DISCUSSION

Analysis of the responses of the experimental groups revealed the
following similarities and differences between groups:

The brain-injured groups made significantly more errors than the non-
brain—-injured group on the Hooper Test of Visual Organization. There was
no significant difference between the two brain-injured groups with regard
to numbers of errors. The two brain-injured groups were similar to each
other with regard to type of error. Both brain-injured groups assigned a
name to each of the pieces of the object rather than synthesizing the
pleces in order to correctly name the object.

The brain-injured groups made ‘significantly more errors than did the
non-brain-injured group on the Boston Naming Test. There was no significant
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difference between the two brain-injured groups with regard to number of
errors. These two groups were also similar to each other in regard to
type of error. Both groups displayed errors which were either visually
similar to the stimulus, i.e. "telescope" in response to a picture of a
"hoze nozzle'" or similar to the circumlocution errors made by aphasic
patients, i.e. subjects described the function of objects which they could
not name.

On the "Verbal Opposites" subtest of the Detroit Test of Learning
Aptitude, both brain-injured groups made significantly more errors than did
the non-brain-injured group. There was no significant difference between
the two brain-injured groups with regard to number of errors. These two
groups were again similar to each other in regard to type of errors. The
groups both exhibited response delays and error responses characterized by
the provision of synonyms, i.e. "slow" in response to "gradual" when
antonyms were required, i.e. "sudden" in response to "gradual." Experi-
mental subjects also made syntactic errors, such as providing an adjective,
i.e. "true" when a noun, "truth" was required. v

On the Linguistic Visual Closure Test all groups differed significantly
with regard to number of errors. The non-brain-injured group made the least
number of errors and the cortically damaged group made the greatest number
of errors. Both brain-injured groups appeared to have difficulty in this
task for similar reasons. These subjects seemed to have difficulty in
"switching sets" once a response was made. For example, if the response
"TUB" was given in response to the visual stimulus "T B ," a subject
might be unable to produce an alternate response even when the error was
pointed out and the subject was instructed that he needed a word with one
more letter. Further inspection of the error patterns on this subtest
revealed that both cortically and subcortically damaged subjects either
treated individual letters as abbreviations, i.e. "post script" for "P.S "
or as initial letters of syllables, i.e. "healthy" for "H T." These errors
reflect shifts in cognitive style which are typical for patients with
right hemisphere damage.

On the "Likenessess and Differences" subtest of the Detroit Test of
Learning Aptitude, all groups differed significantly with regard to number
of errors. The non-brain~injured group had the least errors and the sub-
cortically damaged group had the most errors. The error patterns of the
two experimental groups on this test were different. Patients with
cortical damage had more difficulty than did subcortically damaged
patients in explaining how two items were most different. Patients with
subcortical damage had more difficulty in explaining the way in which two
items were most alike. For example, when responding to the question:

"How are running and walking most alike and most different?" a cortically
damaged patient replied, "Both are forms of movement, but you have to like
to run, walking is an everyday movement." 1In contrast, a subcortically
damaged patient responded: '"Both result in a lack of wind, but walking

is slower than running." A tendency was noted for both experimental
groups to provide  somewhat trivial similarities or differences. For
example, when describing how wire and thread were most alike, both experi-
mental groups stated that they were "both slender" instead of stating

that they were "both used for binding things together."

The difficulty which cortically damaged patients displayed in
describing item differences could be attributed to decreased visual ‘
imagery. This conclusion is in agreement with Caramazza's (1976) theory
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that right hemisphere damage disrupts verbal problem solving due to
decreased visual imagery skills. However, Caramazza did not control for
cortical versus subcortical right hemisphere damage, and the subcortically
damaged patients in the present study displayed a different error pattern
than the cortically damaged patients. Specifically, subcortically

damaged patients displayed more difficulty in describing how two items
were most alike. We hypothesize that, during the description of likenesses
and differences, subcortically damaged patients were capable of the visual
imagery skills necessary to describe how two items are different; yet they
were unable to retain these images long enough to describe item similarity.
This hypothesis is again based on Muma's (1978) theory which states that
the description of the similarities between two items requires the mental
listing of the critical features of both items followed by the selection
of the similar item from each list.

Further support for the thoery of retention deficits in subcortically
damaged patients was also seen in the group's performance on the "Commands"
subtest of the Boston Diagnostic Aphasia Examination. Subcortically
damaged patients made significantly more errors on this subtest than did
the other two groups. The non-brain-injured group and the cortically
damaged patients made no errors on this test. The subcortically damaged
patients made errors which could be attributed to auditory retention
deficits and/or inattention to detail. TFor example, subcortically damaged
patients tended to tap each shoulder more than two times when specifically
requested to '"tap each shoulder twice." It appeared that verbally pre-
sented information could not be retained long enough to enable the
patients in this group to complete complex commands.

SUMMARY

An investigation of the communicative capabilities and limitations of
patients with cortical or subcortical right hemisphere damage was conducted.
All experimental subjects made significantly more errors than non-brain-
injured controls on a test battery designed to assess communicative skills.
Similar performances were displayed by both experimental groups with regard
to number and type of errors on the Hooper Test of Visual Organization,
Boston Naming Test, and on the "Verbal Opposites" subtest of the Detroit
Test of Learning Aptitude. Experimental groups differed from each other
with regard to number and/or type of errors on the Linguistic Visual
Closure Test, ''Likenesses and Differences" subtest of the Detroit Test of
Learning Aptitude and the "Commands" subtest of the Boston Diagnostic
Aphasia Examination.

Behaviors exhibited by both groups of patients with right hemisphere
damage included response latency, difficulty "switching sets," difficulty
identifying the salient features of stimuli, naming difficulties, and
decreased verbal reasoning because of difficulty with simultaneous or
gestalt processing of linguistic information. It appeared that the communi-
cation deficits exhibited by the two experimental groups stemmed from
breakdowns in different underlying processes. The cortically damaged
patients appeared to have visual processing deficits. The subcortically
damaged patients exhibited attention or retention deficits.

Future research should include (1) a comparison of left hemisphere
damaged subjects' performance to right hemisphere damaged subjects’
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performance on this test battery, and (2) a comparison of the performance
of subjects with specific right hemisphere cortical lesions on this test
battery.

REFERENCES

Adamovich, B.L. and Brooks, R.L. A diagnostic protocol to assess the
communication deficits of patient with right hemisphere damage.

In R. Brookshire (Ed.), Clinical Aphasiology: Conference Proceedings.
Minneapolis, MN: BRK Publishers (in press), 1981.

Asso, D., Crown, S., Russell, J. and Logue, V. Psychological aspects of
the stereotactic treatment of Parkinsonism. British Journal of
Psychiatry, 115, 541-553, 1969.

Baker, H. and Leland, B. Detroit Test of Learning Aptitude. Indiana:
Bobbs-Merrill, Co., Inc., 1967.

Bever, T.G. Cerebral asymmetries in humans are due to the differentiation
of two incomplete processes: holistic and analytic. Annals New York
Academy of Sciences, 265, 251-262, 1975,

Borkowski, Benton and Spreen. Word Fluency Task. Neuropsychologia, 1967.

Caramazza, A., Gordon, J., Zurif, E. and DeLuca, D. Right hemisphere
damage and verbal problem solving behavior. Brain and Language, 3,
41-46, 1976.

DeRenzi, E. and Spinnler, H. Visual recognition in patients with unilateral
cerebral disease. Journal of Nervous and Mental Diseases, 142, 515-
525, 1966.

Galin, D. Implications for psychiatry of left and right cerebral speciali-
zation. Archives of General Psychology, 31, 572-583, 1974.

Gazzaniga, M.S. Consistency and diversity in brain organization. Annals
of New York Academy of Science, 299, 415-423, September 30, 1977.

Goodglass, H. and Kaplan, E. Boston Naming Test (unpublished).

Goodglass, H. and Kaplan, E. Boston Diagnostic Aphasia Examination.
Philadelphia: Lea and Febiger, 1972.

Hacaen, H. Clinical symptomatology in right and left hemisphere lesions.
In V. Mountcastle (Ed.), Interhemispheric Relations and Cerebral
Dominance. Baltimore: John Hopkins Press, 1962.

Hooper, H.E. The Visual Organization Test. Los Angeles, CA: Western
Psychological Services, 1966.

Joynt, R. and Goldstein Minor cerebral hemisphere. Advances in Neurology,
7, 147, 1975.

Meyers, P.S. Analysis of right hemisphere communication deficits:
implications for speech pathology. In R. Brookshire (Ed.), Clinical
Aphasiology: Conference Proceedings. Minneapolis, MN: BRK Publishers,
1978.

Milner, B. Some effects of frontal lobectomy in man. In E. Warner (Ed.),
Frontal Granular Cortex and Behavior. McGraw-Hill, 1964.

Muma, J.R. Language Handbook: Concepts, Assessment, Intervention. New
Jersey: Prentice~Hall, Inc., 1978.

Perret, E., Kohenof, M., and Siegfried, J. Influences de lesions thala-
migues unilaterales sur les fonctions intellectuelles, mmesiques et
d'apprentissage de malades Parkinsoniens. Neuropsychologia, 7, 79-
88, 1969. :

Shapiro, D.Y., Sadowsky, D., Henderson, W. and Van Buren, J. An assessment
of cognitive function of post thalamotomy parkinson patients. Confina
Nuerologia, 35, 144-166, 1973.

-343-



Q:

DISCUSSION

I see a lot of the behaviors you described when I work with closed
head injury patients. Do you see similiarities in these populations?
Yes. A lot of the battery that we put together for the right hemis-
phere damaged patients came from observing the similiarities in
behavior between right hemisphere damaged patients and closed head
injury patients. Portions of the battery that we use with right
hemisphere damaged patients came from our evaluation protocol for
closed head injury patients.
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