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Abstract ‘

Tests of both s1mple and complex verbal and spat1a1

‘-lmmedlate memory (attentlon) span were admlnlstered to
pat1ents w1th neurodxagnostlcally conflrmed focal le51ons
LOCallzatlon wasﬁobta1ned 1ndependent of neuropsychologlcal
emgm1natlon Performance of these patlent groups was
compared to matched normal controls. The tests employed were
Drg1tf/pan Forward and Backward from the Wechsler Adult
Intelllq?nce Scale- Revzsed and a modified form of the Knox

Cube Test This, modlflcatlon involved restructurlng of the

>.test to a form more analagous to digit span (series 2 to 7)

as well as. the addltlon of a 10 second delay trial. The
1mmed1ate recall of the Knox Cube Test and the Digit Span
.Forward were classed as measures of simple spatial and
.verbal memoryr(attention);“whereas, the Knox Delayed Trial
and Digit Span' Backward were regarded as more cognitively
difficult/tasksa

- No differences were found on the measures of 51mple
verbal or spatlal 1mmed1ate memory. It was found that
patlents with left anterior les;ons were\lmpalred on Digit
Span Backward 1n.comparlson to both right anterior and right
'vpoSterior lesion groups. In contrast, on the Knox Cube
'Delayed Trial'patients with right posteriorAlesions were
significahtly worSe than controls, left'posterior, and right
:anterior groups.
These results-were viewed as representing a double

dissociation in terms of the effects of localized lesions on
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immediate memory or attentional proc353g§, and‘impiicated
material specific deficits related to localized cerebral
lesions. The results were discussed in relation to previous

. L
studies, and directions for future research were suggested.
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I. INTRODUCTION

One of the principal Qoals of a clinical
 neuropsychological oxaminarion is to determine which '
coghitive functions have been affecred aho which.havo béon
lspared. Typically, a comprehensive battery of.
neurobsychélogical-tests is administered thch allows for\
documentatlon of matérlal specific (e.q. verhal Jersus.
nonverbal) and/or modality spec1f1c (e.g. auditory Qersus,
v1sual)'def1c1ts. ' '

| 7Assessmen£ of immediate memory (attention spah) is an
integral component of neuropsychological—assessment and a
number of tests are available for this purpose. The D1g1t7
Span subtest from the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) is one of many well accepted and ;4‘
‘commonly used tests of auditory or verbal attenfibn'cpan'
(Wechsler, 1972). In addition, there are several different' "
types of'taskc used to\meaSure visua)]® or non-verbal
"attention. Among these are a number of different block
tapplng tests such as Cor51 s Blocks (Mllner 1971)
Arthur s revision of the Knox Cube Test (Arthur, 1947) ahd

)

K1mura s revision of the Knox Cube Test (Klmura & McGlone,
11983). | | | |
The ForsiABloci Test has been used by several
_rcsearchers (De Renzi, Fagllon1, and Prev1d1 f977) to
assess 1mmed1ate and delayed spat1a1 memory. It cons1sts oﬁ
nine cubes irregularly arranged on a board (See Figure 1).

The task requires the pqtient to tap the cubes in the same

C—



Figure 1. Corsi's block tapping board

(Milner, 1971).
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order that they have been tapbed by the exaﬁiner. Sequences
from two to eight cubes/jxyo series at each length) are
tapped and the test is dlscbﬁfrnued when both trials of a
given length are failed. One point is scored if the flrst
trial is correct and .5 is given if the second trial is
correctly reproduced.

The block test used by Kimura is somewhat different
from Coreils in that there are five blocks 'arranged linearly
on a wooden\strip. The'biocks are placed on the table on a
diagonal tg/the patient (See Figure 2). Ten same length
sequences are presented for immediate recall and then
repeated with a five second delay. The écore for each trial J
is the number of sequences cofrect out of ten.’

The Knox Cube Test, as revised by Arthur (1947) in the
"Point Scale of Perfofmance" is used as a measure of
,atten$1on or memory span. It consists of four 1 inch wooden
cubes| arranged linearly on a wooden strip (See Figure 3).
Thefe were no Qerbal instructions in the original version of
the test, the examiner would first attract the patient's
attention and then begin to tap the first series.

In Arthur's rev151on of the test the number of taps in
the series 1ncreased from two to seven and the test was
discontinued when three series in succession were felled
(Figure 4 shows the original order of taps in the series);"
Note that the successive increases in the span length are
not uniform. A second trial was administered approximately

v’

one hour later in exactly the same manner as the first., The



Figure 2. Kimura's block tapping board

(Kimura & McGlone, 1983).

Examiner

Figure 3. Arréngement of cubes in Knox Cube Test

(ArtHur, 1947). ,

Patient

Y



.Figure 4.
Order of administration‘of trials on Knox Cube Test

(Arthurs 1947).

Trial ‘ Pattern
1 14
2 23
3 12
4 13
5
21
6
34
7
14
8
14
9
13
10
2 4
11 .
13
12
13
13 \.‘
14
14 ‘
14
15 ’ o
13
16
C 14
17 )
14
18

o
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score for each trial was the number of series out of 18
repeated corfectly and the score for the overall test was
the‘average of the two trials. The faw'score was then
converteq to a mentai age for the person.

Adequate test-retest reliability for the Knox was
demonstrated by Sterne (1966) énd normative daté st
repo;ted by Beardsley, Mathews, Cleeland and Harley (1978).

Recently, the construct validity of the test was |
deménstra%ed in a sample of 300 patients referred for
neuropsychological examination (Bornstein, 1983). The
patients werefdivided into two samples ana given the -
Halstead-Reitan Battery,vfhe Trail Making Test, the Wechsler
Adult Intelligencé Scale, the Wechsler Mémqry Scale, the
Verbal Conc;pt Attainment Test,Aand the WisconSin Card |
Sorting Test in addition to the Knox;Cube Test (Arthur'g'

revision). The data were then subjected to\a\p;incipal

factors factor analysis. . ’ : | T

~.
~.

It was found that the Knox loaded most heavily on’a\\\i
factor which also obtained high loadings'on Digit Span x
Forward and Backward, the Seg;hore Rythm Test and the Speech
.Sounds Perception&Tesk. This fagtor was interpreted as
reflecting audito;y and vﬁsﬁal atteﬁfioh span. A somewhat

X .
weaker loading was obtained on a factor which was

interpreted as a general non-verbal viqu§patial factor. In
&
both samples, the highest correlations with Knox were found
. . \\
with Digit Span Backward and Trail Making Test. In addition

to attention, these tasks also have a strong sequencing

S



component .

On the basis of these findings, 1t was -concluded that
the pattern of inter- relationships suggests that the Knox
Cube Test is primarily a measure of immediate visualrspatial
attent{bn and secondarily, appears to have a strong
sequencing and visuospatial memory component.

De Renzi and Nichelli (1975) examined_verbal and

ngn-verbal short term menory impagrment following

hemispheric damage in' 125 patients grouped‘accordiné to
lesion site and 30 controls. Four fasks were used; digit
span forwérd, digit pointihg span, pictufe pointing span,
and,-spatial pointing span (Corsi Blocks). They found that‘on‘
the digit span task and both of the other verbal fests not
requiring speech (digit pointing'and picture pointing span)
patients with left hemisphere damage were impaired in
comparison to nérmals, while the right hemisphere damaged’
patients were not. However, spatial span was.affected by a
lesion in the posterior'portion of either hemisphere;

De Renz1, Fagllonl, and Previdi (1977) compared
patlents with unilateral lesions with and w1thout visual
field defects to control patients. They used the Corsi
Blocks to assess: 1).the span of immediate reproduction; 2)
the recall of a subspan séring after a filled or unfilled
delay; and 3) the learning to criterion of a supraspan

string. They found that the pattern of deficits varied with

“the type of task employed. That is, immediate spatial span

Q&s found to be affected by injury producing visual field

A
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.'defécﬁs regardless of the side'ﬁf ﬁhegleé}éh._Delayed
J'feproduction of a three tap”seQUenéeAwas»%erformed more
poorly by patients with right.hemiéphege’d mage and visual

field defect than by controls. This was ;Eig whether the
déiay was’filled or unfilled with a distfacegr'task.
Learning a supraspan sequence to criterionh.ﬁp to a maximum
of 50 trials, was failed by 65% ofwthé right %émisphere |
damage with visual field defect Q;oup. This percentage was
significantl;.higher than controls and any other brain
démaged'group. These findings point to the role of the
posterior regions-of either hemisphere for subserving
’immediate spatial membrylés well as the domfmant role of the
right hemisphere when delayed ;ecall was introduced.

From the previously cifed literature it appears that,
in general, measurés of visual or spatial atgention can be
useful tools in néurobsychological examination, Hoﬁever, it
is difficult to compare and contrast tests of auditory
attention span such as digit span‘yith tests of visual

attention span when the structure and scoring of the tests

are so diverse. ror example, in Arthur's version of the KCT

the number of seri ~.each length is not uniform and the
score is the num.er ct rather than the length of the
longest span succe.sf repeated. Corsi's test, on the
other hand, uses two . .. of =ach lergth but does not
incorporate a delay .omoc. - .. contra2st, Kimura's test

‘employs a five second de. + but does not .ddress the problem

of span length as all ten seriec~ are -he same length.



Bofnstein (1983) suggestéh'sggeral modificétions to the
KCT which employ the basic-stimuli‘of the original test and
incorporate many of the features of Block'tests in the
literature that have been useful in the documentation of
attentional deficits. ”

The first modification involved redrganizing the test
with‘paiys of Sefies increasing in length making it more
analagous to digit span tasks. Next, item difficulty data
was used to equate the series within each pair for
difficulty (Wright & Stone, 1979). And finally, a ten- second
unfllled delay was 1ntroduced in which the examiner covered,
the cubes with a blank sheet of paper. Adm1n15trat1on of
this rev1sed version of the KCT was continued until two
trials of a given length were failed and the score was the
_highest span successfully repeated. These modifications were
implemented in the development of a revised KCT (KCT-R) and
normative déta have been collected (Bornstein, unpublished
data). From this pbin; onward this fevision will be réferred
to as KCT-R and the iﬁmediate and delay trials will be
referred to as KCT—I and KCT-D‘tespéctively.

-The main‘focﬁs of the current research is to explore
the usefulness of KCT-R invasseSsing spatial (in contrast to
verbal) attention or immediate memory . span deficits in
patients with localized ceréﬁral lesions. Moré'specifically,
the following queStions are.addressed:

1) Is there a difference in performance betweeﬁ patients

vith right and left hémiSphere lesions on KCT-I.
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2) Furthermore, within each hemisbhere is there a difference
in performance on the KCT-I between\pétients with anterior
vs posterior lesions.

3) In addition, does the introduction of a delayed recall
trial increase sensitivity of the test to the effects of
localized lesions. | ’ |

4) As a'corollar&hto the above hypotheses it was of interest
to determine whether evidence of material or modalit&
specific deficits could be derived. As the span length of

" KCT-R is parallel to that of digit span tasks it was

possible to compare performance across modalities.



11. METHOD

A. Subjects
Five groups of subjec%s were used in the study; four
éxperimental groups and one control group. The experimental

subjects were patients referred for heuropsychological

©

examination at The University of Alberta Hospital. They were

divided into four groups according to-hemispheric locus of
the lesion; Right Anterior (RA) damage, 19 subjects; Right
Posterior (RP) damage, 9 sdbjects; Left Anterior (LA)
aamage, 17 subjects; anakLeft Posterior (LP) damage, 7
subjects. ‘ o E s
The site of the lesion was determined by rad{ological,
neurological and surgical findings and was independent of
neuropsychological examination.‘The criterion for assigning'

¥ .
posterior groups was determined

patienté to anteribr versus
by extending an imqginary line downward from the central
éuléus. Lesions in front of this line were placed in the
anterior groués, whereas, lesions behind it were placed in
the postefior.groups. Thus, the anterior groups included
patients with frontal, temporal, or fronto-temporal lesions,
whereas, the posteric:. jroups included patients with
parietal or temporo-parietal damage. There was one patient
included'in the study who had a fronto-parietalVastrocytomé

who was placéd in the RP group as the parietal damage was -

more "extensive.

11
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The.subjeét diagnoses‘fall'into one of five broad
categories; head injury, epilepsy, cerebrovascular, tumor
and other. The "other" group includes patients with
‘intraventricular.cysts,.cerebral atrophy and temporal
lobectomf. No data was available on lesion size.~Tab1e 1
shows the number of ;;Ljects from each brain damaged group
in each etiblogical category.

' The control group was obtainéd from a subsection of
subjects recfuited as parf of a ‘large scale nbrmativé study.
Any subjects with é history of psychiatriC'or heurological
illqess were excluded from the study. Therefore, these
subjects could be cdnsideredra "normal"™ control group. The
cqntrols were selected so that they matqhed’thevbrain
damaged subjecﬁs on age (within 2 yearsf, education (within

\

1 year), ahd sex.

B. Materials and Pr§cédure ) -
Four tests were employed in the study: two auditory"
attentioh span tests, and two visuél attention span. tests.
The auditdry attention spén tests used were the Digit Span
Forward (DSF) and Digit Span Backward (DSB)‘éubtests from .
the Wechsler Adult Intelligence Scale~Revised (WAIS-R).
For both Digit“Span Eorward and DigitISpan Backward the
standardized administration procedure was adhered to' ‘
(Wechsle;l 1981). For readers unfamiliar with thesé y
instruétions, the examiner tells the subject thét he/she is

going to read some numbers and following that the- subject-

<
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Number of‘Subjects from each Lesion Group

in each Etiological Category.

Table 1.

©

L~ -

Lesion Groups

LP

Diagnosis RA RP . LA Total.
Héad Injury i 0-,, 3 ‘2 6
Epilepsy 4 1 '3 o 8
Cerebrovascular 1 3 3 2 9
Tumor 7 3 5 2 17
‘ Other 6 2 3 1 | 12
Total - 7 19 9 17 7 52

13
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w1ll be asked to repeat~them. For Digit Span Forward the
subject was asked to repeat the numbers in the same order
and for D1g1t Span Backward the subject was asked to repeat
the numbers in the reverse order..The digits were‘presented
auditorally to the subject at the:rate of one per second.
Sequences incﬁease in -1§ngth rrom 3 to 9 digits'for-Digits
AForward (2 tor7,digits for Digits Backward) and there were
two series at each sequence length See F1g re 5 for a ¢
sample of the order of presentatlon for the dlglt span®
tasks. The- tests were cont;nued until two series of,a given
length were failed. The scoring proceduredused‘forvthe

; . I
current research was somewhat différent_from that used ‘in
the standard manual. That is, rather than a scaled score,
the length of the longest sequence SucceSSfullylrepeated was
used. | | |

v The visual meJory span tests used in the study employed

the mod1f1ed form of the Knox Cube Test (KCT-R) as suggested

by Bornstein (1983). The KCT-R consists of four 1 inch
wooden cubes attached at equal 1ntervals to a wooden str1p
(10.5 inches 1ong and 1.5 1nches wide). Both ?n immediate
and a‘delay trial were used. For the 1mmediaq |

the instructions to the subject were: "I am going to touch

' these cubes in a certaln order, watch me carefully then you
touch them 1n}the same order that I did". The examiner then
:taps the_cubes at a rate of one per second.[Theisubject must

observe, memorize, and then tap the cubes iL'the same order.

The difficulty_and number of tapsgin'the,series increased

recall trial
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from two to seven (Figqure 5 shows the order and number of
taps in the series for both the immediate and delaj trials
of KCT-R).»Two seguences, equated for difficulty, were given
"at each length and the test was discontinued after faiiure
on both sequences of a g1ven length. The subject § score was
the 1ongest span successfully repeated.

The same apparatus.was used for both the 1mmed1ate and
delayed trlals. The delayed trlal 1nstruct10ns to the
subject were: "I'm going to touch these cubes in a certain
order like I did before. Watch me carefully then you touch
them in the same order that I did. This tdme; wait to touch
them atil I tell you". After the examiner presented the
sequence, the blocks‘were covered with a blank sheet.of'
‘paper for a ten second unfilled interval. Follbwingvthis the
‘subject was aéked to tap out the same sequence. Theké%oring
procedure was‘the'seme as for the immediate condition.

All of the.tests were administered on a one-to-one
basis with the subject\seafed directly”across thevtable‘from'
the examiner. The order df administratioﬁ.of-the complete
test battefy was as followe: F%ﬁ’t, the Wechsler gemory'

Scale and the Aphasia Screening Exam were administered;

then, either KCT-I or KCT-D:wasfgiven; this was followed by_
the WAIS-R which contains DSF. and DSB; and finally, either o
the KCT-I or KCT D (whlchever was not glven earller) was
admlnlstered : - ' ,

" In the context. of this study, both Digit Span Forward

and KCT-1 were viewed as measures of simple venp

-



.'Figure 5.
Sample order of presentation of digits for digit span
tasks. (left), and order of blocks tapped for Knox Cube

Test-Révised (right).

Digit Span Test . Knox Cube Test-Revised
36 1l 4

4 2 2°3

517 214

4 26 341

7216 1423

3852 1324

6 5837 13124
23462 14324 .
87 6594 132413
185726 142314
2973841 4134214
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spatial attention span; - whereas, Digit Span Backward.and~
KCT—D‘were regarded as measures of more complex for
difficult) auditory and visual attention span respectively.
C. Analysis ' | | \\\

- Preliminary analyses were conducted to\determine
whether the groubs_differred on demographic data. These
included analysis of variance oﬁ age and education in
‘addition to chi square analyses on sex and etiology of
lesion.

The data were analyzed in a 3 X 3 incomplete factorial
design with side of damage (Right and Left) and position of .
lesion (Anterior and Poscerio:) as factors. There was one
" control group. A multivariate analysis of variance (manova{
‘Xifh KCT-I"and KCT-D as dependent variables and age as e |
covariate was conducted using the SPSSX'progrem "MANOVA" . Iﬁ
add:’ "on, a manova was conducted using DSF énd‘DSB as
dependent vafiables with age as a covariate. Subsequent to a
51gn1f1cant multlvarlate f1nd1ng for any effect, univaria-
follow up analyses were carried out as suggested by Hummel
and Sligo (1971). Multiple comparisons were conducted for
any sidnificant univariete finding using Tukey's-ﬂonest
Significant Difference (HSD) Procedure. Since the length of -
the spans for the,digit and cube tests were similar,
cross—-modal t-test comparisdns between DSF and KCT-I and DSB
and KCT-D were conducted within each lesion group.., Finally,

t-test comparisons were carried out between DSF and DSB as



well as KCT-I and KCT-D to compare performance on simple

versus complex tasks within each lesion group.
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111, RESULTS

The first step in data analysis was to compare the
groups on demographic variables. The age, sex and education
for each group can be seen in Table 2. Analysis of variance
showed a significant effect for age, F(4,100) = 3.3, p <
.05. Tukey's multiple rangeyprocedure revealed that the RP
group was 51gn1f1cantly older than the LA and LP groups, p <

.05. No 51gn1f1cant differences were found among the groups
on level of education, F(4, 97) = .13, NS. Chi square
analyses showed that the groups do not differ in'proporfion
of males to females, X2 (3) =%7.66, NS, or in terms of
etiology, X* (12) = 10.3, NS;EJt is clear that thé groups do
not differ on sex, education, br etiology of lesion. Because
the right posterior group was somewhat older than the other
lesion groups subsequent analyses incorporated age as a
covariate. ”

The next step in analysis involved éxamining intergroup
differences. The multivariate analysis of variance of KCT-I
and KCT-D with'age as a covariate revealed no.siénificant.
ﬁain effects for side or position of lesion, however, there
was a significant side-by-position interaction, Roy's
6=.093, S=1, M=0, N=48; F(2, 98) = 5,0, P < .05 (Timm,
1975). Figure 6 shows the side-by-position interaction
effects.for KCT-I and KCT-D. Follow up univariate analysis‘

of variance showed no significant effect.for‘KCT-I, F(1, 99)

3.i4, NS; and a significant effect for RCT-D, F(1, 99) =

10.06, p < .05. Post hoc (Tukey's-HSD) analysis of means for

19
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Table 2.

Demographic data for each Brain Damaged group
. . .
and Controks

Lesion Mean Age Mean Education Males Females
N . a - . w a !

Group (in years) (in years)

Right ) o o )

Anterior 37.8 (13.05) - 12.3 (3.66) 10 "]

.\ :

Right R - .

Posterior ‘_ 47.5 (14.88) 11.7 (4.18) 8 1

Left '

Anterior 31.1 (10.65) 11.9 (4.20) 6 11

Left d ) .

Posterior 28.4 (8.22) 11.4 (1.6) L) 2

Controls 35/.8 (12.9) 12.0 (2.55) 30 23

_/'\/

aStandard deviations in parentheses,



Figure 6.

' Side-by-position Interaction Effect

for KCT-I and KCT-D.
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KCT-D indicated that the right posterior group performed
significantly worse than the right anterior, left posterior
and control groups, p < .05, (See figu;e 7). The manova for‘
DSF and DSB showed no significant main effects for p051t10n
or side-by- p051t10n 1nteract10n however, there was a
significant effect for side of lesion, Roy's Oe;208, S=1,
M=0, N=22.5; F(2, 47) = 6.19, p < .05, ’

A univariate aﬁalysis of variance showed a significant
effect for Digit Span Backward, 5(3,48) = 4.44, p < . 05.
Post hoc (Tukey's-HSD) analysis of means indicated that the
left anterior group performed significantly worse than the
right anterior and right posterior groups, p < .05. The
anova on Digit Span Forward did not reach significance at
the .05'level. Table 3 summarizes the means and standard .
deviations for each'group'on.each of the.variables.'waever,
when age was included as a covariate xanaly51s of variance
revealed a significant dlfference between groups on DSF
F(3, 47) = 3.04, p < .05.

. The next step in analysis was to compare intragroup.
performance on the cross modal (visual versué,auditory).
tests within each group. Alseries of t-tests for correlated
means were done on DSF with KCT-I and DSB with KCT-D. As
previously mentioned, DSF and KCT-I were considered measures
of simple attention span, while DSB and KCT-D are regarded
as measures of more difficult or complex attention span
(immediate memory). No significant differences were found in

the simple auditory versus visual attention span tasks for



23

Figure 7.

Venn Diagram depicting how the Lesion Groups Differ

on KCT-D
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.
Table 3.
Means and Standard Deviations for each ‘group on four
Measures of Attention Span.
Right Anterior Right Posterior Left Anterior Left Posterior Controls

Test Mean SD Mean SD i Mean sD Mean sD Mean SD
KGT-I 5.21 1.13 4.55 1.01 : 4.88 0.99 5.43 0.97 5.28 1.03
KCT-D  4.90  1.19 3.22°  1.39 4.35 1.06  5.00 1.15 5.03  1.02
DSF 5.68 1.00 5.67 1.32 4.41 1.87 | 5.14 1.77 - -

DSB 4.00  1.05 4.22 0.97 2.77  1.48 3.29  0.95 - -
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the right anterior, "left anterior or left posterior groups.
However, the right posterior group showed a signific%nt.
difference, t(8) = 2.29, p < .05, with performance on digits
forward bgtter than KCT-1I. All of the t-teéts for correlated
means on the more difficult memory (attention) span tasks
were sigﬁificant. Table 4 shows the results of the t-test
comparisons on simple and complex memorf span tasks. From
Table 4 it can be seen tﬁat performance on KCT-D was better
than DSB for the right anterior and both of the left
hemisphere groups. In contrasf, the right posterior group
performed better on DSB than KCT-D. |
Finally, t-teét comparisons were carried ouﬁ between .
simple and complex measures of verbal and spatial memory
span within each lesion group, (See table 5). It was found
that DSF was performed;significahtly better than Dsﬁ.by all
lesion groups. In addition, KCT-1 was performed '
sié%ificéntly better than KCT-D by the RP and LA groups;
whereas,.there we;e no differences in the RA, LP, and

control groups.
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Table 4.

Summary of t-test compariséns' for DSF vs. KCT-T

DSB vs. KCT-D within each Lesion Group.

DSF/KCT-I DSB/KCT-D

Lesion : '
Group’ t - (af) : t (df)
Right -
Anterior 1.18 (18) . ] -2.93 (18)
Right . .
Posterior 2.29 (8) . 2.45 [8)
Left x .
Anterior ~1.05 (16) ’ -4.77 (16)
Left . -
"Posterior -.55 (6) -4.,77 (6)

P < .05,



Table 5.
Summary table of t-test ¢omparisons between tésts of

auditory and visual attention'span

DSF/DSB. KCT-I/KCT~D

-
Lesion ' T

Group . t df . t df
Right A
Anterior 5.66%* (18) . l.46. (18)™.
Right * - *
Posterior 3.51 -(8) 3.58 8)
Left N : . ok '
Anterior 5.18 (16) 2.50° (l1e)
Left . :

Posterior 4.04 (6) . 1.16 (6)

p £ .05.



Iv. DISCUSS ION

ThlS study examlned performance on verbal and spatial,
51mple and complex 1mmed1ate memory span tasks in patients
with localized cerebral lesions. It was found that, although.
the groups did not differ on sex, education or etiology of
| lesion, the RP. group was older than both the LA and LP
groups. On examining the 1ntergroup differences it was found
that the groups did not differ on measures of 51mple
immédiate memory. However, there were differences on the
more difficult tasks. Spscifically; on KCT-D the RP group
performed significantly worse than tne RA, LP andﬁcontrol
orogps, On DSB tne LA group performed wofse than the RA and
RP éroups. These intergroup differencesfremained robust when
ags was included as a covariate and inladdition; the anova
between ;hé lesion groups on DSF became significant. This'
was probably because of the fact that al;hough thé RP g:onp
is oldef,'it perfofmed better on DS? than any other lesion
group. The nexﬁ step in analysis was to examine the
intragroup pattern of performance across modalities for.bofh
51mp1e (DSF vs.. KCT-1I) and complex (DSB vs. KCT- D) memory
span tasks. Only the RP group showed a 51gn1f1cant
difference for the simple memory span compar1son with
pegformanoe on DSF better than KCT-I. All of the comparisons
fofvthe more difficult tasks were significant. As expectsd
KCT-D was better than DSB for L th of the left hemisphere
-gfoups and Dsg‘was better than KCT-D for ths RP group.
However, DSB was worse than KCT-D for the RA group. This

~
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ﬁnexpected finding will be discussed later. Finally, it was
of interest-to looglat the intragroup differences between
simple versus complex verbal and spatial memory span tasks.
Within each: Tesion group DSF was performed s1gn1f1cantly
better than DSB. .In addition, KCT-1 was performed better
‘than KCT-D by the LA and RP groups. However, as expected
from the prev1ous analyses there were no d1fferences betweenv‘
the Immedlate .and delayed trlals for the RA, LP and control
groups.

To summarize the findings in terms of the expl1c1t
hypotheses. ‘There were no dlfferences between-the lesion
groups on measures of s1mple immediate memory (attention)‘
span (KCT-I). For RCT-D the deficit:was not simply related
to/elther side (right versus left) or. pos1t1on (anterlor‘
versus posterlor) of the lesion, but rather a |
side—by—posltion interaction eff%pt was obtained.,Thus_it
was patients with RP and, to a lesser extent, LA lesions who
showed"the greateet deficit on a test of delayed spatial . |
memory'(KCf—D). |

" Prior . to discussing the‘preaent findings a number of
general‘issuesdwill be ‘considered. The/possibility of a
primary visual or motor def1c1t should first be ruled out.
vAll of the patierdts in the study were able to visually
locate and physically reach.out and tap/a m1n1mum&pf two
’cubesl This sugggsts that'they were not suffering from«a

gross primary visual or motor defect.
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Ahother)iésue which shbuld be considered is that 6f

lesion size. It has been suggested'in‘the literature that
pitients with}right, as opposéa to left, hemisphere lesions
generally tend to, have more extensive brain damage prior to
seeking medical intervention (Milner, 1964). This argument
presumes fhat left hemisphere lesions more often compromise
language functions which are more reédily apparent to thé
patient and others, thuscresulting in the patient seeking
medical attention ;elatively early in the course of their
illness. Conversely, right hemisphere lesions may produce
symptoms that are lessliﬁmediately obvious, and which niw.y
result in greater peripds of time between onset of illness
and clinical presentation. Presumably; longer duration of
illness would be rel#ted to further progression of the
pathologicalvprocess. There are however a number of
interacting factors sﬁch as etiolbgy and location of lesion

which must also be considered in determining what brings a

3o

A

patient to medical attention. In regard to etiology,

clearly, a sudden tfauma or cerebrgyascular acéﬁé;pt
affecting either hemisgRere would ;é§u1re'immed“;té medical
intervention; whereas, a slow and insidious lesionjon either
side may not lead to distréssing symptomology. In addition o
to etiology, lesion location may interact with lesion size
in determining Qhether a patient seeks medical aid early in
the disease process., It may be that §mall lesiohs,in the |
motor strip in either hemisphere would léad to é noticeable

deficit, whereas, a small lesiaon located elsewhere such as
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the frontal associatiw“ area may not lead to symptoms which
would be readily noticeable to fha patient. Béénstein & Wi;t'
(1984) examined patiénts with slow growing tuﬁor? |
(meningiomas) which had a left, right or_bilaté;al locus and
found no evidence ofﬂany differences between fhe groups with
regard to size or age at gresentation of lesion. This
finding, at least in the case of meningiomas, refutes the
3uggeation that right hemisphere lesions tend to be larger
than left hemisphere lesions. in addition, in a subset of
patiénts with lesions in the frontal association areas no
differenced were found between the left and right lesion
groups. Bornstein & Witt (1984) cite evidence from case

- histories which illustrates the point that the felation
_between lesfon size or location and'symptomology‘tends to be
subject to a great deal of individual variation. Case no. 1
was a 42-year-old woman who complalned of d1221ness and a
heavy feeling in her head for approximately 6-months. She
was later diagnosed as having a small right-féontal lesion.
Case no.'é was a 66-year-old man with a 3-year ﬁistofy of
transient dysphasia. He was admitted to hospital following
an episode of loss of consciousness and right arm weakness
and subsequenfly was found to have a massive lefthronéal
lesion. Thls 1llustrates that language deficits do not
always br1ng left hemlsphere patlents to medical attentlon
~and, further, right hemisphere le51qns are not invariably
larger than left hemisphere lesions. In addition, patients

‘with right hemisphere lesions are not necessarily older at



time of presentation.

| On the one'hand, the findings of Bornstein and Witt
(1984) showed that there were no differences in lesion size
between meningioma patients with left and rlght hemisphere
le51ons on the other hand, the 1n1t1al studies by Milner
(1964) done on patients with temporai lobe epilepsy
suggested that right hemisphere lesions tend to be larger
than left. Patients in the present study had quite variable
etiologies including both epilepsy and meningiomas. Further,
in our study the gfoup with the greatest deficit on visuai
attengion span was also fhe oldest- group. Taken‘tqgether,
these facts along with the small samble size might lead one‘
to argue'that differences in extent of lesion between'right
and left side cannot be excluded as a partlal explanation of
:the results. Data on le51on size was not available for
analysis in the present study, however, the findings do
suggest that the immediate memoryvspan of patients with RP
lesions is specific rather than pervasive in that
performance was poof on KCT—D'and not on DSB. In point of
fact, the RP group performed better on DSB thanrany'other
lesion group. Some other explanation must‘be,found. “

It may be that different mechanisms are resnonsible for
the similar type of failufe of RP and LA on KCT-D (DeRenzi,
1969). That is, the KCT-D may involve both a spatial and a
language'factor, the former affected by RH damébe and the
latter by LH damage: The.language component may involve

either verbal encoding of the stimulus or sequencing
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ability. Nohetheless, these different ‘components ofbthe task
may account for the discrepancy'between our findings and
those of DeRenzi et al. (1977); DeRenzi et al. (1977) used
the Corsi Blocks to assess immediate and delayed spatial.’
memory in patients with localized cerebral lesions and éound
that spatial sban was affectgd by posterior lesions of
-either hemisphere. Further,‘khe RP group performed
significantLy»worse than controls when a delay was
introduced. As mentioned earlier, the Cgrsi Block Test
consists of nine cubes irfegularly‘arranged on a board, .
whereas, the KCT-R consists of 4 cubes iineafly arranged. It :
is possible that the arrangémentan cubes in the KCT-R lends‘.
itself to easier verbal encoding»(xim, Royer, Bonstelle &
Boller, 1980; Lezak, 1983) thus adding a verbal component to
an essentially visuospatial task. This may be why, in our
study, the LA group did not do substantially better than the
RP group on KCT-D. It is possible that this LA gmdup of
patients were unablé to use verbal coding strategies to

assist them in remembering the sequence of cubes to.be

tapped. However, it does not account for the gooa

performance on KCT-D by the LP group. Earlier research (De
RenZzi & Nichelli, 1975; De Renzi et al. 1977) indicates that
visuospatial attention span is affeéted by lesions located
poﬁteriorly in either hemisphere. Because both of these
studies emploYed thé Corsi Blocks the discrepéncj between
their findings and the cur:ént research may simply be a

reflection of the different type of cognitive processing
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required by the tﬁo different cubeifests.

Looking at the results from a somewhat different
perspective it is possible to specdlafe about what may be
happening in terms of brain behavior relationships within
the frontal lobes. The‘intergroup comparison®on KCT-D showed
‘that the LA group was relativély impaired in that theilr
performance did not differ signifiﬁant;y'from that of the RP
group. This rélatively poorvperformanceaimplies that they
had some difficulty on KCT-D. As suggested earlier, (Kim et
al., 1980; Lezak, 1983) this could be interpreted to suggest
that KCT-D is amenable to verbal mediation. Thus, this LA
group may be impaired in the application of'verbal
strategies to an essentially non—verbai test. In confrast,
the intragroup, cross modal compa;ison shoﬁed that the RA
group was impaired on DSB relative to KCT-D. Some .
researche;s (Weinberg, Diller, Gerstman, and Schulman, 1872;
Costa, 1975) have hypothesized a relatiopship between
visuospatial deficit and poor performance on DSB. Weinberger
et al. (1972) found.that patients with RH lesions and visual
field defects performed normally on DSF but were impaired on
DSB. In addition, Costa (1972) found that patients with
either right or left hemisphere lesions and visual field
defects performed as well as normals and other brain lesion
groups on DSF but worse than these groups on DSB. The
implication'heré is that one sfrategy for'repeating a set of
auditorally presented digits in reverse .order may be to

first visualize the digits in the order they were presented
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and then read them backwards (Costa, 1975). If this is true,
our results could be interpreted to suggest that the RA
group had some difficulty with DSB due to the impaired
applicaéion of visuospatial strategies to an essentially
verbal task. Thus one could conclude that patients ﬁith LA
lesions do poorlf on a visuospatial task which may bé
approached by using a verbal strategy; whereas, patients
with RA leéions do poorly on a verbal task which may be
~approached by using a visuospatial strategy. Taken together,
these findings imply that pafients with frontal lesions may
be impaired in the application of ipsilateral strategiés to
tasks which seem to preferentlally engage proce551ng in the
contralateral hemlsphere.

Another consideration which canﬁdt be completely ruled
out concerns the possibility of the patients having an
apraxic‘disordér of the ideomotor type. Accbrding ﬁo Heilman
(1979), ideomotor apraxia is a disorder of sequential,
skilled movement whlch is not a result of weakness, tremors,
akinesia, poor comprehension or 1ntellectual deterloratlon.
In llght of this, one might argue that the poor performance
in the RP group is not due to a deficit in immediate memory
rather an inability to perform complex, sequential movements
(KCTfBl,/Tpustthe patient can attend to the sequences but
cannot reprBduéE/Ehem. It is difficult to completely rule
out the p0551b111ty of apraxla in the current study,
however, fﬂ;;gxlg/some ev1dence which makes it less likely

as an explanation. That is,.in right handed patients almost
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all documented cases of ideomotor apraxia are from left
hemisphere lesions (Geschwind, 1965; Hecaen & Sauguet:,
1971). Left handed patients with rigﬁt hemisphere lesions
have been shown to exhibit an ideomotorlapraxia (Heilman,
Coyle, Gonyea, & Geschwind, 1953; Valenstein, & Heilman,
1978). However; because left handers tend to be more
| ambidextrous than right handers,' apraxia is rarer in left
handers (Hecaen & Sauguet, 1971), In addition, the motor
sequences involved_in KCT-1I are exactly the same as those in
KCT-D and, overall, the RP group performed significantly
better on KCT-I. Fﬁrtherm;}e, all-patients in the study were
capable of tapping at least two cubes in succession. It is
thus unlikely that the patients with RP'lesions were -
abraxic. . ' '
The present data are consistent with>£he prevailing
literature on hémispheric specializagidh for processing
different materials (verbal and nonverbal). Patients with RP
lesions show a deficit on nonverbal (visual) memory;
whereas, patients with LA lesions shoﬁ a deficit on'Qerbal
(auditory) memory. The traditional verbal/nonverbal
distiﬁction however is now largely considered an inadéquate
dichotomy for understanding hemispheric specialization
(Bradshaw & Nettleton, 1981; Bogen &.Bogen, 1983). It is
well beyond the scope of this paper to adgquately.COvepfthe
nature of hemisphefic specialization, But for a

comprehensive review see Bradshaw and Nettleton (1981). They

examined a large body of literature on hemispheric
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specializatien of function and concluded that evidence from
both normal and brain damaged subjects is most congruent
with the analytic/holistic dichotomy as hypothe51zed by

. Nebes (1978). However, Bradshaw and Nettleton were more
sﬁecific in suggesting that the'left hemisphere is uniquely
specialized for duration, temporal order and sequencing and
hypothesize that right hemisphere specialization for simpler
holistic or global processing occurs mainly by default.
Bradshaw and Nettleton (1981) emphasize that they do not ,
favor a true dichotomy and'suggest that the difference in
fﬁnctioning between the hemispheres'is one of degree- rather
than’kind' ‘Thus one should approach hemispheric
specialization not as a rigid dichotomy but rather as a
continuum with each hemisphere having a re%atively greater
or lesser involvement in the processind of particular
materials. There is mounting evidence which indicates that
the right hemisphere is not strictly lymited to nonverbal
prodessing, for example, Zaidel (1978) using prolonged
stimulation technigues has shown that although tﬁe right
hemisphere is esaentially mute it nonetheless has
considerable comprehension abilities. Further evidence is
provided by the takeover of some language functions by tHe
right hemisphere subsequent to left hemisphere damage and
aphasia (zaidel, 1983). Similarly; it is clear.that the left
hemisphere is not limited to processing only verbally
mediated material. Evidence from split brain studies

indicates that the left hemisphere is'capable of performing
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visuospatial tasks including gestalt completion tests.
(Zaidel, 1983). Attempts to sort out the specialization of
the hemispheres for specific types of tasks is confounded by
a number of issues. The degree of lateralization can vary
considerably between individual subjects, in addition, there
is the possibility of the lesioned hemisphere pathologicélly
inhibiting the normal functioning of the undaﬁaged side.
Nonetheless, our data seem congruent ﬁith the
analytic/holistic dichotomy in that DSB probably requires
verbally mediated, sequential processing which would
preferentiall; engage left hemisphe}e processing, while
KCT-D more likely involves non-verbal, gestalt-like
procesSing which would tend to ehgage right hemisphere
mediation. Further, these data suggest that KCT-D seems to
have some potential for engaging left hemisphere processing.
This may involve either verbal encoding and/or a sequential
component. Thus, relatively poorer performance is found on
DSB with left hemisphere lesio$s and on KCT-D with RP and,
to a lesser extent, with LA lgsibds. b

It may be that regulation of attention is subcorticailg
- mediated and thus the laterality effécts we found could be a
function of material specificity of the tasks employed. This
is the notion that attention may be reéulated by the brain
stem réticular activating system and that the hemisphere
best suited to handle the tésk is preferentiallylactivaped
depending on the demands of the task. Digit span which is

essentially an auditory/verbal task tends to be relatively
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‘

better suited for processiﬁg by thé‘Lﬁ. This is congruent
with our finding that»patiénts with LA iésions‘show a
performance deficit over RA and RP lésion patients on DSB.
Similarly, KCT-D which is considered a
viSuospatial)nonverbal.task'appears somewhat more amenable
to RH processing. Hence, we find that patients)with RP
damage perform poorly on KCT-D. The concept of material
specificity is consistent with the present data. |

It should be noted that, in this study, the concepts of
matérial and modality specificity cannot be ﬁnequivocally
separated as the digit spanwtests.were both audito;y and
verbal, whereas, the block tapping-tests were both visual
and nonverbal. It is of course possible to design verbal
tests which are not auditory in nature as well as non&erbal
tests which are not visual. The findings of De Renzi and
Nichelli (1975) may shed some light\on fhis issue. They used
verbal tests which did not require speech (digit pointing
and picture pointing) in'addition to the digit span and
spatial span (Corsi Blocks) tests. As mentioned in the
introduction, they examined verbal and nonverbal short term
memory impairment following hemispheric damage in patients
grouped according to lesion site and controls. They found
that on the digit span task, and-both of the other verbal
tests not requiriﬁg speech, patients with left hemiéphere
damage were\impaired in comparison to normals, while the
right‘hemisphere damaged group’ were not. Sps:i-l span {Corsi

‘Blocks) was affected by posterior lesions of cither
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hemisphere. Thus it appears that it was the verbal nature of
the material and not the auditory modality which accounts
for the left hemishere deficit. In-light of this evidence,
the best explanation for understanding the findings of the
current research.would be in terms of material specific
~deficits. |

In conclusion, these data provide evidence of material
specific deficits onvmore‘difficult.immediate memory tasks,
with little effect on more simple tasks. The intermodality.
pattern of memory deficits was such that patients with left
~hemisphere lesions showed relative deficits on
auditory/verbal immediate memory while those with RP le51ons
showed relative 1mpa1rment of visuospatial 1mmed1ate memory.
Further, the results for the intragroup comparison of the =~
‘complex verbal and visual tasks provides evidence for the
support of a double dissociation (Teuber, 1955) of function.
That is, an RP lesion produces a relative deficit on KCT-D
but not on DSB, whereas, an LA lesion produces a relative
deficit on DSB but not on KCT-D.

In light of these;findings, suggestions for future
research are in order. In general, research on humans who
rave sustained natural or accidental lesions is inevitably
somewhat imprecise.'Natural lesions rarely, if.ever, follow
the ncat anatomical boundaries delineated by man. However,
the lesion groups could be made more distinct by excluding
all subjects whose brain damage extends across the

. conventionally established boundaries (ie. temporo—pariétal

’

-



or fronto-parietal). In the present study only one such case
was included, however by exéluding these, in future research
unnecessary confounding of the data could be avoided.

These data suggest that the KCT-D may have a component
' ¥

'~

which is amenable to left hemisphere processing, as
evidenced by the relativeiy ﬁoor perfOrmance by patients
with LA lesions on KCT-D. The fundamental nature of this
componénf‘may be éither‘verbal‘or-sgquential./Future
~research could 'tease out' which of ‘'these components is
involved, One strategy for examining the verbal component
may ‘involve filling the delay with a éounting_task. Although
De Renzi et al. (1977) found that £illing the delay with a
distractor task did not change overall performance on the
Corsi Block task it may have an effect on performance of the
"KCT—D. In additidn,:it may be possible to determine whethe;
tﬁe LA group was relatively impaired on KCTfD because of
impaired application of verbal sttétegies by designing a.
test in which they are prévided'with the verbal strategy.
Fo; example, the blocks could have numbers placed oh them
and/or the examiner/codid verbalizg the digits as they>tap
thé‘cS;es. I1f the LA groﬁp is unable to use the verbal
strategy provided.then it is moré likely that their defici£
on the KCT-D was due to the misigplication of, or inability
to use, verbal strategies. I1f, on the other hand, their
performance does_improﬁe.some other explanétion must be
found. Another suggestion involves aevelopihg a second set

of sequences. In the present study the same sequence of
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spans was used for both KCT-I and KCT-D; whereas, a
d1fferent set of digits was used in each of the digit span
tasks, It is thus possible that there was more proactive
interference with the digit.span tests than with the KCT-R
tasks ahd, similarly, thefé may have been a stronger
‘practice effect with‘the cube as opposed to the digit span
tests. By using“two different sets of sSequences for KCT-I
and KCT-D thefpos ibility of ény'practice effects‘would be
reduced and, in addition} any proactive/interferencé would
' affgct botﬁ the/digit‘hnd cube tests equally. The acfual'
response of the patlent could be recorded and then the
pattern of errors could be examined. One flnal suégestlon
for future research 1nvolves restructurlng the KCT-D task
such that the patient would be asked to tap the cubes in the
‘reverse.order tapped by the examiner.:This would make the <>'
task more cognifively.complex as well as hore difficult.‘IE
also may eliminat: the poor performance in patients with LA
lesions by adding a stronger v1suospat1al component In. |
addltlon this mod1f1cat1on would make the KCT-R even more
analagous and hence more comparable to digit span tests.
Having mére analagoué_tesEs would allow fqr-more accurate
 assessment of spatial and verbal immediate memory (attention
_span) deficits in'patients with localized cerebral lesions.
In addition, by cémparing and contrasting pétients abilities
on multiple task§ we may begin ;Q understand the cbmplex

mechanisms which underly higher cognitive functioning.
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