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ABSTRACT Twenty-seven cases of stroke and five normal subjects as control group were studied to see if their
numerical and arithmetical abilities were affected. The tests devised for the cases of strike were aimed at finding out
if the patients having aphasia always have acalculia and vice versa; does occurrence of one indicate the presence of
the other; or do they occur independent of each other. The study also examines if patients having number
recognition problem have anomia, word finding difficulties as well; if number recognition and arithmetical disorders
occur as mutually exclusive, or inclusive problems. The study also aimed at comparing the number recognition and
numerical processing deficit in cases of suffering neurological damage in the left hemisphere with those of suffering
neurological damage in the right hemisphere. Finally the study also reflects the nature of difficulty in handling
numbers and numerical processes in the subjects under study.

INTRODUCTION

Calculation isunderstood as amulti-compo-
nential cognitive function and studies have
shown that the components of this cognitive
function may, sometimes be selectively impaired
(Bailey 2013; Liberman 2002). Anatomicaly it has
been suggested that acalculiais associated with
thelesion of theleft parietal lobe (especially the
Angular gyrus), procedural duscal culiahasbeen
associated with lesion of frontal lobes (Wirz 1995;
Hurford 1987). Researchers suggested that arith-
metic ability isassociated with small number of
foci, with the most significant region located in
theleft inferior parietal |obe (Broadman area of
39 and 40) (Goodglass and Kaplan 1983; De-
haene and Cohen 1995, 1997; Girelli and Delzer
2007; Narang 2008). In 1995, Dehaene and Co-
hen designed amore specific model of neuronal
network known as Triple- Code Model of Calcu-
lation. Their model postul ates three main repre-
sentations of numbersin the brain. A visual Ar-
abic code located to the left and right inferior
occipito-temporal areasof thebrain. It represents
number as the strings of digit. A verbal code
located in the perisylvian area of the dominant
hemisphere. It represents numbers as sequence
of words. A magnitude codeislocated in theleft
right parietal areas of the brain.

One form of the phonological storage hy-
pothesis suggests that arithmetic fact is stored

inthe memory phonologically (Webb 1995; Var-
ley 1997). Thistheory positsthat arithmetic facts
are accessed from memory using a phonologi-
cal representation of the problem. Studies on
brain injury patients provide several insights
into the cognitive processes involved in arith-
metical abilities (Parkin 1996; Levinet a. 1993).
Dehaeneet al. suggested that mathematical fact
knowledge such as overlearned multiplication
table is mediated by language in the left hemi-
sphere, while quantitative processing includes
subtraction and division which is mediated by
the intra parietal sulcus region bilaterally
(Howard 1995; Dehaene and Cohen 1995, 1997).

Most of the recent studies are focused on
the facts retrievals in arithmetical abilities
among the children (Geary et al. 2012; Ritchie
and Bates 2013). The cognitive determinantsin
relation to mathematical skills, that is, adomain
general or domain specific approaches and in-
hibition have been focused of many studies
(Cohenetal. 2013; Niklaset al. 2016; Fuhsand
McNeil 2013; Gilmoreet d. 2013). Monkeys elec-
trophysiological recordings of parietal cortex
shows that neurons on the intraparietal cortex
respond to the objectswhich are presented, and
specific numerosities are aligned to the fundus
of intraparietal cortex. These responses were
mostly in the dimensions of space, time and ob-
ject size but there was no evidence whether the
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numerical responses were different from these
(Landerl et d. 2004; Butterworth 2011). Itisquite
well established from the available studies that
the neurological bases of brain disorders or so
to say acquired disorders do cause learning dif-
ficultiesamong thelearners (Siegler 2011, 2012;
Bailey 2012, 2013). Inthe past two decades, neu-
ral basis of numerical cognition hasbeen signif-
icantly explored in many studies (Menon 2013,
2015). Dehaeneet a. (2003) proposed three dif-
ferent representational codes for numbers and
their neural correlates. However most of the stud-
ies focused on the mathematical operation and
their corresponding neural bases but to see the
brain injury bilingual cases respond to various
learning disabilitiesisof importance. Therefore
the present experimental study aimsto explore
and assess the nature of numerical difficulties
exhibit by the brain stroke cases or some other
kinds of head injury.

Aimsand Objectivesof the Sudy

Disruption in language and/or speech suf-
fered duetoinjury/traumato the brain may lead
to disruption in language and speech in a num-
ber of different ways and the language/commu-
nicative deficit hasbeen identified asoneor the
other of several typesof aphasicsdisorder. Sim-
ilar insult/injury or traumato the brain may also
lead to number recognition and number process-
ing difficultiesaswell. Studies on these types of
disruption in language, speech, numbers and
arithmetical processing in cases of brain dam-
age have actually led to more questions than
answers. The present study seeks to find an-
swersto at least some of those questions which
are tentatively posed as the following:

1 Does occurrence of aphasia in cases of
strokes alwaysimply the numerical and ar-
ithmetical deficit awell? Doesacalculia, the
arithmetical deficit imply the presence of
aphasiaaswell? Or do they sometimes oc-
cur independent of each other?

2. Doesnumber recognition deficit imply the
existence of anomia(word recognition prob-
lem) aswell, and vice versa? Does anomia
(word finding/naming difficulty) oftenlead
to number recognition problem aswell?

3. What isnature of numerical deficitin cases
of LHD as compared to the cases of RHD?

4. What is the nature of correlation, if any,
between LHD/RHD and type of number rec-
ognition and processing difficulties?
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5. How do people of varying degrees of neu-
rological damage score on numerical pro-
cessing tests with increasing complexity?

6. Isthere any kind of hierarchy in process-
ing unary, binary, and multi digits numbers,
and in different arithmetical operations of
addition, subtraction, multiplication and
division?

METHODOLOGY
Subject’sSelection

Out of arandom sample of twenty six cases,
test was conducted on 21 cases of strokes/acci-
dent causing damage to different parts of the
brain and 5 subjects serving as normal control
group. Medical reports reveal that in the LHD
group out of 10 cases, 2 patients had cerebral
stroke, 6 had cerebral tumour and 2 patients suf-
fered braininjury. In cases of | eft and right hemi-
sphere damage, 3 are stroke patients and other 3
patients had brain tumour and head injury; and
in RHD group 3 stoke patients and in case of
other two patients, the brain damage is due to
head injury or brain tumour. All of them were na-
tive speakers of Arabic language and know En-
glish aswell. All these subjects were patientsin
the Neurogical Research Center and QRH Medi-
cal College. The brain lesion of these subjects
was confirmed either by CT scan or by MRI scan
from which this information was procured with
the help of medical expertsin the hospital.

The test consisted of two components, one
to identify if the patients suffered from aphasia/
anomiaor not, and the other, amore detailed num-
ber test, graded according to the level of com-
plexity involvedin the arithmetical operation.

Based on theinformation given intheir med-
ical recordsthe subjectswere categorized ininto
three groups:

1 Left Hemisphere Damage, LHD 10 cases

2. Right Hemisphere Damage, RHD 5 cases

3. Leftand Right Hemisphere Damage, L and
RHD 6 cases

Themedical history of all the subjectsisgiv-
eninAppendix 1.

Test Procedure

An Aphasia language test along with grad-
ed number test was performed on each of them
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to test their language as well as number deficit.
The language test was designed especially for
the Arabic language with focus on language
deficit in production, comprehension, picture
naming as well as in recognition of numbers.
Various aphasia test batteries were examined.
BADE and WAB, and also Minnesota Test but
as is always the case, the adaptation of a test
meant for English language to an Arabic lan-
guage and Arabic culture leadsto major gapsin
the test results. Adaptation of test for Arabic
language as discussed el sewhere by the author,
in effect leads to developing an entirely new
test battery.

Since the present study is focused on acal-
culiaand numerical operationsrather than apha-
sia and its subtypes, it was decided to follow
“modular” approach and conduct the 1% module
inall the cases and 2™ subsequent modulesonly
if need be. Just to be able to say if the patients
has aphasiaor not the following unitswere used
(asdeveloped for speakers of Arabic language).
A. Auditory Verbal Comprehension

(D No. of units6; 2 marks each; total marks

(@ No. of units 28; 2 marks each; total marks

B. Written Comprehension
(3 No. of units 32; 2 marks each; total marks

C. Serial Writing (incl. numbers):
(4 Noof units20; onemark each; total marks

D. Dictation of numbers
(5) No of units 2; 5 marks each; total marks

E. Word picture matching and word finding

Table 1: Structure of Number test

15
(6) Noof Units11; 2 markseach; total marks
2

Total marks allotted to this part of the test
were: 184.

Number test section consists of addition,
subtraction, multiplication and division. Thedis-
tribution of corresponding marks for each unit
insingle, doubleand triple digitssumsare shown
in Table1.

Scoring

For each language test two points were giv-
en for every correct response. Responses were
expected at | east in two communicative modali-
ties. Onemark isgivenif the subject responded
in one modality only. Similarly in number test
two points were marked for each correct re-
sponse, for verbal and gestural response one
point and for written response two points were
given.

Two test items nos. 4 and 5 serial number
test and dictation of numbers test can be inter-
preted for language ability aswell asthe mathe-
matical performance of each case. Three differ-
ent test scores are presented serially. Altogeth-
er seven tables are made to show the percent
scores on language and mathematical tests for
each case. Eachtablerepresentsthe overall lan-
guage ability scorewith comprehension and pro-
duction scores marked separately. Thethird col-
umn shows the overall language ability includ-
ing al the scores of language tests. The overall
mathematical scoreisfurther added in thetable
to show the overall mathematical deficit that
occursin different subjectswith injury to differ-
ent parts of the brain. Scores of each group in

Unary Binary Triple digit

No. of No. of No. of No. of No. of No. of

units marks allotted units marks allotted units marks allotted
Addition 6 12 8 16 8 16
Subtraction 6 12 8 16 8 16
Multiplication 6 12 8 16 8 16
Division 6 12 8 12 8 12

No. of units No. of marks allotted

Tables (Addition and Multiplication) 6 60
Sample Arithmetical Exercise 7 28




16

language as well as number tests are compared
across groups.

Analytical Procedures

Out of various software’s available for the
statistical analysis, SPSS (Statistical softwarefor
social sciences) isused for the statistical analy-
sis of the datain the present study, SPSS offers
astatistical tool called ANOVA (Analysisof the
Variance) testsfor the statistical analysis of the
given data. ANOVA isthe appropriate technique
for analyzing continuous variables when there
are three or more groups to be compared. Anal-
ysisof variance, or ANOVA, isthe standard tech-
niquefor qualifying and positioning samplevari-
ance in experimental data. Both ANOVA tools,
One-way and Two-way are powerful and user-
friendly. For the present study, one-way ANO-
VA has been used.

ANOVA test givestheresultsin the form of
the tables. The table of descriptive statistics
gives the mean, standard deviation and stan-
dard error. This table also provides the confi-
dence intervals and intervals upon which error
bars were based. Another important part of the
output isasummary table of Levene'stest. This
test isdesigned to test the variance of the groups
which arefound to bethe same. If Levene'stest
issignificant (that isthevalue of significanceis
lessthan 0.05) then we can say that the variance
issignificantly different. SPSS output showsthe
main ANOVA summary. Thetables are divided
into between group effects (effects due to the
experiment) and within group effects (thisisthe
unsystematic variation in the data). The between
group effect isthe overall experiment (the effect
of the gender on formant frequency, fundamen-
tal frequency and the duration of the vowel).
The sum of squaresfor the modal representsthe
total experimental effect whereas the mean of
squares for the modal represents the average
experimentd effect. Therow labelled within group
givesdetailsof the unsystematic variation with-
in the data. The table tells us how much unsys-
tematic variation exists (the residual sum of
squares). It then gives the average amount of
unsystematic variation, the residual mean
squares. The test of whether the group means
arethe sameisrepresented by the F-ratio for the
combined results of the group effect. Finally the
SPSStellsuswhether thisvalueislikely to have
occurred by chance. The final column labelled
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significanceindicateshow likely itisthat an F-ratio
of thesizewould have occurred by chance. Social
scientistsuse acutoff point of .05 astheir criterion
for statistical significanceand the same cut off has
been used for the present study (Table 1).

DataElicitation
Language Test Results

The overall results of normal control group
shows that participants' cognitive abilities are
not affected and are preforming well in thetasks
(see Table 2). The language test results of the
other groups showed that there was aclear divi-
sion between two broad groups; the LHD and
RHD whereas 5 cases of RHD consistently
scored anywhere in the range of 95 to 100 per-
centin different test units. Two personswereillit-
erate and did not attempt the written part. Hence
71 percent score in one section (see Table 3).

Table 2: Overall results of normal control group:
Percent scores

S Language ability test
No.

Subjects 1L 60 2L 28 3L 184
22 GB 100 100 100
23 DS 100 100 100
24 G 100 100 100
25 HB 100 100 100
26 MBH 100 100 100

Table 3: Overall results of language test: RHD
group

S Language ability test
No.

Subjects 1L 60 2L 28 3L 184
5 ARK 100 100 100
6 MCT 100 100 100
7 DB 100 100 100
13 D 100 100 100

LHD groupsshowed alot morevariation. The
third group suffering LHD and RHD also showed
varied resultsin language tests. One more group
of three patientswith LHD had to be nearly sam-
pled out because of their severe aphasic condi-
tions. They did not respond to any section of
the test at all. Two subjects with LHD did not
show any language deficit at al. This made an-
other group “LHD with non-aphasia’ and the
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remaining five cases of “LHD with aphasia”
made the third group for comparison (see Table
4).

Table 4: Overall results of language test: LHD
group

S'\.l Language ability test
0.

Subjects 1L 60 2L 28 3L 184
LHD with Severe Aphasia
23 DS 100 100 100
24 GS 100 100 100
25 HB 100 100 100
LHD with Aphasia
1 KHB 27 11 27
2 BD 100 0 53
3 Ab 100 50 58
9 BN 100 0 48
11 DCH 95 76 60
LHD with Non-aphasia
8 PCD 100 100 100
12 RMB 100 100 100

Language test results in cases with L and
RHD consistently pointed towards aphasic con-
ditionsvarying from mild to severeto extremely
severe, with two patients in the last category
not responding to any test item at all. The other
four cases al'so showed that cases at serial no.
10to 16 with practically O percent scoresin pro-
duction and 50-100 percent in comprehension
had to be kept in aseparate group (See Table 5).

Table 5: Overall results of language test: L and
RHD groups

S Language ability test
No.

Subjects 1L 60 2L 28 3L 184
LHD and RHD Extremely Severe
17 GM 0 0 0
18 MCR 0 0 0
LHD and RHD Severe
10 AH 100 0 50
16 SMG 50 0 24
LHD and RHD Mild
8 M 100 50 61
12 MB 100 100 72

L anguageand Number Recognition
Test Results

Serial number writing and dictation of num-
ber test (column no. 4) also show similar results.
RHD group performs much better than LHD or L
and RHD groups. LHD and L and RHD groups

show similar performancewith an average of 16.6
percent and 16.5 percent scorein serial number
and dictation of number test.

Number Test Results

Overall three groups selected for compari-
son of their overall language scores and number
test scores are — LHD with aphasia, RHD, and
LHD + RHD group (Tables6, 7, 8,9and 10). The
average scores are presented for ageneral com-
parison bel ow:

Coming to the numerical deficit wefind that
generally speaking performance of RHD group
is better than the other two groups with the av-
erage of 61 percent in number test 1, 61 percent
in number test 2 and 52 percent in number test 3.
RHD score in number test is lower than the
scores of the same group in the language ability
test (see Table 8). There are two reasons for it.
Oneisthat the case no. 14 (SCH) is completely
illiterate, never had any formal education. So she
could not write any of the number tests. Be-
cause of her zero percent score the average per-
centage has come down. The other reason is
that the RHD group shows generally lower level
of cognition asaresult of stroke and braininju-
ry. Three cases out of five in this RHD group
show mathematical deficit although they have
no sign of Aphasia. Case no. 14 (SCH) who is
illiterate could not perform the number test even
verbally. So her score in number test 1 whichis
single digit test is only 19 percent and in the
binary digit test it is only 2 out of 88 percent.
Case no. 5 (ARK) and case no. 13 (SD) in the
same group show scoresin the range of 50 to 60
percent depending on the complexity of thetest,
(unary number test, binary number test and tri-
ple digit number test). These three cases out of
total five RHD cases show that there can be
numerical / arithmetical deficit without aphasia.

Number test scores of all the three groups
show that generally speaking single digit arith-
metical operations are easier to handle and ar-
ithmetical operations becomes difficult to han-
diefor casesof braininjury with increasing com-
plexity of numbers (see Tables 7, 9 and 10). All
the three groups show better performancein test
number 1 (single digit test) and these groups
score the minimum marksin number test 3 (see
Tables 7 and 9). LHD with aphasia and L and
RHD groups both show better results in lan-
guage ability test and poor performance in the
number tests (see Table 10).
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Table 6: Average scores of the three groups: LHD with aphasia, RHD and Land RHD

Compre- Production Overall Serial No. No. No. No.
hension ability language writing and test 1 test 2 test 3
ability ability (Incl. writing) no. dictation

LHD with aphasia 84.4 27.4 49.2 16.6 27.4 9 3
RHD 100 100 92.4 65.8 61 61 52
L and RHD 87.5 37.5 51.75 16.5 17 8 0
Table 7: Language and number test results in control group
S. Language ability test Number test
No.

Subj. 1L 60 2L 28 3L 184 4L N30 5N 80 6N 88 7N 88 8N 286
22 GB 100 100 100 100 100 100 100 100
23 DS 100 100 100 100 100 100 100 100
24 GS 100 100 100 100 100 95 95 97
25 HB 100 100 100 100 100 91 100 97
26 MBH 100 100 100 100 100 100 100 100
Table 8: Language and number test results in RHD
S. Language ability test Number test
No.

Subj. 1L 60 2L 28 3L 184 4L N 30 5N 80 6N 88 7N 88 8N 286
5 ARK 100 100 71 33 51 50 40 46
6 MCT 100 100 99 63 100 93 84 93
7 DB 100 100 100 100 75 95 100 92
13 D 100 100 100 100 60 64 36 57
Table 9: Language and number test results in LHD
S. Language ability test Number test
No.

Subj. 1L 60 2L 28 3L 184 4L N 30 5N 80 6N 88 7N 88 8N 286
LHD with Severe Aphasia
19 BK 0 0 0 0 0 0 0 0
20 NG 0 0 0 0 0 0 0 0
21 DN 0 0 0 0 0 0 0 0
LHD with Aphasia
1 KHB 27 11 27 33 8 0 0 6
2 BD 100 0 53 0 25 0 0 7
3 AB 100 50 58 17 49 30 7 27
9 BN 100 0 48 0 24 15 8 14
11 DCH 95 76 60 33 31 0 0 2
LHD with Non-aphasia
8 PCD 100 100 100 100 100 91 100 97
12 RMB 100 100 100 100 100 100 100 97

M ean Per centage of Correct Responses
in Subjects

In order to show the mathematical perfor-
mance of each group separately, the mean per-
centage of correct responses for each subtest is
counted and tabulated accordingly. The table
below represents the mean percentage of cor-
rect response of each group in various arithmet-
ical subtests and an attempt has been made to

show the multiple comparisonsamong al groups
(seeTable 11).

Number Test Resultsin Arithmetical
Operations

The comprehensiveresult in Table 11 shows
the percentage distribution of the scores in all
the arithmetic tasks. Group A, D, E and F are
selected for comparison among the different
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Table 10: Language and number test results in L and RHD
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S. Language ability test Number test
No.
Subj. 1L 60 2L 28 3L 184 4L N30 5N 80 6N 88 7N 88 8N 286
LHD and RHD Extremely Severe
17 GM 0 0 0 0 0 0 0 0
18 RCR 0 0 0 0 0 0 0 0
LHD and RHD Severe
10 AH 100 0 50 0 9 0 0 2
16 MG 50 0 24 0 6 0 0 2
LHD and RHD Mild
8 M 100 50 61 33 20 0 0 9
12 MB 100 100 72 33 33 32 0 28
Table 11: The mean percentage of correct responses in arithmetical tasks in different groups
Tasks Total LHD (10 cases) RHD L and RHD NC
marks (5 cases) (6 cases) (5
A B C D E F G cases)
Number
Recognition  Serial number writing 20 25 100 0 79 50 0 0 100
Dictation numbers 10 0 100 0 60 0 0 0 100
Addition Unary number 12 41.6 100 0 80 50 20.8 0 100
Binary number 16 8.7 100 0 67.5 25 0 0 100
Triple digit number 16 6.2 100 0 65 25 0 0 100
Subtraction  Unary number 12 35 100 0 80 41.6 16.6 0 100
Binary number 16 7.5 100 0 70 25 0 0 100
Triple digit number 16 7.5 100 0 65 25 0 0 100
Multiplication Unary number 12 43.3 100 0 50 25 4.1 0 100
Binary number 16 16 100 0 45 0 0 0 100
Triple digit number 16 2.5 100 0 36.2 0 0 0 100
Division Unary number 12 30 100 0 50 0 4.1 0 100
Binary number 12 6.6 100 0 50 0 0 0 100
Triple digit humber 12 0 100 0 45 0 0 0 100
Tables Addition table 40 10 75 0 50 25 0 0 100
Multiplication table 20 0 100 0 50 25 0 0 100
Simple Arithmetical Exercises 28 8.5 71.4 0 55.7 10.7 0 0 71.4

A = LHD with aphasia (5); B = LHD with non-aphasia (2); C = Severe LHD (3); D = RHD (5); E = L and RHD mild
(2 cases); F = Severe L and RHD (2); G = Extremely Severe L and RHD (2); NC = Normal Control Group

specific cases. Addition test resultsfor LHD with
aphasia, LHD with non-aphasia, Severe LHD and

Table 13: Subtraction test

RHD casesare shown below in Table 12. Similar- A D E F
ly subtraction, multiplicationand divisionresults  ynary number 35 80 41.6 16.6
are also compared for all the four groups (see  Binary number 75 70 25 O
Tables13, 14, 15). Triple digit number 75 65 25 0
Table 12: Addition test Table 14: Multiplication test

A D E F A D E F
Unary number 41.6 80 50 20.8 Unary number 42.3 50 25 4.1
Binary number 8.7 67.5 25 0 Binary number 16 45 0 0
Triple digit number 6.2 65 25 0 Triple digit number 25 36.2 0 0

Addition Tests Results

1 Theperformance of the RHD groupisdef-
initely better than the other groups.

2. Theperformance of RHD group iscompa-
rablewith L and RHD groupin case of sin-
gle number addition.
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Table 15: Division test

A D E F
Unary number 30 50 0 4.1
Binary number 6.6 50 0 0
Triple digit number 0 45 0 0

3 LHD and adso L and RHD groups show

different degreesof deficitin handling two
digits and three digit numbers. Thisisre-
lated to severity of the case.

Subtraction Test Results

1 Theperformance of the RHD group isdefi-

nitely better than the other three groupsin
some pointsand it isaso comparable with
theresult of the samegroupin addition test.
Performanceof LHD and L and RHD groups
isalso comparablein serial number writing
and dictation of number test. These scores
are also comparable with the scores in
Addition test. Depending on the severity
of the case the number deficit in generally
moreinthetwo and threedigit numbersas
compared to single digit numbers.

Multiplication Test Results

1 The performance of RHD group is defi-

nitely better in multiplication in compari-
son with the other three groups.

The performance of al three groups in
multiplication test shows agreater deficit
as compared to their respective perfor-
mancesin Addition and Subtraction tests.
The scores generally correspond with the
severity of the case. For example LHD and
L and RHD cases show 0 to 2.5 percent
scoreinthreedigit multiplications.

Intwo digit multiplication, the performance
of LHD cases (16%) is better than two
groups of L and RHD with zero percent
score.

The performance of different groups in
single unit multiplication test shows in-
teresting figures. RHD group single digit
multiplication scoreis50 percent and LHD
group shows 43 percent score, L and RHD
group (mild shows 25% score) and L and
RHD severe group shows 4.1 percent
average score. The hierarchy of L and
RHD severeto L and RHD mildto LHD
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to RHD asthe most effected to the least,
isinteresting.

5. Multiplicationisonearithmetical exercise
which shows deficit in case of injury to
different parts of the brain, left or right or
both, even in single digit operation.

Division Test Results

1 Asseenin other mathematical operations
the performance of RHD group is better
than all the three other groupsin division
aswell.

2. AsfarasLHD andL and RHD groupsare
concerned three digit division isthe most
difficult asall of them are showing O per-
cent score.

3 Incaseof twodigit divisiontest theL and
RHD group again shows 0 percent score
whereas L and RHD groups show a mar-
ginal improvement of 6.6 percent score.

4. Themost interesting results are obtained
insingledigit operation, whereL and RHD
group shows the lowest score 0 to 4.1
percent in mild and severe (mild group is
showing 0%). LHD group shows 30 per-
cent score in single digit division test in
comparison with a score of 50 percent in
the sametest for RHD groups.

5. Perhapsdivisionisone mathematical op-
eration, which shows the greatest deficit
in the LHD and L and RHD groups. In
RHD group, the deficitindivisionisnear-
ly the same asthat in multiplication.

6. Another point that can be made on the
basis of thisresult isthat, LHD and RHD
cases show similar deficit even on single
digit division depending on severity of
the case. These results are reinforced by
the comparison of the scores of these four
groupsin other exerciseslike addition and
multiplication tables.

SPSS output for correlation between the def-
icits of various mathematical operationsin the
groups A, D, E and F are consolidated in the
given below (see Table 16).

RESULTS

The correlation table showsthat the correla-
tion between all the arithmetical operations is
significant for Group A with significance value
above .05. In case of Group D the correlation
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Table 16: Deficit correlation between the groups
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Correlation Gp A GpD GpE GpF

add/sub Insignificant Insignificant Insignificant Insignificant
add/multi Insignificant Significant Insignificant Insignificant
add/div Insignificant Significant Significant Insignificant
sub/multi Insignificant Significant Insignificant Insignificant
sub/div Insignificant Significant Insignificant Insignificant
multi/div Insignificant Insignificant Insignificant Insignificant

between Addition and Subtraction and the cor-
relation between Multiplication and Divisionis
insignificant whilethe correlation is significant
for therest of thearithmetical operations. In case
of Group E the correlation issignificant only for
addition and division whilethe correlationisin-
significant for therest of the arithmetical opera-
tions. For group F the correlation is insignifi-

cant for all thearithmetical operations (see Table
1).

L anguageand Number Test Results
Tables 17, 18 and 19 give the statistically

significant correlation between the results of lan-
guage deficiency tests and the damaged parts

Table 17: Overall results of normal control group: Percent scores

S. Language ability test Number ability test
No.
Subj. 1L 2L 3L 4LN 5N 6N 7N 8N
60 28 184 30 80 88 88 286
22 GB 100 100 100 100 100 100 100 100
23 DS 100 100 100 100 100 100 100 100
24 GS 100 100 100 100 100 95 95 97
25 HB 100 100 100 100 100 91 100 97
26 MBH 100 100 100 100 100 100 100 100
Table 18: Overall results of LHD group: Percent scores
S. Language ability test Number ability test
No.
Subj. 1L 2L 3L 4LN 5N 6N 7N 8N
60 28 184 30 80 88 88 286
1 KHB 27 11 27 33 8 0 0 6
2 BD 100 0 53 0 25 0 0 7
3 AB 100 50 58 17 49 30 7 27
8 PCD 100 100 100 100 100 91 100 97
9 BN 100 0 48 0 24 15 8 14
11 DCH 95 76 60 33 31 0 0 12
12 RMB 100 100 100 100 100 91 100 97
19 BK - - - - - - - -
20 NG - - - - - - - -
21 DN - - - - - - - -
Table 19: Overall results of LHD and RHD group: Percent scores
S. Language ability test Number ability test
No.
Subj. 1L 2L 3L 4LN 5N 6N 7N 8N
60 28 184 30 80 88 88 286
4 M 100 50 61 33 20 0 0 9
10 AH 100 0 50 0 9 0 0 2
15 MB 100 100 72 33 33 32 0 28
16 SMG 50 0 24 0 6 0 0 2
17 GM - - - - - - - -
18 MCR - - - - - - - -
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of the brain. The table contains the results of
ANOVA and Post Hoc Tests.

Table 20 clearly showsthat the number defi-
ciency and language deficiency relations are
samein case of control group and RHD, control
group and LHD, control group and RLHD and
LHD and RLHD whilethe number deficiency and
language deficiency relations are different in
case of RHD and LHD and RHD and RLHD.

LHD = Left hemisphere damage

RHD = Right hemisphere damage

RLHD = Left and Right hemisphere

1L = Language Comprehension Test

2L = Language Comprehension ability

3L =Overal languagetest including 1L and
2L, other tests word/pic naming etc.

4LN = Serial Number writing and dictation of
numbers

5N4 = Number test 1

DISCUSSION

The performance of the RHD group is defi-
nitely better than the other three groupsin prac-
tically all thethreetypes of operations. The per-
formance of RHD group is comparable with L
and RHD group in case of single number addi-
tion. LHD group and also L and RHD groups
show different degreesof deficit in handling two
digits and three digit numbers (see Tables 12,
13, 14 and 15). This hypotheses regarding
“+ Aphasia; +_Acdculia’ performanceof LHD
and L and RHD groups is also comparable in
serial number writing and dictation of number
tests. These scores are also comparable with
the scores in Addition test. Depending on the
severity of the case, the number deficit isgener-
ally morein the two and three digit numbers as
compared to single digit numbers. The perfor-
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mance of RHD group isdefinitely better inmul-
tiplication in comparison with the other three
groups. The performance of all three groupsin
multiplicationtest showsagreater deficit ascom-
pared to their respective performancesin Addi-
tion and Subtraction tests. The scores generally
correspond with the severity of the case. For
example LHD and L and RHD cases show 0 to
2.5 percent score in three digit multiplications.
(Needs further examination with new series of
specialy designed tests). In two digit multipli-
cation, the performance of LHD cases (16%) is
better than two groups of L and RHD with zero
percent score. The performance of different
groupsin single digit multiplication test shows
interesting figures. RHD group in single unit of
multiplication scoreis50 percent and LHD group
shows43.3 percent score, L and RHD group (mild
shows 25% score) and L and RHD severe group
shows 4.1 percent average score. Thishierarchy
of L and RHD severeto L and RHD mildtoLHD
to RHD, asfrom the most effected to theleast, is
interesting and needs further study with detailed
study of medical and recuperative history. Multi-
plicationisonearithmetical exercise, which shows
deficit in case of injury to different parts of the
brain, even in single digit operations.

Asseenin other mathematical operationsthe
performance of RHD group isbetter than all the
three other groupsin division aswell. Asfar as
LHD and L and RHD groups are concerned three
digit division and two digit division test is the
most difficult as al of them are showing zero
score. The most interesting results are obtained
insingledigit operation, where L and RHD group
showsthe lowest score 0to 4.1 percent inmild
and severe (mild group is showing 0%). LHD
group shows 30 percent score in the same test
for RHD group. Thisisagain independent of the

Table 20: Statistically significant correlation between the results of language deficiency tests and the

damaged parts of the brain

Deficiency Control group Control group  Control group RHD and RHD and LHD and
and RHD and LHD and RLHD LHD RLHD RLHD
1L Insignificant Insignificant Insignificant Insignificant Insignificant  Insignificant
2L Insignificant ~ Significant Significant Significant Significant Insignificant
3L Insignificant ~ Significant Significant Insignificant Significant Insignificant
4LN Insignificant  Significant Significant Insignificant Significant Insignificant
5N Insignificant ~ Significant Significant Insignificant Insignificant  Insignificant
6N Insignificant  Significant Significant Significant Significant Insignificant
7N Insignificant ~ Significant Significant Insignificant Significant Insignificant
8N Insignificant  Significant Significant Insignificant Significant Insignificant

6N = Number Test 2; 7N = Number Test 3; 8N = Overall results of Number tests
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aphasic condition. Perhapsdivision isone math-
ematical operation, which shows the greatest
deficit in the LHD and L and RHD groups. In
RHD group thedeficit in division ability isnear-
ly the same as that in multiplication.

The correlation between control group and
RHD interms of language and number abilities
isinsignificant throughout, that is, insignificant
for all the 8 tests. Insignificant here means that
thevaueof significancein ANOVA test isabove
.05. The correlation between control group and
LHD in terms of language and number abilities
isinsignificant only for 1L, that is, Language
Comprehension Test whilethiscorrelationissig-
nificant for the rest of the language and number
ability tests because the value of significance
given by ANOVA test islessthan .05. The corre-
|ation between control group and RLHD interms
of language and number abilitiesis also insig-
nificant only for 1L, that is, Language Compre-
hension Test whilethiscorrelationissignificant
for rest language and number ability tests be-
cause the value of significance given by ANO-
VA test isless than .05.

The correlation between RHD and LHD in
terms of number and language ability issignifi-
cant only for language production ability, that
is, 2L and Number Test 2, that is, 6N. The corre-
lationisinsignificant for all therest of the num-
ber and language ability tests. The correlation
between RHD and RLHD intermsof number and
language ability tests is insignificant for lan-
guage comprehension test, that is, 1L and num-
ber test 1, that is, 5N while the correlation is
significant for al therest of the number and lan-
guage ahility tests. The correlation between LHD
and RLHD intermsof number and language abil-
ity testsisinsignificant for all because the value
of significance given by ANOVA test were more
than .05 for all the tests.

Table 21: Scores (in percent) in these tests

Number Recognition and Wor d/Picture
Recognition

The overall scores of language tests, that is,
184 includesthe marksfor serial number writing
test (20), number dictation test (10) and word
picture matching, picture naming tests (22).
Scores of different groups of cases for these
tests were also compared separately to find out
if those having number recognition/word/pic-
turerecognition (Anomia) also had number pro-
cessing difficulties (Acalculia) and vice versa.

While these cases continue to be under
study for anomia as well as acalculia, number
recognition abilitiesaswell as number process-
ing abilities, this brief comparison across groups
shows that number processing deficit may be
present in LHD aswell asin casesof RHD irre-
spective of the existence or non-existence of an
aphasic condition.

While the question of number recognition
through auditory perception and/or visually
through written medium and number processing
abilities all may need further examination with
focus on ‘localization’ hypotheses, the follow-
ing casesare of special interest sincethey throw
further light on the question of aphasia, anomia
and acalculia in cases of damage to different
parts of the brain.

Two cases of RHD (A5 and A14) score 100
percent in word finding test and score less than
20 percent and 5 percent respectively in number
tests. These are the two cases where we can say
with certainty that thereisno ‘anomia’, not much
problem with number recognition, but definitely
number processing deficit asindicated by their
scores in number tests (5% and 20%). In L and
RHD cases, A15 gets 100 percent in picture
matching and picture naming but 27 percent in
number tests; A16 scores 51 percent in word

Serial number Dictation of Word/pic Number tests
writing 20 numbers 10 matching 22 256

RHD Average of 10 cases 90% 80% 100% 93-100% 7 cases
1 case 50% (no writing)
2 cases score less than 5%

2 cases (no response) - - - -

L and RHD

A-15 50% 0% 100% 27%

A-16 0% 0% 51% 2%

2 cases (no response) - - - -

LHD 2 cases (no aphasia, no acalculia) 100% 100% 100% 100%

7 cases (averages) 25% 0% 88% Less than 10%
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picture matching and picture naming tests. The
same person scores only 2 percent in number
processing. Hence these two cases of neuro-
logical damagein both the hemisphere also show
that anomiaand acal culia can exist independent
of each other; and al so that recognition of num-
bersand recognition of objects/namesfrom pic-
tures may also involve separate independent
processing. This certainly needs further test-
ing. Seven cases of LHD have aphasia and nu-
merical deficit. Some of them still scorewell in
word finding and picture naming tests, that is,
no anomia and yet there is acalculia; score 5
percent and 55 percent shows much less of ano-
mia, but seriousdifficultiesin numerical process-
ing (see Table 21).

Brain imaging studies showed that less ac-
tivefrontal and parietal brain areas causes defi-
cit in the mathematical cognitive abilities (Ku-
cianetal. 2006). Caseswith dyscal culiaal so show
difficulties in other cognitive tasks related to
these areas. There is no dearth of studiesyield-
ed ample insights into the cognitive structure
and the related neural systems that suggest in-
sights into the fundamental deficits of dyscal-
culia(Dehaene and Cohen 1995, 1997; Girelli et
al. 1996; Hittmair-Delazer et al. 1995; Levinet d.
1996; Temple 1991; Geary et al. 2000). Though
thetwo dimensionsare not linked, the arithmetic
deficit is associated with the cognitive deficit
among the cases with learning disability (Ge-
schwind et al. 1987; Geary 1993). Thereisalarge
scale study available that suggest that the num-
ber of children affected by AD in school age
population is quite similar to the children with
dyslexia or reading disabilities (Gross_Tsur et
al. 1996). Variousresearch works have suggest-
ed the nature of understanding and production
of numbersamong the normally devel oping chil-
dren is quite different from the ones with brain
injury (McCloskey and Macaruso 1995). It is
quite evident that comprehension and produc-
tion of numbers is facilitated by the ability to
process verbal dictations (especially represen-
tations of numbersin Arabic) (Dehaene 1992).
Caseswith LHD show difficultiesinlexical ac-
cess (stating the number word when close to
correct number word) and number syntax (dif-
ference number system in different languages).
However number comprehension deficits is
sometimesrelated to theinferior parietal cortex
of either hemisphere (Temple and Posner 1998).

MOGBEL AID K. ALENIZI

Number production and comprehension
skillshave not been systematically inAD, espe-
cially theadultswith braininjuries. The present
data reveals that RHD group of subjects per-
form much better than the other groupsin num-
ber test 1 whereas LHD and L and RHD scored
somewhere similar which suggests that RHD
cases are more appropriate to respond to the
interventions than the cases with damage in the
other hemispheres. In production skill, RHD is
much ahead and respond very well to the test
whereasL and RHD and LHD very poor. Similar
trend isobserved in the overall language ability
including writing. In number dictation, RHD is
way ahead intermsof scorethat LHD and L and
RHD groups scored. Addition test result reflect
that LHD and L and RHD groups show different
patterns of two to three digit numbers but that
depends on the severity of cases. Mild L and
RHD and severe | and RHD show significant
differenceintheir dealing with single and multi-
pledigit addition activity; thoughinsingledigit
operationsthereissignificant difference but the
severe cases could not even do the binary and
triple digit operations. However there is some-
thing very significant to noticeisthat LHD with
aphasia cases have poorly scored in binary and
triple digit operations across the mathematical
operations (like addition, subtraction, multipli-
cation. division). In language ability test and
number ability test, it could be seen that both
LHD and RHD performed better in the former
test whereas not latter test.

CONCLUSION

Thus, the study shows that RHD group per-
forms better that the other group in terms of
operationslike multiplication, addition, and sub-
traction. L and RHD groups show that the se-
verity of their cases affects addition skillswhen
it comes to two to three digits. They are found
to perform better insingledigit cases. LHD and
L and RHD groupsexhibit greater deficit in mul-
tiplication than addition and subtraction opera-
tions. In two digit multiplication operations L
and RHD group perform very poor this shows
their severity of cases. However, both LHD and
RHD exhibit number processing deficit, interms
of presence of aphasic and non-aphasic condi-
tions. In terms of picture matching and picture
naming abilities, L and RHD cases exhibit that
anomiaand acal culia exist independent of each
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other. LHD cases show serious difficultiesinin
numerical processing but their scores are quite
encouraging in word finding and picture nam-
ing tests. However thereisno anomiaor number
recognition ability found in RHD cases but num-
ber processing deficit is definitely indicated by
the low scoresin the respective tests. Neuroim-
aging studies on abigger samplewould add sig-
nificantly to the understanding of the brainwhich
eventually will help in finding the appropriate
intervention techniques and tools.

RECOMMENDATIONS

The following recommendations are pro-
posed in order to improve upon the current in-
terventions programs or design new programs:

1 The data supports that the educators in-
volved in special educational needs
should be particular about the cases clini-
cal background also before designing the
intervention tools and techniques.

2. Braininjuriesindifferent partsof thebrain
affect differently the cognitive abilities so
the RHD cases’ intervention methodswill
beentirely different from the onesof LHD
and L and RHD cases.

3. More complex operations are not pro-
cessed easily so these are expected to be
implemented at the much later stage when
the subjects are very comfortable with the
simple operations.

4. LHD and L and RHD cases require much
patient approach towards the devel opment
of robust interventions.

5. New software and apps should be used to
encourage simple mathematical operations
so that they are motivated to try more com-
plex onesaswell.

6. Multisensory techniques need to be used
whileworking on number recognition and
production skills.

7. Educators should also be particular about
the cultural and linguistic background of
the cases.
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APPENDIX 1

The subjects and their medical details

S. No. Case Medical history

1 A 145/M/Irh/LHD Left putaminal haematoma with extension into the left fronto-temporal
and periventricular region and intraventricular extension with mass
effect

2 A 362/M/Irh/LHD Subcute infarct in the left basal ganglia, Head of Caudate Nucleus and
periventricular region with mild mass effect

3 A 469/M/Irh/LHD Lacunar infarct in the genu of the Left Internal Capsule, Posterior Limb
of the Right Internal Capsule, Bilateral Frontal and Left Parietal
Preventricular regions

4 A 870/M/Irh/ILHD Left pontine sub acute infract

5 A 1067/M/rh/LHD Hyperdense blood density lesion of maximum cross sectional dimension
of 53x 2.1cm and having a blood fluid level within it and with peri
lesional edema is noted involving the left capsular area, insular cortex,
and extending upto the periventricular and the high parietal region.
Small hypodense lesion of alternation in right lentiform nucleus,
external capsule and thalamus.

6 A 1165/M//rh/LHD Large gliotic area noted involving the left temporo occipital region
connecting with the occipital horn of left lateral ventricle

7 A 1223/M//rh/LHD Subacute SDH over left fronto temporo perital occipital convexities
with compression of left lateral ventricle and midline shift of 0.5 cm.

8 246/M//rh/LHD Hematoma head of the left caudate nucleus with mass effect an extension
onto the entire ventricular system. Cerebral atrophic changes with
periventricular leukomalaia

9 A 944/M/Irh/LHD Left fronto-temporal monongiomaa

10 A 564/M//rh/RHD Lacunar infarct in the right frontal lobe and the genu of corpus callosum

11 A 679/M//rh/RHD Lacunar infract in the right frontal lobe and the genu of the corpus
callosum

12 A 762/M//rh/RHD Right basal ganglia haemaota with minimal effect

13 A 1350/M//rh/RHD The white matter differentiation of the brain. Parenchyma is noted
without any foci of altenation. Whether Cerebral Sulci and gyri are
normal. Ventricular system, basal cisters, Posterior fossa contents are
normal. Bony calvarium is intact and Seller and Suprasellar areas are
normal.

14 A 2279/M/Irh/IRHD NA

15 A 2356/M//Irh/RHD NA

16 A 2468/M/Irh/RHD Na

17 A 2656/M/Irh/RHD Na

18 1465/F//rhiIRHD Large heterogenous blood density measuring 2.8 x 1.9 cm with peritoneal
edema invading right thalamus, Basal Ganglia Capsular region and
extending to the periventricular region causing compression of occipital
horn ipsilateral lateral ventricle

19 A 1975/F//rh/RHD NA

20 A 2055/F//rh/RHD NA

21 A 2130/F/rh/RHD NA

22 A 2573/F//rh/RHD NA

23 A 1570/M//rh/LHD and RHD  Acute Cerebral Infection. Cerebral degenerative changes

24 A 1649/M//rh/LHD and RHD Hematoma Right Basal Ganglia with mass effect and focal gliotic lesion
in the Left Basal Ganglia. Lacunar Infract is prominent and Robin
space in the head of left caudate sacks.

25 A 1760/M//rh/LHD and RHD NA

26 A 1853/M//rh/LHD and RHD NA




