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Abstract: Child's representation of his own body is an indispensable element in the formation of his personality. Children first learn 
their body coordinates e.g. left/right, up/ down, and that this knowledge is then applied to letter direction. In other words, the child first 
develops a body scheme, and then uses the body as a reference for perceiving the difference between letters.  Children with learning 
difficulties have difficulty receiving and processing sensory and perceptual information disrupting their body scheme.  This study aims 
to prove the presence of body scheme disorders in thirty learning disabled children as compared to thirty normal children and in the 
process helps to develop a standardized assessment measure specifically for learning disabled. The result of the study indicates that there 
was moderate association of somato-spatial (body-visualization) concepts with reading disorder children.   
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1. Introduction 
 
Researchers and theorists have linked body scheme to the 
psychosocial, cognitive, and perceptual-motor development 
in children and therefore, it is a concept that is of concern to 
paediatric occupational and physical therapists. 1. 
Researchers from many different disciplines have studied 
body awareness and its role in the development of behavior, 
personality, motor skills, visual-spatial perception, and 
learning. However, since no consensus exists regarding 
definition of terms, various terms has been used by different 
professionals 2,3,4,5, at times resulting in confusion and 
perhaps misinterpretation. For example, one of the most 
commonly used terms is body image. Sometimes this term 
denotes feelings and attitudes toward the individual’s body, 
but in other cases the term body image is used to refer to 
one’s mental picture of his or her physical body. Despite the 
variety of terms, concepts, and theories related to the body, 
most authors agree that the body scheme is an important 
foundation for several aspects of development. Knowledge 
of the body is hypothesized to be a pre-requisite for 
knowledge of the world, for some aspects of memory, and 
for the understanding of abstract concepts. Kephart, Roach 
and Kephart, Stapiro, Herman and Mc Monnies 
hypothesized that the body may be used as a reference for 
abstract understanding, but they referred to the 
understanding of letters9. These authors all agreed that 
children generalize from information about the bodies to the 
discrimination of letters. They theorized that children first 
learn their body coordinates e.g. left/right, up/ down, and 
that this knowledge is then applied to letter direction (e.g. b 
Vs d). In other words, the child first develops a body 
scheme, and then uses the body as a reference for perceiving 
the difference between letters. They also hypothesized that 
some children with excessive reading reversals or difficulty 
with writing may lack an internal awareness of sidedness 
(i.e. laterality) and directionality, which are components of 
the body scheme. Poor directionality (especially left-right 
orientation) and poor extra corporeal space perception are 
frequency referred to as “soft signs” of neurological 
dysfunction10. Adams et al (1974)59 compared learning 
disabled fourth graders with a control group for incidence of 
selected neurological signs. Factors evaluated were eye-hand 

preferences, balance,stereognosis, graphesthesia, 
choreoathetosis, finger localization and diadochokinesia. 
Out of 83 males and 56 female results for finger localization 
revealed incidence of 9.6% and 7.1% in 56. Mixed laterality 
was found in 36.1% of males and 42.9% of females. Kandt 
(1984)10 regard poor directionality (especially left-right 
orientation) and poor body image or extracorporeal space 
perception as subtle or soft neurological signs. Accordingly 
minor abnormalities are frequently referred to as “soft signs” 
of neurologic dysfunction and there is a general conclusion 
that an excess number or degree of such signs occurs with 
greater prevalence in the group of children with behaviour or 
learning problems. Wiederholt(1974)45 in a historical review 
on the history of the education of the learning disabled 
children, identified controversies over definition, territorial 
rights of respective health and educational professions, and 
the lack of studies establishing the effectiveness of programs 
as major problems confronting the field. According to 
Wiederholt the education and identification of some children 
as learning disabled is spawned by the results of brain 
localization studies on adult brain damaged patients and the 
inference was that children with specific learning problems 
and normal intelligence had brain damage or brain 
dysfunction that interfered with learning. Strauss & 
Werner(1942)47 and Werner(1948)48 studied the 
characteristics of brain-injured children who were in 
addition mentally retarded and reported that, like their adult 
counterparts, these children had perceptual disturbances. 
They  emphasized that children without known brain injury 
and of normal intelligence did nevertheless possess minimal 
brain damage. Eminent special educators such as Frostig & 
Maslow(1979)51 and Cruickshank(1983)52 endorsed the 
position that the knowledge of the status of brain functioning 
is central to remediation for these children.Others 
(Keogh,197853;Mann,198354) argue that neurological 
considerations are probably relevant for some but not all 
learning disabilities. According to Kenny et al(1971)55 
routine medical and neurological examinations tends to be 
unproductive in evaluating children with learning disability. 
However studies show the importance of evaluating soft 
neurological signs in learning disabled children. According 
to Norton 197256,197057 these children may have no obvious 
clinical disorders but they do have perceptual and behavioral 
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problems. These characteristics depict the child with soft 
neurological signs. Recognition of subtle neurologic signs 
helps develop an appreciation for another component of the 
substrate upon which the child’s behaviour and self-concept 
are based. If the child has subtle neurologic signs abnormal 
for age, in the context of learning problem, it is likely that 
intrinsic factors are playing more of a role than 
environmental factors. Thus although, the therapist will 
continue to be alert to adverse environmental circumstances 
(including parental strife, poor teaching etc) emotional or 
psychiatric problems, and visual or auditory deficits, he or 
she will be less likely to assign a primary causal role to one 
of these factors. In the absence of any signs of dysfunction 
other than as related to school work, the therapist will 
wonder more about the possible causal role of interpersonal 
conflicts, societal and parental expectations, individual 
learning styles deficiencies of schooling etc. Although the 
presence of abnormal neurologic signs is more suggestive of 
primarily a intrinsic problems than an environmental 
disturbance, the child with the neurologic dysfunction may 
be more sensitive to ordinary environmental stresses than a 
child without neurologic dysfunction i.e. the dysfunctional 
child may have faulty compensatory skills. When 
Occupational Therapists can demonstrate neurological 
abnormalities to the parents and/or school personnel, they 
are often better able to persuade them that reinforcement of 
the child’s attempts will be more beneficial than punishment 
for being “lazy” “willful” or “stubborn”. Thus there is a 
need to identify the incidence of such disorders; find the 
nature of such disorder; correlate them to the type of 
academic problem & hence make it a focus of intervention. 
Occupational Therapists must broaden their background to 
include a capability in the evaluation of these underlying 
deficits if treatment procedures are to alter the child’s central 
organization and perceptual competency.  

 
2. Aim of the Study 
 
The purpose of this study is to determine whether or not 
body scheme disturbance was a frequent problem of children 
with learning disabilities and to ascertain if there is any 
correlation between the nature of body scheme disorder and 
the type of learning disability. 
 
A standardized and quantified test of the body scheme for 
such a population apparently did not exist. The development 
of one became the secondary purpose of the study. The 
intention is to provide a standardized method of 
investigating the integrity of the body scheme that would 
serve as an evaluation instrument to assist the clinical 
therapist. 
 
Body image scheme appears to have a close relationship to 
laterality, directionality, and to perceptual-motor 
development of the preschool child. If body scheme 
disturbance is a frequent concomitant of learning disability, 
then every patient with such a diagnosis who is referred to 
occupational therapy should be tested to determine the 
presence, absence, or degree of such a disturbance.   
 
 
 
 

3. Methodology      
Study design- Cross-sectional study design. 
 
Participantants- Total 60 participants between the age group 
9 to 14years were included in the study. The experimental 
group comprised of thirty children with an established 
diagnosis of learning disorder, referred to occupational 
therapy department. The other groups comprised of thirty 
typical children aged 10 to 14 years. Children were 
considered ―typical when not taking medication and not 
receiving any special services.  
 
4. Procedure  
 
Subjects with and without learning disabilities were assessed 
by all the seven tests of body scheme by MacDonald J.C .  
These seven tests were- finger localization (examination 
items 1-5), finger localization (examination items 6-10), 
right left orientation(examination items 11-16), right-left 
orientation (examination items 17-22), somato-spatial ability 
(examinations items 23-27), body-puzzle and draw a men 
test. Subject placed his hand on the table, palm up with 
fingers extended and slightly spread. Examiner touched 
subject’s finger with the tip of his index finger. Duration of 
stimulation was about 1 second. Starting with the index 
finger the fingers were numbered from one to four and 
thumb. The pre-final version of the scale was formed having 
scoring as 0 and 1. Pilot testing was done on a random 
sample of the target population. Ten Children were made to 
attempt on the 7 subtests. They were also asked to comment 
on the level of difficulty of items to understand and the 
language of questions. The teachers of the children were also 
asked to assess the clarity of each item and give necessary 
suggestions on the items that could be used to improve upon 
the scale. In order to limit completion and comprehension 
difficulties, modifications were subsequently made to the 
test items. Data was collected and sent for statistical 
analysis. The results were analyzed using STATA software. 
 
5. Result and Discussion 
 

Table 1: Demographics of study groups 
 Pilot Testing Field Testing 

Diagnosis Learning 
Disabiliy 

Normal Learning 
Disability 

Number (N) 10 25 25 
Age Range 9-12years 

 
9-13years 
Mean : 10 

SD :  (0.91) 

10-14years 
Mean : 10.88 
SD : (1.87) 

 
Table 2: Sample characteristics during field testing 

  Male Female   
Diagnosis N % N % Total 
Normal 20 80% 5 20% 25 

Learning Disability 16 64% 9 36% 25 
 
Table 3: Sample characteristics of learning disability group 

  MALE FEMALE   
Type N % N % Total % 

Reading 6 24% 3 12% 9 36% 
Writing 6 24% 4 16% 10 40% 

Mathematics 4 16% 2 8% 6 24% 
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The cut off mark was calculated for each subtest by 
calculating the sensitivity and specificity for every possible 
score on each subtest and on full scale. The score having the 
highest possible sensitivity and specificity was chosen. 
 

Table 4: Detailed report of Sensitivity and Specificity for 
finger recognition (scores of subtest 1 + subtest 2) 

Cut point Sensitivity Specificity Correctly classified 
( >= 3 ). 100.00% 0.00 % 50.00 %. 
( >= 7 ) 100.00% 4.00 % 52.00 % 
( >= 8 ) 96.00% 8.00 % 52.00 % 
( >= 9 ) 96.00% 12.00 % 54.00 % 

( >= 10 ) 88.00% 20.00 % 54.00 % 
( >  10 ) 0.00% 100.00 % 50.00 % 

 
Table 5: Detailed report of Sensitivity and Specificity for 
right-left discrimination (scores of subtest 1 + subtest 2) 

Cut 
point 

Sensitivity Specificity Correctly 
Classified 

( >= 0 
) 

100.00% 0.00% 50.00% 

(>= 7 
) 

100.00% 4.00% 52.00% 

( >= 
11 ) 

100.00% 12.00% 56.00% 

( >= 
12 ) 

96.00% 20.00% 58.00% 

( >  
12 ) 

0.00% 100.00% 50.00% 

 
Table 6: Detailed report of Sensitivity and Specificity for 

Subtest 5 
Cut point Sensitivity Specificity Correctly Classified 
( >= 1 ) 100.00% 0.00% 50.00% 
( >= 2 ) 96.00% 4.00% 50.00% 
( >= 3 ) 88.00% 12.00% 50.00% 
( >= 4 ) 80.00% 24.00% 52.00% 
( >= 5 ) 60.00% 52.00% 56.00% 
( >  5 ) 0.00% 100.00% 50.00% 

 
Table 7: Detailed report of Sensitivity and Specificity for 

Subtest 6 
 

Cut 
point 

Sensitivity Specificity Correctly 
Classified 

( >= 0 ) 100.00% 0.00% 50.00% 
( >= 3 ) 100.00% 4.00% 52.00% 
( >= 5 ) 100.00% 8.00% 54.00% 
( >  5 ) 0.00% 100.00% 50.00% 

 
Table 8: Detailed report of Sensitivity and Specificity for 

Subtest 7 
Cut point Sensitivity Specificity Correctly Classified 
( >= 1 ) 100.00% 0.00% 50.00% 
( >= 7 ) 100.00% 4.00% 52.00% 
( >= 8 ) 100.00% 8.00% 54.00% 
( >= 9 ) 100.00% 12.00% 56.00% 

( >= 10 ) 100.00% 20.00% 60.00% 
( >  10 ) 0.00% 100.00% 50.00% 

 
 
 
 
 

Table 9: Detailed report of Sensitivity and Specificity for 
Total score 

Cut point Sensitivity Specificity Correctly Classified 
( >= 15 ) 100.00% 0.00% 50.00% 
( >= 25 ) 100.00% 4.00% 52.00% 
( >= 36 ) 100.00% 8.00% 54.00% 
( >= 37 ) 100.00% 12.00% 56.00% 
( >= 38 ) 100.00% 16.00% 58.00% 
( >= 39 ) 96.00% 32.00% 64.00% 
( >= 40 ) 84.00% 40.00% 62.00% 
( >= 41 ) 68.00% 44.00% 56.00% 
( >= 42 ) 52.00% 64.00% 58.00% 
( >  42 ) 0.00% 100.00% 50.00% 

 
Study of the analysis reveals the following cut off points for 
each subtest and also for total score at the maximum 
possible sensitivity and specificity.   

 
Table 10: Table showing Cut-off scores for different 

subtests and total score 
Subtest number Min. Score Max. Score Cut point 

1 0 5 5 
2 0 5 5 
3 0 6 6 
4 0 6 6 
5 0 5 4 
6 0 5 5 
7 0 10 10 

Total Score 0 42 39 
 
Table 11: Descriptive statistics of above cut-off scorers on 

full scale 
Diagnosis Male % Female %  Total % 
Normal 19 76% 5 20% 24 96% 

Learning Disability  11 44% 6 24% 17 68% 
 
Table 12: Descriptive statistics of below cut-off scorers on 

full scale 
Diagnosis Male % Female % Total % 
Normal 1 4% 0 0 1 4% 

Learning  Disability 5 20% 3 12% 8 32% 
 
The incidence of body scheme disorders as calculated by 
those scoring below cut-off of 39 on the over-all scale is 
thus 32% (8 out of 25). 4% (1 out of 25) of normal subjects 
also scored below cut-off.  
 
Table 13: Descriptive statistics of above cut-off scorers on 

full scale of learning disability group 
Learning Disability Male % Female % Total % 

Reading 3 12% 1 4% 4 16% 
Writing 5 20% 3 12% 8 32% 

Mathematics 3 12% 2 8% 5 20% 
 
Table 14: Descriptive statistics of below cut-off scorers on 

full scale of learning disability group 
Learning Disability Male % Female % Total % 

Reading 3 12% 2 8% 5 20% 
Writing 1 4% 1 4% 2 8% 

Mathematics 1 4% 0 0 1 4% 
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Table 15: Case summaries of normal and learning disability 
groups on full scale 

  N Min 
Score 

Max 
Score Range Mean SD SEM p value 

(t-test) 
Normal 25 38 42 4 41 1.25 0.25 0.03 

Learning 
Disability 25 15 42 27 38.64 1.21 6.08   

 
Table 16: Case summaries of learning disability group on 

full scale 
Learning Disability Male % Female % Total % 

Reading 9 15 42 27 34.14 10.22 
Writing 10 36 42 6 40.2 2.20 

Mathematics 6 38 42 4 41.0 1.55 
 
Table 17: Descriptive statistics of above cut-off scorers on 

subtest 1 
Diagnosis Male % Female %  Total % 
Normal 17 68% 5 20% 22 88% 

Learning Disability 14 52% 6 28% 20 80% 
  
Table 18: Descriptive statistics of below cut-off scorers on 

subtest 1 
Diagnosis Male % Female % Total % 
Normal 3 12% 0 0 3 12% 

Learning Disability 2 8% 3 12% 5 20% 
 
The incidence of finger agnosia as calculated by those 
scoring below cut-off of 5 in subtest 1 is thus 20% (5 out of 
25). 12% (3 out of 25) of normal subjects also scored below 
cut-off. 
 
Table 19: Descriptive statistics of above cut-off scorers on 

subtest 1 of learning disability group 
Learning Disability Male % Female % Total % 

Reading 5 20% 1 4% 6 24% 
Writing 5 20% 3 12% 8 32% 

Mathematics 4 16% 2 8% 6 24% 
 
Table 20: Descriptive statistics of below cut-off scorers on 

subtest 1 of learning disability group 
Learning Disability Male % Female % Total % 

Reading 1 4% 2 8% 3 12% 
Writing 1 4% 1 4% 2 8% 

Mathematics 0 0 0 0 0 0 
 
Test validation 
The construct and content validity of the test was supported 
by the fact that the test procedures were derived from those 
suggested in well established neurological and Occupational 
Therapy literature regarding testing of the constructs of body 
scheme13, 17, 29, 33-38, 40, 41. 

 
Pilot testing 
In order to limit completion and comprehension difficulties, 
modifications were subsequently made to the test items 
which included changing the name of the fingers in the hand 
chart from first finger, second finger, third finger, fourth 
finger & instead naming them as finger one, finger two, 
finger three, finger four respectively in subtest one.  
 

In subtest 4 the names of the body parts in the practice 
questions arm, cheek were difficult to understand due to 
limited English vocabulary at that age. 
 
Thus in the test questions of subtest 4 the body parts cheek, 
foot, arm were changed and instead eye, shoe, shoulder were 
used respectively. 
 
In subtest 5 the names of the body parts in the practice 
questions elbow, foot, ankle  were changed  and instead 
hand, shoe, leg were used respectively. 
 
In the same subtest, the first test item “Your mouth is below 
your chin” was changed and instead “Your mouth is above 
your eyes” was used to avoid use of the term “chin” which 
was hard to understand by children of that age. 
 
The second test item “Your eyes are above your forehead” 
was changed instead “Your eyes are above your head” was 
used. 
 
The third test item “Your knees are below your hips” was 
changed instead “Your legs are below your stomach” was 
used. 
 
The fourth test item “Your hands are at the end of your 
arms” was changed and instead “Your shoes are after your 
legs” was used. 
 
The fifth test item “You have one chin, one nose, and one 
mouth” was modified into “You have one nose, one mouth, 
and two eyes”. 
 
Field testing 
 
Field testing was done on the final version of the scale. 
Teachers were asked to categorize the learning disability 
subjects into one of the three groups of reading, writing, 
arithmetic disorder. 25 children could be placed into one of 
the three groups. It was difficult for the teachers & educators 
to categorize others because they had learning problems of 
mixed nature, rather than in predominantly one area. 
Although DSM-IV differentiates learning disabled into three 
diagnostic types but the experience of this study states that 
mixed kind of learning problems are much more common. 
No formal assessment was used by the teachers for 
categorizing the children. 
 
Cut-off score were calculated for each of the seven subtests 
with reasonable sensitivity and specificity. In the majority of 
the tests, full score was the only acceptable score as normal 
performance. However subtest 5 which included body 
visualization questions of true/false nature did not had a full 
score as cut-off. The cut-off for full scale was found to be 
39. Similar cut-off was reported by MacDonald34, when 
comparing the scores of neurologically impaired having one 
or more cerebral vascular accidents and neurologically non-
impaired groups. 
 
Since interest of the study was centered on the performances 
of individuals rather than on statistically determined group 
differences, an analysis of the proportion of subjects in each 
group who showed defective performance was made. 
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Based on the cut off score, incidence of body scheme 
disorders was calculated. The overall incidence i.e. those 
who scored below cut-off on full scale was found to be 32%. 
 
Incidence of finger agnosia (those scoring below cut-off in 
subtests 1 and 2) was found to be 28%. Incidence of right-
left indiscrimination (those scoring below cut-off in subtests 
3 and 4) was found to be 28%. Body visualization, (somato-
spatial) concept deficits (as tested by those scoring below 
cut-off in subtests 5, 6 and 7) was found in 52%. 
 
Benton (1955)58 reported an incidence of finger localization 
of 24.5%. The incidence results for right-left discrimination 
were 18.2%.  
 
Adams (1974)59 found incidence of poor finger-localization 
as one of the soft neurological sign, in 9.6% males & 7.1% 
females and mixed laterality in 36.1% males & 42.9% 
females. 
    
The association with different learning disorders as 
calculated by those scoring below cut-off for subtests 1 to 7 
in the three different groups of reading, writing, arithmetic 
disorder was calculated. In the reading group an association 
of less than 35% (33%, 11%, 22%, 33%, 55%, 11% & 33% 
with subtests 1 to 7 respectively) was found except for 
subtest 5 which was 55%. Association results indicate that 
there was moderate association of somato-spatial (body-
visualisaion) concepts with reading disorder children. 
However children in the same group scored below cut-off on 
other tests also. Thus scores of a particular subtest cannot be 
said to be significantly associated with the reading group. 
 
Similar analysis revealed an association of less than equal to 
20% in writing group (20%, 10%, 10%, 20%, 10%, 10% & 
10% respectively). Thus the results cannot draw a clear 
association. 
 
Analysis of arithmetic disorder children revealed that only 1 
child out of 6 tested (16%) made error on the draw-a-man 
test only. Thus there was a moderate association between the 
two but the strength of association is weak due to a very 
small sample size. 
 
Strauss & Werner (1938)42 claimed an obvious relation 
between deficiency in the finger schema and deficiency in 
arithmetic achievement while Benton & Hutcheon (1951)43 
refuted the hypothesis that finger localizing ability and 
arithmetic achievement are significantly associated with 
each other, in normal as well as mental deficiency children. 
They also indicated that there was no relationship between 
arithmetic ability and right-left discrimination. The findings 
of the present study are in accordance with these results.  
 
This study did not find association with any particular kind 
of body scheme deficit in the children with agraphia as well. 
This result is not in accordance with PeBenito (1988)60 who 
reported Gerstmann’s Syndrome in 5 out of 10 learning 
disabled children tested and suggested that Developmental 
Gerstmann Syndrome may not be as rare as previously 
thought and may often be unrecognized. 
 
 

Test-retest 
 
The tests were also assessed for their retest value by 
administering them to 10 children of the same sample after 
1.5 months of initial testing. It was to done to eliminate 
contamination of the retest results due to learning of the test 
items. Overall value of retest was 0.99 which is near perfect 
agreement showing that test had good test-retest reliability. 
MacDonald also found a reliability coefficient r=0.98.34 
Information from the literature suggests inter-rater reliability 
of some individual tests ranges from 0.8414 - 0.9840. 
 
6. Limitations 
 
The study was concerned with developing an instrument to 
assess body scheme ability and using it to calculate 
incidence of body scheme disorders. Specific limitations of 
the study were: 
1) 5 out of seven tests were interview based and hence the 

assessment cannot be performed on those children who 
had comprehension, vocabulary and language problems. 
This limits generalizability of the scale for the entire 
learning disability population. 

2) The medium of language used is limited to English; 
hence students of any other language medium school 
cannot be tested. 

 
Small sample size of 30 limits generalizability. 
 
Accurate matching of mental and chronological age was not 
done which limits comparison accuracy. 
 
7. Recommendations 
 
The findings of the study lead to the following broad 
recommendations: 
1) Functional test items should be included to further 

develop the assessment scale. 
2) Effect of Occupational Therapy intervention should be 

seen on body scheme ability using this scale as an 
outcome measure. 

3) Body scheme is a multidimensional concept. This scale 
uses the cognitive and perceptual-motor domains. Further 
studies should include affective domains as well. 
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