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Fifty 8-year-old children, 25 classified as normal and 25 as learning disabled, 
participated in a study to determine whether they could be differentiated into 
their respective groups by using four tasks from the Devereux Test of Extremity 
Coordination: opposition, foot patting, finger wiggling, and heel-toe walking with 
the eyes closed. Each child received numerical scores based on the number of 
times he could perform a task in 10 seconds. A stepwise discriminant function 
analysis revealed that two tasks, opposition and foot patting, were significant 
discriminating variables. A resulting discriminant function prediction equation 
showed that, according to the results of the tasks tested, 78 percent of the 
sample had been correctly classified by previous methods. 
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Many therapists and educators are involved in 
evaluating and treating children with learning disa
bilities. Examinations used to diagnose learning dis
abilities are extensive and complicated. A simple 
screening test that accurately detects the child with a 
learning disability is needed. 

The term "learning disability" is ambiguous and 
hard to define. Basically, a learning disabled child is 
one who is average or above in intelligence, is not 
obviously handicapped, and who is not functioning 
well in the regular classroom. Most authors agree that 
the child with a learning disability can be classified 
as having a minimal cerebral dysfunction.1, 2 Educa
tors tend to use the term "learning disability," 
whereas persons in medical fields prefer "minimal 
cerebral dysfunction." 

In a study published in 1969, DeHaven and asso
ciates administered a test to evaluate coordination 
deficits in 122 children from 7 to 18 years of age.3 Of 
these children, 62 had been classified as having min
imal cerebral dysfunction and 60 children had been 
classified as being normal. From the designed test, 
the authors derived 40 test variables for the coordi
nation tasks. The authors did a factor analysis of their 

data and found one factor, which they entitled "pri
mary deficits of distal alternate motion rate," to be 
pertinent to the diagnosis of minimal cerebral dys
function. This factor included the tasks of finger 
wiggling, opposition, foot patting, and heel-toe walk
ing with the eyes closed. Their results showed that the 
rate of performance, and not the rhythm of perform
ance, was related to minimal cerebral dysfunction. 

This present study begins the first step in develop
ing a simple screening test that will accurately detect 
the child with a learning disability. It investigates the 
possibility of differentiating normal children from 
learning disabled children by using the four tasks that 
DeHaven and associates found pertinent to the di
agnosis of minimal cerebral dysfunction.3 These tasks 
are part of the Devereux Test of Extremity Coordi
nation. The test is part of the total Devereux Image 
program (Individual Motor Achievement through 
Guided Education), a method developed by The Dev
ereux Foundation, Devon, PA, primarily for emotion
ally handicapped or neurologically impaired children 
in the 4-to-10 age range. 

METHOD 

Subjects 

Fifty 8-year-old children were divided into two 
groups: 25 normal children and 25 classified as learn
ing disabled children. The sample selection was one 
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TABLE 1 
Data Derived from Scores Received on Four Coordination Tasks by Two Groups of 8-Year-Old Children 

Task 

1. Opposition 
2. Foot Patting 
3. Finger Wiggling 
4. Heel-Toe Walking 

Normal Children (n = 25) 

38.40 
34.24 
11.40 
8.44 

SD 

3.840 
4.456 
8.636 
3.583 

Learning Disabled Children 
(n = 25) 

30.64 
26.44 

5.92 
5.52 

SD 

4.452 
6.500 
6.448 
5.083 

F-Ratios 

43.543a 

24.487a 

6.463 
5.510 

a Denotes significance (p < .01). 

of convenience. All normal children were assumed to 
have average intelligence and all subjects were con
sidered to be physically normal for their age. 

The child with a learning disability was defined as 
one whose school achievement was "below his poten
tial in spite of average or above average intelligence."4 

All children with learning disabilities had been eval
uated by a physician. The population did not include 
children with learning problems primarily from vis
ual, hearing, or motor handicaps, mental retardation, 
or emotional disturbance. The children did not have 
any physical impairments or any "hard" neurological 
signs, such as spasticity, hyperactive stretch reflexes, 
athetosis, rigidity, or diagnostic EEG changes. 

Equipment 

The equipment required for the four tasks included 
a table top, three chairs, and a stopwatch. The testing 
was done in a quiet, uncluttered room at the school 
each child attended. 

Procedure 

The subject's age, sex, and preferred hand were 
recorded. The general procedures for administering 
the test were as follows5: 
1. The child was told to do the activity described to 

the best of his ability. 
2. The task was described to the child orally. 
3. The task was demonstrated to the child. 
4. The child was shown on his own body what the 

tester wanted him to do. 
5. The child was allowed a practice trial to make sure 

that he understood the directions. 
6. The score was recorded immediately following the 

test. 
The descriptions of specific tasks and rules of scoring 
were as follows5: 
1. Opposition—The child was instructed to touch the 

tip of his index finger to the tip of his thumb on 
the same hand. 
Scoring—The number of times the child could 

successfully complete the task in 10 seconds was 
recorded. 

2. Foot Patting—The child was seated on a chair so 
that his feet were flat on the floor and out of his 
visual field. He was asked to pat the ball of his 
foot without raising his heel off the floor. 
Scoring—The number of times the child patted his 
foot in 10 seconds was recorded. If the patting was 
irregular, a score of one was recorded. 

3. Finger Wiggling—The child was seated at a table 
with his hand resting on the surface. He was asked 
to touch his fingers in sequence on the table surface 
beginning with the little finger and moving in 
rapid sucession to the ring, middle, and index 
fingers. He was told not to move the thumb but let 
it remain at rest on the table. 
Scoring—The number of times the child com
pleted the cycle in 10 seconds was recorded. If the 
child performed the sequence in reverse, he re
ceived a score of one. 

4. Heel-Toe Walking—The child was asked to walk 
a line with one foot directly in front of the other, 
heel-to-toe, with his eyes closed. 
Scoring—The number of steps the child took in 
10 seconds was recorded. If the child lost his 
balance, that is, if his foot touched the ground 
other than in the heel-toe position, a score of one 
was recorded. 
Each child did the four tasks in the same order. 

Only the preferred hand and the ipsilateral foot were 
tested in the first three tasks. A static, nonequated 
group comparison design was used in analyzing the 
data. A two-group discriminant function analysis, 
using a stepwise selection method, was done to deter
mine whether children with learning disabilities could 
be differentiated from normal children through the 
performance of the four task variables. 

RESULTS 

Significant differences were found between the 
mean scores of the children classified as learning 
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TABLE 2 
Probability Information and Discriminant Scores of Each 

Subject Classified as Learning Disabled 
(Actual Group 2) 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Highest 
Probability 

Group 

2 
1a 

2 
1a 

2 
2 
2 
2 
2 
1 a 

2 
2 
2 
2 
2 
2 
2 
1a 

2 
2 
2 
2 
2 
2 
2 

Probability of 
Being in 
Closest 
Group5 

0.998 
0.679 
0.974 
0.633 
0.999 
0.968 
0.942 
0.710 
0.790 
0.902 
0.748 
0.798 
0.988 
0.892 
0.748 
0.982 
0.973 
0.527 
0.943 
0.991 
0.710 
0.848 
0.967 
0.986 
0.960 

Discriminant 
Score 

-1.843 
0.229 

-1.113 
0.167 

-2.243 
-1.046 
-0.853 
-0.275 
-0.406 

0.679 
-0.333 
-0.420 
-1.357 
-0.647 
-0.333 
-1.225 
-1.099 

0.033 
-0.859 
-1.424 
-0.275 
-0.526 
-1.035 
-1.295 
-0.974 

a According to the discriminant score, subject was 
originally misclassified. 

b Closest group is the probability of being in the highest 
probability group. 

disabled and of the normal children on the test vari
ables of opposition and foot patting (p < .01) (Tab. 
1). Significant differences were not found on the test 
variables of finger wiggling and heel-toe walking (p 
> .01) (Tab. 1). The latter two variables did not 
significantly add to the total variance accounted for 
and thus were not included in the discriminant func
tion prediction equation. The unstandardized dis
criminant function equation was found to be C = 
0.12582V1 + 0.06429V2 - 6.29384, where C is the 
classification score used to determine group member
ship, V1 is the score on opposition, and V2 is the score 
on foot patting. The critical value (cutoff score) was 
zero. 

The analysis yielded an index of discrimination 
(Canonical R) of .746. This index, tested for signifi
cance between the equality of group centroids, yielded 
an F-ratio of 29.563 (df = 2, 47; p < .0001). 

In accordance with their test scores, 84 percent of 
the children previously diagnosed as learning dis
abled were classified as learning disabled (Tab. 2) 

and 72 percent of the children assumed to be normal 
were classified as normal (Tab. 3). 

DISCUSSION 

The results of this investigation show that learning 
disabled children can be differentiated from normal 
children using two coordination tasks. The discrimi
nant function analysis revealed that, of the four tasks 
defined in the study done by DeHaven and associ
ates,3 the rates of performance of opposition and foot 
patting were significant variables and can be used to 
differentiate between the two groups. 

Several authors have found that fine-motor skilled 
abilities are often impaired in children with leanrug 
disabilities.3, 6-8 

This motor dysfunction is particularly observable 
when parts of the body must work with each other 
for coordination and fine-motor tasks.4, 9 Children 
with learning disabilities may exhibit poor coordina
tion, poor balance, and general clumsiness.4, 9 

DeHaven and associates concluded in one of their 
studies that the rate of performance in alternate mo
tion involving the smaller muscles of the distal ex
tremities may be used in diagnosing children with 
minimal cerebral dysfunction.3 Vega reported similar 
findings when he used the Halstead Finger Oscillation 
Test as a screening tool to differentiate brain damaged 
patients from a control group.7 

Ayres found that children with neurological disor
ders exhibit perceptual deficits and corresponding 
kinesthetic dysfunctions.10 Perceptual-motor skills, 
which normally aid in the ability to perform orga
nized movement patterns, are developed in the 
learning disabled child in an atypical or distorted 
manner.11, 12 One of the areas of perceptual-motor 
dysfunction identified by Ayres in a factor analysis 
study using 100 neurologically impaired children was 
a poor body image.10 This deficit was reflected as a 
poor ability to duplicate hand movements and to 
locate finger position. 

During the task of foot patting, the children were 
seated in a chair such that they could not use visual 
cues to help them in the motion. Ayres has stated that 
touch, proprioception, vestibular function, and vision 
must be perceived for adequate skilled motor plan
ning and execution.13 If vision is occluded and pro
prioception is limited, the child will experience diffi
culties in performing skilled movement patterns such 
as the foot-patting task. 

In this study, the tasks of finger wiggling and heel-
toe walking were not found to be significant discrim
inating variables. The discriminant function analysis 
revealed that these two variables could not account 
for additional explained variance between the two 
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groups of children. In scoring the task of finger 
wiggling in this study, both the rate and rhythm of 
the activity were tested. DeHaven and associates 
found that if only the rate of finger wiggling was 
evaluated, the children with minimal cerebral dys
function could be differentiated from the normal 
children. When both the rate and rhythm of finger 
wiggling were tested, however, the task proved to be 
an insignificant discriminating factor.3 Most of the 
children in this study could complete the task only if 
they could perform it in a nonrhythmical tedious 
fashion. 

The majority of the children easily performed the 
task of heel-toe walking with the eyes open during a 
training session. The children had much more diffi
culty walking in a consistent fashion while keeping 
their balance when they were asked to close their 
eyes. Without the visual input, integration of kines
thetic and vestibular feedback was necessary to ac
complish the task. Heel-toe walking is a perceptual-
motor task, and learning disabled children lack the 
ability to perform well in this capacity. The normal 
children in the selected age range are still in the 
developmental stage of integrating sensory input nec
essary to perform this task,2,8 and therefore, like the 
learning disabled, also do not perform heel-toe walk
ing well with their eyes closed. 

In this study, 16 percent of the children originally 
classified as learning disabled were found to have 
been improperly classified. Improper classification 
may have been caused by a number of things: 1) 
improvement due to maturity, 2) effectiveness of a 
treatment program, 3) improvement from use of 
drugs, or 4) an improper initial diagnosis. 

According to our test results, 28 percent of the 
children originally assumed to be normal were im
properly classified. That is, they should have been 
originally classified as having a learning disability. 
This percentage is substantially higher than that usu
ally reported in the literature. Most authors agree that 
10 to 15 percent of the children in school have a 
learning disability. One reason for this discrepancy is 
that the sample in this study, a sample of convenience, 
may have been biased. Another possibility might be 
that some of the "normal" children in this study had 
simply not been previously recognized or documented 
as having a learning disability. Before labeling a child 
as being learning disabled a teacher must be able to 
document the fact that a child has a different learning 
style and cannot learn in a "normal" classroom. Most 
states have a general rule that a child must be one to 
two years behind his peers in a subject area before 
classifying the child as learning disabled. 

Using the discriminant function prediction equa
tion, the two groups of children can be divided into 

four categories: normal, marginal normal, learning 
disabled, and marginal learning disabled. The cutoff 
score used to separate the normal children from the 
learning disabled children was zero. The two cen-
troids were used to differentiate the normal children 
from the marginal normal children and the learning 
disabled children from the marginal learning disabled 
children. In other words, children whose scores were 
between zero and 0.738 were classified as marginal 
normal and children whose scores were between zero 
and -0.738 were classified as marginal learning dis
abled. Children whose scores were above 0.738 were 
classified as normal and children whose scores were 
below —0.738 were classified as learning disabled. 
Four of the normal subjects were classified as mar
ginal normal and eight of the learning disabled sub
jects were classified as marginal learning disabled. 
The discriminating variables may be used as a quick 
screening test, but they are certainly not diagnostic. 
These marginal subjects should definitely be tested 
more completely by physicians, educational diagnos
ticians, and teachers, while being observed closely for 

TABLE 3 
Probability Information and Discriminant Scores of Each 

Subject Classified as Normal (Actual Group 1) 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Highest 
Probability 

Group 

2 a 

2 a 

1 
2 a 

1 
1 
1 
1 
2 a 

2 a 

1 
1 
2 a 

1 
2 a 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Probability of 
Being in 
Closest 
Groupb 

0.571 
0.575 
0.991 
0.514 
0.962 
0.717 
0.986 
0.932 
0.566 
0.573 
0.983 
0.943 
0.667 
0.989 
0.752 
0.902 
0.954 
0.998 
0.857 
0.986 
0.932 
0.796 
0.983 
0.994 
0.996 

Discriminant 
Score 

- 0 . 0 8 7 
- 0 . 0 9 3 

1.431 
- 0 . 0 1 7 

0.986 
0.285 
1.302 
0.799 

- 0 . 0 8 2 
- 0 . 0 9 0 

1.246 
0.860 

- 0 . 2 1 3 
1.378 

- 0 . 3 3 9 
0.679 
0.928 
1.940 
0.547 
1.305 
0.799 
0.416 
1.246 
1.559 
1.688 

a According to the discriminant score, subject was 
originally misclassified. 

b Closest group is the probability of being in the highest 
probability group. 
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detectable learning disorders, before being classified 
as either normal or learning disabled. 

CONCLUSION 

The use of screening techniques is one way to 
locate children who are exhibiting the inadequacies 
of a learning disability. Because it is possible to 
differentiate learning disabled children from normal 
children, appropriate testing should be done very 
early in kindergarten and elementary school. 
Through thorough screening, the child recognized as 
needing attention in academic and physical skills 
would be able to receive the necessary assistance at 
an early age. 

This work is only a first step in developing a quick 
screening test for accurately detecting the child with 
a learning disability. Before definite conclusions can 
be made, follow-up studies should be done to deter
mine the norms of the tasks of opposition and foot 
patting for different age groups, inasmuch as this 
work is only applicable to 8 year olds. Similar studies 
should be done, especially with younger age groups, 
to determine the earliest age at which children with 
learning disabilities can be detected. To determine 
whether the prediction equation of this study can be 
used with different groups of children, a cross-vali
dation study should be performed. Also, another 
coordination task or other variables should be eval
uated to determine whether they could improve the 
discriminant function formulated in this study. 
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