Developmental Characteristics of Block-Designing Constructive Activities
of Mentally Retarded Children : An Approach from Developmental Neu-

ropsychological View Point
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1. Introduction

The purpose of this study is to reveal the general
and individual characteristics of constructive activities
of Mentally Retarded Children. We adopt "Kohs' Block-
Design Test" in order to analyze their constructive ac-
tivities.

"Kohs' Block-Design Test" is well-known as one of
the types of the so-called "performance test" which
measures intelligence. The immediate purpose of this
test is to examine whether the subject is able to con-
struct the presented design (See Fig.1) with 4 (task-1
to -9), 9 (task-10 and -11), or 16 (task-12 to -17) blocks
or not. Each of the blocks has 4 "one-color sides" and 2
"two-color sides" divided on the diagonal.

A. R. Luria and L. S. Tsvetkova (1964) used this test
to analyze the disturbance of constructive activity in
local brain injuries, and found out the followings ;

1) Both of the lesions of the parieto-occipital part of
the brain and of frontal lobes resulted in any dis-
turbance of constructive activity.

2) But the characteristics of both of the disturbances
were different from each other.

3) Rightly, in order to compensate each of the distur-
bances it was necessary to make the different type

of restoration programs.
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we learned two salutary lessons from their study ;

1) A constructive activity has two major components.

One is involved in spatial analyzing and/or oper-

ating, another is in planning and/or controlling.

2) It is suggestive for us interested in education of

mentally retarded children that Luria et al. adopt

methods which examine what kind of assistance

each subject needs to resolve the failed task(s).

These led us to organization of the series of tests in our

studies.

Exercise Task-1

Task-5

Task-6

Task-2

Task-7

Task-3

Task-8

2. Method

1)Participants

70 normal children and 46 mentally retarded chil-

dren participated in our study (See Table 1 and Table

2).

2)Procedures

We presented the children the following tasks in or-

der to examine not only the children's performance lev-

els without any assistance (in Test 1) but also what

kind of assistance each subject needs to resolve the

failed tasks(s) (in Test 2).

Table 1 Normal participants

Grade CA-Range Number
Preschool 6:00—6:05 10
1 6:06—6:11 10
2 7:06—7:11 10
3 8:06—8:11 10
4 9:06—9:11 10
Fig.1 Examples of designs used as models. 6 110026__[:’11 ig
E=:yellow WM :red ©7Z3:blue [J: white Total=70
Table 2 Mentally retarded participants
No Name CA MA No Name CA MA No Name CA MA
1 AE 13:00 6:00 21 Ksu 14:10 7:05 41 KeS 15:08 10:01
2 AT 12:08 6:00 22 SS 17:02 7:07 42 Tka 19:08 10:02
3 SE 14:01 6:00 23 HS 16:01 7:09 43 TYo 16:07 10:05
4 TC 15:04 6:01 24 JA 14:10 8:00 44 NG 16:03 10:09
5 Jo 16:03 6:02 25 Msa 15:07 8:01 45 KeSu 16:08 11:00
6 YC 14:10 6:02 26 YH 14:04 8:04 46 Tot 15:07 11:06
7 ST 17:06 6:04 27 Ksu 15:00 8:05
8 HF 15:00 6:05 28 SH 14:07 8:09
9 HO 13:07 6:06 29 MK 18:03 8:09
10 MS 13:01 6:07 30 TaT 14:09 8:09
11 YA 14:07 6:07 31 v 16:04 8:11
12 KH 18:06 6:08 32 THa 16:00 9:00
13 TK 14:06 6:08 33 YS 16:00 9:00
14 ED 13:06 6:09 34 SI 16:01 9:00
15 JS 18:03 6:11 35 TH 15:00 9:00
16 YI 18:06 7:00 36 SM 13:07 9:02
17 HE 14:05 7:00 37 TS 15:10 9:02
18 SK 18:01 7:01 38 KK 16:09 9:03
19 EK 16:06 7:04 39 T 14:03 9:04
20 NS 13:11 7:04 40 MiS 14:11 10:00

135



i) Test-1
First of all, we presented the series of tasks (See
Fig.1) according to the established manual
(Ohwaki, 1966). Here, we didn't give any assistance ex-
cept for necessary instructions. The task presentations
were stopped when subjects failed to solve two tasks
consecutively, and proceeded to the next stage, Test-2.
ii) Test-2

Making a pause (at least one week), we asked sub-
jects to construct the models (designs of tasks not solved
in Test-1) under experimenter's some assistance. Test-
2 has four steps of assistance; Assist-1, -2, -3, and -4.
The task presentations in Test-2 were also stopped when
subjects failed to solve two tasks consecutively, and pro-
ceeded to the next step. The assistance to be given are

as follows (See Fig.2) ;

Assist-1

The models used here are enlarged so as to be equal
to the actual dimension. And then, laying blocks
one by one on the model, experimenter tell sub-
jects that the model-dimension is equal to the con-
structed as a whole. Thereby subjects may, at least,
not need to convert the model-size into the actual

size, and are lightened of loads on spatial analysis

of the presented model.

Fig.2 Examples of models in Test-1 and Test-2.(in the
cases of Task-4)

B yellow WM :red ©Z3:blue [ J: white
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Assist-2
Two lines are drawn on the models to be presented
(designs of tasks not solved at Assist-1) so as to be
divided into the construction elements. And then,
subjects are asked to numerate construction ele-
ments on the presented model. Thereby, it may
come to be easy for subjects to overcome their im-
mediate perceptual impression received from the
presented model and to translate it into the con-
struction elements.
Assist-3
A mark as a guide to spatial orientation is put on
each construction element to be constructed with
two-color side. Likewise, each block is also put the
mark. And then, the experimenter instructs sub-
jects how to utilize the marks in their construc-
tion, using demonstrations jointly. Thereby, it may
come to be easy for subjects to orientate each two-
color side spatially.
Assist-4
The models used here are the same as Assist-3. At
this step, the experimenter points out one by one
what S should do at each node in the process of
construction. That's why subjects may not need to
plan and /or control their construction and only
need to carry out the operations pointed out by the
experimenter.
In sum, Assist-1, Assist-2, and Assist-3 are means of
assistance focused on spatial analyzing and/or operat-

ing, Assist-4 is on planning and/or controlling.

3. Results and Discussion (1)

1) To what extent can children construct by themselves ?

a) In case of normal children

Fig.3 shows the performance level (the highest Task-
Number resolved successfully) of each normal child in
Test-1, that is, without any assistance.

Each of the performance levels tends to be upward

by degrees with chronological age, although individual
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(Task-No)
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Fig.3 Performance levels of normal children in Test-1

difference in each group is large. And, It should be noted
that 7 out of 10 grade-4 children and 9 out of 10 grade-
5 resolved task-9 or above. This suggests that by these
ages most of normal children come to accomplish all
the types of construction with 4 elements.
Incidentally, the performance levels in most of groups
tended to be higher in comparison with the norms stan-
dardized by S. C. Kohs (1920). For example, even in
preschool children group, there was the child who re-
solved task-9 successfully. In addition, according to "the
manual", we had to give 1Q=170 to 180 to a few of the
children who are not peculiar in their classes. It might
be necessary to reconsider whether Kohs' Block Design
Test is a true test for measuring IQ or Mental Age or

not.

b) In case of mentally retarded children

Fig.4 shows the distribution of performance levels of
mentally retarded children in Test-1.

Each of the performance levels tends to be upward
with mental age. But individual difference is large. Not
a few children (for example, EK, JA, MK, THa, TS, KK,
MiS, TYo, NG) showed rather lower levels.

In comparison with same-MA normal children, men-
tally retarded children are not necessarily lower than

normal children. Because about 70% of them fell in the

range of performance levels of same-MA normal chil-
dren. Some of them(for example, JO, JS, KSu, TH, SM,
TKa, and ToT) proved themselves to be on fairly higher
levels even in comparison with same-MA normal chil-
dren.

2) What kind of assistance do children need ?

a) In case of normal children

Fig.5 shows the individual performances of normal
children in Test-2. Characteristically, most of the nor-
mal children (even in preschool group) didn't need so
much of assistance in order to resolve the failed task.
At least, nobody, among the normal children group,
needed up to the Assist-4. These children are likely to
come to accomplish 4-elements construction by fairly
early age, if they are supported by the Assist-1, -2, or -
3.

The above suggest that for normal children of 6 and
over, the measure component serving to construct the
designs of 4-elements is the operation for analyzing a
given design into the elements of construction, at least
the role of planning/controlling component is relatively

smaller.

b) In case of mentally retarded children

Fig.6 shows the performances of mentally retarded
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Fig.4 The performance levels of mentally retarded children in Test-1
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Fig.5 Performances of normal children in Test-2

children in test-2. At first, it deserves our attention that
many of the children needed up to the Assist-4. 16 out
of 46 mentally retarded children needed up to the As-
sist-4. This is likely to be one of the general character-
istics of them, although this characteristic tends to be
find in case of lower mental ages (It should be noted
that a part of the children of higher mental ages, for
example,THa, TS, MiS, and TYo, don't need up to the
Assit-4 despite of showing the lower performance lev-
els in Test-1).

The above suggest that in case of mentally retarded

children, there are many children who are different
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quantitatively and/or qualitatively from the same-MA
normal children concerning to the necessary assistance.
And there also are children who need some specific or
special type of assistance (This was already reported
in detail somewhere else). For example, AE(MA=6:0)
and MS(MA=6:7) needed, beyond the ordinary extent,
the type of assistance focused on spatial analyzing and/
or operating, and TC (MA=6:1) on planning and/or con-
trolling.

3) What type of task do children stumble on ? (See Fig.5,
Fig.6 and Fig.7)
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It is one of the main characteristics for mentally re-
tarded children that many of them stumble on the Task-
2 and/or -7 in comparison with normal children. This
had nothing to do with mental age.

The number of mentally retarded children who
stumbled on the Task-2 in Test-1 reached to 15 out of
46 (33%), while only a minority of normal children un-
der 7 years of age stumbled on this task. Incidentally,
The Task-1 is a type of the tasks in which each of con-
struction-elements corresponds with the direct percep-
tual impression of the design, while the Task-2 isn't
such a type. In case of a latter type of task, children, at
first, need to overcome their impression and divide the
model into construction-elements in heart, and then to
utilize 2-color sides to construct the model so as to be
correspond with the impression. That is, the fact that
many of them stumbled on the Task-2 suggests that
not a few mentally retarded children need some type of
assistance for making them overcome direct perceptual
impression in comparison with normal (at least same-
MA) children.

The number of mentally retarded children who
stumbled on the Task-7 in Test-1 reached to 18 out of
46 (39%), while most of the normal children didn't
stumble on this task. Incidentally, in this task-7 (and
task-8 and-9), the models stand diagonally (See Fig.1).
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So children have to adjust to "leaning model". At least,
operation of rotating the concerned coordinate system
in heart may be necessary. Characteristically, 6 (HF,
HO, HE, SK, SH, KeSu) out of 18 mentally retarded
children who stumbled on this task showed dramatic
changes in their constructional activities under a spe-
cial type of assistance in which we gave them "Frame
of reference" (See Fig.7) and made them fit each of cubes
one by one into the frame. They changed their "trial &
error" type of manipulation to "goal-directed or planful"
type ; Behaving, as it were, in a hit-or-miss way at first,
they came to select the necessary side of cube before-
hand, then decided the direction, and finally set the
cube. We have to give up more discussion on this fact
because of being necessary to proceed additional ex-

periments.

N

v

Fig.7 The frame of reference used in Task-7, -8 and -9
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4. Results and Discussion (2)

Here, we will illustrate the 3 mentally retarded chil-
dren who showed an interresting contrast in their de-

velopmental retardation of constructive activity.

1) The cases in which the assistance to spatial analyzing
and/or operating worked effectively
Example-1 M.S. (m. CA=13:1, MA=6:7)

He tends to be exhausted and to be drowsy. So we
had to stimulate him again and again.

It was the only Task-1 which he could solve by him-
self (See Fig.8). But it drew our attention that he was
strategic. That is, at first, he gets all the necessary
block-sides before starting to construct practically,
thereafter, sets the blocks carefully (See Fig.9). That
means that he has, preliminarily, analyzed the model
and planned the process of construction.

However, when he proceeded to Task-2 which re-

quired to use 2-color sides as well, he ceased prelimi-

Task-No
9

— DD W A U1 O =1 0
* K Kk K K X X KX X

=
™

TC MS

Fig.8 The stage or step where each MR
could solve in each task.

Resolved in Test-1

Resolved under Assist-3
Resolved under Assist-4
Resolved under Specialized assist
Unresolved
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nary analyzing or planning and came to show a man-
ner of "trial and error" manipulation. He also couldn't
(or didn't) notice that he should utilize 2-color sides as
well. He continued to try to construct the model with
only 1-color sides and eventually failed in the next task-
3 as well .

Then he proceeded to Test-2. At this stage, both of
Assist-1 and -2 worked nearly in vain. It was the As-
sist-3 that worked most effectively on him. It was strik-
ing that this assistance made him change his manner
of construction from "trial and error" to, so to speak,
"goal-directed or planful" strategy ; He, at first, con-
structed the lower part of the design to be constructed
with 1-color sides, and then the upper part with 2-color
sides, paying attention to the mark on the model and
blocks (It drew our attention that he divided the pro-
cess of construction as a whole into two steps). He could
solve up to the task-9 at this step.

Example-2 A.E. (f. CA=13:0, MA=6:0)
She chats well. She often talked fluently to us the

occurrences in her school life. She listened to

%
Z N

9 <— At first, he got the necessary four
sides.

)

7 B

Task-1 of Test-1

7

25"
W
27"

33

Fig.9 The process of cnstruction of MS in Task-1
of Test-1
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experimenter's instructions, and even asked questions
spontaneously if couldn't understand them well enough.

By contrast to M.S., she couldn't solve even Task-1
by herself. The Assist-1 didn't worked effectively in this
task. It is nonsense to give Assist-2 for Task-1, because
the model of task-1 is a checkered pattern. As for As-
sist-3, it is impossible for the same reason. Then we
proceeded immediately to Assist-4. It was characteris-
tic that she could choice the necessary sides, but often
set them up at wrong position (e.g.f.. or->.-.-.. ), and
failed for the reason. Eventually, in spite of Assist-4
focused on the aspect of planning and/or controlling,
we had to add the instructions concerned with spatial
orientation (e.g. "Move it upward !") in order to make
her complete the task. This Assist-4 worked in vain in
the Task-2 as well.

Next, returning to the step of Assist-2, we asked her
to solve Task-2. At this time, characteristically, she
couldn't numerate correctly the construction elements
on the presented model even after experimenter's in-
structions (M.S. was also unable to numerate correctly
at first, but came to be able after experimenter's in-
structions). She numbered only according to the per-
ceptual units (i.e. ; ). She could numerate only in
the case of using the actual blocks as the models. Then,
hypothesizing that the introduction of actual blocks may
be useful to make her analyze the model, we tried to
present the actual blocks as the model in order to make
her solve. But she didn't get to solve. The next Assist-3
was also useless. That is, it was confirmed that all the
assistance which had prepared at first had no effect on
Task-2.

Then, we tried to present both of the model to be
used in the Assist-3 (drawn on the cardboard) and the
model of actual blocks in a row at the same time. This
type of assist may be regarded as a modification of As-
sist-3. This modification worked effectively to make her

solve all the tasks of four construction elements.

2) The case in which the assistance to planning and/or
controlling worked effectively

Example-3 T.C. (m. CA=15:4, MA=6:1)

He is a man of few words contrastively to A.E.. He
didn't even report that he had finished solving the given
tasks, so far as he was not asked. He also trended to
come to be drowsy. T.C. and M.S. were alike in this
respect. However, M.S. could recovery the level of ac-
tivity through experimenter's encouraging instructions,
on the other hand T.C. couldn't so. So we couldn't
present so many tasks to him.

Although he took much more time and his manner of
construction was "trial and error", he could solve the
Task-1 in Test-1 (See Fig.10). When he proceeded to
Task-2 and -3, however, he came to be helpless.

In Test-2, it was not effective at all to give him As-
sist-1, -2, and -3. Characteristically, he didn't noticed
how far he solved the given tasks. For example, in As-
sist-2 for Task-2, he came to be just before solution (he
constructed as follows : W-W/// ), but hedidn 't (or
couldn 't ) noticed it, handled the block placed already
correctly, put in a unnecessary correction, and failed at
last. It should be noted that he failed the task not on
the ground that he couldn't realize necessary opera-

tions appropriately, but on the ground that he couldn't

time 4” V/’ !
-
0 R 3
l !
15"
-
20" . i
% Task-1 of Test-1
L
3 g
n 63”@
2 @ %
. i
7
65" PP %
36" e %

Fig.10 The Process of construction of TC in Task- 1
of Test-1
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(or didn't) estimate that he had got the critical posi-
tion. (We, latter on, tried to present him with the same
situation as a special task. Then he could solve the task
easily.)

It also should be noted that from the start, he was
able to numerate correctly construction elements on
divided designs. That suggested that he might find it
less hard to analyze the presented designs into con-
struction elements than M.S. and A.E., and at least, he
might not depend on the actual block-model like A.E.
did.

Then we presented the Assit-4 for this task, Task-2.
Although he required experimenter's encouraging in-
structions, he could solve the next task-3 as well as
this task, manipulating blocks one by one appropriately.
Thus, it was Assist-4 that worked effectively on him.

Wishing to continue tests moreover, we had to stop
on account of his problem pointed out at the beginning.
But, we had chances enough to grasp what kind of as-

sistance he needs essentially.

The above results show that M.S. and A.E. have more
serious developmental problems in aspects of spatial
analysis and/or operation, on the other hand, T.C. has
of planning and/or controlling. In order to get the sup-
porting evidences, we tried to present the following two
sorts of tests to them : one is the test of "perception of
direction (of hands on a clock)" ; another is of "program-
ming (arranging checkers in a raw, for example in a
following arranging form ; @ OO@OQ)". In these tests
as well, they showed differences similar to the above in
performances and characteristics of errors. That may
support that our interpretation of results is valid.

It is instructive finding that each of the mentally re-
tarded children gaining nearly even MA-scores in a in-
telligence test required different type of assistance in
order to solve the tasks which are beyond their perfor-

mance level.
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5. Summary

1. Although the individual difference in each group of
the normal children is large, their performance levels
without any assistance tend to be upward by degrees
with chronological age. But the performance levels in
most of groups tended to be higher in comparison with

the norms standardized by S. C. Kohs (1920).

2. Mentally retarded children's performance levels with-
out any assistance tend to be upward with mental age.
But individual difference is large. Although not a few
children showed rather lower levels, our mentally re-
tarded children were not necessarily lower than nor-
mal children. Because about 70% of them fell in the
range of performance levels of same-MA normal chil-

dren.

3. Normal children even on rather lower performance
levels in Test-1 don't need so much of assistance to re-
solve their failed tasks in comparison with mentally

retarded children.

4. Many of the mentally retarded children needed up
to the Assist-4 focused on planning and/or controlling,
while Nobody among the normal children did up to the
Assist.

5. Many of mentally retarded children stumble on the
Task-2 in which each of the construction-elements be-
gins not to be correspondent with the direct perceptual
impression of the design, and/or on Task-7 in which the
model begins to stand diagonally. This had nothing to

do with mental age.

6. Mentally retarded children gaining nearly even MA-
scores in a intelligence test required different type of
assistance in order to solve the tasks which are beyond

their performance level.
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7. There may be 5 types of constructive activities of
mentally retarded children ; Type-1s (47%) are not dis-
tinct from same-MA normal children ; Type-2s (16% )
show relatively lower peformance-levels than the peers
; Type-3s (4%) show more gains with the assistance fo-
cused on spatial analyzing and/or operating ; Type-
4s5(2%) show more gains with the assistance focused on
planning and/or controlling ; the others (33%) are not

classifiable.

8. This study as a whole suggests that in order to con-
nect the diagnostics of mentally retarded children with
their education, it is important to examine what kind
of assistance each mentally retarded child need and to

characterize individually by the outcomes.
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