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Education and Training

PRINCIPLES AND METHODS OF TEACHING ARITHMETIC
TO MENTALLY RETARDED CHILDREN *

By Donis Carmizon ane Heinz WeRNER

From the Wayme Conmiy Tramrng Scheol a8 Nerthedle, Mickigan,
Robere H, Hakell, MDD, Medical Superintendend

IT IS generally agreed that expericnce
and intuitive insight enables the
gifted teacher o find productive ways
of coping with the defective mind.
There are, however, definite limitations
to such an intuitive approach . . . limi-
tations that may be gradually overcome
by carefully planned experimentation
into the of learning. The
child’s understanding of number opera-
tions rather than his attainment of mere
mechanical skill should be the educa-
tional goal considered in rescarch in
arithmetic.!

Research into adequate teaching
methods demands (1) a thorough
knowledge of the normal development
of number concepes, (2) an analysis of
the general and specific dehciencies
which cause retardation of this develop-
ment, and (3) the tryout of various
educational principles and devices aimed
at the removal of the difficultics in the
process of learning.

Basically, the use of a number con-
cept depends on an understanding of
the number system. The child must
have a spatial reference pattern in which
the numbers are related; in the series
1-2-3-4-5-0-7-8-g-10 he must know that

* Stadics in the Pspchopathology af Childhaod
and Mental Deficiency by a grant
from MoGregor Fand, Detroat.  Report Mo e,
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every number has a definite position
with respect to every other number. He
must learn that the entire number plan
is based on this order of ten, and, for
example, that eighty means that eight
groups of ten are involved.

The normal child has a gradual de-
velopment in his understanding of
number® Many times the primary
form of the number concept starts with
body activity, motor rhythm, counting
by hngers, etc. Concrete number
forms are next used; these are per-
ceptually organized units, especially
within the wvisual feld (for one ex-
ample, the child is able w recognize

this formation of dots . as 5). Fi-
nally, the picture-like references of the
number forms are partially discarded,
and the child reaches the level of ab-
stract number concepts.

Since the educational process is a
gradual development, any new step
macde by the child can only be reached
if he has successfully passed through
the preceding one. An important cause
of the retardation of this development
is the too rapid progress in the teach-
ing of this subject. Particularly in the
mentally retarded child his slow trans-
fer from one successive step to the next
often is not taken into account. A
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child may perform a mechanically ad-
vanced operation on the verbal level
without an understanding of its con-
crete basis. Special deficiencies in those
functions necessary for performance at
the various achievement levels are an-
other principal cause of disability in
arithmetic.

For instance, as mentioned before,
children may start to count by using
their fingers. They may be impaired
in this performance by a special defi-
ciency in discriminating their fingers.
We developed a test which is useful in
the diagnosis of such a deficiency. The
test measures the ability of the child to
indicate with the eyes shut one or two
fingers at a time which have been
touched or named previously by the
examiner. The results show a decrease
in errors in the average performance on
this test with increasing mental age.
There is a relation between re-
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tardation on this test and arithmetic
disability.* * (Fig. 1.)

A child's further progress depends on
his ability to visualize concrete number
represented as a configuration of ele-
ments. Several tests are used by us for
diagnosing defciencies of visual fune-
tions. Onec test measures the child’s
accuracy in the recognition of patterns
of dots shown to him for a fraction of a
second. A relationship exists between
arithmetic disability and performance
on this and other wvisual perception
T

That the child first must think of
number concretely before he uses it in
an abstract verbal way is extensively
demonstrated in the study made by
Brownell® He found that children who
could not handle numbers in a con-
erete perceptual organization were re-
tarded when they were required to
handle numbers abstractly. These chil-
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dren counted the concrete objects
(which were in this case dots) one by
one, and were not able to recognize
that most numbers are an aggregate or
unit made up of single parts.

Recently, a research program in the
remedial teaching of arithmetic has
been carried on at the Wayne County
Training School, Neorthville, Michigan.
A few principles underlying our teach-
ing may be mentioned. The following
two general principles deal with the
spontaneity of the child toward number
work:

1. The educational situation should
offer many opportunities for the child's
activity. Mumber operations should be
concerned with deing instead of only
secing, hearing, or verbalizing.

2. Increased motivation is needed for
children having special deficiencies.
Games encouraging self- and group-
competition should be widely used.

There are also two specific points
which govern our methods in remedial
number work:

1. The primary steps in number de-
velopment must be taught very slowly.
Each step can be divided into sub-steps
so that the rigidity in the transfer
known to be characteristic of the men-
tally retarded child can be overcome.
The mentally retarded child, because of
his mental make-up, must be kept much
longer in the concrete field than the
normal child.

2. The deficient function must be
taken into consideration . . . it may be
handled in one of the following ways:

a. Strengthen the deficient func-
tion by direct practice. For improv-
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ing hnger dexterity in number work
Descocudres recommends finger ex-
ercises for the mentally retarded child.
The child is required to stretch suc-
cessively 1, 2, 3, 4, 5, ctc, fingers as
they are called by the teacher. In
cases of a defciency in visual dis-
crimination, we have the child prac-
tice the recognition of visual concrete
configurations.

b. Imbed the deficient function in
a more comprehensive activity which
results in more efficient work., For
instance, in cases of deficiencies of
visual space relationships, the learn-
ing of the decimal system may be
facilitated by additional kinesthetic
activity (tapping, etc.).

¢ In cases of severe functional dis-
ability, replace the deficient function
by a function that can be efficiently
used in the learning of arithmetic.

We may now discuss somewhat in
detail the special methods and devices
used in our remedial program. The
children which were subjected to
remedial treatment were all high-grade
morons having various accomplishments
in arithmetie, but all needing training
at the primary levels in their under-
standing of number. All had indi-
vidual disabilities pertaining to a de-
heiency of space relations, and, as a
result, their concrete number concept
was impaired. Therefore, the remedial
work was directed toward an under-
standing of arithmetic operations on
the basis of concrete number references.

The concrete number concepts were
introduced in various ways. A peg-
board four feet square is one of the
first devices used (Fig. 2). By set-
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ting the board on the floor with the
pegs vertically placed, games consisting
of tossing rubber rings at the pegs may
be devised. This board gives epporu-
nity for counting and perceiving con-
crete units made up by the pegs; it
may also be used later for addition,
subtraction, and multiplication games.

The perception of a configuration of
elements as number can be taught in
various ways. By abstracting the child
learns eventually to recognize a con-
figuration of elements as representing a
number. If, for instance, the child is
able to match two patterns different in
design but identical in number of ele-
ments, he has arrived at an understand-
ing of concrete number. Decroly,
Descoeudres, and others have success-
fully used a lotto game for this train-
ing; on the basis of number the child
matches cards having variously con-
figurated patterns® We prefer the fol-

TeacHmwg AmTaseric 7o MesTaiiy Berazpen CHirbrexn

lowing method which calls for more
activity on the part of the child than is
required in pure matching. The child
has before him a narrow strip of wood
on which he is to place small chips in a
series identical in number with a pat-
tern on the peg-beard (Fig. 2, bottom,
left). Domino games in which the
numbers are represented as patterns of
dots or numbers or both serve the same
purpose (Fig. 2, bottom, right). Games
involving the throwing of dice may
also be used for training in concrete
numbers.

Several basic devices were constructed
for introducing the child into the deci-
mal number system. The peg-board
(since it contains ten by ten holes)
offers a first opportunity to get ac-
quainted with the decimal system. A
similar device which can be more
easily handled is the marble-board
(Fig. 3). It consists of a cardboard
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11 inches square with ten rows of ten
holes each; marbles of various colors
can be placed into the holes. The
marble-board again has the advantage
of tying up the child's movements with
number operations in the visual field.
Marbles can be actually removed or
placed upon the board by the child in
processes of addition or subtraction or
they may remain on the board and a
wooden pointer can be used for these
operations. In this way the child learns
to recognize number units and indi-
vidual numbers as localized parts of a
serics within the decimal system. Fig.
3 shows the child’s performance on
the problem of ten take away two.
With some of our children particu-
larly deficient in space relationships we
found that units represented by color
aided the child. For instance, the first
fives or tens can be set up against the
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next fives or tens by variation of their
colors.

Another universally used basic device
is the abacus. The form which we
used is represented in Fig. 3. This
device does not possess the precise
spatial positions of the marble-board
but it has the advantage of facile op-
erations. It consists of ten rows of ten
wooden beads strung on wires and set
into a wooden frame. Each row of
ten was broken into two sets of five by
inserting a small bead, contrasting in
eolor to the others, between the two
scls.

Addition and subtraction appear in
the work on the abacus as two direc-
tions of movements, i.e. one to the right
when taking away and the other to
the left when adding on. It should be
noted that addition and subtraction
were taught simultaneously as two

——— — e T — —
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phases of the same fundamental process.
Occasionally, one finds a child who
must remain longer on the more static
devices such as the marbleboard be-
cause of a left-right confusion and a
lack in the discrimination of space
relations.

Before proceeding to addition and
subtraction with more than one row of
ten the child must be acquainted with
the basis significance of ten on the
abacus. On the other hand, just this
feature of the abacus may be a handi-
cap for some children; particularly chil-
dren of very rigid behavior (persevera-
tive tendencies) may overlook the con-
tinuity of the number series in favor of
single rows of ten. Therefore, other
devices must be added. For instance,
one device which we used consisted of a
vertical row of numbered dots in a con-
tinuity of up to fifty or even more by

l"l.
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means of which addition and subtrac-
tion can be executed.

For children who have a severe de-
ficiency in visual space discrimination
the primary work on the marble-board
and on the abacus does not always give
satisfactory results. Consequently, we
introduced the finger-abacus. The child
places his hands flar on the desk and
uses them as a device in the following
way (Fig. 4). The nails are counted
as a consecutive series of numbers from
onc to ten and the knuckles from 11
to 20. The procedure of adding and
taking away on the finger abacus is in
principle the same as that of the peg-
board, marble-board, and abacus. This
finger-abacus adds a kinesthetic element
to the visualization of concrete num-
bers. Moreover, it is always available
for a check on abstract number opera-
tions, and, therefore, especially valuable

F:'HJHA‘&‘“J
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for children who have great difficulty
in abstract number work or who have
poor memory.

Addition and subtraction problems
are presented rather early as written
number figures simultaneously with the
work on the various concrete devices.
Such difficult processes as borrowing
and earrying are gradually introduced;
they, too, are performed at first as con-
cretc operations on the abacus. One
must stay relatively long on the inter-
mediary level of writing down explicitly
the sucessive steps in these processes,
For instance, in the subtraction problem
of 14 from 22 it must be written for
some time as:

2042 104-12 22
—104-4 or —I04+ § or —I4
o+ 8 _B

Multiplication and division are in-
troduced as two related processes, and
both must be first taught thoroughly
on a concrete basis. The abacus is used
to present multiplication as an out-
growth of addition. Children with
severe defects in visualization find it
impossible to understand or to remem-
ber even the simplest times facts with-
out actual practice with a concrete
representation.  Even later when mul-
tiplications are verbalized the child is at
first required to check each problem by
cither concrete operations on one of the
devices or the additive verbal methed.
Here again games may be introduced.
For instance, bingo may be used as a
multiplication game by placing muld-
plication problems on the cards that
are called. As mentioned before, the
p:g—hmrd affers many pussihilitits for

Vorumze XLVIL Mo, 3, Jasuvary, 1943
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multiplication practice. Another device
which presents an opportunity for self-
and group-competitive games is the
multiplication wheels. Each wheel
consists of two paper disks. The lower
one is marked into sections into each
of which the successive times facts arc
written; a slit is cut into an upper disk
so that by rotating this disk only one
problem can be seen at a time. The
answer is covered by an adjoining flap
that can be lifted for checking the
answer by the child (Fig. 4).

A word may be added concerning
number symbols. Number writing as
well as the concrete handling of num-
bers is affected by functional disabili-
ties, i, for example, those relating to
vision or muscle coordination. Some-
times drawing and writing exercises
must be introduced. Reversals such as
writing 61 instead of 16, etc, can be
oVercome b}' :mphasi ZINg cuncrcti:l]r on
the abacus that 16 is one row of ten
and six ones and 61 is six rows of ten
and one one. The child with a space
relationship impairment often has diffi-
culty in writing his numbers correctly
in vertical columns. The use of graph
paper or vertically lined paper will aid
such a child. Defects of perception may
also play a part in the discrimination of
symbols; plus, minus, and times signs
can be made clearly discriminative by
writing them in different colors.

Finally, we desire to peint out that
these methods of teaching arithmetic to
mentally retarded children cannot be
rigidly applied; it is necessary to con-
sider cach childs disabilitics before
choosing teaching methods most suit-
able for him. A certain procedure may
bring out unexpected deficiencies with
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which the teacher must cope. One
child, for instance, had particular dif-
ficulty with the marble-board because
he could not move the marbles cor-
rectly in a wvertical direction. With
such a child the abacus had first to be
used. With another child showing left-
right confusion on the abacus the prac-
tce on the peg-board which gives
opportunity for slower and larger
movements was advisable. A child
may have difhculties with all the men-
tioned devices used for learning the
decimal system because of a confusion
in the ordering of the various rows, ie,
for instance, mistaking 15 for 25. In
such a case we introduced the even
more concrete devices of counting win-
dows in the storics of a building or the
steps in several flights of stairs. One
child with speech and auditory-rhythmic
disabilities, though being able to handle
numbers concretely, could not apply his
knowledge to written problems because
of the curious inability to count verbally
from one upwards. Adequate exercises
were necessary of combining the count-
ing of numbers forward and backward
simultaneously with the tapping or the
drawing of lines in a rhythmic order.

There is one further point to be

Teackive AmrtHmeric To MentaiLy Reraroen CHiLorew

mentioned as |:rn|:|,1|i:|r to the remedial
teaching of arithmetic. The remedial
teacher is confronted with the problem
of straightening out a child's distorted
educational pattern. The unlearning of
old habits of procedure brings the child
quite frequently into a situation where
he seemingly can do less than he did
before. In this event the teacher must
use all his skill and imagination to pre-
vent discouragement of the child.

In conclusion, most research in the
education of mentally retarded children
has not been strictly enough related to
the problem of organic development
and its disturbance by general and in-
dividual defects. We believe that the
results of systematic research programs
in teaching will eventually enable the
classroom teacher to understand more
adequately the child’s manifold difficul-
ties; they will offer her methods which
may prevent many of the so-called
learning disabilities.

APPENDIX
All children of our remedial group
responded favorably to these teaching
methods. The following tables present
data of the mental and educational
level, and of the arithmetic progress of

TABLE 1
AcapEslc AcIEVEMEST oF Soves CHirones Berone REsenisn Amnrmmdere Tramme

Child G
E. M. 12—4
i I, 12=1
I. B, i3=3
W. G 13-%
M. H. 11=4
M. V. T0=10
F. 5 1803

Reading Arithmetic
MLA, Grade Grade
B-a ok 3.3
7-8 3.3 2.8
=g Fod 3.6
s 3.5 2.6
67 3.0 2.5"
o d z.6® 3.3 ¥
=g 1.8® i.a"*

* Metropolitan  Achicverment: Pam. [, A the Bt four childres were weited an Sandfosd

Achievement: Prom. D
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TABLE 2

AxrrenieTio Paeoceiss or Sevey Cwicores as Mussvzen sy teE Les Awcrips Tesms:
FUNBAMENTALE OF ARITHMETIC

Add. Subir. Mult.
Child Test grade  grade grade
E. M. 1 3.5 2.0 (bel) o
2 -5 4-3 3-9
L T 4.0 1.1 ¥
a A3 . 4
I. B 1 3.5 2.5 z.
| g0 4.5 g
W.G. 1 2.8 2.9 o
- | z.8 2.6 5.8
M. H. 1 .0 (b} o @
2 3.0 2.9 a
M. ¥. (] 2.0 {bd) o @
2 (z.5)* (2.8} (o)
F.G. f 2.0 (bel} o o
2 2.3 2.8 a

A M. V. was uncxpectedly
achievement in the remedial dass of at

a group of seven children. The reme-
dial teaching period was approximately
five months. The children had been
selected as remedial arithmetic cases on
recommendation by their teachers and
on the basis of their achievement tests.
They were taught in groups of two and
three for five hours each week.

The progress in training was meas-
ured by the Los Angeles Tests: Funda-
mentals of Arithmetic. The tests were
given immediately before and after the
training peried. Table 2 shows thar,
on the average, the children progressed
one-fourth of a grade per month of
training. It may be noted that the
progress in academic work for our
whole school population is in average
approximately one-half a grade per
year.!
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