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ABSTRACT

This study examined the effects of a specified set of
activities on the ability of educable mentally retarded (EMR)
children to use the transitive property and conserve the three
relations "same number as," "more than," and "fewer than." Thirteen
EMR students, aged 12 to 15, were taught eleven lessons on
establishing and conserving these relations, and on the use of the
transitive property. Three tests were given as pretests and
readministered later as posttests and retention tests. Analyses of
numbers reaching criterion showed that significant improvement
occurred during the instructional period and was maintained
thereafter. (MM)
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The purpose of this study was to investinate the effects of a specified
sot of activities on the ability of educable mentally retarded (E'R) children
to use the transitive pronerty and conserve the threc relations. "same number
as,” "more than," and "fewer than.”
Piacet has obscrved four main stages in the development of coqnitive
operations. The first stane is called the sensorimetor period which Tasts
for anproxinately the first 13 months of life. This is a neriod of action
without mental representation, and it is durins this stage that object
nermanency is acouired (Sinclair, 1971, np. 2-3). During the seccond stane
of precneratinnal representation, the child builds un a sermilogic, a logic
of onc-way manpinos. 'hile this semilogic is incomplete, it is necessary for
the child to pass throuah this stace to acauire reversibility and concrete
operations (Sinc1air, 1971, pp. 4-5). Around the age of six or seven the first

concrete operations appear. Concrete operations refers tc operations that

are logical, mental actions that are physically possible on real objects.
that is, the child can perfora the mental opzrations regardless of whether

the objects are actually manipulated or whether the child is asked verbal

questions(Sinclair, 1971, p. 5). Conservation is viewed hy Piaret (1964, p.9)

as tihe nsycholocical criterion for the preSence Df reversible cnerations.

In the stane of formal operations fror about twelve vears of ace, the individual
js able to perform propositional Tocic on verbally stated hynotheses, reqardless
of vhether the hypotheses are true (Sinclair, 1¢71, n. 9).

* paper presented at the annual convention of the American Educational
Research Association, April 3-7, 1972, Chicaro, I1linois.
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Piaget (1970, pp. 27-30) has postulated mental structures (called grouping
structures) which he believes is a model for the systems of concrete operations.
He (Piaget, 1970, p. 38) has found that development of the natural numbers for
the child, is a synthesis of structures of class inclusions and structures of
order relations (seriations or asvmmetrical relations). Composition in the
structure of order relations (e.g., R) is made possible by the transitive proper-
tv: if aRb and bRc, then aRc (Sinclair, 1971, p. 9).

Van Engen (1971, pp. 37-41) does not agree with Piaget's analysis of
‘number concepts. He maintains that, from a mathematical point of view, number
involves set equivalence. - Equivalence is an equivalence relation and has the
reflexive, symmetric and transitive properties.

Thus, from a psychological or mathematical point of view, the transitive
property of order relations and equivalence relations is involved in the develop-
ment of a concept of the natural numbers. From a psychological point of view,
conservation is seen to be necessary for a concept of number. Empirical evi-
dence confirms that conservation is related to performance in mathematics.

Steffe (1966, pp. 46-47) found that first grade children in the lowest
level of conservation of numerousness scored significantly lower than three
other levels on solvina arithmetic addition problems. The subjects were parti-
tioned into 12 groups, 4 levels of conservation of numerousness by 3 1Q groups.
The children who scored the highest on addition problems were in the top three
levels of conservation and in the top two IQ groups, together with the children
in the lowest IQ, highest level group. The children in the Towest level, Towest
IQ group scored the lowest on addition problems, and the remaining four cells
made up a middle performance category. In a similar study using subtraction

problems, Le Blanc (1968, p. 156) found that, with one exception, the mean



performances of the three I groups in the highest level (of conservation)
were higher than mean performances of the three IQ groups .in the second level,
and so on for all four levels. He concluded that conservation is more closely
related to success in solving subtraction problems than is IQ.

Piaget does not assert fixed ages at which a stage of operation begins
in individual children. Uhat is considered invariant is that operating at one
level is prerequisite to the next stage, and thus, the order of the stages is
fixed. Empirical evidence confirms this hypothesis for educable mentally retarded
subjects.

Quick (1966) studied the performance of 80 EMR children on a number concept
test. The test involved five Piagetian tasks: conservation of “same number as"
based on countina, conservation of one-to-one correspondence, seriation, and
the coordination of cardinal and ordinal numbers. Quick's subjects ranged in
age from 6;5* to 13;10 and in mental age (FA) from 4;6 to 8;6 as measured by a
standardized test.

Quick (1966, pp. 69-70) found a significant correlation between the total
score on the number concept test and MA. When be blocked on mental age, he
found that subjects with A less than six gave significantly more global type
responses than subjects with A greater than six. ‘Quick's most (educationally)
significant Fihding was that EMR children experience the same stages of mental
development as normal subjects. There was a MA lag in that the subjects in the
study had not become concrete operational by MA 8:6.

Woodward (1961) studied 50 adults and 44 children who were insti‘.tionalized
in homes for the mentally subnormal or in a hospital. The four types of tasks

involved establishing and conserving a one-to~-one correspondence, equalizing

*6 years, 5 months. “




bal sets, seriating, and conserving liquid.
Moodward (1961, pp. 256-259) found that most of the subjects scored con-
ently across all four types of tasks at either the intuitive or concrete

ational level. There was a substantial number (38) of subjects who did

understand the instructions for equalizing unequal sets nor conservation
iquid, and who scored at an intuitive level on the other two tasks. Uoodward
d that 1Q's of 50 or more occurred siqgnificantly more often among stbjects

were operational on at least one task. She concluded that mentally subnormal

ts and children make responses similar to normal children of four to seven
s of age when dealing with Piagetian number concept problems,

{fany EMR children lack conservation and the transitive property of certain
tions. Results of empirical studies suggest that this may be a serious
icap in their performance in solving mathematical problems. The question,

h is raised, is whether these pupils can acquire the ability to conserve and

the transitive property through specified experiences.
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ubjects

Thirteen pupils, who vere classified as EI'R students by the Clarke
ounty School System of Athens, feorgia, and who were enrolled in special
-lasses, scrved as subjects. The students ranoed in age from 12:3 to 15°G.
‘he only standardizec test data available, muchvof which was four or five

sears old, indicated that the anproximate 10 range of the sample was 45 to 75.

Tests

Three tests vere constructed by the investigators. The purpose of the
 ancuage Test (LT) was to determine the ability of the students to use thc
relational terminology to accurately describe relations between two sets of
objects. In each of the six itens which were censtructed, the subject was
jnstructes to match two sets of objects, say A and B. Fe was then asked
three standard questions, "Are there the sare number of a's as b's?"

"Are there more a's than b's?" and "Are there fever a's than b's?" and
given the opportunity to respond to each question.

There were three items of the Conservation of fatching Relations Test
(C.IRT) with one item in which each relation held. In each item the subject
was instructed to match two sets of objects and was asked the three standard
aquestions. The examiner then rearranced one set of objects to induce a
peréeptua1 bias against the reTatécn which existed and repeated the three
standard questions.

The Transitivity of ilatching Relations Test (TMRT) contained one item on
the transitive property of each of the thiee re1ati§ns. For avdescriptioa of
an item, consider the item on which there were fewer a's than Qfs and fewer
b's than c's. The subject was instructed to match sets A and B. He was then
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asked, "Are there fewer a's than b's?” After the response, he vas instructed
to match the G and C. The exaniner asked "Are there fewer b's than ¢'s?"
Follo:ing the response, the exariner asked the three standard questions rela-
tive to A and C vhich were not compared. In some tests at the time the
transitive inference vias required, sets A and C vere arranaed to induce a
pcrceptual bias against the correct answers to the standard questions. In
other cases, sets A and C were screened from the subiect's view bv placing
the objects in a cup following the respective comnarisons with set .

cach material set of the tests consisted of from six to ten ohjects

such as checkers, tilaes, cutout stars, or colored vooden discs.

Unit of Instruction

The treatment consisted of eleven lessons, one on establishing relations,
five on conserving the relations, and five on using %he transitive pronerty
of the relations. Instructional materials consisted of sets of physical
objects such as small sticks, pebbles, geometric shane cutouts, and nictorial
materials. In some cases each student had sets of manipulative materials and
performed his oun manipulations and transformations. In other lessons the
teacher manipulated the materials on the overhead projector, an! students
responded to appropriate questions. Pictorial materials consisted of cutouts
of baseball nlavers and bats and transparencies comparing sets of cars,
drivers, and seat pelts. The number of objects used in a comparison ranaed
from seven to about 10.

In the conservation lessons, after two sets were compared, one set

either undervent a transformation or was screened from the subjects' view, ;

and the students were asked what relation held. The principle of reversibility

vwas involved by returning objects to the original position of matching the

S 6




Procedure

sets following a relaticon nreservinn transfornation. A~ding or removing

objects from onc of the sets vas use:! to channe the relation betwcen two

sets. In the case of the relation. "the saze number as,” tie rule, “rearranging
does not change the nuwber of obiescts, but removing an object does," was aiven
in some conservation lessons.

The method of the lessons on the transitive property was the pupils’®
empirically deterriining the relation betveen A and C in the transitive
paradigm, if A is relatec to & and I is related to C, then A is related to
¢. After establishine the relation between A and r and between [ and C in
each example, the punils were asked to ~ake a coniscture about the relation
between A and C before comparina A and C. The sets A and C were either nlaced
in a confiquration which was biased against the correct conclusion or screened

from the students' view at the time of the conjecture.

The tests were aiven by the investiaators in one-to-onc intervicus.
Pretests were given in January, 1971, Each pretesting sessions included a
heief training session to insure that the subjects could foilow the cormands
and apply tlie velational temainoiogy to appropriate situations. Each of
these traininc sessions invelved four to seven situations, depending upon the
amount of practice the student apnecared to need. Followinm the training
session, the Language Test was given. The criterion for the LT was set at
one item for ezch relation. If a subject failed an item, he was aiven the
second item for that relation. The conservation test, CIRT, and the’
transitivity test, THRT, followed the LT.

Instruction was civen during the two reaular mathematics classes by

the classroom teacher. The investinators observed the classroom teacher
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during the lessons to insurc that the teacher followed closelv the prescribec
lessons and to make sure that the teacher was consistert in his nresentation
to both groups of students.

In the Sprina of 1971, followina the complation of instruction, the LT,
GIRT and TIRT were given as posttests. The same tests were again given as
retention tests 28 days after the posttest for the first class and 16 -lays
after the nosttest for the second nroup. The test differed only in that in
the pretasts and posttests the objects of the TIRT were arranged to be
pzrceptually biased anainst the correct solution, and in the retention test
the objects were screened at the time of tha transitive inference.

In order to pass an iter, a subject had to answer correctly each cuastion
of the item. The criterion for passing the conservation or transitivity test
sas set at two of the three items. The probability of meetino the criterion

on a test uy guessing was less than .043.

Hynotheses and analvses

The hypotheses examined in the study were that there vould be a sionificant
increase in the number of subjects who:
(1) conserved the relations "same number as," "more than,”" an? “fewer

than," as detarmined by the pretest and nosttest:

(2) used the transitivz nronertv of the sane relations, as determined
by the rretest and nosttest:

(3) conserved thie specified relations, as determined by the pretest and
retention test

(4) used the transitive property of the relations, as determined by the

pretest and retention test.



The frequencies of pupils meeting th2 criteria and net reeting the
criteria on the nretest versus the nosttest or retention test are presented
in 2 X 2 tables. Tha binomial test was nerformed on the data in each table
to test the null hynothesis that the probability of a pupil cianging from fail
to pass “1as eoual to the probability of a pupil chancing from nass to fail

(Siegel, 195G, pn. 36-33, G6-G7).

Results

One pupil failed to reach criterion on the lancuase at any testina,
lie was consequently dropped from the analyses. “ne student was abhsent on
the day of the posttest and a different student vas absent on thi2 day of
the retention test. Thus data are reported for eleven students in each table.

The results of the pupils' nerformances on pretests and posttests are
nresented for conservation in Table 1 and for transitivity in Table 2. It
may be observed that seven students attained conservation on the nosttest
who did not on the pretest, and no students changed in the opposite direction.
The nrobability of this occurrina under the null hypotheses is less than
.01 (p < .01). There were four stuuents who failed to meet the criterion
on the transitive pronerty on the pretest, and who achieved the criterion
on the posttest. o students were changed in the opnosite direction. This

occurs undar the null hypothesis with p < .C7.

Table 1

Frequency of Pupils Achieving the Criterion on
Conservation: Pretest Versus Posttest

) . Posttest o -
flot Criterion Criterion
Criterion N 3
Pretest )
flot Criterion 1 ' 7
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Table 2

Frequency of Pupils Achievina the Criterion on
Transitivity: Pretest Yersus Posttest

. Posttest

Jlot Criterion Criteriaon
| Criterion 0 a
Pretest i
liot Criterion 3 4

Tables 3 and 4 contain the results of the pretests and retention tests
for conservation and transitivity. It may be noted from Table 3 that se?en
bupils reached the criterion on the coﬁservatiop retention test who did not
neet tiie criterion on the corresponding pretest. Five pupils channed to
criterion on the transitivity retention test. ﬂo pupils chanaed in the
pposite direction on either the conservation or transitivity retention test.

Jnder the null hypothesis, the above frequencies may occur with p < .01

In no case did a student change from attaining the criterion on a
retest to failing to attain the criterion on a later test. In each of
tne four uses cf the binomial test, the probability, that the freauencies were
btained under the null hypothesis, was sufficientiy small to reject the ﬁu11
wpothesis. Thus, the four hypotheses of this study were accepted.
Table 3

Frequency of Pupils Achieving the Criterion on
Conservation: Pretest Versus Retention Test

Retention Test

lot Crﬁterion ~ Criterion
Criterion N 4
'retest 7 B
(ot Criterion 0 7
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Tahle 24

Freauency of Pupils Achievinc the Criterion on
Transitivity: Pretest Versus Retention Test

Retantion Test

ot Criterion —Criterion
Criterion 0 3
Pretest o , i
i'ot Criterion 3 5

In addition to improvement between pretesting and later tests, another
finding worthy of note is the status of the pupils before the lessons. nf
the 12 children who attained the criterion on relations, 7 attained criterion
‘on neither conservation nor transitivity. There was one additional student
who failed to meet the criterion on only one of each of conservation and
transitivity. Thus 2/3 of the pupils could not conserve the relations or

use the transitive property at the beainning of the study.

- Conclusions

The smallness of the sample of this study restricts one from justifi-
ably forming generalizations about the ability of E"R children in general to
conserve and use the transitive property of the relations, "same number as,”
“more than,”" and "fewer than." However, the findinas before trainina are
in agreerent with previous empirical research. If further replications
substantiate these findinas, it would appear that older E'R children are
not prepared to meaninnfully learn operations and relations of numbers, and
that learning which has occurred may only be on a basis of rote memorization.

Furthermore, it appeared that the activities used in this study were

effective in improving the ability of the students in the sample to use

11
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conservation and the transitive pronerty of the relations. These lessons
includec a variety of materials and activities, which gave exneriences in the
concepts of conservation and transitivity. Activities vhich would have

been trivial for normal children of the same aae vere apnealina to the E'IR
children of this study. The results seem to indicate that it is feasible

to train older EMR children on the tasks of this study.

The result that the children in this study retained the ability to
conserve and use the transitive property over a period of two to four weeks ,
aives evidence that the learnina that took place may be on a permanent
nasis. llo attempt was made in the present study to determine if the learninn
transferred to other kinds of relations such as relations on lencth of
segments. Such studies should be carried out.

Finally, this study suggests that further studies should be carried out
to properly characterize the coanitive development of older EiiR children.
These studies should suraest the nature of curriculum materials that can be

meaningfully utilized by EIR pupils.
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