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A Discussion of Piaget’s Concept of Conservation
of Number and Quantity

Sultana Sarwatara Zaman

Department of Psychology, University of Dacca

The present paper is a review of research findings concerning ¢‘conserva-
tion studies with children” of Jean Piaget and his associates in Geneva
and their replication by other investigators in Great Britain, the United
States, Africa and a few other countries. The main findings of all the
early works of Piaget regarding quantity concepts (matter, weight and
volume) showed the same developmental trends in children from no
conservation to almost assertain of conservation. The studis on conversation
of quantity and numbers also had the obvious bearing on the validity of
Piaget's stage-sequence approach—an initial stage in which children respond
to numbers wholly on perceptual basis; an intermediary one in which
individual numbers are responded to in conceplual terms; and a final-
phase in which relationship among the individual number is conceptua-
lized. All the research studies carried out in the United States, .Canada
Great Britain and Norway, except for one support Piaget’s assertation
of developmental sequence of children in the acquisition of conservation
of quantity and number. However, the experiments on” training on
conservation in children are inconsistant in their results and need
more follow-ups before coming to any conclusion. Though the studies
done with non-western children also confirm Piaget’s hypotheses, there
is diflerence in age at which conservation is achieved among western
and non-western childern. The cross-cultural literature discussed, however,
bears ample testimony to the viability of Piaget’s system and its
potential for generating research. The research findings were more
supportive of the sequence of conservation skills but have not confirmed
the particular age period specified by Piaget. Certain problems inherent
in the methodology which might give rise to descrepency have also
been discussed.

The major source of impetus for the research on development of
cognitive skills in children, during the last twenty years, has been the
work of Jean Piaget and his colleagues at the Centre International d”
Epistemologie Génétique in Geneva. The significance of Piaget’s work
lies in the fact that he has provided a comprehensive and conceptual
framework within which cognitive funo’{kc)ning_h-as been intensively studied.
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No other investigator has produced as encompassing and specific an

exposition within a developmental framework of the acquisition of cognitive

structures, The present paper will review the ‘‘conservation studies”

done by Piaget and his assistants
by other investigators in Great Britain, the United States, Africa and a

few other countries. In addition a review of experimental studies dealing
with inducing conservation in children through training procedure will
also be presented. Background material includes a brief discussion of Piaget’s
theoretical framwork and his usual experimental paradigm in conservation

studies.

Piaget (1950, 1957) and his co-workers assert that logical structure
1s not originally persent in the child’s thinking, but that it develops as
a function of an internal process, ‘“‘equilibration”, which is heavily depen-

dent on activity and experience. According to Smedslund (1967) this.

point of view differs radically from that of learning theory since practice
isnot assumed to act through external reinforcements, but-by a process of
mutual influence of the child’s activities on each other.
equilibration is not identical with maturation, since it is highly influenced
by practice which brings out latent contradictions and gaps in mental
structure, and thereby initiates a process of inner reorganization.

Piaget and Inheder (1962) conclude on the basis of their many
experiments that initially, children’s concept of quantity are undifferentiated ;
that is, the child does not have distinct separate concepts of man,
weight and volume. The quantitative concept of man is the first to separate
from the undifferentiated whole when the child becomes able to attest
to the invariance of man in the face of transformations. Thus when
prensented with two identical clay balls and one of these is altered in
shape (rolled into a sausage), the child will attest to identity of quan-
tity in spite of variations in shape. He has made a rational choice not
on the basis of appearance, but because he is aware that sheer change

of shape does not alter the amount of mass. The child has in effect,

conserved mass. Later quantity concepts of weight and volume separate

into two rational concepts. Piaget (1952) defines conservation as the

conceptualization that the amount or quantity of a matter stays the same,

regardless of any changes in shape or position.
The typical conservation problem ( Elkind, 1967 ) involves presenting

the subject with a variable and a standard that are initially equivalent in
both the perceptual and the quantitd¥%ve sense. The subject is then asked

in Geneva and their replications
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to judge their equivalence. After the subject has responded, the variable
is transformed, which alters the perceptual, but not the quantitative
equivalence between the variable and the standard. The subjectis again
asked to judge their equivalence. In a number conservation task, two
rows of objects are aligned in a one to one correspondence. After the
subject has asserted that the two rows are equal, a transformation of one
of the rows is made in front of the subject. The usual traosformation is
either a collapsing of the row or the expansion of the row. The typical
child under the age of six or seven, tested with conservation task, will
state that the numbers of objects in the o rows are no longer equal
( Piaget, 1952 ). He will focus on the elements in the sequence, rather
than on the transformation by which one state is changed to another.
The child is “perception bound”. Since he does not focus on the trans-
formation or reverse the changes he has seen occur, he resorts to a
berceptual response rather than a cognitive response. In other words,
he cannot integrate. '

What'then, is the sequence of development. for a child from a
preoperational, non-conserving state to a concrete-operational conserving
state ? Piaget proposes three stages of development ( Hunt, 1961 ).
The first is the recognition of quantitative equivalence, but ouly when
the correspondence between elements is actually perceived. Such equi-
valence ceases to exist if visual cues for its correspondence are removed.
The second stage is the recognition of conservation provided that the
geometric redistribution is not too great. The third stage is complete
conservation, irrespective of the nature of conflicting perceptual cues.
The basic mechanism which Piaget postulates to account for how the
child comes to deal with this problem is what Piaget (1952 ) has called
the “‘equation of differences.”” The child gradually comes to see that

for any given object a change in one dimension is compensated by an

equal and inverse change in a second dimension. Such an insight, Piaget
believes, is the result of the child’s repeated experiences with his
environment and maturation. However the richest picture of cognitive
developments, following the Piagetian theory, is based entirely on experiments
in which age alone is varied. In this view cognitive maturation is made
to appear like a biologically determined and universal sequence. While
Piaget admits that environmental influences play a role, the admission
is pro forma, and inventive experiments remain confined to American and

European children, usually middle-class children at that ( Greenfield, 1966 ).
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Where Piaget’s work has get!
emphasis has been almost entirely quantitative ( Flavell, 1963 ). |
aper is to review research studies on

er and quantity done in different
perimental design and to look

The main objective of this p
Piaget’s concept of conservation of numb
countries, using more or less the same cX
for consistencies in their results.

Early work of Piaget and his co-workers at Geneva

A large number of studies on the concB.Pt of conservation has be-en
carried out by Piaget and his co-workers during 1935'196_0- The§e studies
have been summarized by Piaget and Inhelder and published in several
books ( Piaget and Inhelder, 1941; Inhelder, 1936 ; Piaget, 1960). An
attempt will be made to summarize a few of these studies, as most of
them are space-consuming. The studies on conservation of quantity follow
the basic technique where the experimenter gives the subject a ball of
clay and asks him to make another exactly like it—‘just as big and
just as heavy.” After the child has done this, the experimenter retains
one of the balls as a standard of comparison and changes the appearance
of the other by stretching it into a sausage, flattening it into a cake,
or cutting it into several pieces. The experimenter then attempts to
find out whether the child thinks the amount of clay, the weight and
volume have changed or have remained invariant (i.e. conserved ) as a
result of transformation. The main findings of these studies were as
follows : Each type of quantity concept ( matter, weight and volume )
showed the same developmental trend : 1) no conservation,2) ‘“Onand
off” sort of conservation, 3) a logically certain, almost assertion of
conservation in the case of all transformation for the type of
quantity concept in question ( Flavell, 1963 ). Piaget also found that
conservation of matter occurred at 8-10 years of age, of weight at 10-12
and of volume at 12 years and after. Of 180 children aged 4-10
years, 55 showed no conservation of any kind, 67 showed conservation
of matter alone, 38 of matter and weight but not volume, and only
20 of all the three. Although this is not clearly stated, it seems that
dCVek’_Pmeﬂfal T?Vefsals (€. g. conservation of volume achieved before con-

servation of weight ) were rare or absent ( Flavell, 1963 ).
There have 'been several studies which report Piaget’s work on
(njumber.conservatmn. The§e studies are enumerated in ‘“The Child’s
onception of Number (Piaget, 1952), According to Piaget, number is

been extended to non-Western societies, the
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‘have to comit to be sure ).
follows : (i) the child asserts nonconservation of sets, (1) in the second stage
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;z::;nllf;:‘li}c,:alaret;zzgﬁ OI; synthesis of two logical e.ntitic.:s: class a}'nd
and_ theroby arrives. Ky one el}umerates a set of ol?Jets (i.e. 10 chal.rs)
themi all a]'*e An ;. Its cal-rdmal num‘ber, We are 1o essence treating
in, eRUEELA . Cand: lsll'egardmg the objfect dlﬁ'er.ences in ClE}SSIfymg. 'I.'hus
fr Piaget ineldus s I}umf)ers, order is essential. Nu{nerlcal opératl-ons
cardiuation: sad tli _me?S“gatlon_ of a child’s unflerstandn?g of ordmat}on,
o HET s elr 1ntc_:rre1at10n. In a ‘a typical experimental paradigm

presented with a row of objects and asked to take the same
number from a pile near at hand. In stage 1, the child is content simply
to make a rough figural approximation to the row with a different density.
In stage 2, the child spontaneously makes use of the method of one-to-
s correspondence. In the final stage, one-to-one correspondence is
maintained in spite of optical correspondence being destroyed by the
exPerimenter.- In one study, the child was shown 10 dolls of differing
heights, and 10 miniature walking sticks, also graded in height. He
‘was first told to arrange dolls and sticks ““so that each doll can easily
find the stick that belongs to it”. The experimenter then closed up one
of the series and asked the child to find the stick which belonged to
some particular doll, singled out by the experimenter. Important findings
were that the youngest children found it impossible even to construct a
given sereis. They seemed to have at their disposal no rational procedure
for doing this. However, once capable of making a series, the child
‘was equally capable of establishing correct ordinal correspondence. Piaget’s
next experiments were-to find out how children expressed their ability
to differentiate and coordinate the ordinal aspects of number. The results
indicated that ordination and cardination are not at all well coordinated
in the young child’s mind. The child’s ability simply to make vocal
enumeration of series elements did not at all guarantee a grasp of this
important relationship—a relationship so essential to a real understanding
of numbel ( Flavell, 1963 ).

In one study by Piaget and his co-workers ( Piaget, Apostel,
Mays and Morf, 1957). the supject was shown two rows of buttons
placed in one-to-one correspondence. One of the sets was then divided
into two or more subsets, e.g., 8 buttons divided into groups of 3,3, and 2.

The child was asked if the two sets were still equal and on what

basis equality could be founded, i.e. logical or empirical ( one would

The developmental stages as found out were as
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the child neither asserts nor denics it prior to .;)?ljc;lg( fs:zzll]lydilc-; years
count the buttons, (iii ) in the final stage the chi ..w " ;" e
of nge) no longer feels it necessary to count the sc

; ‘ sz ountin
of their cquivalence. Curiously enough in the ﬁ.r St] i :]lldgncsmzclll_n(iici
was asurc guide to cquivalence, only fora refatively sm i

than 15 or 20 ). Some children developed congqvation for scts ofI 7 pult)to.l?s
much carlier than for sets of 23 buttons. Piaget co-nc!udcs ?w,t abslc?
numerical operations do not generalize to a]l.numbers' 1.mmcc]1‘EFc‘:lyl, ttut
undergo a gradual ontogenetic dcvclopmcpt. -Plaget refers to this latter
development as the progressive arithmetization ( Flavell, 1963 ).

In one experiment by Morf, as reported by Piaget (1960), a num-
ber of objects (c. g.30) were made to slide an incline, one by onc
and at cither fast or slow speeds., The child was asked whether the:
number of objects at the top of the slide wasnumerically equal to another,
smaller set (e. g, 9) at some point in its process of depletion from
30 to 0. It appeared that preschoolers were not always sure that the
two sets in question were equal at some point in the process. Moreover,
the problem was harder when the speed was rapid than when it was slow.
In another study Inhelder discovered ( Piaget, 1960 ) that when elements
are taken out one by one from each of two numerically unequal sets,
the subject tends to think that there are more eclements in the subset
taken from  the larger set thanin that (objectively equal) drawn from
the smaller set. This result has been interpreted as that the child has.
not yet completely differentiated numerical and ‘logical class attributes.
In another sudy by Greco ( Piaget, 1960), an active researcher on number-
development, it was found that the child appeats to conserve the number
‘name’ of a given set before coaserving its numerical quantity proper.
That is, the child will count two. sets and state that there are ‘“‘seven”
here and *‘seven” there, whatever their spatial arrangement, but he may
argue that there are more in one set than another, if the arrangement
is perceptually unequal.

Vinh-Bang and Barbel Inhelder ( Vinh-Bang, 1959 ) administered in-.
dividually about thirty Piaget tasks drawn from various content areas
(‘number, quantity, Space, geometry, etc. ) to 1500 children 4-12 years.
of age. The aim of the study was two-fold :to create a standardized
developmental scale  of reasoning and to assess the validity of Piaget’s.
conclusions about developmental stages. The results indicate that Piaget’s.
tasks do appear (o scale satisfactorily and his developmental conclusions.

et sl ol O A
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‘::szmgge Eil)ecslt?ﬂ‘tasks. were In the main confirmed. Attempts hav‘e:: also
S I erf:ntlate Ieve]s. of mental retardation by means of Piaget’s
{5690 & €rvation of quantity. In one such study by Inhelder (Flavell,
L 1t was found that the developmental order of acquisition of conser-
vation, (i.e, first substance, then weight, then volume) as established
In normal chidren turned out to be reproducible in feeble-minded subjects.

| i Wohlwill (1960) applying Gultman’s scalogram analysis attempted to
i ' ‘V_ahdat.te Piaget’s stage sequence of number conservation. This type of
f analysis is based on the idea that a mastery of a given task implies the
| necessary mastry of all tasks below its level of difficulty. A total of 77 Ss

ranging from 4 to 7 years of aged enrolled in kindergartens and primary
" . schools in Geneva, Switzerland, were tested in this study. The results
indicated existence of three fairly sharply differentiated stages in the
development of the number concept. An initial stage in which number
is responded to wholly on a perceptual basis; an intermediary one in
‘which inbividual numbers are responded to in conceptual terms ; a final phase
in which the relationship among the indivedual number is conceptualized.

TR T T T T T T T T

To sum up, it is evident that experiments on conservation of quantity
-and number, using different paradigms, with normals and retaradates, as
conducted by Piaget and his co-workers in Geneva have obvious bearing
on the validity of Piaget’s stage-sequence approach in the attainment of
conservation.

' ‘ - Replication and Validation Studies in the United States and Canada

r Piaget’s researches on number and quantity have been popular targets
E’ for validation study during the past several years, probably because of their

obvious educational implication (Flavell, 1963). One of the earliest studies in
“the United States using the same problems of conservation as Piaget was

done by Estes (1956). He studied a total of 52 chidren ranging from
4 years to 6 years in number conservation. No evidence was obtained
which supported Piaget’s theories asto the development of stages or age
Jevels in the acquisition of “mathematical and logical concepts’. Hoewevr,
Dodwell (1960) contends that Estes’ result raises doubts in the reader’s
mind as he was not familiar with the main body of Piaget’s work. Dodwell
{1960) gave a battery of Piaget’s number tasks, using both individual
and group administration, to a sample of 250 subjects from kindergarten
through second grade Canadian children. The age range was from 5 to
8 years. The results showed the three stages of cognitive development
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and «cconcrete operational"

described by Piaget a5 «global”’ “in.tuitlve , AL i
: Jerable varl . ;

i wfg tcl’(l): i;i; of res ijed from one test situation
a , : : _

1d une uivocal
to another for a child. Howevel OtT)l’lle i C.lh p
support for piaget’s theory of cognitive development. el S u y stgwe |
that the stages do not always follow in the sequence Piaget’s theory
Moreover ints out that Piaget pays scant
he pa’rt learning the development of number .

occur-

any age level, he finding did 1

requires.

attention to t

concepts.
Pinard (

ated Piaget’s work using.
e of mental development.
27 of which were taken
2—12 years of age. Piaget’s
1] among French speak-

cally replic

Flavell, 1963) systemati
a scal

more careful methodology for constructing
a test battery of 62 subtests,

from Piaget on 700 Erench-Canadian children of
developmental findings did appear to hold up we¢
ing Canadian children.

Elkiad ( 1061a) administered tests of conservation of number, of
continuous quantity ( the task involves water poured iato different-shaped
vessels ), and of discontinuous quantity ( when the vessels contains beads

The results showed that )

instead of water ), to 4 —7-year-old chidren.
all three types of conservation are age-dependent within this age range (i)
conservation of continuous quantity was more difficult than that of dis-

continuous quantity, and (iii) there was a correlation between conservation
scores and subtest scores Onl the Weschler Intelligence Scale for Children.
In a second experiment Elkind ( 1961b) administered Piaget’s tests for

conserv'at'ion of global quantity, weight and volume (ball of clay) to
175 children 5—11 years of age. Results indicated each type of con-

servation being age-dependent and also supported Piaget’s assertion that
normal ggnetic order was global quantity first, then weight and then
volume. In a third investigation Elkind (1961¢) administered the same
three co?serw'ation tasks to 469 children 12— 15 years old. The most impor-
fant finding was that the age decalage (according to Piaget this “rcf)fers-
to thg fact t.hat’ one frequently sees similar cognitive developments.
;cc;l;‘r;ngb att dlﬁ”grent ages across the ontogenetic span”, ( Flavell, 1963
e csn:/izzr;abihe first two an_d. the third type of conservation
il acquimz f:;:tter rt.han f’laget had thought. Seventyfive per
the 7—9 year period Whi;:a;l;; Of[o ey qual}tity i Lt
’ { for conservation of volume did not

oceur until age 15.

He administered
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. Rothenberg and Courtney ( 1966 ) investigated the presence of conser-
vation of number in 117 children 2 years O months to 4 years 4 months.
Only 2%'0f the subjects were found to be comservers. Difference in
COHSG.I‘V&UOII attainment was found in age and socio-economic status but
no differences were found in sex. Comparisons were also made with
results of similar procedures used with subjects aged 4 years to 6 years
and Slome Increase in conservation skills were found among the older
sample.

Mermelstein and Shulman (1967) compared 69 6 to 9-years-old
Negro chidren having no schooling with 60 6 to 9-year-old Negro children
W?}o had regular schooling, on a series of Piagetian conservation tasks.
Findings revealed generally no significant differences attributable to
effects of nonschooling, except within one questioning condition, Difterences
between verbal and nonverbal tasks were found to be highly significant.
The evidence indicates that the absence or presence of language itself
significantly affects performance. The authors contend that Piaget’s
clinical approach is deficient in the sense that it does not take into
account the language variable.

Dfmello and Wiilemson ( 1969 ) employed a scalogram analysis to
discover the order of learning of such concepts. Using 38 subjects
ranging in age from 3 years to 8 years and testing them with dominoes and
cards with numerals, the authors concluded the following order of number
concepts : First, the child learns to recite numbers in sequence. Second, the
child learns to match visual arrays of similar objects according to visually
perceived equality of quantity. Third, the child learns to match number

~words to spoken words. Finally, the child learns to match the visual
symbol with the absolute quantity.

Uzgiris  (1968) investigated systematically the effect of varying the
matcrials used to test the conservation of substance, weight and volume
on the observed attainment of these concepts. A total of 120 subjects
from Ist through 6th grades were tested on conservation tasks using
different materials, e. g. plastacine, metal nuts, wire coils and plastic
wires. The technique of scalogram analysis was adopted for cross-sectional
data. The finding showed conservation of substance, of weight and of
volume was clearly attained in the order postulated by Piaget, in spite

of different materials being used in the task.

9.
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While it is clear that experience of some kind is involved in the
learning of conservation, itis not easy to specify just what this experience
is. Experimenters in their efforts to induce conservation of number and
quantity have used a number of different experience.

A number of Piaget-relevant researchers have studied the effect
of training of conservation skills in children. One of the earliest studies of
antecedent processes in the area of number development is that by
Wohlwill and Lowe (1962). Seventy-two children enrolled in kindergarten
classes of public schools in Worchester, Massachusetts, were individually
pretested on both a nonverbal and the conventional verbal form of Piaget’s
conservation-of-number task. The group was divided into 4 subgroups of
18 Ss each. The results showed significant pre-to-post-test improvement
on the nonverbal measure of conservation. However, no significant difference
was found in improvement among training subgroups or between these
and the controls. As far as verbal traditional measure of conservation

was concerned, there was virtually no training effect in any subgroup.

Feigenbaum (1961) administered various forms of the test for con-
servation of discontinuous quantity to 146 children ranging from 4 to 7
years of age. The findings were as follows : (i) conservation of discontinuous
quantity is strongly correlated with age (ii) there is a corresponding
developmental shift away from reliance on perceptual impressions to logical
thinking (1iii ) conservation is correlated with IQ as well as age (iv) certain
training procedures facilitate conservation somewhat, while others do not.

Gruen (1965) gave all the 90 subjects with a mean age of 5 years
pre-tests and post-tests of conservation of number, length and substance.
Half of the Ss were given pre-training on verbal discrimination of length
and number and half were not. One-third of the Ss in each of the
pre-training groups were given direct training on number conservation,
one-third were exposed to situations designed to produce “‘internal
cognitive conflict”, and one-third received no training on number con-
servation. Subjects in the conflict-plus-verbal pre-training groups outperformed
S5 in the control group without verbal pre-training. There was very little
transfer of training from number conservation to other kinds of conservation.
The most obvious conclusion drawn was that neither confronting the
child repeatedly with the invariance of numerical values in the face of
irrelevant perceptual changes nor devising a situation to induce internal’
cognitive conflict is particularly effective in inducing number conservation.
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Rothenberg and Courtney (1969) hypothesized that conservation of
number can be taught when the probable steps necessary for conservation
are trai.ned In sequence with sufficient time allowed for learning. Non-
conserving kindergarten age subjects were matched on a pre-test. Half of
the‘ subjects received training on components assumed to underlie conser-
vation of number. Qp 5 conservation post-test, the control group showed
no change from thejr pre-test results. The results from the post-test for
the experimental group indicated that the group learned to conserve.

A second post-test administered after three months after the first post-test,
Indicated that the results were durable.

Other researchers have used different procedures of training in inducing
conservation of quantity and number. In most of these studies (Wallach
and Sprott, 1964 ; Gelman, 1969 ; Halford and Fullerton, 1970) the training
had both positive and negative effects on conservation. However, training
can only be eflective to the extent that it builds on the child’s previous
learning (Wohlwill and Lowe, 1962). To summarize, all the research
studies carried out in the United States and Canada, except for one
Estes (1956) support Piaget’s assertion of developmental sequenc in the
acquisition of conservation of quantity and number. However, some of
the studies point to certain inefficiencies in the methodology (which will
be discussed later). As regards training for conservation is concerned,
more research is required to make any conclusion as the results are
contradictory, some having positive while others having negative efiect.

Validation Studfes in Great Britain and Norway

There have been a number of highly relevant studies carried out
in recent years in Great Britain and Norway based on the Piagetian concept
of conservation. One of the earliest publications of these studies was
-a review by Lunzer (1960). Mannix (Lunzer, 1960) did a scalogram analysis
to validate Piaget’s stage sequence for the conservation of numbers, and
found an orderly progression in the mastery of various Piaget or Piaget-
related number tasks. Mannix found the following ordered sequence -
first, mastery of conservation in the case of provoked correspondence ;
then in the case of continuous quantity and still later, grasp of additive
composition of numbers. Mannix concluded as djd Dodwell (1959), that
Piaget was generally correct in his description of the major types of
responses children give to his number tasks,
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Churchill (1958) has validated Piaget’s analysis of number in broad
outline. She administered a pre-test battery of Piaget mumber tasks to
16 five year-olds and used their scores to divide them into two groups.
The experimental group received training in grouping, matching, seriating
and ordering while the control group received no training. Re-testing with
the same battery indicated that the experimental subjects had profitted
considerably from training experience. ~Harker (1960 ) did a somewhat
similar experiment but found less clear-cut improvement, although her
training program was briefer than Churchill’s. However, Churchill makes
the interesting hypothesis, well worth testing, that the development of the
concept of conservation might be impeded by lack of order and stability
in the child’s home life, i. e, a lack of invariant, ““conserved’’ entities
in his personal social world. Lovell and Ogilvie (1960) made an intensive
study of global quantity conservation in 7-10-year-old British children.
Some of the findings were as follows: Piaget’s three stages of non-
conservation, on-and-off conservation and conservation were identifiable
in his subjects and showed expected changes as a function of
chronological age.

Hood (1962) tested 137 normal English children ranging in age from
4 to 8 years and 40 mentally subnormal children ranging in age from 10
to 15 years on Piaget’s task of number conservation. It was found that
pre-number concepts develop as the child gains in years, and most of
the subjects in this study did not fully develop until the child was between
6 and 7 years. However, it was not mere chronological age but mental
age which was of primary importance. As far as retarded subjects were
concerned responses obtained from them showed that as with young
children of normal intelligence, Piaget’s pre-number concepts tend to mature
as the subjects all-round mental capacity increases.

Smedslund [ 1961 (a), 1961 (b), 1961 (c)] in a series of articles has
published his studies on conservation of quantities carried out in Oslo,
Norway. In his first study he pre- and post-tested 48 5-7-year-old children
on conservaiion of weight. The subjects were divided into three groups,
two of them receiving training and one served as mno-training control.
The results were essentially negative : all three groups showed some
apparent pre- to post-test improvement but had no statistically reliable
between-group diflerences. In a second experiment Smedslund (1961 (b))
attempted to induce conservation in non-conservers by providing experience
with perceptual size cues. The subjects were given repeated opportunity
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to discover that larger objects are not necessarily heavier than smaller
ones. The results showed that 36 training trials of this kind had virtually
no effect on the subjects’ response orientation; they continued to rely
just as heavily on perceptual cuesin posi-test as in pre-test. In the next
series of experiments Smedslund (1961 ¢) trained his subjects for inducing
-conservation based on his cognitive conflict hypothesis. According to this
hypothesis as adopted by Smedslund, the essential condition for the
development of conservation where there previously had been nonconser-
vation, is a state of cognitive conflict in the subject. Cognitive conilict
induces a reorganization of the subject’s intellectual actions, one which
proceeds along the lines postulated by Piaget’s equilibrium model ; and
it is this reorganization specifically which leads to the conservation
strategy. The training procedure induced cogniiive conflict in the subjects.
“This training group unlike the cases in his previous studies did manage
to outperform its control group on post-test.

Sigel, Roeper and Hooper (1969) found positive results in their
attempt to induce conservation of quantity through training. Twenty
nursery school children between agesof 4 and 5 years were assigned to
training and control groups. Post-testing indicated clear differences between
the training and control subjects. The authors attributed the failures of
previous conservation training attempts to a lack of concern for stage-
related, prerequisite operation. The authors further contend that direct
training on Piagetian tasks may be unnecessary if attention is directed
to the logical precursors of speciic levels of cognitive deviopment.

In summay, it can be said that all the studies reviewed do validate
Piaget’s developmental sequence of acquisition of conservation. However,
the experiments on training of conservation in children are inconsistant in
their results. More training procedures and follow-ups have to be made

before coming to any conclusion.

‘Studies in Non-Western Countries

The argumest put forward by Piaget and Inhelder regarding effects
of culture on conservation tasks is that a change in milieu has only a
“limited effect: it may upset performance on specific tasks or it may
alter the age at which a certain stage is reached, but the order and sequ-
ence of developement should remain constant (Tanner and Inhelder,
1956). One of the earliest cross-cultural studies was done by Hyde (1959).
A large battery of Piaget's number and quantity tasks was adminis-




14 SULTANA SARWATARA ZAMAN:

tered to groups of European (mostly British ), 'Arab, Indian, and Somal;
school children of 6-8 years of age living in Aden. The tests were
given in English to the Europeans and in Arabic to Fhe others (‘ th.e'
Indians and Somalis spoke Arabic in school, although it W'fxs not their
mother tongue). The main findings were as follows : the subjffCtS S,h?‘VCd
the same general types of responses to number problems a§ Piaget's ; the.
developmental changes in responses also followed PJagetlal‘l seglience .
and finally, the European subjects generally performed on a higher genetic
level than their non-European peers. In addition to number pro.blems.
Hyde also gave her subjects quantity tasks. She found no strong ev1d'ence'
for the global-quantity-weight-volume decalage (as found in other studies) ;
In particular she found a number of subjects who departed from the
Predicted sequence by conserving weight but not global quantity, volume
but not weight, and the like. Careful scrutiny of these studies did not
suggest any immediate explanation * for the discrepancy in results. And
finally there was some tentative information regarding the difficulty level
of the various quantity tasks. For example, conservation of global quan--

tity in the plasticine-balls tasks appeared to be more difficult to achieve

than in the water=in-vessels setting, but easier than in the sugar-in-water test..

Price-Williams ( 1961 )
children on Piaget’s consery
quantities. Forty children
as subjects.

tested illiterate bush west African ( Nigerian):
ation tasks of continuous and discontinyos.

ranging from age 5 to 8 years were selected
The ages were rough estimates, as it was very difficult to-

determine the actual age of the children. Results indicated a progression
of comprehension concerning conservation a

postulated by Piaget. On account of the diffic
this research can only be taken, in thij
maticn. Itis clear that the general
to ““concrete operations”

Sregard, with degree of approxi-
Séquence from ““global comparisons’™

occurs in this Africans. The author contends.
the change-over occurs at the age of Seven, as Piaget main-

) ' rvation of volume, is.

more difficult to say. These children have had no formal instruction n
~abstract numbers other than game popular in Africa which involved
Placement of pebbles in two  rows of holes. However, Proper playing:
of this game entailed a f many of the concepts.
Wf.lich are considered unde category of number. Other than
‘thlé, children tested ha eXperience of the kind of topic-
which was performed,

good understanding o
r the general
d very little
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(‘}oodnow (1962 ) tested 10-13-year-old boys in Hongkong who dif-
fered in nationality (Western versus Chinese ) and in education on five
tasks, of which three were Piagetian perceptual tasks of weight, volume
and space. Five-hundred subjects tested were drawn from four milieus :
148 were European, mostly English from Furopean schools; 151 Chinese
from high ranking Anglo-Chinese schools; 80 Chinese school boys with
low socio-economic status ; and 80 Chinese bovs with low socio-economic
Stgtus and semi-schooling. The similarities obtained in the result across
milieus were far more striking than differences. For the tasks used it
made no difference, for example, whether a child has had only one
year of school or the regular 6 or 7.

All the Hongkong groups, however, showed some departure from the
‘Gencva results.  On the perceptual tasks, the order of difficulty for weights
and volumes was predicted, but both the space and volume task appeared as
more difficult than the Geneva results imply. Finally, the conservation
tasks appeared to be unaffected by wide differences in intelligence.

Ito and Hatano (1963) attempted an experimental education of
number conservation on 27 five-year-old Japanese children who were non-
conservers. The subjects were divided into three groups. The following
programs for an experimental education were applied one for each group :
Repeated confirmation of invariance by of a set by counting: Inference.
based on the change of the quantity by addition or substraction: Infe-
rence based on comprehension of number relation. The results of the
that the experimental education was fairly

post-training tasks showed
seemed to be accelerated

effective.. Acquisition of number conservation
by training—i. e. outer stimulation.

Goodnow and Bethon ( 1966 ) in a study clarified thp results obtained
with schooled and unschooled children in Hongkong (Goodnow, 1962)
explored the effects of chronological and mental age upon Piaget’s tasks.
The question raised was: are the conservation tasks insensitive to diffe-
rences in intelligence ? The subjects were several groups of United States
school children, sclected to allow a close matching for either Mental Age
or Chronological Age and to cover a wide range in IQ. The present data
combined with Hongkong data ( Goodnow, 1962 ) gave the following
results : (1) lack of schooling did not upset the conservation of weight,
volume, or surface, (2) among school children all tasks show a close
relation to Mental Age. The interaction between schooling and tasks may
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reflect the greater reliance of unschooled children upon perceptually
present material or upon action for reasoning.
: Greenfield (1966) studied Wolof children from Senegal (West AfTica)
on Piaget’s task of conservation of quantity. The Wolof group was
selected from those in Senegal because they were found not only in the
Fr-ench-style schools of Dakar but also out in the bush. The culturaf
milieu of the first group, the rural unschooled children, had neither
schools nor urban influence. The cultural setting of the second group-
rural scho€>1 children was identical with that of the first. Finally, the
cultural milieu of the third group-children from city public schools—were
characterized by the presence of both aspects of Western cuiture-urban
setting and schooling. The rural as well as urban school children were
selected from first, third, and sixth grades, and were also matched in
approximate age. The tests were given individually to all children in
Wolof language. The exact conservation task was based on the most
unambiguous translation of the American and Swiss procedure as could
be formulated in Wolof. The most striking result obtained was that
conservation ceased for all practical purposes,to be related to age. The
oldest unschooled bush children (11 to 13 years old ) showed no significant
increase in conservation over the eight-and-nine year olds. Oaly half of
the bush children attained conservation at this late age. This study
suggests, therefore, that without school, intellectual development, defined
as any qualitative change, ceases shortly after age nine. In contrast,
however, the results indicated that the children of bush and town yielded
the familiar developmental sequence, with conservation, initially always
attained by the sixth grade. The author noted that though the interviews.
were all in Wolof but schooling was in French. It may be that the skills
tearned in French %was in fact carried over into thinking and speaking
‘0 Wolof. Bush school children showed 52% conservation in the first
grade (probably an average of eight) and 807% in the third grade
( average age between nine and ten ). In terms of grade level, the Senegalese
figures are close to being identical to the Western ones, although the
Wol-of chjldre:n are behind in terms of chronological age. The parallel
iti:;f:m‘zttamgurzﬁ;sEwstlrong doubts on any simple motivational notion of
influences, namely theo socfl Chlﬂdrel} exposed to a certain set of cu}tural
raised withowt SCh,ool thanwtc;l , differ more from other Wolof children
eydo from European children. The author

concludes that 2
S the two groups of Wolof children are from the same
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gene pool, whereas the Europeans represent a non-overlapping gene pool,
this finding casts deep doubt on any biclogical-genetic point of view.

All the studies indicate that attainment of conmservation does follow
the developmental sequence as postulated by Piaget in children coming from
non-Western societies. Although the developmental sequence Iis similar to
Piaget’s assertion, there is difference in age at which conservation is
achieved among western and non-western children. Authors of some studies
have assumed that typical Piagetian tasks of conservation require a
skill in thinking and speaking which is emphasized more I western
societies than in non-western communities with such a limited number
of research done such assumptions are doubtful at this stage. In one
study Price-Williams (1962) investigated cognitive processes in Nigerian
bush and school children using indigenous materials instead of the typical
western type tests. He used models of animals and plants familiar to
the local children. No difference was found among the bush and school
children in spite of using familiar material.

Discussion

The review of research literature dealing with Piaget’s actual work
in Geneva and its replication in other countries ( western and non-western ),
seems to be a test of validity of the phenomenon of conservation in
children as postulated by Piaget. It seems that as more and more research
is accumulating and as they are attesting to the reality of this phenomenon
skepticism and disbelief in Piaget’s assertion is becoming increasingly rare.

The literature discussed bears ample testimony to the viability of
the system and its potential for generating research. These studies tended
to be more supportive of the sequence of conservation skills but have
not confirmed the particular age-period specified by Piaget. There are.
however, certain problems inherent in the methodology which might give
rise to discrepancy in results. Gruen (1966) discusses one of these problems.
There are differences in criteria for conservation. The classic number conser-
vation tasks first used by Piaget (1952) required coumservaiion judgement
as well as an adequate verbal explanation for the judgement. Children’s
understanding of the relational terms involved in conservation problems
specifically the terms “‘more”, “same” and “less” determines to a great
extent the successful performance of the task. As Rothenberg and Courtney
(1969) makes the observation, based on their research, that if a question
is phrased so that ‘yes” is the answer, more comserving responses could

3
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be obtained. Some investigators have suggested that prior to Lesting under
classical procedures ; an assessment should be made of the subject’s verbaj
attributes.  Aunother problem as pointed out by Gelman (1972) is tha
classic conservation tasks may present the young child with irrelevant or
misleading cues. Gelman (1972) proposes that conservation tests in fact
evaluate more than one thing. Logical capacity, control of attention,
correct semantics and estimation skills are mmplicit in the test. Therefore,

A sophisticated cognitive development is needed by the child to integrate
all these factors.

A number of experiments have been done in different countries designed
0 teach conservation of mass, weight or number to young children.
These studies suggest that direct teaching of conservation do not lead
to the formation of a general or stable concept of conservation. Few
studies did find effect of training. However, more follow-up and longi-
tudinal studies are needed to make any conclusions. Piaget has offered
relatively little information, on questions of stage-sequence modification
( Sigel and Hooper, 1968 ). Nevertheless the issue s significant, particularly
for those applying Piagetian ideas to the educational scene. Research studies
also indicate that just as experimental teaching has limited value for the

attainment of conservation, general formal schooling appears to have little
influence wupon conservation.

Conservation of number, man, weight and
volume appears

at the same age in scooled and unschooled subjects.
Probably the most significant study on this question was that of Mermels-

tein ( Mermelstein, 1964 : Mermelstein and Shulman, 1967 ). An equally
careful study by Goodnow showed no difference between unschooled
Hongkong children and comparable IQ schooled children in various types
of conservation (Goodnow and Bethon, 1966). Price-Williams (1961) found
that African Tiv children without schooling attained conservation on several
tasks including number at about the same age western children achieve
conservation. Greenfield (1966) found some retardation on consecvation
in nonschooled Senegalese children, but this retardation disappeared when
an appropriate form of conservatian task was used which eliminated set
effects due to beliefs about magical attributes of white authorities,
Kohlberg (1968) hypothesized that Montessori schooling for young chiidren
might accelerate conservatioh because the Montessori training tasks are
directed at experiences of quantitative measurement and comparison. Contrary
to this hypothesis Montessori training of nine months failed tc'> have any
eftects upon Piaget conservation task though it did raise Standfort-Binet 1Q.
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Evnc.!ences, therefore, are ample to assert that “naturally”” developing
conServation concepts which have st

: ' ructural properties cannot be reversed
Ic)y tr}ck §em011stratlolls of conservation nor by social pressure from the
\?;l:?;;ﬂlzmel‘ ( K:)lb;.rg, 1963 5 Smedslund, 1961 ). Children showing conser-
' W one task are also likely to show conservati |
N on on
( Uzgiris, 1968). e

‘It can, however, be stated from the research findings that some
genuine acceleration of conservation may be induced if the instruction
meth.od used follows from the conception of cognitive structure and of
COl:lﬂlCt and match implied by Piaget ( Rothenberg and Courtney, 1969).
I.t 1s also evident that some degree of retardation in conservation appears
n some semi-literate non-western cultures, regardless of schooling (Green-
field, 1966 ; Hyde, 1959). Research findings thus clearly demonstrate that
Fonservation is not a strict maturational product but is a - product of
mteractional experiences between organismic structure and environment
(Kolberg, 1968 ). Nevertheless to answer the.  various questions raised
regarding the methodological implication according to Wohlwill ( 1968 )
more longitudinal data on Piaget type problem is needed. ‘He also regrets
that there are virtually no such data yet available, since longitudinal

research on Piaget’s concept could be carried out in a relatively short
time span.

There is, -however, a great need for research data describing in detail
the cognitive capability of elementary school children so that curriculum
innovations may be more rationally based, utilizing knowledge about
competencies and abilities of children who are, in the final analysis, the

consumers of these new curricula. Piaget’s work has considerable signi-
ficance in achieving such ideas.
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Abstract

The study was designed to investigate whether improved work arrangement
and better design of tools and equipment would result in increased
efficiency in performing a task. The subjects were 20 male employees
of Bangladesh Tobacco Company ( BTC). Their task was making manu-
ally 5 M. Parcel at the despatch section of the company. Every §
served individually under two work arrangements ; existing and new,
and made 10 parcels one after another under each work arrangement.
Half of the SS started with the new work arrangement and half with
the existing one. Time taken to perform the task was the criterion
measure and stop-watch time measurement technique was followed.

The hypothesis that the Ss would perform their tasks more efficiently i. e,
in less time under new work arrangement than under existing work arrange-
ment was supported partially in this experiment. Total observed time was
less under new work arrangement than under existing one but the diffe-
rence was not significient at the conventional level. Significant differences
were observed in terms of time for water proof papers (w.p.p.) and time
for removal of parcel although this was not the case with regard to time
for packing and time for outer. An malysis of the post-experimental
ques tionnaire, however, supported the contention that thenew work
arrangement had improved the efficiency of the worker.

Introduction

Time and motion engineers have been in the business of studying
jobs for.a long time and discovering the best way of doing a work.
Time study, originated by Taylor, was used mainly for determining time
standards and motion study developed by the Gilbreths, was employed
largely for improving methods. In recent years the combined use of motion
study and time study has become widespread. Common practice to-day
requires that motion study and time study be used together, since the
two supplement each other. Thus the combined term-motion and time
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study—is used to denote method determination,

time appraisal g
development of tools and materials. = e

I.n working out an improved method for performing an industrigy
operation, the time-and-motion analyst is guided by certain common]
accepted rules, or ‘principles’. These principles of motion economy car{
be classified in three broad groups as related to: (i) the efficient use

of body members, (ii) the proper arrangement of work place; (iii) the
better design of tools and equipment.

A great deal of work following motion economy principles had been
done for finding out the method of maximum efficiency in performing
a task. In one of his famous investigations Gilbreth (1911) showed that
after proper arrangement of work place and development of easily adjusted
scaffold and special tools and their proper handling, the number of motion
involved in laying bricks were reduced from 18 to 43. He, thereby,
increased the average number of bricks that could be laid in an hours
from 120 to 350. In a series of controlled observations at Bethlehem
Steel Works Taylor found that owing to the naphazard selection of shovel
shapes and sizes, shovelers were lifting loads varying from 3} to 38
pounds. Through empirical tryout of different loads, he ascertained that 213
pounds constituted an optimal load for men working regularly as shovelers.
When either heavier or lighter loads were tried, total daily output declined
( Copley, 1923 ). The work of Cox Barnes, 1961 demonstrated that the proper
arrangement of work place saves time. A packing bench designed by him
for use in the shipping department of Merck and Company shows how
the principles of locating materials and tools close in front of the operator
made it possible for the operator todo his work more easily and faste?r
( Barnes, 1961 ). Similarly in the finding of Norem and Mac.:kenzxe
( Barnes, 1961 ) it was found that when work place was arra-nged in such
a way that enabled the operator to shorten the hand motions and .to
reduce the extent of the head and eye movements a substantial saving
in time resulted. These and similar other studies indicated that the method
of maximum efficiency in performing a task can be achieved by Proper
arrangement of work place and better design of tools and .eqmpmentl
( Dvorak, Merrick, Dealey and Ford, 1936 ; Farley, 1955 ; Godwin, Habe

and Kearful-reported by Barnes, 1961 ).

The authors of the study felt that motion economy principles wc?uld
be helpful in those industries of Bangladesh where largely manual operations
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are involved. They visited one industrial concern namely, Bangladesh
Tobacco  Company in Dacca  whiel iq largely automated excepting its
despatch section, The work arrangoment in this section appreared to them
less satisfactory, The operation in this scclion was to make manually
5 M. parcel contuining 20 outers for shipment. An informal- interviewed
with the operators, however, revealed that this was the most difficult
job in the company and that it was diflicult for anyonc to do this job
more than hall an hour continuously. The operator had to take the
outer ( a carton ol 250 cigarcties ) from one platform by turning back
each time and walk a long distance to place finished percel on another
platform. In order to investigate whether it is possible to reduce these
difficultics, a new work arrangement was designed in a pilot study. In
this arrangement, the platform for the outers was positioned at the right
hand side of the operator and the platform (or finished parcel was posi-
tioned at the left side. Comparison between the existing and new work
arrangement in terms of total observed time and time of each element
were made. Though the means of total observed time and elemental
time were less in new arrangement than those of the existing arrangement
the difference between them was not significant. It was thought that the
improved design was inadequate. Thus before undertaking the final study
further improvements were made in respect of tools and work arrangement.
The purpose of the study was to investigate whether improved work
arraogement and better design of tools and epuipment would result in
increased efficiency in performing a task. It was hypothesized that workers
would perform their tasks more efficiently i.c. in less time under new
work arrangement than under existing work arrangement.

Methods
Subjects :

The SS were 20 male employees of BTC. They were selected at
random from among the workers of cigarette packing department.

None
of them had done this job before.
Work arrangement :
There were two types of work arrangement for every S; existing

and new. Inthe existing arrangement i. e, which was existing in the company,
a wooden table with mould was used. The mould w

as constructed in
such a way that it would contain 20 outer. A gum pot was attached

with the mould. Water-proof papers (w. p.p.) were kept on a shelf
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below the packing table. The end-labels were pla}cled rax;(c?omlz on the
packing table. The platform for outer was beh¥nd the packing table ang
its distance from the packing table was 31 inches. T?le platform for
finished parcel was positioned at a distance of 122 inches from the
packing table.

In the new work arragement water-proof o1 p]aced. on. 4
tool positioned at the right hand side of the packing table and it was
well within the reach of the operator. End-labels were kept on a wooden
box placed on the right side of the packing table. The box was “;fde
in such away that its front side was raised about 2 inches and there
was a bar inside it to facilitate grasping of end-labels. The platform f:°1'
outer was positioned at the right hand side of the operator an(:;l its
distance from the packing table was 49 inches. The platform for ﬁ.lnshed
parcel was positioned 2t the left hand side of the operator ata distance
of 39% inches from the packing table. Asa whole, the new work arrangement
was semi-circular.

Design :

Treatments X subjects design was used in this experiment. Each
S served individually in two work arrangements : existing and new. Half

of the Ss started with the new work arrangement and half with the
existing one. :

Procedure :

The task of the Ss was to make’ manually 5 M parcel. Each S
was given instruction and shown how a parcel was made. After one
practice trial, all Ss made individually 10 parcels, one after another,
under each work arrangement. Each parcel making operation was broken
down into a number of elements and time taken to complete each element
was recorded. Total time taken in each operation called ‘total elapsed
time’ was also recorded. Four elements were constituted namely, (1)
time for w.p.p., (2)time for outer, (3) time for packing aund (4) time
for removal of finished parcel. Besides these, the portion of the elapsed
time that spent on any dctivity which is not a specified part of the job
called ineffective time was also recorded. The method which was follo-
wed for time measurement was repetitive/snapback or flyback method.
In this method, after taking time of one element stop-watch dial is
snapped back to zero and next reading for next element is taken. In
this experiment, instead of one E, six K recorded six specific time.
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Finally, a post-experimental questionnaire, administered orally to each S
assessed the views of the Ss regarding the existing and new work arrangement.

Results

The dependent measures of the present study were total elapsed time,
total time of all elements called total observed time, time of each element,
and ineffective and checktime. The accuracy with which stop-watches were
used was checked by the following formula :

Total elapsed time
x 100

The total of observed times, ineffective times and check times

Each operation of SS was calculated in terms of this formula.
For every operation the result that came between 98 percent and 102
percent i e. allowing an error of upto*2 percent was accepted. Any
error beyond this was rejected ( Currie, 1965 ).

In order to compare the existing and the new work arrangement tests
were performed between the means of total observed time and time for
each element under existing and new work arrangement. These are shown

in table 1.
TABLE 1

Comparison table for existing vs. new work arrengement.

Work arange- Mean of totat Mean time for Mean time for Mean time Mean time

ment observed time W, P. p- outer for for
packing  removal of
' parcel
Existing 145.88 sec. 21.68 sec. 21.99 sec. 94,84 sec. 7.44 sec
New 139.75 sec. 19.94 sec. 21,80 sec. 92.00 sec 6.35 sec.
t 2.07* 2.98%#* 24 1.57 3.03%%

#*P<.06 with df 19
*¥P<L .01 with df 19

Discussion
In this experiment it was hypothesized that the SS would perform

their tasks more efficiently i.e. in less time under new work arrangement
than under existing work arrangement. The findings of the study, however,
supported the hypothesis partially. Total obsesved time was less under
new work arrangement than under existing work arrangement but the
difference was not significant at the conventional level ( p<.06)
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Time for w. p. p. in new work arrang

ement was significantly less
that obtained under existing work arrangement. This might pe
placement of the tool for W. p. p. by the

side of the operator
well within his reach, The SS were not required to bend for w, P.p. in every

operation i. e, they took w. P. p. from side rather than from below the
table. But time for outer and time for packi

did not differ significaly from those obta
As there was no cleay cut instru
that the S$S approached differently for
differentially affected time for outer und
lime was unusually long which should
of elements. During this long time s
have entered into packing time.

time for paking by making a slo
grasp of end-labels, itg effect was

due ¢q the

ined under existing work arrange.
ction to take outer, it was Observegd
taking 20 outers which might haye
er two work arrangements.
have been divided into 1
ome uncontrollable variables might
Though attempt was made to reduce
ping box which perhaps facilitated the
not recognized since there were many

ing time. Finally the SS took

the new work arrangement.

This result is consistent
of Godwin ( Barnes,

1961 ) who found in one radjo-
g the reach of each supply bin
>, the total saving in time was 34 But it is to-

i the decrease

The findings of the present study were not as decisive as might
have been hoped. 1In this eXperiment, only limited attempts were made
to improve the desi

arrangement. Besides, better

the new work arrangement, 6] %
arrangement and
the reach.

felt that t 7
907, disclosed that they liked to haye
It may be concluded that there is

movements.

B
b o
ta,:-,
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Item Composition of the Kundu’s Introversion
Extraversion Inventory

Ramanath Kundu and P. K. Chakrabarti
Department- of Psychology, Calcutta University,

Abstract
This research paper endeavours to study the strength and weakness of
the items of the KIE] in terms of the within block homogeneity and
between block heterogeneity. For this porpose inter-block coefficients
of correlation were determined and also the jtem-item coeflicients of
correlation within each block were determined in terms of Phi-coefficient.
Tetracheric coefficient of correlation for each item was determined to
find the relative contribution of each item to the trait measured by the
total test. Strength and weakness of each item were adjudged by com-
paring the obtained coefficients. Results show that there are some weak
items in the inventory but none to the extent of rejection. There are
some items which could be dropped due to their very little contribution
towards the assessment of introversion-extraversion but actually was
not done so consideriog the fact that none of them were negatively

correlated with the tota] test and also considering the question of
reliability.

Early attempts to develop tests of personality were chiefly confined
within the development of inventories for the assessment of the traits
like emotional maturity, introversion-extraversion etc. Inventories developed
to measure the trait introversion-extraversion were based upon different
concepts. The inter-correlations of the scores of such inventories were
found to range from .19 to .62, none high enough to support the idea
that they are alternate measures of the same trait (Guilford and Hunt 1931).

Low inter-correlations do not necessarily mean that there exists.
no such genuine trait as introversion-extraversion, rather they suggest to-
indicate that no unique set of trait indicators had been found to demonstrate
Or to represent the concept behind the development of the measures of
introversion-extraversion, Jung, in his later days also advocated for
several types of introversion ( Guilford 1959). It is on the basis of
such idea Sen and Kundu (1958) assumed in their working hypothesis
for the development of Kundu’s Intraversion-Extravertion Inventory, that
~.“introversion has different dimensions which are either uncorrelated or-

Soum
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very insignificantly correlated. Thus a man’s reactions may be CXtravergeq
in social situations, but he may be less extraverted or introverteq e
other life situations. So the position of an individual in the scale o
introversion-extraversion depends on his situational behaviour patterps.
We, therefore, propose to consider introversion-extraversion with respecy
1o situations or conditions that may be classified into some typical groups.”

This assumption that the trait ‘introversion-extraversion is multidimen-
sional is important due to a number of reasons. On the first hand since

it has been found that there is no unique set of ftrait indicators, while
developing an introversion-extraversion inventory, ideally, attempts are to
be made to include all possible types of trait indicators. On the second,
if the different sets of trait indicators are comsidered to be independent
dimensions of the trait ‘introversion-extraversion’, each of these are to
be taken into consideration for the selection or career guidance purpose.

This necessitates independent treatment of the factor-wise scores whenever
Tequired.

Kundu’s Introversion-Extraversion Inventory ( abbreviated as K. I. E.
1.), originally developed with a view to use it for diagnostic, vocational

and career guidance purposes, consists of 5 blocks of items each block
having uneven number of items. For example, Block A consists of 11

items, Block B 17 items, Block C to E 14 items each. S:n and Kundu
{1959) reported the item selection procedure for the K. I. E. I. The
general principle was to maximise within group homogeneity and between
group heterogeneity in the five blocks.

.They determined tetrachoric co-efficient of correlation for each item
separately with each of the five block total scores, total test score without the
5th block and total test score with all the blocks as criteria. Thus there were
seven coefficients of correlation for each item. On the basis of the
maximum coefficient of correlation given by the items, these items were
included in one group or another rejecting a few ones showing negative
correlation with total test score. Mode of response in each block was

different. The general characteristics of the items in each block were
as follows :

/

Block A : Ttems in this block are slightly projective in nature.
Introversion-extraversion has been attempted to be depicted through the
choice of occupations, movies, friends etc. Four response choices for
each item are mostly some objective situations and activities.
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Block B : WNon-nggressive types of ilems o be responded categorically
ovor ot 5 point senle ranging from “like the aclivity most or always true cte.”

to “distike (he activity most or never true ete”.  liems are mostly intros-
pective in nature.

Block C: Non-aggressive lypes of items to be responded categorically
over a3 point judgement scale asin the block B. Statements in the items
are mostly of objective nature regavding oneself.

Block D : Non-aggressive types  of items with the scale of three
judgement categories as in the block ¢ Stalements in this block were

presented in a comparative manner, i. ¢, the subjecls were to indicate
how docs he prefer onc activity or person or the like over another.

Block E: Forced choice type of items mostly introspective in nature
to be responded in two categorics ‘Yes-No’.

A tabulation of the miaximum values of the tetrachoric coefficient

of correlation for ecach item reveals that actual block-wise distribution of
the items should have been as follows :

L R T D E Total
Existing Number 11 17 14 14 14 70
Number should have been 14 16 12 13 15 70

Due to some practical convenience, the block-wise arrangement of
items was kept as in the present form. The purpose of this investigation is
(a) to find how far the within group homogeneity has been maintained in
K. L E. 1. inspite of the changes in the block-wise arrangement of the items
mentioned, (b) to find how far each item contributes towards the assess-
ment of introversion-extraversion and also (c) to test how far the blocks.
represent really orthogonal dimensions of introversion-extraversion.

Method

A sample of 318 individuals were tested with K. I. E.I. The sample
was drawn from the male and female students of the Teachers’ Training
Colleges, 3rd year Honours class of the degree colleges, Institute of
Business Management and Social Welfare, Post-graduate departments of
the University and from the service holders, The minimum educational
standard for the sample was B.A./ B.Sc./ B. Com. Part 1 examination.
A sample of 100 cases were taken out from these 318 individuals syste-
matically for the computational convenience.

Inter-block coeflicients of correlation were determined and also within
each block, item-item correlation coeflicients were computed in terms of
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Phi-coefficients using the abac prepared by Guilford (1654). Tetrachoris
coefficient of correlation (Guilford 1954) for each of the items were
computed with total score as the criterion dichotomised at the median,
Strength and weakness of the items were considered individually by comparing
the difierent coefficients obtained.

Results and Discussion
In Table 1 inter-block coeflicients of correlation have been presented.

Table 1

Inter-block Coefficients of Correlation*®
A B C D E

() 15 17 15 11
15 (%018 24 18
195 108 ) 01 22
15 24 01 ) 23
11 18 22 23 ()

*Decimal points have been omitted.

HOOw»>

In the tables 2 to 6, item-item coefficients of correlations have been
shown. In all these tables decimal points have been omitted.

» Table 2
Item-Item Coeflicients of Correlation : Block A
Items 1 2 .3 4 5 6 7 3 9 10 11

() 4% 32 5517 6% 48 43 45 33 35 920
43 () 15 33 12 02 55 16 78 19 11
32 15 () 50 45 45 31 42 35 32 20
55 33 50 () -18 62 44 53 36 38 -I2
62 12 45 -18 () 15 16 77 62 638 13
48 02 45 62 15 () 15 62 14 63 10
43 55 31 4 16 15 () 15 22 12 18
45 16 42 53 77 62 15 () 03 15 11
33 78 35 36 62 14 22 03 () 50 06
22 19 32 38 68 63 2 15 50 () 16
20 11 2 -12 13 10 18 11 06 16 ()
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Table 3
Item-Item Coefficient of Correlation : Block B

37

Items 12 13 14

15 16 17

18

19

20

21

22

23

24

25

26

27

28

12 () 19 33
13 19 () 42
14 33 42 ()

15 42
16 16
17 15
18 15
19 32
20 16
2] 26
22 sl
23 43
24 25
25 15
26 23
27 35
28 38

41
31
a3
38

38

-12

08
11

42 16 15
41 31 35
38 -12 08
() 09 50
09 () -01
50 -01 ()
25 18 32

15
38
11
25
18
32

()

32
15
56
23
45
41
-13

16
18
19
41
92
33
24

26
28
50
32
18
39
19

51
18
28
18

-10

25
18

43
35
5%
35
61
35

928

25
45
32
40
43
22
33

15
18
28
18
35
45
30
40
21
28

23
4l
32
18
35
40
19
26
22
41

36
19
30
35
33
32
45
16
15
23

e

32
18

-10

61
43
24
18
26
25

41 -13
35. 2%
35 19
25 18
35 28
22 33
26 15
32 15
35 20 20
1& 18 18

()
24

19
18
28
33
15

15

24
()
15
12
16
23
36
41 36
51 41
13 51

19
15
()
09
-05
16
23

33
23

18 28
12 16
09 -05 16
() 18 28
18 () -19
28 -19 ()
16 41 60
66 25 51
45 15 45
40 15

15

30,

45
19
24
26
15
15
36
23
16
41
60
()
15
08

40 =10 -15

28
40
16
26
18
32
15

35
21
15
22
26
35
20

20
51
41
45
15
45
08
51

()
25

15
41
36
66
25
51
15

()
51

38
28
23
41
25
18
18
18
13
51
40
15
40
-10
-15
25
()

Table 4
Item-Item Coeflicient of Correlation : Block C

Items

29 30 31 32 33 34 35 36 37 38 39 40

4] 42

29
30
31
32
33
34
35
36
37
38
39

41
42

() 10 19 33 35

10 ()
19 59
33 38
35 42
25428
23 18
26 -13
38 42
19- 20
28 22
35 25
42 35
31 30

59

()
06
15
26
19
25
33
18
25;
30
43
25

25
28
26

38 42
06 15
() 45 38
45 () 25
38:25 . ()
25
13 41 43
45 50 42
23 31 63
42 -16 -18
40 09 19
35 18 42
38 -15 42

43 55 ()

23 26
15 -13
19 25
25 13
43 41
55 43
25
25 ()
70 18
62 -16
12 25
15 28
19 35
22 25

38
42
33
45
50

19 28
20 22
18 25
23 42
31--16
42 63 -18
70 62 -12
18 -16 25
() 35 42
35 () 25
42 25 ()

85
25
30
40
09
19
15
28
38
38
61

38 38 61 ()
50 42 08 23
42 13--18 32

42
35
43 25
35 38
1g -15
42 42
19 22
55 25
50 42
42 13
08 -18
23 32
() 43
43 ()

31
30
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Table 5
Item-Item Coeflicient of Correlation : Block D
Ttoms 43 44 45 46 47 48 49 50 51 52 53 54 55 56

43 () 55 18 43 18 55 62 38 42 19 15 22 48 38
44 55 () 16 15 10 11 15 15 19 -18 20 25 -18 10
45 18 16 () 43 33 35 26 25 18 26 45 52 43 4l
46 43 15 43 () 38 06 50 43 42 38 35 46 41 -28
47 18 10 33 38 () -1 12 42 18 33 18 26 33 3l
48 55 11 35 06 -11 () 26 43 28 61 25-03 08 19
49 62 15 26 50 12 26 () 28 71 63 21 15 19 20
50 38 15 25 43 42 43 28 () 41 -23 31 31 43 25
51 42 19 18 42 18 28 71 41 () 18 55 30 51 19
52 19 -18 26 38 33 61 63 -23 18 () 63 18 55 32
53 15 20 45 35 18 25 21 31 55 63 () -18 29 20
54 22 925 52 46 26 03 15 31 30 18 -18 () 31 32

55 48 -18 43 41 33 08 19 43 51 55 29 31 () 29
56 38 10 41 -28 31 19 20 25 19 32 20 32 29 ()

Table 6
Item-Item Coeflficients of Correlation : Block E

ftems 57 58 59 60 61 52 63 64 65 66 67 68 69 70

57 () 22 40 35 21 36 38 22 40 43 12 61 44 28
58 22 () 51 33 38 25 22 29 32 28 24 52 53 -12
59 40 51 () 36 39 30 32 31 28 31 37 38 35 19
60 35 33 36 () 42 08 -01 44 38 19 28 24 61 32
61 21 38 39 42 () 31 -05 18 28 39 62 .43 41 38
62 36 25 30 08 31 () 42 13 61 70 18 15 63 08
63 38 22 32.-01 -05 42 () 52 18 16 26 67 25 -02
64 922 29 31 44 18 13 52 () 18 19 20 42 41 35
65 40 32 28 38 28 61 18 18 () 18 10 28 35 23
66 43 28 31 19 39 70 16 19 18 () 43 18 22 19
67 12 24 37 28 62 18 26 20 10 43 () 41 32 -I8
68 61 52 38 24 43 15 67 42 28 18 41 () 26 4l
69 44 53 35 61 41 63 25 41 35 22 32 26 . () 40
70 28 -12 19 32 38 08 -02 35 23 19 18 41 40 ()
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Item-total cocflicients of correlation have been presented belowin the
table 7.

Table 7
Item-Total Coeflicients of Correlation *

Sl. No. r Sl. No. r Sl. No. r Sl. No. r SI. No. 1
1 15 15 28 29 05 43 15 57 22
2 20 16 15 30 32 44 52 58 10
3 13 17 22 31 45 45 49 59 12
4 05 18 45 32 18 46 10 60 15
5 32 19 10 33 15 47 22 61 10
6 43 20 18 34 20 48 17 62 33
7 13 21 70 35 51 49 24 63 43
8 31 22 29 36 16 50 05 64 51
9 20 23 19 37 10 51 2 65 40
10 15 24 25 38 12 32 08 66 33
11 25 25 42 39 00 33 48 67 62
12 20 26 45 490 21 54 53 68 4]
13 32 27 48 41 31 55 07 69 24
14 18 28 L& 42 05 536 45 70 09

*Decima! points have been omitted.

It appears from the table 1 that the blocks are more or less independent
of each other. Since none of the coefficients of correlation are negative,
it may be tentatively taken as graneted that a composite score with all
the block scores added together may be taken as an index of the degree
of introversion-extraversion.

It also appears from the comparison of the table 2 and table 7 that
in the Block A, items 1, 3,4, 7 and 10 contribute very little to the assess-
ment of introversion-extraversion. Item number 4 appears to be the’
weakest item as it also correlates negatively with items 5 and 11. Rest
of the 5items mentioned, maintains within group homogeneity quite well
and, therefore, their inclusionin this block is justified. Item 4, however,
could be dropped, but was not actually done so considering its face validity.

Comparison of the tables 3 and 7 reveals that the items 16, 19 and 29
are rather weaker items. Their contribution towards the total test criterion
isless and these items correlate negatively with some of the items within
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group (e. g., item 16 with 14, item 19 with 13 and 25 and item 98 with 25
and 26). Other items are meore or less satisfactory.

Comparative study of the tables 4 and 7 indicate that the itmes 29
33,37, 38, 39 and 42 bear verylow correlation with the total testof Whicl{
items 39 ana 42 correlate negatively with a number of items within group,
Particularly the item 39 appears to be the weakest item in the test ag it
contributes nothing to the total test score.

When the table 5 is compared with the table 7 it appears that the
items 43, 46, 50, 52 and 55 are weaker items, Of these, item 43 correlates
satisfactorily with other items within group. Item 46 correlates negatively
with 56, 50 with 52, 52 with 44 and 50 and the item 55 correlates negatively
with 44. All the negative correlations are, however, sufficiently low
except the correlation between items 46 and 56 (r=-.28).

Lastly the comparison of the tables 6 and 7 shows' that the items 58, '
59, 61 and 70 are the weaker items. Correlations of the items 58 and 59
with other items are more or less satisfactory. Item 58 correlates negatively

with item 70, item 61 correlates negatively with 63 while item 70 correlates
negatively with 58, 63 and 67.

These negatively correlated items were not, however, dropped from
the inventory due to the fact that none of them are negatively correlated
with the total test and also that the over-all inter-item correlations are
not unsatisfactory.

Conclusions

(a) It seems from the results presented above and from the subsequent
Giscussions that the items within each group tend to maintain within group
homogeneity, although some of the items in each group correlate negatively
with some other items. These negative correlations are not sufficiently high.

Further factor analytic studies may be undertaken to ascertain the nature
and extend of their within group homogeneity.

(b) All the items have some positive contribution towards the assess-
ment of introversion-extraversion with ap exception of a few ones which
either: correlates very little or nil with the total test score. But none of
the items correlate negatively with the total test score. This implies that

at least, these items should not be rejected from the inv

entory outright for
the sake of reliability.
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(c) It also appears from the coefficients of correlation presented in
the table 1 that the blocks of items tend to be independent of each other.

But none of the coefficients are negatively correlated indicating that there
1s no set of behaviours which tend to represent opposite dimensions.
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A new Technique of Item Analysis

Amiya Kumar Basu
Department of Applied Psychology, Calcutta University, India

Abstract

In 1lhcd ;;agc? to follow. a‘n attempt has been made (o evolve a simpler
method for item ‘analysm In the context of psychological measure ment.
The results oblained by this method give a better “Microscopic’ view

f’f the COIT’ID.OX]CDtS of a test entailing its fidelity. The method also
involves minimum time for its operation.

In .tlu.: construction of any psychological test the most important
characteristic that is to be considered first is item analysis. There exists
various methods in this context. The important studies that deserve spscial
mention in regard to item analysis have usually been made by T. L. Kelley
(1924), Smith (1934), Long and Sandiford (1935), Swineford (1936), Thorn-
dike (1949), Gulliksen (1950), Guilford (1954) and Nunnally (1967). The
efficacy of the methods is largely a matter of balancing convenience
against precision. Those who have electronic computors available appa-
rently prefer either the bi-serial or the point—bi-serial coefficient of
correlation. But those of us who must use hand tabulation and calculation,
generally prefer one of the simpler methods—simpler in the sense that they
take the least time to calculate.

With this end in view an attempt has ‘been made to evolve a new
technique of item analysis.

An item analysis yields information about each item in a test in the
form of

(a) a difficulty index and
(b) a validity index

The difficulty index tells us how stiff the item is, and as we shall
see an item which is too easy or too stiff is regarded as unsatisfactory.

The validity index tells us how good the itemis. A high validity
index is yielded by an item where ““good” testees get the item right and
“poor”’ testees gel the item wrong. In other words, the item has high
discrimination. Hence “ediscrimination index” would be a better term than

“‘validity index””.
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On the other hand, a low validity index shows that for the item,
just as many “poor” testees get the item right as do gc?od testees,
The item does not discriminate between testees in the required way, In

. bE
other words, the item ‘““does not work™.

Occasionally, we may find items which discriminate negatively. Anqg
the inclusion of such items actually reduces the power qf the te.st. Here
the item works against the test. And the test as a whole is thus improved
by exclusion of the item. |

In practices, the difficulty and the validity of an item are determined
in the same item analysis, and'so we shall treat the two topics together.

Let us take a simple example to illustrate the main points of the
method of item analysis. Suppose that we have a test with 6 items and
give the test to 10 testees. For each of these 10 testees, we mark the
items as rigﬁt or wrong. Each testee thus has a score on the test and
the testees may accordingly be arranged from good to poor.

- Thus we may have—

Poor-Person~-Good

Item A B @ E F G H I J Total
I = = =+ + 4+ =1 + 4+ S+ 3 9
II - - = = + + + + + + 6
111 - — - = b == — = 4 + 2
v - s = == = = + = = + 4
¥ - N -+ + +  + = e e + b
VI - -~ g . sl (B8 {7 = + + 4+ 4

Total 0 2 3 3 3 3 3 4 5 6 32

We have a test with 6 items, numbered 1-VI and we have 10 testees
A-J. The testees are arranged from left to right in increasing order of
total score. Note that there is ambiguity in the order of placing the persons
when they have the same tota] Score, e.g. B and C, or D, E, F and
G. This ambiguity is not important in practice, provided that there is a
reasonably large number of items, say 30 or more. Where the scores are

equal the testees should be arranged at random, for instance, by the
initial letter of their names.
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we cater in cach cell whether the candidate had the it

or Otherwise (=). We add across each row to a tofal1 CIE. EOrrect
pow Many persons‘had that particular item correct. We add CZ }ic ltells
o gt each.testee's score. The sum of the sums in rows andC thc: -
of the surms 10 columns should be equal which is a useful arithmetic che:ck.Sum

JOW -
Now a testee may mark an answer and his answer may be right

- wTOng or he may not mgrk it at all. How shall we treat an unanswered
question—ignore it or mark it wrong ?

I confluctin.g an item analysis study we handle this problem by
giving sufficient time for all (or substantially all) candidates to finish
the test, and then assume that any question not answered has been attempted
py the testee but that he cannot handle it. Therefore, we regard unattempted
answer as wrong or incorrect. This assumption, however, may be wrong,
and seriously so, if the testees have not been given sufficient time to
attempt all items.

Under ordinary actual testing condition with speed power conditions
the average candidate will finish only 5070 per cent of the items and
oaly the best will reach 100 per cent. Thus special conditions have 10
be set for item analysis. '

Let us return again to our small example.

Item Person Total
X - B ¢ Dl B pFLi8  H ) )
P 0 e TR R I i . L 3 9

Nine persons have the item correct. One has not. The nine who
have the item correct are the top nine persons, and the one wrong the

poorest. Theitem is, therefore, 2 perfect discriminator.

We observe that the item is one which 90 per cent of the persons
set right and 10 per cent wrong. S0, ‘We can -say that the difficulty
of the item is 90 per cent. A high difficulty index means that the item
is easy and a low onc that it is difficult (It would perhaps be better
to call the index an index of “easiness”, but the term difficulty index

is now widely used and understood ).

e e b
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s Now look at items Il and III
“ Item Person Fm
A B C D E F G H I J
I R ST 6
B 1 I I L L & e 2

These items are also perfect discriminators but differ from item .[
and from each other in having different levels of difficulty. Item II is
harder than item I and Item III harder again than both Items I and II.

Now look at item IV.

Item Person Total
A B Gl D E F G H I J

v - + - 4+ = - + - - 4+ ’ 4

Rank 10 9 8 7 6 5 4 3 2 1

———

Four persons get the item right but they are not exclusively the
top 4. Indeed the second highest person I get the item wrong, the second
worst B gets it right. If the item were a perfect item the top 4 persons
would have it correct and no others. Itis useful to put a heavy line or
a red line at the point of discrimination { in this case between F and G 3

We look at the 4 top cases G, H,I and J and find that 2 have it
correct (as it should be) and two have it wrong. These 2 who have the items
wrong are called discrepancies. We look at the poorest 6 who would
have the item wrong, if the item were perfect, but we find that only
4 have it wrong and 2 have it correct. These 2 who have the item correct
constitute the discrepancy in the lower end. The discrepancy of “wrongs
in the upper group” and the discrepancy of “rightsin the lower group”
are always equal ('and so constitute a useful arithmetic check ).

Lower Group Upper Group Total
Giving Right .
Answer 2 2 4
Giving Wrong
Answer 4 2 6
3 Total 6 4

- A | 10

%
i
{
i
|
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oW TEC

N
)
{e shows that of the four givi

This tab . our giving correct
4 2 were in t rect answers, 2 were i
. he lower 6. And of the six giving the w;e)l:;

4

{he i re in the lower grou i
ST 4 we group and 2 in the upper group

More generally :—

/
/ L )
ower Gloup Upper Group Total

P
Giving Right
Answel' d a
Giving Wrong | a+d

Answer b d
b+d

o~
Total b4-d atd T

Where T is the total number of persons and d is the discrepancy-

thNote that the totals of the rows(a-+d) and(b+d) are the same
as the totals of columns (b+d) and (a+d), and this must be so because
we define the wupper group as being equal to the number who give the

right answer.
. V:Jhat we desire to get so as to have highly discriminating items
is «“d”, the discrepancy, as small as possible, or rather we will select

and ratain in our test items where ‘‘d” 1s small.

consider the absolute size of ¢“d” only. For

We cannot, however,
must be small. -

example, where (a-+d) is very large or very small, “d”
“d’> must be considered in the whole pattern.
A very convenient device exists for doing this called the coefficient

@ ( Greek 1etter—Phi)

The general form of @ for any 2% 2 table i5 —-

G a a--c¢
b d b+d
e
c+b a+d i
o et i
ab—cd

e
+/(c+d) (a-+4d) (a-tc) (b+d)

m the general table in

which differs fro
1s are equal to the column totals )—

In our particular table (
that c=4d and in thaft the row tota
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b d b+4-d
b+d  add i

e

and this is the measure we shalluse to measure the validity of discrimina-
tion of each item.

The & coefficient takes an upper limiting value .of 4 1.00 wl:ien .the
item is a perfect discriminator, e. g., for item II, & 18 worked out as under :—

Lower Group Upper Group Total nh
Right answer 0 6 6
Wrong answer 4 0 4
Total 4 6 10
) 6x4-0x0
s 6 x4 = 1.00

@ is zero when proportionality as many of the good candidates have
the answer correct as of the poor candidates. ( we have put 12 cases

in this example as it is impossible preciously to have @ = 0.00 when
there are 10 cases ).

Lower Group Upper Group Total
Answer right 3 3 6
Answer wrong 3 3 6
Total 6 6 _ 12
Where
3x3—-3x3 ’
A T .

~

Intermediate validities occupy values between zero and -1.00.
For example, Item IV shows

_ 4x2-2%2
Bi= 6 x4 = +40.17




hich have negative validity wil

ems W Yy will have pepat;

I1 ¢ we had cgative values, For

cXgmp o

/ Person R T

/ s \n‘—‘———.__

o A Sool D B E S H 1T T
X 1 ny - =t _— e -+ - = -

[ SREMOLE ; 4

The tabulation would be

—— .

N Lower Group Upper Group Total
Answer Correct 3 1 4
Answer Wrongn 3 3 6
Total 6 4 10

1 x3-3%3
Where $= ot =25

The lower limit of ¢ is-1.00, but this value may be attained only
where the discrepancy is maximal and where preciously a half of the persons
have the items right. ( There are other limitations to ¢ taking negative
values where the difficulty departs from 50 per cent but these are mnot
important in practice since quite generally any negative value leads to
the rejection of the item ). _

The ¢ coefficient is a measure of the relatedness Qf the item to the
test as a whole. (It isin facta particular case of Bravais —Pearson poduct-
moment correlation coefficient for 2 X 2 table ).

The ¢ coefficient has one further great advanta-ge' in t‘hat a -test
through X2 for the significance of its departure from zero is available since

approximately
“xe
2 —
*="X

Where X ( Greek lotter-Chi ) is distributed with one degree of freedom.

We may then find a value of ¢, for some given number of cases,
above which the item may be said to be significantly related to the test.

In a fairly usual case we may has 80 testees given a test for item analysis.

X2 must reach a value of 3.841 to be significant at the 5 per cent
value. We can compute the corresponding value of ¢.

7-—-
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3.84 YT
S —47/0.048=.218
¢ ~/ 80 ¥

And for a | per cent significance ¢ must reach the value of +-0.288,

A “rule of thumb”, that is rather COI]SCI'VatiVC, 1s to require o to
reach the value +0.30 for jitem acceptance where there are say 60— 80 cases.

It is to note that the method outlined here differs slightly from the
standard method which uses upper and lower fractions (usually 27 p(?r
cent ) for it is one designed deliberately to establish Gutmann typ.e m‘_’“?t(’m?
scales.  Under certain conditions (e. g, where the test maker is aiming tq
make atest with maximum discrimination at the median ) both n‘lethods
give the same results. In most cases the results are not 'much dlffexjent.
The method given here—which might be called ‘“‘discrimination determined
at the difficulty point”—~——is, however, more refined and allowsaf better
“microscopic” view of the components of a test. It is more precise and

uses more information and as such it is likely to give better results and in
any case no worse.
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Achievement Motivation, Knowledge of Resyjts
and Performance

M. R. Ali, A. Sardar, A,

Khaleque and A, Hossain,
Department of Psychology, University of Dacca

Abstract
A previous study ( Ali, 1976 ) failed to show any significant difference
between the performances of factory supervisors with

. s high and low
achievement motivation in actual work situations.

. : ' The present study
was designed to investigate whether : (1) the supervisors with high
achievement motivation will perform better than the supervisors with
low achievement motivation in laboratory situations; (2) these supervisors

will perform still better when they are given knowledge of results (KR)
of their performance.

Fifty-six supervisors, thirty-one high achievers and twenty-five low
achievers, served as subjects. . Their ages ranged between 22 and 50

years. They were given two tasks ( Reaction Time Test and Crawford
Small-parts Dexterity Test) to perform under normal and feedback
conditions. The results showed that the high achieving supervisors
performed better than the low achieving supervisors under normal
condition but they failed to perform better when they were given KR
of their performance.
The results thus indicate that achievement -motivatiox} alone may not
help improve performance; a suitable' env:rc_mment.xs ‘also ?ssenua!.
Secondly, KR does not always help the hlg.h achievers in improviog their
performance. This finding supports the views of Locke and Bryan (1969)

that KR improves performance only when the individual appraises it
as signifying inadequate performance.

Introduction

In a previous study ( Ali, 1976) it was found that high ach'%evi_ng
) .21 supervisors failed to produce‘ more than -the low 'achlew'ng
mdustr'la No apparent reason was available to explain out this negative
supe;.'tvlsc;rts.wasohowever, pointed out that probably the negative result
result. d

ditions prevailing in the industriat

tly to the unnatural con . _ :

was dll_e p;;ngladeSh immediately after the war of llberatnc?n. Ir}dustr;al

se::it.or_ I?me management gap, badly managed human relations, 1rrfe§:ezr

e ilabili f spare-parts were some O e
and noun-availability ol sp

Supply of powerl,

i to see whether those high achieving
t study was designed
factors. The presen
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chieving Supervisors -

isors would perfrom better than the 1'(:1:1; werd ok Wil tlx;
superv: lled situation where extraneous vag (i) s Deborhtony oo

a controlle tested : (i i
i heses were o

. The following hypot L] than- the low achieyj,

toi;();ra;iegh achieving supervisors will perform better g

. i form still bette
- - ervisors will per r
Vi ; (2) the high achieving sup ir performance.
fwlzllf:r:\fhsgswill( b)e given knowledge of result (KR) of their p

Method
Subjects : : ly selected a
Fifty-six supervisors of inc}11$tria1 firms -were \;:;dozi f; sl ar?
subjects (Ss) for this study. 'These R e e of
achievement motivation questionnaire, prepared.f.'o O:VI gOu the basis of
Lynn (1969); to measure their achievement al'tl?Ude-' ld i
their scores in this test, the supervisors e R e the nfedial’
namely high achievers and low achievers. Those who faﬂ abOVf; Ilec;
value were called high achievers and those who fall ‘below 1‘ Wer.e' .ca
low achievers. Of  the fifty six supervisors, thirty one were high "achievers

and twenty five low eichie‘\(e;"rsg The ages of the SuperiSOIS. ranged between

22 and 30 years. ‘They were 'jselgr:c‘t'e;d from both private and nationalized
firms. =

Faskstron b g i

f

The Sswere given two tasks to perform : ( ) Choice Reaction Time
(CRT) Test ; and. (2) Crawford_\xSma-ll_Paﬁtés: Dexterity Test (CSPDT). In
the Chéiqe Reactiop' Time. TeSt, Ss were -asked to respond to g light
from the RT apparatus as quickly as possible
key. In the CSPDT, Ss were asked to puit | pins inside the holes of a
wooden frame and screw them down ag quickly as possible with the
help of a holder and a screw-driver. Each ‘fask consisted of three trials.

The Ss were given a rest pause of five minutes between the two tests.. . .
Design and proc}edure;

by ‘pressing the appropriate

- The experiment W ’,
free from disturbances.
By }gbbratoryk situation

feedback ( cXperimental ) céndi'tions..
( CRT and CSPDT) without K
with KR L e. they were inform

The controj Ss performed the tasks
R. The CXperimenta] S5 performed the tasks
ed of the results of theijr Previous trials. 7

i

Ly
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Bes“lts e’
Achievement motivation and performance under no
The S5 were asked to perform the tagys in a ca]
ghen they Were given mo KR of their performanc aII'lI M
0 S€e if there wou?d be any difference betwee €. The purpose wag
(he high and low achievers. Table | shows the r:sulize e

shat there is a significant difference betw - The Table shows
jow achieving Ss. een the performances of high and

rmal conditjops -

‘Table-1

Mean perfor 1 i
; p manc.es of high and low achieving supervisors under normal
condition and their t values

N=56
e —— T ] l
est High achiever | Low achiever - t
CRT (in centi-second) 0.67 0.77 2.12%
CSPDT 14 min. 40 sec. 16 min. 50 sec. 2.08*

*P<.05 di=534

2. Achievement motivation, feedback and performance :

. Choice Reaction: Time and Crawford Small . Parts Dexterity Tests
were administered to. Ss in an identical situation but they were given
KR of their performances. Table 2 and Figure 1| summarize the results.

The performances of the high and low achieving Ss with and without KR
were compared. t-tests for related measure were computed. The comparison
' Table-2

Mean performances of high -and low achieving supervisors with and
without knowledge (k) of results and their t values

N=56
| ‘ High achievers | Low achievers _

Test -\ Wihout KT Wih k| ¢t | Withoutk [ Withk] ¢t

" 3 45%*

CRT (in centi-sec.) 67 .64 2 .77. .39 . 29 3
C’SPDT 14 min. 14 min. 112 16 min. 14 min. 200

' a0 sec.  20sec. . . SOsec. - 3dsec.
* P<.02

* P<.05
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)

shovfrs that _th?re was no significant difference between the performances

o-t‘ high achieving Ss under the two conditions. There was, however, a

significant difference between the performances of the low achieving Ss

under KR and no KR condition.

Discussion

e Tgf re:lts show .tha.t the high achieving Ss performed significantly

b rrts z:z ﬁj— fow achlevx-ng Ss in the laboratory situation, This finding
ppo € 1irst hypothesis. In a previous study (Ali, 1976 ) the same

high achievi -
’fhb:l two e;lsfk B C;u-ld A0t perform better in the actyal work situation
conditions were, however, different. In the first condition”

formed their tasks in
So, the findings of the present
Was operating in the first
the Degative result. These
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The results of the present study also show that KR could not improve
the performances of the high achieving Ss. KR, however, significantly
mmproved the performances of the low achieving Ss. This finding indicates
that the relationship between feedback and performance is not as simple
as it appears. French (1958) points out that feedback does not always improve
performance. She found that Ss with high achievement motivation perfor-

med significantly Dbetter under accomplishment oriented feedback than
under feeling oriented feedback.

Locke and Bryan (1969) ofter a different explanation. They point out
that if an individual appraises KR as signifying inadequate performances,
he will usually set a goal to improve his subsequent performance. If he
appraises KR as signifying adequate or superior performances, he will
ordinarily set a goal to maintain his level of performances. If the KR is
appraised by him as irrelevant, he will just ignore it. In the present study,
the high achieving Ss were probably confident about their performances
and as such they tried to maintain their level of performances and ignore
; KR as irrelevant. The low achieving Ss, on the other hand, were not
| confident about their performances and considered KR as signifying inade-
quate performances and as such they tried hard to improve their performances.
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Comparison between 3 Group of Rajshahi University (Psychology)
Students and g Group of Graduate F

oreign Students at the
University of Minnesota on D 48 test

Mohammad Junaijd

Department of Psychology, Rajshahi University

Abstract
the D 48 test was administerad to a group of
at Rajshahi Universit

Y and toa group of foreign
students, mostly from the sub-continent, registered at
University of Minnesota. The purpose of the study w
two groups with each other,

and with American and Eur
as well. The study also aj
of the test.

In the present study
Bangladeshj students
graduate

the

or rejecting the Universality
From the data obtained it was found that on the whole

familiarity with the game of domines, hon-testmindednes, and slow
speed might account for the poorer scores of

the Asian students. Between
the two groups, Minnesota group was found to have higher mean which
Wwas not unexpected. A number of situational factors have been discussed
to account for this difference. It was Suggested that futher studies
should be conducted on a larg r

sample to test the universality of the
test and to establish norms on Asian populations,

Introduction

48 testis a non-verbal analogies test. More specifically, it
is 4 test of abstract reasoning measuring primarily the ‘g’ factor in intelli-
gence. It consists of 44 problems and 4 examples. The examples are
meant to give the testee an understanding of what he is supposed to do
in the test. The patterns

of ‘the problems in the booklet change very
frequently. “The problems are arranged

in order of increasing difficulty
with the exception of five quite hard items placed in the middle The
testee’s task is to find out the number 0

f dots in each half of the blank
domino which is made with the broken lines.

The blank domino n
most cases is the last one. The principles involved in

clude simple additions,
identities, identities with reversals, double

progression, subtraction,
substraction with progression, etc (Gough & Domino, 1963).
8 —
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Austey and Illing jp
st developed by - 1943 o,
The testf \;ﬁegon of Personnel of the British War Offic Or 1}
Directorate 0

ed on fo o

o - » l 3
England. A new - experimental version i colour h:smes'
ngland.

o ur other editions developed for differen , Black).
This test 18 DAS

pow in use 1N

h adaptation of the test wy alsq

leted. A Frenc . aS pre
been .rec.entls;dcolljllll’)ﬁshed by the Centre de PSychologie Appliquee, D;r}id
by Uk blished in Italy. S

«ersion has also been pu ;
i found that his general factor ‘g’ was pregent in

{ to the highest degree in homogeneous tests involy;
all tes.ts anf correlates. He held that “all branches of intellectyq]
education 0 i

. common one fundamental function ( or group of fupe
have m ,

the remaining or specific elements seem in every ¢aSe 10 be whgyy,
\w{h?reast from that in all the others.”” Herein lies the justificatioy for
Z;tﬁ;;?ing so much importance to ‘o’ (?espit? its purely formal _Character
(Spearman, 1961). For example, the. relationship I.JCtWCCI] two elements must
be discovered and applied to a third element in qrder to find g fourth
element which is related to the first. Stephf‘,nson in early.l930’s showeq
that tests with the greatest Saturation of ‘g’ were those mvolving nop.
verbal perceptive material. In 1938, .Penrose and Raven constructed a
similar test applying the same principle. It is regarded by most British

psychologists as the best measure of Spearman’s ‘g’. It was used ag 4
general intelligence test in the British Army (Anastasi, 1964).

Spearman Almogy

g the
actiyjt
tiong ),

By factor analysis, Vernon found the D 48 test to have a saturation
of (.86 on ‘g’ as against 0.79 of Progressive Matrices. As a result, this test
was adopted by the British Army and used as an intelligence test. This
test was brought to America in 1962 by the Consulting Psychologist INC.
Attention is being paid on this test in America for a number of reasons.
It is claimed by its author to be a universal test
has no effect of culture, language or region.
cultural has to have either of the two princi
are to be new andfor unknown to all SO as't
experience ; (b) utilize test stimuli known to
based on the second assumption,.
for the test iteself is 25 minutes an

» 1n the sense that it
A test in order to be cross-
ples : (a) items or materials
0 minimize differentials of past
every one. The D 48 test is
It is easy to administer. The time limit
Thus, the over- d a few I{ninutes are spent on instructionci
Domino have suggested i he test is very appealing. .Gough.ain
any time Fmit. may be used as a power test without giving
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The D 48 test has been widely used in Europe both in the Army
and the civilian as a test of intelligence. Very few studies have been

done in other countries showing the applicability of the test, The odd-even
reliability is reported to be 0:89 while the test-retest reliability with an
interval of two months between the two testings is 0.69. It is shown to
have high correlations with other tests of intelligence in Europe. The
correlation between D 48 and the Binois-Pichot Vocabulary test, on a

sample of 185 male subjects representing the over-all French population
between the ages of 20 and 25, was found to be 0.64.

In the United states only two studjes have been published in the
periodicals so far. Gough and Domin

0 (1963) gave the D 48 test to
85 5th and 6th grade children in California elementary school. They
concluded the relative difficulty of the 44 items to be constant for different
age groups, in different countries and in different languages. Higher
graders had higher average

‘ 6th grade had an average score of 20.02
as against 18.68 secured by 5th grade. Their findings suggest that the
average score for subjects of similar age and educational level in different

countries will be approximately the same. No definite sex differences
was found as it sometimes favoured boys and sometimes girls. It correla-
ted more highly with G.P. A. than any other part of the Stanford
Achievement Test. The correlation betweed the D 48 and G. A. P. in the
5th and 6th grades are 0.58 and 0.45 respectively. It can thus justifiably be
said that the D 48 is an adequate predictor of scholastic performance
at the grade school level. Domino (1964) administered D 48 along with
other tests to a sample of lower division males in mtroductory psychology
courses at the University of San Francisco. None of these tests correlated
very highly ; but only the D 48 correlated significantly ( 0.22 significant
at 0.05 level). Statistical treatment of the data showed that the D 48
has slightly more predictive validity than the Ca.ttell Culture Falr. or
Army Beta. The D 48 was found to be similar in its pattern of re]atlc?n-
ship to other measures of ability. Lindley compared D 48, Progre§s1ve
Matrices, and Army General Classification Test on as'arnple of 40 patteflts
at Veterans Administration Hospital, St. Cloud, Minnesota, each holding
the diagnosis of schizophrenic reaction. The age range was 29 to 49
years ‘with a mean of 38.9 a median of 38.5, The mean score was fo-u.nd
to be 14.18 with a SD of 7.08. It was found to ha\{eagreat?r ceiling
which could be a definite advantage over the Progressive Matrices when
testing individuals of higher intelligence. It could notbe found that the
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es the space factor to a greater (e
d Progressive Matrices g\:ﬁ
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re of D48 an¢
the D 48. The .. for the selection of one over the other

ned to investigate whether the D 4
paving comparable age and e duCai‘TeSt
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© thap
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dy was desig
Na]

can be applied ot different samples hav .

levels. Secondly, the study Was aimed at comparing the two o

(Bangladeshi students and foreign students )  with  Americap O:DS
nd

Furopean norms:
The followin
(1) D48 will
having comparable age and

(2) there will beno signi
f Americain and Euro

sted :

g hypotheses were te
when applied on different sap, 1
Ple

yield similar scores
educational levels ;

. ficant difference between the scores of
two groups and those 0 pean NOrms. the

Method

123 (110 males and 13 females )

nd 13 female students at Rajshahi University at thj
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Third Year Honours Psychology 1041=11
Master’s Previous Psychology 324-2=34
Master’s Final Psychology 21+10=31

Total : 63+13=76
(b) University of Minnesota : 47 males only.

These 47 students were at Master and Ph. D. levels in different fields.
All the answer-sheets were hand scored and the raw scores were
obtained and rechecked a second time. Rangs, mean, median and

standard deviation for the two groups were calculated for comparison

purposes. ‘t’ tests were run to see if there was any significant difference.
Results :

Table 1

The Range, Mean, Median and Standard Deviation of the different
groups on D 48 test

N M MD SD Range

Minnesota ( Foreign Students )

Males 47 25.70 26.25 5.7 11-36
Rajshahi : males & females 76 1797 1893 4.5 8—31
Classwise breakdown of Rajshahi results :

Third Year Honours 11 19.27 19.0. 4.68 13—30
Master’s Previous : 34 16.79 17.25 3.76 9—25
Master’s Final 31 18.58 19.87 4.84 8—31

ez

As seen in Table 1 mean of Minnesota group is much higher than
that of Rajshahi group. As regards SD Rajshahi group has smaller than

that of Minnesota. Mean and median are very close and the range is
very wide in each case.

The class-wise breakdown of results show that the Honours group
is highest in mean, then come Final and Previous respectively; with
respect to SD Previous is the smallest and then are Honours and Final
in order. Other measures have the same trends as in Minnesota and

Rajshahi groups in general.
: o Table 2

Significance of difference between means

t df significance
Minnesota ( males ) & Rajshahi ( males females) 8.91 121 p<<0.001
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Discussion and Conclusion

The test was administered only to males at Minnesota as a comparable
sample of females ( foreign students ) was not available. In Rajshahi
~group there were only 13 females (1in Honours, 2 in previous & 10
m Final) as against 63 males. The females constituted a very small
portion of the sample and so any conclusion or generalization based on
this small portion of the sample may be misleading. Hence, the females
have not been treated separately.

- A glance at the results shows that the means of the present study
are much below the means of the American and the European populations
and the differences obviously seem to be statistically significant. It is
hard to make any generalization here on the basis of this study as it is
found that the foreign students at the University of Minnesota are compe-
ting with the American students at M. A. and Ph. D. levels. Low score
on D 48, therefore, does not indicate low level of intelligence. The
universality and validity of the test may, thus, be suspected.

A number of factors may be suggested as the plausible reasons of
low seores obtained by foreign ( Asian ) students. In the first place it
may be that these students are not familiar with the game of domino,
which goes against the basic assumption of the authors of the test.

Secondly, it is difficult to say that Asian students are test-minded.
There are very few, if any, such tests in Asia. The Asian students
rarely come across such tests. They should not, therefore, be expected to
have dev¢loped test-taking attitudes. But the European and most American
students on the contrary, are exposed to such tests right from the primary
stages. This difference in attitudes may have to do something with the
test scores.

Thirdly, factor of speed also seems to have played a role. There was
a general complaint from the Asian students that they did not have
sufficient time to attempt all the items. Hardly any student was able
to have attempted all the items. It is an assumption of the writer that
-the American students seem to have faster speed. The test manual and
the available literature do not say anything regarding whether the Ameri-
can and the European students were able (o attempt all the items of
the test within the specified time limit. Hence, further investigations
are needed to be undertaken in this field in order that the validity of
the assumption is tested.
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m.lwers:m;‘ave ,a higher 1’nean significantly differe.nt f"91’1 Rajshahi gro,
S}iﬁ?iﬁiz discussion does not in any way prove the universality of D 48 test.

The process of test administration 18 fm importa@l fécti)l- énd i
definite bearing on test sCOTES obtained. IF is assumed t.mt the test wgs
administered in both cases strictly according to the test manu‘q]. and the
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of the test.
Suggestions for Further Study

' No generalizations could be made from the present study because
of smaller samples. The sample should be random and the test should
be given to as large samples as can be available and manipulated.

It will be interesting to investigate if students of a particular discipline

score significantly better than others. The test should be repeatedly given
over time to determine the reliability of the test.

As no studies are available on D 48 from Asian countries, more
and more studies Should be conducted for the purpose of establishing
norms for varlous groups with respect to age and educational levels.
These studies will- go a long way in indicating if the Asian students have
trends different from those of American and European populations. This
will also confirm or question the universality of culture-fairness of the test.

The authors_ of the test claim that the game of domino is a fairly
i g?r;lhlzuzn tancl u‘mversal game. On this essumption, bases the universality
est. It is also interesting to find out how common the game of
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domino is in Asian countries. Again if in the same country closer familiarity
with the game of domino give higher scores.
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