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, . . ABSTRACT
. K ) D e , ' '
. . An +investigation into the distinctiOn;betwéen'idenfﬁty‘conServatiQn
' and equivalence conservation, theorized by Elkind (1267), was gxamined - .
in/ two content areas, length.and welght.‘ In addition, transitivity of ’
length an&‘weight wé§ examined in reldtionship- to conservation. .
. The. sample consisted 'of 180 subjects, 60 p;eséhool, E}ndergarnpn, U
4pd third grade studentg. Within each grade subsample, half the children i
* e were male and half were.female. Subjects were assigned td one of six - .

different counter-balanced orders of presentation for ‘the conservation
and transitivity task battery. The gesigﬁ was a 3/2/2/2 mixed-model
el . analysis of variance. " The factors were.-age (preschool/kindergarten/
third grade), Fask‘Yidentitygeqdigalence),’Cri§§pion (judgment anly/ . -
judgment plus egﬁlanatibn), and content area (length]ﬁiight). ) T .
7 * " The maih effects of age, task, and criterion wete.large and. highly IR
signifjicant: Equivalence conservation was observed to be of greater ’
aifficulty than’ identity, conservation.. More trials were passéd under
. the judgment only criterio% than with a judgment plus explanation ., -
o ’ criterion. significant interactions of Age x TasE, Task x Criterion,
: and Age x Cricerion were also observed. Equivalence tasks were found .
: to be more.difficult than identity tasks for presghoolers and kinder-
garteners but not for third graders. Perfoimance differences betweer .
the identity and equivalence tasks were greater with a judgment only

ve

”

. criterion than with @ judgment plus explanation criterion, and these -. o
-differences -between the two criteria were more pronounced with pre- 3 )
. . schodlers and kindergarteners than with third graders. The preschool
. and kindergarten subsamples did ‘not differ. Qq@phriSOns of the relative -
o - difficulty of the identity versus equivalence conservation chses, utilizing
a dichotomous éass/fail scoring criterion, were donsidexably less persuasive,
i.e., only the kindergarten and tdtal sample weigh* ~ases indicated a .

signjficant lesser difficulty for identity-conservation. A significant '
performance improvemenit at every grade level for the transitivity tadsks e .
f was observed, with the largest differences between the preschool and. ’
kindergarten subsamples. The transitivity tasks were significantly
easier than all conservation measures at the preschool and kindexgarten

R level, but’at the third-grade level, only the transitivity of weight/con- ;
. * servation of weight comparison was significant. ' . s R
| ‘ R M
I * L . . R . 'S N -
: <
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C 4 INTRODUCTION . ' :
! : ) ’ N °~.. A AN . - - ‘\."“ ]

- Piaget's theory of cognitive development posits_a; sequentlal orderlng

of stagus thruugh which human. belngs progress .from blrth,to adoYescence.
stage devclopmenL, as employed by Plaget in the theOry, emerges from the

notion that "Man tends tb organize his behavior and thought and to adapt
to the envxfbnmgnt [This tendency zesults] in a numbey Of psychologlcal
JUstructures whleﬁ take different forms at different ages, [Ginsburg & Opper,.
1969u p. 20]. Thus, pmget uses distihctive stages to broadly, delineate

the glalitative nature of psychological strultures which evenﬁually cul-

minate in.adult intelligence. Of associated importance to any discussion

of stages 1s the notion of "invaraiance" in the sequentmal ordeILng of
Jtages Invaqlancn _implies an orderly prugression, or dependency, which

Lﬂbufﬂ N eontxnultv between Drtheuq and successive stages. Intellectual

development 1s categorized intc four major periods (sensor;-motor, 0-2
years; preo operational, 2=7 years; concrete operatlonal 7-11 years; and
! formal arerational, 11 voarq and abova). It is ueceseary for a given
individual to have hastered any previous stages or levels of intellec-
tual funltioning before mastery of later, hlgher-order stage functions
is possible. . Stated schemat;caily, the order of acquisxtlon of stades
is A-B-C-D; in order for a particular.individual to have reached stage D
stages A, B, and C must have been previously mastered.. . «

x Just as there exists an invariant order among stages, there-also

.exist within-stage sequences For certain developmental periods. Perhaps °

the best example woula be the six substages of the sensori-motor period.

Tor the concrete operations period, Piaget and Inhelder (1962) concluded

that the order of acquisition of ‘conservation of guantity, follows an

invariant ug\el;umental sequence iy which cons 'va*ioh'of mass -precedes

conservation of weight, which in =arn proceces conqervatlon &f volume.
A . - .

Piaaet termg s4e=e progressions withi» a grven c,:ce, décalages horlzontaux

=4

Therse oxi:3%s a lag in the Sgnse that "the child mhy even display d;fferent
levels of achievement in xegazd to Drobleme involving sxmllar mental osera— .
tions -{3insburg, & Opper, 1969, p. 162]." In addition, the order in which
guantity congervation develops-is also invariant in that a child will pro-
ceed through the stages of non-conservation, transition, and eonqervatlon.

The stage of non-cokservation is exemilified by the child who never
conserves,, while duringesthe stage of conservation the child always con-

serves. “he tranﬁxteonal-sLaQe 1s exemplified by the child whe is extxemely

variable in his or her conscrvation judgments. .

The cognitive functioning asscociated with the concrete operations
preriod i1s the primary focus™of tne research Yeported in this paper.
Althcbgh giaget's recent writings (2.g., Piaget, 1972) have emphasi.ed
the suphrérdiaate role played by the log:cal groupements dealing wit
class and relational concerts, the matority of the original Genevan
studies and subsequent replication-validation studios have employed

¥ ¢ e — — =
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derxvatlve task formats. Perhaps the bést knowh of these concrwtq op.era-
tions measures are the conservation of quaﬂtlty tasks (e.g,, mass-subskance-

/ amount, weight, volume, length, area’, rumper). Conservation may be e~
defined as the ability .of a person to be aware of- the invariant properties
or dimensions of, objects in the face 'of irrelevant spatic~temporal transs
fOIma»lORS The major developmpntal 1muurtance of conscrvatzoﬁ acquisition

K . is openly recoanlzed As Flavell $19¢3) points ouk: - . .
k) . -
d > t Y
J It was an act of creative lnSDlIathn when Piaget hit upon the -
" . idsa that.a wide varlety of cognitive areas-—numbe quantliv,
f . time, €kc. --are in certain cruglal reaperte mastered according - -

to q-dommon procedure: to di scover what values do and do not
vromain invariant (are and are not conserved) in, the course of
) - any given kind of change or transformation; only when this is }
i done is the Na;J%aved for further operatlons (which ara also )
’ common denominatdrs across areas), e.qg., qualltatlve and guan-
. titative measurement, appllcatlon of the trans;t1v1ty law, etc.
- There is no guestion but that the formation of cdncrete opera-
4 ”tmnp L= the richest chapter in Piaget's developmental qtory, o
f - . * 1n the sense of sheeg abunﬁance of highly interesting empirical ’
-t data. - It does not scem likely that all this would or could have -
. come about without £he coricept of conservatlon—fogpat;on and ’
- related unifiers [p. 415}. ° .. - 3 ..

! Tne relevant aspects of the conventional conservation task as contrasted <
with ;dentlty censervatlon have been summarized prev;ously N R

=

L1Y

The major aspects oF Bhe conventional conservation task may -«
be outlined as follows: Given: Two Stimulus items A and B;
e e .., containers with equal amounts of small seeds and three .
quaraLe points or intervals in the conservation’ setting.
Time 1: A=B (A,and B are judged as containing ejual amounts Y .-
‘of seveds); Time 2: B=C (The contents of B arc transferred or T
-few. . pransformed to a container of a different ‘shape, C); Time 3:
ATC (The S is guestioned as to the relationship,” equality, or
dxffcance of amount, between the standard stimulus A and the . ~

comparison st1mulus c).

%

If the S, when questloacd at Tlme 3, responds that A=C, the E ; .
infers that B and C were' intfact Judged equalh}n amount. In .
contrast, the response AyC~tesults in the E's inférence that, N~

B?C, hence a nonconservation judgment is assessed. ) .

. . Note that in “the conventional c0nscrvatlon settlng outlined
e & bave (des iated equivalence consérvation by Elkind), the S
is never act ally required to <judge overtly the relatlonshlp
) " .. of stimuly B and {. Yet, the realization that the property ~- - -
-7 _ " at issue, i.e,, the substancg-amount, weight or volume of the %
stiralus array does not alter following the transformation of
B to C, is patently essertial to a correct solution of the
criterial task.: vaiously, a S who does not judge B=C is not v
. . 11kely to ‘conserve' the rulatlonshlp of a=B; therefore, A=C
| ' as outlined above.

11
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. Identity conservation is defined as the realizatiop that the .
N ) single stimulus transformation B- into C does not adte¥ a funda-
mental property of the quantity in guestion. PiagetNs prlana—
* tion and description 9of the processes whereby the child’ gradually
passes from a stage of nonconservation-to an intuitive and
. - " transitional stage¢’ and flnallv ach;eves the third stage ‘of
completely logxcally Justleed consirvation verformaﬂce is
based dlrﬂctly on consideration of this identity case. Thus, .
thé.xhrey major post facto rationales which are logically ade-
guate and jonsistent for Piaget, e.g., addition-subtraction
schemas--'nothing has been added or taken away'; reversibil-
o 1ty~-~'1f you poured the seeds back to the first container . .
they would have the same amount'; and compensation-projortion- -
ality or the compensation of relations--'that glass of seecds is

- - T shorter but narrower too,' refers to the relationship of B
- N to C as cited above. The latter explanation category, thee .

. compensation of relations, plays a primary role, in Piaget's
cancegtuallzatlon of ,conservation acquisition. whild identity
‘canservatlon is the focus of Piaget's theoretical explanat;on
and forms the basis for his descf&ptxon of the- stages of con-,
servation and guantifying coordxqat;en. his assessment format
15 primarily the paired-stimulus equivalence setting [Hooper,

19869a, .p. 235-236]. . .
- .

=

Since 1dentity conservation must always be 1n£exred in the conventional
consexvation problen, both Elkind (1967) and Hooper (1969a) opt for the
carlier appearance and understanding of identity conservation as a -~
necessary but not sufficient condition for the successful attainment
of equivalence conservation. Egdivalence congervation ability also L
¢ regquires a dedpetive argument for euccessful completion.
While guantity conservation involves infralogical operations ‘that
are spatio-temporal and continuous ‘in chafacter, transitivity appears
. ' to involve only logico-mathematical opergtions.(Flavell, 1963). In a
- tvpical transitivity task e, child infers from the observatians A > B, .
and B * €, that A must be greatérthan C. Thus, for example, the subject
would okierve that stitk A is longer than stick 5 and that stick B is
* fonaer than stack €. He would infer‘that stick A is longer than stick C.
As 1s the case with the conventional conscrvation task, transitivity
Aise reguares i deductive argument for successful completion. Thus,
vouth eauavalence conservation and tzans;txvxty should agpéar concomitant
n terms of their emerging nperatlonal agpearaan. This position Is in
;gﬂxg AGrecment with Piaget and Inhelder's (1962) claim that trapslthlty
and conser®ation develop synchrencusly. . E
Frevimas stud.es have fLund either consezvatlon more difficult. than
- rransitavity (i. e.v B ;axnera, 1973 ,and Lova21l & Ogilvie, 19%61) or tran-
stivity more difficult that onservation (i.e., Zarcez, 1969; Kooistra,
-ant, 1969k; Smedslund, 1961; and Smedslund, 1963). .

=
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. PREVIOUS RESEARCH .
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- Although Plaget and Inhelder (1962) orlglnally assumed 1dent1ty and
equrvalence .conservation to develop simultaneously as an all-or-none
proposxtlon, there has been conf71ct1ng evidence concernlng the hypothe—

) . . srged decalage between identity conservation and equxvalenoe conservation.
SRS bummarles or the 1 lent1ity and eguivalence conservation studigs reported

in thls‘sectlon appear lnwgable I. A number of studies’ reveal data in

support of the orlorlty ofl the emergence of 1dentity conservation. Elkind

. - (1966) " ustd 68 children, 4-7 years,old, of middle to hlgh SES, to test

. conservatlon of sjize, form, and length atross-lllusory transforma;mons,

o 2 -and” found that, children have .nb more difficulty attarplng conservation

i N using lllusory than using reaf “transformations. Signlflcant age effects

%A,f revealed a regular increase 1n mean scores with age. Slgnlflcant test effects
%@ . " revealed that the form conservatron test was easier than the tests for size .

' and length conservatlon, which.were ot about equal difficulty, w.ile the)\ . .
. length test which employed the Muller Lyer illusion format proved to be the S N
. - most dafficult. Elkind hypothesized that conservatidn of form assessed only 8
: T the identity problem as there was no equ.ivalence problem present. 1In addl-
- tion, the Miller Lyer illision caused the most difficulty at the youngel age
levels. Once the Ss were of the age of concrete operations, the difference
between the standard test for length conservatlon and the Miiller Lyer length
est dlsappeared .
Ransom (cited in Elkind, 1967) prov1ded evidence' to support’ the .

developmental prlorlty’of 1dentrty conservation for length and continuous
quantltles. 1t was hypothe51zed that the test for identity conservation
- . could lead to what Inhelder (1963) termed a "pseudo conservation, " which .
. ‘. is evidenced through memory falsificatidén on the ,art of the child. .
et Dacause a‘subject has no way to compare a transformed stimulus (a clay °,
.« s _ball rolledrinto a sausage) to its original appearance, it is possible . '
) to dlstott.the memory-of- the original size oI the ball so it will equal
B . ) the apparent increase in the size of the salsage. Ransom based. his . .
. conclusions on procedures whereby the previous state of a given quantlty ’
. before transformation could be marked in some fashlon, thus ellmlnatlng

judgments based on memory falsification. .

. Hooper (1969a) assessed 18 males and 18 females of 6, 7, and 8 years

of age and of middle SES, to ‘test 1dent1ty and equlvalence conservatlon

of a discontinuous quantity ‘undeér moderate and extreme txansformatlon. .

The .rationale behind employing both moderate and extremg transformatlons

in the identity and equivalence conservation types was to verlfy the
. _assertion made by Piaget that children in the transitional stage between
_— non-conServat10n and conservation wsould conserve under moderate transforma-'_ _ .
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tion of the stimuli involved butbmight £ail to conserve under extreme de-
formations. In addition, Hooper included two types of equivalence conserr
vataon tasks. Equivalence Conservation I was equated to identity conser-"
vation in terms of memory requirements and the perceptual cues that are
required.. The only difference between them was the additional dedu t%’e
' °  seguence reguired in the eguivalence conservation type. Equlvalence T\
Conservation II was the conventional conservation task used by Piaget and .
his associates. For all ages, more children passed identity conservation
than equivalence conservation. Overall, there was virtually no difference
under the two equivalenée conditions. Differences between identity and
equivalence were most‘notable at the lower age level, and diminished to-
ward first and second grade. ‘ The one surpr1s1ng flndlng was a significant
sex difference. Whereas 64.8 percent of the males were conservers under
Tt all tasks°and CODdlthnS, only 37 percent of the females were conservers.

- The/priority of ldentlty over equivalence conservation was most significant
at the kLndergarten level for males and at ‘the first and second grade levels:
for females; No s1gnlf¢cant differences were observed for the moderate
compared to' the extreme transformatlon conditions.

- Hooper (1969b), using similar tasks and scoring cr1ter1a employed a
repeated measures design to evaluate the 1dent1ty/equ1valence relationship.
Eighty 5 and 6 year-old subjects were given the, tasks. The results showed
no Ss to have puassed equivalence and falLed 1dent1ty, while 11.25 percent
passed identity and failed equrvalence, 13.75 percent passed both tasks,
and 75 percent failed both tasks. The results were taken as adding support
to-the identity/eqUivalence distinction. .

Nair (cited in Bruner, Olver, .Greenfield, et al., 1966) used 40, 5
year- -0ld Ss from a Bo»ton suburb to, study the relatlonshlp of qualitative
1dent1ty (the 'same" water) and equlvalence conservation of a contlnuous
auantlcy The children were divided 1nto two groups., those who conserved

. on- the classical pretest and those who did not. The specific task involved
the filling of two identical- plastic boxes with the same amount of water,
— -.one by the experlmenter, the other by the child, and Pplacing wooden ducks
on their "lakes." At the suggestion of the experimenter the child moves
"his or her duck to three different ponds and takes the water with him.
"*  After each'move, two questlons were, asked of fhe child. One questlon
stre~sed the qualltatlve 14 ntlty asoect of the task; the other questlon
~_.essed the equivalence aspect of the task . The questions were given in

., a counterbalanced order; half the Ss were’ asked the identity question

,Z first and half the Ss were asked the eduivalence question first. Results
Lndlcated “that 50 percent of the childrén who conserved on the pretest

argued some varlatlon of "same"'water to assert the. invariance in amount
of water. Of those who were class1f1ed as non-conservers on the pretest,

v

'! mount Also, S5s who were asked questions of ldentlty before questions
) of eguivalence were more successful in answering both types of Qquestions
_than were Ss asked the questions in reverse order. Nair concluded that
“identity if a ndecessary if not sufficient condition for quantitative .
oqt‘valnnc
- MeManis (1969a) “studied the 1dent1ty/cqu1valence relationship in
650 retarded chasdfen, 15 Ss Of each menital-age 5 to 8 years.: All children
: ‘'were gaven 14 ntlty apd cvuxvalence tasks which employed the use of both
dlston’lnuozs (qtyfﬂanm balls) and continuous (clay and water), materials.
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Within. a given MA group, both task material types and the identity/equiv-
alence tasks were presented in a counterbalanced oxder. Results indicated
an age related progression of success in both types of conservation. Of

* particular importance, however, was the fact that no Ss who failed identity

conservation passéd equivalence conservation. Of the total,subject popula-
tion, 13 percent to 18 percént exhibited identity conservation abilities

- but not equivalence conservation McManis concluded that identity con-
servation was a necessary COndlthﬂ for equivalence conservation.

Elkind and Schoenfeld (1972) used twenty-two 4-year-old, and twenty-two
6-year-old, lower-middle SES children, to test identity and equivalence
conservation for number, length, liguids, and mass. Two_sets 6f five -
pennies were used‘ln the number task; two’ identical glasses, a beaker, and
a pitcher of colored water were uséd in the liquids task; two drawing
pencils were used in the length task; and two clay balls were used in the

"mass conservation task. Half of each group 6f children received the .
, identity tasks first; Jhalf received the equivalence tasks first. Results
showed (1) hlgher mean conservation scores for older children; (2) that
1dent1ty conservation was easier to conserve than equivalence conservation
in the younger group; and (3) that both S%e groups found. conservatlon of
nurber easiest to conserve, followed by length, mass, and continuous
quantity. .

sNot all studies, however, report findings -that are generally suppor-
tive of the 1dent1ty/equ1va1ence distinction. Papalla and Hooper (1971)
used sixty’ 4-, 5-, and 6-year-olds from middle SES, to test gualitative
identity, quantitative identity, and quantitative equivalence conservation
of substance and number, in the order of difficulty just stated. The two
conditions were with’justification and without justification. The sample
employed 10 males and 10 females at each age level. Each child received
all the tasks and each task content area was presented in counterpalanced
order Within the specific content area, however, the tasks were administered
in the hypothes12ed order of difficulty. Results 1nd1cated that the order
of presentatlon did not affect the performance of a subject significantly,
and that the with justification and without justification conditions did g
not result in any significant dlfference The most lmportant finding,
however, was that although a predicted order of dlfﬁlculty was found
for quantity, no predlcted order of difficulty gPs found,for number con-
servation. Unlike the Hooper (196%9a) finding of a male superiority bias

" on performance, ‘this study found a sllght female superlorlty b1as for the
w1th justification condition.
Moynahan and Glick -(1972) used 57 Ss (33 boys and 24 girls), 5 years
11 months old, and 39 Ss (21 boys and 18 girls), 6 years :9 months old, of
middle SES, to test for identity and equlvalerce congervation of number,
length, contlnuous guantity, and welght. The, results revealed that as a
" group, there were substantial numbers of conservers "and non-conservers,
thus indicating 4 transitijonal perio;l of conse¥vation acquisitioh for .
mcst subjects. Concerning. the identity/equivalence distinction, only -
the first transformation of the length task showed resulps favorable to
‘hypothes1s of an earller emergence of identity conservation. Of=the |,
" Ss involved, 12 passed the identity and failed the equivalence tasks.
O the content areas of number, quantity, and weight, however, results
ihdicated a co-occurrence of identity and equivalence conservatidn. One
aoss1ble explanation offered by Moynahan and Glick is that equivalence
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consexrvataion oerformane&ldoes not necessarlly 1nv01ve the use of transi-
tive inference, thus making it no more difficult to solve than 1dent1ty
conservation. An alternative explanation is, of course, that the ability
B to make transitive lnierences is already possessed by a conserver, thus
making the equivalence task no more~difficult than identity conservation. - .
° Schwartz and Scholnicl. (1970) examined 8 males and 32 females, of )
middle SES, ranging in age‘from 4 years 5 months to 6 years_4 months, to
s non—verbally assess direct gomparison, identity, and equlvalence estimates
of discontinuous quantity using two containers that were either identical
or different. Scalogram analyses revealed .that wheén cohtainers were iden-
tlcal, 1dentity judgments -were more 1naccurate, whereas when containers ’
differed, identity Judgments were easier than equlvalence and comparison
- -, judgments. The scaling technique also revealed that two major variables
affect performance.v.The elements in the stimulus s1tuat10n and the -
stimulus setting were found to affect both mastery of the conservat;on of
.a discontinuous quantity:and the Judgments involved.
Teets (}968) assessed 120 first, second, and thitd grade Ss from two
SES levels to measure identity and equivalence conservation of we1ght.
Stimuli employed in the tasks ‘were four sets of colored differentially e
configured Lego blocks. Although perceptual alteration distorted the
- - apparent from the real, all blocks were the same welght. For ‘the total
$ubject sample, eighty-two Ssgpassed both tasks, 24 ss failed both tasks,
8 Ss failed identity and passgd equivalence, and 6 Ss passed identity and ‘
falled equivalence. 1In the ﬂﬁrst grade, lower SES group, in which a -
greater number of children péssed 1dent1ty than equlvalente, there wasx ,
little evidence to indicate a priority of identity conservation over Ce
equivalence conservation. . ’ ..
Northman and Gruen (1970)° used SAXty—flve second- and third-grade
= children ranging in age from 6 years “11 months to 9 years 8 months to
assess identity and equivalence consérvation of continuous quantity
(water). In one sitting, three identity and three équivalence tasks were .
given in six different orders. The results did.not support the 1dent1ty/ o
o equlvalence distinctiop. Most children conserved in an "all or none"
. - fashion. Northman and Gruen (1970) sugdested two explanations: (1) Lo N
s1gn1f1cant 1dent1ty/equ1valence differences may be of brief develop- \
mental duratlon, or (2) the logical requlrements involved in conserva- N
tion do not represent the psychological processes of the ch11d. L T
q . " Murray (1970) tested-113 Ss on 1dent1ty and equlvalence conserva- \\
tion tasks given in four different presentatlon modes. Subsamples of 4
W33 klndemgarten—flrst grade Ss (x age = 6.24 yearsg) were glven 1dent1ty .
and equivalence conservation - of number, while 80 Second grade Ss (x age = '
8.25 years) were given ia=ntity and equivalence conseyvatlon of weight.
Results indicated~no blgnlclcant differences between identity and equiva-
1+ lence conservation. :
Koshinsky and Hall (1973) conducted a rep11Cat10n of the Hooper
(196%9a) study employing the same tasks but with a within-subject assess- N
. ment design. Seventy-two Ss, 12 male and 12 female, from kindergarten,

first, and second grades were tested in the experiment. The main focus

- of the study centered on the comparison wetween identity and equlvalence
conservatlon. Results showed no significant performance effects duve to
sex, degree of transformation, or equlvalence task. Older subjects per-
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formed better than younger subjects. No difference in the degree oOf
difficulty between the identity dnd equivalence tasks was found. over-
all, 86 percent of the §s—passed.the identity/equivalence tasks in an

: all or none fashion, 4 percent pass-<.d identity and failed equivalence,
while lolpercent passed equivalence but failed identity conservation.

LY

TRANSITIVITY

LY

> » - - 2

- As with ‘the controversy surrounéingAthe developmental priority of identity
compared to equivalence conservation, ,much discussion surrounds the relation-
‘ship of transitivity to seriation, class, inclusion, and conservation. Piaget -
and Inhelder (1962) theorized a simulﬁénegys development between, conserva-,
tion and transitivity within a given content area. -

.. Braine (1959) questioned the validity of Piaget's studies of transi-
tivity because they failed to eliminate variables that were not part of the
transitive inference process. In particular, Piaget's studies of transi-
tivity of length failed'to separate the child's. inferential response from an
ability to use measuring instruments and verbal skills necessary for the con-

..ceptual understanding of the task. Braine's study investigated ,the develop-
mént of the inferentijal response and of order discrimination, and the develop-
mental relationship between these two acquisitions. He assessed 18 boys '
and 23 girls, ranging in age from-3 years 6 months, to 7 years, in a non-
- verbal, counterbalanced-order task setting. Although the results strongly
supported Piaget's notion of developmental stages in the acquisition of
. transitivity, both inferential reaSOnigg and order discrimination ability
were found to exist' two years earlier than Piaget claimed (approximately’
7+8 years). Smedslund (1963), while basically in agreement with Braine's
(1959) criticism of Piaget's transitivity 9xpéfim§nts,'was‘critical of Braine
for not controlling correct judgments based on :$omething other than ‘the
transitive inference (i.e.,zguessing, perceptual discrimination, non~-trahsi-
tive réspbnses)n Controlling for a non-transitive hypothesis, Smedslund
assessed 107 Ss ranging in age from 4-10 years. As with Braine's (1959) -
findings, Smedslund's findings strongly supported the notion of developmen-
tal stages in the acguisition of transitivity. This study, however, also
suppdr;cd Piaget's notion that acquisition of transitivity usuallv ogcurs
at about 8 years of dge. In regard to Piaget and Inhelder's (1262)‘
hypothesis that conservation and transitivity develop simpltaneously)‘those
Ss who displayed transitivity also displayed consexvation. . )
Murray and Youniss (1968) took issue with the fact that most inves-
tigators assessed only one of three possible relations in the ‘three teyrm
sets involving transitive inference. In the paradigm A > B > C, a child's
response that A. 5 C could merely be a reflection of consistency in chopsing
the longer stick rather than an inferential judgment. They devised two
paradigms to control for rioninferential responses: A > B = C, and A'= B > C,
and assessed 24 boys and 24 girls at each grade level, kindergarten through
second grade, on trans%tivity and unidimensional seriatidn tasks. The
results indicated that the conveéntional transitivity paradigm, A >.B > C,
fWas easier than both paradigms devised by Murray and Youniss, and that the
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paradigm, A = B > C, revealed the "clearest” age trend. In addition,
only 15 percent of the Ss who passed transitivity failed seriation, thus
sugportihg the Piaget, Inhelder, and Szeminska (1960) claim that seriation
is necessary to the understandipg of transitivity. K

- Youniss andaMurray (1970) investigated inferential behavior when con-
trols allowed measurement but not differential size designatjions prior to.
the ch01ce trlal Thirty-two klndergarten/flrst graders and thirty-two
third graders. were tested on three different transitivity paradigms, and a
control condition.- Following the trans1t1v1ty trlals, each child was
tested. for serial ordering: Results revealed that younger Ss (CA 6)
failed to make transitive inferences and that older Ss (CA 8) were only
moderately successful. Both the age at which trahsitivity occurred and
the developmental priority of seriation in relatlon to transitivity supported
the earlier assumptions of Piaget.

A number of studies have béen concerned’with the Piaget and Inhelder
{1962) hypothesis that, conservation and transitiv'ty develop simultaneously
with respett to a given content area. Smedslund (1961)- tested 135 Ss
ranglng ih age from 5 years 6 months, to 7 years. Results revealed that
although, 20 gercent of his subjects displayed conservation of weight,.
only 1 percent of these subjécts displayed transitivity of weight. Kooistra
(1965) tested the relationshiptof conservatlon and transitivity of weight
in a sample of 12 boys and 12 girls from each age leyel 4 to 7 years. Re-
sults showed that only two of the 96 Ss. deviated from the predlctlon that
conservation is structured in the child's thought before transitivity.

_ McManis (1969b) found conservation of length and weight to be s1gn1f1cantly‘

easier than transitivity of length and weight when testing 90 normals, and
90 retardates matched for mental age (MA)., between 5-10 years. Garcez
(1969) investigated the effect of empirical demonstration -on both conser-
vation and transitivity. Although 24 percent of the Ss trained on both*
conservation®and transitivity gave, operatlonal responses on a posttest,
none of those subjects tralned on transitivity alone .could.give operational
responses on a posttest Garcez concluded that operational acquisition of
conservat;on was needed for transitivity. Lovell and Ogilvie (1961)
emplpyed_262 Ss, both conservers and non-conservers, to examine the effeot
of transitivity .abilities. Botl -groups of subjects were found to perform’
transitivity operations. Lovell and Og11v1e concluded that conservatlon
dxd not-affect - ‘transitivity judgments. - . y

. Brainerd (1973) conducted two studies to. assess order of acqu1s1tlon
of tran51t1v1ty, conservation, and class-inclusion of, length and welght
In one stddy, 60 white Canadlan and 60 white American second grade Ss
were tested, and ih another study, 60 white Canadian Ss were tested | from
each grade level, kindergarten, flrst, and second. Bralnerd found transir
tivity to .emerge before conservation; which in turn, was found. to emerge
before class-inclusion. These results were 1Scons1stent with both the
predlctlons madé from Piagetian theory~and the existing neo-Piagetian
literature. In regard to the theory, Brainerd concluded that there were
partlal errors about whlch skills presuppose seriation and, which skills
seriation presupposes. Brainerd attributes the flndlngs of. neo-Rgagetlan
llterature to.the relatively insensitive instruments used to test £6r the
présence of trans1t1ve 1nferehces - . ‘
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Roodin and Gruen (1929L.examined the effect of experimental manipula-
tlon~e£—memo:y_on»making’transitive inferences. Seventy-two middle SES
children, 12 boys and 12 girls from:each of three different grade levels,
ranging in age from 4 years 8 months to*“8 years 5 months, participated,’in

the experiment.. Half of the subjects at each age level, 5-7 years, were
allowed the use of a memory ard to make comparisons A > B, and B > C. )
Results showed that those subjetts who had use of a memory aid made Sagnlf—
icantly more correct transitive gudgments, plus adequate explanatlons, ‘at
every age level than those who had no ‘such a;ds.e‘Roodln and Gruen

concluded that the memory aid helped the child to, use the relevant 1nformatWOn
available, and to make the Judgment ‘clear enough so he or she could verbally

a

explain the transxtlve inference.. .
4 ) -
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THE PRESENT. INVESTIGATION

“ -

It should be abundantly clear by how that questions regarding stage J
sequence and stage correspondence, as they specifically relate to identity,
equlvalence, and transxtxvxty abilities, remain essentlally unresolved. ) |
The.one conclusion that could be put forth is that e%perimentérs have con= | .
sistently failed to appreciate the complexity of the task. As was pointed -
out by Hooper, Goldman, Storck, and Burke (1971) "The major ‘réasons for'
lack of agreement on questions concerning stage sequence and stage corre-

- spondence fall into two categorles (1) operational variablés, and (2) sub-
ject variables [p. 42]. Operational variables include operational defini- - N
tions, confounding variables, task forxmat, experimental replication, and
data analysis. S Ject variables include specific experiences, the general
developmental status, and the language ability of the subjects.; .
. Bralnerd and Hooper~ (1975) reviewed the literature reported in thlS
paper concerning Elkind's (1967) two-step analysxs of the conservatJOn . ,
concept and found three rajor variables that could affect the supportlve -
.and non-supportive findings,related to cognltlve developmental sequences s .
Pask, sensitivity, as. described by Flavell (1971), could mask real seguences
or produce seqpences where none exist. Thus, for example, if the jidentity
_ task were more sensitive than the equivalence task, flndlngs would probably
. support:the hypothesized decélage. If, on the other hand, the idertity ’
task was relatively insensitive when compared to Lhe equivalence task,
’ findings would probably show no seguence at all, or perhaps a revetsal.
Examination of the supportrve and non-supportive studies showed no clear-
-cut differences in terms of, task sensitivity. Response criteria did differ
w“ between studies, and can be defined as either judgment only, or judgment
’ plus-explanation. -Supportlve data reported by Schwartz and Scholnlck (1¢70)
- and Elkind and Schoenfeld (1972) employed the judgment only condition. The
' . non-supportive data reported by Moynahan and Glick (1972) and Teets (1968) i
employed the judgment plus explanation condition. The nonsupportive study ‘
by Koshinsky and Hall (1973) "employed a judgment plus empirical check ! e
criterion. The age “of the subjects invariably affects sequence-present and’ _ ¥
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‘It is of intexest to note the absence of pre-

sequence-absent findings.
schbolers in the non-supportlve studies and the inclusion of ‘preschoolers

< . .in three of the four suppertive studies. 3 -
v . The present cross-sectional inyestigation focused on incorporating
within one study the necessary controls that would enable the experimenter
. to monitor the various operational’ var1ables that could affect the performance
of the subject populationt. An attempt was made to equate all tasks in
terms of requirements other than the specific demands of the task in ques-
tion. Response, criteria provided for both judgment only: and-Judgment plus
explanation condltlons. The age of the subjects,: particularly those in
‘the lower age range, was intended to ensure a non-inflated performance
baséline. &All ,tasks examineg- two gontent areas, length and weight, which
"“allowed content performance comparisons. For the present investigation,
the follow1ng predictions wére examined: . xyq

The age ‘grade- level factor is related to all the dependent

.

. 1.
“ _ measures.
2. If the 1dentity/equibalence distinction is in fact a.valid
' . distinction, then identity conservation is of lesser diffi-
culty than equivalence conservation within a glven content
. domain. s , o .
.' 3. _If the identity/equivalence distinction is valid, then the
' 1argest differenceés will tend to occur at the earller ages
levels. ’ * )
4. Trén51t1v1ty is of greater dlfflculty than identity conser-
vation, but approximately equivalent to equivalence
conservation: -

-

: 5. The‘w1th—3ust1flcat10n condltlon should be 51gn1flcantly
’ X moré“difficult than the without-justification condition. :
) " 6. "If the'with/without justification conditions reveal age-
- . related dlfferences, then the largest differences will tend

. to occur at the earlier .age levels.
J. Prediction of the conservation relationship of an object w1th
respéct to, itself (1dent1ty) or another object (equivalence)
will tend to be of, lesser difficulty than the correct judg-
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SUBJECTS' ' :

The subject sample for, the present investigation con51sted -of 180 7
school children, of which, 120 were drawn from the Beloit, Wlscon51n,-
and the remaininyg 60 drawn from prlvate preschools
Sixty Ss were drawn from each of three Yrade il e
Distribution of tHe subject« A

Public School, system|, a
in Madison, Wisconsin.
levels, preschool, klndergarten,

population by age and sex is desctibed in Table 2.

111 T o

METHOD T 3

-

and third.
The kindergarten and P

third. grade subsamples were randomly drawn from the four elem&ntary schooIs

that. were designated as target populations.
selected randomly from the entire opulatlon of one preschool ‘and’ From

children returnlng parental consent sllps at the other preschool.

: {

The preschool subsample was

! °

& : R

- “

- . . Table 2 ’
Distributidn by Grade, Mean Age, and Sex of the Subject-Population,
-~ . > Y - N
Grade Subjects - Males ' Females Mean Age Age Range
Pre 60 31 29 4= 1 » 2<8 to 5-3
P ¢ “
K =+ . 60 30 30 \5-10 5-3 to 6-3
3 7 60 ~ © 30 .30 _8-9 _ .8=3to 2-B
~ ~3 - t
e = —= -
-7 N e ’\\«5 v
. DESIGN . s
’ 4 “*

W1th1n each gr de, level ten subjects were: randomly~3551gned to each
of six counterbalanced orders of presentation (see Table 3) for 'the transi-

tivity and conservation lask, conditions for length and weight. “A warm-up to

familiarize all subjects w1th the critical terms preceaed alt task orders.

. The questioning for all six counterbalanced ‘orders of presentation always 1n—
. volved the critical terms ”Same," "More," and "Less" in that order.
tion, conservation of length always, preceded conservation. of weight in both the

1dent1ty and equivalence task~formats.

s Within each. conservatlon task, for

both oxedlctlon and deformation, every'sS was nequlred to jﬂstlfy his or her

In addi=

a



xhe'Same,

. questiong implving "Less
-+ eight justifications.

*

.

-

S

]

_ Table 3

objectiyve response to one.of the three questions.
one-thlrd of the Ss were- aoned for Justlflcatlons on questrpns 1mply;ng
" one-third on ques7;ons implying More,
Over all the conserVatlon tasks, each S gave

Orders -of Presentation for’Identrty:
Equivalence, and Transitivity Tasks

At éach grad levei,

and one—thlrd on

_] ’
“A) Identity
“B) Eoulvalence
C);Tran51t1v1tx -

B) Equivalence
C) Transitivity
A) Identity .

C) Transitivity
A) Identity
B) Equivalence”

-

2)

(4)

(6)

‘A)
Q)
. oB)A'

B)

A)

c)

c)
B)
a)

Identity °
Transitivity
Equivalence

Eéuivalence
Identity
Transitivity

-

Transitivity .

-Equivalence .
Identity

N7 N
, (1)
. B N .
. : . (3)
T . (5)
.. v
2 . MATERIALS
Ut ’ l.* Warm-up:
- . 3.
- 4.
.« 5.
) . . 2 oz.
A 7.
< O ‘ ~
- ERIC
: wiiﬁna

S .o

weight (2 oz.
Conservation of Length- Identlty Format::
Conservation of Length-Equivalence Format:

. 6. Conservation of Weight<Identity Format:

-in weight.

¥y .

2. Translt1v1ty of Length:
“28 O0-cm, mounted on & 32" x 20" illustration board 26 inches

Trafisitivity of Wejght:

-1

"

a picture of two perceptibly unequal parallel lines
* (10-cm and 20-cm), and two oerceptlbly unequally welghted
- cyllndrlcal wooden blocks.

two blue st;cks, one 27 O-cm and one

apart, and one 28.9=cm white stick,
one red and one grey clay ball of

equal weight (5 1/2 oz.), and one grey clay ball of a Yighter

)., but equal in dlameter to the two weilghted balls.

’ of equal welght (2 oz.)

&

~ |

’”

unmounted. "

¥

one 28.0-cm string.

two 28.0-cm strings.

one green clay ball,

Conservation of Weight- Equlvalence Format:

- +

two brown cla¥y balls

< -

The materials that were used in the basic tacsk format are outllned below
(See Appendix A for complete task admlnlstratlon descrlptlons ):

13
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5

In addition to famlllarlzlng each subject with the critical terms implying
"Same,” "More," and "Less, " - the experimenter was encouraged to promote a
_relaxed, freeg, verbal interacting atmosphere between himself or- herself and

: mhe task battery was preceded by a warm-up and individually administered.

the subject. During this warm-up, the E placed the picture of two perceptlbly

unequal parallel lines in front of the S, SO that the longest line was
nearer the S. The following questions were then asked: -(a) "Are these two
lines the same length?"; (b) "Which line is longer?"; and (c) "Which line is
. shorter?" The- E then removed ‘the picture from the table and gave the S a
cyllndrlcal block to hold in each hand and asked: (a) "Are these two

. blocks the same weight2"; (b) "Which block weighs more°", and (c) "Which

-

block weighs *ess>" 1f the S did not seem to understand “the relational terms,

as indicated bj 57 the objectlve response, the E repeated the warm-up or that
- portion about which the S seemed ancertain. TIf a s had failed to understand
the relational terms, it would have been necessary to drop that particular
~.S from the sample and select another at random. The task battery was
admlnrstened individually to each S in a room outside the child's classroom.
TotaL»adminlstratlon time was approx1mately 20 minutes.
.Y Actual procedures for the transitivity and conservatlon tasks were as
"follows: . .
: ’ /
1. Transitivity of Length (adapted from Brainerd. 1973)-:
 The E placed the board, having a 27.0-cm blue stick and a’
-~ 28.0-cm blue stick glued down approximately one arm's length
" apart, in the middle of the table 8-10 inches from the S’ Taking
the 28.0-cm white stick and placing it next to the 28.0- -cm Blue
stick, the S was asked, "Are these two sticks the same length?"
Next, the E placed the 28.0-cm white stick next to “the 27.0- -cm
blue stlck, and asked the S, "Is one of the sticks onger’"
If an affirmative response was given, the child was dlso asked,
"Which one?" Finally, the E, removed the white. stick from the
table and asked the follow1ng (a) "Are these two sticks the
same length?"; (b) "Is one of the stiaks longer?"; and .
(c) "Is one of the sticks shorter?" If the child responded
affirmatively to questions (b) and (c), the E,also asked the
S to indicate which stick was longer in questlon (b), and
. shorter in questlon (c).
2, Transitivity of Weight (adapted from  Brainerd, 1973) =
- The E placed the three clay balls in the middle of the
table, 8- 10 -inches from'the S. The E then asked sthe: S to’
hold out his or her hands, palm up, after which one grey and
one red clay ball of equal weight were handed to the S. The
E then asked, "Do these two clay balls weigh the same°" The
grey clay ball was then removed from the S's hand and placed
on the table 8-10 inches in front of the hand in which it
was held. Then the.red clay ball was removed and placed in
the hand opposite the one in which it originally appeared.
Mext, the lighter grey clay ball was placed in the remaining ,
empty hand, while the S was asked, "Does one_ of the clay .
» balls weigh more?" If the S replled afflrmatrvely to, the .- .

< ‘ N
7 /
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‘beforeg?"; (b) "Is one of the strings longer than before?"; and

-

.

questien, the child was also asked, .,"Which one2" The grey -
clay ball‘was removed and placed oh the table 8=10 *inches
in front of the hand in wiich it was held. Finally, the E ‘o

removed Lhe red clay ball from the table and asked the - -2 -

following: ® (a) "Do these two clay balls weigh the same?"; e
(b) "Does one of the clay balls weigh more?"; and (c) "Does . -

- one of the clay balls weigh less?" If the child responded

affirmatively to questions (b) and (c), the E also asked the L
S to indicate which clay ball weighed more in questlon (b),
and which less in guestion (c). -
Conservation of Length- Identlty Format (adapted from Hooper,
1969a) :
Placing the 28 0-cm piéce of string in the middle of the N
‘table 8-10 inches from the S, so the length ran horizontally -
in a" straight line from the S s left to right, the E asked
the following: (a) "If I were to make this string into a_ o
circle, would the strlng still have the same 1ength°"
(b) "If I were to maké this string into a circle, would the
string be long€r?"; and (c) "If I were to make this strlng
into a circle, would the string be“shorter?” The E then formed
‘the string into, a circle (toward the S) and asked ‘the follow-
ing: (a) "Is this.string the same 1ength as before?"; (b) "Is
‘this string longei. than before°“; and (¢) "Is this string
shorter than before?"
Conservation of Length- Equlvalence Format (adapted from Bralnerd,

1973) : ' . .
%

‘ The E placed the two 28. O-cm pieces of string side-by-
side in the middle of the table 8-10 inches from the S, so

the length ran horizontally from the S's left to rlght, and

so the strings were observed to .be of equal length. The §
was required to verbalize this latter fact. , Leaving the . -
strings.exactly as they were, the E asked the follow1ng
questions while pointing to‘the strlng nearést the S: (a)

"If I were to make this string into a circle, would " the two
strings still have the same length?"; (b) "If I were to make
thi$ string .4into. a 01rcle, would one of the strings be
longer?"; and (c) "If I were to make this string, into a
circle, would one of the strings be shorter?" Taking the
string nearest the S and forming it into a '‘circle, the E asked
the following: (a) "Are these two strings the same length as

(c) "Is one of ‘the strings shorter than before?"
Conservation of Weight-Identity Format (adapted from Hooper,
1969a) : -

‘e . Placing the green clay ball in the middle of the table 8-10
inches from the S, the g'asked the following: (a) "If I were-
to roll this clay ball into a hot dog, would the piece of

clay still have the same weight?"; (b) "If I were to roll this

“s
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'clay,ball into a ‘hot dog, would.the piece of clay weigh more?";

and (c¢) "If Irwere to roll this piece.of clay into a hot dog,
would -the piece of clay weigh less?" The E then rolled the
piece of ‘clay into a hot dog, and and asked the following: (a)
“Does ithis piece of clay weigh the same.as before?"; (b) "Does
this piece of* clay weigh more than before?"; and (c). "Does
this piece of clay weigh less than before?"

Conservation of Weight- Equ1va‘ence Férmat (adapted from Bralnerd,
1993): - Y

The ‘E handed a brown clay ball to the S to hold in each
hand so the S could verify the equality of welght between the
two stlmull. The S was requ1red to verbalize this latter fact.
Taking the clay- palls from thé $ and placing them on the
table 51ae—by -side, 8-10 inches " from the S, the E asked the
follow1ng quesﬁlons while pointing to one of the stlmull
(a) "If T were to flatten this clay ball into a pancake, would
the two. pleces of clay still have the same weight?"; (b) "If
1 were to flatten this clay ball-into a pancake, would one
of the pieces of clay weigh more?"; and (c) "If I were to

oflacten»thls clay bali into a pancake, would one of the pieces

of cl\y~welgh less?" The E then flattened ‘the clay ball into
a pancake,, and asked the follow1ng (a) "Do these. two pieces
of clay we;gh the same as before?"; (b) "Does one of the -

pieces of clay we;gh more than before?"; and, (c) "Does one of
the pieces of clay weigh less than before?

%
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RESULTS

INITIAL CONSIDERATIONS

Each test administrator was respon51ble for the reliakility of the individ-
uval protocols transferred to computer score sheets for data analy51s, each
scored those subjects to whom he or she had administered the task battery.
The test score sheets were then checked by another test administrator to
ensure correct scoring. In addition, a Hoyt reliability cpefficient was

. computed on the 24 task items undér consideration when alk conservatlon
tasks were combined. Case one included all conservation tasks w1th suppor * -
1ng explanations; case two included all ponservatlon tasks w1thout ‘support-
ing explanations (i.e.,-a=.95, case one; and %=.94, case two). The preschool
subsample was not included in this estimate of reliability because of floor
effects, and, therefore, the values computed reflect a conservative estimate.
Likewise, a Hoyt reliability coefflclent was computed for the 10 task items
when t*an51t1v;ﬁy of length and welght were cémbined (case one), as well as
each transitdvity task by itself (i.e., a=.87, case one; a=. 94, case two-
length; and 0=.91, case three-weight). The preschool subsample was hot in-
cluded in this estimate of reliability. :

. Initial considerations cohcern the order of presentation effects on

pass/fail dichotomous data. As indicated previously, subjects from each of
the three grade levels, preschool, kindergarter, and third, were randomly
assigned to one of six counterbalanced orders of presehtation for the
transitivity and conservation task conditions'in the content areas, length

». and weight. With.the exception of two cases, there was a notable absence

of significant presentation order effects. At the preschool level, those
subjects who received the tran51tlv1ty tasks ..for length and welght firste o
(orders 5 and 6) and last (Orders 1 and 4) significantly outperformed "
those subjects who received the same tasks second (Orders 2 and 3). Re-
'sults were significant for both length (x =9.62, df=2, p<.0l) and weight
(x?=8.75, df=2, p<.02).

In terms of overall performance, a non51gn1f1cant main effect of sex )
was found for conservation of lkngth -and weight (see Table 7). Individual .
“pass/fail dichotomous data for each task, however, did reveal a significant
male superiority on two conservatlon of weight cases (identity, w1tboat
explanation), prediction (x°=5.69, df=l, p<.05) and deformation (x%=4.18,
df=1, p<.05). A sex x grade level interaction effect was sigrnificant for
the length conservation task (i.e., F=3.2205, df=2, p5.05), although post-
,hoc comparisons of the individual age~grade levels failed to reveal signif- -
icant pair-wise differences on this dimension. + -

The Ldentlty and eguivalence cohservation tasks for length and weight

»

: content were divided into:two sets of pass/fail dichotomous data, based

<~

upon both the prediction and the actual deformatlon of the conservation
task in guestion, and the performance levels of the various subsamples under
tneqe condlflons were compared. Thus, for each grade level, a totaJ of .

“ \

- " o2s”

o 8
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eight four- fold tables (2 tasks X.'2 content aregs x 2 criteria) of ob-
served frequencies were generated under the predlctlon/deformatron “condi-
- tions. A McNemar test for the significance of changes failed to indicate
. any differences between prediction and deformation. As a result, scores
were combined across these*cbﬁditions.

PRIMARY RESULTS

Conservation . - ) ) N
‘ f

) The general performance patterns of. t/e age- grade subsanmples and

overall composite sample are presented in Table 4 (medns and standard dev1a—

, tions) and Tables 5 and 6 (frequency .and. percentages of subjects passing). .
A factorial variance analysis based upon a 0-6 scor1ng criterion for '
- each of the conservation subtasks under the without Justlflcatlon condi-
e tion is presented in Table 7. -Observing the ‘mean_ scores, the factor1a1
variance’-analysis indicated a. slgnlflcant grade level ‘main effect for

- - both the length and weight measures. Mean scores oOn all subtasks indicate
that the-higher the age-grade level the better the perfOrmance level. Like- .
wise, a significant main effeét for the 1dent1ty vs. -equivalence factor was T
obsérved in both the length and weight measures. Mean .scores were consis— .
~tently better across all grade levels under the identity task condition.

In addition, a significant grade level x identity vs., equ1valence inter-
action effect was_observed. When the subtasks were ‘brokén down ‘in teims

of male/female perfermance patterns for each grade level, mean scores fail
to show clear-cut_patterns between grade levels. The subsample differences
between identity and equivalence subtasks at each grade level did ‘reveal a
clear pattern. Mean score_deferences betwéen identity and equlvalence
within the same content domain were largést at the klndergarten level,
followed closely by the preschool subsample, and 1ast by the third grade,
which showed the least alfferences. . -

For data analysis based upon dichotomous pass/fail data (see Tables
5 and 6), as expected x2 comparlsons indicated significant 1mprovements in
criterial performances dcross the present age-grade range (i.e., all x
values exceeded 50. 96, df=2, p<.00l) and, with one exception, the largest
d1fferences occurred between kindergarten and third grade. In Table 6, for
conservation of welght (identity), d1fferences in criterial performances
were greater between the preschool and kindergarten subsamples (i.e.,
x2~18 89, df=1, p<: :001) than between the kindergarten and thixd grade
subsamples (i.e., x2—17 63, df=1l, p<.00l). Overall combined sample compar1-
sons of male vs. female performances for the various conservation tasks
were nons1gn1f1cant.

Pass/fail performance levels on the 1dent1t¥ and equivalence tasks
appear in Tables 8 and 9. As indicated by both. tables, performance im-~
proves with age. However; more Ss passed both tasks under the objective
response only condition, show1ng “the clearest predicted trend. Excluding
the preschool (no Ss at this level passed identity or equ1valence)! in
all domains more Ss passed identity and, failed equlvalence than the reverse
except the third grade subsample for length conservation. A McNemar test

H
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Tablée 4

+

B , Means and Standard Deviations of the Identity and
Equivalence Tasks for the Various Subsamples™

. (Standard Deviations in Parentheses) Rl -
. - a - ‘:,‘ )‘:i«ﬁ;}" ol
. ) 3 L Conservation Tasks’ N . -
WS Grade Level . : . ikngth ‘7£éight' .
A ' ’ idenfity i Equiua;encel - Identity 1 Eguivalence
] 4 * T ~ =
7 ) . B '
Preschoolk ' K R A
] Males | 2.48 (1.03) | 1.19 «(1.22) | 2.35 (0,88) | 1.23 (1.09)
Females 2.31%(1.47) 1.17 (1.36) 2.38 (1.08) 1.03 (1.18)
Combined Subsample 2.40 (1.25) 1.18 (1.28) | 2.37 (0.97) 1.13 (1.13)
- Kindergarten ' : .
*Males 3.13 (1.80) |* 1.93 (2.12) 3.57 (1.76)‘ 2.;3 (2.42)
Females *3.93 (1..70) | 2.63 (2.31) 3.63 (1L99) _2.47 (2.30)
Combined Subsample 3.53 (1.78)- | 2.28 (2.23) 3.60 (1.86) 2.30 (2.35)
Third Grade . ) -
, Males 5.23 (1.45) | 5.13 (1.96) | 5.50 (1.36) | 5.10 (2.11)
= Females 4.83 (1.727 4.03 (2.72) 4.33 (2:O§L 4.00’(2.72)
’ Combined Subsample 5.03 (L.59) 7] 4.58 (2.42) 4.92 (1.83) 4.55 (2.48)
Total Sample :
. Males 3.60 (1.86) | 2.73 (2.48) | 3.79 (1.89) |. 2.80 (2.55)
: - Females 3.71 fl.93)* 2.63 (2.48) |. 3.46 (r.93) | 2.52 (2.17)
. Combined Total 3.65 (1.89) | 2.68 (2.47) 3.63 (1.91) 2.66 (2.51)
Sample : . . ’
4 . ’
b N
,, ¥
%
’ ~
|V
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Table 5 _ © o

., ] ) “ - ) .
Frequency and Percentages of Subjects’Passing

the Conservation ,Tasks for the Various Subsamples '
(Objective Response and Adeduate Explanation)

Conservation Tasks

- e - . “Length - ) -“Weight
’ i e g .- — - ..
Grade Level | Identity . Equivalence Identity | Equivalence
No. -~ % No. % No. % No. %
Pfeschoo} . ’ .
Males oL @ | -0 (0) 0 © | 0 (0)
Females T%o0 A0y 0 (0) 0 (0) 0 (0)
Combined Subsample 0 (0) 0 (0) 0 (0) L, O (o) -
Kindergarten ’ T )
Males : 5 (16.7) | 4 (13.3) 5 (16.7) 4 (13:3)
Females .7 (23.3) ] 5 (16.7) ] 6 -(20.0) 4 (13.3)
Combined Subsample |- 12 (20:0) 9 (15.0) 11 (18.3) 8 (13.3) °
. Third Grade ) : c - -
. Males 20 (66.7) | 23 (76:6) | 19 (63.3) | 22 (73.3)
Females 18 (60.0) | 18 (60.0) | 14 (46-7) 17 (56.7)

Combined Subsample 38 (63.3) 41. (68.3) 33 (55.0) 39 (65.0)

2 >

Total Sample R < .-
Males ~ 25 (27.5) | 127 (29.7) 24 (26.4) 26 (28.6)
Femal.es 25 (28.1) 23  (25.8) 20 (22.5) 21 :(23.6)
Combined Total - - 50 (27.8) | 50 (27.8) 44 (24.4) 47 (26.1)

- ; Sample
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Table 6

Frequency qﬁa Percentages of Subjects Passing

the Conservation Tasks for the Various Subsamples.

' KObjective—Response only)
N ) B a e M

it C - 4___} —— ad -
K o - Conservat%dh Tasks! ‘
Grade Level . °  Length Weight
i . - - . - H
“ . Identity Equivalence [ Identity [ Equivalence N
No. % No. % . No. % No. % )
Preschoolm '
Males & . 0 (0) 0 (0) 0 (0). o (0
Females 1 . (3.4) 1 (3.4) 0 (0) | O (0)
Combined Subsample 1 (1.7) 1 (L.7) 0 (0) . 0 (0)
Kindergaréen . /l
Males 7 (23.3) 5 (16.7) |77/ (23.3) 4 (13.3). .
) Females 10 (33.3) 7 (23.3) 11 (36.7) 4 (13.3)
B . Combined Subsample 17 (28.3) 12 (20.0) 18 (30.0) 8 (13.3) .
Third Grade . . , o
“ . Males 22 (73.3) 2& (80.0) 25 (83.3) 22 (73.3)
Females 20 (66.7) %9 (63.3) 17 (56.7) 17 (56.7)
Combined Subsample |. 42 (70.0) 43 (71.7) 42 (Z0.0) 39 (65.0) -
/‘Tofal Sample - .
; = : > .
© Males 29 (31.9) | 29 (31.9) |. 32 (35.2) | 26 (28.6)
Females . ot 31 (34.8? 27 (30.3) 28 (31.5) 21  (23.6)
‘Combined Total 60 (33.3) 56 (31.1) 60 (33.3) 47 +(26.1)
" Sample . - ’
* 4
i ‘ -
| Tes
‘ 3




Table 7

Identlty/EqULWalence Conservation Comparlsons
ANOVA Summary Table

- . ) 4
kY \ .
. df . F 'values N
Source = — - ——
. - Length ‘Weight
R . . - - — an —- ——=
" » Between Subjects . Ms T MS s
- - Grade Level (A) 2 | 279.1444 52.9768** | 270.4111  52.1218%*
Sex (B) . 1 2 .0946 .0179 10.3399 1 9930 = -~
Ax B : . 2 | 16.9697 3.2205* 14.8010 2.8529 °
Error - : ‘ 1 '
(Ss within groups) “ 1] 1747 | 5.2692 . . 5.1881
W1th1n Subjects . : ¢ .
. Identity vs. Equivalence (C)| 1 85.0694 71.0895** 84.1000 53.4617**
. AxC : 2 6.1444 5.1347** | 8.1333 5.1703** .
B x-C 1 1.0494 8770 - .0347 ° .0221 -
AxBXC 2 1.4373 1.2011 ° .4404. . .2800
- Errox : ] .
(¢ x Ss within groups) 174 - . T 1.1967 : 1.5731 :
359 ’
*p < .05 . . ’ -

**p < .01




o,

(Male and .Female Subsamples -Combined) . N\
. o .
. GraQe ’ Length,QOnéervatlon
e Level Ny )
L ; S Pass .Ident. Pq;s Equlv.
) Pass Both Fail §?th Fail Equiv. Fail Ident.
- e -
) ..Préschool 0 “ 60 0 0- -
Kindergarten 7 46 5 , 2
" Third Grade 36 17 2 5
Y - . ’ H i
'Total Sample . - 43 123 g7 7
P :‘r'
\;j ¢ . N‘.
. 4
‘ LRI
. . B
Grade w§;gh§ Conservation
- Level : I qui
T . o A 4 Pass Ident. Pass Equiv. .
: B B F = * - . N .- . :
3 Pass Both ail Both *Fail Equiv. “Fail 1dent. "=
l‘;‘f— ;';'4’ - <
Preschool- v O 60- 0 0" “
. Kindergarten ‘ 6 -, 47 5 2
e . £ . . .
Third Grade 30 £ 18 3 -9
¥ -
Total Sample 36 125 ‘s 11
3 - :
— At * Fd N
A ' '
13 iy - ) .

&

Table 8

/
E

Pass/Fail Performance (Objective Response and Adequate Justlflcatlon)
on Identity and Equlvalence Tasks at Each Grade Level

-

t




L . ) Table 9 S
6"‘ _ = ! :/’ ) T
Pass/Fail Performance -(Objective Response Only)-
on the Identity-and Equivalence Tasks at Each Grade Level
(Male and Female Subsamples Combined)

Lo *

Length Conservation

= i 7 - 1 < - B A
N .3 Pass Ident. ¢ Pass Equiv:
pass Both Fail Both Fail Equiv. Fail ident. -

3 -

-

-
W

-

S

Preschool : : 59 ) ' . -0

© Kindergarten. 9. 40 ) . . 3
Third Grade - .15

-

Total Sa:ﬁpl e

_ e .
Weight Conservation _—

»

Pass Ident., - Pass Equiv.

. Pass Both - Fail Both Fail Equiv. Fail Ident.

Preschool

.Kindergarten

Third Grade

Total Sample

*

*p <.01

N
e
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for significance of changes revealed significant dlfferences between iden-
tity and equivalence for weight conServatlon at the kindergarten level and’
for'the total sample (p<. OL) D1f£erences between identity and equivalence
approached significance at” the klndergarten level for length conservation
(p=. 227) In addltlon, McNemar tests were computed on all pairwise conser=
vation tasks comparlng 1dent1ty/equ1valence and with/without justificdtion

ES

conditions. At the kindergarten level, significant dlfferenees were
observed in two instances Aimportant to the presant 1nvestlga€10n Conser-
vation of weight under the withouts Justlflcatlon condition Showed 10 Ss
passing identity -without pass1ng equly\}ence (p=. 002), and conservatlon of
weight (identity) showed seven Ss ,passing the without-justification con-"*
dition while failing the w1th—3ust1f1catlon condition (p=.016). At the
third-grade level one significant difference was observed. For conserva-
tion of weight (identity), nine Ss passed the w1thout’3ust1f1catlon con-
dition while failing the with-justification’condition (p=. 004). = _°

An additional analysis of variance, based upon a 06 scorlng criterion
for each of the conservatiof subtasks, was compited for ‘both the with- and
the without-justification conditions and is presented 1n “Table 10. The
means and standard deviations for the anarys1s appear in Table 11. As ° -
,1n Tab;e.lO, highly significant main’ effects of age, task, and’
criterion were found. Newman -Keuls tests of the age effec& 1nd1cated that

garten rs (gf 001) or third graders (p<.00l) and that the tasks were more
lt for -kindergarteners than they were for thlrd graders (gf 00l).

rials were passed with a Judgment—only criterion than w1th a
nt-plus—explanatlon crlterlon a0 -

t also can be seen in Table 10 that the age x task 1nteractlon and
sk x, criterion interaction were both s1gn1f1cant . Concernlng the
task 1nteractlon, Newman-Keuls tests indicated that equ1valence

1ndergarteners (RS 001) but nét for third graders. C0ncern1ng
the fask x Crlterron 1nteractlon, Newman-Keuls tests indicated that the

ly greater with a Judgment-only criterion than Wlth a Juagment plus-
expYanation cr1ter10n (p<.001). Finally, the age x criterion 1nteract10n
was_ significant. g Newman-Keuls tests indicated that the d1screpancy between
the two criteria was more pronognced with preschoolers and with kinder-
garteners (p<.01) than with third graders (p<.025). The, preschoolers and
kindergarteners did not differ. L
On the w1th—3ust1f1catlon COndlthn, Ss were given a p01nt on each
of the 8 explanation items only if they gave both a correct judgment and a

correct explanation. The types of explanation were classified into the, .

wvarious categories ‘which appear in Appendix B B. Explanations which fell

into the initial eight categorles,were .considered correct, while explana-‘ '
tions in the remaining two categories were considered incorrect. Table

12 represents the frequency and percentages of adequate explanations glven
on all conservation tasks, by grade and for the composite sample. Vlew1ng
each _grade level, the shigher the age-grade level, the more adequate the
explanatlon given. With only two mlnor exceptions the same holds true
withih the various cateaorles of explanatlon Betyeen kindergarten and
third grade the frequency of explanatlons olass1f1ed under inversion remalns

-, L .

-
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“FRIC © - R t¥ ‘

P n -
. . * - .

¢ 'Q . . -~ e

.




Table 10°

.

: N . . = '-/. P S :
* . ) ANOVA->Trials Data (Mixed Model)

-

Grade Level x Task x Content x Criterion

%

v
ad
A}
-
”
"

= s et

. Source as . MS F'values
) ‘ rAE
Between Subjects AN
. Grade'Level (A) ., 2 957251494 76.6768%
Error (Ss/Grade) 177 124.837596
Within'Squecﬁs- - .
‘Pask (B) T 1 498.3347 92.3023%*
Ax B ‘ . 2 53.4014 9.8911%*
Error (Ss x B/Grade) 177 ¢ 5.398941 ”

- - - . P -,
Gont¥at (¢ Y 1 3.3347 .2828 '/
AxC o - 22 -5597 .0475 -
Errox (Ss x C/Grade)», - o 177 - 11.792632 : .
Criterion (D) . ! 106.568k %, | 118.0169%%
AxDp ) 2 .+ 4.1764 4,6251%*%
Error (Ss: x D/Grade) 177 . .902990 +
BxC _ o7 ! _ . 0087 .0082
AxBxC o T2 .0545 *.0514 .
Error (Ss x B x C/gfade) 177 1..059716 .

B xD s v 1 3:6837, 45.3738%*
AxBxD - 2 .1920- & 2.3651 -
. ,Error (Ss x B x Dyerade) 177 . 081185 e

i = . ~— . R .

" CcxD . S .4253 ‘5.3023% -
A. K D - . 2 .0316 .3939
Errot.(Ss x C x D/Grade) . 177 ' .080220
Bx CxD 1 .0001  _: .0059
'AXBXCxD , 2 £ 0105 ¢ T .7183,

- Error (Ss x B x C x D/Grade) 177 . .014623 | ~;
e T T — R <
1439 -
/}.E.‘ <.03 V(‘ : N
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: ’ . © ¢ Table 11
'«‘ = ’ * -~
.- Means and Standard Dev1atlons of the Task x Content X CrlterJon
e e . Interactions for the Various Subsamples
. “{Standard peviations in Parentheses) .
; éonéervation Tasks
ol - - .
Grade Level * Identity
) Length Weight
. - w/exp. wo/exp. w/erp. wo/gxp.
*« 'preschool " 1.73 . 2.40 ©+1.60 2.37
' {1.22) , L. 25) : (1.03) .7 (0.97)
Kindergarten 3.10 385 ~3.03 s  3.63
1377) . (1.78). o o(Len) (1.85)
Third Grade 4.68 5.03 . 4.55. " 4.92
: . (2.06) (1.59) (2.01) (1.83)
<. { . |-
. A
3 M 7
o= P T . a
- ol ¢onservation Tasks
Grade Level » . *Equivalence ro ’
: | _Léngth - Wiight
w/exp. WO/ €Xp- w/exp. / wo/exp.
Preschool 0.90 1.18 0.82 / . 1.13
_— (1.12) (1.28) . (0.9?4 (1.13).
Kindergarten 2.05 2.28 ’ 1.93 . 2.28
. : ' (2.10) (2.23) .+ (2,20 (2.34)
Third Grade 4.52 . 4.58 " A5 “4.55
S (2.44) (2.42) {2.51) (2.47)
_ — . } - ] .
A 1Y h
» i “
1
— P :
N - T— - Lo ;
‘ 41 -
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" - Table 12

.
Frequency and Percentages of Sybjects Giving an-
Adequate Explanation for all‘Conservation Tasks

IS ~

: ~ ) . Grade Lével Co :
P . 7 | *Preschool | Kindergarten . Third Grade | Total
N %  |No. % |No.. $ |[No. "%
= " ' T i
Inversion . 0 " (0) 14 - (1276)| 14 (4.2)] 28  (6.2)
Reciprocity “lo ¢ o) | 2 .o 3* (0.9)| 5 (1.1)
- . R - N s "‘ . = - .
Compe?satory 0 (0) 1 . (0.9) 0 (0) 1 (0.2)
Relations - i . . .
. , - L L
-Addition- o (0 19 (17:1)|132 (39.6)| 151  (33.6) -
Subtraction , ‘ 3 i ]

. " . ) - ) v .
Statement of i (20.0) | 19 7.1 eo (18.0)] 80 “(17.8)
Operations : ] . 3
Sameness (same | S . g9 0)| 22 (19.8)| 30 ©(9.0)] 56 (12.5)
stimulus) Co p .
= < Y - _: - } = = {, S = 7 =
Sameness (same 7 (0) 28 v (25.2)] 43 (12.9)0 71 (15.8) -
quantity) . S A ‘ > . >

. o 2 : -
Prev1ous.amount 0 - + (0) 6 5.4yl 51 . as.3 57 (2.7)
or equality, * ) : - 1 - .

- - . . { - = .'
N . AY
No. and % of 5 (100j 111- - (100) | 333 (100)| 449  (100)
Expranations - : , 1 T . S
-~ o &

e

-~
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) unchanged, while: thgse explanations.classified uhder*compensatoky~relations

drops from one -to zero. Differences in percent within eachAexﬁlanati?n

-type among the various subsamples can be attributed to an agcumulation of- -
,adequate explanations within a certain category at each grade level; or to

a lack-thereof. Thus, for example, both the preschool and thirdegrade sub-
samples reflect such a tendency while. the kindergarten subsa@ple does not.
For the preschool subsample, 80 percent of “the explanations fell into one
category, while for the thifd—grade subsample, close to 60 percent of

the explanations fell into two categoriés. For the kindérgarten subsample,
howeve¥, both frequency and percent of'explanationS‘aré'more evenly dis-
tributed, 'with five of the‘eight categoriks accounting for approximately

90 percent of the explanations. ’

Tables 13 and 14 represent the frequency and percentage of adequate

-explanations given on all identity and all equivalence conservation tasks,

by grade and for the composite sample. For bogh identity-and equivalence’ -
conservation, the higher the age-grade evel the. more -explanations were
given. The frequency at each grade level was approximately the same.
For all equivalence explanations, the category "compensatory relations'
is the exception; no.gxplanation§ fell within this category. For all - .
identity explanations, the categories "inversion;" "reciprocity," and
"compensatory relations" are the exception. At the third-grade level,
fewer subjects gave adequate expianations in these three categories than
in the kindergarten subsample. In terms of percepiages, an accumulation,
.of adequate explanations within a certain- category at the p}eschool and
third-grade level occurred for both identity and' equivalence tasks:. At
the preschool level, all explanations fell into two categories for
identity (statement of operations} 33.3 percent; and same stimulus,

66-7 percent), and one category, for equivalence (same stimulus, 100
pgrbenﬁ). For the third-grade gﬁbsample identity tasks, approximately °
68 percent of the explanations fell into the categories, "addition-
subtraction" and."statement of operatiohs." For -eguivalence, approximately
57- percent of the explanations fell into two- categories, "addition- >
subtraction" and "previous amount or equality." This last category is of
gpﬁerest in terms of identity/equivalence explanations. Whereas only» -
6,%.pepcent*of the third-grade spbsample used "previous amount ‘or
eqqality(*as an explanation for identity conservation, 23.8 percent
oftthexsubsample justified their responses with this explanation type’
for; the equivalence conservation. tasks. For both identity and eguivalence,
the kindergaxgten subsample shows a much more widely spread distribution of

4

. s ~

explanatioﬂgwacross various catégories_ .
i -~ i ‘ hd
. . .t ¥ ’ 7 . .
. e : ’ - -
Pransitivity’ . s
> - PO <L

L4 L

+ - . - .
. -

> The general performance patterns of the age-grade subsamples and the
-overall composite samplé is présented in Table 15 (fiequency andipercen—
tages of subjects passing)j Overall,. transitivity of length appeérs to be
of slightly greater difficulty than the dounterpart task ‘for weight.

For grade-level comparisons, x2 tests indicate a significant perfo;mhnce
improvement in both content domains, with the largest differences occurring -
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Ffequency and Percentages of Subjects Giving an

_Table 13

« -
2

=%

<~

Adequat€ Explanation for all Identity .
Conservation Tasks

Grade Level

Preschool Kindergarten Third Grade Total.

k No. $ |No. . % [No. % ¢ No. %
Inversion 0 o) | 7. (11.7)-| 5 T (3.1)[: 12 . (5.4)
Reciprocity 0 (0) -2 (3.3)] o. (0) | 2. (0.9)
compensatory 0 (o | 1 wnl o © | 1 (0.4)
Relatidns " n o : : .
- - - = \\S
Addition- : . L -
Subtraction o () | 9 (15.0) | 74 (46.0) | 83" (37.1)
Statement of @ - s ‘ ’ i

* Operations 1 (33.3) | 12 (20.0) | 36 (22.4)} 49 (219)
. Sameness (same : ‘ . \
etimulus) 2 (66.7) | 13 ‘ (21.7).] 18 (11.2){ 33 (14.7)
"Sameness (same . K ] - )
 quantity) - fo‘ « (0) -| 15 (25.0).| 18 (11.2)| 33 (14.7)
Previous amount : . B
0 . . . .
or equality (0) 1o (1.7) | 10 ) (6.2)] 11 (4.9)
v . - —
No. and % of ' ; : . . ' ’
Explanations 13 (100) ‘60 (100) 161 (2 M)|224  (200)
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i Table 14

*

. Frequency and Percentages of Supje&ts Giving an
Adequate Explanation. for all
Equivaignce\ConservatioR\Tasks

-

n

-

K

7

Grade Level

Preschool ) Kindergarfén Third Grade " Total
< ‘No.. - % | No. $ | No. . % [No- 0%
Inversion 0 (0) | 7 (13.7)-{ 9 (5.2) | 16  (7.1) ™~
’ - N
Reciprocity 0 ()| o (o) ~|- 3 1.7y 3 (1.3
Compensatory ‘ , .o
Relations, 0 (0 | o (0) 0 0 | o (0
Addition- ) - ’ . ‘
 Subtraction. 0 (0) |10 (19.6) | 58 - (33.7) | 68 (30.2)
Statément of 0 T |7 (13.7) | 24 (14.0) | 31 (13.8
Qperations < * * -0) -8) "
_ Sameness (same v i o
stimﬁlps) 2 (100)} 9 o (17.6) 12 - (7.0)+ 23 (10.2)
"sameness (same’. / ‘
* quantity) 0 (0) |13 (25.5) | 25 (14.5) | 38 (16.9)
Previous amount . - T
: 0 . . .
or equality (0 | s (9.8) | 41 (23.8) | 46 (20.4)
" NG, and .0f o) oo
2
Explanations & . [o0sl (100) {172 (100} [225  (100)




s Table 15

*/ Frequency and Percentages of Subjects Passing

. Transivitity Tasks for Length and Weight. “
- A A
’rL X 1

Length Weight }f -
‘ i

v d . Number ‘(%) Number (%)
_Preschool (n=60) - . 22 (36.67) 24 (40.00),
Kindefgarten (n=60) \ . 36 (60.00) 45 (75.00)-
Thi}d Grade (n=60) -48 (80.00) 57 (95.00)
" . Total (N=180) . 106 (58.89) . 126 (70.00)
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between preschool and kindergarten (i.e., for-}éngth, x2=5.64, df=1,
. p<.02; and for weight, x?=13.64; df=l, p<.00l).
The remaining analysis is based upon a task x task comparison of both

_transitivity-tasks to. all;length and weight conservation task conditions
(prediction/deformétion, identity/equivalence, with/without justification).
As Tables 16, 17, 18, and 19 indicate, at both the preschool and: kindergarten
grade level, both length and weight transitivity tasks were significantly
easier than all length and weight conservation measures. For the preschool
and- kindergarten subsamples (Tables 16 and 17), McNemar tests for ‘the sig-
nificance of change indicate all task x task comparisons significant

beyond the .01 level. For the third-grade subsample (Table 18), McNemar
tests indicate only the weight transitivity task significantly easier thah
the length and weight conservation measures. In-addition, ;hé third grade
was the only subsample in which there was & significant difference between
the length and weight transitivity m@asures. Transitivity of weight was
- significantly easier ‘than length (p<.05). Eleven §§ passed transitivity

of\weight, and of these two Ss failed the corresponding task for length.

.
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' : DISCUSSION

This discussi®n is based on the predictions mentioned préviouslyi
and on the theoretital implications of the present findings. The primary
concerdi is with ;esults‘relatéd.to'the conservation tasks, and the secon-

dary concern is with the transitivity task results. _

‘Within the conservation,task-dpmain, the factor of age-grade level was

related to -two of the dependent measures, task (identity/equivalence),
criterion (judgment only/judgmernt plus explanation), but not to content

(Length/weight). Significant interaction effects. of Age x Task and Age X.

Criterion indicate that as a whole, conservation tasks are more difficult

the younger the age-grade level. Thus, ﬁe&er preschoqleFS»passed conser- -
‘vation tasks than either kindergarteners or third graders, and fewer

Einde:garteners-passedvthan~third graders. ‘More impor;antly,‘howeverj
equivalence conservation is sighificaptl? more difficult than identity
conservation for preschool and kindeigartéq subjects, but not for third-
grade subjects. In other words, identity conservation is indeed distinct
from -equivalence conservation, as indicated by poth its. €arlier emergence
and the larger differences at earlier age levels. Likewise, differenébs
between the two criteria were greater at the preschool -dnd kindergarten’
level than- at ‘the third=gtade level. More subjects passed~the~bonserva—

tion tasks under the jddgment—only’conditiph‘thah'the judgment-plus-explana-

tion condition/ w;ih the largest differences occurring- at the e@rlier age

levels. In addi;iqn,,g'sigﬁificant Task x Criterion interaction‘indicape§
a less”visable identity - equivalence sequence with a judgment-plus-explana-

tion criterion\than Under a judgment-only condition. No Significant
performance differences were found between prediction and actual deforma-

tion of the.pdnServation relationship in guestion (identity or equivalence) .

For all transitdvity tasks -a significant performance improvement was
observed at each higher grade level, with the largest Qéfferences between

"the preschool and kindergarten. subsamples. Transitivity of length‘was found

to be of slightly greater -difficulty than transitivity of weight-. Task X

‘task comparisons of both: transitivity tagkgito.al;.}engthfand weight cod—’/fi/

servation task conditions reveal that at, the preschool and kindergarten.’ -
grade 18vels -transitivity is significantly easier. than all length-and |

weight--conservation measures and that for the third-grade subsanple only
transitivity of weight was significantly easier than all length and

weight conservation measures. Thee findings are essentially in agreement

with those results reportéd by Brainexd (1973).. In additiop; in only the

third-grade subsample*was"a significant difference observed between length

and weight transitivity. Transitivity of weight was significantly easier
than the corresponding task for length. *’ T C

C 9 . " — . !
In view of the present findings, 1t may be stated that Piaget's con-
servation problémsAtap two distingt concepts, as -conjectured by Elkind’
(1967), and that the emergence of the conservation concept is not a

synchronous and unitary process within the stage.of concrete operatign‘:_ In |
addition,. the differences between the supportive and“non-suppprtive findings '

.
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of previous empirical -investigations are largely attributabiegto faulty
measurement and sampling technigues used “in the non-supportive studies
*  wnich resulted in the commission of known sources of Type II error thus
"~ masking the real identity - equivalence sequience (Brainerd &‘Hooper%
Three &f fiive of the non-supportive studies eﬁployed a judgment-~
lude pre-

1975).

plus explahation critérion, and all these studies failed toing

schoolers fin their sample popplations.

An -eyamination of adequate explanations on the identity and equivalence
tasks. within the judgment-plus-explanation condition indicates subjects use

-

addition-subtraction explanations most frequently to justify a'given‘résponse.
The ,type of explanation‘given differs betyeen the identity and equivalénce

tasks within the next frequent category; subjects use a statement of opera-
_tions explanation under identity conservation, and use refererce to a
. previous amount or equality explanation for equivalence conservation. A
’ 'bomparisoh of these findings with the only other studies th&t examined
adequaté explanation categories in some detail (i.e., Hooper, 1969a; and

- *Papalia & Hooper, 1971, for quantity onﬁy) shows both discrepancies and

similarities.

For all idehtity tasks, the present findings concur with

AY

Hooper' (1969a), in’ that ‘addition-sShbtraction is the most frequent explana-
t}oﬁ“giyen; whereas, statement of operations is the most .frequent category
in -the Papalia and Hooper® (1971) study. - F r“all equivalence tasks, the
most frequeht category employed reference to'a'previous amount or equality

in both the Hooper (1969a),* and Papalia and Hooper -(1971) studies. Additién;
subtraction explanations are the most frequent category, however, for -the
It is of particular interest that neither the present

present investigation.

.
L]

-~

T a

=3
s

findings,  nor those reported by Hooper (1969a), and Papalia and” Hooper (1971),

found' that reversibility, an important formal property of concrete opera-
s The two explanation categories
which would reflect reversibility, inversion and reciprocity, were seldom

tions, was a frequent expianation category.
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Conservation and Transitivity

Warm-Up

‘Materials:
Picture of two unequal parallel lines i
- Two blocks of unequal weight' )

>

Instructions:

-

(1) Length: The E places a pfctufé‘of\two perceptibly unequaf parallel .

lines (10-cin -and 20-cm) to the center o

8-10 inches from the S.

longest (20-cm) line is

questions: ~ -
LS i L.

(a) ARE THESE TWO LINES THE SAME LENGTH?  °

Yes

, No I Don't Know-

(b) WHICH LINE IS LONGER?

10-cm

20-cm

(c). WHICH LINE IS SHORTER?" |

10-cm

e ——

20-cm

—

1
b

I bon't Know

I Don't Know

the table, approximately
The picture is ar¥ nged such that the ,
nearest the S. The E

théﬁ*asxg\}he following"-

No Response

No Response.-

No Response
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Warm-Up continued

s - B

\ + . , . .
(2) Weight: The E gives the S a block to hold in- each hand, and asks;
B the following questions: ’ IR :

-

(a) ARE THESE TWO BLOCKS THE SAME WEIGHT?

Yes- "No I Don't Know No Resééﬁse
’ s S w

BLOCK WEIGHS MORE? ~

3

(b). WHICH

Small Large I pon't Know ] No Response

(cy WHICH BLOCK WEIGHS LESS? .

Small )  Larg€ _ 1 j)on-'t Know No Response

P »

4 h
A
\
N
.

Note: If a S does not seem to understand the relational terms, the E
may repeat the wamm-up or that portion which the S seems uncertain.

-

M -
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+

Materials:

27-cm blue stick ) .
28-cm blue stick

28-cm white stick

P

Inétructions:

The E places the board, having a 27-cm blue stick and a 28-cm blue
stick glued down approximately one arm's length -apart, 8-10 inches from

the S in the middle of the table. The sticks are positioned such that the
mldp01nt of each 'stick is in direet relation to the other stick.

Taking

the 28-cm white stick and placing it in the mlddle of the board between

the two bluegstlcks, the' E says:

- .7

o

-

~

v o
‘HERE ARE SOME STICKS WE WILL BE WORKING WITH.

The E then places the 28-cm white stick next to the 28-cm blue stigck,

’ maklng the ends nearest the S even with one another, and so the § can ob-

serve the sticks to be of equal length. The S is required to verbalize

this latter fact. .
. Y-

£

ARE THESE TWO STICKS THE SAME LENGTH?

T Yes ° 'No -~ . I Don”t‘Know

~

No Response

Next, the E plhces the 28-cm white stick next to the 27—cm blue stick,

agaln‘maklng the ends nearest the S even with one another, and so the S can
observe that the white stick is the Jdonger of the two.

to verbalize this latter fact.

\ IS ONE OF THE STICKS LONGER?

Yes No . > I Don"t Know

-~

(If "Yes," then) WHICH ONE?

White Blue’ I Don't Know

f-"-

No Response -

* No Response

The S is requlred

2]

.
1

|
_l
A

S o

oy

e
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Transitivity of Length continued

E]

* o . . . ;
Finally, the E removes the whltp stick from ghe table, and asks th
féllowing questions: '

(a) . ARE THESE TWO STICKS THE SAME LENGTH?

- a

. Yes =~ No __ - I Don't Know _ ~  ~“No Response
(b) ‘IS ONE OF T}{EASTIC;'KSZ LONGER? Lo
Yes | No ___ I b&ﬁ't Know _;_:; No Resporse ___ . o
(If "Y¥és," then) WHICH ONE? N ) . ’

28-cm 27-cm . I Don't Know ~ No Response

U

(c) IS ONE OF THE. STECKS 'SHORTER? - - Lt ) "
Yes " No . . IDon't Know - VNO»Respon;e .
.(If "Yes,™ thén) WHICH ONE? i B . DR
L o27-ém : Zé;cm _____~1I pon't Know ;____ No §e§ponse I B AMJ o

« &
R - .

] - . .

S

RN

LRIS

= -




axansitivity of Weight

Materials:

One red and one grey clay ball of equal weight
One grey clay ball of a lighter weight

<

Instructions:

-

The E plaCes the three'clay balls in the middle of the table\
inches. from the S, and says~ » .

HERE ARE SOME CLAY BALLS WE WILL BE WORKING WITH. -
The E then hands the S one red and one grey clay ball of Equal welght. The
S is required to~ verbalize this latter fact. .

DO THESE TWO CLAY BALLS WEIGH THE SAME?

Yes No I Don't Know . -No Response

Next, the E removes the grey clay ball from the S s ‘hand. and places the
grey ball on the table 8-10 inches. in front of the hand in which it was
held Then the red clay ball. is removed and.placed in the hand opposite
the one in which it .originally appeared. Next the llghter grey clay ball,
is placed in the remaining empty hand, so the S will know that the red.
ball is the heavier of the two. The S also is requlred to verbalize thlS
latter fact. . N

DOES ONE OF THE CLAY BALLS WEIGH. MORE?’

.

f

Yes. - - 'No ° I Don't Know . No .Response

(If "Yes,™ then) WHICH ONE’

v

Red ' Grey I Don't Know No Response ~




* ]
—_

r

. : . Transitivity of Weight, continued ,

9

— -

The grey clay ball is removed and placed on the table 8-10 inches in
¢ front of the hand in yhich it was held. Finally, the E removes the red
clay ball from the table, :and asks the following questiong:

’

(a) DO‘THESE TWO CLAY BALLS WEIGH THE SAME? ) i L

-~

Yes NO I Don't Know No Response 3

POV

4

(b) DOES ONE OF THE CLAY BALLS WEIGH MORE?

—t—
*

Yes _. "No . I Don't Know ‘. No Responsé ] .
v - -\ " " . 4 o
-(1f 'Yes," then) WHICH ONE? . Cy . : .
Heavy " Light ~ . ‘ " et
T (c} v GOES ONE OF THE CLAY BALLS WEIGH LESS? . ’ . e
. - s o2 3 ¢ ¥ ) . r . .
o . ‘ . \
. Yes No I Don't Know No Responsé <

- - »

(If "Yes," then) WHICH ONE? -

Light Hea&y ) . . o .

* ERIC

Aruitoxt provided by Eic:
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i

Conservation of Leagth -

. - R -
Identity Format . : .
®
Materials: - ¥ -4 :
i . N . e e

One 28-cm string s / .

. F) ¢ -

s o - ’ .. -

Instruttions;: . . —_— . . '

(1) Prediction: Placing the 28-cm string in the middle of the table 8-10
1nches from the S, so the length runs horlzontally in a straight line
from the S's left to right, the E asks the follOW1ng questions:

" (a)

(b)

(c)

. Yes No IDon't Know. . No Response

IF" I WERE TO MAKE THiS STRING INTO A CIRCLE, WOULD THE ST“;NG—

STILL HAVE THE -SAME LENGTH? - .
Yes No I Don't Know No Response .
IF I WERE TO MAKE THIS STRING INTO A CIRCLE, WOULD THE STRING
BE LONGER? . ) . ’
Yes - No " I Don't Know- No ‘Response -

L4
IF I WERE TO MAKE THIS -STRING INTO A CIRCLE, WOULD THE STRING
sgp SHORTER’. . o .
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Aruitoxt provided by Eic:

Conservation of Lenéth continued
+ . \ "

[ e »
v A N .
\

+ . \

(2) Deformation: The E then forms the string .into a circle (toward t;."he S},

and asks the following guestions: . . ’ \ .
A ) # - . < \
(a) IS THIS STRING THE SAME LENGTH AS BEFORE? \ +
) Yes N6 IDon't Kno\i No Responsée ___ \
® 3 . L ‘\
{b) IS THIS STRING JLONGER THAN BEFORE? : \
. ' . \
Yes No I Don't Know- No Responée ' \‘,
- S o . . K 3
(c) IS THIS STRING SHORTER THAN: BEFORE? _ v
*  Yes' No . <« I Don't Krow No. Response __ ) ) - \\ .
' 7 - . ’ \ |
. . \
. Y a . \\
- \ < - . A---
- 7 ) -
4 . ,
: b )
; ) ¢
. . . . /
&
Ld 6‘ '
. . -
. « . *
. ’ Ty
. .
o " ' - - .
© 3 C .
. - -~ A
- ' 4 >
; ! e K
- 65 . ‘
8 ¢ B R R . s
A ) *




' E

Instructions:

Yy

Conservation of Length.

Equivéienée Format

I

\ ) .
Matetﬁals: .

.Two 28\-cm strings

A .

> -

®

o

«

The .E places the two strings side- by-side in the middle of-the table
8-10 inches from the §, so the length runs horizontally from the S's left

.to.right, and so the strings are obsérved to be of équal length
" is requiged to verballze thlS latter

fact. .

N

ARE THESE TWO\ STRINGS .THE SAME LENGTH?

Yes I Don't Know

o N 1

(1) . Prediction:

——

(a)
STRINGS STILL HAVE THE SAME LENGTH’

No I Don'

=z )

Yes Know

.

Aﬂdnuww~*~

(b)
STRINGS BE LONGER?:. -

»
>

No 2

B
-

. Yes T Don' t Know

. STRINGS BE SHORTER? . A
. s

5

: Yes - ~No I Don't Know ™
s : bud A
. .
é ¢ AN
\ o
. - - N A
! . ) (31) .

- /// )
e
/ *

No  Respopise

- .No Response

No Response

/

The S

. Lo > i v, . )
‘Leaving the strings exactly as they are while pointilng
to “the string nearest the S, thel E asks the follow1ng questlons-

iF T WERE TO MAKE THIS STRING INTO- A CIRCLE, WOULD THE TWO

IF I WERE TO MAKE THIS STRING INTO A CIRCLE WOULD ONE OF THE

7

)

*IF I WERE TO MAKE THIS STRING INTO A CIRCLE WOULD. ONE OF THE

\
\

-NOfRespense

e b L
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Aruitoxt provided by Eic: .

’

(a)

(b)

(c)

IS ONE OF

//5"

n

ARE THESE TWO
Y?S No

THE

Yes No

IS ONE OF THE. STRINGS SHORTER THAN BEFORE?

Yes No
* o’
\ .
> !
S, -
")
\&
\
\
: ¥

s

Conservation of Length COntinued «
SN .

Deformation: The E-then forms the string nearest the S into a circle
(toward the S), and asks .the' following questions:

STRINGS THE SAME LENGTH -AS BEFORE? -

. \
STRINGS LONGER THAN BEFORE?

s -

»

I Don't Know

-

I Don't Know-.

I Don't Know

.

No Response

|}

3

No Respbnsé

-~ No $g§p0n5e4

'\
< .
.
a
b <
‘
1
4
)
~ i
Y
«
'
.\
1
-
. H
~
.
.
. 3
:
H .
.
k]
[
.
N
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_Conservation of Weight :
3 . 1 g
» o . ~ Identity Format ° ’ 2
- . - 3 ] : N , L i
' Materials: ) ’ . "
v One- greeen clay ball - ot . - ) )
Instructions: o '% T
—_— ) . ) -
; . (1) Prediction: Pla01ng the green clay ball in the mlddle of .the table
8-10 1nches ﬁxom the S, the E asks the follow1ng questlons'
. (a) IF I WERE 'rd ROLL THIS GLaY BALI: INTO A HOT DOG, WouLD THE
7 PIECE OF CLAY STILL HAVE THE SAME WEIGHT?
3 ) . M R :
e . Yes ‘.. NQ . IiDon't Know ' No Respohsé ’
N M [
(b)) IF I WERE TO ROLL- "THIS CLAY BXLL INTO A HOT DOG, WOULD THE
o » . PIECE OF CLAY WEIGH MORE" .
- ) Yes, © No- "I Doh't Know No Résponsé .
- 4 T =
(b) IF I WERE TO ROLL THIS CLAY BALL .INTO. A HOT .DOG, WOULD THE
-, * ~ PIECE OF CLAY-WEIGH LESS? . ' .
} Yes, . No ' ;"Dbnﬁt‘Khow ‘No Response __. -
! >t V - ! o » e,
{ - N s :
bt . >
~ ’ ¢ A ' ~ - :
- , ‘ " N N \‘ .
¥ . -il‘v' £ ) L - .
P : ) o . . g .
. . \ - ] ‘> ‘ .‘
t - - g >
R - 7 ' L 4 A
A \. : . ‘
¢ ; i R
- «* -~ ‘
Y . vy - ’
ERIC : 64 * -
- v ~ . ?
P o v - " .
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- ¥ " .Conservation og Weight continued

(2) Deformation: The E then rolls the clay ball into
' -the folléwing questions:
"~ (a) 'DOES THIS PIECE OF CLAY WEIGH THE SAME AS BEFORE?

3

a hot dog, and-agks

S

- - Yes | "No I Don't Know No Response -
(b), DQES THIS PIECE OF CLAY WEIGH MORE THAN BEFORE? V-
' ) .
Yes ,-No __ I Don't Know B No Response :
(éa. DOES THIS PIECE OF CLAY WEIGH LESS THAN BEFORE?
. o T : -
- \ = ! ! N
Yes .No . I Don'it Know Y No Response \
/ I I3 ,
’ “ Sl v .
* 4
¥
¢ \‘.
\
Y
.. ’ B ‘ : Y
) * e . p’
,_gvv . / :v.'&,{&;‘,"%gi . ;
&t r A ":A. f‘(}‘ 1',
“ . & ’-&"-«ﬂ: _
\ £
) ’y - .
v/
. . . -
" R A
\ .




Materials<®

WO brown

fact

: Yes

>

'

(a)

-

(b)

(c)

\3‘)3‘

- observed to be of ecual

" ARE THESE TWO BALLS:. THE SAME WEIGHT?

Conservation of Weight

‘Equivalence Format -

—
.

clayxbalis of ?qual weight

R V

Ips tructions: ’ }‘ . . . RN
|
!

The E gives fhe~S‘a clay ball to hold in each hand so the balls‘aré

. . /
weight. The S is required to verbalize this la
1
1

No’ f1 I.pon't Know 'No Response /

(1) Prediction: Taking| the balls from the S and placing them on the
table 51de—by—51de 8-10 inches from. tve §, the E asks the follow1n
questions while pointing ‘to one of the stimuli:

IF I WERE TO FLATTEN THIS CLAY BALI, INTO A PANCAKE, W OUL/D THE

TWO-PIECES OF (LAY :‘STILI, HAVE THE SAME WEIGHT? ﬂ»w*ZL”f -
Yes No'| I Don't Know No Response

IF I WERE TO FLATTENAEHL LAY BALL INTO A PANCAKE, WOULD ONE

TIADE P02 \""ﬂl!”iﬂ(("m A A
OF THE PIECES OF pEAY WEIGH MORE!
g
. s .
. T
Yes - (;”No 1 I pon"t™ Y. No-Respons
OULD ONE

19%
FVI WERE-TO FLATTEN THIS CLAY BA INTO A PANCAKE,
OF -THE PIECES OF CLAY’WEIGH LESS’

Yes No

. . o
:
» —
' '

4
1

I Don'"t Know No Reapon7f

tter




- \ Conservation of Weight continued

-

- (2)- Deformation: The E then flattens the, clay ball into a pancake, and
) asks the fé6llowing questions: . :

(a) DO THESE TWO PIECES OF CLAY WEIGH THE' SAME AS BEFORE?

Yes No I.Don't Know No Response

e —— ————
.

(b) DOES ONE OF THE PIECES OF CLAY WEIGH MORE. THAN BEFORE?

AN

Yes N ' I pon't gnOQ No Response

¢ m—

{c) DOES ONE OF THE PIECES OF CLA% WEIGH LESS THAN BEFORE?

T h - .
Yes - No I n't ow No Responsé
— . —— Do Kn '
. ) ’ |
J‘l ' ? V
/ \
i : " -
- . ”
Y o~
“ - i )
‘ ' T T -
. . Mﬁfl‘&ﬂt‘z‘" Hehezictireag ; .
: E27 5 3 Lt
et ;.—\‘z;qm-ﬂmmwmm\w\.trg.jﬂh,:?%.m‘ﬂ"} o m-‘i*f“’ ’ u
., ; p
:24// "AJ_"‘W—'-—""_H\HH
U ‘! B |
r
e - ) N B | |
N -
5
’ \
. \ .
o ,
v
¢ .
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- v ‘ . ‘
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¢
. ' |
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APPENDIX B-

EXPLANATION CATEGORIES FOR CONSERVATION: .

* .

CTASKS: SCORING CRITERIA -

.
-
L
-

b
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Aruitoxt provided by Eic:
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/

%
-

Scoring Criteria-

1)

2)

3)

’Il.‘:’
Inversion: when piéce of clay or piece of string is returned to its

original state, prior to transformation.

Reciprocity: when standard stimulus can be made to resemble the trans-

, / Lo S
formed stimulus.
. B e - -
Compensatory Relations: when one dimension of the transformed stimulus

B

is exactly compensated by the other dimension.

i.e., hot dog is longer, but also narrower.

Addition/Subtraction: nothing has been added to, or subtracted from the

transformed stimulus.

> <

> .

-

Statement of operations

performed: .assertion that transformation does not affect quantity in

- “

question. A

x

i.e., you just made string into. cirtcle, clay ball into hot

¥
n

dog or pancake,. so still the same quantity-

A

Sameness: assertion that stimulus as a "whole" entity is the same

-
*

- piece of stfing or clay.

4

Samenegs: assertion thaf~stimulus is the same ler~+th or weight, -
&
4 : ’
Reference to previous amount ' .
. ’

.

or equality: standard stimﬁlus‘énd transformed stimulus have same weight

3

or léngth becalise standard stimulus and comparison, stimulus -

(prior to tranﬁ{ormatiOn) had the same weiéht or length.

.

Immediate perceptual
=3

; ’ . t g i . Je . ¢
features: it (string, clay) looks shorter-longer, lighter-heavier,

+ o o -

less-more, or the same. R s

v

10) Irrelevant considerations: i.e., because; I don't know; it's longer;

»

#U.5. GOVERNMENT PRINTING OFFICE: 1975-650-464 / 1159 e i

4
*
* 2

it's flat; it's a circle; hot dogs are -

heﬁxy; pancakes are light; etc. o

(Y] ' ) .

4 v 7' -

Jq
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