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Abstract

REPRESENTATION AND TRANSITIVITY
by
Joseph M. O'Connor
Advisor: Professor Harry Beilin

Photographs share with other forms of pictorial
representation the ability to depict physical objects
and scenes, Photographs differ from other media in
the impression given that they capture reality more
truly than other pictorial forms. This study was
concerned with the child's belief as to whether a
series of color photographs depicting a transitivity
task with illogical or logical outcomes represented
reality with greater fidelity than the directly per-~
ceived logical and illogical referent events them-
selves,

240 children, 120 of whom were classified as con-
crete operational and another 120 classified as pre-
‘operational were preéentéd with a transitivivy task
using blocks of different height, Either before or
after the task, each child viewed a series of color
photographic slides depicting the same task., 1In-

one condition, the photographic slides were manipulated
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causing the task to turn out illogically. In a contrast
condition, the actual objects were manipulated in the
same fashion. At the conclusion of both tasks, child-
ren were asked to make a judgment concerning the way

the blocks '“really" should have turned out. The results
showed the compelling influence of the photographic
depiction, which was influenced, however,'by order of
task presentation, correctness versus incorrectness of
the photo, and the child's operational level, These
results are contrasted with those of a study in which
the task was conservation where the effects were similar

in some respects and different in others,



Acknowledgments

I would like to express my sincere appreciation
to Dr. Harry Beilin, not only for his intellectual
gﬁidance but for his encouragement‘and support'
throughout this project. I would also like to
thank ﬁr. Joseph Glick for his illuminating insights
and suggestions. Finally, a special note of thanks
to my colleague Gary Kose, who helped in ways too

numerous to mention.



vi

TABLE OF CONTENTS
Page

ABSTRACT o o o o o o o o o o o o o o o o o o o o o dii
ACKNOWLE]X;‘MENTS [ ] [ ] * ® [ ] [ ] ® L J L ] ® * L ] L ] ® * L ] ® [ ) v
TIST OF TABIES o o o o o o o o s o 5 o o o o o o vii

Chapter
I. INTRODUCTION o o o o o o o o o o o o o = 1
Operative knowledge . + &« ¢ o o o o o 2
Figurative knowledge o o o « o o o o o 4
Pictorial representation . . . . . . . 6
IT1. METHOD « ¢ o o o o o s s o o o o o o o o 15
SUDJECTS o o o o o o o o o o o o« o o 15
MaterialsS o o o o o o o ¢ o o ¢ o o 18
Pfocedure o e o s o o .A. .« o e e 19
ITT. RESUITS o o o o o o s o o o o o o o o« » 26
Really Question Response
(Photographs/Actual Object CGondition).26
Rationales for the Really Qﬁestion
(Photographs/Actual Object Condition).30
ﬁeally Question Response
(Referent Materials Condition) . . . 45
Rationales for the.Really Qﬁestion
(Referent Materials condition) ., . . 46
Iv. DISCUSSION « o « o o s s o s o +7¢ s o o 50

APPENDIX~ L ] L[4 L] L] [ 4 ® [ 4 L] L] . L 3 > L] e . L 4 L 6 1
REFERENCES L] * .. L4 L4 L d L4 L . e ® * L[] L d L] 1 09



Table

vii

LIST OF TABLES

10.
. correct responses to the "really" question

11.

Photographic/Actual Objects Treatments , , .

Referent Materials Treatments ., , . ., . . ¢ ¢ o « .
Percentage of correct responses to the "really"
question as a function of Cognitive level,
Treatment, and Degree of Wrongness(Photographic/
Actual ObJeCt Conditlon). @ & o e @ o ° o o o o o o

Percentage of correct "really" responses as a
function of Treatment and Mode Correct(Photo-
graphic/Actual Object Condition) « « o« « o o« o o o &

Percentage of ratibnales given for "really"
response as a function of Cognitive level :
(Photographic/Actual Object Condition) . o o « o o &

Percentage of "unintelligible! rationales given

for “really" question response as a function of
Cognitive level and Treatment(Photographic/

Actual Object Condition) « ¢« ¢ o« ¢ o ¢ « o« ¢ o o o «

Percentage of "photo? rationales given for

treally!" question response as a function of
Cognitive level, Treatment, and Mode Correct
(Photographic/Actual Object Condition) . o « o o o &

Percentage of "photo" rationales given for
"really" question response as a function of
Cognitive level, Treatment and Degree of
Vrongness(Photographic/Actual Object Condition) . .

Percentage of "logical" rationales given for

the "really" question response as a function of
Cognitive level, Treatment and Mode Correct
(Photographic/Actual Object Condition) . . « . o« o &
Frequencies of rationales for correct and in-
(Photographic/Actual Object Condition) o« « . « o .« .

Percentage of rationales given for "really"
question responge as a function of Cognitive

level(Referent Materials Condition) . . o « ¢« o o &

Page

16
17

28
29

pY4
33

35

40

42



viii

Table Page

12. Frequencies of rationales for correct and
incorrect responses to the ¥really" question
(Referent Materials Condition) . + o o o o o o .49

13. Percentage of correct transitive inference
judgments as a function of Cognitive level and
Treatment(Actual Objects Condition) . . . . . . 63

14. Percentage of correct transitive inference
judgments as a function of Treatment, Mode
Correct, and Degree of Wrongness(Actual Objects
Condition) L L] L] L] L] L] ¢ . o ® L ] L ) L[] - L . * L ® .65

15. Prequencies of rationales for correct and
incorrect judgments to the transitive inference
question(Actual Objects Condition) . . . . « . .68

16. . Percentage of correct transitive inference
judgments as a function of Treatment and lMode
Correct(Photographs Condition) . . +« + « « o & .73

17. DPercentage of correct transitive inference
judgments as a function of Cognitive level,
Degree of Wrongness and Treatment(Photographs
Condition) v o« v o o o o o o o o o o o o o & o o715

18. Percentage of "unintelligible" rationales given

- for transitive inference judgments as a function
of Cognitive level and Treatment(Photographs
Condition) o o « o o o ¢ o o o o o o s o o o o A7

19. ©Percentage of "juxtaposition!" rationales given
for transitive inference judgments as a function
of Cognitive level and Treatment(Photographs
Condition) L ] L ] [ ] L L L * [ L 4 * [ L] L/ L L] L[] L] [ ] 079

20. Frequencies of rationales for correct and in-
.correct judgments to the transitive inference
~question(Photographs Condition) . « « . . . . . 80

21, DPercentage of correct transitive inference
. judgments as a function of Cognitive level and
Treatment(Correct version, Referent Materials
Condition) « o o o o o s o o o s o s s o o o o +86

- 22. Percentage of "unintelligible" rationales given
for transitive inference judgments as a function
of Cognitive level and Treatment(Correct version,
Referent Materials Condition) « ¢ « « ¢« « « « o 88



ix

Table Page

2%.

24.

25.

Frequencies of rationales for correct and

incorrect judgments to the transitive inference
question(Correct version, Referent Materials
Condition) L[] [ L ] L[ ] L] [ ] L L * L * L 4 L] L ] * L] L J L * L d 89

Percentage of correct transitive inference
judgments as a function of Cognitive level and .
Treatment{Incorrect version, Referent Materials
Condition) [ ] L L [ ] L[] [ L] [ 4 o .- * -* L] L] L] L] [ 3 L] [ ] * 91

Frequencies of rationales for correct and in--
correct judgments to the transitive inference
question(Incorrect version, Referent Materials
Condition) » L L L] . [ L [ 4 L] ® L[] [ . L] L] L] * . - L ] 94



REPRESENTATION AND TRANSITIVITY

The purpose of this investigation was to examine the
nature of the relationship between physical knowledge
(specifically, knowledge of photographic representation)
and logical knowledge. This was accomplished by présent—
ing children at different cognitive levels (preoperational
and concrete operational) with a color photographic slide
presentation'depicting a transitivity task (Piaget, 1970),
énd also héving these same children perform this task
using actual 6bjects. The experimént was designed in
such fashion that some of the children witnessed aﬁ in-
correct’eﬁdihg to the slide pfesentatidn (and'é‘correct
ending.with the actual objects), whereas for other child-
ren, the situation was reversed. There were two incorrect
endings (termed "illogical" and "absurd") for both the
slide presentation and the actual task. The difference
between these endings concerned the magnitude with
which eaéh dépafted from the expected logical reality.
There was, in addition, a base-line éondition, in which
children wéré administered two actval transitivity tasks
(oné turning out correctly and the other iﬁcorfectly).

. Piaget specifies within his theory different forms
-of'knowledge. These inélude: operative (whicﬁ is divided
into 1ogicoFﬁathema£ical and physical), aﬁd_figurati#e
knoWledge (Piaget, 1971, 1977). These forms of knqle '
edge are intimately related and do not as such constitute

different kinds of knowledge but rather, are different
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components within an overall knowing system, Within
this system, each component serves a different function.
In the present analysis of photographs, the role played
by each knowledge component will be examined separately,
although reference will be made to the interrelation
Piaget prbpeses Between them, Following this, there
will be a-discussion of various viewpoints on what is
involvea in phofographic comprehension,

Operative knowledge

According to Piaget, operative knowledge is that
portion of knowledge which is active, dynamic and trans-~

formational (Piaget, 1977). Its central feature is that

it transforms reality rather than simply copying it.

Piaget (1971), refers to operative knowledge as "knowl-
edge as assimilation®. By this, Piaget is referring
to the idea that operative knowledge is attained as a
result of the organism acting on the environment and
transforming (i.e., modifyinngr changing),if and there-
by discovering'bofhgthé nature of reality and the results
one's actions have upon that reality. '

Operative knowledge is divided by Piaget into two

categories: logico-mathematical knowledge and physical

knoWledge.(Piagét, 1977). The difference between these

forms of operative knowledge centers around how they are

‘acquired and the kind of knowledge that is obtained.

Logicb-mathematical knowledge is knowledge of the or-

ganization of one's actions which is derived by what



Piaget refers to as reflexive abstraction (Piaget, 1969,
1971). When using reflexive abstraction, one derives
information from the coordination of the physical or
mental action that may be carried out on an object or
set of objects. For example, the fact that counting

a2 row of pennies from right to left eventuates in the
same total as counting from'left to right, would be
logico-mathematical knowledge. The emphasis is almost
totally on the activity of the-organism and the object
‘or objects play a rather secondary supportive role. The
object in a sense is simply a vehicle which is utilized
in the service of thought,

Théf form of operative knowledge which is referred
to as physical knowledge is derived by what Piaget calls
simple abstraction (Piaget, 1969, 1971). 1In this case,
the person abstracts not knowledge of actions on objects,
but rather, knowledge of the object itself. . Knowing
that a penny is a relatively hard object, or knowing that
it functions as a form of money would be physical knowl-
edge. According to Piaget, logico-mathematical knowledge
is by far the more powerful form of knowledgé ahd deter-
mines what physical knowledge is acquireable_at.any -
given moment, However, 1ogico-mathematical knowledge
(especially for young chiidren) does not exist in a wvacuun,
but has its realization. in specific content areas. -The
general concept of conservation, for exampie, is logico-

mathematical in its purest form ("conservation is a



necessary condition for all rational activity", Piaget,
1965, p.3), howe?er, it has its realization in a variety
of contents, e.g., number, liquid, mass, etc. Piaget
has, until quite recently, emphasized the nature and
developﬁent of logico—ﬁathematical knowledge and paid
relatively little attention to physical knowledge. 1In

- an attempt - to relate physical knowledge to logico~
mathematical knowledge, Inhelder, Sinclair & Bovet (1974)
have suggested that bhyéical knowledge can have an effect
upon logico-mathematicai knoWIedgé, but only if, a) the
subjeet is already on the threshold of. attaining the
logico-mathematical knowledge (whét Ihhélder;-1977'p. 64 .
refers to as "zohe of assimilétion capacity"), and

b) only if the bhyéical knowledge causes friction or
conflict between already acquired (but still incomplete)
forms of logico-mathematical knowledge. A large number
-of training studies (see Beilin, 1976; 1978) have shown,
4hbwéVer, that other sorts of experiences can also affect
bﬂe's logico—mathematica1 kn&wledge.‘ |

Figurétive knowledge

The third category of knowledge propoéed by Piaget.
is figurative knowledge. The major difference between
this fofm of:knowiedge andbthe two fbrﬁs of opeféfi#e
knowledge is that figurative knowledge does not involve
a transformation of reality (Piéget, 1977); Rather,
figurative knowledge is an act of knowing that is geared

toward the organization of sensory data. The focus here



is on the external aspects of an event, as in the fact
that the wall I am looking at has a crack in it. Piaget
(1969) proposes that in young children, figurative knowl-
edge predominates over operative knowledge. Thus,a young
child will assume that when water is poured from a wide
glass to a narrow glass (and the water level rises),
there is then more waterlin the narrow glass because it
looks. like more..-Figurative knowledge,-then,~c§nsists of
the picking up-of the specific configuration of an object
 (i.e., what an object looks like). ‘

Piaget outlines three instruments of figurative
knowledge or three ways in which figurative knowledge is
acquired, These are, perception, imitation, and mentél
imagery. Perception is the most fundamental in that the
very act of perceiving involves paying attention to the
figural aspects of an.object. Imitation is .essentially
the figurative counterpart of motor activity to an ex-—
ternal eveﬁt (which is-gradually deferred), whereas the
_mental image is a kind of internalized imitation (Piaget,-:
1971). So called deferred imitation and mental imagery
diffef from perception and overt imitatiqn in that they
are symﬁolic. Piaget uées the.term semiotié function to
refer to those~forhs‘of.activitygﬁr beha#ior wﬁerein'thét '
which is not present is represented to the self in some
fashion,

In addition to deferred imitation, Piaget includes

}within the semiotic function, symbolic play, drawing and



language. All semiotic activity is subordinate to
operative knowledge (Piaget, 1969).

Recent consideration of semiotic acitivity has brought
into question its subordinate relationship to operative
~ knowledge (e.g., Ausubel, 1965; Beilin, 1976, 1980).
Beilin has argued for the semi-autonomous nature of lang-
nage, and its ability to influence'logico—mathematical
knowledge. The important difference between Beilin's
and Piaget's approach to language is that, for Piaget,
language is a semiotic fooi which simply serves thought, .
it does not and cannot alter logico-mathematical knowl-
edge (except perhaps in the formal operational stage).
Tor Béilin, language itself is an action (in Piaget's
sense of the term) and therefore is capable of modifying
logico-mathematical knowledge. Further Beilin proposes
that language as a -function of being a representational
medium, has its own set of semi-autonomous rules, which
‘are in q-sénse, the linguistic analog oflPiaget’s 1qgico;
mathematical principles (see Beilin, 1986, for a dis-~
"~ cussion of the problems concerning Piaget's notion of
‘vaction®). TFor Beilin then, language is not merely fig-
urative knowledgg; repreéenting_sensory data, but in
addition, involves a domainiof physical'knowlédge that
defines this particular medium's functions and limitations.

Pictorial representation

Pictorial representation constitutes another form

of semiotic activity. Following Beilin's thesis concerning
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language, it is propoéed that this fofm of representation
involves not only the presentation of figurative inform-
ation, but élso involves a domain of physical knowledge
which, similar to language, determines this medium's
particular functions and limitations, The present
investigation of picture perception is based on the pre-
mise that pictufe percepfion and comprehensiph are
semiotic activities in which the piékQup of figurative
(sensory) information, and the recognition of how sensory
information (physical knowledge) in pictures should be
used are critical, From this perspective, two important
points of focus arise., The first involves the description’
of the characteristics of the physiéal knowledge'of pic—~

tures, which will be of tangential concern in this study,

"while the second concerns the relationship between this

domain of physical knowledge and'logico~mathematical

ways of knowing, which is the central focus of this study.

-An examination of the various approaches to picture per-

- ception and comprehension.will suggest the kind of inform-

ation that pictures involve, as well as imply the various
relatipnships that may exist between specific phyéical
knowledge and more formal logical knowledge.'

Perhaps the most direct way to comprehend the  nature
of pictorial representation is by way of the perceptual -

mechanism,., J.J. Gibson (1960, 1971, 1979) poses such

an explanation of pictures. According to him, knowledge .
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of pictures is acquired by perceiving the equivalent
light relations between the real world and information
depicted in the picture, Consequently, picture per-
ception is a by-product of learning how to perceive

the real world, 1In line with this position, Hochberg &
Brooks (1964) found that a 19-month-old child raised in
a pictureless environment could recognize line draw-
ings and black and white photogréphs'of familiar objects.
Dirks“& Gibson (1977) similarly demonstrated that child=
ren as young as 22 months could recognize familiar faces
depicted in color photographs., Phere is also cross-

" cultural evidence which shows that young children in
.pictureless cultures are capable of identifying objects
-in photographs (Jahoda, Deregowski, Ampene & Williams,
-1977).

- ‘Hagen (1978), in reviewing Gibson's position,suggésts-
that the perception of the equivalent 1ighf depicted in '
‘pictures, corresponding to environmental light, may re-
quire a pictorial mode of perceiving 4o compensate for
the distortions inherent in two-dimensional representations
Hagen proposes that in accurately perceiving the inform- -
ation contained in piétures, it is iﬁpqrtant to perceive
the flatness of pictures as a cue to the perception of
depth. Distortions of size must be compensated-for by
wvhat is. referred to as the Yzoom" effect,- i.e., seeing
pictorial information at ten times the size of the item

" depicted. Thus, within the Gibsonian framework, pictures



are a presentation of equivalent sensory, or figurative
information. The perception of this information seems to
be a product of the perceptual mechanish, and for all
intents and purposes, is distinct from logico-mathematical
'thought.
' Sigel (1978) on the other hand, proposes.a cognitive

interpretation of pictorial comprehension iﬁ a Piagetian

framework. ~Sigel argues that children have to learn to
perceive pictures. He contends that identification or
'redoghifion of a picfure does not necessarily imply'
understanding or comprehension of the picture. Here,
cdmbréhension refers to the ébility to .abstract méaning
from"theipicture; i.e., to understand that it represents,
and is therefore related to, sbme.object.‘At'the most
"basic level, picture comprehension is characterized as
compaiable'to comprehension of written language. Al-.
though pictures and language may have different rule
systems, both are reducible to a common cognitive core
‘which deals wifh knowledge'of répresentational forms;‘
A éigél,’in.discuséing comprehensién of pictures, sdggests'
that such éomprehension'ié'another instance of conservation
(i.e., in this case couservation of meaning) and concludes
 that pictbfial eomprehensioh becomes bossible dnly'when' .
the general principle of conservation begins to emerge,
Consistent with Piaget's epistemological theory, pictures,
-as proposed by'sigél, are subordinate to logico-math-

ematical knowledge. The problem with Sigel's formulation
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is that it does not take into account the unique pro-
perties of pictures. In other words, what it is that
pictures do differently from or better than other forms
of representation, This is not to say that logico-
mathematical knowledge may not influence pictorial com-
prehension, as Sigel suggests, but rather, it is suggested -
' further'thaf physical knowledge (i.e., beliefs or rules) ”
‘about- pictures may reciprocally have an influence upon
lbgicb—mathematical knowiedgé. In a study by O'Connor,
Beilin, & Kose (1979), preoperational and coucrete op-
erational children were shown either a series of color
photographic slides or a series of line drawings that
_.dépictéd a youﬁg child carrying out a-sténaard conser- .
vatipn of liquid task. The last slide or.drawing of

each series depicted an illogical ending; the water

levels in the standard and wide glasses came to the same
height, instead of the level in the wide glass being lower
~as one would expect.  Each child responded to the same
conservation of liquid task using the actual glasses etc.
Carrying out the task with real objects resulted, of

- course, in different water'levels,  (In another condition, -
the situation wasfréversed, i.e;, the photo or drawing |
turned out corrgctly~and the real objects incorrectly.)
Half of the children in each cognitive level did the
actual task first and the other half witnessed.the.photOw
graphs or drawings first. Upon'complétién; each child was

asked the "really"- question, i.e., "which is the way - the:
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water really should look", The results of this study
indicated that in general, actual objects were more believ-
able than photos, and photos were more believable than
drawings. Combining the photo-actual and the drawing-

actual results revealed that the actual objects were

- selected as the true depiction 63% of the time and the

representation (photq‘or drawing) 34% of the time. An
examinatidn.of the photo-actual condition revealed that
the actual objects were selected 56.3% of the time and
the photo 39% of the time. In the drawing-actual con-

dition-these numbers were T0% and 30% for the actual objects
and.drawings, respecﬁively. The fesults further indicated -

a strong primacy effect for photos and actual objects

(when compared with photos or drawings), however, there

was-no'such effect for drawings. This .primacy effect
was found to interact with illogicality, i1.e., if the
initial presentation turned out illogically, there was

a strong tendency to select it as the true depiction.

. Concerning cognifive'levelr it ‘was found that comncrete-

‘operational children had 1less difficulty with the "really".

question than preoperational children. -Finally, in a

bage~line referent materials condition,. subjects .were

- presented with two actual conservation tasks, one of

- which. turned out illogically. In this case, there were.

no- primacy effects, suggesting.that the above‘findings

resulted from the fact that a pictorial representation
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was involved in the comparison,

- The present research was meant to serve as both a
contrast and an extension of the O'Connor, Beilin, & Kose
experiment. This was accomplished by presenting children
with color photographic slides depicting a transitivity(
of size task. The logic behind using a transitivity task
' was that, as Miller & Lipps (1973) have suggested, trans-
- itivity bears a different relationship to physical reality .
- from conservation. ‘Conservation is tied to-specific
real world referents. 'Conservation‘ofvliquid for example,
is assoéiated with knowledge of liquids. In consérvation,g
the child must deal with the effects of a variety of
~ transformations in numerous content domains.fhat haﬁe
differing effects depending on the domain.in gquestion
_(e;g., a particular transformétionvmay.conserveuweight-but
not length). In transitivity, on the other hand, there
are no transformations, and the same rules are directly.
applicable whatever the properties of the objects.,. In
line with this hjpothesis,‘Miller and Lipps found that
-transitivity of weight was more difficult to extinguish
- than cénservation of Qéight. They concluded that trans-
-itivity, more than-conservation, may entail feelings of
logical necessity. It is conceivable therefore, that
. this difference may have .a direct bearing on how child-"
ren‘react_to and interpret departures from logical

‘reality in photographs as opposed to actual objects.
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In its traditional form (see Piaget, Inhelder, &
Szeminska, 1960), the transitivity task involved either
different sizes or different weights, and consisted of
three separate stages. First, two quantities would be
directly compared, A with B, Then, one of these quahtities
would be directly compared wifh a third, B‘with C.
'Finally, the child would be asked about the relations
between the two qﬁanfities thch nad not.been ¢ompared".
directly, A with C. The thifd stage, presumablyAin§01Ves
an inference. That i's; in order to answer the A-C ques-
~tion the child must combine the information from the
' séﬁaraté direct comparisons Between.A_and‘ﬁ and B and_b.‘

The present study served as a contrast to the
0'Connor et al., conservation study in that .comparable
experimental conditions were employed ekxcept for the
 cbﬁce§ﬁ in ques%ibn, which was.that.of transitivity.

" The present study served as an'éxtension of the previous
“work in two'wa§s.'.First; instead of simply using one in-
correct ending, in the transitivity task there were two
degrees of "wrongness" as . possible outcomes. ‘These;wére
:iabeiéd'“Illogica1“~and "Absurdﬁ, respectively. In the
willogical' ending, the smallest block became the same
height as the tallest block, i.e., A<B, B<C ‘and then

=C. In the"abéurd" ending, the smallest block became
even taller than the largest block, i.e., A<B, B<C, and

“then A>C. The reason for using these two conditions
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was to see how the young child's notions regarding
photographs and transitivity would fluctuate as a function
of further departures from reality. Second, in an attempt
to further probe the child's understanding, the child's
rationale was required for judgments to the "really"

question.,
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METHOD

Subjects

The subjects were 265 white, middle~class first
grade children drawn from parochical schools in the New
York metropolitan area. It was necessary to pretest this
number. of .children to obtain 120 who were concrete opera-
tional and 120 who were preqperational, as defined below.
The rémaihing'ZE'éhildrén were classified as trahsitional;
or their aésigned group wasialready filled and théy WereA
‘-ﬁot used .in the study. As shown in Tables 1 and 2, there
were twenty-four treatment conditions, twelve for each
COghiﬁive“leVel; Table 1 outlines thé sixteen conditions
which.invoived photographic/actpal objécté treatments,
-and Tahie 2 outlines- the eight conditions(referred-to;v
as referent material treatments) which involved the com—.
parison of two éctual tasks. A four-way analysis of
variance (Cognitive level by Treatment by Modeé Correct
- by Degree of“Wrongness) performea on the age data re-
ported in Table 1 revealed significant age.differénCes
for ngnitive level, F(1,143) = 4.223, p .05, and
Treatment, F(1,143) = 21,162, p <.001.  The average
age qfifhé preoberétiqnal»children was 6:6 years-and of
the concrete chi}dren, 6:8 yéars; A three-way analysis
of variance (Cognitive level by Treatment by Degree of
Wrongness) performed ‘on the age data reported in. Table
2 revealed no significant effects for age. The average

‘age of the preoperational children was 6:8 years and
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" Table 2

REFERENT MATERIALS TREATMENTS
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Number of Mean Age
7@ gSubjects Age Range
10 6:9  6:4~7
10 " '6:8. 6:0-7
10 6210 6:5-17
10 6:8 6:0-7
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the concrete children, 6:9 years. Correlational analyses
of age and performance on each of the dependent measures
revealed that age was not significantly associated with
pexrformance.

Materials

-Piagetian tests for operational level

A conservation of number fask, using 14 pennies, and
for'a’seriation task;'eight'woodgn ‘stiéks ranging from
2 inches to 4 inches in lengﬁh.

Transitivity test .

In this task; eight wooden blocks of varying size
and color were used. Four of ‘the blocks were painted
green. Two of these green blocks were 4% inches in -
height, another was:5% inches. and the last 6.inches,
Also, two white blocks, 5 inches in height, and two red
blocks, 5% inches in height, were used.

 Photographié¢ color slides

A series of 15 2-inch by 2-inch color phOtographicA
'.slides weré‘developéd.i The siides'were presented.dn a
Kodak carousel projector., The slide series depicted a
“young child going through a standard transitivity task.
in the.firét‘slidé3 the child was éhown'sitting.at a
table, On the table were three blocks, i.e., the green
block (4% inches in height), the white block (5 itches)
and the red block (5% inches). The blocks were lying
dnwn on the table in such a pattern so as to make

héight comparisons very difficult. In the next slide
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the child was shown putting the green block in an up-
right position. Following this, the child put the white
block upright. ©Next, a close-up of the green and white
blocks, etc. The last slide in the presentation showed
the red block (5% inches)'with a green block. However,
there were three different versions of.this last slide.
In the correct version, the green block turned out, as-
one would 10gica11y“expecf, smailer'than'the red block, .
“In the "illogical" rersion, the green block was the same
size aegthe red block (i;e;,'the 5% ihch‘green"blockﬂwas
subetifuﬁed prior to takiog the last sl;de)...ln the
"absurd" verSion,vthe green block was larger than the
red,olock (i.e;,“the 6 inch green block .was substituted
prior to taking the last slide).
Procedure

| Both the conservatlon of number and the serlatlon
. task followed the procedures outllned by . Inhelder,
Sinclair & Bovet(1974).

Conservation of numbsr

The experlmenter laid out a row of seven pennles

" and asked the child to put the same number of pennles
1n.anpther row. If. the ch11d4drd not.put_the pepndes
in one-tOeone'COrrespondence, the experimenter did so.
The experimenter, by verbal interrogation, mede certain
that the child appreciated the numerical equivalence of
the two rows., One of the rows was then modified by

- spreading- it further apart (in front of the child), and
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the child was then acked, "Are there as many pennies
in this row (the extended row) as in this row (the stand-
ard), or are there more?" The experimenter then asked
the child to explain how he arrived at his answer, The
-experimenter then put the pennies back.into one-to-one
~correspondence and, after the-child agaiﬁ asserted the
numerical equivaleﬁce of the two rows, pushéd the pennies
¢f'one of the rows tdgethe;, The expefimentér then askéd;
"Are there as many pennies'in’this:rdw (the squashed row)
" as in.this‘rpw (the standard), or are there less?H
Seriation .

The child was presented with eight sticks in a ;p'ile.i'
The experimenter asked the child to "make a staircase"
by lining up all of the sticks, one beside the other.
‘If.the child failed to comprehend the'instructions;.the
experimenter lined up a‘ﬁaximum'of three sticks (i.e.,
~ ,the-fhreé-smallest sticks) in the correct order and asked
- the child to complete the set. |
| ~ If the child passed béth the consefvétion of number - =
'and the seriation task he was judged concrete operational.
.Iflhe failed both -of these tasks, he Was‘judged préopéra—'
tional,- The rationale for using these particular tasks:
was that conservation of number (i.e.; discontinuous
quantity) is a fairly early appearing concrete operational
- gkill and therefore performance on this task can be con-
sidered a good estimate of whether-a child has entered

-the -¢oncrete operational stage. Seriation on the other
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hand, is a more advanced skill and, according to Piaget,
"brings on the immediate understanding of transitivity"v,
1977, p.%6). Thus a child who passes both conservation
of number and seriation would not only be concrete op-
. erational but in addition, would be presumed to have
- knowledge of transitivity. (Youniss & Dennison, 1971,
further corroborate Piaget's claim that transitivity is’
linked to seriation ability.) A child who fails both
taske, isunbtvonly preoperatiohal, ﬁut aleo, accordiné
to this position, should have 1itfle or no understanding
of trans1t1v1ty.

Finally, if a Chlld passed only one of these tasks,
or if the child fluctuated in his answers, he was not
used as a subject. |

Experlmental Task

: Photographlc/Actual obaects condltlons

In these sixteen different treatmeﬂficondifiens-

(outlined in Table 1), each child was individually g;Ven
‘en actual}transiti#ity task and was shown the phofographic'
gslide series of transitivity. In half of these conditions,
the photographs were witnessed first and in-the-other half
the actual task was glven flrst

In the photographlc presentatlon, the chlld was
told that he would be seeing some pictures of a child
playing with some colored blocks, He was also informed
that he would be asked some questions concernlng the

plctures. When the flrst slide vas presented, the child
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was asked to tell what he saw in the picture., After

this, the next slide was shown, and again the child was
asked what he saw. None of the children had any diffi-
culty énswering these questions. When the slide which

depicted the blose-up of the greén block (4% inches téll)

and the white block (5 1nches) standlng next to one

another was presented the child was asked, "Which
block is taller°" Later in the series, when‘thé.dlose;
up of the white block (5 inches) and the red block (5%
inches) was-presented,»the'cﬁild was-asked,-“Which
block is smaller?" The next slide showed the child

laying down the white and red blocks. At this point,

‘the projector was turned off and the child was asked =

'the same.questions again, i.e., Which block was bigger, -

the<whité'oneA0r the green one; and "Which block-was

‘smaller, the fed one or the white one". 'If the child

~did not remember both reiationships,_the slide presen-

tation was re-run and the gquestions asked agaiﬁ. (The
vast majority of children were succésSful on the first
try, and no Chlld needed moré than one re-run.)

B Once it was ascertalned +that the Chlld remembered'

_both relationships, ‘the experimenter sald,'ﬂIf the child -

in the picturenow stands up the red one with the green

- -one, -which block will be taller?® . After the child

answered, he was asked "How did you figure that out?"

- Both the judgment and the rationale were recorded.

Following this, the slide projector was turhed back
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on, and a slide presented that showed the child putting
upright a green block with the red block. The last
slide showed a close-up of a green block and the red
block, and depending on the condition (see Table 1),
the green block either turned out correctly i.e.,
shorter than the red block, illogically, i.e., the
same height as the.red'block, or as absurd, i.e., taller
than. the red block; No verbal feedback'was given to -
the child at thls p01nt or at any pOlnt durlag this
procedure, Elther befoze or after WltneSSlné this slide
preeeﬂtafion, the chlld carried out an actual transrtlvlt&
taek,.using the same blocks depicted in the slides. The
experimenter would take the green block (4% inches),
- and the. white block (5 inches) out of a box, (which was
out of view of the Chlld), and would place them uprlght
next to each other. The Chlld was asked "Whlch block ’
is taller2n _The green block.was ‘then put away and the
experimenter took out the red block (52 inches) and
stood it mext to the white block and asked the child,
Which block is smaller?" Following this, the white
and red block,were'returned te the box and the child
was asked the same‘questions again, i, e.,~which'block '
was blgger, the white one or the green one, and.whlch
‘block was smaller, the red one or the whlte one. If
the child did not remember both relatlonshlps the task
was re-run, Once it was ascertained that the child re-

membered both relationships, the experimenter asked,
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"If we take out the red block and the green block and
stand them next to each other, which one would be taller?n
After the child answered, he was asked, "How did you
figure that out?" Again, both judgment and rationale
were recorded, Following this, the experimenter took
~out a green block and the red block, Depending on fhe
condition, the experiménter either fook”out the original
green block, which was smaller than the red block, or a
green block which was the same height as the red block
or;the green block which waS»tallgr than the red block,
As with the photographs, the child was given no feedback
by the-experimenter at any time.

- Thus, each child either Qitnesééd the actual objects
4tufn éut_correctly éﬂd the photos ihcqrreqtly or vice
versa, After completing both tasks, the experimenter
ésked the child toAcompare the;appearance of the blocks
in the last slide with the appearance of the actual blocks.
All of the child:en confirméd that they-saw a diffgrence
in appearance. The experimenter asked tﬁe child to
explain What fhe difference was to.make sure that the
child was referring to the height discrepancy. The ex-
periménter then_askéd the child the "réally".qqestion.

- Although the fqrm~of this question-remained constant,
the specifiqs.ghénged as a fqnction of which conditiqn‘
the child was in., For example, when the photographs
turned out illogically, the question went as follows:

_uThe chi1d iq the picturé.played éxactly the same‘gamé A
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we did, didn't he?"{(All children said yes), "He also
used the same blocks that we used didn't he?"(again all
said yes). "When he put the green block next to the

red block, it was as tall as the red one, right?" (again
all said yes). "When we put.the green block next to

the red block, it was smaller. Which is the way the
blocks réaily should look, should the green one reélly :
be as~tali as the red oneas it is in the picture or

should the green one really be shorter than the red one

as it is here (actual objects)". After the child answered, .

the experimenter s?id, "How did you figure that out?®
The experimenter recorded both the judgment and the
rationale.

-Réferent Materials conditions‘

The prbcedure in these conditions (outlined
in Table 2) was the same.as in the photograhic/éctuall’
object treatment_conditions except‘¢hat_b@thgtransitivity .
presenfations were given With~actual ijécts;_instead.
of oné involving phdtographié slides, Agéin, children
. were asked for transitivity judgments and rationales,
‘and, following both tasks, were asked the "really"

~ question and rationale.
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RESULTS
Photographs/Actual Objects

Following the presentation of both the actual blocks
and the slide presentation, children were confronted with
both the last slide and the final array of blocKs, one of
these (either the slide or the actual blocks) was either
i1logical or absurd, depending on the particular conditiom.
Each child was then asked the "really" question(see method
_ section)."The'childreh were écored eifher'corfecf or in- .
correct. Children received a%correct" if ‘they chose the
array of blocks (either in the photographs or the actual)
that were logically correct i.e;, A<C;'AFollowing their
choice, children were asked to provide a rationale. The
rationales.were.classified.into&one.of<fi#¢ possible -
categories (see below). A-reliability analysis showed
.92%-&greémenf'between twofjudgeé; |

A four-vay analysis of variance, Cogriitive level by
Treatment by Mode Corregt‘by Degree of Vrongness was
performéd'on children's responses to the ¥“really" question,
Also,'five-independent four—&ay analyses of variance were
performed on the number of responses in each of the five

rationale categories.

-Reélly Question Response, The results of the analysis
of variance revealed a significant main_effect for Cog~
nitive level, F(1, 144) = 5.023%, p £.05, Treatment,
?(1, 144) = 6.837, p <.01 and Degree of Wroungness,

F(1, 144) = 13,954, p £,001, There was a
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significant Treatment by Mode Correct interaction,
F(1, 144) = 16.884, p <.001,

The effect of Cognitive level can be seen in Table 3,
~The concrete operational children gave significantly more
correct responses to the "really" question than the pre~
operational children (i.e., 71.2% as opposed to 56;3%).

With regard to the Treatment effect, Table 5 reveals that
tﬁe children in the photo first condition gave 55% corfect
responses, which was significantly'less then the T2.5% in
the-acfual first condition. The effect of Degree of Wrong- -
ness was due to the fact that children who witnessed the
illogical outcome gave significantly fewer (i.e., 51.3%)
correct Tresponses than children whp witnessed the absurd_
‘endingA(i.e., 76.3%). It appears that "Cognitive level,_'
} Tfeatmenﬁ,.andlnegree of erngnessvindepehéently influeneed .
-the childrené‘-fespdnses ﬁe the Vreélly",Question. Inﬁereéf-.'
~ingly, the Treatment by Mode Correct 1nteractlon (presented
in Table 4 ) 1ndlcates that the photo flrst condltlon had
_a,81gn1f1cant effect on whether the’ Chlld chose correctly,
Children who witnessed the slide presentation first, with
elther an 1110glca1 or absurd -ending and then w1tnessed
the actual presentation (endlncr in a loglcal fashion)
gave signlflcantly fewer correct responses‘to the "really"l
question than children in the other conditions (p ¢ .01
in.allvcésee); most notably, they gave siguificantly fewer
correct responses than children in the actual first, photo-

correct condition, In other words, witnessing the illogical



_Table 3

Percentage of correct responsee to the "really" question'as a function

' of Cognltlve level, Treatment, and Degree of. Wrongness'.

(Photographlc/Actual Obgect Condltlon)

' Treatment ‘
* Photo first Actual first
Cognitive Levei _ Illogical - Absurd Illogical” Absurd
Preoperational. 40,0  50.0 45.0 90.0
Concrete Operational =~ 55.0 . 75.0. 65,0 90.0

90.0

Mean 9%

56.35
71.25

8¢

-y Ay
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Table 4
Percentage of correct "really" responses as a
function of Treatment and Mode Correct

(Photographic/Actual Object Condition)

Modé Correct

Treatment ‘ " Photo Actuél Méan %
Photo first ~  ° 72.5 37.5 55.0
Actual first 62.5 82.5 2.5

Mean % | 67.5 . 60.0
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or absurd photographs first significantly decreased
correct responding to the "really" question, whereas
witnessing the illogical or absurd ending first, with

the actual objects, did not deflate performance in the

same manner. o

“Rationales for the "Really" Question. To further

analyze children's reasoning concerning the "really"
questlon, each Chlld was asked to give a ratlonale

for his answer, The following categorles were

utilizeds ” L

1) "unintelligible",a rationale which makes no reference

to any aspect of the problem and is essentlally meanlngless,

€. g.,"because" etc.

2) wphotographic",rationale, a rationale which relies on
'the appearance of. the.photograph (regardless of whether

it was wrong or right), €eBoy the Chlld mlght say "because

I can see 1t in the photo"

3) "actual object" rationale,Aa rationale wﬁich relies oﬁ.
the appearance of the actual objects (regardless of,whether
they yere wroné or rjght),'e B, @ ehild might say'"because
I can see it here" (referrlng to the ac»ual blocks) -
4) "trlck" a rationale which is based.on the idea that
somehow a "trick" has been carried out either in the
photograph or with the-actual obgects,~e g., the child
mlght say "because thls is some Plnd of a trick",

5) v"logical" rationale, a rationale based on the 1dea

that regardless of how the blocks turn out (either in
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the photo or actual), they must maintain their logical
size relationships, e.g., the child might say "the red
one was bigger than the green one and it has to stay
that way all the time", A breakdown by cognitive level
for each type of rationale is presented in Table 5 .'
Five independent four-way analyses of variance were
pérformed on the frequencies of each tyﬁe of rationale,

"Unintelligible". The analysis of variance per-

formed on the number of "unintelligible" rationale's
revealed a significant main effect of Treatment,
F(1, 144) = 3.927, p <.05, A significant Cognitive
lével by Treatment interaction, F(1,.144) = 10.909,
p .01, and a significant Cognitive level by Treat-
ment by begree of Wrongness interaction, F(1, 144) =
3.927, p <.05. |

The main effect of Treatment is illustrated in
Table 6. The children‘in the photo first condition gave
"unintelligibie" rationales 33.7% of the time, which'was
significantly less than the 48.7% given by the children
in the actual first condition.

'PairWise comparisons ‘indicated that the Cognitive
' 1evé; by'Treatment'intefaction“was due to the preoperation-- -
al children giviqg significantly fewer "unintelligible"
rationales in the photo first condition than either.thé
preoperational children in the actual first condition

and also significantly fewer than the concrete operational



" Table 5

Percentage of rationales given for "really" question response as a function
_ J

of Cognitive level(Photographic/Actual Object Condition)

Rationale
Cognitive Level. o Unintelligible Photo Actual Object Trick Logical
Preoperationai ' : 40,0 13.7 12.5 20.0 13.7
Concrete oﬁerapional 42.5 13,7 10.0 23,7 10.0

2%
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Table 6
Percentage of “unintelligible" rationales given for
"really" question response as a function of Cognitive

Level and Treatment(Photographic/Actual Object Condition)‘

Treatment
Cognitive Level © Photo first Actual first Meen %
Preoperational o 20,0 60.0 40.0
Concrete Operatiomnal. 47.5 37.5 42.5

Mean % 33,7 48.7
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children in the photo first condition(p ¢.01). 1In

the actual first condition, the inverse occurred. The
preoperational children gave significantly more "unintelli-
gible" rationales than the concrete operational children

in the same condition(p <.01). Thus, witnessing the

photo first tends to increase‘the probability that a
preoperational child will give something other than a
"unintelligible" rationale, on the other hand,:wifnessing
»the actual first condition tends to serve the same

function for the concrete operational‘childreﬁ.

"Photographic" rationale. The analysis of variance
performed on the number of "photo" rationales revealed
a significant effect of Treatment, F(1, 144) = 12.60,
p £.001, and lode Correct, F(1, 144) = 9.257, p ¢.01.
There were_élso siénificaht two-way interactions .between
Cogniti&e level and Treatment, f(1, 144) = 4.114, D <;05’_'
Tréatment by Mode Correct, F(1, 144) = 4.114, p <.05, and
Cognitive level by Degree of Wrongness, F(1, 144) = 4.114,
p{.05., Finally, there were two significanf three-way inter-
actions Cognitive level by Treatment by Mode Correct,
F(1, 144) = 6.429, p .05, and Cognitive level by Treat-
ment by Degree of Wrongness,>F(1, 144) = 4.1i4,'p {.05.

The main effect of Treatment is illustrated in
Table 7. The children in the photo first ccndition
gavé significantly more "photo'" rationales (22%) than

the children in the actual first condition (5%). Thus



Table 7

Percentagé of ﬁphotq" rationales given for "really" question respdnse as a function of

Cognitive level, Treatment, and Mode‘Correct(Photographic/Actual Object Condition)

Cognitive Level

Preoperationa; ' . Concrete
Treatment Photo correct Actual cﬁrrect - Photo co:recf Actual correct mean%
~Photo first 5.0 , 50.0 '15.0f 20.0 22,0
Actual first - 0 0 | 5.0 15.0 5.0
Mean ¢ - . 2.5 25,0 4 0.0 115

134
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if the photographs were witnessed first, it increaéed

the probability of their being cited as evidence for the
child's"really" judgment. The effect of Mode Correct is
also apparent upon examination of'Table 7. Children who
saw the actual objects turn out 1ogiCa11y gave significant-
ly more "photo" rationales than children who saw the
photographs turn out logically., The two-wéy interaction

of Cognitive level and Treatment resulted from the pre-
operational children giving significantly more "photo"
rationales in the bhoto first condition. This effect of
Mode Correct and the two-way interaction of Cognitive
level by Treatment crystalizes in the three-way interaction
of Cognitive level by Treatment by‘Mode Correct. Specific=~
ally, this interaction was the result of the preoperation- -
al.ch11Qren using a "photo" rationale significahtly more
often when the photoéraphic slidés were viewed first, but
turned out incorrectly (i.e., the'phbto firsf, actual
correct condition). The Cognitive ievel by Degree of
wrongness interaction can be seen in Table: 8. The pre-
operational children utilized a "photo" rationale more
often when the incorrect version of the transitive infer-
ence taék (either phbtographic or achal) fufned'ouf
illogical., On the other hand, the concrete operational
children utilized é Uphotogréphicﬂ rétionale when the
‘incorrect version of the task turned out absurd, Finally,
the Cognitive level by Treatment by Degree 6f Wrongness

interaction (which can be seen in Tables 7 & 8) illum-



Table 8
Pefcentage of "photo" rationales given for "really" guestion response
as a function of Cognitive level, Qreatment and Degree of Wrongness

(Photographic/Actual Object Condition)

Preatment

Photo first Actual first
Cognitive’ « . , ?
Level ~ Illogical  Absurd Illogical  Absurd Mean 9%
Preoperational 40,0 15,0 0 0 13,75
Concrete : ‘ '
. Operational : 10.0 | 25.0 10.0 10.0 13.75
Mean % . 25.0 20.0° 5.0 5.0

Le
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inates the above findings by indicating that preoperation-
al children utilized a "photographic" rationale most if,
the photos were witnessed first, were incorrect and were
illogical in terms of degree of wrongness. Concrete op-
'eratiqnal children, on the other hand, were more evenly
distributed, however, in the photo first, photo absurd
condition,.the number of "photographic" rationale's did
increase (but not to a significant extent).

"Actual Object" rationale, As was noted in Table 5,

12.5% of the preoperational children and 10% of the con-
crete operational children gave an actual object rationale.
The four-way analysis of variance performed on the number of
"actual object" rationale's revealed no significant main
effects and no significant interactions. Thus, none of the
variables measured had a significant impact on whether a
child woﬁld use this type‘of raﬁiohale. This is in sharp
contrast to the data on the_"photographic" rationale, where
all of the measured variables had some form of effecf. ?ar—
ticularly nofeworthy was the fact that there was no Treat-
ment effect for this type of ratibnale, as there was

fpr the "photographic"'rationale. Tor example, pre-
operational children who witnessed aniindorrect version
(either illogical or absurd) of the actual task did not
feel compelled to rationalize théir ﬁréally".fésponse

" by an appeal to the illogical or absurd blocks which they
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viewed first. In other words, a number of these child-
ren seemed to go by the assumption that a photograph,

if viewed first constituted proof of something; an actual
‘presentation viewed first however, did not imply the
.same. |

nprick" rationale. As noted in Table 5, 20% of the

preoperational and 23%.7% of the concrete operational
children offered a trick rationale. The four—waj énalysis
of wvariance ﬁérformed on‘this type of rationale revealed
no significant main effects and no sighificant inter-
‘actions. ;Thus, as with the actual object rationales,
this type of rationale was not sensitive to any of the.
effects measured, despite thé‘féct that approkimately

a fifth of all subjects utilized it. It should be
pointed out that this type of rationale is, in a Sense,
different in quality from the others in that it focuses
upon the experimental manipulation itself, rather thaq
on its outcome, '

"Logical" rationale. As noted in Table 5, 13.7%

of the preoperational children and 10% of the concrete
operational children gave "logical" rationaies. The four- .
way analysis of variance performed on the number of "logical
Arationéles reveéled no éignificant main effects ahd a single
three-way interacfion, Cognitive level by.Treatment by,Mddé
Ccorrect, F(1, 144) = 13.966, p {.001 (see Table 9). |
This interaction was the result of the preoperational

cnildren in the photo first, photo correct condition



Table 9
Percentage of "logical" rationales given for the "really" question
response as a function of Cognitive level, Treatment and

Mode Correct(Photographic/Actual Qbject Condition)

Cognitive ILevel

Preoperational Concrete
Treatment. Photo correct - Actual correct - ‘Photo correct Actual éorrect Mean%
" Photo first 35,0 0 5.0 15.0 13,75
Actual first 5.0 15,0 20.0 0 10,0

Mean% . 20.0 7.5 | 12,5 7.5

o¥
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offering a "logical" rationale significantly more than
either the preoperational children in the actual first,
photo correct condition, or the concrete operational child-
ren in the photo first, photo correct condition.,

Table 10 preSents the distribution of frequencies
of rationales for correct and incbrrect judgments to thé
"really" question. A correlation analysis performed be-
tween transitive inference judgments and rationales
revealed alnon-significant negative correlation (r =

. -,025) for ™unintelligible" rationale's,a significant
negative correlation (r = -.34, p £.001) for "pﬁoto"
rationale's, a significant negative correlation (r =
-161, p <.05) for "actual object" rationale's, a signi-
ficant positive correlation (r = .213, p<.01) for
"trick" rationale's and a signifiéant positive corre-
lation (r = .279, p £.001) for %logical" rationale's.
Thus, an incorrect judgment of the "really"'question
was often juétified with éithef a “photo" of "actﬁai
object? rationale, whereas a correct judgment.of the
nreally" question was most often justified by either
a wtrick" or “logical" rationale. |

In summary, the data revealed that Cognitive level,
Treatment, and Degree of Wrongness each had an_effect
on the child's "really" response, Specifiéally, the
resﬁlts indicafed that tﬁé conérete oﬁerational child—.
ren responded correctly significantly more often than

the preoperational children, that children in the photo



Table 10 -
Frequencies of rationales for correct and incorrect responses to the "really"

question(Photographic/Actual Object Condition)

_ Rationale
Cognitive Response to '
Level "really" guestion Unintelligible Photo Actual Object Trick ILogical
- correct 18 . 1 3 11 11
Pre-- . _
operational : :
“incorrect 13 .10 T 5 0
correct 22 4 4 18 8
Concrete
Cperational :
incorrect 12 . 7 3 1 0

A
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first condition gave significantly fewer correct res-
pounses than children in the actual first condition and
that children who witnessed the illogical outcome gave
significantly fewer correct responses than children who
witnessed the absurd outcome. The significaht Treatment
by Mode Correct interaction was the result of children
in the photo first, actual correct cohditions (in which
the photo turned out either illogical or absurd) giving
.significantly fewer correét "really"-question responses
than children'inAany of the other éénditiohs.. Thus,
witnessing the illogical or absurd photographs first
had a significantly greater impacf on performance than
.vinitially witnessing the actual objects turn out either
illogical or absurd.

With regard to the rationales, the data indicated
that there were no main effects for Cognitive.levél for
any of the types‘of rationales. There was a main effect
' fof Treatment for l"unint’elligible" rationales and “photo™
rationales, Fox "unintelligible" rationales, thié effect
- was due to the children in the photo first conditién
giving significantly féwer funintelligible" responses
than children in the actual first condition. Fbr-"photo"
rationales this effect was the result of children in
the photo first éondition giving Significantly more
"photo" rationales than children in the actual first
condition. There was a main effect for Mode Correct

- for the "photo" rationales which resulted from the fact
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that children who witnessed the actual objects turn

out logically gave significantly more “photo" rationales
than children who saw the photographs turn out logically.
In.other words, "photo" rationales were utilized signi-
ficantly more often when the photos turned out either
illogical or absurd., For thesé children then, it would
appear that when the photograph departs from what one
would logically expect, it takes on a special significance
which it does not apparehtly.have when it is in line with
1ogica1 reality. The data also revealed that preoperation-
al children were most likely tc¢ utilize a "photo" ration-
ale if a) the photographs were witnessed first, b).they A
were incorrect, and c) they were illogical in terms of‘.
degree of wrongness. Although the use of this rationale
among the concrete operational children was more eveﬁly

distributed among the various conditions, nevertheless
? y

-the number of suéh rationéles did increase when a) the

' photographs were witnessed first, b) they were incorrect,

and ¢) they were absurd in terms of degree of wrongness.
Overall, the utilization of a “unintelligible" rationale
and most especially a 'photo" rationale was very much
influenced by the experimenféllvariables. For.example,
for the ¥photo" rationale, there were two main effects,
three two-way interactions and two three-way interactions.
In sharp contrast was the finding that there were no

main effects and no interaction effects for either the
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"actual object" or "trick" rationales, and for the
"logical!" rationale, only a single three-way interaction,
Finally, a correlational analysis which examined the

relationship between performance on the "really" question
andktype of rationale revealed significant negative
correlations for both "photo' and "actual object" ration-
ales, and significant positive correlations for the
vtrick" and "logical" rationales.

Referent Materials Condition

Following the preéentation of both the correct and
incorrect versions of the task, children were asked the
"really" question. The children were again scored either
correct or incorrect. vThey were correct if they chose
the array of blocks that were logically correct, i.ec.,
ALC. . Following theif choice, the children were'asked
to provide a rationale. The ratidnéles were aéain categor-
ized into one of the five types_previoﬁélyAoutlined‘(in
fact, ail children'in‘this.reférént'météniais conditibn
gave either “unintelligible® or "logical" rationales).
Thede rationales were scored with 925 agreement between
judges.,

A three-way analyéis of varianée, Cognitive 1evei,
Treatment, and pegreé of VWrongness was performéed on the’
children's responses to the "really" question. Also
two independeﬁf three~-way analyses of variance were

performed on the number of respounses in each of the two
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rationale categories which children here utilized,

Really Question Response. The results of the analysis

of variance revealed no significant main effects and

no significant interactions. Thus, in contrast to

what was found.for the "really" question analysis in

the photographic/actual object condition (where Cognitive
level, Treatment and Degree of Wrongness all were signi-
ficant), here, none of these variables had a signi-
ficant effect on performance.

Rationales for the Really Question. As noted above,

children only utilized two types of rationales, i.e.,
"unintelligible" and “logical". A breakdown by Cog-
nitive level for fhe two types of rationale is pre-
sented in Table 11.

"Unintelligible",The analysis of variance per-

formed on the number of "unintelligible" rationales
revealed no significant main effects and no signi-
ficant interactions.

"Togical" rationale., The analysis of wvariance

performed on the number of "logical" rationales
revealed no significant main effects and no signi-
ficant interactions.

In this condition then, children in both cognitive

~levels essentially divided, with half of the children in

each cognitive level giving an "unintelligible" rationale
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Table 11
Percentage of rationales given for "really" question
response as a function of Cogﬁitive level (Referent

Materials Condition}

Rationale
Cognitive Tevel Unintelligible Logical
Preoperational 47,5 52.5

Concrete Operational _ 55.0 : 45.0




and the other half giving a “logical" rationale,

Table 12 presents the distribution of rationales
for correct and incorrect judgments to the "reallyw
question, Correlations between rationales and perform-
ance on the "really" question response revealed a signi-
ficant negative correlation (r =-39, p<.001) for
"unintelligible" rationales, and a significant positive
correlation (r = .39, p <.001) for "logical" rationales.
(The results obtained for transitive inference performance

‘are presented in the appendix.)
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Table 12
T'requencies of rationales for correct and incorrect

responses to the "really" question(Referent Materials

Condition)
, , Rationale

Cognitive Response to o
Ievel "really"” question Unintelligible Togical

correct | 17 S 4
Pre-
operaticnal

incorrect - 18 1

correct : .8 : 10
Concrete
Operational

incorrect 21 1
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DISCUSSION

The purpose of the "really" questiion was to éscertain

. how children would react to the same event resulting in two
. different endings. In the photographic/actual object con-
ditions, the child witnessed the event turn out incorrect-
ly in a photographic slide and correctly using a set of
actual objects, or vice Versa. In the refefent_materials
cbnditions, the child witnessed the same event twice,

with actual objects beiﬁg'used‘in both‘éaées. Again, one

of the endings turned out correétly and the éther incorrect-
lye. —

An interesting finding thch emerges from an examin-
ation of these data is the fact that in the photographic/.
actual objects conditions, every variable(i.e., Cognitive
level, Treatment, Degree of Wrongnéss,_and Mode Cdrrect)
had an effect on performance whereas in the refereﬁt
materials conditions(where no photos were used) none of
"~ the variables had an effect. 1In the referent materials
conditions, performance was essentially at a chance
level for each of the measured variables, Thus, it
would appear that both preoperational and cbnciete op-"
erational children are not treating the photographic/
actual object c&ndition and referent materials condition
as equivalent circumstancesﬁ~ _ “'

In the photographic/actual object condition, concrete

operational children successfully judged the “really"
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question significantly more often thqn preoperational
children (i.e., 71.2% correct, as opposed %0 56.2%).

On the other hand, in the referent materials conditions,
these figures were 45% and 52.5%'for the coﬁc:ete and
preopeiational children reepectively. Thus, the con-
crete operational children had a ﬁuch easier time deal-
ing with the photographic/actual object comparison,
whereas for the preoperational children there was essen-
tially no difference, These results are similar to

those obtained in the O'Coonor et al.‘coﬁservation'study
which also showed that concrete operationai subjects

more readily resist the effects of witnessing an in-
correct version of the task (in that case, consexrvation)
and also that for both preoperatlonal and concrete child-
ren performance is at chance level when two actual tasks |
are under comparison, Aoioss the two studiesrthen, the
data indicate that concreteloperatiohal children find

the resolving of two discfepent endings to the.same task’
less troublesome when one of the endings appears in photo~
graphlc form, as opposed to both endings 1nvolv1ng actual
obaects (1 €., the referent materlals condltlon) On

the other hand, in both studles both concrete and pre--
operatioﬁel children Qere influenoed by Treatment; Io
the conservation study, whatever was viewed first.(either
photographs or actual objects) was most likely to be

chosen as "the way tne water really should look". 1In
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the present study, on the other hand, the Treatment
effect was the result of children being more likely to
select the photo as correct when it was witnessed first.
Additionally, the Treatment by Mode Correct intefaction
showed that the effect of Treatment was primarily the
result of boﬁh preoperational and coﬂcrete operational
children selecting the photo as correct when it was view-
ed first and was either illogical or absurd(i.e., in- .
correct). Interestiﬁgly, the actual objectsldid not have
the same effect when incorrect and witneésed first. The
question arises as to why this primacy effect should work
for both photos and actﬁal'objects in the.conserVation”;
task and only for photos(when they tufn out incofrecﬁly)
in the transitivity task, One possibility might be that,
‘as suggested by Miller & Lipps(1973), on a point made by
Piaget, conservation bears a different type of relation-
lship fo.reality from transitivity. They suggeét that
coﬁéervation'is more.cldsely tied to knoWledgé of speciQ
fic real world referents, e.g., liquids, etc., whereas
"tranéitivity which is logico-mathematical does not. .This
difference iﬁ relationship, Miller proposes, may result in
. children, and perhaps adults, having less of a sense'of
logical necessity concerning conservation as opposed

to transitivity., He cites as evidence the finding that
consérvatibn is more‘readily extinguishablé than transi-

tivity. The present data and the coﬁservation study

-
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support this assumption in that, for conservation,

the primacy effect holds regardiess of whether one is
using photos or actuallobjects.* With transitivity, on

the other hand, children do not readily believe counter-
factual evidence presented with real objects, simply -
because it is presented first. 1They do succumb to

such evidence when, in addition to being witnessed first,
it is'aléq presenﬁed in photogréphic form, thﬁsAindicating~
that ﬁhé photograph may be the critical difference as

to whether or not the cbuntérfactual'evidéﬁce is accepted
as true. These differing éffects for conservation and
transitivity disappear whén children are ﬁresented withv
two actual tasks (i.e., the referent material conditions).
Theré is no primécy effebt for eifhér'task and regponding
is essentially random. The-ratioﬁales concerning the
really question judgments shed some light on the above
findings. -

The rationales to the "really" question were classi-
fied in five categories: "uninfelligible", "photographic",
'"actuai objéct",;"trick", and'"logical".. Again as with
the really judgﬁents, the data showed marked differences
betweén the photographic/actual objects condifions and
the referent materials conditions. Most notably, the
‘data revealed that in the photographic/actual object
conditions, there was(aside from "unintelligible ration-

ales), an even distribution across all of the types of
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rationales. In the referent materials condition, on the
other hand, only "unintelligible® and "logical" ration-
ales ‘were given, The'"photographic“ rationale is'not;
of course, an issue in the referent materials conditions,
'howe#er, the fact that not onéA child used an “actual
object" rationale or "irick" rationale in these circum-
stances,  again indicates that children were not treating
the "really" question and rationale in the same way when
it involved a photo/actual object comparison, as opposed
to comparing tWOvSets of actual objects. Thus, pointing -
to an actual object and saying "I can seg'it‘thére"(i.e.,
the tactual object™ rafionale) was, apparently, dnly
appropriate when a photo/actual object comparison was
being made, but not when two sets of actual objects were
: being.compéred. Similarly, over one-fifth of the éhildv
ren in the photographic/actual object conditions deemed
it appropriate to announce as their rationale the idea
that somehow, a "trick" had been cafried out. - This same
idea either did mot occur or was felt to‘be~inappro?riate
as a'faﬁionaié whén'the tWo éefs'of aétual blocks‘ﬁere |
under scrutihy. | |

A parallel finding was that, as occurred with the
'really" judgments, none of the variables had an effect
on the type of fationél_e that ‘was used in the referent
materials condition, whereas in the photographic/actual
_ objects conditions, two of the rationales (i.e., "unintell-

igible? and especially "photographic! rationales) showed
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several significant measures. This so-called "photo-
graphic" rationale is of course, of special interest.

As noted in Table 5, it was employed by exactly the

same number (13.7%) of predperational and concrete op-
erational childreﬁ;' This is, perhabs, the-most clear
instance in the present study of children's belief in
the fidelity of photographs. The»children who gave

this rationale apparently believed that the photegraph
constituted indisputable proof concerning the correct
outcome to the transitivity task. Interestingly, this
*photographict" rationale was givenISignificantly more
often when. the photos weie-incorrect,and witnessed first,
which is further evidence that a photo takes on special
significancé when if-shows the child:sbmething he or

she did not expect. On thé other hand,;anvexamihation
of the “actual object" rationales revealed that when the.
-actual objects were incorrect and witnessed first, they
did not carry the same weight.- Thus the "photographic™"
rationale was used almost exclusively to explain incorrect
"feally" queétion judgments (i;e;,_the_child would select
the incorrect photo as the way the blocks "really" should
- look" and then would justify this.answer By saying he
could see it in -the picture). In contrast with these
data, was the finding that children who -gave "trick"
rationales also correctly responded to the judgment

. question mest of the time. 1In those cases where the .
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child announced that some kind of "trick" was occurring
with the photos (sometimes of course it was with the.
actual objects) it implies that the child has gone bayond
the more primitive "photographic" rationale with its
naive belief in the truthfulness of photographs, to a
more sophisticated understanding of how photos can be
manipulated to distort reality.

The present study, as noted, was an attempt to
examine the relationship between particular forms of
‘logico-mathematical knowledge and physical: knowledge.
The specific physical knowledge domain of choice was
photographs, and the specific logigo—mathematical domain
was the concept of transitivity. As Feldman (1980)
points .out, Piaget has devoted himself primarily to
the study of so-called cognitive universals, where
given a 'mormal" environment, "normal":children will
eventually attain an understanding of the concept in
question, Although,a particuiar culturé.might.spéed.
up or slow down the acquiring of such universal concepts
as object'pérmanénée; conservation, transitivity, etc.,
it seems reasonable that at least a basic understanding
of such ideas is a part of the cognitive repeftoire of
most normal adults, regardless of where they are brought
up.. These cognitive -universals. are, in a sense, both
- a part and a-product of logico-mathematical thought. * -+
‘That is, they represent a conceptual understanding of

how reality is organized and functions, which is a
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product of the person's having reflected upon the
results of their interactions with that reality. For
-example, Piaget (1977) notes. that an understanding of
transitivity is a product of one's assimilating and
reflecting upon the~consequences of.ordering objecté,
i.e.,, seriating by various dimensions. This logico-
mathematical knowledge of transitivity, once achieved,
takes on what Piaget refers to as. a ¥logical necessity",
i.e., the child understands that traansitivity is an
unavoidable, logical, and intrinsically necessary state
of affairs. Feldman, in agreement with Piaget, suggests
that these universal forms of knowledge are not simply
copies of "what is really out there", but rather re-
flect the level of cognitivé evolution_which man has
achieved thus far, In other words, an understaﬁding'
of transitivity has become a universally shared actuality
only because it has proven to be an adaptive way.pf
conceptualizing reality (e.g., see Piaget, 1978).

On the other hand, an understanding of photography
and photdgraphs has been a fathértrecent develbpmeﬁt in
terms of man's history, and is not, at this point, a
universally shared domain of knowledge, and perhaps
never will be, At this time then, there is nothing -
inevitable about a child develqping an understanding of
phétographs, e.g., where they ‘come from, what they are

. used for, etc, This knowledge, within Piaget's system
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would represent physical knowledge since it is knowledge .
of some-thing as opposed to some action, This bit of
physicalfknowledge will only be acquired by children
who grow-up in cultures, or have had contact with cul-
tures, which have adopted this medium (i.e., photo-
graphy) as a "cultural amplifier%, i.e., a tool for
'sharing and preserving the culture (Bruner, 1971). Thus,
vhereas an understanding of transitivity seems for
nornial human beings to be an inevitable'achievement,
‘an understanding of photographs is not so inevitable
and does not occur ibdepéndenf'of'specific environmental’
conditions. |

As several authors have noted (McIuhan, 1964; Olson,
19743 Salomon, 1979) different media (e.g., language,
‘photographs, etc) have structures which are at least
partially independent of the information they carry:.
Part of the structure of photographs appears to be the
impression they give that they are not interpretations
of reality, but rather are pieces of reality, frozem in
timé; usually'minatﬁrized aﬁd sometimeé diﬁested-of coior;
As Sontag (1977) puts it, "Photographed»iméges do notl
seem to be statements about the world so much'as pieces
of it,'miniatures of reality that anyone can make or
"acquire (p.4)." YA photograph passes for ‘incontrovertible
proof that a given event happened. - The picture may -
distort, but there is always a presumption . that something =

exists, or did exist, which is like what is in the pic-
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ture (p.5)." Although the recognition of the images
contéined in photographs appears not to require any
specific experiences with photos (e.g., Hochberg &
Brooks, 1964; Dirks & Gibson, 1977; Jahoda, Deregowski,
Ampene & Williams, 1977), the sort of understanding
reflected in the presentAstudy would certainly appear

to necessitate an environment where photographs are a
‘part of one's everyday‘experience. The problem posed

in this study was what would occur if this culturally
based physical knbwledge.concerning the fidelity of |
photographs came into-conflict'witﬁ the iogical necessity
of transitivity. The data indicate that in certain
circumstances the 1ogibo-mathematical concept of trans-
itivity takes precedence and thaﬁ in other éircumstances
photographic fidelity takes precedence., The fact that
concrete operational children-passed the really jﬁdgment
gquestion significantly more often than the preéperational
children would suggest that these children were not par-
ticularly dislocated by the incongruity. 'On the other

' h;nd, both concrefe operational and préoperatidnai child— .
ren chose in favor of photographic fidelitj when the
photographs were incorrect and were witnessed first.
Since the same effect was not found with actual objects,
it would seem that the order effect has it's impact pri-
mariiy because the information is being carried in a

photograph. Thus, the medium in this instance appears. .
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to be more important than the information which it is
conveying. As noted earlier, in the O'Connor et al.
study, this primacy effect held regardless of whether
a photo or actual ebject was presented first, so the
particular type of cdncept which is being portréyed_in
the photos appears to interact with.the belief in

photographic fidelity.
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APPENDIX

Performance data -~ Transitive Inference (photographs/

actual objects condition)

Children in each condition were scoréd as either
correct or incorrect for their transitive inference
Judgments to the actual blocks and in thé slide presen-
tation. Also, children were asked to provide a ratianale
for each of their Judgments. Rationale was classified.
in three categdries (see below). A reliability study
of classification based on judgments indicated 88%
agreement between two. judges.

Two independent fqur—way analyses of variance,
Cognitive 1evel(preoperation&l, concrete operational)
by Treatment (photographs first, actual first) by Mode
Correct'(photograph correct, actual cbrrect) by Degree
of Wrongness (illogical, absurd) were performed on the
number of correct transitiye infereﬁce judgments for
both the photographic slides énd the actual presentatibns.
Also, three independent four;way analyses of variance
were performed on the frequencies of the types of ration- '
ales given for the transitive inference judgments.

Pransitive Inference Judgments/Rationales-Actual Objeéts

The analysis performed on transitive inference judgf.
ments using the actual objects revealed significant main
- effects for Cognitive level, T(1, 144) = 11.919, p ¢.001,
Treatmgnt,_F( 1, 144) = 8,757, p .01, and Mode Correct,
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(1, 144) = 6,081, p ¢.05. There was a significant
two-way interaction foriTreatment by Mode Correct,

F(1, 144) = 29,432, p ¢.001, and a three-way inter-
action for Treatment by lMode Correct by Degree of Wrong-
ness, PF(1, 144) = 6.081, p ¢.05.

As can be seen in Table 13, the main effect of
Cogniti%e level was the result of the concrete operation-
al children giving significantly more correct transitive
inference Jjudgments than the preoperational children
(p ¢.01). Overall, 73.7% of the preoperational children
successfully answered the transitive inference question,
whereas 91.2% of the concrete operational children did
so. Thus, the concrete operational éhildren performed
better than the preoperational children, although perform-
ancé waé high for both groups. The main éffect of Treat-
ment, indicated that children in the actual first condi-
tion, i.e., seeing the actual presentation first and
making a transitive'infefence judgment prior to witnessing
the photographic presentation, gave significantly more
correct‘regpdnses, i.é.,'éo%, than the childrén'in the
photograph first condition, i.e., 75%, (p ¢.01), Further-
more, the main effect of Mode Correct indicated that.88.7%
of all children in the picture correct condition answered
the judgment question correctly, whereas 76.2% of the
children in the actual:correct-condition-did so, The . -

main éffecﬁ of.Mode;Qprrect1becomes,§nterpretab}e upon
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Table 13

Percentage of correct transitive inference judgments

as a function of Cognitive ILevel and Treatment

(Actual Objects Condition)

Cognitive Tevel

Treatment Preoperational Concrete Mean 9
Photograph first 62.5 87.5 75.0
Actual object first o 85.0. _ 95.0 - 90.0

Mean 9% " 73.7 91.2
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-examination of the two-way interaction with Treatment

(see Table 14 ). The children in the actual first condition
were not affected by'éither the photograph correct or the
‘actual correct condition. In this condition, the child-
ren made their transitive inference judgments pfior to
Seeing either the photograph correct or actual correét
outcomes. However, in the photograph first, actual correct
condition(where subjects saw the entire slide présén-
tation with either an illogical or absurd ending) only

55% gave correct responses, which was significantly lower
than the 95% correct respoﬁses given by the children in

the photograph first,'photograph correct condifion(P'<.01).
With regard +to the main effect of Degree of Wrongness,
87.5% of all children who witnessed an illogical ending
(i.eey A = C), to either the pictures or actual objects,
correctly judged the transitive inference qﬁestion,

whereas 77.5% of all children who witnessed the absurd
ending judged the transitive inference problem correctly.
Finally, the Treatment by Mode Correct by Degree of Wrong-
ness interaction (seé Tabie 14)suggésts that'in.the_phéto—
graph first, actual correct condition, the’childrenhgaVe
significantly less correct responses when they Saw an
absurd outcome in fﬁé slide pfesentation prior tb making
their transitive inference judgments than when they wit-
nessed an illogical outcome in the slide presentation

(p <.05),
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Percentage of correct transitive inference judgments as

‘a function of Treatment, Mode.Correct, and Degree of

Wrongness(Actual Objects Condition)

Treatment

. Photo first

Mode Correct Illogical Absurd

Actual first

Illogical Absurd Meand)

Photo correct 95.0 95,0

Actual correct 65.0 45.0

Mean% 80,0 70,0

95.0  70.0 88.8
95.0  100.0 76.3
95.0 - 85.0
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In order to further analyze transitive inference
reasoning, each child was asked to give a rationale for
his answer., The following categories were utilized:

.1, "Unintelligible" i.e., rationale's which make no
‘reference td the logical premises‘that were ﬁfesented
to the child, e.g., "because they are", etc.
2, "Exclusion" i,e,.,, rationale's which reflect the use
of only one of the two relational premises provided,
i.,e., in reasoning about the A;C relationship, the child
mentions either tpe A, B or the B, C relafionship.
3. “Juxtaposition" i.e., rationale's which use both of
the presented relationships, but do so in a non-integrdtive
fashion, i.e., the child mentions both the A,B and B,C
relationships, bﬁt does not explicitly integrate them
in his rationale. In the present study,‘none of the child-
ren utilized a2 fully integrated rationale i.e., explicitly
integrating the A,B premise and the B,C premise in an
"if, then" formulation, therefore the category is not
dealt with in the analysis.

_'Among the preoperétional children, 76.3% of their -
rationales were unintelligible, 17.5% exclusions, and
6.3% juxtapositions., Corresponding values for the con-
crete operationgl children were 54.4% (unintelligible),
8.9% (exclgsions), and 36.7%_ﬂjuxtapqsitions), A test
of independence revealed this difference to be signi-
ficant at the ,001 level,

A four-way analysis of variance, Cognitive level
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by Treatment by Mode Correct by Degree of Wrongness
performed on the number of "unintelligible® rationales
revealed a significant difference due to Cognitive level,
F(1, 144) = 8.836, p £.01, A similar four-way analysis.
of variance perfoimed on the nﬁmber of "exclﬁsion" rétion—
ales showed no significant differences for any factor and
no significant interactions. PFinally, a fdur—way analysis
of variance performed on the number of "juxtapoéitions".

showed a significant difference due to Cognitive level

CP(1,. 144) = 25,922, p <.001. ©None of the other factors

was significant and there were no significant inter-
actions,

Table 15 presents the distribution of freaquencies

of rationales for correct and iucorrect Jjudgments to

the transitivity question for each cognitive level.

As Table 15 iﬁdicates, a lérge probortion of both pre-
operafional'and concrete operational children who passed
the transitivity questionlalsﬁjgave én "unintelligiblé"v
rationale (i.e., among the preoperational children

41 of>59 or 69.4% and-ambng.fhe concfeté oﬁeraﬁional
children, 37 of 72 or 51.4%). This may indicate that
these children either do not have the linguistic soph-

istication to explain their answers, or as suggested by

‘Trabasso (1975), they may be solving the tranSitivity'pro~

blem in other than logical ways. If one examines the "ex-
clusiou" and "juxtaposition" rationales, a much clear-

er picture emerges,  Of the remaining preoperational



Table 15

Frequencies of rationales for correct and incorrect transitive inference

judgments(Actual Objects Condition)

Cognitive
Level

Preoperational’

Concreté
Operational

Judgmént

correct

incorrect

correct

incorrect

Rationale
Unintelligible Exclusion Juxtaposition
41 13 5
20 1 0
37 6 29
6 1 0

89
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children who made correct transitive inference judg-
ments,. 15‘(22%) gave Yexclusion" rationalesrand 5

(8.5%) gave a “juxtaposition" rationale. On the other
hand, among those preoperationél children who failed
the transitivity question, all but one (who gave an
"exclusion" rationale) gave "unintelligible® rationales,
Similarly, among the concrete operational children,

of the remaining children who ﬁassed the transitivity
guestion 6 (8.%%) gave Yexclusion" rationales and

29 (40.3%) gave "juxtaposition" rationales. On the
other hand, among those concret2 operational children
who failed the transitivity question (7 in all) all

but one gave "unintelligible" rationales.h A correlation
anaiysis performed on the rationales and performance

on the transitivity question revealed a significant
negative correlation (r = -.267, p £.001) for "unin-
telligible" rationales, and a signficant positive
correlation (r = .241, p £.01) for "juxtapositiouns".
‘The Yexclusion" calegory wés in the positive direction
but no significant. These data indicate then, that
giving an Munintelligible'" rationale was significantly
associated with having failed the transitivity question,
whereas giving_é "juxtapositiqn"'rationale was signif'
_ficéntiy.assoéiateé witﬂ ﬁaviﬁg passed thé transitivity.

questicn,

To summarize, concerning transitive inference judgments
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to actual objects, the data revealed that concrete
operational children performed significantly_better

than preoperational children, although both groups
'responded'cdrrectly a large proportion of the

time.. The daté alSo-indicate'that'these judgments’

were signficantly effected by treatmént,‘mode correct

and degree of wrongness. The effect of treatment result-
ed from children in the actual first condition success-
fully aaswering the transitivity question significantly
more often than children in the photograph first con-
dition. The effect of mode correct relates to the treat-
ment effect in that when children witnessed either an
illogical or absurd ending to the photos prior to taking
the actual task (i.e., the photo first, actual correct
condition) performance on the actual task'decreased'éigni-‘
ficantly. With regard to degrée of wroﬁgness,”the data
revealed thét the absurd ending had a more powerful negé
ative impact on later transitivity judgments than did
the illogical ending. Concerning'rationales; the data
indicated that only Cognitive level was significantly’
related to the type of rationale uéed-by the child. Thus,
it appearé that such variables as Treatmenf; Mode Correét
and Degree of wrongness may have an impact on a child's
performance (i.e., judgment) but not on the child's
understanding (i.e., rationale). The rationale data
revealed that the preoperational children gave signi-

ficantly more "unintelligible" rationales than the con-
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crete operational children, a small percentage of both .
groups gave "exclusion®" rationales and concrete oper-
ational children gave significantly more "juxtapoéition"
rationales than preoperational children. Finaliy; the -
data revealed a significant negative correlation between
performance oﬁ fhe judgment question and thé iikeiihood
of giving an "unintelligible" rationale and a significant
positive correlation between performance on the judgment
guestion and the likelihpod of giving a "juxtaposition®

rationale.

Transitive Inference Judgménts/ﬁationales—?hofographs

| The four;way anélyéis'of variancé‘pefformed on
transitive inference judgments using the“photograbhic
slides revealed é.significant effect for.Treatmeﬁt,
F( 1, 144) = 8.416, p‘<;01 and ﬁode Cérréct; (1, 144) =
28,286, p.<.OO1.. There were significant interactions .
fo:»Txeatment by Mode Correct, F(1, 144) = 23,371, .
p £.001, and Cognitive level by Degree of Wrongnesé,‘
F( 1, 144) = 5.844, p£.05. |

Overall, 78.8% of the preoperational children

sucéeésfully énsﬁered the transitivity queétion,ron
the other hand 83.7%~of the concrete operational
children did so. 'Thus, as with the actual objects,
both groups answered this question correctly the major—
ity of the time. However, in contrast to the actual

objects conditions, there was no significant difference
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between the groups.

As shown in Table 16the main effect of Treatment was
due to the fact that children in the photograph first
" condition gaﬁe significantly more -correct judgments
(i.e., 88.7%) than the children in the actual first con-
dition (7%.7%), p.(;01. A fufther examination of Table
also reveals that the effect of Mode Correct was due to
- the fact that children made significantly more correct
judgments in the actual correct cohdition (i.e., 95%
as compared to 67.5% in the photograph correct condition).
The significant Treatment by Mode Correct interaction
explains more fully the pattern of'performénce in the
photograph slide présentation. In the photograph first
condition, children have not witnessed any outcome(either,
phqtographip or actual) to thé transitivity problem and
performance was»uniformly high. Similarly, in the actual
first, actual correct conditioun, the actuai blocks de-
picted the logical outcome and agéin;tchildren had no
problem in correctly providing a transitiﬁé inference
judgment when they sWitchedvtb the photographs. How-
ever; in the actual first, photograph correct condition,
the éhildren wifnessed eifher an illogical or absurd
ending with the actual blocks and then proceeded to make
judgments about the photographs, wﬁich resulted in a
significant decrease in correct transitive inference
judgments to the photographs. Thus, the children in

general appeared able to solve the transitive inference



- Table 16
Percentage of correct transitive inference judgments as a

finction of Treatment and Mode Correct(Photographs Condition)

Treatment

Mode Correct Photo first Actual first Mean %
Photo correct 87.5 - 47.5 - 67.5
Actual correct 90.0 100.0

Mean % o 88,7 73.7
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judgment problem when presented in a slide presentation,
however, when the slides were préceded by an actual pre-
sentation of the problem which demonstrates an incorrect
(illogical or absurd) outcome, the children's performance,
regafdless of cbgnitive level, necreases. In other
words, they were influenced.by what they witnessed fifst.

Although both the concrete operafional and preop-
erational children were influenced by the prior presen-
tation of the actual problem with an incorrectv outcome,
the Cognitive level by Degree of Wrongness interaction,
(p ¢.05), suggests that the preoperational children and
connrete'operational children were affected differently,
As can be seen in Table 17 the preoperétional children
in.the actual first condition were influenced by both
illogicai.and absund endings witnessed prior to respond-
ing to the slides. The concfete operational children,
on the other hand, only showed a significant decrease
in performance when they saw the presentation of the
actual problem with an illogical outcome first (p <£.01),
but were not infiuenced by the absurd ending. .

An examination of rationales revealed that among the
preoperational children, 82.5% of their rationales were
"unintelligible", 11.2% were "exclusions' and 6.2% were
"juxtapositions", . Corresponding values for the concrete
operational children were 554 (unintelligible), 11.2%
(exclusions) and 3%.7% (juxtapositions) respectively.

A test of independence revealed this difference to be



Table 17

FPercentage of correct transitive inference judgments as a function of

Cognitive Level,_Degree'of Wrbngnessiand Treatment(Photographs condition)

Cognitive
Level

Preoperational

Concrete
Operational

Mean %

Degree of Wrongness

Illogical : Absurd
Photo first Actual first Photo first: Actual first
80.0 50.0 90.0 40,0
' 80.0 20.0 90.0 80.0
85.0 35.0 90.0 60.0

_ Mean%

. 67.5

6765

6L
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significant at the .001 level. Again, three indepdendent
four-way analyses of variance (Cognitive level, Treatment,
Mode Correct and Degree of WIongness) wvere performed on
the frequencles of each type of ratlonale. The ana1y31s
for the "unlntelllglble" rationales revealed a signi-
ficant main effect of Cognitive level, F(1, 144) = 15.125,
p £.001, and a main effect of Treatment, F(1, 144) = 6,125,
p £.05. These data are presented in Table 18.

Scheffe post-hoc comparisons indicated that the main
effect of Cognitive level was due to the preoperational
children giving significantly more "unintelligible®
rationales than the concrete children (p <.01). The
main effect of Treatment was due to children in the
photo first condition giving significantly fewer “unin-
telligible" rationdles than in the actual first conditiom.
Thus seeing the actual presentation prior to responding
to the photographs tends to increase the probability of
giving an "unlntelllglble" ratlonale. The analy51s of
vexclusion" rationales again (as occurred with the actual
presentation) revealed no significant differences fer
any factor and no significent interactions. Finally,
the analysis performed on the ﬁumber of "juxtaposition"
rationales revealed a significant main effect for Cog-
nitive level, F(1, 144) = 22,926, p <.001, and a signi-
ficant main effect for Treatment, F(1, 144) = 6.821,

p (.01, and a significant Cognitive level by Treatment

interaction. These data are presented in Table 19.
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Pable 18
Percentage of Qunintelligible"'rationales given for
transitive inference judgments as a. function of Cog-

nitive level and Treatment(Photographs Condition)

Treatment
Cognitive
Level Photo first Actual first  Mean%
Preoperational T7.5 87.5 82.5
Concrete Operational 42.5 67.5 55.0

Mean % 60.0 775
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As shown in Table 19 the Cognitive level effect
was due to the concrete operational children giving
significantly more "juxtaposition" rationales than the
preoperational children. The effect of Treatment result-
ed from the childrén in the photograph first condifion
giving more "juxtaposition" rationales than the child-
ren in the actﬁal first condition, The Cognitive level
by Treatment interaction revealed that the preoperation-
al children gave significantly fewer "juxtaposition"
rationales, but were not affected by Treatment, while
the concrete operational children gave significantly
less Yjuxtaposition" rationales in the actuwal first
condition than in the photograph first condition(p €.01).
Thus, for concrete operational children, seeing a real
presentétion first ténds to inhibit their.ability to
provide “juxtaposition® rationales in_the photographic
presentatién.

Table -20 presents the distribution of frequencies
of justifications for correct and incorrect judgmentits to
“the tfahsitivity'queStion'for each cognitivé level. As
can be seen in Table 20 a large proportion of both
preoperational and concrete operational children who
passed the transitivity question also gave an *"unintelli-
gible rationale(i.e., among the preoperational children 51
of 63 or 81% and among the concrete children, 31 of 66 or
47%)., This result is similar to that obtained with the ac-

tual objects., Another similarity emerges regarding the ex-
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Table 19
" Percentage of "juxtaposifion" rationales given for
transitive inference judgments as a function of Cog-

nitive Ievel and Treatment(Photographs Condition)

_ Treatment
Cognitive
Level Photo first Actual first Mean?$ -
Preoperational 7.5 5.0 6.2
Concrete Operational 47.5 20.0 33,77

Mean % 27.5 12.5




Table 20

Frequencies of rationales for correct and incorrect judgments to the

transitivity question(Photographs Condition)

Cognitive
Tevel

Preoperational

Concrete
Operational

Judgment

correct

incorrect

correct

incorrect

Juxtaposition

Unintelligible Exclusion
51 8 4
15 1 1
31 8 27
12 1 0

08
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clusion" and "juxtaposition" rationales. Of the re-
maining preoperational children who passed the trans--
itive inference judgment question, 12.7% gave ex-
'clusion,rafibnales and 6.3% gave "juxfaposition"'
rationales, bn the other hand, among those preép—'
erational children who failed the transitivity question,
all but two gave "unintelligible" rationales. Among

the concrete operational children who passed the trans-~
itive inference judgment question, 12.1% gave "exclusion®
rationales and 41% gave "juxtaposition" rationales;

Among the concrete operational children who failed the
judgment question, (13 children in all), all but two

gave "unintelligible" rationales, A correlation

analysis performed on rationales and performeace on

the transitivity question revealed a significant

negative correlation (r = %223, p £.01) for "unintelli-
gibletrationales, and a significant positive correlation
(r = .202, p £.05) for "juxtapositions". The "exclusion"
category was in the positive direction but was 'mot signi-
ficant.

To summarize this section, concerning transitive
inference judgments to the photographs, the data indicate
that both preoperational and concrete operational child-
ren responded correctly in the majority of instances,
Althougn the concrete opefatioﬁai children performed
better on this task, the difference in this case was

not significant (as it had been with the actual objects).
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The data again indicate that judgments were significantly
affected by treatment, mode correct and degree of wrong-
ness, The effect of treatment vesulted from children in
~the photograph first condition giving sighificantly more
correct judgments than children in the actual first con-
dition. The effect of mode correct relates to the treat-
ment effect in that when children witnessed either an .
illogical or absurd ending to the actual objects pre-
sentation prior to witnessing the photographs (i.e.,

the actual first, photo correct condition), performance
on the photographic task decreased significantly. The
above findings are iu line with what was found for the
actual oﬁjects; On the other hand, these data (for the
photographs) revealed a'significant‘cognitive level by
degree of wrongness interaction, whiéh was not found
with actual objects., Specifically, the data showed that
witnessing either the illogical or absurd ending to the
actual task decreased correct responding on the photo-
graphic task among the preoperational children, On the
other hand, among the concrete operational children per-
formance declined significantly only if the children wit-
nessed the illogical ending. ‘Thus in contrast to the
previous data on the actual objects, which showed that

. regardless of cognitive level performance decreased after
. the children witnessed an absurd ending to the photo
presentation, these data (for the photo judgments) show-

ed that for the preoperational child both the illogical
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and the absurd ending effectively reduced successful
photo "judgments, and for the concrete operational child °
witnessing the illogical ending now significantly re-
ducéd correct-judgments.

Concerning rationales,'the data again indicate that
cognitive level is significantly related to the type of
rationale the child uses., Preoperational children gave
significantly more M"unintelligible" rationales than the
concrete operational children, an equally small percen-
tage of both groups gave m"exclusion® rationales, and the
concrete ooperational children gave significantly more
"juxtaposition" rationales. Contrary to what was found
with the actual objects, treatment appeared as a signi-
ficant variable for both the "unintelligible" and "jux-
taposition® rationales. Witnessing the actual presen-
tation prior to résponding to the photographs tended to
increase the probability of glVlﬂg an"unlnteLllglblp"
ratlonale, whereas witnessing the photograph first tended
to increase the number of "juxtaposition" rationales,
Finally, as was the case with the actual objects, the
data revealed a significant negative correlation between
performance on the judgment question and the likelihood
of giving an"unihtelligible" rationale and a significant
positive correlation between performance on the judgment

guestion and the likelihood of giving a "juxtaposition®

rationale.
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Performance data - Transitive Inference (referent

materials)

This section presents data from the refefent
materidls‘éonditigns, where two actual transitive infer—.
ence tasks (one logical and the other illogical or absurd)
were administered. Again, children in each condition
were scored either correct or incorrect for their
transitive inference Judgments to the two actual con-~
ditions. Also children were asked to provide a ration-
ale for each of their judgments., The rationales were
classified into three categories (the same as used with
the photographic/actual objects conditions). A reliability
- analysis showed 91% agreement between two judges,

Two independent three-way analyses of variance,
Cognitive level by Treatment by Degree of Wrongness
were performed on the number of correcf transitive in-
ference judgments for both the correct and incorrect
version; of the task. Three independent three-way
analyses of variance were performed on the frequencies
of the types of rationales given for the transitive in-
ference Jjudgments.

Pransitive Inference Judgments/Rationales-Correct Version

The analysis pérformed on transitive inference
judgments when.the task turned out in a logically correct
fashion revealed a significant effect for Treatment,

(1, 72) = 1%3.444, p £.001. No other main effects were
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significant and there were no significant interactions.

As can be seen in Table 21 both the preoperational
and councrete operatidnal children answered the trans~
Aitivity question'dorrebtlyiﬁuch of the time(i.e., 77.5%
for the preoperational and 90% correct for the concrete
operational). The main effect of Treatment was the
result of children in the correct first condition giving
significantly more (i.e., 97.5% as opposed to 70%) correct
transitive inference judgments. Thus, as was the case
with the transitive inference judgments in the photo-
graphic/actual object conditions, children, regardless
of cognitive level were influenced in their transitive
inference judgments by witnessing an incorrect version
of the task,

Among the preoperational children, 60% of their
rationales were categorized as "unintelligible", 3%2.5%
as "exclusions", and 7.5% as “"juxtapositions”., Corres-
ponding Values for the concrete 6perationa1'children were
32,5% ("unintelligible"), 30% ("exclusirns"), and 37.5%
("juxtapositions"), A test of independence revealed this
to be significant at the .01 level,

A threexway analysis of variance performed on the
number of funintelligible® rationales revealed a signi-
ficant difference due to Cognitive level, F(1, 72) =
6.936, p €.05 and Treatment, F(1, 72) = 9;688, ) (.61.
There were no significant interactions.

‘The main effect of Cognitive level was due to the
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Table 21
Percentage of correct transitive inference judgments
as a function of Cognitive Tevel and Treatment

(Correct version, Referent Materials Condition)

Cognitive Level

Treatment Preoperational Concrete Mean 9
Correct first : 95.0 1090.0 97.5
Incorrect first 60.0 80.0 70.0

lean % 175 90.0




87

preoperational children giving significantly more
"unintelligible" rationales than the concrete oper-
ational children. The main effect of Treatment was due
to the children in the incorrect first condition giving
significantly more Yunintelligible% rationales than

the children in the correct first condition (see Table
22).

The analysis of "exclusion" rationales revealed a
significant main effect for Degree of Wrongness, F(1, T71)
= 4,24, p {.05. There were no significant interactions.

The three—ﬁay analysis of variance performed on the
number of "juxtapositions" showed a significant main
effect for Cognitive level, T(1, 72) = 13.787, p ¢.001,
and Treatment, F(1, 72) = 9.574, p ¢.01., There were no
significant interactions. The méin effect of Treatment
was due to the children in the incorrect first condition
giving significantly fewer "juxtaposition® rationales
(i.e., 10%) as compared to the children in the correct
first condition (i.e., %5%).

Table 23 presents the distribution of justifications
for correct and incorrect judgments to the transitive
inference question for each cognitive level, 1In a
manner.similar to what was obtained in the photographic/
actual objects conditions, a large number of both pre-
operational and concrete operational children wh6 passed
the transitive inference judgment question also gave

tunintelligible® rationales., Also similar was the fact
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Table 22
Percentage of tunintelligible” rationales given for
transitive inference judgments as a function of Cog-
nitive Level and Treatment(Correct version, Referent

Materials Condition)

Treatment
Cognitive '
Level Correct first Incorrect first Meand
Preoperational 40,0 80.0 60.0
Concrete
Operational 20.0 45,0 52.5

Mean % ' 30.0 ‘ 62.5




Table 23

Frequencies of rationales for correct and incorrect judgments to the

transitivity question{Correct version, Referent Materials Condition)

Cognitive
Level

Preoperational

Concrete
Operational

Judgment

correct

incorrect

correct

incerrect

Rationale
Unintelligible Excliusion Juxtaposition
15 13 3
S 0 0
10 11 15
3 1

68
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that among those children (both preoperational and
concrete operétional) who gave either "exclusion" ox
rjuxtaposition® rétionales (43 children in a21l) all but
one paésed the transitive”inferencé judgment question.
A correlational analysis of rationales and performance
on the.transitive inference qﬁestion revealed a signi-
ficant negative correlation (r =-.407, p £.001) for
"unintelligible!" rationales, a significant positive
correlation (r = .224, p <.05) for Yexclusions", and a
siénificant positive correlation (r = .237, p <£.05) for

mjuxtapositions®,

Transitive Inference Judgments/Rationales-Incorrect Version

The analysis performed on transitive inference
judgments when the task turned out incorrectly revealed
a significant main effect for Treatment, F(1, 72) = 6.4,
p £.05. There were no other main effects and there were
no significant interactions,

As can be seen in Table 24, the main effect of
Preatment was the result of children in the correct first
condition giving significantly more correct transitive
inference judgments. As Table 24 indicateé, both the
preoperational and concrete operational childrens' per-
formance was uniformly high in both the correct first
and incorrect first conditions, however, both groups
of children were aided in their Jjudgments by witnessing
the correct outcome (i.e., in the correct first version)

prior to making a judgment in the incorrect version.
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Table 24
Percentage of correct transitive inference judgments
as a function of Cognitive Level and Treatment(Incorrect

version, Referent Materials Condition) .

Cognitive Level

Treatment Preoperational Concrete Mean %
Correct first 90.0 100,0 95,0
Incorrect first 75.0 75.0 75.0

Mean 9/0 82.5 8705
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Among the preoperational children, 57.5% of their
rationales were categorized as "unintelligible", 35% as
Yexclusions" and 7.5% as "juxtapositions", Corresponding
values for the concrete operational children were 35%
(Punintelligible"), 35% (“exclusions"), and 30% ("jux-
tapositions"). A test of independence revealed this
difference to be significant at less than the ;05 level,

A three-way analysis of variance performed on the
number of *unintelligible¥ rationales revealed a signi-
ficant main effect for Cognitive level, F(1, 72) = 4.472,
p .05, and Treatment, F(1, 72) = 9.331, p ¢.01. There
were no significant interactions. The main effect of
Cognitive level was due to the preoperational children
giving significantly more "unintelligible! rationales
than the concrete operational children. The main effect
of Treatment was due to the children in the incorrect
first condition giving significantly more "unintelligible"
rationales than the children in the correct first con-
‘dition,

The analysis of "exclusicn" rationales revealed no
significant main effects and no significant interactions.
Finally, the analysis performed on the number of "juxta-
positionsY showed significant main effects for Cognitive
level, ®(1, 72) = 7.8%9, p ¢.01, and Treatment, F(1, 72)
= 11.710, p £.01. There were no significant interactions.

the main efiect of Cognitive level was due to the con-
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crete operational children giving significantly more
"juxtaposition® rationales than the preoperational child-
ren, and the main effect of Treatment was due to children
in the correct first condition giving significantly more
rjuxtaposition!” ratiomales than children in the inéorrect
first condition.

Table 25 presents the distribution of frequencies
of rationales for correct and incorreci judgments ©o
the transitive inference question for each cognitive
level, These data essentially replicate the findings
in the other conditions, i.e., & large number of both
preoperational and concrete operational children who
passed the transitive inference judgment question gave
vunintelligible" rationales, and among those children
(both preoperational and concrete operational) who |
gave either "exclusion" or "juxtaposition" ration-
alés (43 in all)‘all but 4 passed the transitivity
question, A correlational analysis between ration~ -
ales and performance on the transitive inference ques-
tion revealed the same pattern found previously, i.e.,
a negative correlation (r = -.172) for "unintelligible®
rationales, and positive correlations for both the
exclusion®(r = .015) and"juxtaposition"(r = .202) ration-
ales, however, in this case none of the three reached
significance.

In summary, both the correct and incorrect versions.
? X
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transitive inference question

requencies of rationalies for

Table 25l

correct and incorrect judgments to the

{Incorrect version, Refexent Materials

condition)
Rationale

Cogrnitive
Level Judgment Unintelligible Exclusion Juxtaposition

correct 18 12 3
Pree-
cperational

incorrect 5 2 0

correct 11 . 12 12
Concrete
Cperational

incorrect 3 2 0

¥6
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revealed a significant main. effect for Treatment. In

the correct version this resulted from children in the
correct first condition giving significantly more correct
transitive inference judgments. 1In other words; perform-
ance decreased when children witnessed an incorrect
outcome first. In the incorrect version, the treatment
effect resulted from children in the correct first con-
dition giving significantly more correct transitive
inference judgments, i.e., performance incréased when
children witnessed a correct outcome to the task prior

to making their judgment., 1In line with the previous
findings ( i.e., in the photographic/actual objects con-
ditions) the majority of both preoperational and con-
crete operational children successfully answered the
judgment question. There were no significant differences
due to either cognitive level or degree of wrongness

and there were no significant interactions,

Concerning the rationales given for the transitive
inference judgments, the data showed that in both the
correct version and incorrect version, preoperational
children gave significantly more 'unintelligible®
rationales than concrete operational children and éon_
crete operational children gave significantly more"jux -
taposition® rationales, Similar to what was found in
the photographic/actual objects conditions, there was
a negative correlation between pérformance on the judg-

ment gquestion and offering an "unintelligible" rationale,



96

and a positive correlation between performance on the
judgment question and giving éither an "exclusion! or

vijuxtaposition" rationale.

DISCUSSION

In respect to transitive inference, an examination
of performance revealed that across all conditions,
(photographic/actual and referent materials), concrete
operational children performed better than preoperation-
al children. Averaging across all conditions, the
data revealed that 88.1% of the concrete children success-
fully answered the transitivity question, whereas 78.1%
of the preoperational children did so. The only con- |
dition in which the difference between preoperational
and concrete operational children reached significance
was in the actual object condition where 91.2% of the
concrete children and 73.7% of the preoperational child-
ren were correct., This high level of performance for
both the preoperational and concrete operational child-
ren was essentially the same whether actual objects were
. used or photographs.

In order to interpret the above findings, it is
necessary to briefly examine the literature concerning
transitivity. The chief proponent of the structural
interpretation of transitivity is Piaget, (e.g., Piaget,
1970) whereas a functional interpretation is given by.

Trabasso (e.g., Trabasso, 1975). Underlying their
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different views on transitivity is a more general diff-
erence concerning the nature of cognitive development.
Briefly, Piaget's position is that cognitive development
is a stage-like progression wherein qualitatively diff-
erent thought structures emerge during development. The
ability to successfully deal with a transitivity problem
reflects for Piaget, the use of the underlying cognitive
structures. The structures necessary for a true under-
standing of transitivity do not emerge until the child
is in the concrete operational stage, i.e., around seven
or eight years of age. A number of studies(Smedslund,
1960, 1963%; Murray & Youniss, 1968; McManis, 1969;
Youniss & Murray, 1970; Youniss & Furth, 1973) confirm
Piaget's claim concerning the age of attainment of trans-
itivity understanding.

Trabasso approaches cognitive development from an
information processing standpoint. He proposes that
cognitive development is a quantitative increase in
stored information and the development of more efficient
and adaptive methods of processing information. Accord-
ing to Trabasso, children and adults deal with the trauns-
itivity problem in the same way, what is different, is
the efficiency with which they function and the amount
of information they have stored concerning problems of
this variety.

Trabasso, as well as a numb2sr of other researchers

(Braine, 1959; Roodin & Gruen, 1970; Brainerd, 1973b;
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Bryant, 1973, 1974; Bryant & Kopytynska, 1976; Bryant &
Trabasso, 1971; Deboysson-Bardies & O'Regan, 1973; Tra-
basso, 1975; Trabasso, Riley, & Wilson, 1975) have shown
that, contrary to Piaget's assertions, transitivity pro-
blems are solvable by children as young as four and five
years of age. The obvious question of course, is why
this difference ;n findings. The answer, to a large
~extent, appears to lie in methodology. That is, these
different schools of thought have generated studies
which vary in response requirements, type of task and
training. For example, Trabasso(1975) has argued that
children do not, as suggested by Piaget, solve trans-
itivity problems via logical inference, but rather,
solve such problems via the scanning of a linear spatial
array which the child represents in memory, if given
appropriate training. Huttenlocher(1968) suggests that
~adults also use spatial arrays in solving this type of
problem. Trabasso emphasizes the role of memory in
cognitive performance and has found that extensive train-
ing results in successful transitivity among four and
five-year-olds., The Piagetian view.(e.g.,'Flavell &
Wohlwill, 1969) of course, would be that this is only
"pseudo~transitivity” and does not reflect true under-
standing. Given the above, it is important when consider-
ing the present results(particularly concerning preop-

eraticnal performance) to examine how the current method-
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ology may have influenced responding on the transitivity
task.

It will be remembered(see method section) that in
this study, a three term series problem was employed
using blocks which varied in height by one-half inch,
Just prior to making the transitivity Jjudgment, children
were questioned concerning the initial two premises and
if they did not remember both, the experimenter started
from the beginning and went througn the enter procedure
again, In an attempt to avoid simple labeling of the
blocks i.e., the green one is small and the red one is
big etc., the experimenter asked the memory questions
in such a fashion so that only the intermediate size
block was labeled, and in both directions, so that it
was "larger" than one block and “smaller" than the other.
This is not to imply that subjects could not or did not
spontaneously label the smallest and largest blocks, but
rather, that the experimenter did not supply such labels.
Although the memory training was not so extensive as
Trabasso (Bryant & Trabasso, 1971) suggests as necessary,
the fact that only a three term series problem was em-
ployed seemed to minimize the need for extensive training.
In general then, this experiment established a context
vhich appeared to offer the subject a reasonably large
amount of aid in solving the problem, which may account
for the high level of performance among preoperational

children.
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As noted earlier, the majority of both preoperation-
al and concrete operational children (who were all first
graders and approximately the same age) successfully ans-
wered the transitivity question. In every condition, how-
ever, the concrete operational children had a higher per-
centage correct. With age and school grade held constant,
along with training and task, these data indicate that
concrete operational children, when confronted with a
task context as outlined above, have a small but con-
sistent advantage over preoperational children. Regard-
ing task context, it may be, as Flavell(1971, 1977) notes,
that certain situations make evoking and utilizing an
ability more or less difficult, In the present cir-
cumstance, the problem was biased in the direction of
simplifying the evocation and utilization of whatever
skills the child might have available. With only judg-
ments to go on however, it would be difficult to decide
wvhich set of abilities (e.g., Trabasso's linear array
technique, Piaget'!s logical inferencing or simple per-
ceptual discrimination) children were using. Several
of Trabasso's studies,(see Trabasso, 1975), which re-
quired only judgments, were designed in such fashion,
i.e., using five and six series problems, to test for
the child's utilization of a linear spatial array. It
may be however, that altering the task in this fashion,

also alters which abilities the child evokes and utilizes.
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One possible way of examining this iséue, is to ask
the child for a rationale. However, before discussing
the matter of rationales, several further comments are
necessary concerning how other variables beside cogni-
tive level had an effect on transitivity performance,

Unlike cognitive level, treatment was a significant
variable in all of the conditions tested. This effect
clearly indicates that children, regardless of cognitive
level were influenced in their judgments as a result of |
first witnessing an incorrect ending to a problem. Imn
all conditions, correct performance was reduced signi-
ficantly when a child first witnessed an incorrect end-
ing to the transitivity problem. As this result also
occurred in the referent materials condition{where no
photographs were used), it appears that this effect is
not dependent upon the use of photographs.

Degree of wrongness was only significant in the
photographic/actual object condition., Specifically,
the data revealed that with the actual objects, perform-
ance for both cognitive levels declined as a result of
, witnessing the absurd ending(especially among the pre-
operational children). On the other hand, in the photo-
graphic condition, preoperational performance declined
as a function of witnessing either the absurd or illogical
ending, and concrete operational performance declined

after witnessing the illogical but not the absurd ending.
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These data appear to indicate that a photograph, in
respect to it's fidelity to reality, is more closely
heeded when it departs significantly from reality(as

was the case in the absurd ending). A similar finding

in the O'Connor et al, comnservation study, indicated that
when children viewed the photographs before doing the
actual conservation task, they were more likely to select
the photo as "the way the water really should look" when
it turned out incorrectly. On the other hand, the pre-
sent data indicate that with actual objects, especially
for the concrete operational children, a less dramatic
departure from reality (i.e., the illogical ending) is
more readily believed and paid attention to. Thus, it
would appear that although both groups of children success-
fully answered the judgment question the majority of the
time, their ability to withstand counterfactual evidence
varied as a function of how the material was presented
(photographic or actual object) and the extent to which
it departed from what would logically be expected.

The next issue to be discussed is the rationales
given for transitivity judgments. As outlined in the
results section, these rationales were classified as
"unintelligible", "exclusions", and "juxtapositions".
Averaging acéross all conditions, the data revealed that
preoperational children gave "unintelligible" rationales

659,1% of the time whereas concrete operational children
/
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did so 44.2% of the time. In every condition, the
preoperational children gave significantly more '"unin-
telligible" rationales than the concrete operational
children, Concerning 'exclusion" rationales, preop-
erational children gave on average 37.5%, whereas conc-
rete children gave 21.3%. However, there was no signi-
ficant cognitive level difference for this type of
rationale in any of the conditions., Finally, an examin-
ation of "juxtaposition" rationales revealed that on
average preoperational children gave such a rationale
6.9% of the time, and concrete children did so 34.5%

of the time., 1In evefy condition, the concrete children
gave significantly more "juxtaposition" rationales than
the preoperational children. Contrasting.the photographic/
actual object condition with the referent materials con-
dition revealed that the number of "unintelligible"
rationales decreased in the referent materials condition
for both the preoperational and. concrete operational child-
ren, whereas the number of "exclusion" rationales in-
creased for both groups., Specifically, in the photo-
graphic/actual object condition, preoperational children
gave on average 79.4% "unintelligible" rationales and

14 .,4% vexclusions", whereas in the referent materials
condition, these percentages were 58.8% and 3%.8%, res-
pectively., Similarly, for the concrete children, in the

photographic/actual object condition they gave 54 .7%
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"ynintelligible" rationales, and 10.5% "exclusion®,
whereas in the referent materials condition'these fig-
ures were 33.8% and %2.5%, respectively.

These categories were adopted from Glick and
Wapner(1968)1, who report a transitivity study which
examined cross sectionally (i.e., 8 to 18-year-olds)
the judgment versus judgment/rationale issue as a fun-
ction of age, mode of presentation(actual object versus
verbal presentation), and form of presentation (isotropic
é.g8., ACB{C versus heterotropic, e.g., B»A; B{(C). The
results of that study revealed an ontogenetic treﬁd of
more successful judgment and more logical type rationale
use with age. Imn the.present study, age was held constant
(i.e., 6-year-olds) and cognitive level varied, and the
same type of trend emerged, i.e., more "unintelligible"
rationales were given by preoperational children and
more "juxtaposition" rationales were given by coacrete
operational children.

It is necessary at this point to consider exactly
what these rationales imply. The so-called *"unintelli-
gible" rationale, e.g., "because", or "I just know", etc., -
may imply several things. For example, it could con-
ceivably mean that a) the child has no understanding and
is simply guessing, b) the child has solved the problem

1In the present study the term *"unintelligible" was

used in preference to "tautology"(employed by Glick
& Wapner). The former term more accurately reflects

the nature of the category in question.
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by some method other than logical inferenciﬁg (eegoy
direct perceptual discrimination, scanning of 2 linear
spatial array) and does not have the ability to verbalize
this process, c) the child has solved the problem by a
logical inference and cannot verbalize this logic d)

some combination of b and c¢. The "exclusion’ rationale,
whereié the child announces one but not both of the
premises, e.g., that A(B or B(C, could conceivably imply
one of the meanings previously outlined for “unintelli-
gible" rationales, except that the child is demonstra-
ting an ability to verbalize what is, from a logical
standpoint, a more adequate explanation. Finally, the
rjuxtaposition? rationale, i.é., where the child announ-
ces both premises, appears to reflect an understanding
or belief on the child's part that an adequate explan-~
ation in this circumstance requires the stating of both
the relational premises which the child has witnessed.
One further meaning, which entails all three rationales,
is that the rationale which the child gives may not
reflect so much the way the child has solved the problem,
but the social understanding which the child has coﬁcern;
ing what types of rationales are appropriate in these
circumstances. In other woxrds, the child may, for ex~
ample, have actually solved the problem using a linear
spatial array, but when called upon to justify his ans-

wer may either not be aware of how he solved the problem
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or if aware, may be unable or unwiiling to verbally
express it. Interestingly, Huttenlocher(1968) notes
that adults tested on this type of problem reported
feeling embarrassed over solving the problem by the use
of an internally represented spatial array.

As noted by several authors (Braine, 1959; Bryant,
1973; Bryant & Trabasso, 1971; Brainerd, 1973a) the
requirement of a rationale as part of the criteria for
passing a transitivity problem may result in type II
errors, i.e., false negatives wherein the child really
understands the problem but does not have the ability
to verbalize his answer. The more demanding type of
Piagetian response to this assertion would be that if
the child really has the logic then he will be able to
verbally express it., However in more recent works
(Piaget, 1974) Piaget has acknowledged that there is
a developmental gap between understanding something and
being able to verbally express it. 1In the present study,
a rationale was not treated as evidence of the understand-
ing of transitivity, but was used to see if children at
different cognitive levels would use different types of
rationales and how photographs might affect those ration-
-ales, and not to define one rationale as better than
another, On the other hand, it could be argued(e.g.,
see Glick & wapner, 1968), that the more logical type

rationale, such as juxtaposition(or integration, which
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Glick & Wapner obtained from older subjects) is a more
"adequate" type of justification than "unintelligible"

and "exclusion" rationales. However, "adequate" in this
case might mean "giving the experimenter what he is look-
ing for", Going back to the point made about what ration-
ales mighf mean, if they simply reflect social understand-
ing of what the situation calls for rather than reflecting
how the problem was really solved, then it would be
conceivable that passing and failing of the judgment
guestion would not necessarily have a great deal to do
with the type of rationale which followed such judgment.
In line with this assumption is Glick and Vapner's find-
ing that logical rationales (i.e., integration type
rationales) were given by their oldest subjects (18-
year-olds) regardless of whether they answered the judg-
ment question correctly. This might indicate that

these older subjects know, in a social sense, what kind

of answer is appropriate, but among those who failed the
judgment question either the logic was misused or perhaps
actually not used at all in solving the problem. In

this regard then, the present data are illuminating.

The most clear cut finding was that, except in.a
very few instances, children who gave either an "ex-
clusion” or "juxtaposition" rationale were also correct
in the transitivity question. On the other hand; émong

those children, bolth preoperational and concrete op-
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erational, who gave "unintelligible'" rationales 25.4% .-
failed the transitivity question. 1In other words, the
vast majority of children who failed the transitivity
question also gave an "unintelligible" rationale. Glick
and Wapner sﬁggest (consistent with Werner, 1937) that the
same judgment may reflect different sets of underlying
processes, The present data, taken togethef with the
Glick and Wapner findings reflect the possibility that

the same rationale may mean different things as one

develops. TFor éxample, the six-year-old data seem to

vsupport the idea that there is a direct link between

their logical rationale and their understanding of the
problem. In other words, for these children, it may be
that the logical rationale reflects the attainment of
transitivity understanding, which they are now able to
articulate, and also an ﬁnderstanding that this task
context is a socially appropriate moment for such a
response. For the older subjects in the Glick and
Wapner study who failed the transitivity question but

still used a logical type rationale, it may be more out

of social habit, i.e., thru schooling etc., that they

are able to realize that this situation calls for something
like a logical type statement of premises, so they simply
figure out the right type of statement to make and fill

in the blanks with the wrong answers.
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