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Abstract

A great deal of controversy surrounds the age of development of logical

reasoning as assessed by the ability to make transitive inferences. The

pu rpose of these experi ments was to assess trans it i ve inference in

young children using a method that was not subject to the alternative

interpretations which plague earlier research. In Experiment I, 9 chil

dren, with a mean age of 59 months, were tested using a new paradigm,

and it was found that the subjects could correctly answer transitive in

ference quest ions at a s i gni fi cant rate (p <.04) • Experi ment II was an

attempt to assess a concept underlying transitivity. Specifically, Ex

periment II assessed the understanding that, in an array A>B>C>D>E, the

difference between Band 0 is greater than the difference between C and

D where the relationship between Band D must be inferred. 18 children

were tested and were separated into two age groups for the purpose of

data analysis. The mean age of the younger group was 55.11 months, and

the mean age of the older group was 62.33 months. Resu lts of ana lyses

revealed that older subjects had a significantly greater understanding

of the concept being assessed.
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To understand the natu re and deve 1 opment of reason and 1 ogi ca 1

thought is a central goal of modern psychology. In the field of deve

lopmental psychology, much attention has been focused on how the ability

to reason chan ges from ch i 1 dhood to adu 1 thood. The fi rst systemat i c

and, even today, the most influential description of how cognition

changes as a chil d matu res was proposed by the Swi ss psycho 1 ogi st Jean

Piaget (Ginsburg & Opper, 1969). His theory separates cognitive deve

lopment into four stages. Each stage represents a qualitative change in

the thought processes of the child from that of the previous stage. The

first stage is the sensorimotor stage, which includes the age range of

bi rth to approxi mate ly two years. The major characteri st i c of thi s

stage is the lack of symbolic thought. The ability to use mental sym

bols signifies movement into the stage of preoperations, which includes

the age range of approximately 2 years to 7 years. Although the preop

erational child is capable of manipulating mental symbols, the rules

governing these manipulations are not logical.

Movement into the stage of concrete operations, age 7 years to 12

years, is signified by the ability to solve problems requiring the use

of basic, everyday logical principles. However, the concrete operation

al child can solve problems using logic only as long as they involve

concrete, tangible objects. The final stage of cognitive development,

This thesis follows a modified version of the style of the

Publication Manual of the American Psychological Association, Third

Edition, (1983).
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formal operations, is characterized by the ability to use logical prin

ciples in connection with thought about both concrete and abstract enti

ties.

Api vo tal ass umpt ion 0 f Pia get 1st h e0 ry i s that c h il d ren i n high e r

stages of cogni t i ve deve 1 opment are ab 1 e to so 1 ve prob 1 ems that are

beyond the capabilities of children in lower stages. For example, to

differentiate a concrete operational child from a preoperational child,

one would utilize a task which required the child to use some form of

basic logic. One such problem that was used by Piaget is the transitive

inference problem. Transitive inference is the ability to infer that A

is related to C if one knows that A is related to B and that B is re

lated to C. Transitive inference is believed to be one of the first

forms of logical thought to develop. Piaget tested for the ability to

make a transitive inference by using a verbal task. For example, Piaget

would tell a child the following: Tom is taller than Bob and Bob is tal

ler than Jim. He would then ask the child, "Who is taller (or shorter),

Tom or Jim?" Piaget. found that children could not reliably solve this

prob 1 em unt i 1 the age of about 7 years, and the abi 1 ity to so 1 ve th is

and re 1 ated prob 1 ems marked the ent ry into Pi aget IS sta ge of concrete

operations.

Piaget reasoned that the preoperational child could not solve tran

sitive inference problems because of fundamental characteristics of his

mental processes. Principally, the preoperational child is said to

think in a categorical fashion rather than in a relative fashion. When

given the information that Tom is taller than Bob, the preoperational

c h il d w0 u 1 d me ntall y ass i gnan a bsol ute 1 a be 1 0f IIbig II t 0 Toman d a 1 a -

bel of "small" to Bob. Likewise, when given the information that Bob is
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taller than Jim, the preoperational child assigns an absolute label of

IIbig" to Bob and a label of IIsmall" to Jim. Because of categorical

thought, the preoperational child is unable to understand that Bob, the

reference point for both other persons in the problem, can simulta

neously be small, relative to Tom, and big, relative to Jim. Without

this realization, the child cannot coordinate the pieces of information

in order to make the transitive inference. Transitive inference is just

one task that diagnoses the general problem of categorical thought in

young children, which would seriously hinder a child's understanding

about mathematics and other important concepts.

The ability to make transitive inferences was viewed by Piaget as

one of the major abilities discriminating concrete operational from pre

operational children. His position on this issue was largely accepted

in the field of child psychology until the early 1970s. However, in

their study of transitive inference in 4-year-old children, Bryant and

Trabasso (1971) argued that the younger child does not lack the ability

to make a transitive inference, per se, but lacks the memory capacity

necessary to retain the information given in the problem until it is

needed in order to answer the inference question. This claim had a sub

stantial impact in developmental psychology because it challenged a fun

damental assumption of Piaget's theory.

The basic paradigm of the Bryant and Trabasso (1971) study involved

an array of 5 different colored rods of gradually increasing length

(Figure la). The children in this study were in one of three age groups

with a mean age of 4 years, 5 months; 5 years, 6 months; and 6 years, 7

months, respectively. The children were tested on an individual basis.
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During memory training, the first phase of the study, the children were

shown the following pairs of rods one at a time in either forward or re

verse order: A-B, B-C, C-O, and D-E. Note that only adjacent pairs were

trained. No information was given about non-adjacent pairs A-C, A-D,

A-E, B-D, B-E, and C-E. Each pair of rods was displayed using a box

which revealed the ends of the rods but which hid the actual lengths of

the rods from the child's view (Figure 1b). For each pair of rods, the

experimenter told the child which of the pair was longer (or shorter).

After this initial exposure to each adjacent pair, the child was ques

tioned about the pairs in the order given above and asked to select the

longer (or shorter) rod of each pair. If the child answered incorrect

ly, he was corrected by the experimenter. After the child had learned

to respond correctly to each of the pairs 8 out of 10 times, the pairs

were presented in a random order. The child was required to respond

correctly six successive times to each pair before training was com

pleted. Any child who failed to achieve this criterion was eliminated

from the study.

In the test phase of this study, the child was shown pairs of rods

and asked to select the longer (or shorter) of each pair. In addition

to the training pairs, the child was tested on non-adjacent pairs A-C,

A-D, A-E, B-D, B-E, and C-E. It was hypothesized by the authors that

one would be required to use transitive inference in order to make these

additional discriminations. The pair B-O was considered the critical

test of transitive inference because neither rod B nor rod D were con

sistently referred to as "bigger than" or "smaller than" during train

ing. The results of the Bryant and Trabasso (1971) study revealed that
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children at all three age levels correctly answered the critical trans

itive inference question, B-D, at a rate significantly above chance.

This seems to indicate that, contrary to Piagetian theory, even 4-year

olds can reliably make transitive inferences. Moreover, no significant

age differences were found.

A theory of the procedure used by children and adults to solve

transitive inference problems was proposed in the form of a linear

ordering model by Riley and Trabasso (1974). According to this model,

one employs transitive inference to construct a mental array of the ob

jects in the transitive inference problem and then mentally scans the

array in order to answer the transitive inference question. For exam

ple, in the Bryant and Trabasso (1971) study, one would conclude that

the child integrates the training pairs A>B, B>C, C>D, and D>E into a

mental image of the linear array A>B>C>D>E. Trabasso and his colleagues

also proposed that the construction of this array in the Bryant-Trabasso

experimental setting occurred during the training phase of the study.

Support for the linear-ordering model is provided by Trabasso,

Riley, and Wilson (1975), whose results revealed that reactions times

during testing decreased as the distance between the terms in the array

increased. This effect, known as the distance effect, is explained by

the fact that terms that are more widely separated are more easily dis

criminated when one scans a mental array of the terms.

The results of Bryant and Trabasso (1971) have not gone unchal

lenged. The main criticism has been that, as a result of the extensive

training procedures used by Trabasso and his colleagues, young children
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are able to successfully solve transitive inference problems using meth

ods which are not based on the principle of transitivity. Several auth

ors have proposed alternatives to the linear-ordering model whereby

children employ the categorical thinking characteristic of the preopera

tional child to answer the transitive inference questions. One such

model, the labeling model, was proposed by OeBoysson-Bardies and O'Regan

(1973). According to this model, the young child does not form a linear

array of the items in the problem. Rather, he attaches absolute labels

of size to the items in the problem. The young child would make "tran

sitive inferences" in situations similar to the Bryant-Trabasso experi

mental setting in the following manner (see Figure 2):

1) He attaches absolute labels of size to any rods possible.

Therefore, A is labeled as "long" and E is labeled as "short"

because, during training, A is always referred to as "longer

than" and E is always referred to as "shorter than" other rods.

2) A rod that is associated with a rod that has an absolute label

will acqui re that label through repeated pai ri ngs with that

rod. Therefore, B is labeled as "long" because it is paired

with A during training, and 0 is labeled as "short" because it

is paired with E during training.

3) To answer questions during testing concerning non-adjacent

rods, the child simpl.y responds in accordance with the labels

attached to the rods in question. For example, to answer the

question "Which is longer, B or O?", the child would answer B

because it is labeled "long", not because of the use of tran

s it i ve 1 ogi c.
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The labeling model was supported by a study conducted by DeBoysson

Bardies and O'Regan (1973). In this study, children were trained using

Bryant and Trabasso' s procedu re on the premi ses A>B and C>D and then

tested on all possible pairs of the rods. It was hypothesized that if

the labeling model was correct, the children would respond that A>D and

C>B, even though they had no basis for making this judgement. The re

sults supported this hypothesis. The authors reasoned that the children

responded in such a way because A and C were labeled "big" while Band 0

were labeled "sma l l " during training. However, another explanation for

the children's judgements in this situation is possible. It may be the

case that experi menter "demand characteri st i cs II
were ope rat i ng. That

is, although the children had no basis for judging the relationship be

tween A and 0 and between C and B, they may ha ve done so becau se they

were asked to make such a judgement by an adult and made the assumption

that the quest ion cou 1 d be an swered or it wou 1 d not ha ve been asked.

Evidence countering tne labeling model has been presented by Harris and

Bassett (1975).

Another alternative to the linear-ordering model of Trabasso and

his co 11 eagues is the sequent i a l-cont i gu i ty mode 1 proposed by Bres low

(1981). Like Trabasso's model, Breslow assumes that the child forms a

linear ordering of some sort during training. Unlike Trabasso, however,

Breslow proposed that the child does not utilize the relational terms of

"longer than" and "shorter than" to form this ordering. Because of

categori ca 1 thought, the young chi 1dis confused by the fact that some

rods are referred to as "longer than" in some premises while, at the

same time, are referred to as "shorter than" in other premises. For
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example, he is confused that rod B is referred to as both shorter than A

and longer than C. He does, however, eventually learn that B somehow

"goes with" A and "goes with" C. Bres low proposed that the ch i 1 d

retains these associations in the form of unordered pairs such as (A,B)

or (B,A) and (B,C) or (C,B). (See Figure 3.)

(A,B) (B,C) (C,O) (O,E)
(B,A) (C,B) (O,C) (E,O)
+long short+
portion portion

Sequential-contiguity model

A>B>C>D>E

Linear-ordering model

Figure 3. The sequential-contiguity model of
Breslow (1981) vs. the linear-ordering
model of Riley and Trabasso (1974).

In the sequential-contiguity model, the end rods A and E are impor-

tant because they are only referred to in one manner during training

(i.e., A is always "longer than" and E is always "shorter than").

Therefore, A and the rods that "go with" A form the "long" portion of

the linear ordering and E and rods that "go with" E form the "short"

portion of the 1 i near order. (See Fi gure 3.) To answer a transiti ve

inference question such as "Which is longer, B or O?" the child would

access the portion of the linear order corresponding to the comparative

used in the question, or, in this case, the portion associated with

"long". Because A is long, the child would then recall which rods "go

with II A. Because B "goes with" A, the child would answer the above

question correctly, but not because he made a transitive inference based

on the fact that B>C and C>O.

Both the labeling model of OeBoysson-Bardies and O'Regan and the
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sequential-contiguity model of Breslow are questioned by evidence pro

vided by Halford and Kelly (1984). In this study, children were trained

on the standard premises A>B, B>C, C>D, and D>E along with the two addi

tional premises A>D and B>E according to the Bryant and Trabasso para

digm. It was hypothesized that if the labeling and/or sequential-conti

guity models were operating, the addition of the two non-adjacent pre

mises would produce chance responding on the critical B-D comparison.

According to the labeling model, rod D is now paired with A C'longll) as

well as with E (llshortll), and rod B is subjected to similar pairings.

Because both Band D are paired an equal number of times with a rod la

beled "l onq" as they are paired with a rod labeled "short ", neither rod

B nor D will ret a ina use f u 1 s i ze 1 a be 1 a ccordin g tot he 1 a be 1 i n g mo d -

e 1 • L i kewi se, accordi ng to the sequent i a l-cont i gu i ty mode 1, if the

child accessed rod A because it is long in an attempt to determine which

was longer, B or D, he would find that both Band D IIgo withll A. There

fore, he would be unable to discriminate between Band D. However, if

the linear-ordering model of Trabasso and Riley was operating, this dis

ruption of the B-D comparison would not occur. The pattern of results

of thi s study was essent i a lly the same as that obtai ned by Bryant and

Trabasso (1971), thus supporting the linear-ordering model.

However, Halford and Kelly (1984) had several other criticisms of

the methods employed by Trabasso and his colleagues. These authors ar

gue that if transitive inference is employed during training to con

struct a mental array, as claimed by Trabasso and his colleagues, then

the elimination of subjects who fail to reach criterion and the presen

tation of premises in serial order would bias the results. This posi-
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tion is based on the assumption that using transitive inference to form

a linear array during training represents a significant memory aid.

Therefore, subjects who fa i 1 to reach cri teri on may actua lly represent

children who are unable to use transitive inference to integrate the

premises into an array, the elimination of whom would bias the sample.

Also, the presentation of premises in serial order would artificially

i nfl ate the number of ch i 1 dren who reach criteri on by fac i 1 i tat in g the

construction of a mental array.

In a second study reported by these authors, children were trained

on premises in one of two conditions: overlapping (A>B, B>C, C>D) or

nonoverlapping (A>B, C>D, E>F). To eliminate sources or potential bias,

children who failed to reach criterion were not eliminated, and premises

were presented in a random order. It was hypothesized that if the chil

dren were not able to use transitive inference to integrate the premises

in the overlapping condition, the overlapping premises would require

more trials for the children to learn because of the confusion created

by having rods Band C presented in two premises.

Subjects were in one of four age groups: 3 years, 7 months to 4

yea r s , 6 month s (mean = 3 yea r s , 10 month s ), 4 yea r s , 7 month s to 5

years, 6 months (mean = 5 years), 5 years, 7 months to 6 years, 6 months

(me a n = 6 yea r s , 1 month), and 6 yea r s , 7 month s to 7 yea r s , 6 month s

(mean = 7 years, 1 month). Results revealed that the overlapping condi

tion was significantly more difficult than the nonoverlapping condition

for the youngest group but not for any of the other age groups. The

authors interpreted these results to mean that the chi 1 dren of the

youngest age group were incapable of integrating the premises and that
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the results of Bryant and Trabasso (1971) were indeed biased. However,

it should be noted that the mean age of Bryant and Trabas so '

youngest

group was 4 years, 5 months, somewhat older than Halford and Kelly·s

youngest group with a mean age of 3 years, 10 months.

The controversy over the age of emergence of transitive inference

is far from resolved. Proponents of the Piagetian position still con

tend that young children do not possess this ability but succeed in the

Bryant-Trabasso paradigm by using categorical thinking to solve the

transitive inference problems by nontransitive means. The Bryant

Trabasso paradigm has yielded some impressive evidence of young children

making transitive inferences. However, the criticism of the extensive

training procedure cannot be ignored. It is important to develop a new

paradi gm whereby the memory capaci ty of the young chi 1dis not over

loaded, but the child is not required to participate in exhaustive

training of premise information. It is the purpose of the first study

presented to develop such a paradigm.

The purpose of the second study is to assess transitive inference

with an entirely different type of question, one that is not subject to

the a 1 ternat i ve i nterpretat ions of the 1 abe 1 i ng and the sequent i a 1-

cont i gu ity mode 1 s. Spec i fi ca lly, does the young ch i 1 d understand that,

in an array of objects where A>B>C>D>E, the size difference between C

and D, for example, is not as great as the size difference between Band

D? In other words, does the child understand that, although Band Care

both "b i q" in relation to D, the degree of "b i qnes s" is not the same?

If it can be determined that a child does understand this concept, it
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would be difficult to successfully argue that the child is employing

categorical thinking.

Experiment

Method

Subjects

Subjects included 9 preschool children enrolled at a local daycare

center and included 5 girls and 4 boys. The subjects ranged in age from

52 months to 68 months with a mean age of 59 months.

Materials and Procedure

Each chi 1 d was tested on four arrays. The arrays used were the

five-object arrays of circles, squares, rectangles, and rods described

in the Appendi x. The objects in each array wi 11 be referred to by 1 et

ter, with A denoting the largest object in the array and E denoting the

sma 11 est object in the array. Other materi a 1 s used inc 1 uded the hand

puppet described in the Appendix.

Each child was tested on an individual basis with experimenter and

child facing one another seated cross-legged on a carpeted floor. Ini

tially, the experimenter introduced herself to the child and asked the

ch i 1 d about hi s recent act i vi ties. The experi menter then randomly se

lected three objects from the first array (the particular array varied

randomly from ch i 1 d to chi 1 d) and arranged them accordi ng to size in

front of the child. The experimenter asked the child to tell the color

of each object and to poi nt to the 1 a rgest and to the sma 11 est. The

chi 1 d was then asked to co ver his eyes whi 1 e the experimenter removed

one of the objects, either the largest or the smallest, and placed it in

a bag. The experimenter asked the child whether the now-hidden object
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was big or little and what color it was. The child was then introduced

to the puppet, who conversed with the child for a few minutes. The pur

pose of these activities was to familiarize the child with the experi

menter and with answering questions about hidden objects.

The session then moved into the testing phase. Each array was pre

sented, singularly, in linear order. The designated "h i dden " object,

shown in Fi gu re 4, remai ned in the bag in whi ch the array was stored.

The puppet explained to the child that he had another (square) that was

hidden in the bag that was bigger than E and smaller than C. This pre

mise always compared the hidden object to the objects adjacent to it in

the array. The order of comparatives in the premises (i.e., lithe hidden

square is bigger than E and smaller than 011 versus lithe hidden square is

smaller than 0 and bigger than Ell) was counterbalanced across arrays for

each subject. The experimenter touched the object inquest i on as the

puppet stated the premi ses. The puppet then asked the chi 1 d to repeat

this information one time. The child was then asked if the (square)

hidden in the bag was bigger or littler than B. This transitive infer

ence question always compared the object in the bag with 0, for the cir

cle and rectangle arrays, or with B, for the square and rod arrays. The

experimenter responded "qood " to the chi ld's answer reg.ardless of its

correctness. After answering the question, the child was asked to re

peat the premise information once again as a check of premise retention.

The order of compa rat i ves in the inference quest ion, whether the

correct answer was the first or second comparative given, was also coun

terbalanced across arrays for each subject. Also, the order of the pre

sentation of arrays was counterbalanced across subjects.
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At the end of the testing session, the child was praised for his

performance and was allowed to select from a number or colorful decals

in appreciation for his participation. Each session lasted 10-15 min

utes.

Results and Discussion

The rate of correct responses (i .e., correct use of transitive log

ic) was analyzed using a binomial distribution test. Of the nine sub

jects tested, five answered all 4 transitive inference questions cor

rect ly (p <.0002) • Si x of the subjects answered at 1 east 3 of the 4

transitive inference questions correctly (p<.04). All nine of the sub

jects answered at least 2 of the 4 transitive inference questions cor

rectly (p<.04).

The results of this analysis support the conclusion that children

of this age group are capable of making transitive inferences. However,

one can still hypothesize a means whereby a child could employ categor

ical thinking to solve transitive inference problems in this experimen

tal setting. For example, consider the case where B is the hidden ob

ject in an array where A>B>C>D>E. When asked whether B is larger or

smaller than 0, a child may respond "l arqer
" because B is associated

with A and C in the premise information, which are both "large" compared

to D. Such a conclusion does not require the use of transitive infer

ence to interpret the information that B>C and C>D.

It was the purpose of the second study to investigate this question

further. Specifically, it was assumed that if one had a true under

standing of transitivity, one would understand that, although Band C

are both larger than 0, the difference between Band 0 is greater than
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the di fference between C and D. Experi ment I I was an effort to deter

mine whether children of this age group understand this concept underly

ing transitivity.

Experiment II

Method

Subjects

Subjects included 18 preschool children, 8 boys and 10 girls. They

ranged in age from 53 months to 65 months wi th a mean age of 58.72

months. 13 of the children were enrolled in one day school while the

remaining 5 children were enrolled in a different day school. The aver

age age of the chil dren attendi ng the fi rst schoo 1 was 59.23 months,

whi le the average age of the chi 1 dren attendi ng the second school was

57.40 months. The average age of the boys was 57.75 months, and the

average age of the girls was 59.50 months.

Overview of Procedure

The purpose of Experiment II was to assess the child's understand

i ng that, in an array A>B>C>D>E, the si ze di fference between two non

adjacent objects is greater than the size difference between two adja

cent objects. To assess this concept, a tool had to be developed that

would quantify the child's perception of the relative size difference of

two objects. A "ru 1 er ", composed of 5 sect ions of progress i ve ly da rker

purple, was designed for this purpose. The ruler and all other mater

ials used in Experiment II are described in detail in the Appendix. Ex

periment II was divided into four sessions, two orientations sessions

and two testing sessions, each lasting 10-15 minutes. Each session was

conducted on an individual basis with the experimenter and child seated
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facing one another on a carpeted floor with the ruler extended from left

to right between them.

The purpose of the first orientation session was to familiarize the

child with the experimenter and with answering questions using the

ruler. The purpose of the second orientation session was to further en

sure the child's understanding of the ruler and to assess his perception

of size differences using three-object arrays in which all objects were

visible.

Th e purp 0 s e 0f the test i n g s e s s ion s ( s e s s ion s 3 and 4) was to as

sess the child's perception of relative size differences in the context

of a transitive inference problem. Each child was tested on four arrays

of 5 objects each. Each testing session consisted of only two arrays to

maintain a session length of no more than 15 minutes. Also, each test

i ng sess i on was conducted under a different condit ion, wh i ch wi 11 be

described fully in the Procedures section.

To clarify terminology, throughout Experiment II the size differ

ence between any two objects in an array will be referred to, in gener

al, in "step-size" units. In an array A>B>C>D>E, where the size change

is consistent across the array, the estimate of the size difference be

tween two adj acent items in the array is denoted as a "l-step II est i mate,

and the estimate of the size difference between two non-adjacent items

in the array separated by only one item is a "z-s tep" estimate. (See

Figure 5.) For example, the size difference between A and C is a 2-

step, and the size difference between A and 0 is a 3-step.

Orientation Session I - Materials and Procedure

As stated in the overvi ew, the pu rpose of the fi rst ori entat ion
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session was to familiarize the child with the experimenter and with ans

wering questions using the ruler. The session began with the experimen

ter introducing herself and asking the child a few questions about him

self. The child was then introduced to the puppet.

The child was told that he was going to be asked some "how much"

questions and would be able to respond by placing a token on one of the

sections of the ruler. The meaning of the areas of the ruler were des

cribed to the child from left to right: Area 1 (lightest) - "not very

much"; Area 2 (next-to-lightest) - "a little bit"; Area 3 (middle) -

II just some "; Area 4 (next -to-da rkest) - "a lot II; and Area 5 (da rkes t ) -

"a whole bunch",

Following the description of the ruler, the child was asked a ser

ies of questions to help orient him to responding with the ruler.

First, the child was asked three questions concerning how much he liked

various items. After each response, the experimenter showed the child

where to place the token on the ruler. The experimenter then asked the

child to name an item he liked a whole bunch, an item he liked not very

much, and an item he liked just some. After each response, the experi

menter asked the child where he should place the token to illustrate the

response. The child was corrected if he placed the token in the wrong

area. Finally, the child was asked six more questions concerning how

much he liked various items. The child was asked to not answer verbally

but to place a token on the ruler to see if the experimenter could cor

rectly interpret his response.

After this orientation to the meaning of each section of the ruler,

the child was asked a series of questions to familiarize him with using
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the ruler to answer questions concerning the size difference between two

objects. The child was told that the experimenter was going to ask him

some more "how much II

quest ions except these wou 1 d be "how much bi gger
II

questions. At this time, the three pictures of animals were displayed

in a random triangular arrangement, and the child was asked to name the

ani rna 1 s pict u red.
1 The experimenter referred to the animals by the

names given them by the child. (The deer was occassionally labeled as a

"r-e i ndeer ;" and the squirrels were occassionally labeled as "ch ip-

munk s. II) The pi ctu re of the deer was then fl i pped over, and the ch il d

was asked, IIWh i ch is bi gge r, the elephant or the squ i rre 1 ? How much

b i qqer-?" The child placed one token on the ruler in response and was

encou raged to 1 ea ve it there so that he mi ght remember his response.

The picture of the deer was then flipped face up, and the picture of the

elephant was flipped face down. The child was then asked, IIWhich is

bigger, the deer or the squirrel? How much b i qqer ?" The child placed
1

the second token on the ruler in response. If the child placed the se-

cond token to i ndi cate that the di fference between the deer and the

squirrel was not as great as the difference between the elephant and the

squi rre 1, the experi menter stated, 1150 the deer is bi gger than the

squi rrel, but not as much as the elephant. Is that r i qht ?" If the

child did not place the second token in such a manner, the experimenter

que s t ionedt he chi 1 dab0 u t his P 1 aceme n t 0 f the to ken (i. e • ,

II1st h e

deer as much bigger than the squirrel as the elephant is? Why not? If

this token shows how much bigger the elephant is than the squirrel,

where cou 1 d you put the token that shows how much bi gger the deer is

than the squirrel?II).
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The procedure just descri bed was repeated in thi s exact manner in

each of the four sessions of the experiment and, for the sake of exped

iency, will be referred to as the animal-comparison procedure. The pur

pose of this procedure was to orient the child to comparing the size

di fferences between pai rs of object s us i ng the ru 1 er. It was repeated

each sessi on to ensure that the chi 1 d was correct ly interpret i ng the

ruler.

After the animal-comparison procedure, the child was told that he

would be asked some more "how much bigger" questions with shapes. The

purpose of these questions was to familiarize the child with comparing

the si ze di fferences between pai rs of shapes in an array. The arrays

used in Orientation Session I included the three-object arrays of circ-

les, squares, triangles, and rectangles described in the Appendix. As

each array was presented, it was displayed with all three shapes in lin-

2
ear order. For each of the four arrays, the child was asked two com-

parisons: a I-step comparison (either A-B or B-C) and a 2-step compari

son (A-C). An examp 1 e quest ion is: "Whi ch is bi gger, the red squa re or

the blue square? How much bi gger?" The experimenter touched the shape

inquest i on as it was named. The chi 1 d was corrected if he answered

the "Which is bigger?" question incorrectly.

The following variables were counterbalanced across arrays: whether

the two -step compa ri son was asked fi rst or second, the order of the

shapes in the question (i.e., "Which is bigger, A or C?" as opposed to

"Wh i ch is bi gge r, C or A? "), whether the one -step compa ri son was A-B or

B-C, and whether the largest shape in the array was to the experimen

ter's left or right. The order of presentation of the arrays was coun-
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terbalanced across subjects.

At the close of the first orientation session, each child was

praised for his performance and permitted to select from a number of

colorful decals. The first orientation session averaged 15 minutes in

1 ength.

Orientation Session II - Materials and Procedure

The second orientation session began with the experimenter reintro

ducing herself and the puppet and asking the child about his recent ac

tivities. The child was then asked if he remembered how to use the rul

er and what the areas of the ruler represented. The experimenter rei

terated the meaning of each area of the ruler. The child was then asked

to respond to a few "how much do you 1; ke II

quest ions by p 1 ac in g a token

on the ruler. Following this, the animal-comparison procedure was re

peated.

The purpose of the second orientation session was to assess the

child's perception of the size difference between objects in a three-ob

ject array. Each chi ld was asked two compari sons on four arrays as in

the fi rst ori entat ion ses s ion. The arrays used in the second ori enta

tion session included the three-objects arrays of hexagons, rhombuses,

ladders, and oblongs described in the Appendix.

The manner in which the questions were asked and the counterbalanc

ing controls used were identical to those of the first orientation ses

sion.

When the second orientation session ended, the child was again

praised for his performance and allowed to select from a number of

colorful decals. The second orientation session averaged 10 minutes in

1 ength.
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Testing Sessions (3 and 4) - Materials and Procedure

Each testing session began with the experimenter reintroducing her

se 1 f and the puppet and ask in g the ch il d about hi s recent act i vi ties.

Following this, the experimenter reiterated the meaning of the areas of

the ruler and repeated the animal-comparison procedure.

As stated in the overvi ew of the procedure, the purpose of the

testing sessions was to assess the child1s perception of the size dif

ference between two objects in the context of a trans i t i ve inference

problem. Each child was tested on four arrays over two sessions, two

arrays per session, to minimize the length of the sessions. The arrays

used included the five-object arrays of circles, squares, rectangles,

and rods described in the Appendix. For each array, the child was asked

three types of questions: the transitive inference question, the tran

sitive comparison questions, and the miscellaneous comparison questions.

Transitive Inference Question

The desi gnated "h i dden II object for the array remai ned in the bag in

which the array was stored, and the remaining four objects of the array

were displayed in linear order. (See Figure 6.) The child was told

that there was another square in the bag that was bi gger than E and

smaller than C. This premise always compared the hidden object to the

objects adjacent to it on both sides in the array. The experimenter

touched the objects inquest i on as the premi se was stated. The chi 1 d

was asked to repeat the premise. After the child had done so once cor

rectly, the child was asked, IIWhich is bigger, the square in the bag or

O?II The premise information and the transitive inference question was

the same for the rod array. When B was the hi dden object, as in the
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circle and rectangle arrays, the premise information was "I have another

circle which is bigger than C and smaller than A," and transitive infer

ence question was, "Which is bigger, the circle in the bag or D?"

Transitive Comparison Questions

The transitive comparison questions always followed the transitive

inference quest ion.
3 After the chi 1 d responded as to whi ch object was

bigger, the one in the bag or the one that was visible, the experimenter

asked, "How much bigger?" If the child responded verbally, the experi

menter asked him to show the experimenter on the ruler. The experimen

ter then asked the child to make a I-step comparison between the visible

object of the transitive inference question and C. For the square and

rod arrays, the questions asked were, "Which is bigger, B or C? How much

bigger?" For the circle and rectangle arrays, the questions were,

"Which is bigger C or D? How much bigger?" The child was then asked to

repeat the premise information again as a check of premise retention.

Miscellaneous Comparison Questions

In addition to the above questions, the child was asked two miscel

laneous comparisons, a I-step comparison and a 2-step comparison. For

each comparison, the child was asked which object was bigger and to in

dicate how much bigger on the ruler. For the circle and rectangle ar

rays, the chi ld was asked to compare A and 0, and to compare A and C.

For the squa re and rod arrays, the ch i 1 d was asked to compa re C and E

and to compare Band E.

Hidden/Visible Conditions

As stated earlier, each child was tested during two sessions with

two arrays in each session. For each child, one session was conducted
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in the Vi sib 1 e condi t ion, and one sess i on was conducted in the Hi dden

condition. For the Visible condition, the arrays were presented in

exactly the manner just described. In the Hidden condition, two of the

objects displayed for the child were covered using the covers described

in the Appendi x , (See Fi gure 7.) As the object under the cover was

placed before the child in the linear array, its size in relation to the

objects that could be seen was described. For the circle and rectangle

arrays, A and C were placed under covers, and for the square and rod ar

rays, E and C were placed under covers. As can be seen by the size des

cription of the covers in the Appendix, the covers maintained the linear

order of the array (i.e., the cover for A was bigger than the cover for

C which was bigger than the uncovered D, and the cover for E was smaller

than the cover for C which was smaller than the uncovered B).

The following variables were counterbalanced across arrays: the or

der of the comparisons in the premise, the order of the objects in the

transitive inference question (whether the correct answer was the first

or second object stated), and whether the miscellaneous questions were

asked before the transitive inference question or after the transitive

compari son quest ions. The order of the presentat i on of arrays and

whether the Visible condition preceded or followed the Hidden condition

were counterbalanced across subjects.

At the end of each testing session, the child was praised for his

performance and allowed to select from a number of colorful decals.

Each testing session averaged 10 minutes in length.

Results

For the purpose of analysis, the subjects were divided into two age
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groups: young (58 months and younger) and old (59 months and older).

The mean age of the younger group was 55.11 months, while the mean age

of the older group was 62.33 months. A binomial distribution test was

used to analyze the rate of correct responses to the transitive infer

ence question. All 9 younger subjects answered at least 2 out of the 4

transitive inference questions correctly (p<.04). Of the 9 older sub

jects, 8 answered at least 2 out of the 4 transitive inference questions

correctly, a rate which failed to reach significance (p=.I7). For the

total group of subjects, however, the number of subjects answering at

least 2 out of the 4 transitive inference questions correctly was signi

ficant (p<.02). Therefore, it appears that, as in Experiment I, the

children were capable of correctly answering the transitive inference

question.

To ana lyze the va ri at ion in the step -s i ze est i mates made by the

subjects, a three-way analysis of variance with mixed measures was em

ployed. The within-subject measures included Condition (hidden vs. vis

ible) and Step-size Estimate (I-step estimate vs. transitive-step esti

mate vs. 2-step est imate). As stated in the Procedu res sect ion, the

transitive-step estimate is essentially a Ii-step estimate. The be

tween-subjects measure was Age Group. The cell means for this analysis

are shown in Table 1.

Results of this analysis revealed a significant main effect for

Step-size Estimate (p<.OOl) and a significant interaction between Step

size Estimate and Age Group (p<.Ol). No other effects achieved signifi

cance.

Post-hoc t-tests were used to further clarify the contributions of
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Tab 1 e 1

Mean Step-Size Estimates in Visible and Hidden Conditions

Step-Si ze

Group I-step Transiti ve-step 2-step

Younger

Hidden 3.61 3.22 3.61

Visible 3.56 3.17 4.39

Older

Hidden 3.67 4.39 4.44

Visible 3.44 4.11 4.44

Note. Maximum estimate = 5.00.
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the individual cell means to the significant effects found by the analy

sis of variance. The tests compared the step-size estimates made by

younger subjects to the comparable estimates made by older subjects

(i.e., I-step of older children vs , l=s t ep of younger children, transi

tive-step of older children vs. transitive-step of younger children, and

2-step of older children vs. 2-step of younger children). It was found

that the only significant difference existed between the mean transi

t i ve-step est i mate made by the younger chi 1 dren and that made by the

older children in both the Hidden Condition (t=2.39, df=16, p<.05) and

in the Visible Condition (t=I.94, df=16, p<.05).

These results suggest that the younger chi ldren did not correctly

integrate the hi dden object into the array. As can be seen from the

cell means, the younger chi ldren estimated the transiti ve-step to be

smaller than the I-step rather than larger. The older children, on the

other hand, estimated the transitive-step to be larger than the I-step

and smaller than the 2-step. Therefore, it appears that the older chil

dren were correctly integrating the hidden object into the array.

It is necessary to determine whether the younger children1s inabil

ity to judge the transitive-step to be larger than the I-s tep stemmed

from a failure to correctly integrate the hidden object into the array

or simply from an inability to discriminate between different step-size

estimates (i.e., an inability to discriminate between a I-step and a 2-

step). To answer this question, the data from Orientation Session II

was analyzed using a two-way analysis of variance with mixed measures.

Recall that Orientation Session II consisted of 4 three-object arrays

where A>B>C and all three objects were visible. For each array, the
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child was asked to make a I-step estimate (either A-B or B-C) and a 2-

step estimate (A-C) for each array. The within-subject measure for this

analysis was Step-size Estimate (I-step estimate vs. 2-step estimate),

and the between-subjects measure was Age Group. The cell means for this

analysis are shown in Table 2.

The results of the analysis revealed a significant main effect for

Age Group (p <.03), a s i gni fi cant ma in effect for Step -s i ze Est i mate

(p<.OOOI), and a significant interaction between Age Group and Step-size

Estimate (p<.02). As can be seen from the cell means, the younger chil

dren were able to discriminate between the I-step and the 2-step.

Therefore, results indicate that the younger children were able to dis

criminate between step-size estimates when all objects involved were vi

sible.

A second three-way analysis of variance with mixed measures was

used involving the test session data to determine whether the difference

between the younger children and older children would remain if the cor

rectness of the response to the transitive inference question was con

trolled. As in the first three-way analysis of variance, the within

subject measures were Condition and Step-size Estimate, and the between

subjects measu re was Age Group. On ly a rrays for wh i ch the response to

the transitive inference question was correct were included in the ana

lysis. The cell means for this analysis are shown in Table 3.

The results of the analysis revealed a significant main effect for

Step-size Estimate (p<.003) and a significant interaction between Step

size Est i mate and Age Group (p <.02). As can be seen from the ce 11

means, the younger children estimated the transitive-step to be smaller
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Tab 1 e 2

Mean Step-Size Estimates Made by Children in Orientation Session II

Step-Si ze

Group I-step 2-step

Younger

Older

3.03

4.19

4.19

4.61

Note. Maximum estimate = 5.00.
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Tab 1 e 3

Mean Step-Size Estimates in Visible and Hidden Conditions

for Arrays with Correct Response to Transitive Infererence Question

Step-Size

Group
a

n I-step Transiti ve-step 2-step

Younger 9

Hidden 3.61 3.22 3.61

Vi sib 1 e 3.56 3.17 4.39

Older 7

Hidden 3.67 4.39 4.44

Visible 3.44 4.11 4.44

Note. Maximum estimate = 5.00.

aNumbers of children who had at least one array per condition in which

the response to the transitive inference question was correct.
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rather than larger than the I-step, while the older children estimated

the transiti ve-step to be larger than the I-step and smaller than the

2-step. Therefore, it appears that the correctness of the response to

the transitive inference question did not significantly contribute to

the differences between the younger and the older children found by the

first analysis of variance.

It was necessary to conduct a third three-way analysis of variance

that controlled for the influence of memory. If one recalls from the

Procedure section, the child was asked to repeat the premise information

following the transitive inference and transitive comparison questions

for each array. Therefore, this analysis only included arrays for which

the child remembered the premise information. As in the previous three

way analyses of variance, the within-subject measures were Condition and

Step-size Estimate, and the between-subjects measure was Age Group. The

cell means for this analysis are shown in Table 4.

Once again, a significant main effect for Step-size Estimate was

found (p<.002). However, although the younger children continued to es

timate the transitve-step to be smaller than the I-step while the older

children estimated it to be larger, the interaction between Age Group

and Step-size Estimate failed to reach significance (p=.1527). There

fore, it appears that memory could be a factor contributing to the dif

ferences between the step-size estimates made by the younger children

and those made by the older children.

Another factor that is important to exami ne is whethe r, for each

array, the transitive-step was judged as larger than the I-step rather
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Tab 1 e 4

Mean Step-Size Estimates in Visible and Hidden Conditions

for Arrays with Correct Premise Retention

Step-Size

Group
a

n I-step Trans it i ve-step 2-step

Younger 8

Hidden 3.50 2.94 3.63

Visible 3.50 3.25 4.38

Older 9

Hidden 3.67 3.83 4.56

Visible 3.50 4.17 4.44

Note. Maximum estimate = 5.00.

aNumbers of children who had at least one array per condition in which

the response to the transitive inference question was correct.
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than comparing average transitive-step estimates with average I-step es

timates. If the transitive-step was judged as larger than the I-step, a

"correctness" value of 2 was given to the array. If the transitive-step

was judged as being equal to the I-step, a correctness value of I was

given to the array. If the transitive-step was judged as being smaller

than the f -st ep , a correctness value of 0 was given to the array. A

two-way ana lys is of va ri ance wi th mi xed measu res was used where the

within-subject measure was Correctness of Estimate (Hidden Condition

vs. Visible Condition), and the between-subjects measure was Age Group.

The cell means for this analysis are shown in Table 5. The cell means

had a possible range of 0.0 to 4.0 (two arrays per subject per cell).

The analysis revealed a significant main effect for Age Group

(p<.OI). Therefore, by inspecting the cell means, it appears that the

older children were significantly more capable of judging the transi

tive-step as being larger than the I-step than were the younger children

on an array-by-array bas is.

A series of analyses of variance were conducted to examine the in

fluence of the counterbalanced variables on the correctness of response

to the transitive inference question and on the step-size estimates. In

the course of these analyses, a three-way interaction was revealed be

tween step-size estimate, whether the hidden object was B or D, and

whether the first array encountered during testing had the hidden object

as B or D (p<.OOI). It was determined that the interaction was atheor

etical. More information concerning this analysis may be obtained from

the author.
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Mean Correctness Value in Hidden and Visible Conditions
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Condition

Group Hidden Visible

Younger

Older

1.67

3.11

2.11

2.89

Note. Maximum correctness value 4.00.
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Discussion

In summary, the results of Experiment II revealed a significant

main effect for step-size estimate and a significant interaction between

age and step-size estimate. This interaction, however, was not signifi

cant when memory was controlled. Another analysis revealed that the

older children were significantly more able than the younger children to

correctly interpret the relationship between the transitive-step esti

mate and the I-step estimate on an array-by-array basis.

It is apparent from these results that children under the approxi

mate age of 5 years are not able to answer certain types of questions

that older children are able to answer. Specifically, the younger chil

dren consistently estimated the transitive-step to be smaller, rather

than larger, than the l-step. Such an error was not made by the older

children. It appears that the younger children are not able to use the

premise information in combination with transitive inference to deter

mine the relationship between the transitive-step and the I-step.

In terms of Riley and Trabasso's linear-ordering model, the younger

children are not correctly integrating the hidden object into the ar

ray. In other words, when B was the hidden object, the step-size esti

mates of the younger children suggest that they are forming a mental im

age of the array A>C>B>D>E rather than A>B>C>D>E. Note that both arrays

would yield the correct answer to the question, "Which is bigger, B or

D?"

It may be possible to interpret the performance of the younger

children using a limited version of Breslow's sequential-contiguity

model. According to this model, when the child is told that the hidden
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object (B) is bigger than C and smaller than A, he would retain the in

formation that B "goes with" A and "goes with" C. If the hidden object

B "goes with II the 1 arger end of the array, it can be seen how the chil d

could correctly answer the transitive inference question. However, the

sequential-contiguity model does not offer an explanation for the young

er children's integrating B between C and D rather than between A and C.

The usefulness of DeBoysson-Bardies and O'Regan's labeling model in

the i nterpretat i on of the youn ger ch il dren 's pe rformance is a 1 so 1 i m

ited. The labeling model would require that the hidden object be re

peatedly paired with an object with an absolute label of size in order

to acquire that label itself. In Experiment II, the hidden object was

on ly pa i red with an obj ect wi th an abso 1 ute 1 abe 1 (A or E) twi ce, once

when the experi menter stated the premi ses and once when the chi 1 d re

peated the premises before answering the transitive inference question.

Also, the labeling model cannot offer an explanation for the younger

children's failure to correctly interpret the relationship between the

transitive-step and the I-step.

The results of the three-way analysis of variance which controlled

for premise retention does support the position of Trabasso and his col

leagues that stresses the importance of memory in solving transitive in

ference problems. In this analysis, although the pattern of results re

mained the same with the younger children continuing to estimate the

transitive-step to be smaller than the I-step, the interaction between

age and step-size estimate failed to reach significance. Such a result

warrants caution in generalizing from this study to a statement that a

significant change in cognitive abilities occurs at approximately the
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age of 5. More chi 1dren wi 11 have to be tested before the pattern of

results can be understood. However, the difference between the older

and younger children is supported by the finding that the older children

were sign i fi cant 1y more 1 ike 1y to est i mate the trans it i ve-step to be

larger than the I-step on an array-by-array basis.

Whether or not there exi sts a si gni fi cant di fference between the

older children and the younger children, it is clear that the older

children understand that, in an array A>B>C>D>E, the difference between

Band 0 is greater than the difference between C and 0, where the rela

tionship between Band 0 must be inferred. This concept is one which is

basic to an understanding of transitivity. The assessment of this con

cept, as in Expe ri ment I I, does not place an undo st ra in on the memory

capacity of the young child nor is it subject to alternative interpreta

tions as is Bryant and Trabasso's premise-training procedure.

Because of the sma 11 samp 1 e size of th is study, it is important

that additional children be tested. Based on the pattern of results of

this study, however, it appears that an understanding of transitivity

emerges at a younger age than proposed by Piaget, or at the approximate

age of 5 years, but at an older age than that suggested by Bryant and

Trabasso's original research (1971).
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Notes

1. Five of the subjects did not experience the animal-comparison proce

du re du ri ng thei r fi rst ori entat ion sess ion. All subject s exper

ienced the animal-comparison procedure during the second orientation

procedu re.

2. During the first orientation session, three of the subjects did not

vi ew the three-object array a 11 at once but on ly vi ewed the two ob

jects being compared.

3. Note that the transitive comparison questions consisted of a I-step

est i mate (either B -C or C -D) and the lit rans i t i ve -step
II est i mate (the

B-O comparison)� As can be seen from the sizes of the objects des

cribed in the Appendix, the size of the four visible objects dis

played in the array decreased ina cons i stent fash i on so as not to

leave a "hole" where the hidden object would be inserted into the

array. Therefore, because the relative size difference between the

hidden object and the objects adjacent to it in the array is half of

the size difference between any other adjacent pairs in the array,

the B-O comparison represents a 11i-step" estimate.
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Appendix

Arrays

1. 5-0bject Arrays

Four arrays of geometric shapes were cut from �II plywood.

The shapes were painted either red, blue, green, yellow, or

white so that the objects in an array were each of a different

color. The co 1 ors were counterba 1 anced across arrays. The

shapes and dimensions of each are listed in the table below.

Object

Array A B C D E

Circle 1211 101.11 911 611 311
2-

Rectangle 1211x611 10lllx5.!.11 9 II x4..!. II 611x311 3I1XP·1I
2. 4 2. 2-

Square 1211x1211 911x911 611x611 4!IIX4.!.1I 311X311
z.. 2-

Rod 1411xl!1I llllxl!1I 811x1'!'11 6.!.II XP.II 511x1LII
2 2. Z. 2 2- 2.

2. 3-0bject Arrays

Eight arrays of geometric shapes were cut from colored

posterboard of either red, blue, or green so that the objects in

an array were each of a different color. The colors were

counterba 1 anced across arrays. The shapes and dimensions of

each are listed in the table below.

Object

Array A B C

Ci rc 1 e 1211 911 611

Square 1211x1211 911x911 611x611

Triangle 1211(base)xl0.!II(height) 911x7all 611x5!.11
� 4 &

Rectangle 1211x611 911x4.!.11 611x311
2.
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Ladder 91x3"

2
Oblong 91x3"

1
2 parallel sides with remaining sides at opposing 60° angles
20f base
2 parallel sides 3" apart with rounded ends

Object

B C

4"x4" 2lxl"

3'!'IIX2!1I 2"xl.l"2. 4 2-

71x3" 5"X3"

6�IX3" 51X3"
8

Array A

Hexagon 61(diameter)x3"(side)
1

Rhombus 61(base)x3"(height)

Other Materials

1. Ruler and Tokens

Five 61x2" pieces of white posterboard were attached

end-to-end wi th *"-wi de black tape. Each sect i on of the ru 1 er

was painted the same shade but different intensities of purple.

The lightest section of the ruler was at one end with each of

adjacent section painted progressively darker. The tokens were

2 plastic chips which were 1" in diameter and �" thick.
2. Animal Pictures

Three 2"X2" pictures of animals were obtained from a

children's game. One picture was of a deer, one was of two

squirrels, and the last was of two elephants, one adult and one

baby.

3. Posterboard Covers

Four covers were constructed from white posterboard. The

dimensions of the covers were 16Ix13"xli", 13Ixl0"xl.!.1
2. '

8"x8"xl'!'l and 7Ix4Ixl�".2. '
c..
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4. Hand Puppet
A simple hand puppet was made from a brown sock with black

button eyes.
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