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ABSTRACT

This study is based on an earlier inves*igation by
Brant and Trabasso, in which it was demonstrated that #4-year-old
children could perform transitive inferences when training forced
information encoding by involving questions about two comparative
dimensions of an object (long and short)..The present study was
designed to examine the sources of difficulty that children have in
making inferences and to investigate the crucial factors in the
Bryant and Trabasso procedure that contributed to its success. .The
following three experiments were conducted: (1) replication of Bryant
and Trabasso, (2) traditional approach using only one ccmparative
dimension (longer), and (3) both comparative questions asked across
pairs rather than within each pair. Results of initial training
indicated that in traditional studies failure to make transitive
inferences was not necessarily due to inability to infer, but
inability to encode comparative relations. Retraining with verbal and
visual feedback was undertaker. and the information processing
demands of each experiment were analyzed. It was concluded that
children need to be cued to both dimensions to make inferences and
that the iniormation processing demands are generally the crucial
determinants of children's success or failure. (DP)
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A transitive infecence {5 a logical operation of the
form: il A is greater than B (A>B) and if B is greater than
O (b>C), taen A i3 jreater thau C (AXC). This inference
requires tha addition of two asymmetrical relations, A>3 ani
4>C, vhich is one 0of tae jrouping structures, xdpntzfied by
Pia-jet, waich i3 ac;uxtnd at the stage of  concrete
operatisns, Jreopecational children fail to make this type
of in€erence, in Piaget's analysis, because they cannot
cuoruinate (logically aAdd) the two relatioas A>B and  B>C
asing the .aiddl2 tera B. This coordination requires
encoding the ccverxxb;lxty of the relationship between A and
¢ (A>3 apd DBCA) in order %o use B as a miidle tera wvhich 1is
hoth less than ‘A 3ad Jrea!et than C.

Bryant and Crabassa. (1971 d4id an e:perilent'nhlchj
demonstrated that preoperational children (ranging in. age
from four to six years) could perfors such inferences about
longth with a high dojree of success., Their experimént also
resolved sevoecal prohleas which were disputed in the earlier
litecatuce ny:

(t) 4Ysing syabols (colors) to represent lengths,

eliainatinyg any solution using perceptual
: ditferences batveen sticks,

(2) controlling focr response bhias (success achieved by
labslling "A is loag” and gencraliziag this label
to anseer the AC question) by using five aticks

~and bhasingy the ceitical test on the center three
e ' sticks, aad :
" {3) easicing wsesory for the orlginal inforlatlon by

- traiaing (in this case the ralations of AB, BC, CD
and DE) and seasuring aemory’ for ‘the original
‘intocrmation during test trials, : .

Table I descrihas the procedure used by ‘Bryasnt and
Trabasso, Colorel Sticks were placed in a box with holes
coiuntersupk - 30 taat 3 stick when placed approptiately wvould
protrude exactly one inch.. Two sticks at a time were
presented and the ¢xoecieenter asked “ghich sitck is longer
(shocter) ?™ Ia tne first traianiny phase each of the four
puirs was trained separately to a criterion of eight out of
ten correct rasponies, In the second phase of training the
paits  wece randoaized amd subjects were trained to.. a
cuviterion of 3ix consecutive correct responses on each pait.
In both phasss 3ubjects were given visual feedback by
shoving them the 3ticks, or verbal feedback ny talling thea
tho relatioasaip. In testing subjects vwere preganted vith -
vach of tae ten possible pairs from the five sticks four
.timas. The forty Juestions vere :aadonized and no feedhack
vas given.

Table . II shons the results from Bryaat and Trabasso




with visual feedback on four year old subjects. The pairs
on the diagonal are thae training pairs, and the proportion
correct is a measuce of memory for the original information.
Besponse hias is possible on pairs on the top and right
margins, de call thea “end-anchored"™ pairs because they
involve the lonjest and shortest stick in the five stick
array. The center pair is the critical test pair.

The purpose of the present experinmeats is to examine
the sourcea of di€ficulty children have in making inferences:
and to examin2 what factors in the Bryaat and Trabasso
procedure contributed to their success. An examination of
the Bryant and Trabasso task indicated that they departed
ftom traditional procedures in the way in which they asked
questions, as well as by their use of training to ensure
BCROL Y. Thair training procedute wmade explicit the
reversible relation ot the sticks in each training pair by
requiring the subjects to answver hoth longer and shorter
questions, and thys forced the children to encode the
relationships in this aanner in order to rsach semory
criterion. : '

We asked what would happen if . this encoding was ot
forced. - That is, the loyical structure of the inforsation

used in the experiaent was exactly the sase, but the task '

demands were varied, Table III shows the design of our
three experiments. In Experiment 1 we replicated Bcyant and
Trabasso with verbal feedback. In Fxperisent 2 we used a .
more "traditiomal" procedure by using only one comparative
question (eitaer longer 9f shorter) throujhout to see if the
use of both comparativoes wvas a critical factor. Ih
Experiment 3, both Juestions wvere asked but across pairs
‘rather than within 2 pair. This tests vhether & subject
needs to be forcel to encode the reversible relationship by
using bhoth comparatives within-each pair, or vwhether he only
needs to be cued to use both forms by using both in th:
training, but across pairs. ,

\ Tahle IV shows .a suamary of the training data. The
same trends are observed for hoth the number of subjects
reaching. critercion and the number of trials necessary to
reach criterion for those subjects who did succeed. Both
the Bryaant and Trabasso replication aand inferential
conditions gave subjects 1little difficulty (with the
inferential appearing somewhat simpler); however, in the
traditional condition, vhere only one comparative Juestion
vwas ‘asked there was a high rate of failure and even for
.those subjects whd learned, the task wvas BUCA woce
difficult. ‘ ' '

Therefore, ia .earlier traditional studies, failure to -

make a transitive inference wvas not necessarily because of



an inability to infer, but rather because of an inability to
encole the compatitive relation of the original pairs of
ordinal relations. This failure is coasistent with Piaget's
observation that preovperational children wvwill reduce ordered
r2lations to classifications, i.e. use the coasparative as a
label. This reasoning produces: if A is lonyer than B, thea
A is long and B is not long, aud if B is longer tham €, then
L is long and C is not long, vwhich places B in two mutually
exclusive classes and causes coasidurable confusion.

Table V shows test data following traiaing with verbal
teedback. Te3t questions are countecrbalanced for longer and
shorter ia 1l) three experiments. Taple VI shovws the test
data for the same subjects who were tetraiued usinq visual
feedback.

The Bryant anl Traosasso replcation group performed much
better than the other two. Of greatost interest are their
memory for initial pairs (shown on the diagonal) and their
pecformance on the critical test pair. The histograms on
the right saov the nuaber of subjects making zero to fout
correct respinses on the BD questions. There is soame
iaprovement in all jJroups following retraining with visual
feedback, but this iamprovement is wmost striking for the
‘Bryant and Ttanasso replication study, where there is a very
bhigh success rate on the critical infereutial question.

The sain coaclusions to be drawn from the data in

Tables V anl VI ara:

- 1, #han feedvack was vgrbal, the sryant and rrabasso
replication 3ubjects were above chance on the critical BD
test., Althoujh th2 traditional-pgoportion is as high, it is
not above chance becuase >f the small ausber ot subjects vho
had succeeded in trainiug. Also, the overall pecforaance of
the Bryant and Trabasso group #as superior.

2. When subjects were retrained vith yisual feedback,
subjects in the Bryant and Trabasso replication experiment
shov ‘'substantial improvement on the inferential pair (about
2) perceat), vhereas traditional subjects show no
isprovement on the inferential pair. _

Turning to the iandividual subject data, we reach the
same conclusions. I[n particular, the perceat of subijects
vho ansver 3ll critical test correctly rose from 35 percent
to 70 perceant in the Bryaat and Trabasso experizent.

Zven though the inferential subjects reached criterion
easily duriny training, their performance i3 within the
chance intecval for all pairs. This puzzling result lead us

to look for another possible strategy which subjects esight

be -using. Goiny back - to Table III, note that in
Experiment 3 subjects can answer training questions by using
siaple respon3e rules: for ome group “choose A, C or E" aani



for the other group "choose B or D" for any pair preselted.
Purther analysis of the test Jdata shows that subjects
continye to apply these rules during testing. When
presented witih any pair including one of the "right ansver"
sticks, subjects tended to choose that stick without ragard
to whether the question asked for the longer or shorter
stick. For example, vhen given the pair AD a subject in the
ficst group Wodld =hoose A regardless of question. Subjects
yave the infereatially correc' ansvwer OR appropriate
questions (in this case longer) more than on inappropriate
guestions (in this case shorter) (sign test, p<.000%1). On
pairs containing t4o or nome of the sticks chosen by the
response rules, subjects gave no diffenential perforsance on
longer ver3u3s shorter gquestions; all they appear to do is
quess.

The coaclusior here is that the double form of the
coaparative is necessary for success in neking inferences,
The question of forced versus cued double encoding cannot be
examined, beciuse the subjects discovered a simple solution
to the inferential task, wvhich the:. authors had not
anticipated. The few traditional subjects who could be
tested shoved soaevhat intermediate performance. The saall
N does not allow any conclusions about the strateyy they.
used; however, there appears to be some mixture of encoding

.strategies used by these subjects. .

These . results lead us to examine what the ianformation
processing demands on the subjects are in each experinent.
Three factors atise. FPicrst, can the subject be successful
in traininy by using a siaple response rule. Second, what
“is the memary lead placed upon the subject. Pinally, wust
the subject listen to the form of the question asked by the
experimenter, and hov much information does the question
gyive about appropriate eacoding of the information. f

Refercriany back to Table I, we can see that in phase one
both the traditisnal and inferential groups can succeed by
using a simpla response rule, becuase only one question is
askel for each pairc. Therefore, there is only one right
ansver per pair, and attending to the fora of the questions
is not critical for learning the correct response. PFor the
Gryant and Trabasso subjects, however, two different
responses par pair are required and the foram of the question
indicated the appropriate respoase. Thus the subject amust
encodle the reversible relatioaship in order to consistently
give the correct response. .

Ia phase tvwo infereatial sub jects can continue to use
the response rules learned in phase one, because the
response holis across pairs aand the randoajzation presents
no furhter probles. The traditional group, bowever, cannot
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coatinue to use simple response rules. They must begin
again and cncode either conditional rules (i.e. A 1is the
answet wvhen AB is presented, B is the answer when BC is
presanted, etc.) or encode the length relationship in order
to reach criterion. 1If the conditional rules are used there
is no concrete way to intejrate the information adn reduce
the memory load.

Bryant and Trabasso subjects, like the inferential, can
continue to use the strategy eaployed in phase one. Ia
additioan, whea leacaniny all pairs simultaneously, they can
coordinate the series and encode one otdering from longest
to shortest, ind thus reduce their menmory load. :

Succes3 on the test questions was determined not only
by the ability to learn the required pairs in trairiny, but
vas also largely determined by wherther or not the pairs
vere cencodel ippropriately in terms of length relationships. .

Thus successful performance on a task with the logical
structure of the addition of four asysmetrical relations has
been demonstcated; however, the inforaation processiny
demands on the subjects are the critical factors ianvolved in
the success or failute of foer-yvar-old children,

KEPERENCE: 3ryant, ?.E. and Trabasso, . Transitive
inferences ini memdry in young children. Nature, 197t, 232,
u‘iﬁ-usa.
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TABLE IV. TRAINING DATA

EXPERIMENT

BRYANT-TRABASSO

REPLICATION

TRADITIONAL

INFERENTIAL

PHASE II.

NUMBER OF SUBJECTS
REACHING CRITERION

20/23

7/20

40/u40

CONDITIONAL MEAN ERRCRS WITH VERBAL FEEDBACK

AB
EXPERIMENT
BRYANT-TRABASSO 2.55
REPLICATION
TRADITIONAL 7.78
INFERENTIAL 2,60

BC

5.35

12.29
3.53

CD

4.10

8.57
3.83

DE

3.10

3.43
3.05

TOTAL

3.78

7.89
3.25



TABLE V.

1.

N=20

3.

N=40

BRYANT~-TRABASSO

REPLICATION
B C
A .9 .81
B .66
Cc
D
Overall =
" TRADITIONAL
B C
A .75 .79
B .54
¢
D
Jverall =
INFERENTIAL
B C

A .61 .so

75
68
«79

79

«61
71
«57

«66

D
.59
.56
.53

Ove:all -l.éo

.86
.80
.76
.85

.57
«67
79
75

«59
«56
«61
«60

NUMBER OF SUBJECTS
O

NUMBER OF SUBJECTS
3

TEST DATA FOLLOWING TRAINING WITH VERBAL ~'EEDBACK

o

N
)

o

o

NUMBER OF SUBJECTS

. NUMBER OF CORRECT RESF

o

b

0 | 2 3 4
NUMBER OF CORRECT RESP

N N
O i

o

01 2 3 4
NUMBER OF CORRECT RESF

L



TABLE VI. . TEST DATA FOLLOWING'RETRAINING WITH VISUAL FEEDBACK
1. BRYANT-TRABASSO A S :
REBLICATION - ’5 _
i E.J: h E. :(7;; .
& l- : S\f—"
Lo r e
B C . T~ g -3 L ‘_/yz‘»
%ol s
A 099 ‘e ‘:‘O L] 91 '93 .:-"‘ ’ !ﬁ » i“:f:;/:;
' . - w. [ Y
B .31 .88 .88 < L %
. : , . Ll
= o ' L v N
N0 a1 o o Y
N . " | - hatp
S ; - .98 ok [ =ﬁ§
) o r-{; 'l L mavitomar omma - L4 .\‘
~ Overall = .91 ﬂ',Jf_ ;3 4
N MOER OF FLSH
"2 ITRADITIONAL
B o D B
A .82 .82 .77 .77
B .59 .73 .75
N=11 -
C Py 68 . 6“
) i D ' e 6“

Overall 72

3. INFERENTIAL

(72
1w
¥al
€Y e

B cC D E KA
A «69 63 .72 .65 . o
. (28

: s it
. a7 £ ' Ry
| | .61 .68 a 5
c .61 .6 R
[
«69 eyt
D o

cverall = {Su o ‘.‘ paJBCM ‘“{33:~rp, RE(

‘.’5;‘ ‘n‘\' f0aNx »L\'"




