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ABSTRACT

This discussion of transitive inferences (if a
greater than B & B greater than C, then A greater thean C) emphasizes
an information processing analysis of logical thought. The two basic
factors considered in such an analysis are (1) the task environment,
including its structure, demands, decisions required, and information
given; and (2) the individual as an information processor (his
knowiedge, limitations, etc.). In order to make transitive inferences
a person must make several critical operations. He must know that the
scale of comparison is transitive and must code task information.
Research concerned with children's coding strategies is discussed to
illustrate the importance of this operation. Young children
(4-6years) can make the inferences if they are forced to code in
certain ways (if their attention is directed to the comparative
relations among key elements of the problem). A second basic
operation is memory storage. Two possible models of storage are
identified: (1) a coordinate model in which each ordered pair of
items is stored, and (2) a spatial integration model in which
information is integrated as it accumulates into one representation
which is stored for subsequent inferential thought. Experimental work
with adult subjects indicating that spatial representations are
constructed in transitivity tasks is described. (DP)
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The contral gquestion berfore uvus is¢ Why do we study
logic in a psychological context? One answer is that logice
pervades hupan intellectual activity and to study its
oparation is a fundamental investigation of cognition. Cn
tnis ue prodbably all agree,

One could view certain forms of logic as 4 kind of
competenca model and use it* as a norm against which to
diagnose the presence or absence of logical abilities,
Assuming that the adult possesses the highest form of
conpetence, then one could jovestigate the devolorment ¢t
intelligence 3s a series of approximations to this higher
fornm, According to this view, the central concern is
whathec or not the child possesses a given logical ability
or structure., The ovder in which these structures manifest
thenselves is of interest,

An alternative approach is to study how people perforem
logical tasks in order to disgover what they do when forced
to hehave within the constraints iwposed by the task., The
focus is on what the person does, not oh his success cov
failure, 1If cne knows the cognitive processes that arte
datersined by the reguitemoats of the task euvironment, one
could pradict success or failure as well as diagnose it,

the latter position is the one we have developed in ouc
study of reasoning, Our belief is that logical problens
stress our information precessing system and reveal much
about the properties of this system: its structural aund
control processes, Our attitude is one of discovery rather
than confirmation, induction rather than deduction,

In this paper, ve hope to illugtrate the value of an
information gprocessing analysis of a logical task, We have
chosen the transtivie inference problem because it 1is
logically sieple but psychologically conplex, and becausa
this problenm has received considerable attentiou since Buxt
first used it in an inteligence test back in 191@. It is a
well known task in Piagetian reseatch. It has receivail
considerable study in adults in what ave known as
nthree-term secriest prohlens. Recently, it has become a
topic in psycholinquistic research vhich focuses on
inferences made accross sgentences in text or conrnected
discourse,

: In forsal terms, what 1is a traasitive inference? A
tLanstivie inference is a logical cperation of the form: if
A is greater than B (A>8) and if B is greater thau € (B>C),
~then A is greater than C (h)C).' Ve qhall congider. fitst the

 piagetian view, Here, the fallure of a’' chila fotm

- inferences before the staqe ot corcrete Operationq (at about.;igq;;

years) attributed to the lack of the
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grouping qtructure




relations, in other terrs, the child is unalble to
coordinate the information about the two relations A>R and
B>C, In orvder to conbine these relations with a coamon
rera, the chill must sinultaneously conceive the
relationship of tha elemants in the paitr AD in terms of the
direct (A>B) and the inverse (B<A) celationship, The
preoperational child's inability to understand the
reversibility of the ordered relationship APBR  (and B>MC)
ptevents him from using B az a corpnon tern which is at the
same time less than A and greater than C,

Let us beqgir by assuming that the logical operations
degaribed ahove are necessary to make a transitive
inference, lHovwever, if we find that a child functions in a
ranner consistent with the formal logic model, this does ngt
show that the underlying process is equivalent to that of
formal logical overations, This point has bheen rade
tepeatedly, most notahly by Bruner (1966) and Flavell
(%6 .,

Further, a logical explanation is insufticieat,
Logical descriptions correspond with only sore properties of
their referent, and a conmplete description would have te
contain all properties., <The properties we chose are those
which togethor determine the hehavior in question (Simon,
1972y, Thus while a logical description helps us
comnnunicate about a process, sysbolize its structure so as
to better remember it, vepresent an ahstract event, simplify
and/ manipulate descriptions to forr new ounes, it pay be
necaessary but certainly is not a sufficient description cf
the behavior in question,

" To beqgin a inforzation precessiony analysis of
transitivity one has to take into account twa najor factors:
(1) tha task environment - its structure, its demands, the
decizions it requires, the information it gives etc, and (2)
the person as informaticn precessot =~  his  knowledge, his
limitations, his processes, etc. ,

With rtespect to transtivity, ability to perform a
transitive inference presupposes that the c¢hild knovs
whether or not a rvrelation 1is transitive, That is, if a
¢hild is to infer A>C from A>R ahd B>C, he has to xnoy that
the scale of «coaparison is transitive, Thus A is longer
than C follovws from A is longer than B and B is longer than
¢, hut & prefers C does not follow form A p:brers B and D
,prefors C. :

‘Now- consxder a tLan"itlvxty task where a chzld has 'to,  

nfar that stick A is longer than stick C, 1In order to make

 "tth1q infarence %ymbolliﬁally,, the child asnst rememher thp;ﬂ]f_nu

'f;,xnxtxdi relations A>B and B>C, But then, one Tmwight -ask,
“;wha& ;N; romemrerpd?f That is, how does_the child codg thi




information,

Given that A 13 longar than B iyg the input, one might
code the information:

1. & {is isportant)

A is long.

d is long; B is not long,

A is long; 8 is short,

A is longer than B and P is shotter than &,

Oonly (5) leads to the ordered set (A,R)., " Codes (1), (2},
(3) and (4) would lead te success or tailure depending ugpon
the task, %e (Riley and Trabasso, 19713) have found that
children do nct code anything at all ahout length relaticns
vhen another, simpler code vorks, That is, we bad
faur-year~-old chilidren initially learn a series of four
comparisons ADE, C<B, C>D and f<D where they had tc choose
the clement pamed hy the relation te.qg, choouse A when asked
"yhich is longer?", The children were smarter than we; they
learned a simple rule that A, C and E are winners and £ and
D are losers., This corresponds to code (1) above (i.e. M is
important).

In another task, when we asked only one cowmparative
term ¢hroughout: A>B, HB>C, C>D and D>3, they couldn't learn
the pairs much less draw inferences, Coda (3) or (4) was
used and lead to contradictions of the forn identified by
Piaqet, namely labelling B hoth not leng and leng {or short
and long). o

It wvas only vhen we used both comparative tetms withip
a pair, i.e. asking the child wWhich is longer, 4 or £B?7 and
Which is shorter, A c¢r B? that thoy succeeded in bgth
learning the orderad relation (A,B) and wmaking inferences
such as 8> (c¢f, Bryant and Trahasso, 1971; Lutkus andl
Trabasso, 1973)0

A second critical operation is, given that the child
has c¢osdad the relations, he must store it 1n henory, How it
igs stored or represented is a critical question hecause the
operations upon this stored vepresentation are what lead to
correct answers in the test,

The nature of the representation in memory is critical
since it deterrmines the nmental operations that \¥ill he
perfornred on it, In the transitivity task, we can lidentify
at least tvo possible representations in pmemory, 1n one,
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the person store3 each ordered pair in memory. Then, when

quest1oncd Which is longer? (shorter?) he retrieves the

- critical pairs ani coordinates then via riddle term.u},
f  (0“915?00* Uith Pllget‘g aNd1YSiq. we will Call fhl& thef'”w
~Vj;cnordinath fodel, ‘ il
- . An altaernative re[reqenta%lon could ariqc vhere thg'

inteqra és thev‘intormatxon~;h if ;accrues into




single reprasentation and stores that in memory for
subsequent inference waking, That is, the pecrson begins hy
finding the end paicrs and uses them as "anchors®™. He then
adds elements tc the array as they occur until all elements
ave 5o ordered, When guestioned, he isolates the critical
elements, notes their order and ansvers the question, He
vill call this the spatial integration model.

"These nmodels lead to a simple experimental test in the
transitivity task., Look at Table 1 in the Handout, Sugpose
there are six sticks of different lengths where 1 is the
shoctest and 6 1is the longest. Folloving a procedure we
have used extensively in shoving a child's nmemory for the
initial information ie c¢ritical in nmaking transitive
inferences (Bryant and Trabasso, 1971; Lutkus and Trakasso,
1973; Riley and Trabasso, 1973), ve first train snbjec¢ts to
make choices among adjacent pairs of sticks, The sticks are
color coded and the subject can use only the colors to
predict the length relation, ¢Cn a given training trial, the
subjﬂct is asked one of two guestions: either "Khich stick
is longer?" or "which stick is shorter?”", and then is shoun
a pair of sticks of the same length but of different colors,.
The subject selects a color by pressing a panel in front of
the stick, After he makes his choice, he receives feedtack
on its correctness., We record the time it takes him to make
the choice,

After training each asjacent pair in a random order, ve
test the subject on all possible pairs without feedback.
The matrix in Table 1 tells us three pi@ce° of information:

: 1, The main diagonal (squates) gives us the speed ot
vetrieving information on the gdjacent traxning pairs,

2, The first rovw and last column entries (lines) tell
iis whether of not there are anchor effects, since these
involve endpoint sticks.

3., The critical, off-diagonal entries are the inference
tests (circles),and they involve inference steps of 1 or 2
units,

If subjects store only the diagonal (adjacent pair)
information and coordinate it to answer gwvestions on
of f-diagonal pairs, then ve predict that those pairs with
‘more inferential steps would take longer, 1If, on the other
hand, subjects integrate the information into a spatial
array and access this sipple mewory representation during
testing, then we predict that the greater the distance‘
-ib»tueen the stxcks, the faster the tine. e :

We tested these predictions on adhlt subjoctb byf 1ﬂ"‘

ﬁzirUnnan three conditione.;; In‘ one conditiou, o
oth vis and foedbgck‘after zaking;_i

Subjectl, i




~ tha display
~ffroptesvntations are. ronstructed.
and subjeots 1ndicat9d that'they}had ‘trouble énd-anchorinj
1n i Bed ; , :

heard the velation statea (e.q., Red is longet than hlue),
In a second (verbal) condition, they were told the relation
after a choice in training. No feedhack of any sort wvas
given during testing in the above conditions., In order to
test whether the representation was indeesd spatjial, we ran a
third group., Instead of training on pairs, ve simply shoved
them the entjre array of sticxa,ordered 1 - 6, The subjects
were tested vwith the sticks in full view via the same means
as in the visual-plus-verbal and the verbal conditions. 1In
all cases, e measured the reaction time in answering
question. .

There were 12 college studeuts as subjects in each
condition and there were fouL tests per pair.,

Tahle 2 in the Handout gives the raw RT data oan each
question for each of the three conditions. Cf patticular
isportance are¢ the underlined RTs tor steps of 1 or 2.

In five cut of six tables, you will note that the
tvo-step RT is fagtegr than the one-step RTs., _

In order to see the relations more clearly, we scaled
these data, finding a twc-dimensional representation of all
inter-pair distances, In this analysis, distance equals the
reciprocal of RT so that faster times give longer distances.

Slide 1 shows the distances for the question longer?
Note first of all howvw similar these distance plots are f{or
all three conditiouns. The longest stick (numbevr 6) is
clearly further from the other five; tha remaining five
sticks are ordered 1,2,3,4,5 in distance,

- slide 2 shovs the scaling results for the question
shorter? Nok« e find the shortest stick (number 1)
separated from the raest, The rewvaining sticks are generally
ordered 2,3,4,5,6 with 6 separated slightly further away.

In our next analysis, we reroved the longest stick
(nunber 6) data and the shortest stick (number 1) data from
the wpatrices with matching questions, Ne thenh collapsed
statistically equivalent data roints for distances of ©
(adjacent pairs), 1, 2, or 3 inferential steps., The mean
RTs as a function of these distances are shown in Slide 3
for each condition. The data are remarkably sieilar accross
conditions. The adjacent pair or 0 step RTS are the longest
despite the fact that these were the ones upon which the
subjects were trained, BT decreases 1lnear1y as a functicn
of step size, perfectly consistent with the spatial

inteqration nodel. The visual and verbal feedback data ate
“virtually identical. ¥ith that obtained vhen subjects ‘have

that ggggiglk ij75
The verbal RT% are longer -

in £ront of them, suggasting

ﬁs only verbal




coordination sodel Fands g SUppoit 1i thess Jata,

Thus, adults who are suppused to bz in the foreal
operations stage 40 nct perforn such operations in
transitivity +tests, Rather they use their kunovwledge that
length is transitive, isolate the extreme ends of the scale,
order each pair and add single elewments to a spatial array
which 1is stored in wmemory for later wuse in ansvering
Htransitivity"® guestions, The integration of se¢parate
pieces of information into one unit conserves space and
enables one to efficiently ansver a wide variety of
inferential questions,

We are currently cartying out these ‘same experiaents on
eight to nine-year-old children. The results on the display
and visual and verbal feedback groups are in and loak very
puch Like our adult data. '

In overview then, our inquiry into transitive reasoning
has lead us t¢' discover a number of things. We have found
that very young children {(four to six years of age) cah make
transitive inferences if one assures that they are asked
guestions vwhich dirvect their attention to the ccemparative
telations among the elements., They may fail if the coding
is inadequate, as determined by the task demands, ot if they
forget the original, ordered codes,

Ouc adult latency studies (and subsequent studies on
concrete operational children) show that coordinavion or
iutegration occurs spontacsously during training as subjects
intograte ordared pair inrogmation into spatial arrays.
This 1integraticn 1is an efticient representaticn for rermory
and infetence ®aling, a process hot at  all envisioned hy
logical oprrational 3nalysis, These studioss have ccuvinced
us of the valug of vicoing the huran h2ing 23 an inteormation
processor wud 1ig hasica.ly a good grotlem salver, vwsing his
linited capacities an? axtraardinary proces.as to aperate on
e variety of task envitoansents, Llogical processes are only
onne snAll pact of these skills,
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