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AESTRACT

In learning experiments, individual trial .
performances are typically represented as a ccmposite of two
independent ccrponents. The first is associated with systematic
variation, and the second is a residual component intergreted as
error. From the systematic variation, mean trial performance is
typically computed across trials to obtain a simple learning curve or
function. Tucker has propcsed regresenting systematic variations as
twc or more curves or components representing generalized learning
functions., In an iljustraticn of this method, Tucker reanalyzed data
frcm a probability learning experiment performed by Gardner, finding
in one conditicn that performances of -individuals were best
represented by three generalized learning functions. This study
attempted to replicate Tucker's findings and to assess the
relaticnship ketween cognitive and personality traits and individual
scores associated with generalized learning functions. Specifically
. the study was concerned with (1) determining the numbeér of learning
. functions required to determine individual variations in performance
on a probability learning task, and (2) determining, through multiple
regression analysis, a compcsite of cognitive and personality
variables that are 51gn1f1cant predictors of 1nd1v1dual scores on
each of the learnlng functions. (AF)
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In learning experiments, individual trial performances
are.typically represented as a composite of two independent
components. .The-first,israssociated with systematic vari-
ation, and the second is a residual.component interpreted
as error.. From the systematic variation mean trial per-
formance is typically computed across -trials to obtain a
singie learning. curve or function.g The practice of dedu-

cing: functional relations from mean performance has been

‘criticized by Skinner-(1958),;and_by¢Estes”(1956), . Tucker
:(1960) has proposed- representlng systematlc variation as.

‘two or more.curves. or components representlnq generalized:

1earn1ngwfunctlons,;-Methodologlcally,wthls-1s simply.a .

.problem of’expressing the individual by trials data matrix

'as the product of a tr1als by functlon factor matr1x (repre—
' sent1ng ‘the: generallzed 1earn1ng functlons) and an.-individual
-vby functlon factor score matr;x (representlng individual-:
v»\scores*on=thosenfunctlons%: -Iny an 111ustratlon of the
'&method,;Tucker reanalyzed data from a probab111ty learulnq

I‘experlment performed by Gardner (1958); f1nd1nq, An:one:
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condition, that performances of individuals were best repre-
sented by threz generalized learning functions.

This study 1s an attempt to repllcate Tucker' s findings
and to assess the relatlonshlp between coqn1t1ve and person-
ality traits and 1nd1V1dua1 scores associated with generalized
learning functions. Specificallx, the study is concerned
with (a) determining the number of learning functions re-
quired to determine individual variations in performance on
a probability learning task, and (b) determining, through.
multiple regression analysis, a composite'of cognitive and
personality variables which{are:significant predictors of
individual scores on each' of the learning functions.

| . Procedure
”vOne'hnndred*eighteenJcollege‘studentsmatllllinoisiState
University'wereigiven~a fouréchoice*probability.learninqa“
task:~'Theitask‘wasJadministeredlbYLrandomiy%preSenting*fonr
alphabet?letters—;sgTL}TD}:and4N—?with“probabilities of .70,
.1 09*110”"and vlb*respectively.““Scores'were'obtained'from'
the number’ of- times: the predomlnant letter:was correctly: -
'guessed when presented : , . ‘ ‘
A matrlx of- 1ntertr1a1 correlatlons was factored to .-
~@~determ1ne fhe m1n1mum number of qenera1lzed 1earn1nq func~
tlons reunred to determlne 1nd1v1dua1 var1atlons in perfor—
s mance.¢ The factor matr1x of tr1a1 coeffrc1ents (factor
loadlnés) was rotated graphlcally to ‘the: cr1ter1a of. p051t1ve

ffmanlfold and p051t1ve slope t0lobta1n the der1ved 1earn1nq
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functions. Since the natural origin was displaced in the
computation of a correlation matrix, the loading for the
first trial on each factor was subtracted from all other‘
loadings on that factor in order to provide a common origin
for all generalized learning functions. Using the mean
function as a base line, the family of generalized learning
functions was generated by using thé orthogonally rotated
trial loadings translated to a common origin, as deviations
from this baseline. . The résultinq learning functions are

presented in Figure 1.
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Individual scores (analogous to factor scores) for each
subject on each learning function were computed . using a pro-
cedure outlined by Harman (1960, p. 352). The meanings of
factors were deduced by examining the observed learning
curves for subjects with high individual scores on one fac-
tor and low scores on the other two. - Relationships of cog-
nitive and personality factors to:'individual scores were
‘determined using stepwise multiple linear regression, forward
selection procedure. A separate.analysis was performed for
each learning function with individual scores as criterion
variables; Numerical and Verbal scores from the American
College Test (ACTf and Cattell's Sixteen Personality Factor
Test (16pf)“Wéfe used as predictor variables.
_ Results | _‘
pWStudies of tno;choice‘decision behavior‘repeatedly
report asymptotic matchiné. That is, on successive trials;
the d1v131on of responses between the two stimuli approaches
the d1v1s1on of presentation frequencies as a limit at a
negatlvely acceleratlng.rate. In studies 1nvolv1ngvmore
chan two ch01ces, performance‘typlcally increases at a more
rapid rate reach1nq asymptote at a frequency in excess of
.. ..the presentatlon frequency of the domlnant st1mu1us.wm?he?
‘Tmean 1earn1ng curve presented in Flgure 2 is consistent w1th

" usual multlple—ch01ce results.
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“In~the¥researchfreported here;nthree,factors,;repre--
_sentlng three generallzed learnlng functlons, ‘were. inter-.
“preted as slgnlflcant contrlbutors»to total varlance ;among -
;the 18 trlals.n A factor was reqarded as; a s;gnlflcant con-

tributor if 1ts assoc1ated elgenvalue Was greater than unlty.

’_'_Interpretatxon of'each factor was based‘upon'examlnatlon of

:{1earn1ng curves plotted from rotated tr1a1 coeff1c1ents in.

¢comb1nat1on w;th‘examlnatlon-of observed learnlnq curves of

aselectedﬂrnd1v1duaJs.
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The learning function represented b Factor I is similar
in form to a function predicted by Estes' (1950) stimulus
sampling theory. In Estes' formulation, the probability of
a particular response in a choice situation is a fuaction of
the probability of presentation of the associated stimulus
in a selected trial and the probability of the response prior
to that trial. In trials in which, for any reason, the abso-
lute frequency of presentation was reduced, the riumber of
correct responses in that and immediately succeeding trials
could be expected to be reduced. Randomization of presenta-~
tion of letters in blocks of 50 presentations resulted in
relatively low frequencies of presentation of the dominant
letter 1n tr1a1s 4 and 12 The observed 1earn1nq functlons
of Ss w1th high 1nd1v1dual scores on Factor I showed a pro-
‘nounced drop’between trials 12 :1d 14, Regression analysis

indicated that the varlables most s1qn1f1cant1y related in

compos1te w1th 1nd1v1dua1 scores on this fictor were Variable

12 Gu11t Proneness- Varlable 9 Adaptablllty, Varlable 13,
Radlcallsm, and Varlable 10 External Regulatlon.ra

The runctlon represented by Factor II- shows a raprd
‘rise in’ correct responses, reach1ng asymptote W1th1n the

'Vflrst few tr1als.

fThls functlon seems to correspond to" the
pure strategy FdeScrlbed 1n research of We1r (1964) and:

' Kende1 (1962). 'Welr has reasoned that the re1nforcement -pro-

v1ded by conflrmatlon of Ss guesses results in’ rapld assocl—

atlon of the domlnant stlmulus W1th maxlmlzed pavoff.ﬁ He'"
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argued further that the maximization strateqgy is associated
with inability to consider more complex hypotheses fox
achieving 100 percent payoff. ' In this research, the signi-
ficant predictors of individual scores on Factor II were
Variéble 7, Reactivity to Threat; Variable 2, Intelligence;
and Variable 1, Sociability. The implication is that fac-
tofs other than intelligence are associated with the failure
to consider more complex hypotheses..

. Factor III may represent very little more than random
variation in performance, since the associated eiggnvalue
was 1.05, and trial loadings fluctuate greatly from trial to
trial. Fdrthermore,,none of the ability or personality fac-

tors was significantly correlated with individual scores on

Factor III. 'On the other hand, the individual functions of

Ss with high individual-scores on-ﬁhis,factor-are generally

~similar to- each other and to the generalized function in two
respects: -they show both erratic responding and a slow rise
wthrough'theels t;ials,’wThese,chafacteristics,are.consistent

 with WhatuWeirvhaSJdescribed“as:af"hypothesis:testing"“stra_

tegyvgenerally;ﬁséd;by;Ss;of'high?abiiity.x:Ss:whose”perfor-

; mance:is;Chéractériéedﬁby.this,stfaﬁegy-a;éfpresumedltO'gather
-‘infprmation_in“earlyétriéls which may be. used to form and

- test hypotheséé;;n;later;trLals;~eThéferratictreéponding is
explained by prestming. that initial: hypotheses may be faulty
;andbﬁu5t;be*@odified;dfAlthbugh~nbneféfhthe cognitive and

jpersohality;féCtéts;was‘sighifi¢ant1y édrrelateGYWiEﬁ_individual
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scores, .the fact that ability factors were selected first in
the stepwise multiple regression is consistent with Weir's
argument. The fact that correlations between factors and
individual scores are near zero may be due to restrictions
in range of individual scores on Factor III.

"Discussion
Variations in performance on a 70-10-10~10 probability
learning task were found to be characterized by three gener-
alized learning functions obtained by factor analysis of
intertrial correlations. The three generalized functions
appeared to.be consistent with three different theoretical .
explicaticns of learning in choice situations. =
“The first generalized function appeared to be consistent
with Estes' (1950) stimulus sampling theory. Although;Estes'
model predicts an“asymptotic,level:of.70 percent'guesses-of
nthe predominant letter, afresuit not'obtained;in this~research,
it;alsc’predictsﬂgradualiacquisition;“a featurefof both the
:generalized,functiOn?and of;individual functions*oers~having
‘highaindiVidualascorestcn‘the~factorrrepresentinqithis,func-
tion;~ The fa11ure to obtaln a’ 70 percent ‘asymptote: may be-

- -an.artifact of: the mode of scor1ng performance on separate
trials. " ,Themqradual-acqu1s1t10n feature‘ofntheafunctlon is
attrlbuted by Estes to an assumed condltlonlnq process. A
compos1te predlctor s1gn1f1cant1y related to: 1nd1v1dua1
scores on the f1rst factor 1nc1uded thetfactors of Guilt .

Proneness, Rad1ca11sm, Adaptablllty, and External Regulation.
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‘determining the use of pure strategy.

It may reasonably be argued that this set of traits could
be expected to facilitate conditiohiné.

A second generalized function appeared to be similar
in form to a function associated with "pure strafeqy" kWeir,
1964). Weir interpreted the rapid rise to asymptote in re-
sponse of the dominant stimulus as indicative of a primitive
acquisition strategy because of its common occurrence'among
preschéol children. Although the fu&Ftion associated with
Factor II was interpreted as represen%ing pure strategy, our
results do not support identificationxpf this mode of acqui-
sition as primitive for two reasons. ﬁirst, the second
function appeared in a population of aéylts; and, second,
the factors' contributing significantly %o multivariate pre-~
diction of individual scores on Factor EI were Sensitivitv
to Threat, Intelligence,: and Sociabilitg. These results

suggest that factors other than abilityjare important in

- ~Factor'III was tentatively interprf:ted as representing

a learningvfunctionncharacterizing'hypqthesis—testing.

“Learning functions characterizing hypofthesis-testing (using

averaged;adult data)ﬂtypicallycshow alslower rise to asymp-
tdte;wcThis featureéwas‘obéefvédfboth in the generalized
learnihglfunction and-in: individualf learning functions of

Ss with hiéh»ihdiVidual scores on jlactor III. Our inter-
pretation:is‘highly-;entative béé.ﬁse of the apparently high

level of random respondihg and beftause none of the cognitive

b
g
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or personality factors was significantly related to. indivi-
dual scores on this factor. |

In summary, our results suggest that both condltlonlnq
and cognitive processes may be opexatlve in the 70-10-10-10
probability'learning*task. -Eor.arsingle subject, both pro-
cesses may contribute to acquisition ofvthezdominanture—
sponse;, . as exemp11f1ed by var1ancej’n 1nd1v1dua1 scores .on
factors." Var1atlons in 1nd1v1dua1 |scores suggest that the
component processes are: d1fferent1a11v comblned bv d1fferent
Ss. However,:performance onﬁseparatewtrlals wasvscored»as
number of correct guesses rather than frequency of response
of the dom1nant stlmulus.f Although the correlatlon between
scores . obtalned from the two orocedures 1s undoubtedly hlgh

|<

it may be argued that the two scorlng procedures mlght affect:,

the -above concluslono. g me ev1dence to suggest

-Z’{

’that 1tfm1ghtwnot;- Second our results are based on factori

ana1ys1s of a matr1x of 1ntertr1a1ccorre1atlons rather than

9 .

‘on"a matr1x contalnlng sums of squareanand cross products ‘

of scores on separate cr1a1s, the'method used by Tucker.

'At present, we are uncerta1n as tc the consequences of thls

"varlatlon 1n analyt1ca1 procedure. i t1me, work 1s

f&varlatlonsj,-
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