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ABSTRACT

The research comprising this dissertation wvas designed to
investigate the effects of sti;ulus ;onplexity‘and prior '
experience on préferences for novel and faliliar sti-uli in
B—nbnth-old and jz-lonfh-oidrinfants. The hypothesis vas that
infants vgo had Eabituatéd‘to‘either a relativgly coaplex or ;
relatively simple array of toys would subseguently spend more
’ tiié”éiblﬁfiﬁéliﬁiéi”fSYE’fﬁaﬁ‘ibﬁiﬁ'ihféﬁ%ﬁﬁi56 iére’ B
faliliarized bat iﬁterrupted pfiot to habituation. A further
prediction vas that habituated infants would show a significant . ,%
preference for novel toys rather thgn‘fbr_faliliar toys in both |
simple and complex conditions, while ;nferfupted infants would .
”_ s;ov'a siqnificant preference for a faliliaf,toy array when it
“’égg'éAZQiéif”iiéﬁ”iiéW5£E;§QEAéféiiSié}"iﬁiéfiﬁb{éaﬁiﬁf5££§"eefe"”
prédicted to sho¥ no preference for either novel or familiar
'toys.iéinally, the conpiexity of the stiluli vas hypothgsiZed to
vary according to age such that an artay that was simple for
12-month-olds would produce results consistent with its being
~complex for B-loqth—oids.nr
| The 12-lon;h-olds vwere familiarized vith an array

pontdininq either 5'toys (conpiéx) or 3 toys (simple). Only a 3 .

toyvarray -aé,availahle for the 8-month-olds. qulovinq‘

familiarization a test trial was run in which half of the

infants in each of the familiarization groups ‘Teceived the

iii -



fasiliar array.in the same location as durinq the
fallliarlzatlon tr1a1 and a novel array in a novel 1ocat10n. Por
the other half, the fallllar arra; ¥as noved to a novel location
and the novel array placed in the fallllar location. Two
measires of gxploratory behavior, visual attentlon and focused

manipulation, were recorded.
‘:he%resﬁlts indicgtéd that reqéraless ofhaqe and cérplexitv

-the habituated,infants,spent noreftilefexplorinq~noyel to#s,thahf--
did the infants who were 1nterrupted prxor to habituation. On
focused‘lanipnlation, habituated rnfizgi,also showed an overall
preference for‘nove; toys, while 9nly those 1nterrupted 1nfants ,
who haé Seen familiarized vith a complex stimulus preferred
1raliiiar toys. Ko preference for either nOVei or familiar toys
rwuaSWfoun&ffﬁr”infantsWiho*vere“interrﬁpted’vith a”siipie"” o

+ stimulaus, Con51stent Hlth the hypothesis: that conplexlty is an
‘age~related varlahle, the results for the 8-month=-olds
-contrasted with those. fonnd for the 12-lonth-olds who had been
fallllarlzed with a sale sized array (3 toys) and ¥ere
coaparable to those found for 12-lonth-olds vho had been
fallllarlzed with a more conplex array (5 tovs).,

The location of the toys had no effect on the exploratory

behavior of any of the habituated groups, nor dld'xt*affect ‘the

© -

— *+2~wnth-v1&s%rhd—beertnt€rrﬁpt€& vrth"f Bilplffffiyme :
exploratlon of 1nterrnpted a-aonth-olds and 12-lonth-olds uho
had been”1ntexrnpteﬁ”Hlthta;cOlpleILarray,"hoxever1~¥aswa££ected

—

.
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by location. Bothfof theSe qroops-returﬁed moTe often to the.
familiar toys and contlnued to explore then. throuqhout most of

the " test tr1a1 when those tovs renazned in the- fallllar

<

,location., When the familiar toys had been loved to a novel"“**f”
logation, hovever, the 8-lonth—olds 1n;t1ally chose at randonm
vhich array to explore, then either stayed to explore ;f3they

’}/z//ii;ad chosen the familiar toys or left to find the faliliar toys

1£ they had chosen the novel toys. Twelve-lonth-olds 1n thlS

condltion conSLStenxly returned to the fallllar locatlon,

i

‘briefly examihed the novel toys, then proceeded,to the_novel
location to tesue;fexplqrinq the faoiliat toys. The‘reSults of
this study provide empirical evidence for Berlyne's;(IQGO) view
that infenfs explore in an ooderly ianne:voifh the pufpose of

, ,159@,@'1,90,e}:épz,,t,he;.qh,je@s, in their env iton!egist Thev do‘mot
haphazardly look at and handle objecfs, but do so successijely

as the properties of each becone assililateo. If this procese'isy

ioterrupted they will'return to\resune exploration and complete

learning before moving on to explore new .things.

s
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I. Introduction

“This thesis is an investigation of some o£ the determinants
of e;p%oratory behavior, More specifically it is an - |
inﬁestiqation of visual e}ploration and’focused;nanipulatiog ié

eigqht and twelve-month-old infants to‘stinuli varying in

location, conplexify, and n0veltv,’This,chppter is a review of

the relevant literature.

-5

v

Review of Theories of Exploratory Behavior

A plethora of theoretlcal viewp01nts have been .advanced. to
account for the enplrlcal flndlnqs from studies of explotatorv
behavior. The major v1ewpoxnts,.uh1ch anlude earller drlve
formulations and the more recent optimal-arousal and
information-processing (optimal-incongruity) positioné, are

presented below,

Drive~-Theory Accounts

Motivational theorists were perplexed by the laboratory
findings of explqr@;@ri behavior, The early stud;es hygnashlell
(1925), Mote and Finger (1942), Nissen (1930), Tolman (1925) and

Harlowiand his‘colleaqﬁes,(Harlow,71950; Harldu, Blazek and

- e

» . 1
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McClearn, 1956; Hatlow; Harlow and Eeier, 1950)'had demonstrated
“that exploratory behavior woulgd occur in the absénce"ofb_

e > ]

identifiable primary drives such as hunger and thirst, and that

r

learning wouid‘actually accrue‘uhén the only specifiable reuards‘
were those of problem solving or continuéd cdl;erce with a.novei
stinnlusf Houvwas this dpparentlyeiht%insically motivated

‘ behavior‘to»be accounted for?‘Sone psychologists attempted to
explain!éiploratory phenomena by postuiatinq név d;iies éﬁcg as
an “eiploratorv drive® (Butler, 1353; Montgomery, 1951), a
"boredom drive" (Isaac,L1962; Myers and Miller, 195#) and a
“nanipulativé drive® (Harlow, 1950). Aécqrdinq to O'Céngél-
(1965) , the proponents of these positions‘cdn b2jqéteqqrizéq as
eithef "tediua" or F£iti11ation“ theorists. Tedium, theorists
étressed that monoionons qfrcﬁnstances gotiVate the orqanisn to
explore in order to alleviate boredom (i.e., drive induced by
the lack of a stimulus). Titilldtioﬂ theorists, on the other
hand, emphasized the role that variables'ﬁugh as novelty and
comaplexity play in élicitinq exploratory behavior (i.e., drive
induced by the presencé-of'a étinulus). -

Each theoretical approach seemed incomplete. Tediuit'
theorists ignored the role of novelty and complexity whilg '
titillation theorists dismissed the relevance of saﬁiation,and
lborédon effects;_Tﬁesepositions*were open to other criticisms.
To Hunt (|§63), the mere naming of new drives‘offered(no L

explanation of the behavior and seemed only too reminiscent of



,.
",

Acﬁouqall's practice of‘naninq'instincts.

White (1959) made a more detailed cu1t1c1sm of the
drive-nallnq approach, He beqan by saylnq hat if exploratorv
behavxor is to be conszdered notzvated g”f drlve, that drlve
must have the same functional propertles as the estab11shed
drlves such as hunger, thirst and sex. Aé;;rd1nq to this
traditional view, drives involve (1) a deficit or nmeed in deYv,
tissues outside thebnerfoué‘systen which (2) energizes or
induces behavior that (3) results in a consummatory response
which (ﬂ)»redudes the need or deficit and (5) produces learning.

¥hite then delonstrated that an "exploratory drive" does

not fit this definition. It does not appear to be correlated

with any non-nervohs-syste; deficit so no tissue need can -

. provide the stimulus for behavior, nor is there an appropriate

~,

consummatory respthe to the behavior the drive presumably
induced, True, the exploration of a particular obiject can becoae .
satiated and this may be considered a consummatory response.

However, even if thé"definition of a consuamatory respouseﬁis

loosened to allow for satiation another BOTe serlous problen

'1Iled1atelv atlses. Since satlatlon seems to occur onlv in

2 N - ES
accordance wlthglearninq about the properties of tlie obiect of
exploration (e.g., learning to solve mechanical puzzles, Harlow,
1950), leargigq in effect produces a reduction in exploratory

drive rather than a reductionrin exploratory drive producing

learning. Such a possibility would be anathema to traditional

s



,Phlte also noted that the relnforcelent provided by

E

o etﬁloratbry beﬁa71or to strengthen other responsis does not seem’

to anolve need reduction. thte cg;ed the work of Montgomery

4,!1959) to shqp ‘that animals often make choices that increase

’:gthef than debrease the explotatory drive., If the exploratory

drlve is 1pst1qated by a novel stimulus, as aonfqonerv and other~
titlllatlon theorists suqgest, then one would expect an
avoidance of novel stimuli since these would increase rather

“than decrease the drive. Yet, iust the opposite is true: stimuli

]
R

vhich by the drive account would increase exploratory drive are
sought rather than avoided. The occurrence of responses that
induce a drive rather than reduce itluould be unacceptable to
traditional drive theory. Along a similar vein of CIiticisn,\
Brown (1961) adverted to the problem of attributing both
drive-inducing and reinforcing properties to such stimulus
ptoperties\ds novelty and complexity., Commenting on the
.exploratory-reward studies with monkeys (e.q., Harlow, 1953)
Brown pointed out:
If the act of looking out the window at the outside
(laboratory) world is the specific event that arouses
visual exploration, then the monkeys do not have the
drive until after they have succeeded in opening the
correct window., The drive aroused by the final act

cannot, therefore, provide the impetus for the respohse
of window opening (1961, pp. 336-337).
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Pinally, whi%e criticizadathe possibility that expldratipn
is instigated by a "boredoa df;féﬁ; If bo&edbn éauses
exploration, then thé reiﬁforcelént for exploratory behavior is
the thing which returns the orqanism,to a state of boredon.
White stated "It is distinctly implausible to connect
reinfarcenent yith the waning of an aqreeable‘interest in‘the
environment or wit@ a general progress from zestful alertness to
bore@on"(1959, p.302). : | | ‘ (\\\&}

Pronted by these difficulties, new theoretical arquaénts
have been advanced that would account for intrinsically
lbtivated behavior such as exploratbry bghavior;'Tpé'two~nost
prominent vievpoinﬁs are the optimal-arousal andf
inforlation-proéessinq theories, These‘positiohs are both
coqnitive approaches to motivation and Sehavior and stand in
direct contradiction to the mechanistic drive approaches. They
assert that behafiér is engaged in voluntarily as a result of
“information provided both by internal sources of stimulation
(e.q., proprioceptive stinulivand memory) and by caognitive

interpretations of external sources of stimulation. A fuller

description of ;Hese theories is given below.
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optimal-arousal Theories.

. efficiency increases from a low point when arousal is low, to a

. that lead them toward an optimal level of arousal‘and,wdepenQinq

In the mid 1950's and early 1960's several writers adduced

- the position that the organism's physiological state of arousal

provided the motivation underqirding behavior (Hebb, 1955; Fiske

‘and Maddi, 1961; Leuba, 1955; and also Hunter, 1978 for a more

§

complete review). The general proposition was that behavioral
. R v . g

. : ¥
high point at an intermediate level of arousal, only to decline’ ~

again as arousal increases still further. Thus, organisas are . - 2

motivated to engaqge in behaviors (such as e;ploratorv«behavior)

-

“
o :ﬂl.kk,,\ N 'ﬁ‘ﬂ

on~the ordanisn's'btesent stéte of aéqusal, either increases ogJ b
decreases in arousal may reinférce ledrhinq. A’ninor but

potentially ilportant addition to this general proposal cale 

ffon Fiskelgnd Ha&di (1961) wvho arqued that the opti;al level of _
arousal is a continuous vafiable and is a function“of the X3

organism's sleep~-wakefulness cycle,
Information-processing Theories

Optilal—arqusal theorists have anchored motivation to
physiological conditions. Many others have rejected this trend,
hoiever, and preferred. to view the motivation for exploratory
behavior as inherent in information processing per se (Dember

rdh :
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and Barl, 1957; Glanzer, 1958; Hunt, 1963, 1965 McReynolds,
1960). Different information processing theories of'exploratorv
behavior concur in the belief that (a) ofqanisné.are to béﬁ;
viewed as information processind systeas, t#at (b)'infpflation
ié synon%nius vith uncertainty.ih the environlenf; and that (c)
- there is an optimal level of uncéttaintf that-provides the |
n;tivation for ekploration. Given aliernatives representing
different levels of uncertainty, they predict that an organisa
vill choose igxﬁlbre) that alternative which is closest to its
optimal level of uncertainty.

The central thesis of the model proposed vaDenber ana Barl
(1957) 1is that eiplora£orv behavior is join?lv determined by the
<coaplex;tv;of the ilned}ate stimulus envirohnent (which in their
-terls isﬂg concept identical to infornatidn) and the
psychological cpnplexitv of the oréanisn,(i.e., pectations
based on previous information processing by tlre organism and on
currenf information pfocessinq cagabilitiés). Thé ih&ividual is
said to have an optimal level ofbpsvcholoqical compléxity;
‘Stimuli sliqhtly more complex than tﬂe optimal level of the
organism, denoted -"pacer stimuli”®, attract atteﬂtion, which in
Dember and Eari's theory is‘nsed-to ref;r to all behav{%twigi .
brings the orqahisn into coniact vith-the‘environ;enﬁ. Although
they do not eludicazte fﬁe mechanism of behavioral modifiability
involved, they §B‘suqqest that'continued‘éqnnerce with pacer

stimuli causes the optimal level to shift upwards; thus, any



chanée in exploratory interestﬁis hvpothesized to. move from the
less complex to the more complex (1957). Somewhat similar
theoretiqal viewpoints have been advanced by Glanzer (1958) %nd
b} HcRevnoldé']1960). Réther tﬁan an optimal level of
pévc%oloqical co,plexitv; hovever, Glanzer (19§§} refers to an
optimal amount of information per unit time, while McReynolds
(1960) describes an optimal perceptualization rate. |

. Huné (1963, 1965) i;corporéted the notion of optimal
incongruity {wvhere inﬁonqruity is similar to uncertainty as it
exisﬁs in such stimulus properties .as novelty and complexity)
into a general theory of motivation. In outlining his theory,
Hunt(({965) enumerated and provided ansvwers to several critical
sotivational questions of relevance t6 explorgiorv,beﬁavior.

The first was the instigation duestion "Hhatainitiatss

beb;viqr?". Hunt answered)the question vithin the ,raleio;k of
the féedback loop as cogceptualized’by Miller, éalant r and
pribram (1960). Their model is ¢alled the TOTE unit, which
§tands for Test, Operate, Test, Exit., Within the TOTE unit there
is a mechanism which compares input to some siandard such as an
adap@ion level, én expéétation, etc, When there is an
incongruity between the input stimulus andotbebstandard of x
comparison the orqani;n will be ;otivated to behave, that is, it
will in some-way operate to reduce the incongruity. The

operating will continue so long as the incongruity exists.,

However, vhen there is finally a congruity between stimulus and

B

-



standard, the operatxon will terlxnate and the orqanxservlll be
freed of the process, Thus, in answering the 1n1t1at1qq_quest10n
Hunt also ahsvered{therterninatiOn'ﬁueétion:rihen inconqtuity is
lost by,;nfo:ia;kon processinq. a stiluius>is ne longer
intrinsically motivating anad vill no lonqer elicit or laintqiﬁ
exploretion; ' b | | |
: The next questioe Hunt deelt vith vas energization, "Hha£
is it that provxdes the enerqgy for an. orqanLSl to enqaqe in
_exploration?n, The ansver to this question also centered on the
notion of incongqruity, and Huntnqu1te simply postulated that
-information p:ocessinqhor uncertainty’reduction by itself is

¢ , ’
motivating. ! N

jAnother*lotivational.ﬁ:;?i,estion ﬁhat Hunt considered was what
he called the "direction-hedonic" guestion. "Toward what, and /
awvay froe what, will an orqaniSnlnove?”. In ansue:inq;thisl
‘question Hunt proposed the cehtral hypothesis in his theoretiCal”
position; .namely thatlorqanisns needran optilal aaount of
uncertainty or incongruity and will Seek out those situations
that previde ﬁhel vwith that optimum. When there is insufficient
incoeqruity, they vill approach situations which provide more
(hprto tﬁe»opti-nl) and avoid situations which provide less. So
also, if one is overstllulated by 1nconqru1t1, situations that
afford less ;nconqrultv llll be approached and thosehgggefilnerrw :

lore, avoided. The optimal level of 1ngongru1ty is also

suqeeSted by Hunt to be a special, and in general, overriding



'standétd,a&ains£.which allrinqonipd incondrui;ié;‘;fé gd;paied -
vithin the TOTE unit. -

+ To summarize, Hunt's theory states thatnthe motivation for
: ‘exggbiatory behayiqr resides in the informational interactionﬁ
betvween brqagisl and circumstance. It is(initiated by some
iﬂconqruity between an input and soné~s£andard where the |
standaid can'be:anvadaptation level, an éiﬁectaﬁioa or silply

input from the previous moment, but where the overriding

standard is an optimal level of incongfuity. It is the :edgctignf

pf inconqruity that leads to learning about the object of
AR . - - .
exploration, and the "need" for an optimal level of incongruity

that leads. to sfinulus seeking and stilulus-avoidance (and which
may serve to reinforce other responses). In Hunt's words:

The lypothesis of an optimal standard of incongruity
'supplies a motivation for behavior change and learning
that is inherent within the orgamnisa's informational
interaction with its circumstances: inherent within
seeing and hearing. Repeated encounters with given ‘
organizations of input lead to adaptation... This fact
that repeatedly encountered organizations of input

become subjectively passe prompts organisas to turn away - .

from unchanging circumstances to those providing
moderate degrees of inconqgruity. This supplies an
explanatory interpretation of both exploratory and
manipulative behavior (1365, p.227)

10
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. Walker the construct governing stimulus selection is’oﬁtiihi

e

-
3

Iheories imcorporating both ‘optimal-arousal and

Information-processing e

upst theorlsts interested in intrinsic motivation andi

exploratorv behaVLOr haVe attempted a choice between optllal

. 0

~a:ousal and information processing (optllal 1nconqru1ty) as .

dlcﬁhtors of the dxrectlon fo exploratldn. Hovever, Halker

(1964, 1973) anq Berlyne-(1960, 1967, 1969) have 1ncorporated
. g N )
' Ealkér's.thégry (1964, 1973) has pnch in common with the

positiops of Hunt  (1965) and’?iske anﬁ Haddi'(1961). He agrees

with Hunt that thernotivational basis for explbr;tion fhhere§ in

Lo

information, although vhere Hunt refers to the‘processinq

mechanisa as adaptation, Walker prefers habituation. Alqu for

. conpléxity, a construct recognized by Hunt as closeiy related to

optimal incongruity (cf, Hunt, 1§65, p.219). '5\1\
~ Walker defined optimal complexity as the "degree bf‘

psychdloqical‘c0191exity the organisa will seek to *maintain"

'11964,'9356)! where psychological conpiexity depends upon (a).

' , ; s eas 2 -
the colple;ity of the stimulusg initiating the event, (b) the

frequency of the past occdrrences of the event, (c) selective

. Ny » L
readiness for the event, and (d). the arousal value of the event. .

Unlike Hunt, Walker recognized arousal level which "serves to

modulate the psychological complexity of a psychological event. .

1



Kn'event”thatfcccqgs‘vhen”the'orqanisl iS"in'aﬂﬁiqhharbnsai

) e "1 . B - , - R .

state will be more complex than é\sililar eventGOCCurr%nq during
a state of low arcusal" (1973, 'p, 72). A second propert% of

L4

varqpsal is ité effect on intraindividual variations in optinmal
\V,zGiflexity level, particularly via diufnal variafion. Hence, ~
like Fiske and naddiA(1961), Walker's optimal level constuct
;éries with thg sleep-wakefﬁlnes; cvqie éf’the orqanisn.y. ‘
According to ﬁ;lker, qénisns presented with a nunbef of
events that differ in psvégjloqicalcouplex%tv vill select the
one ¢losg§t to the optilun:\hs the event oqcu%s it produces;a ’
‘ sharp*tise‘in conplexify (duxjﬁo arouéal increase, later (1973)
'ieferred to as sgnsitiiation) folloved by alfall to a level |

below'the.opSinun (due to habituatiop). This coupels selectign

of another‘evgnt‘of sufficient coaplexity to reinstate the

opiilun‘—Thisrprocessreientuated~in a restless.exploring
organise. ] | _

'ﬁven more than Walker, Berlyne (1960, 1967, 1969)
incorporated ideas central to both optimal érousal and opiiaal
incongruity position into his theory of exploratory behavior.

Berlyne's eafly wvork (e.g., 1950, 1955, 1960) concentrated
on the‘reuardinq properiies of drive reduction. He considered
arousal to be a general drive s%ate and concluded that behaviors

vhich reduced this would be reinforced. Exploration could serve

to reduce arousal through familiarizing the organisam with a

. novel stimulus. Later (1967, 1969), however, Berlyne alsoc

12 f



recoqnited that increases in arousal can be rewarding.

Berlyne claimed that exploration can be explained
ﬁhvsioloqicallv‘wifh'tQO'sets of reasons. Both have to do with
| the needs of the bfain and the fact that the human orqanisn_is‘
primarily an inforn&tionrp;ocessiﬁq'systen that uses iﬁfofuation
from the environnenﬁ énd ifé menaory to make choices. PFirst,
since thgre‘is alvays spontaneongwactiviti in the central
ﬁervdus systea, and since this activity can underline many
different }ésponses, it is important for the organisa's sn:vival

”

fo select adapgivély from among the nfriad of possible
hehaviots. Second, organisams are "designed to cope ¥ith
environments thaf produce a certain rate of ;nflux of
stimulation that taxes the.nervous systea to the right extent;
vhen natqrallv occurrinq stimuli are éither‘too easy or too
difficult to assimilate" (Berlyne, 1966, p.26).

VIn‘the course of normal information processinq_thé organism
must compare and cohtrast various stimuli from the environment
or ngnOry in order to note differences and similarities. It nﬁst
alsé categorize these elements into a meaningful system for
operating and-storinq. Berlvﬁe referred to these processes as
. collation and p01nted out that thlnqs like novelty. coaplexity,
incongruity, etc., all 1nvolve collation of Stlﬂull fron the
environueht’and meROory.

Eollative stiiulus properties héld whaf Berlyne (1960)

called arousal potential. Berlyne suggested that stind;i which

13



offet an Opiil0l&§§ drousal‘ﬁoténtialiare apprqabﬁed, théréby;
‘ilplyinq that people require an optimum of stimulation. His
discussion of the relation between arousal and arousal potential
stated that when arousal potential is eithgf belovw or above the
optimum, arousal increases énd motivates either stilulué seeking
(low arousal potenﬁial)‘or information reduction (hiqh arousal
potential). The'relationship. then, between arousal potential
a;d acous:l approxiuate; a U—s?pped function, This relationship,
derived by Berlyne (1960) and depicted by Hunt (1965, 1371) B
appears in figure 1. Berlyne was obviqusly operating within a |
drive-reduction framework as of 1960. Although he maintained
that organisas seek an‘optinal level of arousal potential in
this‘envirpnlent, this seeking was always motivated by a |
reduction of their own arousal levels. |
Later Berlyﬁe (1967, 1971, 1973)*‘eveioped a sfStéino~

account fqr the findings that increases as well as decreases in
arousal can be rewarding. He talked about the corréspoﬁdende

£

hat arousal or arousal level must be distinguished

between vrqhsal potential and arousal increments, and pointed
out (19;31\

fron chanq’i in arousal level (i.e., arousal increments or

decrements) . Berlyne's position was thatvtheré is a relationship
‘betueen arousal change and hedonic value (i.e., preference) such
that both a‘decrenent‘in excessive arousal level and a moderate

increment in deficient arousal level have positive hedonic

value. According to Berlyne (1971) there are two separate

14
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.Relation of organisa’s arousal to stimulus arousal potential
according to Berlyne. (Adapted from Hunt, 1973.)

AROUSAL

AROUSAL POTENTIAL OF STIMULI
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mechanisas that must be distinquished to account for this

-krelatiohship. one mechanism seeks to reduce a;ousal from
unpleasant levels (calléd the aréugal reduction driaveréion
mechanism); the other, called the arousal boost or reward
mechanism, seeks moderate iﬁéfénents,in arousal through
?ncduﬁterinq stimuli uith,loderatebarbhsal potential.

To clafify how his two mechanisams would operate, Berlyne

(1973) reinterpreted Vundt's (lB?Qi cu;vg_relétinq arousal
potential to hedonié&ialue (fiqure 2)., When there is low arousal
potential (no arousél change) , the organism is indifferen£;L,
Stimulation is pleasant and hedonic value“;ncreases'up to an
optian as arousal poten£ial increases.vAfte} the optiaus,

hedonic value becomes less positive until once again there is a

his region between the optimus and

point of indifferencé. In
indifference, both mechanjysas will be operative and, as Berlyne
suggests (1973) either stiamulus onset or stimulus termination
will be rewarding (i.e., either arousal increment or arousal
decrement), Beyond the poiht of indiffe;énce, arousal potential
is too great and the mechanisa which places value on mode ;te

arousal change will be essentially inoperative until ardusal is

reduced and arousal potential is at a more acceptable level.

Berlyne (1973) and Walker (13973) were the only theorists to

explicitly postulate a tvo-mechanisa approach to éxploratory
‘behavior (although such an approach was implicit in the wvork of

Déiber and qul, 1957; and Hunt, 1965). Berlyne was the only

T
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Conceptualization of intrinsic motivatlon.

(Berlyne, 1973.)
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theorist,. however, to diséuss two .corresponding kinds of

3 exploration, Specific exploration refers t6 exploratorv
behayiors that arerresponses'ained at uncertainty reduction
(thereby feducinq arousal change). Diversive exploration, on the

{other hand, is aimed at providing stilulatioﬁ (i.é., increasing ¢ .
arousal éhanqe).

In sun,.Bérlvne discussea how organisms behave to reduce
arousal; bufgalég\to approach -oderate levels of arousal change.
In doing so“he focusedqon‘the psychologqical level; but he also
paid considerable attention to-the<phy51010qical proce$ses that

underlie the behavior.

Sumpary
/"’

The evidence is quite clear. Peo}le and lovwer animals

engage in a subgtantiai amount of exploratory behavior, and

R

theories need to be ‘able to account for these behaviors, which
are motivated both to reduce and induce stimulation, and which

lead to learning in the absence of tissue-need related rewards,
S " ',f%; ’ - .
Whereas drive-naming has been judged inadequate as a means

of understandify exploration, both optimal-arousal and
optilal-incog?ruitv theories seem to easily handle these issues.

.

Optimal arousal theoriés focus on the physioloqgy of the nervous
systea and postulate that there exists in all exploring
organisms an optimal arousal level below which they will seek to

5
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increase sfilulition and above which they vill seek to reduce
stisulation, Oétinal-inconqruity thedrv is prilarilj
pSvcholddical but leads to the same behavioral predictions.

Whether one chooses to-focus on the physiological theoriés'
or the psychological theories is really a matter bf preference.
.Both are ultinately ilportént and necessar} and both - -have
heuristic vaiue. Also, theofists fafofinq one prition give at
least i;plicit recoqpition to the importance of the other (cf.
Hebb, 1955, p.250 and Hunt, 1965, pp.207-212). Berlyne (1973)
and Walker (1973), of course, are é%plicit in their references
to both arousal and incondfuitv aségontributinq factors to
explorator; beh;vior. )

Many writers have chosen -to clgséify all these theories
undef one modal label “optiaai—leval theory", preferring to
concentrate on the heuristic benefits of their commonalities
‘rather than on their ostensible'differénces (Airkes and Garske,
1977; Cohen and Gelber, 1975; Fowler, i965; Nunnally and Lemond,
1973), I bow to the modal view. The rest of this thgéis will
deal with predictions connénvto all of the theoriés, ifé.ﬁ
predictions relating exploratofy behavior to those stimulus
properties deteramaining its occurrence. %

Optimal leiel theories all énqqést‘a nusber of stimulus
attributes having ilporfant and prédictabie influences on
exploratory behavior. Included among these stimulus properties
~are those most succinctly cateqoriiéd by Bérlyne (1960) - as

3
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‘cqilafivé variables, with novelty and ‘complexity rebei;inq the.
gost-w{aespread theorétical attention. As well, most resergch on
"the area of exploratory behavior has Beeﬁ directed t&uézd these
variabies and toward testing the predicted functional
‘relationship bhetween theSe variables and exploration.

A,The next section is a review of the concepts sﬁinulus
complexity and stimulus novelty. Por each, a definifion aﬁd a
theoreticaily derived prediction concerning its relatiog to
exploration vili be outlined, foilowed by a discussion of ihe | A

methods used for its investiqation and the results found by .
previous research in'the:areq of infant exploration. I will then
arque that previous methods have been insufficient for tests

relating complexity, novelty and exploratory behavior and

propose a more suitable procedure. -

Complexity -- Defipition

ol

The relation between stimulus complexity and explorator

Ed

beéhavior has been the focus of a vast amount of experinentai
effort as witnessed in this statement'by Hutt (1970) : "Certainly
it‘(c0lple{ity) appears to be a concept that has éhaiienqed the
inqenuity of many, to 1ﬁdqe by‘ihe brodiqious effort expended on
" its elucidation™ (p.121). Por—uanv the major reason for
investiqatinq coaplexity and its relation to exploratory

behavior has been its quantifiable nature (Cantor, 1963;

20



Attneave, 1954; Smock and Holt, 1362; #itz, 1966) « As a property

'of the distal environment, discernable in terms of its physical
attributes, complexity iS seen as.nofg.easilv measured than
ot her stilulus var;ables such as novelty, which depends'in part
on- the history of the orqénis-. Unfortunately, Such optimism has
been unfounded, since-identifying those attribu%es that define
the complexity value of a stimulus has proven eluéive. g
Definitions of stimulus coaplexity have included abstract .
definitions such as "stimulus heteroqeneity" (Valker, 1964) and
ndissimilarity between ele;ents" (Berlyne, 1960), post hoc
definifions determined by experimental results (Pantz,1958),
intuitive a priori definitions (intuitive in that the B
experimenter does nat'offer a rationale ﬁor ordering stisuli
along a complexity dimension), for exaample, stripes vs;
checkerbdards-vs.fa bull's eye (Sackett, 1363), and specific a
priori definitions such as nuamber of squares in a checkerboard
(Brennag, Apes énd;noore, 1966; Caron and Caron, 1968) and
number of toys in array (Rheingold and Eckerlan,‘f971; Ross,
1974; Hunter, - Ross and Anes;‘in préés), number of positioné
taken by flashing lights (Cohen, 1969), number of sides of
3-diﬁensiona1 objects (HcC;11‘and Garratt, 1971), nuasber of
turns in a randoy shape (Hershenson, Hdnsinqer, and Kessen,
1965; uunﬁinqér and wWeir, 1967), deqrée of redundancy in a

ﬁ%ttern (Pantz and Pagan, 1975) and amount of contdur (Kérnel,

1969) .

21



Most reSeérchers nbw.ahree that>e;§1icit;‘g Priori
definitions are to be favored because they can be operationally

defined, are more easily interpte@ed‘and more likely to lead to-

dable;aqcounts ?f the‘rela@ion betweénvconplexity and
ilon, Cohen and G;lber (1975), honevek, héve-pointed out
that even\in the face of such aqréenent’ihere is stili arqu;ént
‘as to the nelevant dimension governing stimulus colﬁlexiti,
i.e., C;Qtour density (Karmel, 1969) or size and number of
elements (Fantz, Fagan and Hiraﬁda, 1975; Greenbeigﬁz?d Blue;
1975) . Werner and Perlnutfer (1379) have put forth&a cogent
arqument favoring size and number and hawe‘a;so agreed with
Fantz and Fagan (1975) thaf whereas size or both size and nqlﬁer'
rare iiportant for infants 6 months and vounqeg, number of -
elemets is the most important dimension .of conplgxity for
infants beyond 6 months of age. '

The present study, which included 8 and 12-month-old

infants,’varied the nuaber of elements in the stiiuli by varying

the number of toys in an arrav.
¢

Copplexity as a Determinant of Exploratory Bebavior ==
Theoretical Predictiop apnd Empirical Findipgs vith Infapts
. ’ <
Theoretical predictions relating stimulus complexity and
exploratory behavior have been explicitly stated,and unanimously

agreed npan by all optimal level theorists (e.q.., Berlyne, 1960{

5 |
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Dember and Earl, 1957; Hunt, 1965; Walker, 1964). The predicted
functxonal relatlonshlp is illustrated in figure 3. It suqqests
tha! exploration will be greatest when the stimulus to be
explored is at an Lnterledlate level of co-ple;1ty, dropplnq off
7as Stllﬂll becone -either "too" 51nple or "too" coumplex.

In order to anesthate this relatlonshlp with 1nfants,

experlnenters have most often used a &focedure datan at*ieast

" back to Marsden (1903).=St1-uli are presented individually or

tvwo at a time ag\qpreferences among thea are inferred fron the

rank. orderan of amount of visual attentlon or focused

lanlpnlatlon spent with each.
¥ith younqerf;nfants, visual attentlon is the response
14

measure used, lewis, Meyers and Kagan (1963) presented a 51nqle.l

blinking light, a horizontal moving light, and a blinking light

describing a square helix to six month old infants as described - -

above, In teros of total fixation time thevdecrgasinq order of
_preferenqé for the stinolilwis the,square.hglix, the line and
the sioqle light. FrOlothese.fesolts +he authors concluded'that
"conplexitv‘is’an ilpottant paraleter in"laintaininq the
infant-s'aftention" (P.10). Hoffett (1969) used stimuli composed
of black lines varlouslv arranqed on whlte bacquounds._lofants
'2 to 4 months old-were found to prefer stimuli containing thérﬁ

larqest nuaber of parts 1nto which the bacquound ¥Was d1vided.

With older 1nfants, focused lanlpnlatxon is used as the

response Beasure. Rheinqold and Eckerman (1969) placed either
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one toy or si# téfs in a room separating 104-qn§h794§ infants. -
from their'nothér;'Théj found that toys delayed follouinq,fE o
pointing ogt that the infants'iﬁ the six-foi érdﬁp sbent ROre

' time manipulating the toyg}than did the»infants in the'one;tdy
q:oﬁpg Ross (1974) fbund that_12—nonth-olds allowed to approach
and explore either four toys or‘oée toy spent hqré time
manipulating in the four-toy comdition. If n&nber of elements is
taken as an xndex‘;f complexity, four and éix tovs are ;ore
complex than one toy, indicating that 10 and 12—nonth-olds
prefer conp}ei stiluli ovarﬁsilplg stimuli.

Uﬁile these experiments and others offering siiila; resulté
(Berlyne, 1958; Spegrs,‘1962) found that complex stimali
promoted lore)expldritoty behavior than silple.§tinuli,
Hérshenson, Munsinger and Keésen (1965) found that wvhen stiasuli

2

containlnq 5, 10 and 20 anqles iere presented to newborns, the
greatest attention was péld to the sflnulus of Lnterledlate" |
conplexity wvhile the most complex stimulus was preferred second.
Idﬂanpthgr study by Hershenson ]tQGQf the stimuli used were
three black and thte checkérboards co%taininq 2 x 2, 4 x4 and
- 12 x 12 squares ﬁespectively. He found that newborns preferred
the 2 x 2, or least complex stinulué.irurther, thé/o:der of |
preference vas in decteasinq 8rder of their conhlexity: the

stimulus of lnternediate conplexlty vas the next most preferred

vhile the most complex - Stianlua—las le&st preferre&]rw—rr~~ﬁ3rr~”
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Taken'toqether 'then; these stuﬂies*suqqest that the* ; o ?
relatzon hetween conplex1ty and exploratory hehav1or can ber I |
descrlbed by any of three functions: monotonically increasan,
inverted—ﬂiand nonoroniCallv deCreaeinq'(see fiqure 4) .

The eiperinent which i% effect resolved this dilemma vas

‘condncfed by Brennan, Ames and Moore (196§). They noticed that

those experiments that found a preference for either simple or
intersmediate stimuli ihcluded‘hewborgs or very yvounqg infants,
whereas experiments showing a preference for complex stimsuli

ihvolvedﬁalder iﬁfahts. The implication of these studies was

~ that preference for conpleiitvgincreases with age. A closer look

X 2 squares, 8 x 8 squares‘and'Zu

at Delber and Earl's (1957) stlnulus selection theory revealed
that aqe chanqes in preference for complexity is a predxcted

p0551b111tv. As Delber (1961) p01nted out' nyhat is too 51nple

for an adult aav herjust right for a child”" (p.360).

In order to test this predlctlon, Brennan et al., (1966)
presented’infants with three checkerboard stimuli comprised of 2
/j>§u squares. ACCordinq to a
nueber of.ihdiees of conplexiry (e.q., number of elements, size

of elenents, amount of contour) the 2 x 2 checkeﬁt:7a&'uas 1east ‘

'c01plex, the 8 x 8 intermediate and the 24 x 2u most coaplex.

Their subjects vere Lnfants at 3 ueeksr’a weeks and 14 weeks of

age, The 3-week-olds looked most at the 2 x 2 followed in order

jrby rhe 8 x 8 and 24 x 2u checkerhoards. The B—Heek-olds spent

more time looking at the 8 x 8 checkerboard than either the 2 x
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Figure &4
. Potential relations between .
gtimulus complexity and.exploratory b'ehavior.
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'2 or the 26 x 24, which they looked at approximately the same
anoﬁnt. Finally, the 14~veek-olds ordé}ed‘théit.preference in |
decreasing order of complexity (see fiqure 5).

These results prpvidgd evidence that all three of the
functions depicted in fiqure 4 could be found, dependinq on the

age of the infhnt, Corroborative evidence of the Brennan et al.

findings have since been forwarded by a number of researchers

(6reenberq, 1971; Karmel, 1969, 1974; Jones-NMolfese, 1975)..

Greenberqg (1971) répliéated the‘Brennan~e£’al, findings using a
lonqiiudinal insiead of!a cross-sectional design. pefining
coiplexity as amount of contour, Karmel (1969) found an
inverted-U0 shaped function of preferenqg and further found that
" the maximum evoked potential ﬁnplitude shifted towvards stimuli
with greater contour densities as age incre&éed (Kaflel, 1974) .
The results of these studies demand a more sophisticated
attitnde tovard the felation between stimylus complexity and
exploratory behavior. Exploratioh does not appear to.be a siample
function of stimulus cdlplexity but of stigugﬁs.conpletitf
relative to the age of the infant. The message implicit to this

attitude is that studies incorporating complexity as an

independent variable should both define the dimension of -
v | S

conplgxitykg ggiggi;(e.q., nuaber of‘eleleﬁiﬁy apd establish
such age norms that the stimuli designated as simple and complex
are indeed simple and complex fof fﬁeWAQQfé;'of-tﬁérsub1ec£éw

under investigation,
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Figure 5
Age changes in preferred level of compia:d.ty.
Frog Brennan, Ames and Moore, (1966).
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The age~related definition used in the present reseatch wWas
. : R )
based on Ross's (1974) finding that 12-month-0ld infants

wouldexplore, ‘'on average, only three or four available toys.

+

Thus three or fewer toys vould appear to be sisﬁle for this ade
qroup while four of more would be complex, In the study reported
here, five toys were choseﬁ as conple§ and three toys as sinﬁlé
for the 12-month-old group. The complexity level for the
8-month-olds was not chosen explicitly on the basis of prior |

research, However, it wvwas chosen with "age-relatedness" in mind,

o

;

i.e., the 8-month-olds received as their complex stimulus the
same stinﬁlps (three toys) that was simple for the |
12-month-olds. Theoretically the iapiication of the Brennan et
al. result is that there is one basic inverted-U shaped function
relating complexity to exploratory behavior, although the

\ cbiplexity of the stimulus corresponding to the peak of the
inverted-y va;ies directly with age. Presulably, if"théy had
extended the complexity dimension to include %inpler‘and Rore
conélex checkerboards, the 3¥ueek-olds and the V4-week-olds
would have shown inverted-U functions siniiar to the one shown
by the 8-veek olds. For the 3-week-o0lds, hoqevér, the stimulus
I8§t preferred woulgd haye been less complex than an 8 x 8
checkerboard,uihile a checkerboard more complex than an 8‘x 8
ziould'have been preferred by ﬁhg 1u-veékfolds.,rhns, the same
stimulus (e.g., an 8 x B checkerboard) thét would be perceived

as simple for'the 14-vweek~-0lds would be moderately coaplex ﬂ‘r
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8-week-olds and very complex for 3-week-olds. Ahaldqoué vy I
chose a<3-toy array, which is simple for the 12-month-olds, to

-

be a complex stimulus for the 8-month-olds.

3
@

Novel ty! —--Definition
Novel ty has been widely described as a stimulus dimension

having important and predictable influence on the occurrence of’

'explbratory behavior., Precisely what novelty means and how it is

best‘ie#snred; however, has been a source of some conhcern
(Berline,‘1960; Hutt, 1970; McCall and McGhee, 1977). According
to Berlyne, "when we ask.nhQ} exactly it @means to say that a
stimulus pattern is novel and héw novel it is, we face a whole
sncceséion of snares and dile-nQS.‘To begin with there are
several quite distinct éenses in which something can be new
(1960, pp.18-13), Berlyne cateqorized novelty i;to two discrete
dimensions: a temporal dimension along which stimuli vary
according to ﬁow much time has been spent interacting with thenm,
and a spatial dimension on which stimuli are novel to the extent
that they are combined in unfamiliar or unexpected ways,

A stimulus is said to be completely novel if it has never

been encountered before. §jg;;:gg;! and lopg-term novelty tefer

to stimuli that have been encbuntered before but not within the

last few minutes/ho (short-tera) or day/months (long~term).

On the spatial.d ibn, Berlyne distinquished gbgglg;g povelty

from relative noveliy. An absolutely novel stimulus is one which
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has embedded within its confiquration some attribute(s) that has
never b?en perceived before. If the attributes of a stimulus are
familiar, but are arranged in a.wai never before encountered,
the stimulus is considered io‘be relatively povel. T

To study(the influence of novelty on explbraiion, these
definitions sust be translated into operational teras. Without
‘conplete knowledge of an indi#idual's past, it is not possible
to deterﬁine if a stimulus is either‘coupletely.or absolutely
"novel, A more limited knowledge of the iﬁdividual might enable
yoﬁ to spécify tﬂé'extent of lbnq-tera or Telative novelty bfva
stinuius; however; even this‘infqrnation is generally abseﬁt.
The easiest dgfiniﬁion to work Qith has been short-ternm novelt§
since variations in it cah be created within an experimental
' session, Studies typically involve pai:s of stimuli with unkndwn
and assumed equal relativexﬁoveltv. This assumption is made
valid by balancing the assigned roles af the stinuli betveen
subjects. Subjects are provided{with'é specified amount of
expe;iénce with one stimulus and it is.then considered more
familiar than the otherfstiiulus. The dedteeAto vwhich a stimulus’
is novel (of faliliar) can be neasured by designating the amount
of time spent interacting with it. A stimulus explored for some
amount of time is less novel than that same stimulus before
familiarization (intrastiaulus novelty) and also less novel than
a different Stinulus that has not been as recently explored
(inierétilulus novelty). Thus, "the simplest operational

A
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definition (of novelty)... is one which specifies novelty in

o

terms of a time continuum along whi hvan’obiect which was once

novel hecomes faniliat",(Saaylan,' s-anq,ﬂoffett,/196u,'

p.190).,
Novelty as a Determinant of Exploratory Behavior —= Theogetical
Prediction '

é%\ ' All of thé théorists reviewed above have‘enphasized the
role of nofelty as a major deterninant‘of ex#loratory behavior
(ﬁerlyne, 1960; Dember and Barl, 1957; Fiske and Maddi, 1961;
Hunt, 1965; Walker, 1964). In qeﬂeral they predict an inverted-U
shaped function that specifies both the course of exploration
during familiarization of a siupléﬂi}inulus (intrastiaulus
n0ve1ty)_and how exploratory behavior will be affecfed when
interstimulus novelty is varied.

The abscissa of fiqure § depicts a time continuul,and thé
inverted-u curve describes how Quch exploration a sinqlé
stimulus vill elicit during the course ofléaniliarization.
Explora£ion‘is predicted first to increase as new information is
assimilated, thén decreasesras inforaation acquired becomes
progressively régundant. A »v

Predictions concerniny inters;iiulgs novelty also follow

fronm fiqurevﬁ. If‘faliliarizafion proce:ds to a point where the-

familiar stimulus will no longer sustain interest (e.g., at Y)
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EXPLORATORY
BEHAVIOR

Figure 6

Predicted course of exploration as a single stimulus
becomes familiar (intrastimulus novelty).

high intermediate ».. - low
noveity . novelty L noveity

FAMILIARIZATION

a [

a. X and Y represent points where a novel stimli is introduced
and the times spent exrloring the novel and familiar stimuli
are compared. At point X the familiar stimulus is predicted
to receive more expleration while at Y the novel stimilus-
should be preferred,
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and'é new stinﬂlus is iptrodﬁced, the new stimulus is predicted
to receiveigg;g exploration., At point X, where interest in the
familiar stimulus is ind:easinq or still at a hiqgh level, the
familiar stimulus is predicted to receive q;eater exploration.
At point X, therefore, the novel stimulus should be explored
" less. (It should be noted that these predictibns are subiject to
the restriction that the new and the familiar stimuli have equal
novelty value prior to familiarization).

: S SS—
Yapiations in the General Curve relating Novelty to EXploratory

Bebaxiox
' 3

Subject_variables

Piqure 6 can be inte:preted as the general c&rve
describing the relation‘betueen exploration and intrastimulus
novelty for all orqanisns. Hovever, the exact shape and the
total amount of exploration a stimulus is likely to elicit may
vary over individuals due to differences in prévious_experience
{Berlyne, 1960; Denber,énd Eari, 1957; Hunt, 13970; Walker,
1973). Por exanple, an older infant would presumably have more
experience with and greater knowledgqe of the stimulus, Thus, a
given stilu%us might be expected to inifiallv be less novel and
the older infant would be expected to take less tise to explore

thgﬁgxinulus than a younger infant (Dember and Barl, 1957).
N '



Other things being eqﬁaif(e.ql, the éouplexifv of the stimulus)
the oldercihfant should begin exploring at a later point on the
curve than a younger infant (see figure 7).

Individual &ifferences vithin the sanme ade range miqht also
be.expecteﬁ to leéd to differe?ces in the shape of the curve as
in figure 7. Differences in qekéfic dispoéition and experience
would result in individuals starti;E at different points on ihe

curve and. reaching the endpointvat.different rates,

Stimulus variables; The jnteraction between novelty and
complexity .‘ .
Valker (1964) maintained that stimulus complexity and
stimulus novelty interact as'dgterlinants of exploratory
behavior, as did Dember and Earl (13957) and Berlyne (1960,
1970) . Berlyne (1970) proposed that cganqes in exploratory
- behavior depend on the interaction of two antagonigﬁic;
processes: tedium and positive—habituation. A stiguius gradually
succ;;bé'to a tedium factor as it is're?eated or prolongéd.
Positive-habituation reflects an increased liking fog%g stimulus
as infornation is absorbed from it and‘the stinulug beéonzs s
assimilated or organized., Hence, the in?erted-ﬂ function fott
eiploration. Berlyne claimed further that these two factors are
weighted dlfferently dependlnq on the coamplexity of the

stimulus. "One would expect the tedlu! factor to be relatiyeiy

stronger vhen the stimuli are simple and low in information

7y
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) Figure 7

Possible variations in exploration:accordihg to age,

when stimu;gs attributes, e.g. complexity are assumed to be.constant.
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content, whereas there will be more scope fqr the inforiation

processing presumed to underly'the»pdsitivé-habituatidn factor
vhen Stinulivarercopplex" (1970; §.121); Ele manner in. which °
( theselleghanislg work are suamarized in fiqure 8. Simple
stimuli, whether‘novel or fani;iar; should shoﬁra nonétdnically
deéreasinq’fuﬁction of exploration iith falilia:ization'OQér ’
time, Both coupléx-novelnand’couplexffaliiiar stiluii.rhbvever,»

. . . . o N\ . ’
should produce an inverted-U shaped function over the course of

 familiarization time, -

-

Noticé‘that Berlyne prédicted wi-piwmal oﬁ no ini;ial
gxploration of’conplex-ndvglAstiluli.~This sec#ionlof'the'éﬁr¥e
iiqht bé_thouqht of as an exception‘to,tﬁé lore<;enéral.startinq
point debicted in,fiqure 6, and perhaps is éhéracteristic only
of coapletely or @bSOIutely novel stimuli. Complex-familiar,
vsilﬁle—noQél andVsi;éle;f;iiiiér'étiluli7probébiy repﬁééeht
tthose most often used in rtesearch on exﬁloration.

o Prediétions concerning ig}etgtinulus,novaltv wvould also

depend*on the complexity of the stinuluf being explored. : /
Referrinq_ﬁack’to figure 8 it is apparent thJE pretérencés'for .
fa;iliar stimuli are tenable only when the stimulus being

faniliarized is complex. If sinplé, the {aliliarized stilulus

shonld not be preferred following even a short familiarization
;petind*lnstead,eitherno_ptefarence(follouinq,ashortalonnt"

of faliliarization) or a preferenceifothhe novel stimulus

(following a longer amount of familiari iation), should occur.
' > : ‘ N ,

N 7 7' | -
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Figure 8

Possible variations in exploration according to canplexity
when previous experience is assumed to be constant,
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In sun, eptiaal iegel theories bredict,that‘either a novel
or a familiar stimulus uili be‘preferred.dependihq'onl(a)‘how»
long the falilia:wstilulus haslbeen’previously exposed, and on
(b) the complexity of the stimulus, where conpleiitvris defined

reiative‘to the age of the explorer.
Methodology for investjigating povelty -- Habituation

The method host often employed to investigate the relation -

i
.

- bet ween exploratory behavior and both intra- and interstiaulys

novelty has Been the habituation pafadiql. Typically, a stimulus
is presented for some number of discrete trlals or for sonme

amount of contlnuous tlle Pollowing these "hahltuatlon tr1als"

the fan111ar stllulus and a noveI stlnulus are presented elther

w
simultaneously or succe531vely and the alount of exploration

elicited by each is compared. Analyses'of the course of
exploration over the habituation trial(s) can previde
infdreation about the function relatiﬁgwexploration and
intrastilulus nove;fy.AThe felatioh betveen interstimulus’
novelty and eiploraeion can be studied by 1ookiﬁe at the
relative respe:ie to nOVel‘and familiar stimuli during the

coaparison trial(s). By conparinq'different ages, sexes, and

”stiluli' ﬂeVeiupnentai andhiud1VIduai*drffereaces 1n this

relatlon can be investigated. il
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Intrastisulys novelty == the course of exploration durind
. cuati S

» Shapelof the curve ‘
| Many studies of infant habituation have reported a

nonotonicallv‘decreasinq curve of habituation {(Caron and Caron,
1969; Cohen, 1369; Paqan; 19772'Hutt, 1970; Kagan and Lewis,
1965; Lewis, Padel, Bartels and Campbell, 1966; Ross, 1974).
.These stndies a}l presented infants with a single stimulus for a
. sét number of fixed length trials or for a fixed amount of
:continnqus tiﬁe. Habituation curves were constru¢ted,bv
ave;agiﬂq subjects' response tipeé’for eachﬁgr%al agz plottinq;
, Rean scores forward‘fron triai one to the 1ast$&iia1 (see fithe
9) v |

Cohen and Gelbe:‘(1§55) h&vg'arqded ﬁhat the neqgatively
exponential decline'described'by thertypicalQﬁabituation curve
is anrartifact produced by individual suh{gcts habituating at
dif ferent rgtes. They suqqeéted<that a more representétng curve
is produced vwhen suﬁjecté are run to an‘individual critqrion of
habituationkand the curve is plotted backwards froa the point at
‘ wvhich criterion is reached. As shown in figure 16, rather than
gqradually declining, curves plotted in this ua;\anqest that
expldrétiaﬁffirsiWihcréiées5ftoi'its’{ﬁitiifwialné}ﬁédﬁtihdéé-dt

a high rate;‘then peaks and finally declines rapidly to
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Figure 9

Typical forward habtuation curve.
(From L. B. Cohen and E. R. Gelber, 1975.)
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EXPLORATORY BEHAVIOUR

FIXATION TIME IN SECONDS

Figure 10

' Backward habituation curve.
(From L. B. Cohen and E.R. Gelber, 1975.)
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criterion. The;curve is not entirely syametrical but is roughly
siniia 0 an inverted-U.: | |

ﬂo‘ recently, Cohen and Menten (197?) have briticized the
backiard curve as also being artifactual, In pérticular jhe peak‘
and tse:rapid decline occurring just prior to‘criterion arerseen
as resulting from the artificially restricted trial immediately
prior to Rhe criterion trial(s) (artificially restricted because
the first pre-criterion trial;nust, by definition,_be higher
that the criterion trial {s) in order not to be-iné?uded,in thé B
criterion). Intergstinqu, Hayes (1953), the‘firs£ person %o
propose using backward curve§ fbr the studylofllearninq, Was
avare of this artifact. He pointed out, however, that £%
criterion trials and the first pre—cfiterion triais are
discarded, and only points contributed to by a large majority of
subjects are interpreted, backward curves are sensitive to the
course of learning. The same might be true fof backward
habituation curves: although thé rabid decrease from the/first
pre-criterion trial to criterion is undoubtedly due, at least in
part, to artifact, perhaps“the earlier increase_and any rapid
drops‘ff:l trials near to but not iinediatelv preceeding
criterion (which afe both eiident in fiqure 10) are real.

More évidence"challenqinq the verity of the n&gotonicallv
decreasing habituégion»cufver&asrbeen feporte& by McCall (1979},
He used a sopﬁisticated combination of statisticél techniques to

first extract generalized habituation patterns, them to locate
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qfoups‘of suhjegts who were sénul aneously honoqegeous within,
- and heterogeneous betveen with reSRect to pattern. The ggsults
showed habituation curves for apbroxilétely SOQperéeni‘qf
S-month-olds and 90 percént of 10-lon£h-olds that generally
supported the attributés sugqgested by the more biased backward
habituation curves, Thus,;there is evidence to suggest that
habituation does not unconditionally display a uonotonicaliy
decreasing pattern.‘Rather,ffor a significant number of

H

individuals the curve may best be described by a curve that
i

approximates an inverted-U, Further, Cohen and Gelber agreed
that such curves are "consistent with optimal level of.
stimulation theories which predict an inverted-U relationship

betveen attractiveness and familiarity" (1975, p.363).,.

As they do for stimulus complexity and exploration,-optilal

level theories predict a sindle basic inverted-u shaped function:

-relating intrastimulus novelty and expioration. The incidence of.
both monotonically decreasing and inverted-U curves would belie
fhis prediction upless,‘aé ¥as suqqested-by Berlyne (1960,

19370y, theirkoccurfedqe was found to vary systematically with

individual differences in prior experience, with stimulus

variables such as conplexitv, or with both.

‘45
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Yariations in the course of habituation

Subject Variables

Wetherford and-Coheﬁ {1973) presented 6-, 8-, 10-, and
12- week-o0ld infants with 2-dimensional geometric #£oras for 14
15-sec§nd trials. The hébituatioﬁ cﬁrves,for each age group are
presented in figure 11, Whereas the 10- and 12-veék-old§

J ,
decreased their visual exploration over trials, the 6~ and

8-week-olds either maintained & high level or increased their
eiploration. Hetherford‘and Cohen oriqinailv inferpreted these
data as support fo?gan age-based différencg in habituation and
agreed uitE’Jefftev and Cohen (1971) that the“basic capacity to
habituate does not develop untilfafter 2 nont;z\bg age. Another
pbtentiél explanation is that the shapé of the curvé relating
exploration to intrastimlus hoveitviis deiérnined by age. For
exénplé, infants 2 uontﬁé and younger may be best described by
that section of fiqure 6.vwhich shows iﬁcreasinq eiploration over
.time, yhile the‘decreasinq‘half would best characterize infants
older than 2 months.

Although these'expi;nations are bars;nonious for the
Wetherford and Cohen daté, recent findinqs have le tmthen
somevhat exihuous. Using criterion of habituation rocedures;.

wvhich allowed infants consistently more faiiliarization'fiie

than constant-time procedures, Black (1976), Friedsan (1975) and

]
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Mean fixation time in seconds

Figure 11

Age differences in habituation curves
(From Wetherford and Cohen, 1973.)
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uilevski and Siqueland (f975),have found that infants younger
than 2 nths, even newborns, eventually decrease %heir )
explo:ngon. According to_these studies, rather than an
age-determinred difference~in curve éhdpé or in the basic
capacity to habituate younger inﬂ‘nts simply require ndre‘tine

in order to show a response decrement.:
N / .

This interpretatibn is conﬁruent ﬁith evidence from studies
of infants beyond 3 months of éqe, shSwinq that older infants
generally habituate faster than do younger infants (Cohen, 1569;
Pagan, 1974; Lewis, 1971; McCall, Hogarty, Hamilton and vipcent,
1973:; McGurk, 1972). In fact, Cohen later altered his
interpretation of the Hetﬁerford and Cohen results and suqqested

_that "perhaps if the earlier stuay had provided additional
trials, younger as well as dlder infants would have habituated”
h(1976,‘p.21u). Perhaps too, had fewver triais been allowed, 01;3T
as well as younger infants would havé'shown high or increasing
ratesuof exploration. Inépection of figqure 11 indicates that
tﬁis\{gdld have been true at least for 10- veek-o0lds.

T;ken together, these are provocative findings. For
example, they Support optimal leve; theories bf suggesting that

.%nount of expé;ience, a correlate}ﬁfvaqe,-rather than aqe_p§; se
may account for differences in:the shape of the curve relating

exploration and intrastimulus novelty. In other words,

. habituation is age-gelated not age-determijned.



This notion is further strengthened by evidence of
individuéi‘diffefenceg in curve shape and rate of habituation
within askiell as betleén\aqes. McCall and his colleagques
(WcCaXl, 1971, '1972; MccCall and Melson, 1969; Helson and Mccall,
1370 hav;)reébrted thét infants within several aqe groups
(e.gq., 3, u; and 5 lonths)kcould bé characterized as either
rapid or élow habituators. The visual exploration of "rapid
-~ habituators" d;splayed linearly decreasing response deé?é ents
while "slow habituators®" continued to explore at a high ratg or
showed ; response increaent, (It‘should be noticed that the tera
"habituation™ seeas to Se a misnomer for this grouwp, since its‘
members did not show a response decreament during the constant
time period allovwed.) Hunter (1978) reanalyzed data from kbss's
{1374) studv and found similar results for 12-month-olds: i.g,
following 5 minutes of continuous familiarization 59 percent of
’the infants had decreased their exploration, while 41 percenf
continued to explore at a consistently high or inc;easinq rate,
As in Hetherfo:d.and Cohen's (1973) study, these results were
based on constant time fali%}arization procedures‘and on the
cu;§és beinq piotted forvard‘in time, Vork by Deloache (1973),
McCall (1979) and McCall, Hogarty, Hamilton and Vincent (1974)
using criterion measures of habituation found that rapid and .
slow habi tuators alike would decrease their exploration but ggat
slow habituators required more faliliarization time. ¥hen Cohen'/)

and Gelber (1975) constructed backward-habituation curves using

-

&



Deloachets (1973) data, slow habituators‘prOHhCed a protracted
inverted—q curve, while an Alnost immediate ‘peak folloved by a
rapid decline to criterion.characterizéd'rabid haabituati&ﬁ.

Thus, slow habituators behaved as if the familiarized
stilulus'uas_initially more novel for them than for rapid
habituators. They shoved an increase in exploration vhen
familiarization time was relatively short and required
relatively more familiarization time before a respo;se decrement
could be produced. Since rapid and slou habituators:did notl
differ in age, the difference betveen them in curve,ishape and in
time needed to hébituate could no£ be due';o iﬁﬁ, Tﬁe most

A 3,

parsimsonious interpretation for the éresent {s that for whatever

Co#
e

. 2 ,
reason, slow and rapid habituators énter into an experimental
session having had different histories of interaction with their
A ¥ 5 '
environsent and therefore differ in previous experience ‘releyant

to the experimental stimulus. .

Stimulus variables
Not odiy does habituation vary according to differences in

previous experience, it is also sensitive to differences in
stimulus complexity, Caron ahd Caron (1568, 1969) :eporte@ that(
the habituation rate for 3 \/2-nonth-olds~ua$ fas;gst toa 2 «x é
checkerboard and progressively slower to 12 x 12 anq}Zu x 24
o :

. checkerboards respectively, Siniiar*finﬂinqé of faster

habituation to simpler stimuli {iif obtained by Cohen, Deloache

50



e

.and Risstanrf%975)jwithv17-veek-ol&s and by Ross (1374) with

12-nonth~olds.

Cohen and Gelber (1975) have suggested that stimulus
complexity accounts§fot dlfferences in the shape of the
habituation curve. They found that 4-month-olds familiarized to~*
an individual criterion stimulus (24 x 24 checkerboard) p:odnced‘
an iﬁverted-u shaped.curvq, while a nopotonicailv decreaéinq
curve ués}fbund vhen the stimuli were silpicr (2 x‘é or 8 x 8:
checkerboards). Thus, the rate of habituation and the. shape of
the’curvé appear to varyiwith the‘conplexitf of the stilulus
being faniliarized; | ‘ l

iThese findings can also be used to further account for the
age differences in“habifuation mentioned above. That is, sicce
habituation is dependent upon stimulus conplexit% and gftéctive
conplexiivwhas.beencfound io vary.with ‘age, habituaﬁion/shouidf

be expected also to vary w ge. nsider aqaln Hetherford and

Cohen's (1973) :eported age di ference in habltuatlon. Not only

""was it likely that infants at different aqes differed in

-previous experiences, but since all infants were familiarize

with the same stimuli,Nthe~younger infants in effect may have
been familiakFized with (what was for thes) a smore complex
stiluli.'Conversely, the typicai results relating coaplexity to

habituation uheﬁ found for a particular age group and with a

particular set of stllullﬁlhy not qenerallze to other age

qroups, Caron and Caron {1968) found response decrelent to be



. 1nversely related to stilulus conpleXLtf for 3 1/2-nonth-olds-'
Hovever, using v1rtually identical checkerboard stimuli, Brown
(1974) found habituation in 2-lonth-olds to be fastest for the

lnterledlate co-plexity. In one of the few studies to. o .

least and most conplex stimuli and slouest for a stimulus of

,invest1qa$e dlrectly‘the relatiooebetween'hahituation-end
: colplexity;at different ages, Ames (1966) found qreater response
‘decrelent to the sxnpler of tvo checkerboard stimuli (2 x 2
versus 8 x 8) for 5 1/2-veek-olds, but no difference for |
11—veek-olds. An 1nterpretat10n in line with the studies.
presented thus far is that these st1nu11 cere-otobably "51nple"
(2 x»2) and "complex" (8 x 8) only for the 5 l/zfueek-olds and
“therefore would be expected to lead to differences in
: habituation rate. For the 11;ueek—olds habitﬁation rate iay have
:beeh the”saie'aérdss stiiﬁli‘béciﬂse for thei both'stiiuli vere
“ngimple®” (cf. Breonan, Ames and Hoore, 1?66}. Thus4hnes; studi
makes the point that habituetion is not a silple_function of
Vcdlplexity or of age taken~eeparately but rather of aqeerelated
copblexit?. | A- | |
In sum, the‘studies presented to this point can be “
interpreted aeienpport for optimal level theories of \

exploration. There is some evidence for a general inverted-U

shaped curve relatlnq 1ntrastllulus ‘novelty and exploratlon

_which varies systeoatical ulth_prevlous ‘experience and with

age-related coaplexity.,
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Beyoad theoretical snpport,thase stndiasfigggggqqest that

1n order to find the sale pattern of’exploration over time foﬁ’ C;L\

all individuals, procedures must be used—that allow for
predictable ind1v1dual différences. A first step in this
direction is- to allov infants to be faliliarized to an
1nd1v1dual criterion of habitpation, therebv helpinq to ensure

that all infants reach the sdne‘relative*reSponse decrement.

AreqardleSS of the time each sepqrdtely-requires. Even when run

TN
PRI

to a criterion, however, the overall pattern of the curve may

>

*still dif fer ‘among individuals (e.q., betveen rapid and slow

habituators and hetue%a different aqe groups). In order to
acconplish 51nilarity in pattern, a further step is necessary:,a

i.e., consideration of the.particular stisulus to bé

ffaniliarized. Since habituation is determined by conpiexity

level, once. should take measures to ensure that the stimulus to

rs

be faliliarized is at a level of complexity most likely to

.;’produce a particular curve, For exanple, in order to find onlv

decreasing curVes, the stinulas should. bevone that is sxlple
even for slow habituators. Sililarly. by .selecting a stinulus

that is cOlplé; even for rapid habituators the likelihood of

‘inverted-U curves for all infants would be increased. Purther,

since complexity 'is age related, the particular "simple" or

"conplei" stimuli chosen should be appropriate for slow and

rapid habituators #t the particular aqe ' being studiéa:A§;7iiéimfﬂWﬁgﬁmf
%

prgsent study stimuli were chosen to pe s;nple or complex for 8-
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and T2fnonthi61d4infants~1see'paqe"30ywand4infants~ﬂere~assule&~
to have habituated equally when‘their'eiploratiorrhad decreased
by the same proportional amount, i?e;, to one~half their initiai‘
;ievel of exploration. o |

&

Interstimulus noveliy: Preference for familiar and govel stimuli

| The shape of the habltuatlon curve has lnpllcatlons for the
relatlon betueen interstimulus novelty and exploratorv behav1or.
VBecall that accordlnq to optlnal 1eVel tbeorles preference for
novel or faulllar stimuli depends both on when durlnq
‘fanllxarlzation preference tests are made, and. on the shape of
the curve relating interstimulus novelty to exploratlon. ?hen_&
eonparisons are made after expleration has declined to a iev
- level, preference for a,novel stiaules is predicted regardless .
of the shape of the curve, However, when conparrsons are made’
prior to co-pletlnq-hahltuation and yhen exploretlon of the
familiar etinhlus is still at a high level,‘preferehce for the
familiar eti-ulus is expected if the cﬁrve is iﬁvertedtﬂ-shaped.
If ‘the .curve is lonotonlcally decreasrnq either no preference or
an attenuated npvelty preference is expected. Varlables

affectlnq intrastimulus novelty, therefore, are also pertinent

for interstimulus novelty.

Host studles reportlnq preference for novel or fallllar

stimuli have not included comparison trials at aore than one



point during familiarization. Instead, they have used the
habituation paradigm in its traditional foin where pfefefence
testing occurs only at the end of‘the faliliarizatioh period,
pqrportedly uhen-h;bituation has been conpleted# The‘féason for
the use of this procedure has been that most studies have not
been directed toéard~testinq»theoretica11y~derived predictioné
concerning variables affectinq exploratorv behavior. Rather,
they have used the habituation paradlqn either as a nethoé for
studying hahxtuation -Per se-as a IEChaDISI of behavxoral chanqe
(e« q., Clifton and Nelson,1976; Jeffrey, 1976; Saneroff, 1972),
as a method for studying infants' ability to discriminate among
stimuli (e.q., Cornell, 1975; Fagan, 1970; McGurk, 1972;
Saayman, Ames and Moffett, 1964) or as a method for studying
infant recognition memory (e.q., Caron ahd Caron, 1969§‘Paqah,'
71972,71973; pancratz and Cohen, 1970; Gottfried, Rose and

Bridger, 1978; Rose, 1980). For most of these authors, the main

concern is that novelty preferendes be produced. Por example, to

those interested in habituation per se, novelty preference is
required as the éing gua non-of the presence of habituation. In
its absence fatique ;r general change in state can be attributed
as thevcausal factor of response decline. Preference for a novel

stimulus has also been used as the measure of discrimination

—abtlityhotﬂof recoqn;tlonglenorggas,ev16enged by the practlszéof B

'testxng for novelty preference using one-tailed statlstics

(e.q., Cornell, 1979; Gottfried, Rose and Bridger, 1978) . Cohen
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ahd Gelber (1975) have pointed out, “however, that‘evr&ence for

" the presence'of discrlllnatlon or recoqnltlon could be pIOV1ded
by a fqnlllgtlty preference just as veil as by a novelty
preference, As lond.as systematic differential'fe%pondinq to two
: Stllull takes place and thé”Stllull are equlvalent (or
counterbalanced) prlor to fallllarlzatlon, both recognition and
d1scr1n1nat10n (ﬂ; be concluded.

Investhators more centrally lnterested in exploratlon have
relied heavily on results from habltuatlon, dlscrlllnatlon and
REenory studles in their discussions of the relatxon between
interstimulus novelty and exploratory behaV1or (Hunt, 1970;
Hutt, 1970- Bunnally and Lenond, 1973; Heieler and ucCall,

1976) . uoreover, they have nost often used in their own reeearch
je.q., Hutt, 1967 ncCall,‘1974: Greenberq, Uzgiris and Hunt,
1970:~Nnnnally~and—Lelond7~1973;—xose, 49?0),the,sane,procedures,
used in those\studies. Since the direction of preference for

’novel or faniliar stiauli is ilportaﬁt for theories of

exploratory behavior and since a complete test of direction
requires conparisoE trials both prior‘tc‘and after habituation

has been competed, this OStensiple'sharianof eethOdoloq} may -
have led iﬁvestiqators avay from testing major theoretical |
pfedictions and toward shecious_copc;usions concerning

preference behavxor._ : =
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Common empirical findings from research or interstimuluys povelty

There is consistent‘evidenée’that infants beyond 2 months
of aqe.prefer to explore novel stimuli (Cohen, 1969, 1976;
Pagan, 1973, 1977; Gottfried, Rose and bridaer, 1979; HcCall,
1974; Ross, 1974; Saayman, Ames and Moffett, 1964; Soroka,
Corter and,aibralovitch, 1979). Thé stimuli used in these
studies varied from checierboérds to pictures ahd from
3-dilension§1 abstract objects to toys. The measurement of
explofation included visual,fixation, manipulafion and focused
‘ganipulation‘and'the exberinental sessions took\place';nbboth
;iqhted-conaitions and in the dark. Thus the‘qeheralitv of the
findinqS'seel confirmed. For infants younger than 2 months the
picture is more complicated. Some studies haie feported»'
familiarity preferences (Greenbérd; Uzgiris and Hunt, 1570;
Wetherford and Cohen, 1973; Heiznénn, Cohen)and Pratt, 19715
while others have found novelty %preferences (Friedman, 1972, -
1975; Milewski and Siqueland, 1975) and still others no
preferences,gt all (Paﬂtz, 1964) .,

In order to interpret these‘data, Nunnally and Lesond
{1973) focused,on the prevalence of novelty preference and

suggested a tropiSl to approach and explore novel stimuli. Fantz

,(J954)_positedWa,aonotonic;:alationship~hetleen;aqeﬁand~fﬁﬁfmiﬂfwwwﬁf~

preference for novelty whereby an initial age of no preference

(prior to 2 months) gradually accrues into an increasingly
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strong preference for novel stimuli as infants qet older. In

contrast to theséwpositions; Hunt'(1965,‘1970) propésed a
_tio;staqe developmental séquencé of an initiai‘preference for
faniliarity in infants younger than 2 months followed thereafter
by a preference for novelty. Increased coqnitife capacity due to _
néuroloqical maturation has beén suqqested as the fagtor |
qovetninq this age difference (Kagan, 1971). “;Q

| Obviously, none of these explanations can entifely accouhE
for the avallable data, especially fqr the lack‘of cdnsisteht
results in infants less than 2 months old. Aniglgg;nigi!g x
explanation in line with optimal level theories vould suggest .
that although there is a progression from preference for
fapiliarity to preference for movelty. it il present at all ages
and depends op whether or pot _gbgz.g_agg has been iQEQ!Bll.hEQ
wbich in turn is dependent on the lgngsh of familiarization ggd

oB the complexity of the stimyli, Indeed, Hunt (1970) did not
deny this possibility. He pointed?out that the data‘do not.

clarlfy wvhether the fallllarltY to novelty proqressxon is due to
maturation, or whether it ;s representatlve of an organisa's
intefactioﬁ ulth stimuli in qeneral, Since procedures
syétélatically'testinq fof preferences both prior’to~and afterr
habltuatlon with both 51lp1e and complex stimuli have not been
used**the tenabIIItv of’tﬁls'lntérpretation has ndt received
ladequate empirical testing. Bven in the absence of a clearcut ‘
test, however, past findings of age differences in preference

— S
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for novei or faliliai sitpnli should be explainable in terns’qf
anount‘of familiarization and degree of tesﬁonse decrement, if
those factors arevto répresent a -viable aiternative‘ Further,
since preferences for both familiar and novel.stimuli have begﬁ
noted invinfaqté less than two months, the burden of proof for |
' nev research directed tﬁﬁérﬂs testing this hypothesis lies in
findinq fémiliaritv‘prefetences anond infantspbeybnd 2 mohths of

~ ~
age.

®

)Greeﬁberq; Uiqirié;and ﬁunt (1970) and Weizmann; Cohen and .
Pratt (;971}_faliliarized Infdnts‘for dail#haléihOur periods
beginning at 4 weeks of aqe.and c;mtipdinq until the infants
ﬁere‘louwéeks.old. At 6 and 8 ueeké infants preferredrfaliliar
stiiuli'uhereas‘2 lére veeks of faniliarizatioh~syitChed their
preference to novel stimuli, However, preference not only
changed with increased age, it also chanqed vith increased
fanili&rizétiop time, Infants who preferfedAfaniliar stimuli Jz
vére éinﬁltaneously the voungest and.the lea§§ familiarized,
while the oldesf/nost faniliariied infanis preferred novel
stimuli, Familiarization time, therefore, could just as well
have been the effective variable accounting Ebr the

familiarity-to-novelty progression. Unfortunately, data

concerning the pattern of exploration over time was not reported

in these studies so that deteraining the degree of response .

~decrement prior to each preference test is not possible.

s
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}\;\\‘\ ’ In a short-~terms study, Wetherford and Cohen (1373)

feuiliarized infants for 3 1/2 minutes and reported an

age-related proqre551on uhere 6-week-olds showed no con51stent
_ preference for ezther novelty or fanlllarlty, B-Heek—olds

‘preferred the fenlllar‘stlnulus and 10~ and 12-week-olds

®

preferred the novel stisulus. Althkough infants did not vary in

a

alount of famlllarlzatlon time, they did'varv in degree of
response decreftent which 1n turn covaried with age (see flqure
9). Those infants who decreased their exploration (10- and
inueek—olds)‘suhsequentlybpreferred novel stimuli, while a
subsequent breference for the fanilierystinulus was shown by
those infants wvho had increased their exploration over tiee
(B-Ueek—olds). The 6~ week-olds who showed no change in
exploration over txle Ray have requlred even nore
fallllarlzatlon in order to increase their exploratlon enough to
show a fallllarltY prefereénce. A suqqe%fion that age pPeL se was
not the predOllnant factor cones_fron Friedman (1972), wvho found
tkat newborns would spend‘more»tileieipioriﬁq a novel stimulus-
fol}owinq a decrelent iﬁ'theif‘respeﬁse; Compared to the’3 1/2,
nihetee of faliliarizetion ineietherferd'and Cohen's study
neuhqrns were tested for prefeEence,'on averaqe.:afier 20
minutes of familiarization. Thus gggg—hggbinsgectign;of studies
repoftiﬁd-aQe‘difféteﬁééé"ih"ﬁfefereHCEjhehaiior'indic&tesﬁthat
amount of fa;iliarizetion AHd'deqree of response deCrelent have -
coneiderahié (aibeit,cunfounded) poweT as predictors of

~
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A~
idirection of preference,
) Ccorroboration for this reasoning is proviaed‘hv the work on
slow and rapi& habituators. Reéd;l that although the former
group has been termed "siow habituatofs"; their iost important -
characteristic may be their continued high rate of exploration

-

over tinme. Consequently, théy\shOQId be ‘expected to spend less

%

;tine gxplor%ig,pdvel étinuli than rapid habituators who decrease
“their explofation wvith faliliarizdtion. Several studies have
demonistrated this to be true (McCall, 1971, 1972; McCall and
Helson, 1969; uelsoﬁ‘and McCall, 1970). That slow habituators
actually preferred the faamiliar stlnulus {i.e., spent
sanlflcantlv more than 50 percent of their tlne with ;t) has
not been reported. However they certalnlv represent evidence
éhat degree of response decrement is related to time sbent with
novel and familiar stinuli-and importantly, this evidence comes
from infants who are beyond 2 npntﬁs of age.

To this point, the evidence presented has been based on
post hoc %palyses and ‘as such cannot be used to concldde thét
familiarization time and deqree of response decreyént are thé
causalAfactors deterlininq‘preference behavidr; Happily, it is
buoyed by lbre'recént research £hat hgs experimentally
ianipulated élbpnt of familiarization time. |

Faqan7(197u) fa!;lia:izgqﬁinfagtsrstlgonths old for
jaryinq amounts of time vith stimuli varyinq in complexity. (For
example, qéonetric pattetns vere shoun.fsr either 10 or 20

»



.

secénds,uhiléreither 20 or 30 secondé ofjfaniliarizaiion was
used uith‘photbqraphs of faces). In a subseduent 10 second test
trial he fOth a stronger noielty preference for simple relative
to conbléx‘stiqnli‘and for longer periods of familiarization
_relatiie to shorter beriods.‘what amounted to an interaction
between complexity and familiarization was also evident.
Stronger novelty preferences for simple stimuli wvere found‘for
equal, short faliii;rizati;n tinés but weré eliminated with
longer familiarization tinmes, Altgouqh no;elty preferences vere
aitenﬁatéﬂ as faniliarizaﬁién decreased and cogplexitv
increased, significant preference for familiar stimuli did not
occur, At most no preférences for either the novel or the
familiar stimuli were found. Since habituatiog curves were not
reported, it is not pbssibie to ascertain the level of
gxploration prior to the test ffials. However, for infapts at
"5—6 months, a{l the stimuli were likely to have beén felatively

simple and the habitﬁation curves monotonically deéreasind.
Comparable findings vwere reggrted by Cornell (1973, éxperklent
I) .who Also studied 5-6 month olds. Stimuli nearly identical to
those used by Fagan were presented until either 5 or 10 seconds
OEf}isan exploratioh had accumulated to simple and more complex

_<Xsti-uli resﬁeciively or until 15 or 20 seconds had accumulated.

' e\t:arnell found no pref;fence‘for eitherrthe novel or the familiar

stimuli following 5 and 10 seconds but hekfonnd significant

novelty preferences after familiarization was increased to 10
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and 20 seconds. | S o .

Catén, Caron, Minichiello, Weiss and Frieapan (1977)
compared the novelty preferences of t4- anﬁZO-wéek‘plds
foilouinq different amounts of faniliarizétion to a4 variety of
stimuli, Over;li, magnitude of novelty pzéference was found to
be a positifilfunction of familiarization time apd deqreé of
response decreaent and a neqative function of stimulus
conplexitv; Further, the yvounger infants fequired RoTe
familiarization time ih order to ghou novelty preferences
comparable to older infants., As in Pagan's and Cornell's
studies, no prefe;ence for either novel or familiar stimuli
followed brief familiarization and a smeall amount of response
decrement. A

‘These studies combine to support the hypothesis that
novelty preference attenuates as length of familiarization and
deqree(of response decrement decreasés. Prefefence for familiar
sti-ﬁli were not found, but it is arqgued that even‘the brief
familiarization periods used may have been too 1onq to producek
tﬁat,effect with the particular stimuli used., It is also
conceivable that the measure of exploratory behavior used in
those studies biased the results away from the faniliatityb
preferences. The responsg{néqsured ifn all of the studies
nentioned‘aboye vas visual fixation, which obviously is only one
of the many potential fotné‘of exploratory behavior, énd which

Ray not be particularly potent fof infants 4 months or older.
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For example, 3-|onth-oids are already capable of visually
. directed reaching for objects (although they typically miss the
obiject) and by 4 months infants are capable of both reaching and

qrasﬁinq visible objects (Halverson, 1931;_.#4tson and toyrf,
’1?67). Moreover, Fantz, Pagan and Miranda (1975:\Eave reported'
thatiby 4 months of age visual processing has become both'hidﬁlv
efficient and hithvvseléctiVe tovard those "ﬁalpahle"“stinulus
features rélevant for behavior such as ianipulatiop (and away-
fros those features not relevant). In ah multivariate study of
exbloratory behavior (McQuiston and Wachs, 1979f the frequency
of visual exploration, though stable from 7 to 13 loéths, was
consistently low bo th during sustained‘exploration of a sinqgle
object and during a novelty preference test. On the other hand,
the frequency of focused (visually quided) manipulation vas
consistently hiqhef than visual fixation and the discrepandy
between the two iﬁcreased iith age. Although the youngest
infants in Mcquiston and Wach's study vere somewhat older than
the oldest infants in the studies cited above, that differench
is not large enouqgh’' to ignore the possible prepotendyiof focused
lanipufation over visuhl fixatiqn as a preferred form of
éexploration, Thus for older infants visual fixation may be a

cursory form of exploration used to glean a qenerdl survey of

those stimulus features calling for more detailed exploration.

As a consequence of such rapid visual processing, the subjective

uncertainty produced by even short amournts of familiarization
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vith a 2-dimensional stiamulus (vhich would have 'f’&"@ﬁﬁﬁﬂ?‘i' R

-

features) would not be enough to motivate a return to that
stimulus, Hovever, éx}zliliar sfi:hlus might be prefetgs?‘
following interruption of thé longer processing charactéiigtic .
of detailed exploration with both hands and eyes. o
"In sum, it has been afqued in;thié presentation that
preferences for both familidar and novel stimuli can be fouﬂd at
Aahv age (a) if the stiidli.ate complex relative to the age of
the infant under study; (b) ifctestinq for preference occurs
both prior to and after hébituation has been completed; and (c)
‘i} aetailed rather‘than cursory forms of exploration are
measured, ¥With these poinfs in lind, Hunter, Rossland.Ales {(in
press) alloued some 12-lonth-old 1nfant§ to reach a crlterlon of
habltuatlon while experllentally 1ntefrupt1nq the focused
nanlpulatlon of other 12-month-olds before habituation was
complete, The stimuli vere arrays of 5 toys which had been
chosen as complex fof that age on tﬂe basis of previous research
(Ross, 1974). Poilovinq familiarization both groups wvere given a
10 liﬁute test trial during wvhich both the familiar array and an
equlvalent array were avallable. ?or*half fhé infants‘in each
qroup the familiar toys were placad in the sale 1ocat10n agk

,durinq the faliliarization trial (faliliar*locationr¥and the

7novel tovs vere placed in a novel locatlon. ror the othar half

the familiar toys were moved to the novel location and the novel

toys vere placed in the familiar Locat;on; Ovetall, infants inn

L
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the habltuated qroup decreased responding with fa1111arlzat10n

and subsequently preferred the novel toys, while inrerrupted
infants laintainedja hiqh»leVel.Of exploration in»the time
Vallowed then and sﬁbsequently preferred the familiar array.
'Thus, Hunter et al, (in press) provided the first evxdenceﬂﬁ%dx
'under certain spej:}iable conditions both novelty and ~
falxllarlty preferences can be found in 1nfanté\older than 2

\
nonths.

An unegpected result ih the Hunter et al. (ig press) study
wvas that for swe*fﬁfa:r‘ts*tﬁelintiﬁ‘;a’l choice rf %&harnrav to :
explore/vas influenced by the,iocarion of the arraye. The
~1n.terrupted infants consistently returned to the familiar
location and 1n1t1ally touched whichever toys had been placed
there. If the toys were familiar .they stayved in that locatlon
and continued to explore. If the}toys'were novel tbei left to B
enter the norel location where they found and explored the
familiar toys. The location of tﬁe toys did notlaffect ;he
behavior of the habituated-infants,ﬁwbe cortaeted novel toys
reqardless‘of vhere those toys had been placed. In order to ..
interpret these data, Hunter et al. suggested that the
1nforlarion differential berveen‘the interrupted and habituated

groups led to differences both in which toys they preferred to

explore and in their ability to find those toys. aah1tuated

»

e — ——infamm vbtatncd envuqh—nrfatﬂtrmf nhduffhmﬂrmt of

thé toys (e.q., locatjon, color, size, shape) to enably them to

E N
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eonpareftherarrays on the basis of- thoseuprepert;esfand to
approach the one that was most novel, Interrupted 1nfants,}l
hovever, had acqulred much less information about' the fallllur
toys and since much of that infprlation could ouerlap betuween
the novel end familiar arrays it wis only partiallv,valuable:in
helpan d15t1nqursh betveen thea. The one feature that never
¢BVerlapped betvween the tvo arravs, houever,'uas their location.
Therefore. the. 1nterrupted 1nfants may have returned to the

familiar location because it represented the only cue that .

e

uniguely identifiedwthe familiar arruv.,Once they re-estahllshed;

- contact with the toys, the tovs' propertxes Were lorexclearlv

rdiscernable and they either stayed in the familiar loCat;pu‘lﬁr

they recognized the toys as familiar or left if they recoqniied'f

them as novel,

Although Hunter et al. (in press) focused onzstiiulus,»f

El

properties, the results could have been explained in terns of

*

the infants?' actions 'ith the tows. Piaget (1954) suqqested that

infants in their flrstvyear construct representatlons of objects‘f

N n

Thus,finterrupted infants may have moved toward the familiar
location because that movement represented the only chpleted

action that uniquely identified the familiar array. Once thei

- re-established contact they could bet ter 1dent1fy the toys as

[y

| according to their sensorilotor interactions with those ob1ects.“‘
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Purposes of the present research

The purpose of the research described in this &hesis was

_tuo-fold. F1r§t, 'since the expetlnent conducted bv Hunter et al.

(1n\press).has.been the only one to report fan;lxarxtv
preferences in iofants.olde; then 2 months, replicating that'f'
research was essential; The second purpose ¥as to extend the
design of Hunter et al. to test\hypotheses concerning - :
dgveliv/faliliarity»pieferenceahd theintquction between
stimulus conpiexity and faniliarization tire, to exanine:that

interaction over d to investiqate different measures of

exploratory avior. Hunter et al. studied only one age

(12-lonth-‘ ds) vho explored Btllull at only one conplexltv

level (conplex). In the present experlnent 12-ponth-ol B
explored arrays of toys that were»elthe;\ijlple (3 toyvs) of
conplex'(s toyé) relatiie to theirAaqe,rfor either a brief
period of time or until focused ;aﬁipgletion hadwhahituated to a
stringent criterion. These groups represented a test of the
interaction.hetqeﬁﬁ“conplexitjrand amount of familiarization as
a determinant ofjeiploratorv preference. A qroup of“B-nonth;olds
received only the 3-tov‘array uith which they also vere either

habituated or interrupted prior to habituation. That qroup, for

vhom the 3-toy array vas considered ‘complex (rather than sxnple

as it had been forvthe 12-month-olds), was included to
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investigate ftheffnat*ioﬁ*"*thfat"' effective complexity varies with
- respect to age. Pollovino the familiarization trial ail infants
were offered a choice between the familiar and a novel array of
toys in a 10 minute teét trial. Both initial visual fixation and
total focusédglanipnlotioo were measured in order to compare
breferehces as a function of response type. |

The followznq spec1f1c outcomes vere expected:
\. rasmilisrization trial: |

Infants vho vere habltuated vlthﬁa conplex stlnulus

\(B-Qonth-olds/B toys, 12-nonth-olds/5 toys) were predlcted
to take longer to reach criterion and to explore the‘tovsg

than vere infants who were habituated with a simple stimulus
: . ., ' ‘ A

(12-309%%;91ds/3 toys)r

2. Test trial |

| - 1i§§§;M£i;§;igg,w(a}~dvérwailwcotplexity'leVeis;oné;a&és*w
habituoted infaots should spend-a_hiqher propog;ron of time
fixarinq a novel array than sﬁoold intérrupted~infants.
{b) Habituated infants should show a.visual preference’for-a
novel array. |
(c) Interrupted 1nfants shonld shou either an attenuated
novelty_preference 9r_no preferenoe for either the Q$Yel or

.

'falilior array. .

zgghggﬁ-;ggigglgxigg. (a) Compared to 1nterrupted 1nfants,

I ———————S R i -

o 1nfants in the habltuated qronps shonld spend a’ hiqher

| proportion of their time wvith a novel arraY- Thls difference

At e e e




should be greater for infants.familiarized vith a cosplex

array than for infants familiarized with a simple array.
(b) Habituated infanté‘Should\shov a preference for novel
toys at both ages and with both the simsple and the cénpléx‘
stimuli. | )
“(c) Inte;rupted'a-nonth-olds and 12-nonth:o}dskfaliliarizedv
‘with 5 toys should éhow‘a pfeference for familiar to#s.
"“Infants faniii;riZed with a si;ple stinulué‘(12-lon£h-dlds
faniliarizedﬂnith 3 toysrxshould:shonxéithéfwn&‘pfeferenéé“"
or an~aftentuated‘§reference fqr'nove1~tojs. |
The relation between lobatioﬁﬂ;nd object exploration vas
less ‘amenable to specific predictions. Certainly the resultS‘fof.‘ 
the 12 nopth# complex ngup vere eipectéd to replicate Huntér et

al, (in ptéss). Hovevé5>ﬁpredictions concerning the 8-month-old

and i2 lbhths éi;pié grﬁﬁpéﬂ;eﬁé'ieéé clear, A tentative
expectation for_the 12 month-old simple stinﬁlus group va§ that
theyvshoﬁldcbe iess,prone torretufninq to the familiar location -
follqwinq interruption since they had fewer features‘to process
{or actions to ¢onplete) thaﬁ did'thq,fz'lonths complex qroup.
Ihe B-lopthddlds aight be exéected to show a stronger tendencv.
than 1i-lonth-olds to'reiurh to the familiar location if the

repfesen&ation—hy-action interpretation is eorrect. According to

Eilqetﬁ,(m,lpthepiould#hu&ar—%esservuﬁ&e'rﬁtmrdin;furfﬁtkrffj—r'f ffffff

spatial ‘orqanization of oﬁjects than 12-month-olds, &f the
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. might be expected to shov more random initial choice followi

e

interruption since they may be relatively less efficient at

feature extraction.

{

G

q
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II. CHAPTER 2

. METHOD

L

The qeqénai plan of this experiment was to‘present fvo
arrays of toys, each of which coﬁtained'either three toysiﬁt%€
five toys, to 8~month-old and 12-month-old infants and to .
measure the lenqth‘of tiie each array uas‘nanipulated.'Prior tﬁ
this test half Qf the infants in each age X arr&y;size qzoup‘had
been familiarized to the point that their reépondinéfhéd :
habituated while the other half had been faliiiarized but not
habituate@;tO;one of the arrays. During the familiarization -
'érial the»arréy was piaced in one of tvo locations. Dprinq‘thé
test trial the familiar toys either rel;i;ed vhere they had been
during theifaniliarizaﬁioh tfial (and tﬂe novel toys were plaéed
in a novel location) or the familiar toys were moved to a novel
location (and the novel foys Were plaéed in the‘igéation,_

i

pteviougly'occupied by the familiar toys). B 4 .
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| Subjects were chosen according to their age and their

ability to locomote, Sixty-four infaﬁis aged 11.5 to 12.5 months

”ahd 32 infants aqed 7.5 to 8.5 months all of whom could crawl or-

walk served as subjects. The infants wvere volunteered for the

étudy bv their parents in responsg‘tb a printed régueét'qiven to

mathers in maternity wards of five local hospitals. Ah equai'
ber of girls and boys took part in each group.

. The records of fifteen infaﬁts (nine 12-mchth-olds and sif
8-lonth4olds),yerb discarded.dua to équipnent fdilure. An
additional'eight infants.did not leAVe their mother to exﬁiore
due to fussin@ (five 12+month-olds and three 8—-onth-old§) and
four 8-month-olds did ndt leave their mothers becausé'thevlcopld;
not craui.'géuf#iZ-lontg—olds and three 8-month-olds expleed
during the kaniliatizatigﬁ t;ial‘but would not leave their.
mothers during the fes% trial, Six of these infants had been
interruptqd priorfto habituat;?n vhile one 12-nonth-6ld bdy had
been habituated. For all SeVeng%f these infants the familiar

toys had been moved to a novel location and the novel toys

placed in the falilia: location. | o
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Experimental environsent amd materials ‘\

: A floor plan of'tye experilentalenvi:onlentTis shown in
fiqure 12, Tgétinq was conducted in a sinqlé.latqe\foon 5.5 x .
8.0 meters. The Loom vas égrpeted but contained no furnit;re.
| One 6f the longer walls contained a 6ne-va§—§ision Jinddn 3nd
Awas bisected by an opaque partition .91a high an&.Bop wide
extended 1,.22m fronﬂthe wa11; An iiaqinarf liﬁerpergg dicular to
- the partitibn and extending to the adjoining walls dekined the
houndgries of the areas which contained the‘tqys._h céshion on -
ihichréhe'iofﬁerrsat vas_plaéed 1.5m away ffoi;‘aﬂd dftectly in
line vith, the partition. | '

Seventeen conneré&ally available toys were usedras stinuius
materials. all vé;e hfiqhtlv colored; most had ldvinq pa#ts and
noét vere desiqnea to provide QZditory as well as iisual‘and |
'tacti@g stimulation. The toysraere~plaégéron either side of the
partit;on é@prxinatelW .5 behind the imaginery line defining
toy areas. Por the 6-month-olds the stimulus vas a 3-toy atray,
while one qioup of 12-nbnthéolds received 3 toys and the otheﬁ
group 5 toys. The nse‘of ghe B-ﬁdy-arfay for‘bpth aqe'qroups uaé
included €o test the assﬁnption”that cbnélezity level cﬁanqesA

-~

with age.

T4



Figure 12
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Procedure

on arriving, the mother ahd her child were escorted into a
-;reception rooe where’the'ails and ﬁrocednres of the experinentr
were explained ‘and the mother signed a forn indicating her
consenf for her child fo take‘part in the research. Rpom a set

of color photographs of toys available for use in the experiment

+

'the mother 1dent1f1ed any that her infant had at hone.'

For the falxllarxzatlon trial .one array of toys (e1ther 3

-

toys or 5 toys, depending on the group) was placed on one sﬁde )
of the partition. All teys usea‘uere randomnly selected from
those the infant did not have at home. Toy placement was \
randomly determined and balanced among the‘infanfs within eaeh
group. 4

" .The eipeeinenter led the mother and infant into the
exéerinental rocnm eo étart the faniliarizationvtrial. The‘nother
vas asked to sit on the cushion and to place the Lnfant directly
in front of her fac1nq the toys. Beyond offering support vhen

necessary she wvas asked to rena;n Sea ted and to refraln from-

v

initiating any 1nteraction thh the Lnfant or dlrectinq his/her

n

beﬁavior. She vas instruqted to listen for a tap on the iindou,

-

, at uh1ch tmae she released the lnfant to let hll/her epptoach

and explore the toys. On trial end (deterl;ned by 1nd1vxdnal?

criteriorn, descrihedfbelowj a_tap on the window signaled the
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.lother;to retrieve het infant, then c?fry hil/hét,to fhe
reception robl for about one minute while the experimental robnr
vas arranqed for the test trlal.

To . beq1n -the test trxal the mother carrxed the 1nfant into
the room and sat.on the cushion as before. A tap on the Hlndow
siqnaled her to turn her 1nfant toward the toys but to keep the
infant on her knee.\rollowlnq 20 seconds the mother was 51qnaled'
by another tap to place ﬁer;infant on the floor direcgi} in
ffont of her. The 20 sebond‘delaijas ancluded to insure that
both arrays were ndiicedbbgfore éhe infant approached the toys
and to allow for a neashrelof visual fixation uncontaminated by
time spent ;ookinghilg~approé$hinq tgé toys.

During the test trial the faliliagﬁtoys.eithgr remained
where they had been during the familiarization trial and the
novel toys were placedii; the area on the side of the partition
previously uqoccupied by toys, or the.faniliar\§oys were placed
in the new locatic ¢and the navel toys were placed where the ~
familiar toys had been. The duration.of the fest trial yés 10
nigutes; inclzfinq the 20 second‘dblay-peribd.

Response measures

&

~ The prxncxpal measure of explorator1 behavxor,was focused

lanlpulatlon of the toys. Th1s vas recorded vhenever the 1nfant

'  tonched a toy uxth hiS/her hands vhile sx.ultaneously watchlnq
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first focused manipulation of a toy. The micro-processor vas

e . \\;

. ) - .
T i f%
» . L
. V0 . .

' the action of his/her hands. Measures of visnai~eipiqrqtion

without concurrent manipulation, entrancé into the areas

EJ

‘ contalnlnq the tovs and flrst toys touched (uhether novel or

familiar) wvere also racorded.'Data were recorded coptinuously
t@roughout the trials bV~an observer who pressed buttons
cohnected to a PCHA-12 licrd—processor. In éddition, the ob§erver
dictated an audio tape record of which’tOVQ the'child vas

manipulating, so that the number of different toys touched could

“be calculated. -~ S ﬁ' : - QVF?
' 4

Irial-end criteria

| - -
: S
N,

The dﬁration of the familiarization trial was controlled by

the infants' behavior. For all infants the trial beqan with the

programmed to sum the duration of focused manipulation as the
fanllxarlzitlon trial proceeded. For habltuated infants the |
trial ended when an individually detern1ned habituation
ﬁ:?iteriod was reached. The criterion was two consecnqife minutes
in eaéh,of vhich the duration of focused manipulation wvas fifty

pefcent or less of what it had been during the first ainute.

-

This criterion had the advantage of taking into account the

chlldren's osn characterlstlc rate of explotatlon as it wuas

'Eased on thelr own level of respondinq in theffitéi llnute. In

addition, the ending of the trial did not depend on a momentary "
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rednced xnterest. The exploration of the intarrupted qronp was

~ 12-month-o0ld/5 toys), deqree of familiarity (habituated, vs. 3

‘the conpleX‘ stimulus (S-toy for the 12-month olds and 3-toy fori'

ﬁ°n17 briefly fr%g ‘Teaching the criterion set for the ‘habituated =

. N
minute to set the base lereIﬁfo}loued illediately by 2 lingtas

‘the results of the two observers and by percent agreement are

-

.

lapse of Lnte:estfgbutfoccu:redfonly aﬁterfixogl;nntesfofgﬁuWMWﬂfsmfgﬁ_

s bt b 1

alloued to continue for onlv 60 seconds of ;Fcunulated focused
3
lanipnlation or 160 seconds of total trial time, whichever came

first. S;xty seconds was chosen Ilth e aim of interruptinq

% )

1nfants uhxle their explaration vas Stlll high o§>increosinq to

7the B-nonth-olds). The use of 160 seconds of total trxa} time

preVenthd,those infants in the 1nterrupted qroup uho explored

groups, which in the nxninal case could take 180 seconds {one '//jr\

. : AN
. ) ' ~ ~
of less“than fifty percent response). L \\,

RN ISP

2,

Thus the overall design was a 3 x 2 x 2 x 2 factorial with

b Brvae ML

k 3

groups (8-month-old/3 toys ¥s. 12-month-old/3 toys 'vs.

ihterrup;ed): location (familiar toys in familiar area vs, ‘ Eé
fanili&:\to#svin novel area) and sex as the factors. -

N
N

i ]. l.].l N

A second observer recorded the behavior of 60 infants.

Inter-rater reliability &s nsqsuredrby the Correlation betuesn'

discussed inklppendix A,
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IIX. RBRSULTS
The data for the familiarization trial consisted of scores
for thrae responsa cateqgories, nanaly'-(a) total trial lenqth.
(b) total dnratxon of focused lanipulation. and (c) number: of
) toys touched. For the test trial, the_proportion of time spgnt
\visuailnyixaiinq the novel array, the N ‘
first-toy-toubhed/f t-location-entered and. the proportion of
tile spent in focused nanlpnlation ulth toy?%;n .
vere théﬂdependenQV;;;;;res. -
Product moment correlation coefficients and percent
aqreélent measures were obtained betveen the scotes of two A
. experimenters uﬁo independently recopd?ﬁi}pch respoﬁée q@taqdry.‘A

As shown in Appendix A, both measures for all response

crteqariesr Indxcatwd”hhﬁr Iﬁtﬁfnhlt% a'qrquUnt.’*"’*” T T

muumnwien | S
_The means and standard deviations for total trial lenqth.l

_ . total duration of focused nanipulation and nunber of toys

N touched are presented in lahle 1. Prior to statistical’ analyses

\\\\\she tine scores (total t:ial lenqth and total daration of

£\cgfed lanipnlatxon) vere suh1ected to ttansforlation (loq X)

becadﬁq of the knovn skewness of these measures (McCall, 137“)}

the noved array

'rhe leans\{h Table 1 were retransfor-ed back to the original -

.,
.

"

<
i . @ ™

3
L
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' Table 1. . A A
Behavioy during the faailiarimtion.trials Keans -naaf.qam
deviations for; Total Trial Length, Total dunt:lan of
Manipulation and Mumber of Toys Touched.
Total Trial Total No. of Toys
) - Length Manipulation Touched T
Rt § - I = I @
HabMtuated -, .
8 smonths ) f i
Males 393.5°, (1 7?% 186.8 °. éz.s}; 2.8 Eo.?ég )
Femalss 2.0 42 242.1 2.54) . 2.9 (0.35) -
“Yales T R0.6 {1 nag 1R.0 ‘51.82; 2.5 59.76;
. TemaYos 359.1  {$.26) 1m.2 1.34) 2.9 . (0,35) .
12 montha capluv - . ’
Males , 222 Ei.sag 200.1 52.06; 4,0 é:.O?; )
Pomales 605.8 (1.83) 284.6 (2.08)} 4.2 [l0.4&
Inhu'gu . T '
Males - 87.5 51.133 60.0 gx oog 1.9 so,ajg -
- Females 86,2 1.27 &.0 1.00 1.9 0.68
lzmwlk e B Cae -
Nales 123.3 (1.37; 53.9 Ez.w} 2.3 gom;
Fomdles - 101.6  (1.38) .4 {1.13) 1.9 ({(0.6s
12 months complex ' ) 4 ,
Males 112.7 gz.z 8.4 Ez,ozg " 31 fx.hé; L
Fesales 107.5  (1.3% 57.2 . {1.15) - 2.9 - (%
- * a7 * Y
1‘ .
: : o
- B B Yy }L
’ L3
L E-



~
scale (seconds) and therefore}lany of tﬁem#are'not identicalkto
the raw means, further, the réttdnsforged standard déviation;
cannot be lnterpreted in . tdflr usual manner. For example, a
value one standard deV1ation above or belov a mean uould be
obtained by nultlplylnq or d1v1d1nq that mean bv its standard
deviation rather than byiaddlnq or subtractlng Lts standard |
deviation.? , |
.Tﬁé‘total trial lenqth‘was@déternined by the behavior of

the infants in accordance witﬁ the'habitdation and interruption
" criteria. For/ali habituated infants the familiarizatioa trial
lasfed for dn averdqecof 429,6 seconds, while 101.9 seconds was
the average trial length for all interrupted 1nfants. In the
interrupted groups, . whlch had a dual crlterlon, 40 infants
accumulated 60 seconds of focused manipulation (sixteen
B-ndnth-olds,'eleven 12fnon£h-oldsrsinple stimulus, thirteen
12;;onth-olds complex stimulus) and 8 were interrupted 150
seconds after their initial contact with the toys (five .
12fndnt§-olds sinple stimulus,.three 12-month-olds complex
stimulus). . o ‘ -

dﬁgocused manipulation occupied approxin&tely‘half of the
éotal trial time in both faliliarizatiOn éonditions,'averaqinq
196.8 seconds for the habltuated 1nfants and 56.4 seconds for

the interrupted 1nfants. | -

\

As one feature of the criterid determining total trial

- length wvas that the duratidﬁ of the trial could not overlap
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betveen habituated and interrupted groups, that difference was Ltf:

=

not tested., For the séne reason anélyses Vere:notAperforned on
thé differenées betwveen habituated and idterrupted groups either
in their durations of fgfuéed‘nanipulatigp'or in nﬁpber of toys
Phey touched. Hovever, boih total trial length and total
duration‘of focused ianipul&tion could differ 5monq;subqrogpé
within each familiarization'condition. These differences aé%)
.discusséd below. {Notice that Hithin familiarization condiéions,
number of'toys'touched remained confounded by the factAthat
'different'subqroups received different ﬁumher 6f toYs.
Conseqnentlv,anumber of toysiéouched was presented at the .
descriptive leve;{. |
Total trial lengths for habituated infants were analyzed in
a3 X 2% 2 analysis of variance. There are 3 groups
(8—ﬁonth—blds, 12-§6nthfolds sinple stinulﬁs and 12-month-olds
‘complex stimulus), ﬁales and females, and 2 initial plécements
of the toy§ (to the left or to the Tight of the partition).
Sincé this analysis revealed £hat the main effe¢t of initial
placement and all interactions involiinq that f;ctor werevnot
statisticallf sidnificant, it was collépsed.and a 3(qr6ups) X 2
(se;)‘ﬁna{ysis of variance was carried out. The summary tablé
for this analysis is given as Table 2.
? As can be seen from Table 2 neither the second-order

iéteraction nor the main effects of groups or sex reAChed
accepted level§ of étatistical significance. Planned comp risons

i
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Table 2,

Summary of Analysis of,Variance\f
Total Trial Length for Habituated Groups.,

SOurce- ’ odf MS R P
' Groups (G) 2 : 7100 2.73 {07
.. Sex (5) 1 .8560 3.29 | .08
. GxS 2 L0705 {1
Error 42 2597
PlMd Comparisons for Groups .
Sm;mths " 12-months simple " 12-months complex
. Means 2.67 2.53 , 2.71
- (retransformed) (467.7) (338.8) (512.86)
: : !
Comparisons: ’ .
(1) .8-months vs, 12-months simple - F (1,42)= 5.95, p < .02
(2) 8-months vs. 12-montha complex F (1,82)= 0.50, p <50

(3) 12-months simple vs. 12-months complex F (1,42)=10.33 p<+003
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perfogyed on“the qréupé factor indicated that the rate ofrk
habituation varied with complexity as predicted. That is, the
8-month-old and the 124noﬁth-old cénplex stimulus qrdups, who
~ did not reliably differ,f:om one anothef, both required more

. time to complete habituation than did the 12-nonth-old'sinp1e
stinuius group.

A 3(groups) X 2(sex) anal;sié of variance was uséd td
analyze the total duration of focused manipulation for the
habifuated infants., (Preliminary analysis had indicated that -
-initial placement of the toys could be dropped from the model).
As shown in,TaBle 3 no statistically significant effects vere
found, Planned cOnparisbns revealed that the 12-month-old simple
stimulus group speg? less time on focused nanipulatioh than did
the 12-month-old complex stimulus qrqup: However, in spite of
having differed in total trial lenqth:ﬁthe difference in total
durations of focused manipulation betf;en the 8-month-old and
1}-ﬁ§nth~old simple stimulus groups was not siqﬁificgnt.

Analyses of variance of the interrupted groups!' dataﬂfohng
ro reliable main effects or interactions either for total trial
length or for total duration of focused naniéulation?//j

The use of different criteria for the habituateﬁﬁgnd
interrupted groups ensured differences between them both in

total trial length amnd in totdl duration of focused

manipulation, Tc¢ further dete:minerthe probable effect of
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Table 3.

Summary of Analysis of Variance of
Total Duration of Focused Manipulation
for Habituated Groups.

- Source af M ' F‘ )2
Groups (G)|- 2 T .9928 1.64 j-.ze . .
Sex (3) 1 s 2.2 <.10
GxS , 2 L0721 {1 . *
Error 42 .6066

S 3

Planned Comparisons between Groups

g-months 12-months simple - 12-months complex ‘
Means . 2,33 2.19 2.41 ‘
(retransformed) = (2)2.7) (155.87) (254 .68)
Comparisons: ’ ' . o
"(1) 8-months vs. 12~-months simple F (1,42)= 2.82,p {.20
. (2) 8-months vs. 12-months complex , F (L,42)= 0.90,g<.35

(3) 12-mOnths simple vs. 12-months complex F (1,42)= 6.92,p .02
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interruption, ‘the criteria applied to interrupted infants were
applied to the habituation data of the habituated qroupse.

Thirfy-seven infants would have been interrupted after 60

seconds of focused panipulation (fifteen 8-month=-olds, ten

12-month-olds simple stinﬁlus, and tvelve 12-month-olds complex
stimulus) and eleven after 160 seconds of total trial time (one
8-month-o0ld, six 12-nonth-6lds~silp1e stinulus.and four .
12-month-olds éonplex stimulus)., These fiqures are cbﬁparaﬁle to
those found in the inte;rupted g;oups (sixteen vs. zero, eleven’
vs. five, and thirteen vs. three for the B8-month-old,
12-month-o0ld simple stimulus and 12-month-old‘complex stimulus
groups respectively).

For thava-monthoo}gs, interruption would have occurred
prior to their maximal leVel‘of exploration for 13 infants, at
100 percent of their peak response for 2 infants and would have
reéched criterion for 1 inféht. Nine infanfs in the 12-month-old
coaplex stimulus group would have been intenrupted prior to
their peak response, 3 at 85-100 percent of maximal exploration
and 4 infants would have reached criterion. For 10 infants in
the 12-ionth-old,sipple stimulus group interruption would"ﬂave
occured at their peak response (100 percent) and 6 would have
reached criterion. Thus, for the 21 of the‘32 infants for whom
the stimulus was complex relative to their age, explora£ion'
continued to inc;ease beyond the interrﬁption criteria. In !.

(ﬂ .
contrast, none of the simple stimulus infants shoved that
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pattern., One might presune“thgt“interruption had a similar

' effect in the in;errhpted‘Qronps;

 Bebavior during the. 10-minute test trial |

'The dependent measures -for the test trial éonsistgd of (a)

the proportion of time spent fixating thevnovel'dtrav during the
first 20-seconds of the trial, of ib) the |
first-toy-touched/first-location-entered and of (c) the
proportion Bf,tine spent in focused naﬁ;pulation with toys in
‘the novel array. Analyses of these scores included both xélative
and absolute ctharisdns.’aelative comparisons;wére coﬁcerned
uith differences among varioué subgroups and their interactive
combinations irrespective of the maqnitude of novelty or

- familiarity preférence of any individﬁal group (e.q., anélvsis
of variance procedures). IheiahSOIute comparisons were intended
to indiéaté whether a parxicular group exceeded chance ncvelty
or, faniliarity‘preference irréspective of that qroup's‘Standinq
relative to other groups (e.q., t-tests aqainst an expected
value of 50 ﬁefcent). Throughout this section the term
preference vwill alvays refer to a statistical deviation from an
expected éhance value, Absolute comparisons were carried out ‘
'only‘for those subgroups that represented some g‘pgig:;
'intergsf. For example, differential preferences‘vere expectgd
for thebﬁifferent groups {B-nonth-olds, 12-month-o0ld simple
stimulus, and 12-n6nth-olds conp;ex stimulus) under different
T

¢
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familiarization (habituation and interruption) and location
(familiar toys {;»ihs familiatr location and familiar toys in the
novel 1océtion) conditions.vThﬁs; each subgroup in the groups X
fauiiiarization X location matrix H;S tested'aqainst chance
sexpectations. Céniersely, sex and initial'placenent of toys,
vhich essentially represented control factors in thls
experiment, were notrincluded Alonq the absolute conparisons.

Prior to analyses all proportion scores were transfcrned by
1n ( (number of seconds spent Q;th novel toys + 1)/(nunber of éie;
seconds spent w1+h f miliar tévs + 1)) in order to overcome '
correlation between means and standard dev1at19ns and to reduce
heteroqeneity of variance.

Prelihinarv analyses had indicated that initial piaceﬁent
of toys did not have a feliable effect on any of the dependent
measures either by itself or in interaction with any other

factor. Consequertly, it is not included in the analyses .

presented‘belou.

Vigion alone

The retransformed vision slone means and standard
deviations are shown in Table 4, The asterisks refer‘to_the
level of siqnifiéance at Hhiéh particular subgroups difterea'
froa cﬁgnce response., These data were analyzed usihq 3 X2%X% 2~xi
2 analysis of iariahce uith’fastors d;ogpsr(a-month-oldsvys.

5

12-n6nt§-6lds'sinp1e stimulus vs. 12-month-olds complex
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Table 4”‘ 5

”

Mean vision alone proportions and standard deviations for the :
o Groups X Familiarization X Location X Sex subgroups.

rFe F-N® . Total |
: X sp X sp X sD
Habituated
8 months . .
Male 81 5.61 64 71 ¢
" Female 65 .51 70 .67
Total 73%%% (68)  66* .68)  70%ex (,66)
12 months simple - = .
Male . ‘ 56 .70 52 .65
Female - 75 .58 75 «55
Total ; 65* .67 g2x, (.65) Glxe (,66)
12 months complex ’ '
Male 69 66) 57 8
Female 76 .6l 81 67 '
Total 71 (L64) 67 (.69) 6% (.67)
ALl subjects | g0 (.65)  65ees (L67)  67ex (.66)
Interrupted .
8months - ‘
Male Ly .55). 60 : .73
Female 26 (.63) . 38 ,68
Total 36 (.63), B9 (.72) 43 (.69)
12 months simple - o T
Male ‘ 65 .63 51 .65
Female . 56 (.67 8 .65 4
_ Total - 60  (.65) 55 64) 7 (.65)
12 m.onths complex .
Male L9 77 55 4
Fenmale 52 .66) 71 72 :
Total .+ 50 W71) - 62 67) 56 (.69)
A1l subjects. b9 (.69) 55 (.68) 2 (.52)
*p .05
#» p ,01
e o 001

* a., F-F denotes the location condition where the familiar array remained
in the familiar location and the novel array was placed in the novel
location. '

b, PF-N: The famlliar array was moved to the novel location and the
novel array was placed in the familiar location. '

?
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stimulus), familiarization (habituated vs. interrupted),
location (familiar foys;in £he same location vs. familiar toys
vloved to the novel‘iocation and novel toys in the location

_ previously ocduéied by the familiar toys) and se*. The summary
table for thg analysié is-presénted in Table 5.

Neither thé fourth~- nor any of the third-order interactiéns
vere significant, The main effect oi groups, iocation and'sgx
vwere aiéo not significant. The reliabie main effect of |
familiarization indicates that overall, the habituated infants
'spent'& qieater proportion qf their.tiaenvisuallv exploring éhe
novel array during the first 20 seconds of the test trial than
.did/interrupted infants, However, the significant groups X
Tamiliarization.interaction implies thatvﬁhe familiarization
effect was stronger for some groups than for others. In order to -
~access this;interactipn'nore thoroughly, analyses of the sinple.
éffects'bf familiarization and groups were undertaken (see
fiqure 13). | | ¢

-Both the habituated 8-month~-old and the habituated
~ 12-month-old complex stimulus groups spént significantly hiqher
proportions df time iookinq‘at the novel tOYS than did their
interrupted counterparts (F(1,72) = 23.27, p<.001 énd;§(1,72) =
5.84, p<.05 respectively). The difference between habituatéd and
intetrupted‘12-nonthfold simple stilulus‘qroups gés not

reliable, F(1,72) = 1.26, p<.27.
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Table 5.

Summary of analysis of variance of

v . Vision Alone proportions. .
Source df W  F
Groups (G) 2 0. 5§ 1.8 Y
Familiarization (F) = 1 10.09 23.50 .001
Location (L) 1 0.03 0.06 -
Sex (5) . 1 o.os  0.93
GxF : ' 2 1.55 3.63 .02
GxL 2 0.24 - 0.55
tF»xL 1 1B 3.22 .09
. GxS , 2 2.89 6.74 .002
FxS | 2.02 572 .03
L xS 1. 1.68 - . 3.9 .07
G xF“xL, .2, 0.64 ' 1.2 ‘
GxFxS 2 0.13 0.29
GxLxS 2 0.08 0.21
Dopxnxs 1 0.19 0.l
GxFxLxS 2 0.45 1.05
] Error \ 72 - 0.43 |

2
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Sinpié effects énélysis ofrfaniliarizatibn found nd’ .’;{
difference aaonq the- habltnated qronps in anouﬁtwof txne spent
visually, explorlnq a novel. arrav (F(2,72) = 1.74, 2(.20) whlle
the 1nterrupted qroups were found to dxffer. ‘B (2, 72) =5, 33,
p<.007). Thls dlfference as dne to the 1nterrupted B-nonth-olds
spending less time visually. explorlnq a novel artav than either.
the interrupted 12-nont§-oldsv51np1e,§tLuu1ns (F(1,72) = 6. 63,
p<.02) or the interrupted 12-month-olds complex stimﬁlus

& (F(1, 72) = 5. 78, p<.02)., The interrupted 12-montq-old qroups d1d
7 not relzably differ from one another., -

Thus, the ‘hypothesis that habltuated infants would spend
more time looklnq at a novel array than would interrupted
infahté was Qeﬁeréily supported.vFurther,'as shown in Tahle 4,
the overall patfe:n o B;gﬁgggggg§>uasvc1earlé iﬁ accordance

- with prediction; Hab#tuated infants showed an overall visual
prefé?énce for the novel tbvs, while ho pteferencé fot éithef'
n;vel or familiar toys was shown by interrupted infants. |
Inébection of the various sﬁﬁqtoups'reveals that while each
habituated subgrotip taken separately prefefred the novel'atrgy,
that preferencé vas not shown by any of the interrupted
subgroups, Indeed, the interrupted 8-ionth-01ds in the familiar
toys - familiar location conditign‘shoued a preférence for
visuall‘ exploring the familiar array. Notice that.althouqh the
relative anélysis had found no difference béiieénfhﬁﬁituiféd and

\F“g{d simple stimulus groups in their

interrupted 12-month~-

9y



‘proportiéns of time spent visually explorinq the novel arfay,”

the ahsolnte,analy51s showed that they’dld differ as expected in
fi

~their preferences, i.e., following habltnatxon they shoued a

prefgrence for the novel array, vhlle no prefetence for either

-

LS

B array folloved 1n€xrruptlon,
| Twvo unexpected results from the analy51s of the vision
alone dgta included a groups X sex interaction and a
A_faniliaii?atibn'i sex interaction. o -

I | fhe qroups X sex interactidn is illqstrated in figure lﬁgee
Analysis~9f thé;sinple efﬁects of qroups fof each sex indieeied
dif ferential looking times for females ae.a’functioh of qtoﬁp
membership @(2,72) =.7.01, p<.002): but no differences among the -
{Qrohhs ofﬂiales (F(2,72) = 1.12, £<.3§). Eiqht—donth-old fenales

"spent less time iookinq et the noveliarray than females in
eithef the 12-month-old simple stimulus group {(F{(1,72) =7.5,
vg(.OOB) or thej12-nonth—old complex Stiinlus‘dioup'(F(i 72)v=
15. 32, g( 001). The 12-month-old females did n\wjgaqnlflcantly
differ fron one another (F{1,72) = 1. 0).

Separate tests of the difference between male and female
infants lookinq scores for each groups revealed that Brnoneﬁqold
males visudlly explored a novel array lote'than 8-month-o0ld
feleles (F(1,72) =5.81, p<.02) but that iﬁ the 12-month-old
complex stimulus gronp} males spent less time explorind novelv
to?s’thaﬁ”feialéS'(g11,727*¥’5.83; p(;ozy:ﬂuo difference betveen

iales and females vas found for the iz-nonth-old simple stimulus
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R (F(1,72) = 2,78, p<.10).

| “Simple effect analysis of séx for each féuiliarization
condition shoved that ﬁahituated females visually explored a’
novel array to a greater extent thaﬁ did habituated males
(B(1,72) = 4,93, p<.03; see fiéure 15). Males and females did
not differ following interruption, E(1,72) = 1.0. @evertheless,
the pfedicted difference betue?n the two familiarization

conditions uas supported for each sex., Both males and females

looied longer at a novel array following habituation than they

did following interruption (F(1,72) = 3.98, p<.05 and F(1,72)
24,69, p<.001 for males and females respectively). W -
The reason for the obtained sex differendes is unclear,
Fnrther;\qiven«the notorious inconsistency of such dif ferences
in the habituation litérature (cf. Caron et al., 1977) I
hesitate to make much of them except to note that they do not

ovérride the strong support found for the pattern of predicted

results.

First-toy-touched/First-location entered

The initial choice of which array to explore could have

been determined by the:nove1£y-faniliarity of the toys or by the‘
hovelty-faniiiarity of their location, In order to est}nate and |
analyzé the separate effects of these variables a qu linear
analysis with maximum likelihood estimation was perforaed.

Likelihood ratio tests were carried out to conpafe differences
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betveen the various subqroups and to compare each subgroup
separately with chance expectatiqns. (Notiée that chance

expectationis indicated‘by the value 0,0 in fhis énalvsis).
. These cbnparisonS‘were made both'for toy and location choicés
cong?deréd'sigultaneously and ;eparately for eaéh.
Preiiﬁgg;rv analyses had indicated that neither the main
'effé&fé&f sex nor any interaction inclﬁdinq sex were
., significant, Consequently, sex vwas dropped from the a#alvses and
the nodefﬁnevised torinclude‘onlv the factors groups and N e
‘familiarization, o
yfhe raw data and the estimated effects are presented in
Table 6, Prior to ahalysis the cell fréquencies were transformed
by (X + .5) in order to stabilize estimates based on zero .
frequencies. The likelihood- tests, howeﬁfr; were carried out on -
the rav frequencies. -
As shéun in Tahlg 7, neither the groups X faniligrizatiqn
interaction nor tﬁé Q;in effect of groups were reliable for any-
of the models tested, The significant main effect of
familiarization for all models is due to habituated infants
making initial contact with a novel/foy and entering first»a
novel -location more often than didhintefrupted infants.
Moreover, as shown in Table 6;£hé‘hahi£uated iﬁfgnts shouéd a
statistical preferenée for the novel toys (and no préféreace fér

"either location), while ihterrupted infants showed no preference

for either novel or familiar toys but an overall preference for

39
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Initial choice frequencies and log linear
estimates of toy and l_ocation parameters,

Table 6,

100

N-Location F-Location -N-Location F-Location
N-Toys F-Toys F-Toys N-Toys

Habituated - .

' 8 months 7 1 2. 6
12 months simple 7 1l 1 7
12 months complex 8 o] 1 7

Interrupted /" ™, .

& months 1 7 5 4
12 months simple 4 4 3 5
12 months compl 3 5 1 7

Co . a

Log linear estimates -

Location Toys

Habituated

g months 0.33 1,28t
12 months simple 0.00 1,601
12 months complex 0.61 2,22
Total ‘ 0.39 200w
interrupted 5

8 months - 0.80 - 0.80

12 months simple ~ 0.23 0.23

12 months complex - 1,03* 0.57
Total - 0.69% 0.00

% p €.05

=+ p .01
% p ¢.001
a. A negative number indicates a familiarity effect and a positive number

indicates a novelty effect. A value of 0.0 indicates that room and toy
effects are-either equally present or absent.,
K
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Table 77

I.ikelihood ratio tests of first 7

toy touched and first location entered.

Likelihood
Source df Ratio % -
Groups (G) “
' Toys 2 : 4.92 .09
Location 2 0.37
Toys & Location 4 5.1
Familiarization (F)
Toys 1 14.38 001
Location 1 5.40 .08
Toys & Location 2 22,1, .001
Gx 'F
Toys 2 - 0.67
‘Location 2 2.29
Toys & Location 4 2.5(5 '
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the familiar locdiion.

Although each group behaved in a manner similar enoudh to
preclude the groups factor from showing up in the,relative
analysis, that factor diﬁ make a di%ference in terms of ‘the
location preference of inté;%ﬁpted infants. That is, while
interrupted infants in each group showed a tendency to first
enter the familiar loéation,'only the 12-month-o0ld coaplex
stimulus group did so with enough reqularity to result ih a
statistical preference for that locatioﬁ;

Thus, the first toy contacted by habituéted infants tended
to be in the novel arra{wreqardleés of the area that contained
it. On the other hand, infants in the interrupted groups either
uadetinconsisient initial choices (e.qg., B8-month-olds and
12-nonth4olds“sinple stimulus) or first entered the area that
had contained toys during the familiarization trial and made

initial contact with whatever toys were found there (e.q.,

12-month-olds comblex stimulus).

Focused manipulation

‘ Focused nanipulatién scores iere‘analyzed in a 3(groups) X
,Z(fanilia;izat;on) X,Z(lbcafion) X 2(sex) X 5(blocks) mixed
analysis of variance with repeated measufes on blocks. The
blocks factor wasrincluded to investigate the paftern of

exploration over the course of the test trial. A block was

defined as one-fifth the total duration of focused manipulation
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occurring during the test trial. For each successive hld@k the
proportions of time spent with toys froa the novel array was
calculated (and traﬁsformed). For example, an infant who
explored for 4 ainutes during the test trial would obtaih 5,
ue;second,blocks (240/5 =u8)_and thgrefore, 5 scores based on
proportions calculated for eaéh sucéessive 48 seconds of
exploration., The use of blocks defined in this manner rather
thaq”s{yp}y dividing the total trial into realﬁtime‘units (eeGe,
5, é:ifﬁgte segments) was prompted by noting that infants often
showed the same pattern of exploration over time but that they
.did so at different rates. The consequenée ¥as a severe subject
X "segments" interaction that resulted in a»less efficient and
less powerful F test fo@\all within subject sources of variance.
Further, using blocks aSHQefined above ensured that proportions
for edch block for a partidular subjeét were based 6n‘the‘sane
total number of seconds of focused nanipulatibn. If reai finé
unifs are used, proportion scores could be basgd on numbers of
seconds ranging from zero to the total number of seconds é
comprising the particularvunit used. {e.g., 120 seconds if |
2-minute segments were used). Obiiously, scores based on few
_.seconds are less reliable thandthoéé based orn larger number of
secends.
o Fa
Preliminary analysis indicated that sex was not a

significant main effect nor did it interact with any other

factors. As a result, the analyses presented below included only

. {
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the factors'ofMQronps,'faniliarization, location and blqcks. The
retransformed means and standérd deviations and the absolute
analysis are presented in Tables 8 and 9. L.

Anal;sis of»thé avéraqe coiariance matrix for the blocks
.factor indicated that the homoqeneit} of covariancé‘agsulption
yas-not net (Table 10) . Therefore; the Greenhouse-Geisser |
epsilon was calculated and the'déqrees of freedom for the within
:subjects sources of variance were adiﬁstéé accordinqli. Fhe
source table for the analysis of variance of focused |
manipulation is presented as Table 11. The main effgcts of
groups and f;niliarization were both significant. Hone§er, ;he
qronpskx,faniliarization interaction gqualifies the separate
interpretation.ongither factor. Simple effects analyses of -
groups and faniliarization‘were undertaken in order to access
this interaction nore‘thorouthy (see fiqure 16). —

‘ Separate tests 6f‘theldifference be;;een habituated and
4;interrupted infants for each qrbup showed that both the
8-month-old and the 12-ponth-old complex stimulus droupsvspent
siqnificantly more time explorinq‘toys in the novel array

' following habituation than they did following interruption
(gn,‘eu) = 11.77, p<.001 and E(1,84) = 9,64, _:_;<.003‘ for the
8~month-old ahd 121lonth-old'conplex stimulus groups
respectively)., A tendency in the sanme direction by the
12-month-o0ld simple stimulus group did not reach‘accepted‘EeVels)

of significance, F(1,84) = 3.05, p<.09, To analyze the simple
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. Table 8
Mean focused manipulation proportions and standard deviations for the
groups X familiarization X location X blocks subgroups.

) Blocks-
1 2 . 3 4 5

Habituated .

a _
o , a .
"A B nontha X 95788 . es™ 6™ 98 8s 88 .89 .
e 5D - «93 97 .78 .94 .85 9% .96 95 95 .
: 12 months siaple M C 91" .95t ™ 90 AR VR Wl

D .94 .9 .85 .96 .80 .91 .9k .B .97

12 months complex X .o@!:..wu*, 98" 91 96" Lot .wu*. .88 .78
_ SD .5 .95 .56 .95 .82 .95 95 A .96
Total . T 95793 M e2™ 96 M 1™ L9t a3t
SD .90 .95 .78 .95 81 .93 4 .91 .95
Huwoﬂ.:vwoa ’
© 8 months S A SN P e o8" 7 o™

SD - .64 .99 .80 .98 75 .95 .71

03 36
60 .98
12 months simple X" .53 .56 39 .71 W42 L6t 78 .50 .97
: sb .98 .97 97 .97 98 .92 . .
X > 08* .08
93 72
11

12 months complex X .13 .94 07 72 09" .07 12

sSD .95 .93 .86 .96 95 .94 94
Total T .19 .73 a1 e HE* 29 18" 20" 35,
sp, . ,
All subjects X 69 .B6 66 .82 b W72 .65 .62

58

S .97 .97 97 .96 97 97 96 9?

< .05
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Table 9

Mean focused manipulation proportions and 'standard aoﬂwﬁ.ouu for the
groups X familjarization X blocks subgroups.

Blocks )
A 1 2 3 4 5
Habituated . .
'8 manths X .wm#: .wm*.. . .wu: 88" . .wo!_.
mv -wu - -mw -,8 . -Wu .g
12 months simple X 93 93, ™ 96"t 96 93
12 months complex X 93 96" 96" 9™ .79
SD .89 .92 .90 493 .96
.Hao.ﬂﬂu. ” M . g‘*‘ -WM**... {*: -WN*** —mo.znlx.
SD .93 .90 .89 93 .95
Interrupted.
8 months . X .22 .16 10" .oma# « .o.w#:
SD .98 .96 96 .91 .9
12 months eimple X oS .55 W52 .64 .w:.f..
sD 97 .97 .96 95 89
12 months complex X .61 W31 08" .om*v 10"
. SD 97 .96 T.9 94 9L
Total X 45 .32 g™ 19" .33
o SD .98 .97 .96 .95 .97
A1l subjects - X 79 .75 68 .63 67
: SD 97 97 97 97 97
* #A .05
op .01
~ .
-~ \//

Total

93
93
94
.WM

93
91

:

i .

-Oﬂ

.12
Qwu

.85

-Hm -
.88

-NW

.93

.74
.96
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Table 10

Blocks
8 | o 2 3
| | 1 9.6  6.390 2891
2 7.304  4.530
3 6.8
"
5

degrees of freedom 13
- . chi-squared valee 209.7742
probability value .001

greenhouse-~seisser E .4687

%

107

Average covariance matrix for tlocks

-7

-.225

2.852
7.068

-2.108
-2.042
«212

5.077

" 7.509



Table 11

ary @f a.nalysis of varlance of
ocused Manipulation proportlons

N -

J .
Source ‘d,f Ms R ;.2"
* Between subjects o

" Groups (G) 2 10125 7.04 002
Familiarization (F) - 1 ‘. 1556.03  108.24 “{éooi ‘
Location (L) r 38.95 2.7
GxF 2 74.66 5.19 .008
GxL 2 770 0.5
FxL ety 60. 418 .04
GCxFPxL 2 3%6.91 ©  2.57 .08
Error | - 14.36 |

Within subjects ) : )

Trials (T) 1.87 9.75 ;68\’\
CxT ~ 3.75 17.45 3.00 .03
FxT 1.87 11.86  2.05

. LxT ' . 1.87 2.86 ‘01.46
GxFxT 3.73 5.63 0.97
gﬂ,ﬁijﬂﬂ . .3.75 2.8 0.43
FxLxT . 1.87 25.17% .02
CxFxLxT = 3.75 b.62 |

Error 157.49 5.79
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, ‘Figure 16
" Groups X famillarization interaction.
\ ( Focused manipulation )
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o

. Wwere no reliable differences among the hahituateip::iups,

- effects of groups, separate tests of the differences among
L o o

qroﬁps for eaph_faniliarization condition were performed. There
. F(2,84) 1.0.uabsiQnificant”difference among the i rupted
groups, (2(2,8u) =%u,55, p<.02) suggested that tﬁe interrupted
12=-month-old éinple stimulusiqroupispent“nore time exploring
noiel toys than either the 8-month-old or the‘124monthjold
‘conﬁlex stimulus group. However, post ggé éonparisoﬁé found no
difference between any of the pairs of groups when thebalpha |
level vas corrected to acéoﬁnt for multiple jthrée) comparisons.
Thus; there vas strong support fo; the predicted ° |
relationship between amount of familiarization and snbsequeni
time spent éxplorinq novel toys. Hahituatedrinfants spent more
time, overall, explo:in§ novel toys than did interrupted
infants, Fﬁrther, fhe‘siqnificant groups X familiarization
_interaction showed that this effect was attenuated when the
familiarized stimulus ués simple. The more rigorous prediction
that the differenf groups would show.different preferences as a
function of anouﬁ% of previous familiarization was also
suéported. As shown in Table 9, habituated infaﬁts\in each group
preferred to explore toys in tﬂé novel arréy, while toys in the
familiar array were.préferred by the interrupted B—month-olés
and the interfupted 12-nonth-6ld complex Stimulus group. |

Interruptednlz-nonth-old simple stimulus infants spent more time

with toys in the novel array but did not show a reliable
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AN
preference.

Locﬁtion did not, overall, affect the amount of time spent
exploring the toys. The siQnificaﬁt faniliarizationbby location
interac;ion,indicates that when the faniliﬁr toys were moved to
the novel location and the ﬁovgl toys placed invihe,familiar
1qcation, the magnitude of the'differégée betweeﬁ habituated and
interrupted infants was attenuated. Ne#ertheless, sinle effects
analysis of familiarization (see fiqure 17) -found habituated and
interrupted infants to differ reliably in their pfoportions of
time spent u}th novel toys in both location conditions (F(1,84)
= 15,49, p<.001 and F(1,84) = 6.98, p<.01 for the familiar
toy-familiar location and familiar toy-novel location conditions
respectively), As well, the effects of loéation were not
reliable for either the habituated infants (F(1,84) 1.0) or the
interrupted infants (F(1,84) = 1.36, p<.25).

The preference of the interrupted infants differed with
respect to location (Table 8). ﬁﬁen the familia?}toys remained
in the same location as durind familiarization, the interrupted
infants prefered the familiar toys. However, when the familiar
toys vwere moved to a novel location interrupted infants did not
- prefer either array ofﬂtovs. Habituéted infants preferred novel
toys in both location conditions.

Akthgmgh the third-order interaction between groups,

familiarization and location did not reach accepted levels of
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" Figure 17

Familiarization X location interaction.
( Focused manipulation )
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statistical siqnificancé, the absolute analysis showed that‘the'
effect of location on the ptefegencés of interrupted infants did
differ among groups (Table 8). That is, the pattern consisting
of a preference for familiar toys when they remained in the
familiar location and no preference for either novel or familiar
toys when the faniliar fovsrwere moﬁed'to a novel location held
only fér interrupted B—montﬁ-old and 12-n?nih;old complex )
stimulus groups. The-interrupted j2-~month-0ld simple stimulus

. (-9
infants did not prefer either array in either location

condi tion. ’
The differential effect of location for habitnated-qﬂd
interrupted infants is consistent with the results obtained from
the initial choice analvsis. Recall that habituated infants
sought out and first contacted novel toys ;eqardless‘df»the\
location of those toys. Their overall preference for toys in the
novel array in both loqationvconditions indicates that they
continued to[éxplore the novel toys throughout the 10-minute
test trial. On the other hand, interrupted 8-month-old and
12-month-o0ld complex stimulus infants went most often to the
familiar location reqardless of agich toys vwere there. As a
result their proportion scores differed achrdinq to which toys .
vere in the familiar location., If the familiar toys remained in
‘the faailiarrlocation they showed an overall preference for

those toys; a result that suggests they continued to explore

toys in the familiar array over most of the test trial. If the
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novel tays were in the féliliar location, howéver,‘essentiallv’
no prefereqcé,ﬁas shown fog:either‘afray. Theréforé,.theyﬂaust
have left the familiérjloca;ion in order to find and explore the
familiar toys {which were in:\the novel location). Otherwise they
wvould haié shown an overall preference fot/tqys in the novel
arfay. The significant faniliarization X IOCatipﬁ X trials
interaction indicates that this was in fact the case. In order
to investiqate this interaction more closely, analyses of the
faniliarization'x locétion interaction at each level of blbcks
were cafried‘ougy/}lt should be noted that because of
héteroqeneitv of covariagce between pairs of blocks; 3-~way
(groups X. familiarixation X location) analyses of variance were
perfornedvat each block and the separateAuithin-qroups mean
squares used as error §Q£g§‘for testing the simple
faniliarization X location effects.) ,

The means for each famiiiarization xvlocation subgroup at
each block are plotted in figure 18.'Siqnificant familiarization
X location interactions bbtained atfblbck 1 (z(i,en{ = 6.02,
'p<.02) and at block 2 (F(1,84) = 10.62, p<.002) were due to
interruptea infahts spending more time exploring tﬁe familiar
arraé wvhen it remained in'the famriliar location than when it was
poved to a novel location (F(1,84) = 8,71, p<. 005 and F(1,84)

' #11.39. p<.001 for blocks 1 and 2 respectively), while
habituated infants spent'sinilar amounts of time expioring the
novel arravy in both locgtion conditions at both blocks. For
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Figure 18

Famillarization X location X blocks interaction.
( Focused -manipulation ) - @ Habitusted F-F
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blocks 3;through 5, location‘did not differentiate between

eit her habituated or interrupted infants“exploration.Thus,

during the early part of the test triai,.noving the faizliar

toys to‘a novel location attehuated the difference;betieen the

interrupted and habituated infants, Nevertheless, even by block

é that difference, though not as laiqe as laier in the trial,‘

was still reliable, F(1,84) =4.24, p<.05. The amount of time

spent exploring novel toys for habituated and inferrupted

infg s who received the familiar toys in the familiar location
& 3

siqglficaptlv differed from one another throughout the test

trial.

The familiarization X location X blocks interaction for
each of the three groups are shown in fidures 19, 20 and 21%.
Although the patterns are similar enough to have precluded a
4-way groups X fahiliarizafion X location X blocks interaction,
ihese fiqures are illuétrative of (a) the overall groups X
blbcks interaction, and of (b) the differences in patterns of
;;eferences for the three groups.

The general decrease in time spent explorin&fnovel toys by
the familiarization X location subqrodps in 8-month-olds and
12-month-o0ld complex stimulus qtoupé aé opposed to the &eneral
increase shown by the 12-month-old simple stimulus subgroups
resulted in the reliable groups X blocks interaction shown in

-fiqure 22, Significant differences between qroups at block U4

(P(2,84) =6.05, p<.003) and at block 5 (F(2,84) = 12.78, p<.001)
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MEAN NOVELTY PROPORTION

Figure 19

f‘a.mlliariza.tion X location X blocks interaction for 8 month-olds.
: ( Focused manipulation ) : @ Habitusted F-F

. . (*JHabituated F-N

AIntermpted F-F

Ej Interrupted F-N
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Figure '20' :

.~ ( .focused manipulation )
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blocks interaction for 12 months simple,

" (© Habituated F-F
(SHabituated F-N
A Interrupted F-F

[ interruptea Fov -

118



|

MEAN NOVELTY PROPORTION

Figure 21

F‘amilia.rization X 1oca.tion X blocks interaction for 12 months complex.

-( Focused manipulation )
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Groups X blocks interaction.
( Focused mamipulation )
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vere due to the 12-month-old simple stimulus infants spending a
'hiqhef-proportion ofxzieir time with novel toys than;either the
B-aonth—oldvor the_12— onth-old conplex'stiuulus’qéodps. °
The absolute analysis of preferences over blocks showed
that in general habituated groups in both location conditions’
preferred toys in the novel array throughout most of the %trial
(Table 8). Collapsinq'over location conditidns produced nqveity
prefereﬁceé for all habituated groups at each block with the
exception of block 5 fér the 12-month-old conplex stimulus group
(Table 9). For interrupted infanté, however, preferences
' dif fered as a function of which groups X location subgroup they
belonged to.'Interrppﬁed B-montﬁvold and 12-nonth—old complex
stimulus groups tended to prefer familiar teys throughout the
:trial when those toys genained in the ‘familiar location. When

ha ] -

the familiar toys vere in thefnove%/locatidﬂ, the 12—nonfh-old o
-~ R - .

complex stimulus infants showed an initial preference for novel w,

toys at block 1 followed by a preference for familiar toys by

block 3 which continued through block 5. Thus, their initiai
return to the familiar location (which in this condition
contained novel toys) precludedh¥n overall preference for
familiar-toys until block 3 (Tabfb 9). A similar, less dramatic
shift f:on novel toi%aniliar toys 27 the 8—nonth-olds resulted
il their nevef shovwing a statistica;/preferenqe'for either array
of toys, although as a wholeiiiﬁainterrupted é-nonth-olds also
preferred the familiar toys by block 3’(Table 9).(In contrast to<

-~
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"the conp%ex stinnlu; groups, the interrupted 12-nonthfold simple

stimulus groups showed no preference for either array until
block 5 vhen those infants in the familiar toy-familiar location

condi tion preferred the novgl toys (Tablé 8) as did the group as

a whole (Table 9).
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I¥. DISCUSSION

Hifh'relatively few gualiiidations the tvo purposes of tE§Sr//ﬁ%y
“study were met. First, Hunter, Ross and Ames' (ih press)-findinq |
‘of a familiarity preference in i;fants older th;n‘Z months was
,reaffirned. Secbnd; £aken together, the results of ihis Study
;uppaft the hypothesis thai the direction of exploratory
‘preference is’jqintly determined by amount of previous
~faliliérizétion; age-related stimulus complexity and response
type?,Severalspecific_predictions-derivad from this hypothesis“
‘were outlined at thé en& of Chapter 1, The discussion éection
will focus on these predictibns and‘their‘theoretical
siqhificance.

In qéheral, infants todk longer to hahifuate to and enqaded
in more focused manipulation with a complex stimulus than uith a
simple stimulus., As inf;nts who had habituated to a simple |
stimulus téndgd to show their peak résponse early in the
familiarization trigl, whereas the peak réspoﬂse of infarnts who
had habituated to a&cOnplex stimulus occurred on avéraqé much
later, the data vwere consonant with an inverted-U function
felatiﬁq éxplorati%n‘and'interstinul;; novelty, a function that
was dépeddgnt’upon stinulus,cdnplexity,

The habituatibn data for the B-month-olds contrasted with

»
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those for the 12-month-olds who had been habltuated wlth a same

sized array and were conparahle to those found for 12-month-olds

k who had been habituated with a Wore complex array. Had only the

8-aonth~old and 12~month-old simple stimulus groups been-
incluéed in the study, the results could have geen interpreted -
merely as an aqexdiffeience in the rate of habituation, .with
youﬁqer ihfaﬁts takinq longer to habituate than older infants
(cf. ﬁetherford aﬁd Cohen, 1973). Similarly, had the study
included only the 12-month-o0ld simple stimulus and 12-§oh£h-old
complex stimulus qroﬁhs the results would have suggested only
that habituation variés with the complexity of the stimulus (cf.
Caron and Caron, 1963; Cohen, Deloache and Rissman, 1975) . By

including all three groups, the present results offer evidence

. that these interpretations, while true in a restricted seg§p,‘

;,,/‘”'

provide only partial understanding of the relation between age,

stimulus complexity and habituation. That is, age differences in

rate of habituation are isolafed when stiaulus complexity is
heldrconstant over age, As,well, habituation varies as a
function of stimulus complexity, but this is revealed clearly
only for sale-@qediinfants} ?he present results encompass all
three variableé, and are consistent with the not;on‘that raie of
habituation does vary according to complexity, but that ;
éonplexity must be defined according to age.

The 8-~montk-old and 12-month-o0ld simple stimulus groups

differed as predicted in habituation rate but did not differ
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siqnificahtly in total amount of focused manipulation, although
the results were in the predicted direction., The lack bf
significant results may have been due to differences in the
diversity of exploratory behavior used hf each qroup; That is,
as}ueil as dsinq focused'nanipulatipn, the 8-month-olds were
probably gleaning -information via the mouthing that is -
characteristic of their aqé and which, unfortunately, only the
therver's semory rather than data can attest to. However, other
studies of this age range have also reported a larger amount of
oral exploration by younger than ﬁy older infaﬁts lﬂccgfif 1974;
McQuiston and Wachs, 1979). Thus, thelB-month-olds may not have
used significantily more>fo¢used manipulation than the
12-month-olds sinmple stimulus4§roqps,-but they may have explored
more overall, |

Both the habituéted 8-month-old and the habituated
12-month-0ld complex stinuius groups subsequently spent more
time on visual exploration and focused mapipulation of a novel
array than did their interrupted counte;:;rts. A'sinilar
difference between habituated and interrupted 12-month-old
simple stimulus infants for both measures was not as large as
for the other two groups. Combined, theée results supporf the -
pfediction that both amount of fauiliarization and age-related
complexity underly the relation between exploration 5&&

interstiaulus novelty, Several other studies have observed

differences in visual novelty respoanse among groups that have

\4 -
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differed with respect to amount of familiarization and the
physical complexity of the stimulus fauiliarizea {Caron et ai..
1977; Cormell, 1979; Fagan, 1374; Rose, 1980). The present
research expanded upon these éxperiments”by pointing out the
importance of deflnlnq complexity with reference to age. Indeed,
%thls point might be sufficient to explain a dlscrepan\\\hetween
Rose's (1980) qnd Co;nell's {1979) studies. Rose (1980) foundwa
stronger novelty response in é:;gfth-olds thah'did Cornell
(1979) in 5-month-olds when infants in both studies had
previously been‘familiarized to an identical stimulus for the
same amount of time. The situation is analogous to the
8-month-61d interrupted and 12-month-old simple stimulus
1n‘errupted groups in the present study. That is, although the
conplexlty level of the 3-toy-arrav was phys;éallv the same i%é&
the *two qroups,-the same brief amount of fanlllarlzatlon
produced a stronger novelty response for the 12-moﬁth-olds. A
pore physically complex stimulus (or completed habituation) wvas
reqhired to produce similar resdlfs for the two age groups.
Thus, had Rose {1380) used a more cqaplex,stinulus,.or Cornell
(19792 a simpler one (or a longer familiarization time to the
complex stimulus) the difference between their age groups may
not have appeared.

Assuming that ﬂz:: amount of familiarization and
age-related complexity deieriine differences in proportion of

time spent with novel stimuli, whether or not those differences
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will lead to opposinq preferencés‘depends on a third factor:
response type. The present research indicates that it is
fail;cious to attribute the progression from familiarity
preference to novelty preference merely to age, Hﬁeg amount of
familiarization, aqe-reléted conpiexity and responsertype aré
also relevant factors. In both age groups, when focused
manipulation was the measure of exploratory behavior and when
the stimulus was complex réiative to the infants' aqe, different
amounts of familiarization produced a faniliaritv-novélty
progression, In contrast, a progression frcm no preference
following interruption to a novelty preference following
habituation wvas the general result when vision alone was the
measure of exploration. As the results were the same for
8-month-olds and 12-month-olds, there is no’evidence here to
'support the idea that a general atiraction for what is familiar
oqguré at an early age and is fqllowed by‘a general preference
fofuwhat is novel. Rather, the progression from familiarity
preference to novelty preference is present at‘all ages and
represents a process occurring repeatedly as new stimuli are
encountered, What do change developmentally are the effective
conﬁlexity of the stimuli, the émount of faniliarizatiqn and the
form of response necessary to elicit the progression.

zThese findings both suppport and expand upon previous

research, The vision alone preferences corroborate those

reported by Cornell (1979), Fagan (1974) and Rose (1980). The
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focused nénipnlation data reaffirm Hunter et alls (in press)
results and extend them by including another age group and by
manipulating complexity, Pinaliv, the direct éouparison of the
tvo exploration response types naﬁxhelp al}eviate many of the
pofentially contentious differences between those studies;

A discrepancy betvween the present study and the earlier
woik on visual exploratisn concerns the amount of
familiarization necessary to produce % visual novelty -
preference. Using 5- to 6-month-old infants and Z-dimensional
sitmuli varying in complexity, previous research has‘found
visual novelty prefetences following familiarization times
ranqging from 5 seconds forbsimple stimuli to 30 seconds for more
complex stiauli {Cornell, 13979; Pagan, 1974; Rose, 1980). The
interruhted inf?nts in the‘presgﬁk study did not show a novelty
preference following an average of 102.6 seconds of
familiarization. Two methodological differences may have
contributed to this difference., First, the arrays of toys.used
in the present study may have been more conple; thar the
2-dimensional geometric forms and pictures used in the earlier
work. Certainly, 3-dimensional objects coptaiﬁ more of the
palpable features suggested to attract infants' attention than
do 2-dimensipna1 stinuli. Second, the pre;iéus rééearch
investiqated visuai prefereqces following visual familiarization
whereas in the present étudv testing for visual preferences was

preceded by familiarization involving both vision and
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nanipulatibn. As other research usind bofh kinds of
faniliatization procedures has found greater visual novelt&
preferences following visual familiarization than follouinq\
visual~manipulatory familiarization (Gottfried, Rose and
Bridger, 1378), familiarization procedure may have been the
reason for differences between-this and earlier stddies.
Gottfried et al. (1978) explained their results by suggesting
that manipulation interferes with visual memory and therefore
vith visual recognition (as measured by a Siqnificaﬁt novelty
preference), Hovever, Ruff (1980) his‘suqqested, and I agree,
that manipulation may enhance object recogqgnition by providing
more information about the object's structure. Recoqnitioﬁ may
take longer because attent%on may be focused on such properties
as smoothness and texture éa;her than on 2-dimensional features
such as color. Perhaps had Gottfried et al. {(1378) alloved more
time, novelty preferences would have accrued following
viSual—nanipulatory familiarization as well. Thus, the
interrupted infants in the present study may not have shown a
visual preference even following comparatively long
faniliarizatiqn because their attention was distributed to more
and probably different stimulus characteristics than is the
attention of infants vho are familiarized.strictly via the
visual mode, |
\ Thé results of this study are best interpreted in terms of
Berlype's (1960, 1970) optimal level Eheorv of exploration.

. /J/ u

129

£



Accordinq}to this theory the amount of exb;o;ation elicited by a
stimulus is jointly determine@ by the amount of information in
that stimulus and the infornation processing abilities"of the
explorer, If the stimulus is complex relative to the eiplorer.
exploration is predicted to follow an inverted-U course with
familiarization due to the antagonistic factors;
posiiive-habituation and tedium, Exploration will at first
increase as a function of increased attraction for an object
that is beconming assimiliated (positive-ﬁabituation). Once this
is accomplished, further familiarization will result in a
decrease in exploration due to the repétitioﬁ of information
that has already been learned (teding). A novel stinulus
introduced after exploration has decreag;d vill beipreferred,
vhereas a familiar stimulus wili be preferred if the novel
stimulus is introduced when exploration is still increasing or
at a high level, Exploration of a stimulus that is simple
relative to the capacities of the explorer will succumb to the
tedium factor relatively quickly and thereb; follow a
monotonically decreasing course with familiarization. Since
exploration of a relatively simple stimulus is alwéys decreasing
over time, a novel stimulus introduced at any point during
familiarization will receive a greater proportion of total
exploration,

The issue of response type as a deternihant of exploratory

behavior has not been‘addressed by Berlyne's or anv‘%iher
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optimal lével 1-.hec>ry.~ The present st&dy sﬁqqests that this
factor need be explicitly incorporated into any forayla
attempting to describe exploratory behavior over age, That is,
it appears that with age increasindly complex forms of
exploratory behavior are used to éeek out and learn about
increasingly complex stimuli.

The results with respect to the effect of f?fation on
object exploratioﬁ replica£e those reported by Huﬁter et al. (in
press) and seemr to show that the tendency to return to a
familiar location Qhen faced with insufficient information about
other properties of a stimulus is limited to infants older than
8 months of aqe; This result is not in agreement with a
repfesentatibn-by-action view of oﬁiect recognition (e.qg..,
?iaqet, 195“).'87 that account 8-month—oldé who had been
interrupted should havé been just as likely if not more so to
use the cosmpleted action of havihq previously found the famili
array as as subsequent recoqnitibn‘cﬁe. | ;?N;

An alternative approaéh, Gibson's (1969) percpetual
learning theory, seems more plauéible. Acéordinq to this View,
mere exposure to an object leads to learning about the
properties of the obiject Se.q.,distinctiVefeaéures, structurél,
invariants) through the pfocess of differentiation, Perceptual
learning through differentiation requires no external guidance
or reinforcenent;'rather, it is seén to be related silply to

amount of exposure and to the number of features or invariants
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to be differentiated. Further, diffgrentiation is suggested to
bécéme more efficient, and therefore perceptual learning more
rapid, with age., In the present experiment, all three groups of
infants, when qiveh enough time to ful;y explore the features of
’the familiar array, were subsequently able to distinquish and
accurately find a novel array. When less time was given, the
interrupted 12-nonth—old'complex stimulus infants had appa;gntlv
been able to extract at least one feature of the familiar array,
i.e., its location, and used that feature to form a logical
search strategy for finding the fémiliai toys (their overall.
preference for the familiar array suggests that it was the goal
of their search), The interrupted 8-month-olds were aléo seeking
the familiar toys, but vere less likely to rely on location as a
cue for finding them, It is not certain from the present data,
hbuever, that the 8-month4plds were less able to extract
location és‘a feature of the‘array: instead, they may havg been
less able to use that feature to provide a search strategy.
Their ability to find the familiar arravvuhen it was in the
familiar location suggests that they were aware of location as a
distinquishing feature and, in that situation, Qere capable of
usinq.it in order to find the familiar tovys. ﬂbwevér,when the
familiar toy$ were moved to the novel location the 8-month-olds'
initial choices vwere essentially randon, Apparenflv, Hhén‘faced
with such anbiguity,h;;g 8-month-olds were legﬁfable to use

location to form a search strateqy and instead rg}ied on a trial
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and error strateqy of quessing first and adjusting later.
Paradoxicélly, in}this experineut..;he less advaﬁced ggfateqv
resulted in more success., When the familiar toys had been moved
to the novel location, trial and error search lead to the
interrupted 8-month-olds finding the familiar array 50 ﬁercent‘
of the_tiné. On.the other hand, the ﬁse of a logical search
strateqy based on location led tgeviZ-month-olds in the faﬁiliar
toys - familiar location condition to qreater initial contact
with novel toys. Thus, the search strateqy used by the
8-montﬁ-olds may have resulted in inflated scores for their
initial contact of familiar toys. i

As was the case for the interrupted 8-month~olds, the
interrupted 12-month—-old simple stimulus infants were less prone
-to use location as a cue for distiﬂquishinq betvween arrays than
did the interrupted 12—nbnth-old complex stimulus infants. The
'suggestion that the 12-month-old simple stimulus group was
inferior to the 12-month;old complex étilulus group in their
ability to differentiate features and to form logical searcg
strategies would be opposite to the prediction of
differentiation theofy as well as counter-intuitive since a
3—tov‘array should have been more fuily differentiated than a
5-toy array in the same period of time. A better explanation
might be £hat infants in the 12-month~0ld simple stimulus group

not only had differentiated location as a feature of the

familiar array but, because the array was simpler, had been able

N,
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to differentiate othet distinctive features as well. Thus,‘they
may have-been perfectly able to distinquiéh and find the‘érrav
they wished to explore and their initial choice data merelv
reflected varlatlon within the ‘group as to which array was being
sought, The overall lack of preference for either therfaniliar
or the novél array éuqqests that this hay be true.
Thé<explanation presented above is only tentative, However,
reqgardless of how the location results are explained, they help

provide some of the most compelling evidence that infants are

motivated to complete unfinished exploration before moving on to

explore newv stimuli. That is, whatever the reason why some
infants interrupted with a complex array initially approached

and contacted the novel toy.s, there is no obvious reason for

then to have left those toys other than to resume exploratlon of

the familiar arrav.

Conclusion

The research presented in this tﬁesis has demonstrated
that infahts do not always prefer familiar stimuli at one age
‘and novelﬂstiluii at a later/igg, but that under some
'circunstances they will show a proqreésion‘fron faniliaiitv
preference to novelty preference at any aqe; This finding ‘
suggests that irnfants expiore in an orderly manner with the
purpose of learning about the obiects in their environuent. They

do not haphazardlv look at and nanlpulate objects but do so
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successively as the properties of each become assimilated. If
- this process is'interrupted.they will return to resume
expioration and complete learning before aovinq'od tOo new

things.

o/
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Y. Footnotes &ég : -
1This discussion is based on and much of it is the same as
that which appears in a similar section of my H.A. thesis
{(Hunter, 1978).

, ' 2The 1n transformation in effect transforned the data from
an interval scale to a ratio scale of measurement which.wuas
preserved by the retransforaed standard deVLatlons. Since ratio
scales are multiplicative rather than additive X t S.D. becomes
T(s.D.)¥1, Notice also, that the retransformed means also have

ratio scale properties such that a retransformed mean of value
150 seconds would be interpreted not merely as 100 seconds _

greater than a retransformed mean equal 50 secongﬁﬁybut as three
tlnes greater,
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f(and interpreted in the same way) they can be shown to provide

VII. Appendix A - Reliability’

Investithors have typically used either correlation
coefficients or average percent*éqreehent indices (but ﬁot both)
in order to determine the-extenf to which the resultsvof their
studies are reliable, Consider the 2 X 2 table presented below.
It represents a matrix of judgements obtained from two
independent observers on a single subjéct.

| ' OBSERVER 2

Behavior No Behavior . .

Behavior c.a i b e
OBSERVER 1 m
No Behavior - . C ., d f
- o h

The_correlaﬁion technique involVeé using quantities e and’q for
each subject to compute a Pearson product moment correlation
coefficient. Averqﬁ? percent agreement is derived by coaputing
(a+d)/(a+bfc+h)-and averaging over snbjects.

Two criticisms can be made concerning the use of ?hese

indices., First, although thei are oftén used interchangeably

%,

" different kinds of information to the extent that one index

might show a result that contradicts the other. Second, averaqe“
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percent agreement can be shbwh, at best, tb be only a priuitive
approach to deteraining reliabilitj. '

_The first point can be easily demonstrated. In thé table-
presented below, percent agreement is equal to 0.0 while the

amount of’hehaviof reported by each observer is identical. Such

2

a péttérn would be implied by tvwo observers locking at two

unrelated phenomena that occur at the same base rate. If this
N A :
pattern was consistent over subjects the Pearson correlation .

coefficient would suqqest~hithreliability even though percent

&

g

agreement is low. . °
;? OBSERVER 2
L .

Behavior No Behavior

(yvﬂgpaVLOr : 0. 50 50

' _OBSERVER 1

No Behavior 50 s 0 50

50 50

\

This situation points up the differential information

<

DIOVLGjF the two measures, On thg one hand, the correlation
1ent

fmjeﬁg?;;

association between the means of tvwo observers reqardless of the

- \

association between observers within subjects. Percent

1nd1cate= the extent to thch there is an

"agreement, on the other hand, attempts to index only the degree
" of observer association within subjects. As shown in the above
exaample, a particular value on one measure does not mean that ~

\\fg

the other will perforce equal a similar value, Indeed, only if_

SO )



. ‘ v ‘ -
agreement is 100 percent can one be certain that the correlation

coeffiCientvwill also be high (1.00). Thus it is imperative that'

-

reliabilityibe Teported boih in teras df’a between subjects

- measure of{gssociation (correlation) and in termss—of é within
subjects measure of association.

Unfoftunately; percent agreement is relatively insengitive

for its intended burpose,and again an example aili help show

‘ uhy: Consider a situation in which aqrgeieﬁt is reported to
equal 82 percent. This value would beﬂéonsistent vith both of
the table presented beiouf

. @ . © " OBSERVER é_

Behavior = No Bebaviof
Behavior - 41 -9~ 50

~.—Q§ifBVER 1

No Behavior 9_ 41

.50 50

(b) T | OBSERVER 2
Behavior No Behavior

'Behavior‘ 81. L 9 30

OBSERVER 1
No Behavior 9 | 8 30 S
‘ 30 90 z
Lo
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It requires rgiatively little in the way of sophistication to
aph;eciatg the inadequacy'of this neasﬁre, By reporting only a
sinqle pgrcengaqgvbaséd on thé_total of the main diagonal cells
no information concerning the distribution of agreement over
categories iS-possible. in table (a) aqreenent‘is egual and'hiqh
both for behavior and fof‘no behéiior; In table (b), hovever,
:éqréenent_is hidh for behavior, but low fof no behavior. Since
the vﬁlues in the a and d cells could be interchanged and still
shov the same percent agreement, it is possible;that ;haﬁ
appears to be high reliability may merely reflect the fact that
the heha‘ior’of.intereSt is rare and that‘its non-occurrencé is
easy td judge., Further, as was the case‘vith the example
preéenied earlier, the values in table (b) would bé implied 59
. both observers looking at different unrelated phenomena that
‘occuf at the same base rate. However; in contrast tokfhe 73
‘previous example the base rate is high for bothpheno;éhaand
therefore the aqreement appears to be high even‘thouqh it is
simply the anéunt of agreement tﬁat would be expected by chance.
A better‘ieasure of agreement, kappa, has been proposed by
Cohen (1960), which is the*broport}on of agreement after ghance
. agreement has been re|ov¢d,,ﬁgppg-is computed by subtracting’
‘froi the propottibn of judqenenfs.in which the observers aqreéd
{the sus of the.paih diagonal) the p:opo:tion of aqreenenfs to
- be*expectéd”by*éhaHCé"tthé”sul‘of”the products'qf"fheﬁiain'”{

~diagonal larqinal-prqurtions),and dividing 'this gquantity bf§f one
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minus the proportion to be expected by chanc

- presented above, kappa would be derived

EXAMPLE 1.

proportion

proportion.

EXAMPLE 2a.
.proportion

- proportion

EXAMPLE 2b.
propdrtion

proportion

of observed

expected by

of observed

expected by

of observed

éxpected by

Uith k'= -1.00, ve see

than vould be expected by chance. Examples 2a and‘Zb are more

interesting because feliayilitv as measured by percent agreement

agreement 0.0

chance = 0.25 + 0.25

+ 0.0 =

k = 0.0 - 0050

1.0 = 0.50

= -100

0.41

agreenment

H

chance 0.25
k = 0.82
1.0

= 0.64

agreekent

0.81

chance
k = 0,82
1.0

= 0,0

'that there is greater disagreement

o.aj'

+ 0,41
+ 0.25
- 0.50
- 0.50

0.

e;\iiii;ﬁéﬂexanples

as followe?

0
0.50

0.82 .

0.50

0.82
0.82

iasréqﬁai for both., ggggg suggests that attributing equal

reliability is fallacious. In one case (2a) 64 percent of the
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joint 1udqeneﬂ;%/are aqreenents‘(vith chance excldded). In the
other (2b), however, the joint judgements are precisely the
‘number that would be expecfed bi chance.

In sum, it has been ardued ihat neaéurés both of between
subiect reliability 5nd‘uithin subject reliability are important
when reporting péhavioral research., In the present stqdy,gfﬁo
observers néde judgements concerning first-locationféntered.
particﬁlar toy being touched and focused manipulation for 52
“infants (thirteen 8;qonth=old;, sixteen 12-month-olds sinple\
stimulus and twenty-three 12-m0nth-qlds complex‘stimulusi.
Visual explorgtiqn without concurrent manipulatibn during the
first 20 seconds of the test trial was recorded by two
independent observers for 24 infants (eight in each group).

There was no disaqreement (and therefore perfect
correlation) both for first location entered and for particualr
toy touched. Correlation coefficients and individu&l kappas were
computed on the first-zo seconds of vision alone during the test
trial, For the 8-month-olds r = .98 and the mean k value was .91
(S.D. = .10), For the 12-month-olds simple stimulus r = .96 and
the mean k was .87 (S.D, = .12); For the 12-month-olds complex
stimulus r = .96 and the mean k wés +89 (S5.D., = ,09),

Oon fpcuséd lanipulation, kappa uaé qonputed for each

infants iﬁﬁeach‘group both for the familiarization and the test

trials. As well, product moment correlations were derived for - -

e

each group X trial subgroup. For illustrative purposes the data -
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and the computations are presented below.
- From the results presented in this appendix it is apparent
that all reported findings and all behaviors on which those

findings were based were reliable.
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~ 8-month-olds

11.
12,

13.

Familiarization Trial

)

12-month-olds simple stimulus

1.
2.
3.
4,
5.
6.
7
8.
9.
.10,

25

E W% B

2
.21
A7 A7
.68 .67
.27 .28
.67 .67
A48 N
24 19
.56 .53
.58 .58
.55 .57
.37 RO
.53 .51
.35 S
Skl
r = ,98
.32 .30
.58 .
.50
32
A2 .
.50 L7
.56 62
.50 L9
43 43
.27
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0102
+20
A7
.66
.27

.67

.

.18
52
oS
oSk
34

.49 *

34

k
.98
1.00

.93 )

.98
1.00
.81

.89
84
.92
.79
.87

589
.61

. .83
1.00

74

Test Trial

0y

49
b7
.3

"

u??{'

A
A1
.81
.51 .
16
39
69
52

mean k
SaDa
o

'I%

31
.37
.15
67
79
Al
31
49

57

0,
49
47

.89
A1
<99

33
.28

.15
.61

.76

46

.29

43

1.00
1.00

1.00
1.00

.76
1.00

.83

.93
1.00

.86
.84
.86
1.00
.80



Voo

12-month-olds simple stimulus - cont’q

i,
12-

13,
14.
15.

16..

Familiarization Trial

12-month-’old complex stimulus

10.
11.
12.
13.
ll!-.
15.

16.
17.

’ 0,1 : O2 0102 7 k
L6 s 45 .98
% I S+ 1,00
.27 .27 27 1.00
.35 37 35 .97
63 .60 60 o4
.55 .56 .55 .98
I
r = = .98
2. B 29 .
35 .33 .30 .82
R N1 35 .75
65 .65 .65 1.00
.51 52 A5 74
45 46 _ o9
48 49 43 .78
.28 28 26 .95
.58 .59 8L
A4 45 ity B
.28 .28 .28 1.00

O TR 30 .93

T 46 42 .84
47 S 2 84
48 a8 a7 9%
0 2 .0 .96
45 43 39 .80
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Test Trial

04 0, 040
66 .65 .65
31 31 31
b0 .40 40
W u
8 .8 %
43 w3 .M
S0 = 109
r =,98

.51 .56 48
60 .56 48
00 48 b
25 .25 25
60 .56, .51
32 I +30
63 .59 .3
o .29 .26
59 .60 53
% .59 .59
W L6 46
43 3 40
M A 49
N .35
2 .48 u6
0 & .63
b 6 .55

-8

1.00
1'00

‘ 1.m

.84

80
.88
1.00
75
93
87
83
73
1.00
1.00



12-month-o0lds complex stimulus - cont'd

}‘\“.

Cohen, J. A coefficlent of agreement for nominal #cales. Educational

s

157

Educational and Psychological Measurement, 1960,‘Q, 37-46.‘

Familiarization Trial Test Trial
0, 0, 0,0, k 0, 0, 0,0, k
18, 45 A5 L5 1,00 .62 7.63 62 .98
- 19, L9 48 A48 .98 U L A4 1,00
20. A9 .19 47 .90 20 .21 16 .72
21. 22 22 .22 1.00 .15 A5 15 1.00
22, 60 .60 .60 1,00 66 .63 60 .BO
23, L6 45 .94 2 .23 23 .98
mean k = .90 mean k = .87
$.D. '= .09 S.D. .=,
T = ,99 T = .99
Note: 0, = the proportion of behavior reported by observer 1
O2 = the proportion of behavior ;-epozlted by observef 2 »
0102 = the proportlon of behavior ugreed upon‘by both obsex vers
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