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Abstract

Six and nine-month-old infants uere exposed to contingent or non-contingent

perceptual stimulation from a source which was spatially displaced at 60° from ~

the infant's midline.

Reliable operant acquisition was observed in the case of
the nine-month-old infants, but not in the case of the six-month-old infants

whose performance was similar to that of non-contingent controls. Examination

- of visual fixations of the feedback source coineidental with touching the mani-

pulandum revealed the emergence of a stfﬁtegy in the older infants which appeared

to be critical for response acquisition.

*

The emergence of this strategy
is interpreted in terms of the older infants' increased capacity to remain
oriented to task-relevant stimuli which are no longer immediately visually

available and to regulate behaviour on the basis of information derived from

these stimuli.

ty




Despite the wide ranging demonstrations of operant conditioning in carly
infaacy, it is only recently that investisators have turned their attention to
the role which spatial and temporal parameters play in’infants' opcrant‘rcsponse
acquisition (Millar, 1972; Millar and Schaffer, 1972; Ramey and Ourth, 1971;
Watson, 1567). 1In particular, previous spcculation as to the importance of
spatial contiguity of responsc and feedback contingency components in carly
}earding has produced divergent opiniéns. On the onc hand, thz "magico-
phenom2nalistic" procedures observed by Piaget in infants are interpr-ted as
indicating that in the carly months causality is not yet spatialized or
dbjcétificd; cfficacy is a "causality of action-at-a-distance" (Flavell, 1963iL
p. 142). Morcover, there is rccent cvidence which indicates that under specific
circumstances spatial contiguity betucen response and feedback loci is not '
prerequisite to confingency écquisition (c.g. Kalnins, in Bruner & Brunmer, 1968;
Millar? 1972; Siqueland & DeLicia, 1969; Watsom, 1967). On the other hand,
theré is other evidence to suggest that in fact infants do experience difficulty

s when confronted with remotely controled contingency events (Friedlander, 1965;
Smith, Zwerg & Smith, 1963).

In order to examine this matter further, Millar and Schaffer (1972)
investlgatcd the 1nf1uence of spat1a1 displacement of perceptual feedback on
] operant response acquisition in six-, ninc-, and twelve-month-old infants by
systematically varying the c;tent of the displacement. Reliable acquisition

E=]
was found for all threce age groups vhen the audio-visual feedback cmanated

oo R

from the manipulandum itself, i.c. when response and reinforcement loci were

spatially contiguous., Similar acquisition performance was obtained for all

g?reg age groups under a spatially displaced fcedback condition, where the
:einfbrcing stimuli emanated Erom a source 35.5-cm. removed from the infant
and offset from the face-onrposition. Under a third condit1on, hotwever,
where the feedback source (though still only 35.5 cm. from the infant) was

displaced 6C° to the side, acquisition was demonstrated enly in the two~

older groups. The'performancc of the six-month-old group did not differ in

this situation from the performance of contrcls that had received non-contingent
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It is evident that an explanation of these results cannot be in terms of
épatial displacement per se, for cven the youngest infants had no difficulty
in coping with the 5° task, despite the spatizl scparation of the manipulandum
and feedback locus. In the 602 condition the two loci were ;o further apart
than in the 5° condition; what did differentiate the tasks, however, was the
relative visual accessibility of the‘stimulg: In the 5° displacement situation
the manipulandum and feedback source were, despite the spatial separation, so
close within the infant's visual fiecld as to permit virtual simultancous visual
attention to both; by coutrast, in the 60° condition visual attention to one
locus effectively precluded f?cussing on the other. A;, moreover, the auditory
component of the reinforcing stimulus ensurcd adequate orienting to the displaced
feedback source it is unlikely that thc’éifficultics encountered by the six-
month-old infants could be attributed to restricted visual sampling.

—

Incidental obscrvations made in the coursc of the study suggested another
possible intetpretation. The older infants, it appeared, werc capable of
. ) o
handling the 60" task by adopting a strategy of visually fixating the feedback

source while at the same time repeatedly touching the manipulandum without,

§ that is, havifg to attend visually to the latter. This strategy the younger

infants could not accomplish because, it was argued, they were uruble to bear in

mind stimulus events that were no longer visually accessible and to regulate
;ﬁeir Behaviour accordingly.
The present investigation was designed primarily to provide empirical
evidence for this interpretation. It does so by comparing the bchaviour of
six- and nine-month-old infants in the critical 60° condition; on this occasion,
however, visual as well as manipulative ‘responses were recorded. It was predicted

that the older infants would show a greater amount o 'coincidental' behaviour than

the younger infants, i .. that the former would be more capable of tactually

operating the manipulandum while at the same time visually fixating the spatially
- displaced reinforcement locus.
i : : METHOD
: Subjects

; [ERJ!:‘ Forty-eight infants (26 males, 22 females) were divided into two age groups




AN AN 30 Y | AP KB A0 W A AR T 1|

H TSR A T

-3 -

as follows: 5.5-6.5 and 8.5-9.5 months (mean ages: 6.38 and 9.30 months res-
pectively). Infants Qerc obteincd through child welfare clinics a2nd letters

of invitation to participate in the study werc semt to every parent in the clinic
area who had an infant within the relevant age groups. HNo infant had previdusly
been involved in any other study and cach infant was tested on onc cccasion

only. Within each age group subjects werc metched across cxperimental and control
conditions to within & 14 days. Altogether 61 infants were examined, but of

these 13 were e*ciuded from the study becousc of persistént fretting or sustained

disruptive behaviour (n=10) or prolonged distraction from the task (n=3).

Apparatus” -

The apparatus cnabled preselected programming of audio-visual perceptual
feedback to be presented contingently or non-contingently upon instrumentzal response
;mission. A mattegrey table-top, bordered along its far sides with 46-cm. high °
matt-grey screens, was employed. An adjustable infant seat was situated mid-
way along the near-side of the table so ithat the table extended 53-cm. on cither
;ide of thexipfant and 55-cm. in front of him.

The manipulandum consisted of 2 10-cm. tall cylindrical aluminium canister
~gigidly secﬁred to the table top at 8-cm. from the table edge, directly in front
éf and within easy reach of the infant. In addition to the manipulandum, a second
canister was used to provide displaced £zedback. This was sccured to the table
top at a distance of 35.5-cm, from the infant and offset at 60° from kis visual
centre line, cither to the left or the right side. Holes of l-cm. diameter
were cut out of the canister in order to house coloured lights that provided
the visual feedback. The 1id of the canister incorporated a miniaturc loud-
speaker which provided variable frequency auditory fcedback from a Philips
cassette tape«recorder. Signal amplitude was sufficient to orient the infant's
gaze to the source of fecedback without producing any observable startle. The
gmplitude of the signal waé constant for all subjeccts.

. Control equipment provided the necessary switching gear to present the
perceptual feedback contingencies to the responding infant. The duration of

both auditory and visual feedback pulses was variable up to a maximum duration

of 1.0 scconds depending on the duration of the infant's responsc on the manipulandum.




A portable Rustrak 4-channel ecvent pen-recorder was used for recording manipulative

and visual responses. All control and recording equipment was housed in high-

density polyester foam-rubber and opératcd at a distance behind the infant,

Operating noise was consequently negligible.

Experimental Design

A mixed experimental design permittad both between-growg and vithin-group
comparisons. Age (6 and 9 months) and Contingency conditions (contingent and
non-contingent) constituted the between-subject variables, with repeated measurces
on Phases (baseline, conditioning and extinction) the within~-subject variable.

The scven-minute procedure began with 2 one-minute basciine period (Phase I)

vhich enabled operant level of responding to be determined, and this was immediatcly
followed by two consecutive three-minute periods (Phases II and I1I). During

Phase II the feedback stimuli were presented at the 60° displaced canister,
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contingently or mgm-contingentiy upon diserete touch-down on the manipulandum
gsing cither or both hands. Vhere the infant meintained contact with the
éanipulandum he was required to lift-off at lcast one hand before further touching
;f the manipulandum would producc response feedback.

Periods of non-contingent stimulation involved cach yoked controi subject
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being matched with his cxperimental partner in terms of the number of discrete

units of feedback and the total duration of fccdback per minute during Phase II.

IS PR KAl A

Under this condition stimulation was delivered on a pre-determined rzndom time

schedule, thereby controlling for potential cliciting cffects of the feedback

;
RV

stimuli.

Twelve infants at ecach of the two age levels were assigned to each

éxperimental condition. The only restriction on random assignment vas that, for

RN R

the purpose of matching the experimental and control groups, the contingent
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subjects werc :(asted firgt.

S

Procedure ' -
The infant was placed in the chair by the mother, the seat being adjusted
to cnable the infant to recach the menipulandum on the table-top dircctly in

front of him. Until the procedure formally commenced the canisters remained




concealed.  The mother stood behind the table-top screems facing the infant so
that she was potentially visually availabic to him. This served to rcduce the
incidence of upset among the older subjects uhich had been observed during pre-
liminary testing. Once the infant was judged content, the two canisters
E : fmécrc uncovered, permitting manipulative access to the manipulandum. Discrete
touching of the manipulandum cnableé the infant to produce fcedback at the 60°
: displaced canister. Presentation of the cdisplaced feedback at the 60° source
|

| - was balanced across subjects for left ané right positioning relative to the

} 7 central monipulandum.  Discrete manipulative respomses were recorced by one

experimenter (who stocd out of sight and to the rcar of the infant) by operating
a silent push-button switch. In the case of the contingent conditions, this
effectively triggered the feedback episode. Visuzl fixations of the manip-

f i ulandum and of the 60? displaced ;anister tjere separately recorded by a second

i experimenter who observgg'through a 13.5 x 4 cm. obscrvation aperturc in the
screen directly facing the infant. A gauze covered smoked-glass insert eff-
cctivcly:provided one-way vision. Interobserver agreement for the recording

of manipulative and visual bchaviours, bascd on independent samples of n=8

and n= 6 infants were .98 and .85 rcspcctivély.

I TR R
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The baseline gnute commenced with the infant's first manipulative response,

o g

A

Recording of viéhal behaviour commenced simultancously. Phase II was defined

as the three-minute period extending from the first response which occurred

W A TR A

éfter the temmination of the baseline period. Similarly, Phasc III was det-
C}fﬁ ermined as the three-minute period clapsing from the first response cmitted
Qfﬁ% after Phase II terminated. This operated for both contingent and non-contingent
i éiﬁ? groups. The adoption of this procedurc of timing-out cach of the phases from

€£:> the first response overcame the problem of individual differences in respense

c::::J'lat:czncy at the beginning of phases being confounded with cffective acquisition

C::> ;ime.
PR RESULTS

The findings will be reportcd under the following headings: (a) response

o T e

—

acquisition data, i.c., the number of contacts 1made with the manipulandum, (b)

viéual fixation data, referving to the number of visual fixations observed, and
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(c) coincidental manipulative and visual data.

(a) Response Acquisition Data ' 4

Baseline Periormance

An Ages x Contingency (2 x 2) analysis of variance undertaken on baseline
response frequency scores revealed no significant differences in opecrant response
levels across the four experimental conditions.

The Effect of Contingency on Responsc Acquisition

Figure 1 shows the curves for cach age group across bascline (Phase I),
contingency (Phase II) and extinction (Phase III) for contingent and non-contingent

presentation of perceptual fcedback,

An Ages x Contingency x Phases (2 x 2 x 3) analysis of variance, with
tepeated mcasures on Phases, was carried out on responce frequency data for base-
}ine minute and for the means of the three minutes of Phase II and Phase 111
respectively., No reliable main cffects werce obtained for Age, Contingency or
Phases. Aircliable Contingency x Phascs interaction effect, F (2,88)%7.54,

p < 0.01, revealed in broad outlinc the effcctivcnes; of contingency upon response
acquisition. Selected comparisons of the Contingcncyix Phases ithraction, with
Ages collapsed, revealcdn%elieblg difference bettieen contingent and non-contingent
stimulation groups during Phasc I and PhasciI], F(1,132)=0.98, p»0.05, but did
indicate a rcliable differcnce during Phasc 11, F(1,132)=5.03, p<0.05. An
overall ecffect for reéponsc acquisition was thus demonstrated.

The Effcct of Age on Response Acquisition

A significant second-order Contingency x Phases x Ages interaction effect,
'£(2,88)=4.94, p< 0.01, revealed a differential effect of contingency for age.
Selected comparisons bétween the curves for the six- and nine-month~old contingent
groups showed no difference in bascline performance or during Phase III, but
did reveal a significant differcnce during Phase II (pL 0.05), 1In the case
of non-contingent stimulation, no differences were observed between the two age

groups.  As can -be sgep'frq@,figurc 1, the Contingency x Phases interaction gffggg
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clearly applics to the older infants ohly. Sclected comparisons within groups

for the older subjects showed thet the reliable difference between centingent

and non-contingent conditions (p € 0.001) was dircctly attributablc to 2 two-

fold effect. Firstly, cxposure to rcsponse-contingent feedback produced a
significant increase in respondin; from bascline to Phase II (p « 0.01), whereas
exposure to non-contingent stimulaticn resulted in a significant decrcase in
responding (p# 0.05). Sccondly, quite diverient patterns of responding emerged
during Phase III depending on prior contingency scheduling. In the case of the
contingent group, the withdra&al of fecedback produced, as expected, a highly
significant extinction cffect (p<0.C01) in the nine-month-old infants. By
contrast, the cessation of non-contingent stimulation produced no statistically
discernible change in responding for this age _roup. However, the performance

of the six-month-old infants under rcsponsc contingent feedback was quite different.
As Fipgure 1 illustrates, therc was no rcliable increase iﬁ response output either
under contingent stimulation or during extinction. Non-contingent stimulation
did, however, prod;cé a suppression cffcctx(p-d 0.01) comparable to the performance
of the older infants. Similarly. cessation of non-contingent stimulation did

éot «lter responsiveness. Clearly, the older infants demonstrated response
acquisition under contingent fcedback when it was delivered at the 69° spatial

displacement, whereas the younger infants failed to show acquisition under these

circumstances.

(b) Visual Fixation to (i) the Hanipulandum, (ii) the 60° Canister
An Age x Contingency x Phases (2 x 2 x 2) analysis of variance with

repeated measures on Phases vas carried out on frequency of visual fixation to the

ﬁapigulandum during baselinc and Phases II and ITI. Discussion is restricted
only to those relevant interaction cffects which include Contingency and Phases,
A significant Age x Contingcncyrx fhases interaction effect, F(2,88)=3,84,

p < 0.05;, reveadled differential visual fixations by age with contingency,
Selected comparisons revealed no age~related differences in frequency of visual
fixation of the manipulandum during the bascline period. However, in the course
of Phase II the younger infants under non-contingent stimulation, but not under

the contingent stimulation condition, showed reliably more visual fixations
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of the manipulandum than the older infants(p <0.01). Furthermore, under
extinction in Phase III, thc younger contingent group showed more visual fixations
of the manipulandum than their older countcrparts (p<£0.01).

Similarly, an Age x Contingency = Phases (2 x 2 x 2) rcpeated measures

. o
analysis of variance was undcrtaken on frequency of visual fixation to the 60

displaced canister. No significant interaction effects were observed, demon-
- . . .
strating that the youager infants looked no less at the 60 canister than the
older infants.,

£

(c) Coincidental Visual and Manipulative Bchaviour

In order to eséablish whether the strateiy of touching the monipulandum
while fixating the spatially displaced feedback source was, as predicted,
associated with successful response acquisition, an Age x Contingency x Phases:
analysis for repcated measures was carried out on the frequency of manipulative
responses coinciding with visual fixation of the 60° displaced canister.

C,H(’c»h wWhiti inclnde
Only those interactionc‘liic:.;wﬁini_ing]ndk‘Contingency fiind Phases are relevant
to the present discussion. Hﬁen the contingent :roups for both ages wcre
compared, selected comparisons showed no reliable differences in coincidental
?ehaviour during bascline or Phase III, but did reveal a highly recliable

difference during Phase II (pg 0.001) sce figure 2. Selected comparisons

within-groups indicated that this age difference was directly attributable to an

R

increase in the adoption of the coincidental response strategy between Phases
I and II for the older infants (p { 9.001). T

L R T R P P R P R Ry Ry e YT T

Insert Figure 2 about here
éo similar increase was observed for the six-month-old infants. Similarly,
only the older infants showed a significant decrease in this type of responding
during extinction (p< 0.001), Under non-contingent scheduling, no reliable PO S
changes were observed either across phases or betwcen the two age groups.
Thus, these data confirm the prediction that the increase in coincidental
resypnding occurred only in the older group during response acquisition. By

contrast, it may be noted that no age-related difference was observed in frequency
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of simultancous visual and menipulative behavicur to the manipulandum.  She
Age x Contingency x Phases interaction cffect wes non-sijnificant (p>»0.05),
indicating in particular no Jiffcrences betueen the two aze jroups in terms of
their simultaneous visual-menipulative behaviour to the manipulandum during the
acquisition phase.

DISCUSSION

The rcsulés of this invest®;ction confirm those of our carlier study
(Millar and Schaffer, 1972) in demonstrating the difficultices cxpcricnqed by -
six-month-old infants in an operant lcérning situation, in which a substantial
spatial displaccment of fecdback source from the manipulandum has been incor-

nng
porated.  Unlike ifae-month-old infants, the younger subjects in both studies
shcwed no increase in response level during the reinforcement phasé when compared
either with baseline performance or vith t%c periormance of a non-contingent
control group. It has thus again been established that only after six months
are infants capable of coﬁserving the response feedback contingency through
the 60° displacement employed here.
}he main purpose of this study, however, was to throw lizht on the reasons
for this age difference, and in particular to exemine the suggestion, stemming
from previously made indgidental obscrvations, that the success of the older
infants was largely duc to thc adoption of a response strategy vhich the younger
infants appeared unable to adopt. 7This consisted in visually fixating the
feedback source while simultancously making repcated manual contact with the
manipulancum: a pattern vhich we have referred to as "coincidentzl, behaviour"
and which necessitated*the collection of visual as well as manipulative data
in this study.

The results obtained confirm our prediction that such coincidental
behaviour characteriscs the older but not the younger group. There were no
age differences in this respect during baseline performance, but z highly
signiticant difference emerged during contingency exposure, with the older
group showing a dramatic increase in coincidental responding. The incidence
in the younger group, on the other hand, did not differ from bascline measures

nor from that observed in the performance of both age groups under non-contingent
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stimulation. During extinction the coincidental behaviour of the older

infants decreased once more. 4n uncquivocal association is thus demonstrated

between successful lcarning and the adoption of the coincidental response strategy.
Although co_ncidental-type responcinz accounted for only approximately one third
of the total manipulative responses obscrved in the nine-month-old group during

the conditioningphase, it does appear to be critical if the infant is tc succeed

in conserving the contingency.

In attempting to understand the reason for the age difference, it is relevaat
to note that the two age groups did .ot cdiffer cither in the number of simultancous
visual-manipulative contacts with the manipulandum orAin the number of visual
fixations of the feedback source. The younger infants, fhgt is, were as competent .
as the older infants in making the appwopriate manipulative responscs on the one
hand and the appropriate orienting responses on the other; what did differentiate

the two ages was the integration of thesec behaviour patterns.

L

In an analagous

manner Koslowski and Bruner (1972), studying the cevelopment of lover usage by
infants in the sécond year of life, found that their younger subjects were already
well aware of the various compo tents of the situ?tion, but that cach one of these
was so preemptive of attenticn that their effective combination could not yet occur,
Similarly, the performance of the six-month-c1¢ infants in the present study

sugzested that they were résponding to separate categories f events which they were

unéble to integrate into a unitary whole. The cconomical strategy adopted by the

older infants, on the other hand, effcctivély overcame the difficulty of sequentially

integrating response and feedback information, in that it derived from an abiiity
;!

to remain oriented to an object that was no longer within the visual field,

thereby indicating the necessary cognitive competence to :ely on stored information

for the regulation of behaviour. 4s had been pointed out elsewhere (Schaffer,

1971), there are various indications that such an ability does not emerge until
the third quarter of the first yecar; previous to this point different events

must be ‘cxperienced simultaneously in the same perceptual field if they zrc to be

related to one another.

7/
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F1GURE CAPTIONS

Figure 1., Mean manipulative response frequency for

6-month groups under contingent Desseswsl]

o T

and non-contingent stimulation e em wl;

and 9-month groups under contingent

Bemsmmneg] and non-contingent stimulation
i B o =i .
Figure 2. Mean frequency of coincidental visual

and manipulative responding to the

displaced feedback source for 6-month
groups under contingent Dessemee] and
non-contingent stimulation P o= w0l ;

and 9~month groups under contingent

Bewseenuedl and non-contingent stimulation
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