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CUSHING, PHYLLIS JEAN, PH.D. Chaoice Responding in Infants and
Preschoolera: The Effects of Child Control Over Stimulus Presentation.
(1987) Directed by Dr. P. Scott Lawrence. 104 pp.

Studies of operant canditioning wvith infants have suggested that
control ovef environmental events is reinforecing. Interpretations of
the pleasure derived from controlling stimuli have been largely based
upon observation and anecdotal reportz of increased attention and
positive affect (e.g., smiling, cooing) under conditions of infant-
controlled stimulation and chservations of negative affect le.g.,
fuasing, crying) when control is taken away.

The purpose of the present study wvas to empirically validate
vhether infantas and young children do, in fact, prefer contingent over
noncontingent stimulation. To'acco-pliah this, children aged 12 to 51
manths vere provided with a series of opportunities to choose between
contingent and noncontingent vigual stimuli. The stimuli consisted of a
serieas of slides af colorful cartoon and storybook characters projected
onto plexiglasas panela, Choice between the two achedules was used as a-
measure of preference. Ratea of responding (i.e., panel pressing) to
the two schedulés folloving each choice vere also analyzed.

Statistical analyses of child- data indicated no preference for
contingent aover noncontingent stimulation based upon measures of choice
responding to the two schedules. Differences between rates of
responding to the tvo schedules follaowing each choice were alao found to
be nonsignificant. Thus, the results of the present investigation do

not confira previouas allegationz as to the reinforecing velue of control



over stimulus events. The results are also in oppogition to previous
documentation of preference for control over reinforcer delivery vwith
animals.

The results are discusgsed in terms of wmethodological issues which
may be responsible for the failure to confiram previous suggestions of
infant preference for control and to replicate anigal findings of
preference for control with human infants and preschool-aged children.
Specific issues addressed are: (a) selection of preference measures, (b)
the discriminability of contingent and.noncontingent stinulatioﬁ. te)
the ability to switch schedules, and (d) the availebility of a response

manipulandum under conditions of noncontingent stimulus presentation.
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CHAPTER I

INTRODUCTION

One-year-old Elroy Smith is a veritable wvhirlvind of activity; an
expert on fun and adventure. Zooming down the hallway in his plastic,
no-door sedan, he spies an open door and makes his entry--the bathroom.
Taking careful stock of the place, he comes acrose the toilet paper. He
tugs on the piece of paper wvhich so temptingly flutters from the end of
the roll. He gets it in motion. A stream of vhite paper makes its way
to the floor. Another tug...more paper. Faater and faster the roll
spins. Elroy is really on to something. At a frenzied pace, he gets
the roll up to 30 R.P.M. Too much! Elroy squeals with delight. This
ig truly high adventure! On hearing the laughter, Elroy’s mother comes
to the doorwvay. The fun abruptly ends. But, by noontime, he has
discovered the sgsource of powver behind the television
get...on...off...on...off...on... . Elroy’s adventures are, at times, a
source of great frustration for his mother. They aré also a problem for
behavior scientists who try to explain why Elroy behaves the way he
does.

Accunmulating demongtrations of operant conditioning studies with
human infants have revealed that infants of all ages can learn at least
simple contingencies between their own responses and environmental
events (c.f., Hulsebug, 1973; Fitzgerald & Porgeg, 1971; Lancioni, 1980;

Lipsitt & Werner, 1981; Millar, 1976; Sameroff & Cavanaugh, 1979).



Moreover, anecdotal and experimental evidence has been provided to
indicate that control over environmental events is pleasurable to
infants. This evidence includes (a) demonstrations of increased
positive affect wvhen engaged in operant performance (Rovee-Collier &
Capatides, 1979; Uzgiris & Hunt, 1965; Watson & Ramey, 1972) and (b)
demonstrations of negative affect vhen control over environmental events
is taken awvay (DeCasper & Carsteng; 1981; Rovee-Collier & Capatides,
1979).

This evidence has led to the proposal that *controllability*® is a
characterigitc of stimulus events that infants can discriminate and
vhich seems tao 1ncreas§ the reinforcing valué of the stimulus. A
leading advocate of this proposal is J.S. Wetson (1966; 1972a, 1972b;
1981). Vatson refers to the infant’s ability to discriminate between
contingent and noncontingent stimulus events as "contingency avareness.*
According to Watason (18966), "contingency avareness refers ta an-
organism’s readiness to react adaptively in contingency situations when
they occur® (p. 123-124). He gues on to say that "“the general reward
value of a gstimulus...vill be raised if the stimulus has previously been
contingent on the same or even a different response® (p. 133).

In looking at controllability, however, one must alsc consider the
effects of controllability on the physical characteristics of the
stimulus. It is highly likely that the qualities of the stimulus (e.g.,
rate, periodicity, intensity) under conditiong of infant-controlled
stimulus presentation will be different from the qualities of the

stimulus under experimenter-controlled stimulus presentations. It is a



vell-established fact that infants can detect variations in stimuli
along a number of dimensions and that they have definite preferences for
some types of variatione over others (c.f., Hayvood & Burke, 1977;
McCall & HcGhee, 1977; Wach, 1977).

Let us return to Elroy for a minute. From a behavioral standpoint
ve vould have to say that Elroy is being reinforced for his behavior
because he continues to engage in it (at least until Mom arrives on the
scene). VWhat then is the nature of this reinforcement? Is it the
spectacle of paper cascading off the roll and across the bathroom floar
(i.e., stimulus change)? 1Is it his ability to control the flov of the
paper? O0Or is it a combination of both of these factors? That is, would
Elroy be equally delighted if he vent into the bathroom only to find the
roll spinning by itself?

The proposed atudy is intended to deteraine empirically vhether or
not the "controllability® of stimulus change has a significant effect on
infants’ choice responding betveen two stimuli varying along this
dimension. To this end, a reviev of relevant literature ig presented

first to addreszs the following questions:

0

¥hat typea of stimulusa change are reinforcing to infants?

o V¥What behaviors of the human infant can be conditioned?

o What evidence isg there to support the notion that infants are
avare of the relationship between their ovn responding and
changes in environmental eventsg?

o ¥Yhat evidence is there that control is reinforeing to infants?



CHAPTER II
REINFORCING PROPERTIES OF
STINULUS CHANGE

Studies of infanta’ preferences for visual stimuli have led many
investigators to adopt the discrepancy hypothesis as a theoretical
framevork to structure their findings and to guide future research. The
discrepancy hypothesis had its origing in the 1950’s vith the writings
of Dember & Earl (1957), Hebb (1955), Helson (1948), Leuba (1955), and
Piaget (1952). Basically, the hypothesis predicts that organigms prefer
and approach sgtimuli that are moderately discrepant from vhat is
currently familiar to thea. An inverted-U or butterfly-shaped
relationship is thug predicted between the organigm’s approach to or
preference for stimuli and the discrepancy of stimuli from the
organism’s current adaptation level. Preference therefore increases and
then decreases as the amount of discrepancy increases in either
direction from the organism’s adaptation level.

The discrepancy hypothesis ia intuitively appealing based upon
informal observations of infants’ attentional and exploratory behavior.
An infant’s interest in toys and other objects in his environment
tends to wane with repeated exposure. Slight variations in these same
ocbjects often results in reneved interest and exploration. If, however,
the variations are too different from wvhat the infant is accustbmed to,
the infant may be hesitant to approach the object or may even display

signs of fear. For example, if the infant’s mother puts on a floppy



hat, the infant may shov increased interest and smile or laugh at the
spectacle. If, hovever, she puts on a vig, a pair of glasses, or a fake
moustache, the infant may hesitate in approaching her or begin to cry.

The limited motor abilities of the very young infant have resulted
in the use of vigual attention as the primary measure of stimulus
preference. With older infants, choice responding has been used to
determine preference. Meagsures of infants’ affective responses (e.g.,
smiling) to stimulus variation have also been employed but to a far
legser extent. The followving sections will prcovide an overviev of
studies using these three measures (attention, choice, affect) of
preference for stimulus variation. As it turne out, verification of the
discrepancy hypothesis is far from simple despite its intuitive appeal.

Studies of Vigual Attention

Measurement

Tvo basic methodzs have been used to asseses preference on the basis
of visual fixation: (a) the visusl preference technique and (b) the
familiarization paradigm. The visual preference technique involves the
presentation of a variety of stimulus patterns to an infant for an equal
number of trials. The aaocunt of time that the infant attends to each
pattern is totalled across trials. If the infant looks at some of the
patterns more than others, it is considered to be a demonstration that
the infant preferred those patterns with the largest total fixation
timegs. The familiarization paradigm consists of repeated presentation
of a single stimulus pattern to an infant until it is presumed ar

demonstrated that the infant is familiar with the pattern. Following



familiarization trials with the "standard”®” atimulug, the infant is
presented with nev gtimulus patterng wvhich differ from the standard
along a number of dimensions. Again, total fixation times to all
stimulus patterns are compared to determine preferences.
Stimulug Sets

The stimulus dimensions of complexity, novelty, and discrepancy
have been the primary focus of investigationz of infant preference. The
distinction between these dimensions of stimulus change is often
clouded, in that it is difficult to change one dimension without
affecting another. In addition, the operational definitions within each
dimension of =stimulus change vary considerably from study to study.
Operational definitions of complexity have included the numbher of
elements in the stimulus patterns (Greenberg & 0’Donnell, 1972), the
number of positions of a flashing light (Cohen, 1969; Haith, Kessen, &
Callins, 1969), the nunber of turns in a random shape (Hershenson, -
Munsinger, & Kessen, 1965), the degree of redundancy or asymmetry in a
pattern (Fantz & Fegan, 1975; Karmel, 1969), the amount of contour
(Karmel, 1969), and the number of squares in a checkerboard pattern
({Brennan, Ames, & Moore, 1966; Greenberg, 1971; Thomas 1965). Hovelty
of stimulus patterns has also been manipulated in a number of ways,
including the replacement of one, tvo, or three elements in a stimulus
pattern vith totally unfamiliar elements (McCall & Kagan, 1970) and the
changing of one or more bagic attributez (e.qg., color or form) of the
stimulus pattern (e.g., Cohen, Gelber, & Lazar, 1971; Saayman, Ames &

Moffett, 1964; VWelch, 1974). VWhereas novelty refers to the presentation



of unfamiliar stimulus patterns, discrepancy refers to the rearrangement
of the pattern of elements in a stimulus (McCall & NcGhee, 1977).
Discrepancy has been defined by the degree of elongation or sgphericity
of rotating shapes (Zelazo, Hopkins, Jacobson, & Kagan, 1973), the
pattern of arrangement of stimulus elements (McCall, 1973; MNcCall &
Kagan, 1967; HNcCall & NMelson, 1969), changes in the direction of
pointing of arrowlike stimuli (McCall, Hogarty, Hamilton, & Vincent,
1973), and variation in the serial arrangement, symmetry of arrangement,
a;d rotation of arrangement of gtimulus elements (Super, Kagan,
Morrison, Haith, & Weiffenbach, 1972). -
Factors Affecting Attentional Prefefence

In general, it has been found that infants prefer more complex
stimuli to less complex stimuli, they prefer novel stimuli to redundant
or familiar stimuli, and they prefer discrepant presentations of stimuli
to familiar presentations (c.f. Haywood & Burke, 1977; McCall & McGhee, .
1977; ¥Yachs, 1977). Beyond this general pattern, hovever, the patterns
of infant preference are much less clear. A nuaber of inconsistencies
appear in the literature. For example, some studies (Cohen, 1969;
Greenberg, 1971; Hershenson et al., 1965; Karmel, 1969; Thomas, 196S5)
have found that infants prefer intermediate levels of complexity, while
other studies (Horowitz & Paden, 1969, cited in Greenberg & 0‘’Donnell,
1972; Hunsinger & Weir, 1967) have reported a linear relationship
betveen complexity and infant attention. Similarly, some investigators
have reported that infants prefer moderately discrepant or novel stimuli

(Collins, Kesgen, & Haith, 1972; Hopkins, Zelazo, & Kagan, 1973; McCall



& Kagan, 1967; McCall & Melson, 1969; Super et al., 1972; Zelazo et
al., 1973) vhile others have reported a linear relationship between the
magnitude of discrepancy or novelty and the amount of attention (¥cCall
& Kagan, 1970; Saayman et al., 1964; Welch, 1974).

A number of factors have been found to contribute to an infant’s
preference for variations in stimulua patterns. Among thege factors are
age, sex, temperament or state of the infant, biomedical factors,
genetics, and the experiential history of the infant (c.f. Haywvood &
Burke, 1977). O0f all these factors, age and experience appear to be the
mosgt important in predicting an infant’s preference.

The Effects of Age. A clear age-by-complexity preference
interaction has been found in a number of studies of infant attention
(Brennan, Ames, & MNoore, 1966; Greenberg & 0’Donnell, 1972; Greenberg &
Weizman, 1971). In all of these studies, younger subjects tended to
prefer less complex stimuli than older subjects. There is also fairly
general agreement that infants’ attention to novel stimuli increases
vith age (e.g., Uzgiris & Hunt, 1970). In fact, it has been found that
infants up to five or eight veeks of age actually prefer familiarity to
novelty (Greenberg, Uzgiris, & Hunt, 1970; Hunt, 1970; Uzgiris & Hunt,
1970; Weizman, Cohen, & Pratt, 1971). Despite the converging evidence
of age-mediated preference for complexity, novelty, and discrepancy,
conflicting evidence can be found (Horowitz, 1969; NcCall & Kagan,
1967a). For example, Horowitz (1969) reported that the age-by-
complexity preference prediction vas not consistent for longitudinal

changes of individual subjects or for groups of subjects.



The Effects of Experience. Knovledge of the infant'’s degree of
familiarity with a particular stimulus dimension has been demonstrated
to be a key factor in predicting preference for variation along stimulus
dimensions. How, though, does one know what is familiar to an infant?
The familiarization paradigm provides a starting point. In early
studies, the familiarization paradigm consisted of the experimenter’s
deciding apriori the number of presentations of the "standard® stimulus
that the infant would receive prior to test trials. It soon became
apparent, howvever, that not all of the infanta became equally familiar
vith the standard. Thoge who habituated to the stimulus during the
familiarization triale showved a preference for discrepancy on subsequent
test trials, vhile those who did not habituate to the standard did not
shov differential responding to discrepant presentations (e.g., HcCall &
Kagan, 1970).

The current approach for insuring infant familiarization vith the
standard stimulus is the "infant control® procedure (Horowitz, 1975).
Thigs procedure consists of providing as many presentations of the
standard stimulus as are necessary, until the infants habituate to a
certain criterion of fixation time. In addition, the stimulus is
available on each trial unti) the infant looks avay from it. When this
approach is used, a more consistent pattern of infant preference (i.e.
attention) is found for subsequent variations in complexity, novelty, or
discrepancy. In fact, familiarization with the standard may override

the effects of individuael differences such as state, sex, and even age.
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If younger and older infants are presented vith the same number of
familiarization trials with a standard stimulus, the older infants will
demongtrate more preference for discrepant stimuli on subsequent test
trials (Cohen & Gelber, 1975; MNecCall, 1971). If, howvever, both older
and younger infants are presented with the standard stimulus until a
given criterion of habituation to the standard occure, the effects of
age are eliminated. That is, the younger infants are just as likely to
respond positively to the discrepant stimuli on test trials (Friedman,
Bruno, & Vietze, 1974). Although the infant control procedure produces
more congistent results than using a predetermined number of
familiarization trials, it is not without its complicationsg. The length
of time required by infants to habituate to the standard can have
congiderable effects on their responses to test trials. Infants who
require many presentations of the standard stimulus prior to habituation
prefer greater magnitudes of discrepancy on test trials than do infants
vho require only a fewv trials before reaching the habituation criterion
for the standard stimulus (McCall, Hogarty, Hamilton, & Vincent, 1973;
McCall, Kennedy, & Applebaum, 1975, cited in McCall & NcGhee, 1977).

In addition to variations of subject parameters (e.g., age, sex,
state) and variations in procedures (e.g., visual preference technique,
predetermined number of familiarization trials, infant control procedure
of familiarization), there are also great differences in the stimuli
vhich are used across studies. First, there is considerable variation
in the types of stimuli which are used (tvo-dimensional vg. three-

dimengsional; chromatic vs. achromatic; movement vs. stationary).
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Second, the methods used for the scaling of stimuli varieg. Third, in
gome investigations the stimuli vary in dissimilarity along a single
dimensicon, vhile in otheras the stimuli may vary along tvo or more
dimensions (e.g., novelty and discrepancy). It is little wvonder that
inconsistencies are found across studies with regard to the function of
infant preference for stimulus change. Hov does one try to make sense
of it all? Can any conclusiong be reached as to the specific factors or
formulae vhich determine an infant’s preference for stimulus change?
Discrepancy versus Relative Novelty

McCall & McGhee (1977) propoge that inconsistencies in the
literature regarding the relationship between discrepancy and infant
attention ere largely attributable to differences in the definitions of
discrepancy. In particular, McCall & NcGhee believe that a distinction
must be made between discrepancy and relative novelty because the
infant’s cognitive processing of these two types of stimulus variation.
are quite different. Hence, the infant’s attentional behavior will also
vary 8 a function of which type of stimulus change is employed.
According to MecCall & McGhee, a quadratic trend will be found in the
infart’s distribution of attention when stimulug variation involves only
discrepancy from the standard stimulus. If, however, stimulus variation
involves changes in relative novelty, infant attention vwill be
distributed in an increasing linear faghion with more attention given to
greater degrees of novelty.

Consider the cognitive processeg involved vhen an infant

confronts a nev sgstimulus. First, the infant detects

vhether the stimulus is familiar or not. If it is
familiar, then the subject is disposed to scan the memory
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for relevant engrams and continuously make a detailed

comparison between the nev stimulus and vhatever

appropriate memories exist in storage. This process

engenders subjective uncertainty (Berlyne, 1966), and

attention is predicted to be an inverted-U function of

subjective uncertainty. Hovever, 1if the infant decides

that the nev stimulus is not familiar, then no scanning or

comparisons wvith memory engrams occurs; rather the stimulus

ig studied as a function of the amount of new but

processable information contained in its physical form

(e.g., contour density, color variation, and tonal rhythm).

Attention 4increases linearly vith the amount of

*information potential” inherent in the physical nature of

the stimulus. (pp. 190-151)
In support of their proposal, NMcCall & McGhee (1977) conducted a revievw
and analysis of nine different experimental studies that only involved
stimulus discrepancy and found consistent quadratic trends in attention
as a function of magnitude of discrepancy. The nine studies that were
analyzed involved a variety of stimulus scaling methods, familiarization
procedures, and experimental designs. The nine studies included at
least 17 separate samples of infants (ages 28 hours to 7 1/2 months) and
five different stimulus sets. An inverted-U (quadratic trend) wvas found
‘for all 17 infant sanples. That is, infants of all ages preferred a
moderate level of discrepancy from the familiarized standard stimulus.

McCall & MNcGhee (1977) further propose that vhen a stimulus set
involves a mixture of discrepancy and variations in information
potential (i.e., novelty and conplexity), a combination of the
inverted-U and the increasing linear function of attention will appear.
That is, attention will be greater with both reductians in information
potential (negative discrepancies) and increases in information

potential (positive discrepancies) than it will be with the standard

stimulus. Even so, attention to positive discrepancies will be greater
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than attention to negative discrepancies as a result of the residual
information vhich is available for processing.

A study by HNcCall, Kennedy, & Appelbaum (1975, cited in McCall &
McGhee, 1977) provides support for the notion of combined functions when
gtimulus sets involve both discrepancy and variation in information
potential. They familiarized 2 1/2- to 3 1/2-month-olds with one of
four black and vhite checkerboard patterns (2 x 2, 4 x 4, 8 x 8, or 16 x
16 checks). For some of the infants, sgubsequent presentations of a
discrepant stimulus represented a shift tovard greater information
potential (e.g., swvitch from a 4 x 4 pattern to an 8 x 8 or a 16 x 16
pattern). For other infants, the discrepancy vags a switch to a pattern
containing leas information potential (e.g., switch from an 8 x 8
pattern to a 4 x 4 or 2 x 2 pattern). The results shoved a curvilinear
trend for both directiong of discrepancy; the inverted-U for positive

discrepancies, hovever, wvasg more inflected than it was for negative

discrepancies.
Studies of Choice Responding
Measurement

With colder infants, choice responding is frequently used as a
measure of stimulus preference. For example, the PLAYTEST apparatus
designe&‘hy Bernard Freidlander (1970, 1971) has been used to determine
older infants’ preference for a variety of stimuli. The PLAYTEST
consists of a panel which can be attached to the infant’s playpen or
erib, a res;onse counter, and a control unit. On the panel are two

large transparent response knobs. The tvo knobs are independently
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programmed to produce different audiovisual feedback to the infant. An
internal timer on the control unit can be set to reverse the position of
each feedback at periodic intervalgs in order to control for possible
position biages in the infantg’ responding. Infanta are allowved access
to the apparatus geveral times a day and cummulative records of their
reaponding to each of the two knobz ig compared to determine their
preference for the different types of feedback.
Preferences

Using the PLAYTEST apparatus, Friedlander (1970, 1971) has
demongtrated that infants are quite capable of discriminating the
contingencies for the tvo types of feedback available and that they have
definite preferences for gome types of feedback over others. This
preference igs reflected by a greater frequency of responding for one of
the tvo stimuli vﬁich are available. 1In general, Friedlander’s vork has
demonstrated that infants produce higher response rates for more complex .
or varied stimuli than for less varied or redundant stimuli. For
example, in one study (Leuba & Friedlander, 1968) 7-to 1li-month-olds
vere presented with a choice betveen activation of the sound of a door
chime and the simultaneous lighting of a small string of lights {(channel
1) or activetion of a =ingle clicking noise {channel 2). Cummulative
regpongse records shoved that the infants produced twice as many
regponses for activation of the more varied feedback {(channel 1). In
another study (Friedlander, 1970), infants wvere given the choice between
tvo forms of the same suditory information. One channel produced a

highly redundant segment of a story. The other channel produced =a
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longer, less redunant segment of the same story. Over a 14-to 20-day
period of choice responding, the infants produced tvo to three times as
many responges to activate the less redundant story segment than they
produced for the highly redundant story segment.

Crogs-0Over Effect

An interesting and persistent finding in Friedlander’s (1970, 1971)
vark with the PLAYTEST is that infants often shov an initial preference
for less varied or more redundant stimuli followed by a rapid switch to
more varied or lesg redundent stimuli, vhich i= sustained theresfter.
For example, in the study involving the story segments (Friedlander,
1970), the majority of infants showed an initial preference for the
redundant story segment.

Thus, preference measured by choice responding with older infants is
congistent with the findings of preference using attentional responses
vith younger infants. That is, the infants in Freidlander’s studies
shoved a preference for more complex stimuli. In addition, more complex
stimuli only occurred following experience (i.e., familiarization) with
less complex formg of the same stimuli. This is evident in the cross-
over effect.

Affective Responseg to Discrepancy

Studies of infants’ =smiling to familiar and discrepant stimuli have
been conducted but to a far lesser extent than have studies of
attention. This is largely because smiling is a much less reliable and
less prevalent behavior. What research has been done, hovever, is

concordant with the patterns of attentional and choice behavior
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degcribed above. For example, Zelazo & Komer (1971) conducted a
familiarization procedure vwith 13-veek-old infants using a brief
auditory stimulus. They found that the most frequent amiling occurred
during the middle trials of the series of presentations. Furthermore,
smiling decreased considerably on the second day of testing. Similar
regults vere alsc found in a comparable study (Zelazo, 1972) using a
vigual stimulus.

In a subsequent study (Zelazo, et. al, 1973), two different age
groupg of infantz (5 1/2 - 7 1/2 months and 9 1/2 - 11 1/2 months) vere
compared using the familiarization procedure. It wvas found that the
frequency of gmiling for the younger group was curvilinear, rising
gradually to a peak and then declining. 1In contrast, the older infants
smiled during the first presentations and the frequency of smiling on
subgequent presentations rapidly declined. Both groups of infants vere
then presented with a transformation of the standard stimulus (i.e. a
discrepancy). The younger infants shoved an immediate decline in
smiling upon presentation of the first discrepant stimﬁlus, vhereas the
older infants showed a rapid curvilinear increase in smiling and then a
decline.

Folloving a three-veek familiarization period in the infants’ own
homes, Super et. al. (1972) provided infants with repeated presentations
of several degrees of discrepancy from the standard stimulus. On early
trials fhe infants smiled at small degrees of discrepancy, but on later
trials the frequency of smiling vas greatest to more extreme

discrepancies. Increased smiling to discrepancies in the moderate range
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has also been reported by Hopkins et al. (1975) in their study with 7-
month-olds.

Finally, in a series of studies conducted by McCall (1972; McCall &
Kagan, 1970; Melson & NMcCall, 1970, cited by McCall & NcGhee, 1977) it
has been shown that only those infants who habituate to the stendard
stimulug will exhibit increased smiling to discrepant presentations of
the standard stimulus.

In short, studies of asffective responses to stimulus discrepancy
have revealed that the relationship aof smiling to discrepancies closely
parallels that of attention and choice responding to discrepant stimuli.

Why though does gsmiling occur to pregentations of discrepant stimuli?

Smiling 82 an Index of Perceptual-Cognitive Processing

Zelazo (1972) and McCall (1972; NcCall & NcGhee, 1977) propose that
smiling occurs as a function of perceptual-cognitive processes. More
specifically, they propos=e that habituation to a standard stimulus:
during the familiarization phase of discrepancy studies signifies that
the infant has developed a memory engram for the standard stimulus.
Subsequent introduction of a transformation of that stimulus (i.e.,
discrepancy) results in the infant’s retrieval of the memory engram and
a sustained comparison of the discrepant stimulus with the memory of the
standard. The fact that the discrepant stimulus does not exactly
*match” the memory of the standard produces a state of subjective
uncertainty which iz accompanied by a state of tension (McCall & NcGhee,
1977). Resolution of this state of subjective uncertainty and

consequent relief from tension can only cccur if the infant is
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successfully able to relatg the new gtimulus to the existing memory.
In Piagetian terms, this involves the cognitive processes of
agssgimilation and accomodation. Smiling i8 an indication of asuccessful
assimilation or a cognitive matching of the transformed stimulus with
the existing memory engram, in that it follove relief from the tension
generated by subjective uncertainty.

Haith (1972) proposes a alightly different interpretation of
infants’ smiling to discrepancies. While not disputing the cognitive
processea proposed by Zelazo and McCall, he believes that they overlook
the intringic pleasure derived from learning. According to Haith;
"Smiling does notvreflect recaognitory assimilation...per se; it reflects
the pleasure resulting from these accomplishments® (p. 322).

In gummary, satimulus change appears to be a reinforcing event for
infants, providing that the changes are nét too disgcrepant from vhat is
already -familiar to the infant. It has also been shown that preference
for variation is idiosyncratic across infants and is based upon factors
such as age, experience, and their individual habituation rate. It has
also been proposed that intermediate levels of stimulug change are
revarding to infants because they present a cognitive challenge vhich
can be achieved. That is, "cognitive control®” over stimulus events is
pleasurable. In the next section the effects of providing infants with
the opportunity to physically control stimulus events (i.e., operant

conditioning) will be explored.
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CHAPTER III
OPERANT CONDITIONING WITH INFANTS

Kevborn Learning

Given the proper environmental arrangements, infants as young as one
to four days of age have been found capable of learning a simple
contingency betveen their ovn behavior and an environmental event
(Butterfield & Sipperstein, 1972; DeCasper & Carstens, 1981; Lipsitt,
Kaye, & Bosack, 1966; Siqueland, 1968; Sameroff, 1968, 1972; Krafchuk,
Sameroff, & Barkow, 1976, cited in Sameroff & Cavanaugh, 1979). As a
result of the limited motor abilities of nevbornsg, the majority of
operant studies have used sucking or headturning as the response to be
conditioned and have used gustatory reinforcers (e.g., dextrose, milk).
Sucking

Lipsitt, et. al. (1966) demonstrated that nevwborn infants could be
conditioned to increase their sucking of & rubber tube (previously a
veak elicitor of sucking) when dextrose vas delivered through the tube
during the last five seconds of each 15-second insertion of the tube
into the infants’ mouths. A control group received an equal amount of
dextrose solution, but dextrose delivery occurred only during the
intertrial interval between tube insertions. No increase in sucking on
the tube wvas found for the control group.

Sameroff (1968, 1972) also demonstrated conditioning of nevborn

sucking through contingent nutritive reinforcement. Infants were
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differentially reinforced for one of tvo typea of sucking (a) direct
suction/negative pressure or (b) expression/pogitive pressure. It wvas
demonatrated that the infants changed their ratio of pogitive and
negative pressure sucking as a function of the type of sucking vhich vas
reinforced.

Using vocal music as a reinforcer, DeCasper & Carstens (1981)
demonstrated that another aspect of nevborns’ sucking patterns could be
conditioned. They calculated the infants’® interburst intervals for
sucking during baseline. Then, they determined the 70th percentile of
the interburst intervals. This vas used as the criterion for
presentation of vocal music during the conditiaoning phase. It vas shown
that infants learned to increaze the spacing hetween bursts of sucking
vhen reinforcement (i.e., singing) vas contingent upon greater spacing
of sucking. Infantg receiving noncontingent singing did not shav
changes in their sucking patterns.

Butterfield & Sipperstein (1970) also used music as a reinforcer for
variation in newborn infants’ sucking patterns. Using one- and two-day-
old infants, they demonstrated that the infants sviiched to laonger
sucking durations when music vas contingent upon sucking and decreased
their sucking vhen the onset of sucking terminated the music.
Headturning

Siqueland (1968) used nonnutritive sucking as a reinforcer for
headturning. Using newborns as subjects, a headturn of 10 degrees in
either direction wvas reinforced by allowing the infante to suck on a

nonnutritive nipple for five seconds. Following 25 reinforcements,
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eight infants vho were on a CRF schedule of reinforcement increased
their rate of headturning from five to eighteen responses per minute. A
second group of eight infants vere started on a CRF schedule, but
switched to a FR3 schedule. These infants increased their rate of
headturning to 25 responses per minute. Also included in the study was
a group of infants who were reinforced for not making a head movement
for 20 seconds (DRL 20). This group shoved a nonsignificant decrease in
headturning. Most important, this last group argues against elicitation
ag a factor in the increase in headturning for the other twvo groups of
infants.

Learning of Older Infants

Operant conditioning vith newborns haz been szomewhat restricted as a
result of their limited motor abilities; however, numerous studies have
been conducted with older infants. A number of infant behaviors and
reinforcing consequences, in various combhinations, have been used in.
demonstrations of successful conditioning with infants between three and
eighteen months of age. Infant behaviors which have received
experimental attention have included arm movements, leg kicking,
looking, vocalizations, as well as the operation of manipulandum such as
levers and panels. Reinforcing consequences have been similarly varied
and have included visual, auditory, gustatory, and tactile stimuli. In
addition to demonstrations of simple operant learning, several studies

have gshown more complex learning abilities with older infants.



Sucking

Conditioning of sucking has also been demonstrated with older
infants. For example, Siqueland & Delucia (1969) showed that four- and
eight-month-old infants would increasse or decrease their rate of sucking
of a nonnutritive nipple wvhen vieual reinforcement was presented or
vithdravn contingent upon sucking. In this study, 8 conjugate
reinforcement schedule vasgs used in vhich the intensity of the visual
reinforcer vas directly related to the rate of sucking. A more detailed
discugsion of conjugate reinforcement will be presented in a later
section of this paper.

Headturning

Headturning has similarly been used as an operant in studies of
instrumental conditioning with infants beyond the nevborn period (Caron,
1967; Caron, Caron, & Caldwell, 1971; Levison & Levison, 1967;
Siqueland, 1964; Watson & Ramey, 1972). For the most part, hovever, it.
has been restricted to infants four months of age or younger due to the
inecreasing motor abilities of infants beycnd this age.

Conditioning of headturning with older infants has typically
involved the use of visual reinforcers as opposed to the use of
nutritive or nonnutritive sucking used with newborns. There has also
been an attempt to control for the possible eliciting effects of the
vigsual reinforcer by requiring headturns in a direction awvay from the
reinforcer. To accomplish this, several studies have incorporated a
prompting procedure on the first few conditioning trials. For example,

Levison & Levison (1967) in conditioning three-month-olds used a small



23

blinking light to the side to elicit headturning in a direction awvay
from midline (reinforced response) for the first three trials. Visual
reinforcement occurred in the midline position. Similarly, Caron (1967)
and Caron et. al. (1971) elicited a 20 degree headturn to the left by
having the infants track a rattle or beads from midline to that position
for the first tvo or three responses. Again, the visual reinforcer for
headturning was located at the midline. Siqueland (1964) accomplished
conditioning of headturning in a direction avay from the reinforcer with

four-month-olds wvithout the use of eliciting stimuli.
Hanipulative Responses

The increasing motor coordination of infants beyond three months of
age enables investigation of a number of responses that are not possible
vith very young infants. 1In particular, the infant’s arm movements and
hand movements (e.g. resching and grasping) become increasingly skilled
and, thus, conditionable. At the sgsame time, the increasing activity and.
motor coordination of the infant makes it wmuch more difficult to
condition behaviars requiriné a passive subject in a sgupine pasition
(e.g. sucking, headturning). Consequently, investigationz of operant
conditioning with older infants have most often invalved infant
behaviors congisting of arm, hand, and leg movements.

Studies, of operant conditiconing of manipulative responding may be
divided into two types (a) discrete reinforcement, in which each
response produces a predetermined reinforcing event {e.g. chime, colored
lights, music) and (b) conjugate reinforcement, in vhich the intensity

of the reinforcer is directly determined by the intensity of the
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infant’s responding (e.q. harder or faster kicks produce increased
movement of an overhead mobile). Thus, with discrete reinforcement the
experimenter determines the duration and intensity of the reinforcer,
vhereas, vith conjugate reinforcement the infant determines these same
qualities of the reinforcer.

Digcrete Reinforcement., In a classic study by Millar (1972) four-
and eight-month-olde vere conditioned to increese their rate of arm
pulling vhen audiovisual reinforcement vas contingent upon this
behavior. The infants vere seated in front of a white plexiglass panel
vhich housed colored lights and miniature loudspeakers. Nylon cords
vere pinned to the cuffs of the infantg’ clothing in such & manner than
an armpull in a direction away from the panel regulted in activation of
the lights and sound. Infants receiving noncontingent reinforcement did
not demonstrate an increase in armpulling. A similar procedure wvas used
in an earlier study by Lipsitt (1963) in & demonstration of.
discrimination learning with eight-month-olds.

In a more recent study, Finkelstein &L Ramey (1977, Experiement 1)
replicated Millar’s (1972) study with six- to ten-month-olds, Infants
participated in eight-minute conditioning sessions each day across four
congecutive days. Infants receiving contingent audio-visual
reinforcement for armpulls showed an initial increase in armpulls in
contrast to a noncontingent control group. On the fourth day, hovever,
the contingent group showed a decrease in armpulling and the control
group increased their armpulls such that there was little difference in

rates of armpulling betveen the tvao groups. The authors interpreted
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these finding as a declining value of the reinforcer across days for
both groups. The contingent group was no longer interested in "vorking"
for the reinforcer and the noncontingent group’s agitation resulted in
overall increased activity vhich included increaged arm movements.

In light of these resgults, Finkelstein & Ramey (1977, Experiment 2)
conducted a gecond gtudy with six-month-old infants using a similar
reinforcer in a discrimination training procedure. This time, however,
the responge to be conditioned vas movement of a lever as opposed to arm
pulls. In this investigation, a clear conditioning effect was found.
Lever movement for the contingent group rose sharply and remained at
high levels across conditioning days, vhereaé leQer movement for the
noncontingent control group remained at or near baseline levels. MNanual
manipulation in the form of panel pressing (Lipsitt, Pederson & DelLucia,
1969; Simmong, 1964) and touching knob-like manipulandum (Friedlander,
1970; Leuba & Friedlander, 1968) have also been successfully conditioned.
in infants betveen seven and 12 months of age.

Conjugate Reinforcement. Conjugate reinforcement desgerves special
mention because of its proven ability to maintain high and prolonged
rates of responding in human infants. This procedure consists of
variations in the intensity of a reinforcer wvhich are directly related
to the intensity of the infant’s responding. Reinforcement is not
epigsodic but rather is continuocusly available and at maximum intensity.
Rovee-Collier and Gekoski (1979) argue that the effectiveness of

conjugate reinforcement with infants is largely due to the fact that it
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more closely approximates those conditions vhich the infant encounters
in the natural environment.

Finally, the conjugate schedule nmore accurately reflects

the normal pattern of infant-niche interactions than do

traditional reinforcement schedules. An infant typically

exhibits responges (e.gqg. crying, sucking) which vary aslong

a number of quantitative dimensions  (e.q. loudness,

pressure). These, in turn, effect consequences which also

vary in a manner vhich corresponds roughly ta the rate

and/or amplitude of the original response (e.g. mother

approaches more rapidly and with additional vocalizations

to louder and more frequent crieg; milk comes quicker and

is more plentiful following faster and harder sucks). (p.

199-200)

Conjugate reinforcement has been used to condition a number of
infant behaviors including sucking, legkicking, and panel pressing (see
Rovee-Collier & Gekoski, 1979 for an excellent reviev). Conjugate
reinforcement of sucking was discussed in an earlier section. This
discusgion will be confined to manipulative respanding (i.e. hend, arm,
and leg movenents).

The most frequent application of conjugate reinforcement to infant
cnnditiohing has been footkick-produced visual stimulation. Rovee and
Rovee (1969) provided the first controlled demonstration that infant
legkicks could be operantly conditioned using conjugate reinforcement.
Two~- and three-month-old infants could activate an overhead mobile by
means of a ribbon vhich was attached between their ankle and the mobile.
Increased rates of legkicks produced more intense movement of the mobile
(i.e. colliding figures). The infantz showved high and stable rates of
legkicking throughout the 15-minute conditioning session. Within three
minutes, their rate of legkicks had doubled their baseline rates and

within six minutes of conditioning most had tripled it. Respaonding
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returned to baseline levels during a subsequent S-minute extinction
period (i.e. motionless wmobile). Control subjects receiving
noncontingent mobile movement shoved no change in rate of legkicking
across the three experimental phases (motionless mobile, noncontingent
movement, motionleas mobile). These findinge have been replicated in a
number of other investigations (Siqueland, 19568; Rovee & Fagen, 1976;
Rovee-Collier, Morrongiello, Aron, & Kupersmidt, 1978; Rovee-Collier &
Capatides, 1979).

Rovee-Collier et. al., (1978) further demonstrated that infants
quickly learned to differentiate vhick'leg controlled responding.
Following an initial conditioning session, infants vere re-ceonditioned,
but this time they wvere reinforced for movement of the originally
nonpreferred (less active) leg. All 13 infants in the study shoved a
spontaneous switch to maovement of the alternate leg. Five of the
infants then received an additional reversal of contingencies in vhich
reinforcement of the tvo legs vas again swvitched. Four of the five
infants shoved a rapid and complete switch in leg dominance.

Lipeitt, Pederson, & Delucia (1966) used a conjugate reinforcement
procedure with 12-month-old infants. The infants vere seated in front
of an initially darkened viewing box. Pressing a panel vhich vas
mounted on the viewing box resulted in illumination of the bhox’s
interior vhich housed a rotating picture of a colorful clown. Increases
in the rate of panel pressing produced gradual increases in the
frequency and intensity of illumination. The infants demonstrated rapid

and reliable acquisition of the contingency.
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Digcrimination Learning

Operant conditioning procedureszs have demanstrated that infants can
learn simple discrimination praoblems at a very young age. Using his own
infant as an experimental subject, Sheppard (1969) reported
digcrimination learning to occur before the age of three months.
Folloving successful conditianing of his infant’s vocalizations,
Sheppard instituted a disjunctive schedule in which a light wvas a signal
(SD) that vocalizations would be reinforced and kicking would not be
reinforced. The absence of the light was an sP that kicking would be
reinforced and vocalizing would not be. The infant learned to adjust
his behavior in accordance with the schedule. Sheppard’s demonstration
of differential reaponding under stimulus control was the first such
demonstration with an infant under three months of age.

Routh (1969) hag also reported discrimination abilities in very
young infants. Infants aged tvo to seven months were differentially.
reinforced over a five-day period for emitting vovel or consonant
sounds. Reinforcement consisted of social reinforcement by the
experimenter in the form of smiling, three "tsk" sounds, and light
stroking of the infant’s abdomen. The infants showed a significant
change in their ratio of emitted vovel and congonant sounds in line with
the conditions of reinforcement.

By and large, discrimination learning has been most often
demonstrated with older infants (6~18 months). Discriminative stimuli
have included different colored lights (Lipsitt, 1963; Simmons, 1964),

different tones (Silverstein, 1972), the presence or abhsence of a visual
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stimulus (Finkelatein & Ramey, 1977, Experiement 2), a continuous vsg. a
flashing light of the same waveleangth (Weisberg & Simmons, 1966), and
different geometric figures (Weisberg, 1969).

Simmons (1964) trained 12-month-olds to differentially respond in
the presence of a red and blue light in a single session. In the
pregence of a red light (5-) panel pressing was reinforced by an
auditory stimulus (tvwo-tone door chime). Panel pressing was not
reinforced in the presence of the blue light (S=). This procedure was
replicated and found succesaful in training discriminative responding to
eight-month-olds by Lipsitt (1963). Using an armpﬁll response as an
operant, responding was differentially reinforced in the presence of a
red and green light. Illuaination of a lamp wvas the reinforcer. The
infants wvere found toc be capable of making this distinction and
regponded accordingly. Interestingly, Lipsitt also attempted to teach
the infants an oddity problem but vas unguccessful.

Even more difficult discriminations have been succesgfully trained
using operant techniques vith infants one year of age or older
(Weisherg, 1969; Weisberg & Simmons, 1966). For example, using an
adapted Wisconsin General Test Apparatus, Weisberg & Simmons (1966)
taught 12-to 1l6-month-olds to discriminate betwveen tvo geometric
figures. Bits of cookie and cereal were used in reinforcers for correct
responding. Folloving successful performance on the original
discrimination problem, some infants vere also succesaful on a reversal

of the discrimination. Finally, the work of Bernard Friedlander using
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the PLAYTEST apparatus (discussed earlier) demonstrates that older

infantg are quite capable of performing discriminative responding.
Effects on Future Learning

Enhancement Effects of Regponse-Contingent Stimulation

Expeyience vith response-contingent stimulation appears to have
additional benefits which extend beyond the immediate learning
situation. Learning to control environmental gstimulation has been shown
to enhance an infant’s ability to learn newv contingencies (Finkelstein &
Ramey, 1977; Ramey & Finkelstein, 1978).

In a geries of three experiments conducted with infants ranging
from 4 1/2 to 10 months of age, Finkelstein & Ramey (1977) provided
evidence to shov that infants vho experienced response-contingent
stimulation shoved superior performance on a subgsequent learning task
compared to infants who received no prior experience with contingent
stimulation. In their firast experiment, a group of 10 infants between .
the ages of 6 and 10 months were given a pre-test on an operant
conditioning task. The task consisted of a panel press response vhich
controlled the presentation of colored lights. Folloving the pre-test,
half of the infants were trained to make an armpull response vhich
resulted in audiovigsual stimulation (vocal-instrumental music and a
slide of an unfamiliar adult female face). Training took place across
four consecutive days. The other infants (Control Group) received
noncontingent pregentations of the same audiovisual stimuli across the
four days. Folloving training on the armpull response, the infants were

again presented with the panel press task (past-test). A comparison of
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the children’s pre- and post-test responding revealed that only those
infants vho received prior experience on the armpull task shoved a
significant increase in responding betveen pre-test and post-test.

A aimilar enhancement effect of prior experience with response-
contingent stimulation was demonstrated in a sgecond study with 6-month-
olds (Finkelstein & Ramey, 1977, Experiment 2). Infante receiving prior
training on a lever movement respongse to produce audiovigsual feedback
demonstrated enhanced performance on a subsgsequent task requiring
vocalizations to_produce a visual reinforcer. Infanta receiving
noncontingent stimulation in a manner identical to their pairmates in
the contingent group (i.e. yoked control) did not shov transfer effects.
Interestingly, neither the contingent group nor the yoked control group
learned to perfors a panel press response to control the same
audiovisual stimulation which wvag used in the previous treatment
sessions for both groups of infants.

To control for the possibility that the enhancement effects
described above were not the result of a generalized "energizing effect®
of contingent stimulation on all responses in the infant’s repretoire,
Finkelstein & Ramey (1977, Experiment 3) conducted 3 third study in
vhich a discrimination learning task was employed as the post-test.
They reasoned that in a digscrimination task high rates of responding do
not ensure successful learning, but rather the infant must learn when
responding results in reinforcement- and when it does not and adjust
their responding accordingly. The authors also employed a He

Stimulation control group to determine whether "...posttest differences
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vere due to (1) a facilitating effect of prior contingent stimulation,
(2) an interference effect of prior noncontingent stimulation, or (3)
both.* (p. 815). The initial task consisted of controlling the onset of
audiovisual stimulation through vocalizations. Infants receiving
contingent gtimulation increased their rates of vocalization over a six-
veek training period. Infants receiving no gtimulation during
experimental sessions did not change their rate of vocalization. More
important, only the infants experiencing prior responge-contingent
stimulation learned to discriminate conditioning and extinction periods
in the subsequent lever presaing task.

In a subgequent investigation, Ramey & Finkelstein (1978)
demonstrated that the pogitive transfer effects of experience with
responge-contingent stimulation can also be trans-situational. Three-
month-olde vho experienced responge-contingent stimulation in their owvwn
homes showved enhanced learning on a new task in a laboratory setting-
cﬁmpared to infants vho received no additional stimulation in their own
homes prior to encountering the new task in the laboratory.

Evidence is alao available which suggests that the provision of
response-contingent stimulation to infants is positively associated with
cognitive and social development. Positive correlations have been found
between the amount of social and nonsocial contingent stimulation
experienced by the infant and the infant’s performance on scales of
infant intelligence (Yarrov, Rubenstein, Pedersen, Jankowski, 1972).
Other investigators (Ainsworth & Bell, 1974; Clark-Stewart, 1973; Levis

& Goldberg, 1969) have similarly concluded that mothers’ contingent
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regponding to their infants’ behaviors is correlated with the infants’
gocial and cognitive competence. Although these findings are
intriguing, they are correlational data and must be vieved cautiously.

Interference Effects of Prior Exposure to Noncontingent Stimulation

The effects of noncontingent stimulation on future learning have
been similarly investigated and evidence has been provided which
guggests that exposure to noncontingent stimulation can have a
detrimental effect on future learning (DeCasper & Carstens, 1981;
Finkelstein & Ramey, 1977; Watson, 1971, 1977; Watson & Ramey, 1972).
Watson (1971; Watson & Ramey, 1972) presented 2-month-olds with a mobile
that rotated noncontingently for 10 minutes a day over a l4-day period.
Later, the infante wvere brought into a laboratory situation where the
mobile was made contingent upon the infants’ behavior. These infants
failed to learn the relationship between their own responding and mobile
rotation. By comparison, a group of infants who had experience with .
contingent mobile rotation over the same 1l4-day period did learn the
contingency wvhen brought into the laboratory. A third group of infants
vho had simply been exposed to a stationary mobile for the l4-day period
also learned the contingency wvhen brought into the laboratory. Six
veeks following the initial laboratory task, the infants vere brought
back again for a second try. Although the infants had no intervening
mobile experience, the infants who had previously received noncontingent
mobile movement still did not learn. More recently, Watson (1977) has
provided anecdotal reports of similar difficulties in conditioning ;vo-

month-olds to produce movement of an overhead wmobile. He attributed
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this difficulty to the increasing incidence (60%) of commercially
available mobiles to vhich young infants were exposed.

Interference effects of noncontingent stimulation have also been
demonstrated wvith infantz older (Finkelstein & Ramey, 1977) and younger
(DeCasper & Carsastens, 1981) than the infanta in Watson’s studies.
DeCasper & Carstens (1981) discovered that exposing newborns to 15
minutes of noncontingent singing 4 to 24 hours prior to a conditioning
session in vhich the game auditory stimulation was contingent upon
alterations in sucking patterns, prevented them from learning the
contingency. Finkelstein & Ramey (1977, Experiments 1 & 2) have also
reported interference effects vhen six-and nine-month-olds were exposed~
to noncontingent stimulation over a three or four day period,
regpectively, prior to conditioning. These effects were found when the
stimuli uséd in conditioning wvere the same (6 months) or different (9
monthag) from the stimuli uged in the previous sessions of noncontingent
exposure.

Negative transfer effects as a result of exposure to noncontingent
stimulation are common; however, exceptions have been reported (Ramey &
Finkelstein, 1978; Millar, 1972, Experiments 3 and 4; Gekoski & Fagen,
1984). For example, Ramey & Finkelstein (1978) found no differences in
the ability to condition three-month-old infants who had received prior
contingent or noncontingent stimulation. In this study, infants in the
contingent group vere exposed to hrief presentations of a cartoon movie
plus music in their own homes contingent upon nonfussy vocalizations.

Infants in the noncontingent group received the same pattern of
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stimulation (i.e. yoked control). Both groups of infants learned to
control the presentation of a visual stimulus (color slide of a toy
animal) through a vigual fixation responsgse in a sgubsequent laboratory-
baged conditioning session. Infants vho were not exposed to the prior
stimulation (cartoon movie and music) did not learn to control the
presentation of the visual stimulus in the laboratory test.

Millar (1972, Experiments 3 & 4) also found that exposure to
noncontingent stimulation did not have a detrimental effect on future
learning. Six- and seven-month-olds vhc-: vere exposed to a brief (3
minuteg) period of noncontingent stimulus presentation immediately prior
to a conditioning gsession were found quite capable of learning to
control (armpull responge) the stimulation. In fact, brief
noncontingent stimulation appeared to have a facilitative effect on
subsequent conditioning. This is in direct contrast to the findings of
DeCasper & Carstens (1981) wvho found an interference effect of brief.
exposure to noncontingent stimulation.

Noting the equivocal findings regarding the effects of noncontingent
stimulation on subsequent learning, Gekoski & Fagen (1984) attempted to
delineate the conditions under vhich noncontingent stimulation would and
vould not interfere with subsequent conditioning. Two experiments were
conducted to assess the effects of noncontingent exposure to an overhead
mobile on subsequent conditioning of a legkick response to produce
mobile movement using three-month-olds as sgubjects. Variations in the
methods of noncontingent exposure consisted of (a) exposure to

noncontingent stimulation versus no prior exposure, (b) long-term versus
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short-term prior exposure, (c) exposure to moving versus gtationary
mobiles, (d) exposure to the same or to a different mobile than the one
ugsed in conditioning, and (e) exposure to the same (Jjerky) or to a
different (rotating) type of mobile movement than the one encountered in
conditioning. These variables wvere combined in a number of ways across
the tvo experiments.

0f all these factors, the only one vhich wvas found to interfere vith
subsequent conditioning vas a combination of factors ¢ and d described
above. Infants expoged to a stationery mobile prior to conditioning did
not learn to produce legkicks to control mobile movement. Hovever, this
vas only true vhen the same mobile was used in the noncontingent and
contingent phases. Infants who had prior exposure toa a stationary
mobile that was different from the mohile used in conditioning, vere
successful on the conditioning task in vhich a novel mobile was used.
The authors interpreted their findings on the basis of expectancy theory -
and, more specifically, the discrepancy hypothesis: "...they found the
moving mobile interesting, yet it may have been so discrepant from vhat
they had learned to expect from this stimulus that they did not kick
very much because a high rate of kicking would make the mobile too
discrepant from what they wvere use to." (p. 2231).

Overall, the evidence provided by operant canditioning studies with
infants demonstrates that they can learn at a very early age and that
learning occurs quite rapidly when proper arrangements are made to allow
them to experience such contingent relationships. Futhermore, the

benefits derived from response-contingent stimulation appear to extend
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beyond the immediate learning effects. Contingency experience has been
shovn to enhance the infant’s ability to learn future contingencies as
vell as contingencies occurring in different situationa. The effects of
experience vwith noncontingent stimulation are less clear. However, it
has been shovwn that under certain circumstances exposure to
noncontingent stimulation can interfere with the infant’s ability to
recognize and respond to subsequent response-contingent stimulation.
Taken together, the advantages of providing infants wvith a responsive
environment are readily apparent.

In addition to increases in the rate of operant responding,
concoritant changes in sattentional and affective beﬁaviors are
frequently observed during conditioning sessione with infants. These
behavior changes have prompted many investigators to propose that
infants derive pleasure from controlling stimulus presentations and,
thus, prefer contingent stimulation over noncontingent stimulation. A
reviev of these concomitant behavior changes is presented next.

Concomitant Changes in Attention and Affect
Changes In Attention

Increases in infant attention have been reported to occur vhen
stimulation is presented contingently. Foster, Vietze, & Friedman
(1973) provided infants with an opportunity to observe a noncontingent
maving mobile. Following habituation to the stimulus, as measured by
visual attention, the infants vere provided with the opportunity to
control the movement of the mobile. A ribbon vwes attached to the

infant’s ankle and to the mobile s=such that legkicks produced mobile
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movement. This resulted in a recovery of the infantg’ attention to the
previously habituated stimulus. Rovee and Fagen (1976) shoved similar
increages in attention to a response-contingent mobile. In this study,
three-month-olda vere presented with response-contingent maobiles over
four congecutive days. Each day consisted of a 3-minute baseline during
vhich the mobile was visible but nonregponsive, a 9-minute period of
responge-contingent mobile wovement, and a 3-minute extinction phase
during wvhich the mobile was visible but once again nonresponsgive.
Significant increases in visual attention to the mobile occured between
the baseline and conditioning phase on Day 1. Attention also increased
linearly across the daily basgeline periods and remained essentially
asymptotic in all blocks except extinction. Attention decreased
considerably 4in all extinction périods. In essence, attention
paralleled the pattern of operant responding (leg kicks) produced by the
infants.

In other sgtudies, functional relationships between attention and
regsponse-contingent presentation of stimulation have not been found.
Rovee-Collier and Capatides (1979) found no significant difference in
infants’ visual attention to a contingent and noncontingent mobile when
they vere presented in alternation to each infant. One mobile was
responsive to the infants’” leg kicks and the other remained motionless.
Similarly, Finkelstein & Ramey (1977, Exp. 2) found no relationships
betveen attention to stimulus presentation and learning to control
stimulation. One group of infants received a noncontingent visual

display and a second group of infants were trained to manipulate a
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simple lever to produce the same stimulus. Not only vere there no
significant differences in attention to the stimulus between the two
groups, but there wvere nonsignificant differences indicating more
attention on the part of infants receiving noncontingent stimulation.
In the same gtudy (Finkelatein & Ramey, 1977, Experiment 2) measures of
attention to response performance vere also obtained, that is, looking
at the lever manipulandum. An analysis of this measure revealed that
infants in the contingent group looked at the lever more frequently than
infants in the control group (noncontingent), but only during those
periods when infants in the contingent group could control stimulation.
Differences in attention to the lever were not found betwveen the two
groups during extinction and no stimulation conditions. The authors
postulate that the subsequent positive transfer effects which wvere
demongtrated by the contingent group may have been mediated by changes
in attention to repsonse performance.

The conflicting evidence regarding relationships between infant
attention and response-contingent stimulation can perhaps be explained
by the changes in the properties of the stimulus which accompany
presentation of contingent stimulation. For example, in the Foster, et.
al. (1973) study swvitching from noncontingent to contingent stimulation
also involved a change froam periodic to aperiodic stimulus presentation.
It has been shown in a subsequent study (Vietze, Friedman, & Foster,
1974) that vhen both periodic and aperiodic stimulation are presented
noncontingently, the aperiodic stimulus presentation produces increased

attention. The role of changes in the properties of the gtimulus in
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producing attentional changes are even more obvious when comparisons are
made between a stationary, redundant stimulus and one which produces
responge-contingent movement (e.g., Rovee and Fagen, 1976). Qverall,
attention does not appear to be a good measure of preference for
responge-contingent stimulation (see also Mast, Fagan, Rovee-Collier, &
Sullivan, 1980).
Changes in Affect

Changes in affective behaviors have also been proposed as evidence
that experience with contingent stimulation is pleasurable to infants.
The acquisition of control over stimulus presentations is frequently
accompanied by positive affective behaviors such as smiling, cooing,
vocalizations, and laughter. These behaviors were quite unexpected in
early investigatione of contingent stimulation. Consequently, only
anecdotal reports of positive affect are made. For example, Uzgiris and
Hunt (1965) provided the following description of infants’ reactions to.
a mobile vhich moved contingently upon their behaviors.

...the infants developed vhat may be called =a

"relationship® with the responsive pattern: the infant’s

kicking would set the pattern in motion, which he then

vatched vith signs of delight like cooing and laughing

until the movement almost stopped, and then the infant

vould lick again, repeating such interaction for a

considerable length of time. All the infants who developed

such a relationship preferred the responsive pattern to the

unresponsive one, but these cases vwere too fev for a

statistical test. (Uzgiris & Hunt, 1965, p. 10)

Watson & Ramey (1972) vwvere provided with similar descriptiens of
infants® reactions to a response-contingent mobile through intervievs

vith mothers vhose infants were participating in a fourteen-day in-home

study. The mothers reported that the infants engaged in a great deal of
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smiling, vocalizing, cooing,.and laughing vhen they had control over
the mobile’s movements. Two of the mothers reported that their infantsg’
first broad amiling and cooing occurred vhile they were playing with the
mobile and that a few days later these behaviors were directed towvard
the parenta.

The pervasive findinge of increases in positive affective behaviors
as a reuslt of engagement with response-contingent stimulation has
prompted more recent investigations to include objective measures of
these behaviors as dependent variables. For-example, Rovee-Collier &
Capatides (1979, Experiment 1) provided infants with two mobiles which
vere alternated during training sessions. One mobile (S+) produced
response-contingent movement; the other (S-) was unrespongive. Smiling
and cooing to presentations of S+ was exhibited by S5 of 10 infants. No
instances of smiling or cocoing occurred for any of the infants during
the S- component of the multiple schedule.

Hot only is the acquisition of control over stimulation associated
vith increases in positive affective responses, but the loss of control
over stimulation frequently results in negative affective behaviors.
Rovee-Collier and Capatides (1979) found that crying occurred at least
once during ihe S- component (extinction). No negative affect was
exhibited by any of the infants during presentations of the S+ component
(reinforcement). The display of negative affect in the form of
vhimpering, fuseing, or crying is a common finding in studies which
include an extinction phage or when reinforcement is svitched from

contingent to noncontingent presentation (DeCasper & Carstens, 1981).
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It should be noted, however, that noncontingent gtimulation is not
avgreive if it is presented initially. It is only vhen the infant
experiences prior control over stimulation that noncontingent
stimulation results in fussing and crying (DeCasper & Carstens, 1981).
These findings have been taken as evidence that the loss of control over
stimulus presentation is aversive to infants, thereby, further implying
that control over presentation is reinforcing.

Demongtrations of concomitant changes in affective behavior as a
function of thg presentation or withdraval of control over stimulus
presentation are quite impressive. HNeverthelesa, they do not provide
definitive evidence that control is actually reinforcing to infants.
Once again, changes in the phyaical properties of stimuli (e.f. HcCall &
NcGhee, 1977) and the temporal patterning of stimuli (Vietze, Friedman,
& Foster, 1974) have been ghown to produce the same changes in affect
using only noncontingent stimulus presentation. MNore direct measures of
the reinforcing value of contingencies are obviously necessary.

In order to definitively say that infants derive pleasure from their
control over stimulus presentation, it must first be shown that (a)
infants are avare of the relationship between their reegponses and
stimulus change when a true contingency exists and (b) they prefer to
vork to produce such stimulation (i.e. response-dependent achedule) aver
getting a free lunch (i.e. response-independent gchedule). In the next
tvo gections a brief review of the literature on animal learning related

to these two issues will be presented.
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CHAPTER IV
THE DETECTION OF CONTINGENCIES

The;e are twvo schools of thought regarding the process by which
learning occurs during operant conditioning. These are (a) that
temporal contiguity between a response and a reinforcer is the major
factor in learning and (b) that the correlation betveen rates of
reinforcement and rates of responding is the most important variable.
Neither of these views denies the role that the opposing factor plays.
The difference lies in the relative importance of one factor aver the
other. As shall be shown, this point of emphasis can have ccnsiderable
impact on explanations as to why learning occurs.

Contiquity-based Law of Effect

Thorndike (1911) was the father of the contiguity view. In his
initial statement nn.the lavy of effect he stressed the temporal
relationship betveen a response and a reinforcer in conditioning:
*...those responses vhich are accompanied ar clogsely folloved by
satigfaction to the animal will, other things being equal, be more
firmly connected with the situation, so that, when it recurs, they will
be more likely to recur.: (p.244). The emphassis on temporal contiguity
hag been upheld by Thorndike’s followers (e.q., Hull, Skinner, Spence,

and Mawrer).
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According to contiguity theory, any response vhich is folloved
immediately by a reinforcer will be strengthened (or *stamped in,* to
uge Thorndike’as expression). Furthermore, the strengthening of the
behavior will occur whether or not the reinforcer is truly contingent
upon the organism’s responding. It ig merely the temporal pairing of
the regponse and the reinforcer wvhich increases the liklihood that the
behavior will be repeated.

The emphasiz on temporal pairings of the response and the reinforcer
hag led proponents of ihia view to explain all behavior in terms of
moment-to-moment consequencea of the organism’s behavior. Each discrete
behavior aof the organism over time must be explained by itz immediate
consequences (i.e. reinforcement or punishment). For relatively simple
ingtances of learning, such as food reinforcement of a pigeon’s key
pecking or a rat learning to jump a barrier to escape shock, the
temporal contiquity view provides a parsimoniocus explanation of the
animal’s behavior. The theory has not been as successful in retaining
its parsimony in the explanation of more complex behaviors such as
avoidence and behavior chains.

Rats and pigeons learn very rapidly to respond in such a way as to
avoid an aversive stimulus (e.g., shock). This behavior is maintained
for prolonged periods without the enimal ever experiencing another
instance of shock. Avoidance responding can not he explained by temporal
pairing with a positive or negative reinforcer, in that, there is no
shock and the animal is not rewarded for avoidance with food or other

primary reinforcers. To explain avoidance behavior, the contiguity
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theorists (e.g., MNowvwrer) have had to resort to the uge of classical
conditioning in a twvo-factor theory of avoidance behavior. It is
presumed that the stimuli (e.g., experimental chamber) vhich are
associated wvith shock in the initial training of avoidance come to evoke
the same autonomic responses ("fear®) as the original shock through
Pavlovian conditioning. Avoidance, then is vieved as egcape behavior
vhich ig easily handled by temporal contiguity theory. The immediate
congequence of avoidance {g termination of a conditioned negative
reinforcer (i.e. fear reduction). It should be noted, however, that
even thig expléhation has been seriously challenged (Herrnstein, 1969).

Behavior chains have posed aimilar problems for a contiguity-based
lav of effect. Even casual obsgservation of animals and humans points to
the fact that they engage in long sequences of behavior prior to
encountering any obvious form of reinforcement. This is especially true
in the case of graduate students’ digsertations. So hov does contiguity
theory explain such phenomena?

Again, clamssical conditioning has been invoked as an explanatory
factor. It is propogsed that the stimuli correlated with each link in the
chain serve as reinforcers for the behaviors that produce them in the
previous link. Although these stimuli are initially neutral, their
reinforcing capacity is acquired through numerous pairings with primary
reinforcers in the terminal link of the chain (i.e. classically
conditioned). Similarly, complex explanations are necessary to account

for organisms’ responding on a number of reinforcement schedules when
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temporal contiguity is upheld as the primary factor in the learning and
maintenance of behavior (Ferster & Skinner, 1957).
Correlation-based Law of Effect

Over the past 15 years a number of criticisms have been levied
against reliance on response-reinforcer contiguity as the primary factor
in the lav of effect (Baum, 1973; Bloomfield, 1972; Herrnstein, 1969,
1970; Seligman, Maier, & Soloman, 1971; Staddon & Simmelhag, 1971).
These authora propose that a molar perspective of learning must be taken
to explain instrumental behavior.

The correlation-based lav of effect proposes that behavior cannot be
explained on the basis of isolated, moment-bhy-moment correlations of
responses and reinforcers (i.e. temparal contiguity). Rather, behavior
ig vieved as a continuous flov of interactions betwveen the organism and
the environment over time. The organism is in constant interaction with
the environment and receives "feedback" from the environment as a
consequence of its behavior. Put simply, the organism integrates
feedhack over time to get the "big picture® of wvhat effect it=s behavior
has on the environment. Thus, reinforcement operateg in a cummulative
fashion as opposed to on a moment-by-moment (discrete) basis. In Baum’s
(1973) own vords:

...time iz a fundamental dimension of all interactions
hetveen behavior and environment...Performance of the
system can be assessed only as it extends through time.
This meana that no particuler momentary event should be
seen in isolation, but rather az part of an aggregate, a

flov through time...a continuous exchange. Continuous flavw
iz measured as a rate. {(p. 139)
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When there is a true contingency between the organism’s behavior and
the delivery of reinforcement, there will be a positive correlation
betveen the organism’s rate of responding and the rate of reinforcement.
Increases in the organism’s rate of responding will result in increases
in the rate of reinforcement. Decreases in response rate will result in
decreages in reinforcement rate. Over time, the rate of responding will
increase until the organism achieves a rate of responding wvhich
maximizes the rate of reinforcement vhich ig available.

Baum (1973) likens thie relationship to a regression line of the
correlation betveen responses rate and reinforcement rate. While
momentary time =samples may not show a good correlation betwveen
regponding and reinforcement, they nonetheless, cluster around the
ideal match between responge rate and reinforcement rate. The next
logical question, hovever, is8 can an organism detect a rate of
reinforcement?

Brownstein & Pliskoff (1968) presented pigeons with two different
colored lights. Each light wes correlated with a different schedule of
response-independent food delivery. The pigeons could switch from one
color to the other by pecking on a response key and, thereby, change the
rate at vhich free food was delivered. Uging this procedure, it vas
found that the proportion of time that the pigeons spent in the presence
of the tvo lights wass directly related to the reinforcement rate
associated with each light. The ratio of time allocation equalled the
ratio of the rates of reinforcer delivery. A sgimilar correlation

betveen pigeons’ time allocation and rates of response-independent
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reinforcement was found by Baum & Rachlin (1969). It appearg then that
organigmg are gensitive to variations in reinforcement rate.

Herrngtein (1970) reviewed a number of studies 4involving choice
regponding in pigeons. He found that, regardless of the schedules
employed (i.e. gimultaneous or successive), the relative rate of
reinforcement betwveen the two achedules is the variable mogt directly
related to the rate of responding. Herrnstein’s findings resulted in

his proposal of the "matching law”®:

The matching law states that the ratio of time spent in two activities
i8 directly proporticnal to the ratio of the values of those twvo
activities. The value of each activity is a function of the feedback it
produces (e.g., rate of reinforcement, duration of reinforcement). MNost
important, in a concurrent schedﬁle an animal may switch from one
activity (schedule of reinforcement) to another. This momentary
switching, however, is inconsequential from a correlational perapective.
It is the overall pattern of behavior (i.e. proportion of time spent in
two activities) that matters.

Although the correlation-based lav of effect suggests that
contiguity betveen respdnse and reinforcers, alone, cannot account for
instrumental behavior, it does not deny that contiguity plays a role.
It is a vell-established fact that delay of reinforcment interferes with

response performance. Therefore, it is suggested that tewporal
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contiguity acts to ensure a good correlation betveen response rate and
reinforcement rate. With long reinforcement delays (especially during
small samples), there cannot be a good correlation betveen responding
and reinforcement. It ghould also be noted that long reinforcement
delays often have the additional effect of lowvering reinforcement rate
as well. As ve have seen, lover rates of reinforcement result in a
reduction in response rate.

It was stated in the beginning of this section that the difference
betveen a contiguity-based lawv of effect and a correlation-based lawv of
effect is not absolute. It is more a matter of emphasis. The basic
difference betwveen these two schools of thought is the time frame in
vhich behavior is viewed. The correlation-based law of effect looks at
molar patterns of behavior over time and their relationship with molar
patterns of environmental feedback (e.g., reinforcement). Taking this
perspective, explanations of complex behaviors such as avoidance
responding and behaviaor chaing are much simpler.

Hov does the correlation-based law of effect deal with avoidance
responding and behavior chains? Baum (1973) suggests that a more
parsimonious explanation of these two phenomenon is offered vwhen the
correlation between response rate and reinforcement rate is considered
over time. He proposes that avoidance behavior is correlated with a
reduction in the rate aof punishment (e.g., shaock) and thereby
maintained. Baum further suggests that behavior chainsg are wmaintained
because the stimuli in one link of the chein act, not as conditioned
reinforcers, but as discriminative stimuli (signals) that a higher-

valued situation (e.g., increased rate of reinforcement) is forthcoming.
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CHAPTER V

RESPONSE CONTINGENCIES AND PREFERENCE

In the preceeding section it was showvn that, given a choice, an
organism will select the schedule vhich is associated with the highest
rate of reinforcement. The biological advantages of such choice
regponding are obvious; especially in the case of food revard. It would
also seem logical for an organism to prefer schedules requiring less
effortful responding. Nevertheless, this has not been shown to be true.
Investigations of choice responding between schedules requiring
different rates of responding (i.e., effort) have found animals to be
indifferent to the tvo schedules (Herrnstein, 1964; MNMoore & Fantino,
1975; Killeen, 1968; HNeuringer, 1969a) or to actually prefer the
schedule requiring more effort (Cotton, Lewis, & Metzger, 1958; Jensen, -
1963; Singh, 1570).

In an early study, Jensen (1963) provided rats vith a choice between
eating free food in a cup at aone end of a Skinner box asnd lever pressing
for food at the other end of the box. He found that only one rat out of
the 200 ate 100X of his pellets from the food cup. HNot only did the
majority of rats engasge in lever pressing during the choice period, but
44% of the rats earned over half of the pellets eaten by lever pressing.
Using both rats and pigeons as subjects, Neuringer (1969b) also
demonstrated that animals will vork for food in the presence of

continuously available free food. Moreover, Neuringer demonstrated that
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original learning of a manipulative response (key pack, lever press) can
occur vithout food deprivation and in the presence of free food.

Uaing a slightly different approach, Singh (1970) presented evidence
to both support and extend the vork of Jensen (1963) and Neuringer
(1969b). Prior to preference testing, rats experienced both responsge-
dependent and response-independent food reinforcement in separate
chambers (black and white). Unlike the prévioue studies, the response-
independent condition in Singh’s study consisted of dispensing pellets
at the =mame rate that the rat produced for himgself in the response-
deﬁendent chamber (i.e. yoked control). During the preference testing
phase both chambers, wvith their associated schedules, wvere continuously
available. Thus, the rats could svitch from one schedule to the other
at any time. When the response-independent (no-work side) and response-
dependent (vork side) schedules produced identical rates of
reinforcement, the rats obtained significantly more reinforcement from-
the vork side. This vwas true vhen the work schedule was a FR-1, FR-3,
FR-11 (Experiment 1) or a FI-30 second (Experiment 2) schedule of
reinforcement.

In light of these findings Singh (1970) conducted a third
experiment to determine if rats would still prefer the vork side if
*freeloading® was made more attractive. To accomplish this, rats
received free food on the no-vork side either 12.5, 25, or 30 percent
faster than they did on the vork side. Surprisingly, rats in the 12.5
and 25 percent faster conditions still obteined significantly more

reinforcement on the vork side across all four days of testing. A
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different picture emerged for the rats in the SO0%Z faster group. They
obtained more reinforcement on the no-vork side.

Studies of pigeons’ choice behavior as a function of regponse rate
have similarly involved the uge 0f concurrent schedules. The
reinforcement rate is held constant acrogs the two schedules.
Differences in the response rate required in the terminal links of the
tvo scheduleg serve as the independent variable. Using this procedure,
Killeen (1968) demonstrated that pigeons were indifferent to radical
differences in the response rates required for the tvo schedules. There
vas no pfeference between the two schedules even vhen the responge rate
generated by one schedule wvas 50 times greater than that generated for
the alternate schedule (i.e. 52.3 responses per minute versus 0.95
responges per minute). Moore & Fantino (1975, Experiment 1) have
offered comparable results using response-dependent (VI schedule) and
response-independent reinforcement in the terminal links. The response-’
dependent schedule in their gtudy involved a limited hold procedure and
demanded very high rates of responding; so high that the twvo pigeons in
the study failed to meet the response'requirements on approximately 10%
and 11%Z of their exposures to the schedule. Even so, their choice
behavior wvas not influenced by the required response rates. They
remained indifferent in their selection of the twvo schedules.

In a second experiment, Moore & Fantino (1975, Experiment 2) found
that such indifference did not hold trueAfor periodic schedules. In the
response-independent schedules a FT (fixed time) schedule was employed.

The responge-dependent schedule consisted of either a tandem FR FI
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schedule or a chain FR FI schedule of reinforcement. It was found that
the six pigeons in the study preferred the response-independent
schedules (i.e., a free lunch). Based upcn these findings, as well as
gimilar findings in an earlier study (Fantino, 1969), Moore & Fantino
propose that preference for the respongse-independent schedule is not
attributable to the higher response rate required by the response-
dependent schedule. Rather, the periodic responge-dependent schedule is
less preferred because it *...requires the pigeon to initiate responding
in advance of the time vhen responding ultimately produces
reinforcement. That is, the responge requirements of the schedule
necessitate a response pattern that is at variance with the response
pattern ordinarily produced by the temporal parametera of a periodic
schedule.* (p. 3495)

In summary, the available evidence suggests that animals are
indifferent to even drastic difierences between the response rates-
required by two schedules. This finding stands in sharp contrast to
their strong preferences in favor of schedules associated with higher
rates of reinforcement. Furthermore, several studies (Cotton, et. al.,
1958; Jensen, 1963; Singh, 1970) have suggested that animals may
actually prefer to work for reinforcement than to receive a free lunch.
This is not to say, however, that vorking (lever pressing, pecking) has
any intrinsic appeal in and of itself. It has been demonstrated (e.g.,

Jensen, 1963) that working must lead to revard for its continuance.
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Research on children‘s preferences for contingent or noncontingent
reinforcement is sparse. Howvever, Singh (1970) conducted a study with S
1/2 to 6 1/2 year old children and found results which paralleled the
author’s findings with rats. The children in the study were given a
choice between gitting in one chair and receiving marbles vhich dropped
automatically from a digpenser or sitting in another chair and pressing
a lever (FR-10 schedule) wvhich resulted in marble delivery. Marble
delivery on the noncontingent gide wag yoked to the rate of wmarble
delivery that the child produced on the response-contingent side. The
children vere free to switch between the two chairs throughout each
session. The results shoved that the children obtained significantly
more marbles by lever pressing than they did on the noncontingent side.

Where, then, does this leave us with regard to the human infant? As
vag stated earlier, the findings of (a) renewed interest in a previously
habituated stimulus when the sgtimulus is subsequently made contingent
upon infant responding, (b) increases in positive affective behaviors
during interactions with response-contingent stimulation, and (c)
displays of negative affective behavior vhen control is taken awvay from
the infant have led many to propose that control over stimulus
presentation ig revarding to the infant. Nevertheless, there has been

no attempt, to date, to empirically verify this hypothesis.
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CHAPTER VI

PURPOSE OF PRESENT STUDY

The purpose of the present etudy vas to determine empirically
vhether or not control over the presentation of vigual stimuli ie
reinforcing to infants and preschool-aged children. That is, the
present study was conducted to ansver the question: Is the stimulus
characterigtic of "controllability® one vhich the infants and
preschoolers can discriminate and does it serve to enhance the
reinforcing properties of a stimulus? To accomplish this, children aged
12 to Si wmonthe vere presented vith a series of choices betveen
concurrently available responge-contingent and response-independent
schedules of stimulus presentations. A comparigon of the frequencies of
selection of the two gchedules vas conducted to determine relative
preferences.

As pointed out 1n.the preceding review, changes in the physical
properties and temporal patterns of visual gtimuli can have a
considerable impact upon young children’s preferences. Moreover,
infante’ preferences for visual stimuli have been shown to be specific
to the individual infant’s previous exposure to stimuli and their rate
of habituation. In light of these facts, a yoked control procedure was
ugsed in the present study with each child sgerving as his or her awn

control. Identical stimuli vere used in the response-dependent and
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response-independent schedules and the rate of stimulus change that each
child selected in the response-dependent schedule wvasg used in the

response-independent schedule.
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CHAPTER VII

METHOD

Subjects

Subjects vere identified through birth records available at the
local county courthouse. Parents vere contacted by phone or letter to
briefly describe the study and inquire about their willingness to
participate. Parents indicating an interest vere scheduled for an
appointment at a time vhich was convenient for them. Children vho wvere
born premature, those having an obvious handicapping condition, or wvho
vere othervise at risk for developmental delays vere not included in the
study.

A total of twenty-one children (10 males, 11 females) betwveen the
ages of 12 months and 51 months (MNean age = 28.29 months) served as
participants. Three additional children wvere recruited but vere not
included in the study. Two of these children (aged 12 months and 18
months) vere eliminated due to fussiness and their parents subsequent
request to terminate their participation during the initial stages of
the session. 0One child, a 10-nmonth-old, vas not included because he did
not meet the age requirements for the three identified groups.

Each of the 21 participating subjects vere assigned to cne of three
groups based upon their chronolagical age. These groups vere one-year-
olds (Year 1: 12 - 23 monhts), tvo-year olds (Year 2: 24 - 35 months),

and three- and four-year olds (Year 3-4: 36 - 59 months). Table 1
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provides a description of subjects by age and sex for each group. There

vere 7 subjects in Year 1 (Mean age = 16 months; Range = 12 - 23

months; M = 2, F = 5). There were 8 children in Year 2 (Mean age
27.38 months; Range = 24 - 33 months; M = 4, F = 4). There were 6

children in Year 3-4 (Mean age = 43.83 months; Range = 36 - S1 months; N

=4, F = 2).
Table 1
Contingency Table for Subject Grouping Variables
Training Side
Age (Contingent Parel) Sex

X Range Rignt  Left Male  Female N
Year | 16 months 12 - 23 wos. 2 5 2 5 7
Year 2 27.38 mos, 2% - 33 mos. 4 4 4 4 8
Year 3-4 43.83 mos, 36 - 5! mos, 2 4 4 2 B
Total 2B.239 zos. 12 - S| mos. 8 13 10 11 21

Setting and Apparatus

All experimental sessions vere conducted in a 3.7 m ¥ 4.1 m room at
the Family, Infant and Preschool Program (Western Carolina Center). The
room vas equipped with a one-wvay mirror and an intercom system. A relay
rack used to control the presentation of stimuli and automatically
record the children’s manipulative responding wvas located in an

cbservation roam on the oppocsite side of the one-vay mirror.
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Visual stimuli wvere presented to the children by means of two
carougel slide projectors vhich were housed in a gingle unit and
projected slides onto two 33 cm, X 38 cm. plexiglass panels posgitioned
side-by-gide. The plexiglags panels were attached to simple switching
devices vhich controlled the onset of slide presentation. A light
touch on the front of either panel activated the carousel behind the
panel vhich was touched.

The geries of slides used in the =study consisted of colorful
pictures of animals and cartoon characters tsken from young children’s
storybooks. Extrenely popular cartoon characters (e.g., Care Bears,
Smurfs) were avoided to prevent having a subsample of slides which vere
highly familiar to the children. Both projectors vere loaded with an
identical series of 80 slides (40 different slides repeated once).
Experimental Design

All children participated in at least three experimental phases:
Training, Preference Testing, and a Reversal of Contingencies. Training
consisted of a series of forced choice trials in which the children vere
presented vith an opportunity to viev response-dependent or response-
independent slide advancenment. Training was conducted to familiarize
the children with the schedule of reinforcement associated with each of
the tvo panels. Half of the training triale vere response-dependent
(i.e., contingent) and half of the trials vere response-independent

{i.e., noncpntingent) stimulus presentation.
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The Preference Testing and Reversal of Contingencies phases
provided the children with a series of opportunities (trials) to select
either contingent or noncontingent stimulus presentation by choosing the
right or left panel. During the Preference Testing phase, the schedule
of stimulus presentation for each panel wvas the same as it was during
Training. The Reversal of Contingencies phase coneisted of reversging
the schedule of stimulus presentation associated with the twvo panels.

To control for preference based upon properties of the stimulus
other than differences in "controllability” (e.g., rate, gquantity,
periodicity), each child served as his own yoked control. That is,
noncontingent stimulus presentations were based upon the pattern of
regponding the child exhibited on the previous contingent trial
(Training) or choice (Preference Testing, Reversal of Contingencies).

The position (i.e., right or left panel) of contingent and
noncontingent stimulugs presentations remained the same throughout the’
Training and Preference Testing phases. This vas done to assist in the
learning of the discrimination. Nevertheless, a possible position bias
in responding over the courge of Preference Testing wvas recognized. To
control for this posasibility, some of the children (N = 13) received
contingent stimulus pregsentation on the left panel and noncontingent
presentation on the right panel. The positions were reversed for the
other children (K = 8). HNoreover, the Reversal of Contingencies served

as an additional control for a possible position bias.
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The majority of children (N = 15) received 8 training trials (four
contingent and four noncontingent). Only one child ( S 14) received
more than 12 training trials. The additional training trials for the
other 6 S 8 vere the result of the equipment not being awvitched quickly
encugh or a criterion of discrimination betveen contingent and
noncontingent schedules based on rate of responding vhich was used early
in the study to terminate training. This criterion was soon discarded.
Appendix A indicates the number of Training trials received by each S.

The majority of childen received 10 trials in the Preference Testing
phase and 10-15 trials in the Reversal Contingencies phase. Differences
in number of Preference trials were, again, a result of equipment not
being switched quickly enough (i.e., one or twvo additional trials) or a
result of changes in criterion for switching to the next phase of the
study. Followving the running of geveral S s using a standard cut-off of
10 preference trials, it was decided to use a criterion of 5 out of 6
choices of the same panel (i.e., preference demonstrated) before
svitching to the Reversal phase.

At lesst 10 Reversal trials vere attempted with each S. Two of the
youngest children (S = 1 and 3) quit responding after & Reversal trials.
If the children continued to shov an interest in the apparatus after 10
trials, additional trials vere run until they tired or additional
reversals of contingencies vere conducted. Six children received one
additional reversal phase (Reversal 2) and four of these six received a
third reversal phase (Reversal 3). The experinental conditions and

number of triale received by each S within the three age groups are
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provided in chart form in Appendix A. The chart also indicates wvhether
additional training was conducted subsequent to the Preference Testing
phases to familiarize S s vith the changing of schedules associated with
the two panels.

Procedure

Experimental sessions vere scheduled at a time of the day that vas
convenient for the parent and when the children were normally alert and
content. Each child was escorted into the experimental room by his/her
parent. The appartus =sat on top of a child-height table and the child
vas seated in a small, child-sized chair facing the tvo plexiglass
panels. The parent sat in a chair just to the right side of the child
and slightly behind them. The E was also precent in the room, sitting
behind the child to the left.

The parents were instructed to speak only about the content of the
slides with the child and to keep these conmments and responses to the
child brief. The parents were requested not to influence the child’s
choice of the right or left panel. They could, hovever, direct them to
"Loock at the lights." when the signal lights came on if the child was
not attending. The children were alloved to wander around the room at
vill, but wvere occasionally prompted back to the apparatus by "Lock at
the lights!®™ The children were also allowed to sit or stand as they
wished, hovever, they wvere prompted to remain in the center of the tvo
panels. Each session consisted of at least three experimental phases:

Training, Preference Testing, and Reversal of Contingencies.
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Training. Training consisted of alternate presentations of
contingent and noncontingent slide advancement. At the outset of each
training trial, one of the two plexiglass panels vas illuminated by a
small yellow light. The other panel remained darkened for the duration
of the trial. The yellow light served as a signal as to vhich of the
tvo panels vas operative on a given trial. The same type of slide
advancement (i.e., contingent or noncontingent) appeared on the same
panel throughtout all training trials. All that changed across training
trials wvas vhich of the tvo panels vas operative (i.e., right or left).
Trials of contingent advancement and noncontingent advancement were
alternated across training trials.

Folloving the onset of the signal light, a single touch of the
illuminated panel resulted in the presentation of the first slide in the
seriegs., Slides were available for viewing for a 15-second period. At
the end of the 15-second viewing period, both panels were darkened and
then a nev trial began. The critical difference betwveen the stimuli
provided by the two panels was the amount of control the children had in
determining the rate and frequency of slide advancement during the 15-
second viewing pericod.

When slide advancement was contingent, the first slide following the
signal light remained on the panel until the child touched the panel
again. Every subsequent response directed tovard the panel during the
15-second viewing period resulted in an immediate advancement of the
projector to the next slide in the sequence. Thus, the number and rate

of slides presented on the panel vere determined by the child’s response
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rate. When slide advancement was noncontingent, touching the panel
during the 15-second viewing period had no effect on slide advancement.
Inatead, slide advancement was automatically programmed according to the
pattern of responding the child exhibited during the previous contingent
trial (i.e., yoked).

In the event that a child did not touch the panel during the
presentation of the signal light or during contingent triels, a
prampting procedure wvas used. If no response was directed toward the
operative panel vithin 10 seconds of onset of the signal 1light, the
child vas instructed or manually prompted to touch the panel.
Similarly, if the child did not touch the panel during the first 10
seconds of a contingent trial, a single prompt vas given. Prompting was
used only during the first tvwo training trials since prompting wvould not
be used during the Preference Testing phase or the Reversal of
Contingencies phase.

Preference Testing. Following the conclusion of training trials,
the children were presented with a series of trials in wvhich the two
panelg vere concurrently illuminated with the yellows signal lights.
Touching of either panel resulted in the vieving of slides according to
the ééhedule formerly associated with that panel (i.e., contingent or
noncontingent slide advancenment). The length of the viewing period
folloving a choice betveen the two discriminative stimuli was the same
as it was during the training phase (i;e.. 15 seconds). The yoked
control procedure used during training was also in effect for the

selection of noncontingent advancement in this phase.
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Reversal of Contingencies. During this phase, the schedule in
effect for the two panels was reversed. For example, if the right panel
vas associated wvwith contingent slide advancement during training and
preference testing, this schedule would nov be switched to the left
panel. The right panel would nov be asgsociated with noncontingent slide
advancement. The same choice procedure used in the Preference Testing
phase was employed during the reversal phase.

Meagurements and Recording

Three dependent measures wvere tsken for each child acraoss all phaces
of the experimental session. These were (a) neasures of CHOICE betveen
contingent and noncontingent stimulus presentation, (b) nmeasures of the
FREQUENCY of panel presses directed tovard the two panels during the
vieving period, and (c) measures of ATTENTION directed toward the
stimulus presentation provided by each of the two schedules.

Choice. Measures of choice betveen the two schedules of stimulus
presentation vere collected throughout the Preference Testing and
Reversal of Contingencies phases of the study. The panel selected by
the children on each choice trial was automaticaelly recorded on response
counters on the relay rack. Thus, a choice response to the right or
left panel wvas recorded far each trial. Choice measures vere then
summarized acrose blocks of five trials for Preference Testing and
Reversal of Contingencies.

Frequency. Frequency of panel pressing during 15-cecond viewing
periods wvas automatically recorded on response counters located on the

relay rack. This measure was taken Ifor responding to both the
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contingent and noncontingent viewing panels and wvas recorded across all
phages of the study. Frequency counts of panel pressing included all
responses directed toward the operative panel following the initial
touch of the signal stimulus wvhich activated the panel. A separate
frequency count was conducted for each 15-gecond viewing period (i.e.,
each trial). Frequency measures vere summarized across blocks of four
trials for the Training phase and across blocks of five trialg for the
Preference Testing and Reversal of Contingencies phases. Frequencies
for each panel were then divided by the number of times that panel was
selected during each block of trials to yield a mean frequency gscore for
each panel per block of trials.

Attention. Videotapes of each session vere made. These tapes vere

later vieved to obtain a measure of attention for each 15-gecond viewing
period. This time period began when the child touched the yellow

stimulus light and the first slide appeared on the panel and ended vwhen’
the yellovw light{s) appeared again to start a new trial. Thus, the
child’s behavior in the presence of the stimulus lights was not

included. A child’s attention to the operative panel during each 15-

second viewing period wvas rated as falling in to one of three categories
of attention: (a) attending, (b) mixed attention, or (c) nonattending.

Definitions for the 3 categories of attention were as follovs:

ATTENDING (score = 3). The child is attending to the visual
display for the majority of the 15-second viewing period
(approximately 2/3 of time period or more). Attending is
defined as the child’s head oriented tovard the visual display
on the operative panel. Visual attending may or may not be
accompanied by other overt signs of interest such as pointing to
the pictures, touching the psanel, or talking about the content

of the pictures.
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MIXED ATTENTION (scare = 2). The child is attending to the

e ——————————  S————— o —

for more than 1/3 but less than 2/3 of the viewing periocd. That

e e R e S e emm—

is, the child shovs some obvious attention tc the display,
hovever, for at leaat 1/3 of the viewing period the child is
clearly not looking at the display (e.g., walks awvay, looks
away, engaged with adult or other cbjects in room).

NONATTENDING (zcore = 1). The child is not attending to the
vigsual display for the majority of the 15-second vieving period.

The child’s head is oriented toward the operative panel for less
than 1/3 of the time period.

Attention ratings vere summarized acrossz blocks of four trials for
Training and across blocks of five trials for Preference Testing and
Reversal of Contingencies phases aﬁd vere gseparated into attention
ratings for the contingent and noncontingent panels. The summarized
ratings vere divided by the number of times each panel was chosen to
obtain a mean attention rating for each panel (i.e., schedule of
stimulus presentation) for each block of trials.

Reliability. A second observer independently viewed the tapes of'
seven randomly selected children and conducted ratings of attention
using the definitions given above. Comparisons of the ratings of the
tvo observers vwere conducted for each child across all experimental

phases. Reliability was calculated using the formula:

agreements
X 100

agreements & disagreements
Overall reliability between the tvo observers was 91X (Range 85% to

g97%).
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CHAPTER VIII
RESULTS

Statistical analyses of the data were conducted for the first three
experimental phases only (Training, Preference Testing, and first
Reversal of Contingencies). In addition, only two blocks of trials per
experimental phase vere subjected to statistical analyses. These blocks
included the last eight trials in the Training phase, the first ten
trials in the Preference Testing phase, and the first ten trials in the
first Reversal of Contingencies phasgse. Data obtained beyond these
blocks of trials for the three conditions vere too sketchy (i.e.,
misaing data) to be included in the analyses.

Separate ANOVA’s vere conducted for the dependent measures of (a)_
choice of contingent or noncontingent stimulus presentation and (b)
mean frequency of responding during the 15-second viewving period. The
factors involved in the analyses and the results are presented
separately for these two dependent measures. Comparisons of attention
measures between the tvwo schedules of stimulus presentation and across
experimental conditions are alsoc provided.

Choice Neasures

An analysis of variance was conducted using repeated measures of

choice. The analysis consisted of two between factors and three within

factore. These factors are listed in Table 2.
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Table 2

Factors Used in Analysis of Variance for Choice

Source of Variance Factor Levél

Names
Betveen S s Age Group 3 Year 1
Year 2
Year 3-4
T-Side » 2 Right
(Nested within Left
Age Group)
Condition 2 Preterence
Reversal
Within S s
Block 2 Block 1
(Nested within Block 2
condition) :
Contingency 2 Contingent
(Nested within Noncontingent
blocke)

* The panel wvhich was contingent during training

The results of the ANOVA (See Appendix B) indicated no main effect
for Contingency. Thus, the children showed no consistent preference in
their choices of coatingent (¥ = 2.54) or noncontingent (X = 2.35)
stimulug precsentation. A three-way interaction for Condition X
Contingency X TSide wae found to be significant (p < .02). The cell
means and marginal neane for this interaction are provided in Table 3.

The cell means are suggestive of a right hand panel preference; however,

this could not be directly tested in the ANGVA.
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Table 3

Neen Choice of Contingent and Noncontingent Fanel as a Function 0f Training Side end
Experiwental Condition

CONDITION Preference Beverssl
|courxna:ucv l c NC c NC

Right) Left | Left | Right
Panell Panell Panell Panel
Right } } 1 C+ 2.82
3.20 1 1.80 [} 2.13 1. 2.54 KC = 2.17
] H ]
TRAINING ) | ]
SIDE ! ! !
Lett | Right 1 Right | Left
Panel | Panel ) Panel | Panel
Left | [ ] C=2.40
1.62 ] 3.38 ' .19 1 3.68 NC » 2.33
' | |
2.41 2.59 2.66 2.1 Total C = 2.54

Totsl XC = 2.35

Kote. The panel (right or left) vhich was contingent during Training and Preference vas
reversed in the Reversal phase. Panel side (right or left) on vhich the schedule (C or KC)
appeare is indicated in the upper right hand corner of each cell.

The procedure of forced choice between contingeng and noncontingent
stimulus pregentation prevented the direct testing of other main effects'
in this first ANOVA. Consequently, separate ANOVAs for contingent
choice and noncontingent choice were conducted using the same factors
that were used in the firast ANOVA. The results of these ANOVAs are
provided in Appendix B. No main effects were found in the analyses. A
Condition X TSide interaction wvas found to be significant (p < .02) for
both contingent and noncontingent choices. This was, again, suggestive
of a right hand panel preference.

Subsequent t-test comparisons vere conducted to determine if, in
fact, a signiiicant.right panel preference occurred. These comparisons
shoved no significant differences in choice as a function of right

versus left panel position.
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Frequency Neasures

An analysis of variance was conducted using repeated measures of

mean frequency of responding to the operative panel during the 15-second

vieving period. The ANOVA consisted of two between variables and three

vithin factors. These factors are listed in Table 4.

for

Table 4

Factors Used in finalysis of Variance for Freguercy of
Responding During Viewing Feriods

Source of Variance factor Levels Nazes
Age Group 3 Year
Year 2
Year 3-4
Eatuween § s
T-Side # 2 Rignt
(Nested within Left
Rge Group)
Condition 3 Training
Freference
Heversal
Within 3 s
Block Biock 1
{Nested witnin 2 icsk &
conditicn)
Contingercy 2 Contingert
(Nested within Nereontincent
Block)

+ The nanel wnich was cortingent ouring Training.

The results of the ANOVA are provided in Appendix B. A main effect

Condition (p < .03) was found, The highest rate of responding
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during the 15-second vieving period occurred during the Preference
Testing phase of the study and the lowest rate occurred during Training
(X Training = 3.12; X Preference = 4.73; Y’éeversal = 3.91).

A significant three-wvay interaction (p < .05) for Condition X
Contingency X TSide was also found. The cell means and marginal means
depicting this interaction are shown in Table S. The marginal means
shov that, in addition to the main effect of Condition, response rates
on the contingent panel are higher than those on the noncontingent panel
vithin each experimental condition and across right and left training
side. Nevertheless, the overall main effect for Contingency va§
not significant. Closer examination of cell means reveals that response
rate is more congistently related to panel side (right or left position)
than to the contingency which igs in effect on the panel. This overall
higher rate of responding to the right panel is similar to tﬁe effects

of panel side on choice.

Table 5

Hean Frequency of Responding During 15-Second Vieving Periods ae a Function of Condition,
Training Side, snd Contingency of Operative Panel

CONDITION Training Preference Reversal
CONTINGENCY c NC c NC c KC
Right | Left Right | Left Lett | Right
Panel | Panel Panel ! Panel Panel ! Panel
! ]
I ] i C « 4.12
Right 3.61 | 2496 5.19 | 4.24 3.5¢ | 3.97 3.62
! NC = 3.73
TRAINING . ! !
SIDE . Left Right Legt 1 Right Right @ Left
Panel ! Panel Panel | Panel Panel ! Panel
| | | _
| | ] C = 3.94
Left 2.8 | 3.07 4.37 S.13 4.62 3.49 3.92
| ! ! NC * 3.50
H } !
TOTAL C = 4.03
3.23 3.0t 5.29 4.69 4.08 3.72 TOTAL NC = 3.81
3.12 4.73 3.9

Note. The panel wvhich vas contingent during Training and Preference changes during Reversal
condition. The panel (right or left) on vhich contingent or noncontingent stimulus presentation
occurs ig {ndicated at the top of each cell.
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Subgsequent comparisons of cell means (t-tests) for right and left

panel responding vere conducted. These comparisons shoved no

statistically significant difference between responding on the two panel
gides.

Finally, a significant (p < ,04) four-vay interaction for

Condition, X Blocks, X Contingency, X Age Group vas found. Tables 6 and

7 shov the various cell nmeans for this interaction. Table 6 showe that,

Table 6

Rean Frequency of kesponding During 35-Second Yieving Periods ac a Function of Condition, Blocke, Age Group, end
Training Side

CORDITION Training Preference Keversal

AGE TRAINING
GROUP SIDE
Right 3.3 4.19 4.24 3.19 2.310 3.2 LN
YEAR 3 2.39
Left 2.68 .80 34 4.66 3.16 2.9 3.44
kight 2.3 3.3 .22 3.17 2.90 2.26 2.EE
YEak 2 2. €8
Legt 3.28 .28 7.26 7.00 4.61 N 4.27
kight 3.2 .38 7.1 7.08 4.2¢ 5.58 S.34
YEAR J-4 4.30
Lest 2.19 2.43 2.37 3.7 3.3% 4.29 J.4%
2.68 3.2¢ 4.66 4.2% 2.7% £.0%
TOtAl ELOCK 3 « 3,76
3.12 4.72 3.90 TOTAL BLOIK 2 ¢ 4.24

overall, higher rates of responding occurred in the second block of
trials (X = 4.24) than in the first block of trials (X = 3.76). Thie
effect wvas consistent across Training (i Block 1 = 2.88; X Block 2 =
3.36), Preference (¥ Block 1 = 4.66; ¥ Block 2 = S5.31), and Reversal

conditions (X Block 1 = 3.75; X Block 2 = 4.05). As can be sgeen,
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hovever, this effect varied with age groups and T-side. A consistent

pattern is not obvious.

Table 7

Hean Frequency of Responding During 15-Second Vieving Periods as a Function of
Contingency, Age Group, and Panel Side

Contingent Noncontingent
Year 1 4.69 3.91 4.30
Right Year 2 3.78 4.76 4.27 4.27
Panel
Year 3-4 4,96 3.50 4.23
Totsld
Right Panel 4.12 3.73
Year 1 . 337 2.38 2.88
Left Year 2 3.96 3.00 3.48 3.57
Panel
Year 3-4 3.1 S. 21 4.36
Total
Left Panel 3.94 3.90
4.03 3.a1 Total Year 1 = 2,59

Total Year 2 = 3.88
Taotal Year 3-4 = 4.30

Noté. Right and left panel are the actual panel positicns and not just training side.

Table 7 showe that averall wmean rates of responding to the
operative panel increased with age (X Year 1 = 3.59; X Year 2 = 3.88;
X Year 3 = 4.30). Also shown are the effects of age in interaction with
response rates to the contingent and noncontingent panel and with the

panel (right or left) on which each schedule wvas operative. The
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marginal means on Table 7 shov that one-year-olds displayed the greatest
difference in response rates to the right and left panels. Responding
to the right panel (% = 4.3) vas higher overall than responding to the
left panel (X = 2.88). HNevertheless, the cell means indicate that the
response rates of one-year-olds were higher for the contingent schedule
than for the noncontingent achedules on both the right panel (X ¢ =
4,69; X NC = 3.91) and the left panel (X C = 3.37; X NC = 2.38). The
pattern of responding ig less clear for tvo-year-olds and three-to-four-
year olds. For example, the twvo-year-olds had higher response rates to
noncontingent (X = 4.76) than to contingent (X = 3.78) on the right
panel and slightly higher response rates to contingent (X = 3.46) than
to noncontingent (X = 3.00) on the left panel. The opposite interaction
betveen panel side and contingency wvas shown by three-to-four-year olds.
Attention Measures

Table 8 presents the mean attention ratings for contingent and
nancontingent stimulugs presentations across asll three experimental
conditions; The highest levels of attention occurred during the
Training phase and attention vaned somevhat over the course of the next
tvo experimental phases. Host important, attention to contingent and
noncontingent stimulus presentations wvere comparable within the Training
(X C = 2.68, ¥ NC = 2.61), Preference Testing (X C = 2.38, X NC = 2.44),
and Reversal of Contingencies conditions (X ¢ = 2.19,'i NC = 2.18).
This indicates that the actual amount of reinforcement received by the
Ss during the contingent and noncontingent stimulus presentations vas

equivalent.
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Table 8

Mean Ratings of Attention to Contingent and Noncontingent
Panel Across Conditions

Contingency Condition

Training Preference Reversal
Contingent 2.68 2.38 2.19
Noncontingent 2.61 2.44 2.18

It is interesting to note that although the levels of attention
vere higher in the Training phase than in the Preference phase, the mean
frequency of responding was the opposite. Thus, although the children
engaged in fewer panel presses during Training than during Preference
Testing, they actually attended to the stimuli more during'Training than

Preference.



77

CHAPTER IX

DISCUSSION

Previoug studies of operant conditioning with infants have
suggested that control over environmental events is reinforcing.
Interpretations of the pleasure derived from controlling stimuli have
been largely based upon observation and anecdotal reports of increased
attention and positive affect (e.q., smiling, cooing) under conditions
of infant-controlled stimulation and observations of negative affect
(e.g., fussing, crying) vhen control is taken away.

The purpose of the present study was to empirically validate
vhether infants and young children do, in fact, prefer contingent over
noncontingent stimulation. To accomplish this, the children were
provided vith a series of opportunities to choose between contingent and
noncontingent visual stimuli. Choice, then, vas used as a measure of
preference. Rates of responding (i.e., panel pressing) to the twvo
schedules following each choice’ were also analyzed.

Statistical analyses of child data indicated no preference for
contingent over noncontingent stimulation based upon measures of choice
responding to the two schedules. Differences between rates of
responding to the two schedules following each choice were alsc found to
be nonsignificant. Unexpectedly, the position of the stimuli (right or

left side) appeared to have some impact on the children’s choices. That
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ig, the children tended to select the right side over the left. This
effect, hovever, wvas not statistically significant.

These findings could be intrepreted in several ways. MNost obvious,
it might be said that the contingent and noncontingent stimulus
presentations vere equally reinforcing to the children. An equally
plausible explanation, however, would be that the children could not
discriminate between the two schedules and therefore had no preference.
Anecedotal observations of the children during the experimental session
helps to shed some light on the confusion.

Anecdotal Obsgervationsg

When switching from the contingent panel to the noncontingent
panel, many of the children hit the noncontingent panel in a series of
rapid bursts until the panel changed automatically and then ceased
responding. Several children vere more creative and would press the
contingent panel (vhich was not operative) while looking at the
noncontingent panel as if they were trying to control the noncontingent
panel through pressing the contingent panel. Even the youngest child in
the study (12 months) engaged in this behavior.

Some of the older tvo-year-olds and three-and four-year-olds wvould
press the noncontingent panel very quickly wvhen they sav it change, as
if to "control® it post hoc. One of the oldest (51 months) children in
the study very methodically alternated back and forth between the two
panels, regardless of the condition, and concentrated very hard on
*matching® panel presses on the ncncontingent panel to the rate of slide

advancement. He actually did quite a good job of it! His only burst of
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responding above a rather steady pace was the third time he selected the
noncontingent panel in the first Reversal phase when he appeared to
recognize that he had "lost control.”

Another older child spontaneously made several verbal statements
throughout the second and third reversal to indicate that he could
discriminate betwveen the contingent and noncontingent panels. ¥hile
pressing the contingent panel he sgaid: "This is the good one. "
followved by *"This one doesn’t work!® vhen he selected the noncontingent
panel on the next trial. Later (Reversal 3), vhile engaged in a series
of selecting the noncontingent panel he said: "What’s wrong with
this?", ®Hey, this thing is weird because it won’t change.® Finally, he
held the panel down and stated: "It won’t turn because I'm pushing it.*
Still another child (Year 3-4) had a different idea and tried to press
the noncontingent panel while straining to look around into the "guts of
the machinery" to resolve the "broken®” panel. Thus, many of the older
children and a fev of the younger (Year 1) children engaged in behavior
indicative of being able to discriminate between the contingent and
noncontingent panel. Even so, they continued to select and respond to
both the contingent and the noncontingent panel.

Based upon these observations, still other interpretations of the
findings are possible. For example, it may have heen that the children
could discriminate between contingent and noncontingent stimulus
presentation, but they wvwere trying to gain control over the
noncontingent panel., Some of the children’s rapid bursts of responding

on the noncontingent panel and other children’s "pacing® of responding
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to noncontingent stimulus presentation or immediate responding following
noncontingent stimulus change may be indicative of attempts to control.

For at leaat some of the children it may have been that they did
not viev the equipment as having tvo independent schedules. That is,
they may have dealt with the equipment as one large unit to control.
The children’s responding on the inoperative contingent panel during
noncontingent stimulus presentation may, at least partially, support
such a notion.
Methodological Issues

Selection of any one of the above explanations as being more
plausible than the other is not poszsible based upon the present results.
More important, the present resulte oppose previous suggestions of
control over stimulus presentation as a reinforcing eveat for young
infants and children. The results are also in opposition to objective
evidence of preference for contingent over noncontingent reinforcement’
found with animals (Jensen, 1963; MNeuringer, 1969b; Singh, 1970) and
older children (Singh, 1970). Differences in methodology betwveen
previous research and the present investigation may be partially
regponsible for the contrasting findings. Comparisons of methodologies
vith previous infant research and with previous preference studies
{animals and older children) are discussed separately belov.

Infant Research Methodologies. Traditionally, studies of operant

conditioning with infants and young children have presented contingent
and noncontingent stimulus presentation in a series, that is, all of one

schedule first followed by the other type of schedule. 1In contrast, the
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present study allowed the children to sgelect the type of schedule in
effect. For most children, thiz resulted in at least some alternations
betwveen contingent and noncontingent stimulus presentations. Even if
thigs did not occur, the inftial training phase and the training on the
reversal of contingencies used forced choice alternation between the two
schedules. Thus, the children vere at least periodically "reminded” of
the contrellability of alide advancement.

An enhancement effect of prior exposure to contingent stimulation
has been documented by others. That is, experience with contingencies
has been demonstrated to facilitate the acquisition of future
contingencies. In the present study, repeated exposure to contingent
slide advancement may have resulted in attempts to learn the
*contingency® on the noncontingent panel.

A large portion of investigations of infant instrumental learning
have used nonreinforcement as a control as opposed to noncontingent
stimulus presentations. Those studies which have used noncontingent
stimulation have typically used periodic presentations of the stimulus
(e.g., standard mobile rotation). Several have used a yoked control
across groups vhere a child in the control group receives the same rate
or pattern of noncontingent stimulus presentation as the child in the
experimental group obtained through responding.

In the present study the children served as their ovn yoked
controls. Furthermore, the rate of noncontingent stimulation could
change from trial to trial dependent upon their switching to the

contingent panel and their rate of responding on the previous contingent
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trial. This yoking procedure resgulted in changing and aperiodic
stimulus presentation on the noncontingent panel. Consequently, the
children could not predict the pattern of noncontingent stimulus
presentation. Previous studies have demonstrated that both changes in
the reinforcer and aperiodic stimulus presentation result in increased
attention and (in the case of response-contingent reinforcement)
response recovery.

Preference Research Methodologies. Jensen’s (1963) and Heuringer’s
(196Sb) work vith rats involved a choice betveen continuously available
free food and lever pressing for peilet delivery. Singh’s (1970)
regearch iz more comparable to the methodology employed in the present
study, in that, his free food (noncaontingent) choice consisted of
pellets dispensed at the same rate the each rat had received through
lever pressing. Singh {(1970) employed a similar yoking procedure with 5
and 6 year old children. Their choice involved eitting in one chair and
pressing a lever vhich regsulted in marble delivery (contingent) or
sitting in another chair and receiving marbles that dropped
automatically from a dispenser at the same rate that the child produced
on the response-contingent side.

Although Singh’s yoked control is comparable to the schedule of
noncontingent stimulus presentation used in the present study, there are
tvo points of departure in methodology betwveen Singh’s vork and the
present study. First, in Singh’s studies the subjects (rats and
children) could svitch betveen contingent and noningent reinforcenent at

vill by physically moving in front of the other presentation. Second,
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under conditiona of noncontingent reinforcement, there vas no resgponse
manipulandum present. That is8, responding in the presence of
noncontingent stimulus presentation was not possible. It ies uncertain
Jjust hov critical these tvo points of departure are; hovever, they
appear different enocugh to merit consideration.

Differences betwveen studies in terms of the ability to switch
schedules at will brings up the issue of differences in the definition
or measurement of preference. Singh’s measure of preference was the
difference in the number of reinforcers received by subjects under the
tvo schedules of delivery. Looked at from a different angle, it may be
seen as the difference in time gpent (4i.e., duration measure) in the
presence of the two schedules. The measure of preference employed in
the present study vas more of a frequency measure, that is, differences
in the number of times each schedule was chosen. Once chosen, the
children were "stuck® with the schedule for the duration of the 15--
gecond viewing period. Although it might be said that the children had
control over extending the duration of a schedule through repeated
selection (choice) of it, they did not have the capability of getting
out of a schedule once it was selected until the pre-cctablished viewing
period was finished. Perhaps more important, the children’s experience
vith each schedule in the presgent study was interrupted by the repeated
choice procedure. It may be that they didn’t have a prolonged enocugh
exposure to each schedule to determine whether a contingency existed.

The availability of a response manipulandum seems to be a more

crucial difference between studies. First, it brings up the question of
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vhether or not responding (lever pressing or panel pressing) is
reinforecing in its own right. That 4is, in Singh’s studiea, did the
subjects prefer doing something (physfical activity) over merely watting
for the dropping of the reinforcer? In the present study, wag the
availability of a responge on both schedules enough to result in no
preference? Related to this 1issue, Antonitis (1978) has previously
demonstrated that preschoolers pressed a lever in the presence of a
noncontingent stimulug even wvhen there had been no history of lever
pressing being invelved in a contingency.

Second, it wmay be that the availability of a response under
noncontingent stimulus presentation in the present study served to
preclude discrimination between the two schedules. Perhaps Singh’s
nonavailability of a response under noncontingent reinforcement
facilitated the discriminability of the two schedules and the subjects
preferred controiling reinforcement. If the availability of a response
- manipulandum plays a critical role in determining outcome, it will need
to be determined which, if any, of the above notions is correct. That
is, does responsge availability under conditions of noncontingent
reinforcement (a) preclude discrimination between schedules and (b) does
it enhance the revard value of the reinforcer (i.e., responding is
reinforcing)?

Future Research
As described above, differences in methodology between this study.

and other studies points to a need for further research to investigate
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the relative importance of these differences to outcome. Among those
methodological variables and issues requiring further investigation are:

o The availability of a response manipulandum under conditions of
noncontingnet stimulus presentation.

o The ability to swvitch from one schedule to another at will.

o0 MNeasgures of preference (e.g., duration, number of reinforcers,
frequency of selection).

o Reinforcing aspects of the stimulus characteristics inherent under
contingent reinforcement (e.g., aperiodiec, changing).

o Length of time subjects are exposed to each schedule.

o Determining the subject’s ability to discriminate betwveen the two
schedules.

Within the context of the present experiment, several
methodological changes may have assisted in obtaining clearer results.
First and foremost, it would have been helpful to eliminate the
potential influence of position preference. Although the right sided
preference vas not statistically significant, it did appear to exert:
some influence over choice and it would have been helpful to avoid this
potential bias. Perhaps this could have been accomplished by having one
presentation screen and two attached choice mesnipulanda. Even simpler,
perhaps the tvo sources of stimulus presentation could have been stacked
on top of one another.

Procedural changes aimed at aiding in the discriminability of
contingent and noncontingent stimulus presentation would also have been
helpful. At the very least, it vould have been beneficial to insure

that the procedures did not in any wvay encourage responding during
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noncontingent pregentations. Potential variations 4in procedures to

achieve these outcomes are as followvs:

o]

Use of a different response for choice and responding during
vieving periocd. At the very least, this change would eliminate the
initial contingency during noncontingent presentation wvhen the
choice response activated the first slide during the viewing
period.

Tighten up the contingency betwveen responding and stimulus
presentation. That is, there was a very hrief lag betwveen panel
press and stimulus presentation due to the use of slide projectors.
The use of a response vhich took more time to perform may have
helped to slov responding dovn and insure a better correlation.

The physical spacing of the tvo penels wmay have been ascsistive in
insuring that the subjects perceived the tvo schedules as being
independent (i.e., not viewved as one unit).

It may have been helpful to provide a longer exposure to each
schedule per trial during training to assist in discrimination.



az

BIBLIOGRAPHY

Ainsvorth, M.D.S. & Bell, S.HMH. (1974). Mother-infant interaction and
the development of competence. In K.J. Conolly & J.S. Bruner
(Eds. ), The Growth of Competence. HNew York: Academic Press.

Antonitis, J.J. (1978). HNotivating effects of free auditory stimuli on
the bar-pressing behavior of pre-scheol children in a real-life
situation. Journal of Genetic Psycholoqy, 133, 79-90.

Baum, W.M. (1973). The correlation-bagsed lav of effect. Journal of the
Experimental Analysis of Behavior, 20, 137-133.

Baum, W.M. & Rachlin, H.C. (1969). Choice as time allocation. Journal
of the Experimental Anaylsis of Behavior. 12, 861-874.

Bloomfield, T.NM. (1972). Reinforcement schedules: contingency or
contiguity? In R.M. Gilbert and J.R. Millenson (Eds.),
Reinforcement. New York: Academic Press, 165-208.

Brennan, W.N., Ameg, E.W., & Moore, R.W. (1966). Age differences in
infants’ attention to patterns of different complexities. Science,
151, 354-3S6.

Brovnstein, A.J. & Pliskoff, S.S. (1968). Some effects of relative
reinforcement rate and changeover delay in response-independent
concurrent schedules of reinfaorcement. Journal of the Experimental
Analysis of Behavior, 11, 683-688.

Butterfield, E.C. & Sipperstein, G.¥W. (1972). Influences of contingent
and auditory stimulation upon nonnutritional sucking. In J. Bosma
(Ed.) Oral Sensation and Perception: The mouth of the Infant.
Springfield, Illinois: Charles C. Thomas.

Caran, R.F. (1967). Visual reinforcement of head-turning in young
infants. Journal of Experimental Child Psychology, 3, 489-511l.

Caron, R.F., Caron, A.J., & Caldwell, R.C. (1971). Satiation of visual
reinforcement in young infants. Developmental Psychology, 5, 279-
290.

Charlesvorth, ¥.R. (1966). Persistence of orienting and attending
behavior in infants as a function of stimulus-locus uncertainty.
Child Development, 37, 473-491.



as

Clarke-Stewart, K.A. (1973). Interactions betveen mothers and their
young children: Charateristicas and consequences. MNMonographs of the
Society for Research in Child Development, 38 (6-7, Serial No. 153).

Cohen, L.B. (1969). Observing responses, vigual preferences, and
habituation to visual stimuli in infants. Journal of Experimental
Child Pgychology, 7, 419-433.

Cohen, L.B. & Gelber, E.R. (1975). 1Infant visual memory. In L. Cohen
and P. Salapatek (Eds.), Infant Perception: From Sensation to
Cognition: Basic Processes. New York: Academic Press, 347-403.

Cohen, L.B., Gelber, E.R., & Lazar, M.A. (1971). 1infant habituation and
generalization to differing degrees of stimulus novelty. Journal of

Experimental Child Psychology, 11, 379-389.

Cotton, J.W., Lewvis, D.J., & Metzger, R. (1958). Running behavior as a
function of apparatus and restriction of goal box activity. Journal

of Comparative Physioclogical Psychology, 51, 336-341.

Collings, C., Kessen, W., & Haith, M. (1972). HNote on an attempt to
replicate a relation between stimulus unpredictability and infant
attention. Journsl of Experimental Child Psychology, 13, 1-8.

DeCasper, A.J. & Carstens, A.A. (1981). Contingencies of stimulation:
Effects on learning and emotion in neonates. Infant Behavior and

Development, 4, 19-35,

Dember, W.N. & Earl, R.W. (1957). Analysis af exploratory, manipulatory,
and curiosity behavior. Psychological Review, 64, 91-96.

Enright, M.K., Rovee-Collier, C.K., Fagen, J., & Caniglia, K. (1983).
The effects of distributed training on retention of operant
conditioning in human infants. Journal of Experimental Child

Psychology, 36, 209-225.

Fagen, J.W. {(1977). Interproblem learning in ten-month-old infants.
Child Development, 48, 786-798.

Fagen, J.W. (1980). Stimulus preference, reinforcer effectiveness, and
relational responding in young infants. Child Development, 51, 372-
378.

Fagen, J.¥. & Rovee, C.K. (1976). Effects of quantitative shifts in a
vigual reinforcer on the instrumental response of infants. Journal

of Experimental child Psychology, 21, 349-36l.



as

Fagen, J.W. & Rovee-Collier, C.K. (1982). A conditioning analysis of
infant memory: How do we know they knov what we knov they knew? In
R.L. Issacson & N.E. Spear (Eds.) The Expression of Knowledge. Hew
York: Plenum Press, 67-1ll.

Fantz, R.L. & Fagan, J.F. (1973). Visual attention to size and number
of pattern details by term and preterm infants during the first six
months. Child Development, 16, 3-18.

Ferster, C.B. & Skinner, B.F. (1957). Schedules of Reinforcement. New
York: Appleton-Centruy-Crofts.

Finkelstein, N.¥W. & Ramey, C.T. (1977). Learning to control the
envircnment in infancy. Child Development, 48, 806-819.

Fitzgerald, H., & Porges, S. (1971). A decade of infant conditioning and
learning research. Merrill Palmer Quarterly, 17, 79-117.

Foster, M., Vietze, P., & Friedman, S. (1973). Visual attention to
noncontingent and contingent stimuli during early infancy.
Proceedings, 81st Annual Convention, APA.

Friedlander, B. (1970). Receptive language development in infancy:
Issues and problems. MNerrill Palmer Quarterly, 16, 7-51.

Freidman, S., Bruno, L.A., & Vietze, P. (1974). HNevborn habituation to
*vigsual stimuli: A sex difference in novelty detection. Journal of

Experimental Child Psycholoqy, 18, 242-251.

Gekoski, M.J., & Fagen, J.W. (1984). Noncontingent stimulation, stimulus
familiarization, and subsequent learning in young infants. Child
Development, 55, 2226-2233.

Glenn, S.M. (1983). The application of an automated system for the
assessment of profoundly mentally handicapped children.
Internstional Journal of Rehabilitation Research, 6, 358-360.

Greenberg, D.J. (1971). Accelerating visual complexity levels in the
human infant. Child Development, 42, 905-918.

Greenberg, D.J. & O’Donnell, W.J. (1972). Infancy and the optimal level
of stimulation. Child Development, 43, 639-645.

Greenberg, D., Uzgiris, 1.C., & Hunt, J.McV. (1970). Attentional
preference and experience: III. Visual familiarity and looking
time. Journal of Genetic Fsycholoqy, 117, 123-135.

Greenberq, D. & Weizmann, F. (1971). The neasuremnent of visual
attention in the infant: A comparison of two methodologies. Journal

of Experimental Child Psychology, 11, 234-243.



90

Haith, MN.NM. (1972). The forgotten message of the infant smile.
Merrill-Palmer Quarterly, 18, 321-322.

Haith, M.M., Kessen, W., & Collins, D. (1969). Response of the human
infant to level of complexity of intermittent visual movement.
Journal of Experimental Child Psychology, 7, $52-69.

Hayes, L.A., Ewy, R.D., & Watgon, J.S. (1982). Attention as a predictor
of learning in infants. Journal of Experimental Child Psycholoqy,
34, 38-4S.

Hayvood, H.C. & Burke, W.P. (1977). Development of individual
differences in intrineic motivation. In I.C. Uzgiris & F. Weizmann

(Eds.) The Structuring of Experience. Nev York: Plenum Press, 235-
263.

Hebb, D. (1955). Drives and the CHS. Psycholoqical Review, 62, 243-254.

Helson, H. (1948). Adaptation-level as B basis for a quantitative
theory of frames of reference. Pesychological Review, 355, 297-313.

Herrnstein, R.J. (1964). Secondary reinforcement and rate of primary
reinforcement. Journal of the Experimental Analysig of Behavior, 7,
27-36.

Herrnstein, R.J. {1969). Method and theory in the study of avoidance.
Paychalogical Review, 76, 49-69.

Herrnstein, R.J. (1970). On the lav of effect. Journal of ¢the
Experimental Analysis of Behavior, 13, 243-266.

Hershenson, M., Munsinger, H., & Kessen, W. (1965). Preference for
shapes of intermediate variability in the newborn infant. Science,
147, 630-63l.

Hopkinsg, J.R., 2Zelazo, P.R., & Kagan, J. (1973). Discrepancy as a
determinant of reinforcing effectiveness in infants. Proceedings of

i, e —————— S ——————————————  ———

Association, 8, 69-70.

Horowitz, F. (1969). Learning, development, research and individual
differences. In L. Lipsitt & H. Reese (Eds.), Advances in Child
Development and Behavior: 1V. New York: Academic Press, 84-127.

Horowit=z, F.D. (1975). Visusl attention, auditory stimulaiion. and
language discrimination in young infants. MNonorgaphs of the Society
for Resgearch in Child Development, 39.




91

Hulsebus, R.C. (1973). Operant conditicning of infant behavior. In H.
Reese (Ed.) Advances in Child Development and Behavior. HNew York:
Academic Press, 111-1358.

Hunt, J.NcV. (197Q). Attentional preference and experience: 1.
Introduction. Journal of Genetic Psychology, 117, 99-107.

Isaacson, R.L. & Spear, H.E. (Eds.) (1982). The Exprescion of Knowledge
Neurcbehavioral Tranformations of Information into Action. Plenum
Press, Nev York.

Jensen, G.D. (1963). Preference for bar pressing over ®“freeloading" as
a function of number of revarded presses. Journal of Experimental

Psychology, 65, 451-454.

Karmel, B.Z. (1969). The effect of =age, complexity, and amount of
contour on pattern preferences in human infants. Journal of

Experimental Child Psycholoqy, 7, 339-354.

Killeen, P. (1968). Response rate as a factor in choice. Psychonomic
Science, 12, 34.

Krafchuk, E.E., Sameroff, A.J. & Bakow, H. t1976). HNewborn temperament
and operant head turning. Paper presented at Southeast Regional
Heeting of the Society for Research in Child Developnent, HNashville,
April, 1976.

Lancioni, G.E. (1980). Infant operant conditioning and its implications
for early intervention. Psychological Bulletin, 88, 516-534.

Leuba, €. (1955). Tovard some integration of learning theories: The
concept of optimal stimulation. Psychological Reports. 1, 27-33.

Leuba, C. & Freidlander, B. (1968). Effects of controlled audio-visual
reinforcement on infant’s manipulative play in the home. Journal of

Experimental Child Pgychology, &, 87-99.

Levison, C.A. & Levison, P.X. (1967). Operant conditioning of head
turning for visual reinforcement in three month old infants.
Psychongmic Science, 8, 529-530.

Levis, H.L. & Goldberg, S. (1969). Perceptuasl-cognitive development in
infancy: a generaslized expectancy model as a function of mother-
infant interaction. Merrill-Palmer Quarterly, 15, 81-100.

Lipsitt, L.P. (1963). Learning in the first year of life. In L.P.
Lipgsitt and C.C. Spiker (Eds.), Advances in Child Development and
Behavior, Nev York: Academic Press, 147-195.



92

Lipsitt, L.P. (1976). Developmental psychology comes of age: A
discusgion. In L.P. Lipsitt (Ed.), Developmental Psychobioloqy: The

Significance of Infancy. New York: Lawrence Erlbaum and Associates.

Lipsitt, L.P., Kaye, H., & Bosack, T.N. (1966). Enhancement of neonatal
suching through reinforcement. Journal of Experimental child
Psychology, 4, 163-168.

Lipsitt, L.P., Pederson, L.J., & Delucis, C.A. (1966). Conjugate
reinforcement of operant responding in infante. Psychonomic Science,
4, 67-68.

Lipsitt, L., & Werner, J. (1981). The infancy of human learning
procesges. In E. Gollin (Ed.), Developmental Plasticity. New York:
Academic Press.

Mast, V.K., Fagen, J.¥., Rovee-Collier, C.K., & Sullivan, M.W. (1980).
Inmmediate and long-term memory for reinforcement context: The
development of learned expectancies in early infancy. Child
Development, 51, 700-707.

McCall, R.B. (1971). Attention in the infant: Avenue to the study of
cognitive development. In D. Walcher and D.L. Peters (Eds.), Early

Childhood: The Development of Self-Requlatory Mechanisms. Nev York:
Academic Press, 107-140.

McCall, R.B. (1972). Smiling and vocalization in infants as indices of
perceptual-cognitive processes. Merrill-Palmer Quarterly, 18, 341-
347.

McCall, R.B. (1973). Encoding and retfieval of perceptual memories
after long-term familiarization and the infant’s response to
discrepancy. Child Development, 89, 310-318.

MecCall, R.B., Heogarty, P.S., Hamilton, J.S., & Vincent, J.H.. (1973).
Habituation rate and the infant’s response to visual discrepancies.
Child Developwent, 44, 280-287.

McCall, R.B. & Kagan, J. (1967). Stimulus-schema discrepancy and

attention in the infant. Journal of Experimental Child Psychology,
9, 381.390.

McCall, R.B. & Kagan, J. (1970). Individual differences in the infant'’s
distribution of attention to stimulus discrepancy. Developmental

Psychology, 2, 90-98.

McCall, R.B. & Melson, W.H. (1969). Attention in infants as a function
of magnitude of discrepancy and habhituation rate. Psychonomic
Science, 17, 317-318S.




a3

McCall, R.B. & McGhee, P.E. (1977). The discrepancy hypothesis of
attention and affect in infants. In I.C. Uzgiris & F. Weizmann

(Eds. ). The Structuring of Experience. Nev York: Plenum Press,
179-210. .

Helson, W.H. & McCall, R.B. (1970). Attentional response of five-month
girls to discrepant auditory stimuli. Child Development, 41, 1159-
1171.

Millar, W.S. (1972). A study of operant conditioning under delayed
reinforcement in early infancy. Honographs of the Society for
Research in Child Development, 37, 1-44.

Millar, W.S5. (1976). Operant acquisition of =social behaviors in
infancy: Basic problems and constraints. In H. Reese (Ed.),
Advances in Child Development and Behavior. Nev York: Academic
Press, 107-140.

Miller, I.W. & Norman, W.H. (1979). Learned helplessnese in humans, A
reviev and attribution-theary model. Psychological Bulletin, 86, 93-
118.

Moore, J. & Fantinao, E. (1975). Choice and response contingencies.
Journal of the Experimental Anaslysis of Behavior, 23, 339-347.

Munsinger, H. & V¥Weir, W. (1967). Infantse’ and young childrens’
preference for complexity. Journal of Experimental Child Psycholoay,
S, 69-73.

Neuringer, A.J. (1969a). Delayed reinforcement after a fixed-interval.
Journal of the Experimental Analysis of Behavior, 12, 375-383.

Heuringer, A.L. (1969b). Animale respond for food in the presence of
free food. Science, 166, 399-401.

Piaeget, J. (1952). The Origins of Intelligence in Children. New Yark:
Norton.

Ramey, C.T. & Finkelstein, N.W. (1978). Contingent stimulation and
infant competence. Journal of Pediatric Psychology, 3, 89-S6.

Routh, D. (1969). Conditioning of vocal response differentiation in
infants. Developmental Psychology, 1, 219-226.

Rovee, C.K. & Fagen, J.¥W. (1976). Extended conditioning and 24-hour
retention in infants. Journal of Experimental Child Psychology, 21,
1-11. :



94

Rovee, C.K. & Rovee, D.T. (1969). Conjugate reinforcement of infant
exploratory behavior. Journal of Experimental Child Psychology. 8,
33-39.

Rovee-Collier, C.K. & Capatideg, J.B. (1979). Positive behavioral
contrast in 3-month-old infants on multiple conjugate reinforcement
schedules. Journal of the Experimental Analyeis of Behavior, 32, 15-
27.

Rovee-Collier, C.K. & Gekoski, M.J. (1979). The economics of infancy: A
reviev of conjugate reinforcenent. In H.¥W. Reese & L.W. Lipsitt
(Eds. ), Advances in Child Development and Behavior, New York:
Academic Press, 195-255.

Rovee-Collier, C.K., Morrongiello, B.A., Aron, M., & Kupersmidt, J.
(1978). Topographical response differentiation and reversal in 3-
month-old infants. Infant Behavior & Development, 1, 323-333.

Saayman, G., Ames, E., & Noffett, A. (1964). Response to novelty as an
indicator of visual discrimination in the human infant. Journal of

Experimental Child Psycholoqy, 1, 189-198.

Sameroff, A.J. (1968). The components aof sucking in the human newborn.
Journal of Experimental Child Psychology, &, 607-623.

Sameroff, A.J. (1972). Leérning and adaptation in infancy: A comparison
of modelzs. In H.W. Reesge (Eds.), Advances in Child Development and
Behavior, Hew York: Academic Press, 169-214.

Sameroff, A.J. & Cavanaugh, P.J. (1979). Learning in infancy: A
developmental perspective. In J.D. Osofsky (Ed.) Handbook of Infant
Development. New York: John Wiley & Sons, 344-392.

Schwart=z, B. (1978). Psycholoqy of Learning and Behavior. Hew York: W.W.
Norton Co., Inc. :

Seligman, M.E.P. (1975). Helplessness: On Depressien, Development, and
Death. San Francisco: ¥.H. Freeman.

Seligman, M.E.P., Maier, S.F., & Solomon, R.L. (1971). Unpredictable
and uncontrollable aversive events. In F.R. Brush (Ed.), Aversive
Conditioning and Learning. Nev York: Academic Press, 347-400.

Sheppard, W.C. (1969). OQOperant control of infant vocal and motor
behavior. Journal of Experimental Child Psychology, 7, 36-51.

Silverstein, A. (1972). Secondary reinforcement in infante. Journal of
Experimentsal Child Psychology, 13, 138-144.



95

Simmons, M.W. (1964). Operant discrimination learning in human infants.
Child Development, 35, 737-748.

Singh, D. (1970). Preference for bar pressing to obtain revard over
free-loading in rats and children. Journal of Comparative and

Physiological Psychology, 73, 320-327.

Siqueland, E.R. (1964). GOperant conditioning of head turning in four
month old infants. Psychonomic Science, 1, 223-224.

Siqueland, E.R. (1968). Reinforcement patterns and extincticn in human
nevborns. Journal of Experimental Child Paychology, 6, 431-442.

Siqueland, E.R. & DelLucia, C.A. (1969). Vigual reinforcement of
nonnutritive sucking in human infants. Science, 165, 1144-1146.

Siqueland, E.R. & Lipsitt, L.P. (1966). Conditioned head turning in
human nevborns. Journal of Experimental Child Psycholeqy, 3, 3S6-
376.

Staddon, J.E.R. & Simmelhaq, V.L. (1971). The "superstition® experiment:
A re-examination of its implications for the principles of adaptive
behavior. Psychological Review, 78, 3-43.

Super, C.M., Kagan, J., Morrison, F.J., Haith, M.M., & Weiffenback, J.
(1972). Discrepancy and attention in the five month old infant.
Genetic Psychology Monographs, 85, 305-331.

Thorndike, E.L. (1911). Animal Intelligence. Nev York: Macmillan.

Thornton, J.W., & Jacobs, P.D. (1971). Learned helplessness in human
subjects. Journal of Experimentpl Psycholoqy, 87, 367-372.

Thomas, H. (1965). Visual-fixation responses of infants to stimuli of
varying complexity. Child Development, 36, 629-638.

Uzgiris, 1.C. & Hunt, J.McV. (1965). The effect of recognition on infant
attention: A longitudinal study. Paper presented at the Society for
Research in Child Development, Minneapolis, Minn.

Uzgiris, I.C. & Hunt, J.NecV. (13870). Attentional preference and
experience: 11. An exploratory longitudinal study of the effect af
visual familiarity and responsiveness. Journal of Genetic

Psycholoqy, 117, 109-121.

Vietze, P., Friedman, 5., & Foster, M. (1974). Non-contingent
stinmulation: Effects of stimulus movement on infants’ visual and
motor behavior. Perceptual and Motor Skills, 38, 331-336.



96

Wachg, T.D. (1977). The optimal stimulation hypothesis and early
development: Anybody got a match? In I.C. Uzgiris & F. Weismann

(Eds.) The Structuring of Experience. New York: Plenum Press, 1S3-
175.

Watson, J.S. (1966). The development and generalization of "contingency
avareness" in early infancy: Some hypotheses. MNerrill-Palmer
Quarterly, 12, 123-135.

Watson, J.S. (1971). Cagnitive-perceptual development in infancy:
Setting for the seventies. Merrill-Palmer Querterly, 17, 139-152,

Watson, J.S. (1972h), Smiling, cooing, and *"The Game." Merrill-Palmer
Quarterly, 18, 323-339.

Watson, J.S. (1981). Contingency experience in behavioral development.
In G. Barlow, K. Immelmann, M. Main, & L. Petrinovich (Eds).
Behavioral Development: The Bielefeld Interdisciplinary Project. Nevw
York: Cambridge University Press, 83-88.

Watson, J.S. & Ramey, C.T. (1972). Reactions to respanse-contingent
stimulation in early infancy. Merrill-Palmer Quarterly, 18, 219-227.

Weigberg, P. (1969). Qperant procedures for the establishment of
stimulus control in tvo year old infants. Journal of Experimental
Child Psycholoqy, 7, 81-95.

Weisburg P. & Simmons, M.¥W. (1966). A modified WGTA for infants in their
second year of life. Journal of Psychalogy, 63, 99-104.

Weizman, F., Cohen, L.B., & Pratt, R.J. (1971). Novelty, familiarity,
and the development of infant attention. Developmental Psycholoagy,
4, 149-154.

Welch, M.J. (1974). Infants’ visual attention to varying degrees of
novelty. Child Development, 45, 344-350.

White, R.¥W. (1959). Motivation reconesidered: The concept of competence.
Psychological Review, €6, 297-333.

Yarrow, L.J., Rubenstein, J.L., Pedersen, F.A., & Jankowski, J.J.
(1972). Dimensions of early stimulation and their different effects
on infant development. Merrill-Palmer Quarterly, 18, 205-218.

2elazo, P. (1972). Smiling and vocalizing: A cognitive emphasis.
Merrill-Palmer Quarterly, 18, 349-365.



97

Zelazo, P.R., Hopkins, J.R., Jacobson, S., & Kagan, J. (1973).
Pesychological reactivity to discrepant events: Support for the
curvilinear hypothesis. Cognition, 2, 385-393.

Z2elazo, P. & Komer, M. (1971). Infant smiling to non-social stimuli and
the recognition hypothegis. Child Development, 42, 1327-1339.



APPENDIX A

Description of Experimental Conditions
for Individual Subjects

98



Description of Experisental] Conditions for Individusl Subjects

IT:W} TRAINING PREFERENCE REVERSAL REVERSAL 2 REVERSAL 3
Contingent Contingent Additionel] Contingent Additionsl] Contingent Additional
Contingent Nunber of Pane) Nusber of Panel Nusber of Training Panel Nusber of Trsining Panel Number of Training
-3 Fenel Trisla (Rt.714%.) Trials (Rt. 7L4t.) Trisls (Yes/No) {Rt. 7L1t.)  Trials {Yes/No} (Rt./L1t.) Trisla (Yes/No}
1 R 9 ] 13 L 6 Y . . . . * ¢
2 L 12 L 10 R 10 N . . 4 * . ¢
3 L 12 L 11 R 6 N . . . . * ¢
4 R 8 R 10 L 12 N . . . . . ¢
s L 8 L 10 1] 13 Y . . . 4 . ¢
X3 L [ L 10 R 13 Y . . . . . *
7 L 8 L 10 R 13 Y . . . . . ¢
-]
8 L 8 L 10 R 10 Y L 18 ] . . ¢
9 L s L 10 R 15 Y . . . . . *
10 R 3 R 10 L 10 Y . . . . . *
11 R [ R 10 L 12 N R s N L a7 Y
12 L 8 L 10 R 17 Y ’ . . . . ¢
13 R 8 R 1 L 15 Y . . . . . *
" L 20 L 16 H] 12 Y . ’ 4 . * *
13 R 8 ® 1" L 21 Y R 18 H] . . .
g
16 L 8 L 10 K 18 Y L 16 Y R 9 N
17 L 1 L 13 R 10 Y . . . . * ¢
18 R 8 R 10 L 27 Y 0 . . . . .
19 L 8 L 14 ] 1 Y . . 4 . . *
20 R 8 [ 21 L 10 y R 16 Y L 18 ]
21 L 10 L 27 R 15 N L 10 ¥ R 10 N

" 66



100

APPENDIX B
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Analysis of Varinnce of Children‘’s Choice of Schedules for Conditions, Blocks,
Age, Contingency, and Training Side

SOURCE sus OF DEGREES OF MEAN F
SQUARES FREEDON SQUARE
A
B See AROVAE for Selection of Contingent and Selection of
c Honcontingent Schedules of Stimulus Selection.
E
D 1.29808 1 1.296e08 0.64
DXC 0.65625 2 0.32812 0.16
DXE 3.60577 - 1 3,60577 1.77
DXCXE 0.3262%5 2 0.16312 0.08
Error 30. 62500 15 2.04167
AXD 4.85192 1 4.85192 0.57
AXDpDXC 1.28625 2 0.64312 0.08
AXDXE 60.41603 1 60.41603 7.12¢
AXDXCXE 14.58625 2 7.29313 0.86
Error 127.22500 15 8. 48167
BXD 0.87756 1 Q. 87756 0.23
BXDXC 10.'47625 2 5.23613 1.37
BXDXE 0.33910 1 0.33910 0.09
BXDXCXE 4, 55625 2 2.27812 0.60
Error : 57. 22500 15 3.81500
AXBXD 1.93910 1 1.93910 1.09
AXBXDXC 0.03625 2 0.01812 0.01
AXBXDXE’ 0. 40064 1 0.40064 0.23
AXBXDXCXE 0. 38625 2 0.19313 0.11
Error 26.62500 15 1.77500
ep < .02

Variable Names

Condition
Blocks

Age Group
Contingency
Training Side

moaow>
LI I ]
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Analysis of Variance af Children’s Choice af Contingent Schedule for Conditions,
Blocks, Age, Contingency, and Training Side.

SOURCE sum oF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE

Age 0.64313 2 0.32156 0.26
TSide 1.27212 1 1.27212 1.03
Age X TSide 0.38813 2 0. 19406 0.16
Error 18.612%0 15 1.24083

Caondition 1.11571 1 1.1157% 0.25
Condition X Age 1.93812 2 0. 96906 Q.22
Condition X TSide 32,6157 1 32.61571 7.36e
Condition X Age X TSide 7.87812 2 3.93906 0. 89
Error 66.51250 15 4.43417

Blocks 0.025%6 1 0.02596 0.01
Blocks X Age 3.94213 2 1.97156 0.94
Blocks X TSide 0.03878 1 0.03878 0.02
Blocks X Age X TSide 2.89312 2 1.44656 0.69
Error 31.51250 15 2.10083

Condition X Blocks 0.23365 1 0.23365 0.24
Condition X Blocks X Age 0.40312 2 0.20156 0.2
Condition X Blocks X TSide 0.05417 1 0.05417 0.06
Cond.X Blcks.X Age X TSide 0.02813 2 0.01406 0.01
Error 14.61250 18 0.97417

e p< .02
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Analysis of Variance of Children’s Choice af Noncontingent Schedule for Condition,

Blocks, Age Group, and Training Side.

SQURCE

suM oF DEGREES OF MEAN F
SQUARES FREEDOM SQUARE
Age 0.99313 2 0. 49656 0.51
TSide 2.4259% 1 2.42596 2.49
Age X TSide 0.11812 2 0. 05906 0.06
Error 14. 61250 15 0.97417
Condition 4.23a78 " 4.23878 1.00
Condition X Age 0.232812 2 0. 16406 0.04
Canditicn X TSide 27.89263 . 1 27.89262 6.61e
Condition X Age X TSide 6.88812 2 3. 44406 0.82
Error 63. 31250 15 4.22083
Blaocks 1.35417 1 1.35417 0.72
Blocks X Age 7.51213 2 3. 75656 1.99
Blocks X TSide 0.39263 1 0.39263 0.21
Blocks X Age X TSide 1.84312 2 0.92156 0.49
Error 28.31250 15 1.88750
Condition X Blocks 2.20801 1 2.20801 2.27
Condition X Blocks X Age  0.61213 2 0. 30656 0.31
Condition X Blocka X TSide 0.43878 1 0.43878 0.45
Cond.X Blcks.X Age X TSide 0.53813 2 0.26306 0.28
Error 14.61250 15 0.97417

e p< .02
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Analyais of Variance of Children’s Mean Frequency of Panel Preases During 15-gecond
Vieving Periods for Condition, Blocks, Age, Contingency, and Training Side

SOURCE sun OF DEGREES OF NEAN F
SQUARES FREEDON : SQUARE
c 17.43487 2 8.71744 0.27
E 0.00617 1 0.00617 0.00
CXE _ 138. 01954 2 69.00977 2.10
Error (Between S 8) 492, 04333 13 32, 80289
A 97. 85964 2 48,.92982 4,07cee
AXC S54.74428 4 13, 68607 1.14
AXE 3. 37405 T2 1.68703 0.14
AXCXE 85. 12834 4 23.28209 1.77
Error 360. 31640 30 12,01055
B 5.73992 1 5.73992 1.07
BXC 11.13226 2 5.56613 1.04
BXE 0.84138 1 0.84138 0.16
BXCXE 0.04248 2 0.02124 0.00
Error 80.65930 15 5.37729
A 1.33053 2 0. 66526 0.13
AXBXC 9.27163 4 2.31791 0.46
AXBXE 22.49439 2 11.24719 2.24
AXBXCXE 12, 51528 4 3.12882 0.62
Error 150.73329 30 S. 02444
D 2.91213 1 2.91313 0.39
DXC 12.77281 2 6.38640 0.86
DXE 1.85458 1 1.85458 0.2%
DXCXE 1.84257 2 0.92128 0.12
Error 111.52872 15 7.43525
AXE 0.58977 2 Q.29488 0.07
AXDXC 38.09543 4 9.52386 2.26
AXDXE 27.14380 2 13.57190 3.23»
AXDXCXE 24.94989 4 6.23747 1.48
Error 126.15232 30 4.20508
BXD 10.25977 1 10, 25977 2.88
BXDXC 10.40101 2 5. 20051 1.46
BXDXE 0. 00056 1 0. 00056 0.00
BXDXCXE 17.10479 2 8, 55239 2.40
Errar 53. 36844 15 3.55790
AXBXD 9.13844 2 4.56922 1.37
AXBXDXC 37.82337 4 9.45584 2,840
AXBXDXE 1.97959 2 0.98979 0.30
AXBXDXCXXE 20.07425 4 5,01856 1.51
Errar 99.83333 30 3.32844
e p< .02
ee p < .04 A = Condition
eee p < .03 B = Blocks

C = Age Group

D = Contingency

E =z Treining Side




