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ABSTRACT

Domestic hens served in three experiments examining the effects of
varying the temporal proximity of component schedules on behaviour
on multiple variable-interval variable-interval schedules. 1In all
experiments response rates on each component schedule and in
successive subintervals of the components were determined. Data
were analysed to obtain estimates of the parameters of the
Generalised Matching Law for total responding and for responding in
successive subintervals of components. Four hens served in the
first experiment which examined the effects of reducing component
duration while reinforcement rates in the component schedules were
frequently reversed. The results indicated that values of the
parameter a of the Generalised Matching Law generally increased as
component duration was reduced. Changes in response rates
contributing to the decrease in a values varied across hens. Local
positive and local negative contrast were present in all hens’ data
in some conditions but not in others. The conditions in which these
phenomena occurred varied across hens. For three hens values of a
declined across successive subintervals of components at all
component durations. This effect was also present at the longer
component durations in the fourth hen’s data but, for this hen's
data, a values increased over successive subintervals when component

duration was reduced.

The second experiment examined the effect of increasing and then
decreasing the duration of an intercomponent blackout. Six hens
served in this experiment. Blackout durations examined were 1 s, 10
s, 30 s, 60 s, 120 s, 180 s and 297 s. At each blackout duration
the reinforcement rates in component schedules were varied.

Response rates on both components of the multiple schedules tended
to increase as the blackout duration was increased. Values of the
parameter a decreased as blackout duration was increased and for
five birds became negative. Changes in a values and response rates
across successive subintervals similar to those seen in the first
experiment were present when the blackout duration was 1 s. As
blackout duration was increased these changes were attenuated.
Values of a and response rates for overall responding observed when
blackout duration was 1 s and 30 s were not replicated when blackout

duration was then decreased.
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The third experiment examined the effects of blackout duration using
multiple-multiple schedules. 1In the first phase of this experiment
the behaviour of six hens on the multiple schedules of the multiple-
multiple schedules was compared with behaviour of the same hens on
each multiple schedule when one schedule was presented in each
condition. The results of this phase suggested that behaviour on
each multiple schedule of the multiple-multiple was qualitatively
similar to behaviour on the same multiple schedules when they were
presented singly. In the second phase of this experiment three of
the hens employed in the first phase were exposed to a series of
conditions where the duration of an intercomponent blackout was
varied. The blackout durations examined in the order they were
presented were 1 s, 30 s, 60 s, 0 s, 120 s. For two of the hens’
data values of a for overall responding decreased as a function of
blackout duration. For one of these hen’s data a values became
negative. For the third hen’s data a values decreased when the
blackout duration was increased to 120 s. Absolute response rates
contributing to these a values varied across hens. Within component
changes in response rates also varied across hens. Values of a
decreased across successive subintervals for all hens’ data when no
blackout separated components but this effect was present in only
one hen’s data in other conditions. 1In general changes in response
rates and a values as a function of component or blackout duration
were not explicable in terms of the changes in behaviour across

successive subintervals of components.

These results were examined in terms of several theories previously
proposed to explain multiple-schedule performance. It was concluded
that none of these could easily accommodate the results obtained in

the experiments presented here.



iv

DEDICATION

During my time at the University of Waikato I have had the great
privilege of being taught and nurtured by Dr Michael Hills.

Having first set my sight on completing a Bachelors degree, it was
his interest in me and encouragement of me that provided the
confidence and impetus to further my academic career. In this
process he has provided me with a model of academic integrity, and

has served as an exceptional mentor.

In acknowledgement of his influence on me, I wish to dedicate this

thesis to him.



ACKNOWLEDGEMENTS

To Dr T.M. Foster and Dr W. Temple I offer my thanks for your
advice, encouragement and support while carrying out the
experimental work for this dissertation. I will never cease to
appreciate the hours you have both put in reading, and rereading.
I hope that some day your nights and weekends will be your own.

To all those students who have passed through the lab at Number 3
Dairy, Ruakura while I have been there - thanks for everything.

Len, Julie, Kathy, Mel and Karen you have the unfortunate
distinction of not only being in the lab with me but also being
around while this thesis has been wrung from stone. Those Thursday
nights served as a highlight in my week not only in terms of the
ideas we threw around but also in the camaraderie they engendered.
Kathy, Julie and Len thanks for the coffee, the friendship and the
laughter - a lighted corridor makes a difference on a lonely night.
Mel and Karen your help and words of encouragement have always been
appreciated and your misguided faith in my ability has at least
boosted the ego.

To John Wells thanks for oplot, and your friendship. To Julianne
Boyle your unabated humour against all odds has been appreciated.

To the staff at Number 3 Diary, Ruakura thank-you for your interest,
your friendship and your coffee.

I offer my heartfelt appreciation to Frank Bailey, Lorraine Brown
and her team at the IJK Workcentre, Marian Hughes and Jan Cousens
for your ready assistance whenever I needed it. Rob Bakker -
thanks, I could not have done it without you.

To all those friends and colleagues who have provided me with

encouragement and support, my thanks. In particular thanks to
Delwyn Goodrick, Barbara Fertl, Annette Kaye, Wendy Marsters,

Rob and Jane Martindale and Christine MacKenzie.

To those undergraduate students who despite of there own workloads
have taken time to enquire into my progress and extended the hand of
friendship thanks. In particular I would like to mention Keri
Lawson. You have taught me more than I could ever teach you.

To my fellow doctorate students, Jan Paterson, Katharine Blackman,
Lesley DeMello, and James McEwan thanks for everything. Lesley we
go back a long time and its been great to know you’'re there.
Katharine thanks for all the support and encouragement you have
provided. James thanks for jumping to the rescue when I needed
rescuing. Jan thanks for listening to all my gripes.

To my brother Phillip Scadden, thanks for the mail - it was often
the only thing that kept me logged on.

Finally thanks to Jim and Oliver. Jim there is not a single person
who has done as much for me as you have. Thanks for all the
housework, the childcare, the photocopying, the time you created for
me, and your love. Oliver at seven years of age you have shown a
truly remarkable understanding and tolerance of this process. This
is Mum's book. Edward, hello this is your mother speaking.



ABSTRACT
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES

GENERAL INTRODUCTION

EXPERIMENT 1
Introduction
Method
Results

Discussion

EXPERIMENT 2
Introduction
Method
Results

Discussion

EXPERIMENT 3
Introduction
Method
Results

Discussion

GENERAL DISCUSSION

REFERENCES

APPENDICES
Appendix 1.1
Appendix 2.1
Appendix 2.2
Appendix 2.3
Appendix 3.1

vi

CONTENTS
Page
ii

iv

vi

viii

17
28
31
47

69
74
1717
108

132
135
139
160

172

204

215
221
239
244
246



vii

LIST OF TABLES

Page
Sequence of conditions in Experiment 1. 30
Differences between response rates on the rich and 35
lean schedules on all conditions in Experiment 1.
The highest and lowest a values for hens’ data in 37
Experiment 1 and the component duration at which they
were obtained.
Sequence of conditions in Experiment 2. 76
Values of log ¢, a, standard errors and variance 82
accounted for by regression lines fitted to the data
from the five schedule pairs at each blackout duration
in the ascending series in Experiment 2.
The lowest and highest a values obtained for each hens’ 85
data, the blackout durations at which these occurred
and the duration of blackout at which negative a values
were first noted.
Response rates on each component schedule and the 87

difference between responsé rates on the rich and lean

schedules for Conditions 39 to 42 in Experiment 2.

The parameters a and log ¢ in Equation 4 for Conditions 89

36 to 40 and 41 to 42 in Experiment 2.

The differences between response rates on the rich and 93
lean schedules for conditions in the descending series

in Experiment 2.

Values of log ¢, a, standard errors and variance 94
accounted for by regression lines fitted to the data
from the five schedule pairs at each blackout duration

in the descending series in Experiment 2.

Sequence of conditions in Experiment 3. 138



3.2

3.3

3.4

3.5

Values of log ¢, a, standard errors and variance
accounted for by regression lines fitted to the data
from the five schedule pairs, for both procedures in

Experiment 3.

Values of log ¢, a, standard errors and variance
accounted for by regression lines fitted to data
from each successive 15-s subinterval of components

for both procedures in Experiment 3.

Values of log c, a, standard errors and variance
accounted for by regression lines fitted to data
from the five schedule pairs for Conditions 7 to 11

in Experiment 3.

Values of log ¢, a, standard errors and variance
accounted for by regression lines fitted to data
from each successive 15-s subinterval of components

for Conditions 7 to 11 in Experiment 3.

viii

143

146

152

157



FIGURE

0.

1

LIST OF FIGURES

GENERAL INTRODUCTION

Hypothetical changes in a as a function of time since
exposure to an alternative component.

EXPERIMENT 1
Response rates in S1 and S2 plotted against component
duration for all birds in Experiment 1.
Estimates of a (Equation 4) from data in Experiment 1
plotted as a function of component duration.
Estimates of log c¢ (Equation 4) from data in
Experiment 1 as a function of component duration.
Response rates for each successive subinterval of each
component for all conditions in Experiment 1.
Estimates of a for hens’ data‘in each successive
subinterval of components from Experiment 1.
Estimates of a from the data in Experiment 1 for the
first 15 s, 30 s and 60 s of components where
component duration was greater than or equal to these
times.
Estimates of log ¢ for data from subintervals of
components in Experiment 1.

EXPERIMENT 2
Hypothetical changes in values of a for overall
responding and in successive subintervals of
components as a function of time since exposure
to the previous component.
Response rates on each component schedule in all
conditions of the ascending series.
Differences between response rates on the rich and
lean schedules on the ascending series.
Values of the parameters a and log ¢ in Equation 4
from data on the ascending series.
Response rates on each component schedule on the
descending series.
Values of the parameters a in Equation 4 from the
descending series and for equivalent conditions on

ascending series.

ix

Facing

Page

13

32

36

39

40

42

44

46

70

78

80

84

91

96



2.6

2.7

2.8

2.9

2.10

.11

Values of the parameter c¢ in Equation 4 for data from
the descending series and for equivalent conditions in
the ascending series.
Values of D (Equation 6) for each component for data
from the ascending series.
Values of a (Equation 4) for each successive 15-s
subinterval for conditions in the ascending series.
Values of D (Equation 6) for each component for data
from the descending series together with values of D
for equivalent conditions in the ascending series.
Values of a for each successive 15-s subinterval for
conditions in the descending series and equivalent
conditions in the ascending series.
Absolute values of a for data from the descending
series.

EXPERIMENT 3
Response rates in each component of all multiple
schedules for the MULT MULT and traditional
procedures.
Response rates for each successive 15-s subinterval
of both components of each schedule pair for both
procedures in Phase I.
Values of a (Equation 4) for each successive 15-s
subinterval of components for both procedures in
Phase I.
Response rates on each component of the multiple
schedules from Conditions in Phase II.
Values of the a (Equation 4) for all conditions in
Phase II.
Values of D (Equation 6) for each component schedule
for all conditions in Phase II.
Values of a for successive subintervals of components

for all conditions in Phase 1I.

97

99

102

104

106

112

140

144

148

149

153

155

158



In 1911 Thorndike proposed the law of effect as a qualitative
descriptor of behaviour. This law states that behaviours which are
followed by positive consequences are likely to be repeated while
behaviours followed by negative consequences are unlikely to be
repeated. The law of effect thus identifies the consequence of a
behaviour as the major variable controlling that behaviour.
Subsequent analyses of singlé schedule performance have revealed
that the frequency and conditions under which positive consequences
(reinforcers) are made available influences the behaviour on which
they are contingent (Zeiler, 1977). For example under a Fixed-
Interval X-s schedule ( FI X-s), where a reinforcer is contingent on
the first response after X s has elapsed, response rates tend to be
slow immediately after a reinforcer has been obtained and then
increase rapidly until the next reinforcer is obtained. Under
Variable-Interval X-s schedules (VI X-s), which differ from Fixed-
Interval schedules in that the time period which must elapse between
reinforcers is variable with the mean interval being X s, response
rates tend to be higher and constant. In both FI and VI schedules
as the value of X decreases, that is as the frequency of reinforcers
increase, response rates tend to increase until some asymptotic
level of responding is reached (Catania & Reynolds, 1968;
Herrnstein, 1970; Nevin, 1973). Similarly studies which have
examined other types of schedules have reported distinct and
characteristic patterns of responding. It is therefore possible to
predict in qualitative terms the behaviour of organisms given a
particular schedule of reinforcement. Although attempts to quantify
the relation between reinforcer frequency and absolute response
rates on simple schedules have been made, rates of responding differ
across subjects. Theoretical models have therefore had to
incorporate free parameters, the values of which are not predictable
a priori, and hence predictions of behaviour under such schedules

may be considered more qualitative than quantitative.

When two or more simple schedules are combined into a compound
schedule the situation changes. For example in concurrent VI VI
schedules, two VI schedules are simultaneously available. Animals’
behaviour on each of the component schedules can then be described
not only in terms of absolute response rate, a measure which as
already stated varies considerably across animals, but also in terms

of response rate on one component schedule relative to response rate



on the other component schedule. Although this second measure of
behaviour must be viewed with some caution as it entails the loss of
some information (Catania, 1981), this loss may be justified as use
of this measure has two major advantages over the use of absolute
response rates. Firstly, relative response rate has been shown to
be amenable to quantitative description (Herrnstein, 1961, 1970;
Staddon, 1968; Williams, 1983 and others). Secondly, its apparent
usefulness in describing performance on compound schedules has
served to demonstrate that the relation between response and
reinforcement rates is influenced by the context of reinforcement
(Baum, 1974). That is, when two simple schedules are combined in
some way then an animals’ performance on one schedule appears to be
controlled not only by the reinforcement rate in that schedule but
by the reinforcement rate in the other schedule as well. For
example, in typical performance under concurrent VI VI schedules,
changing the parameters of one VI schedule tends to produce changes
in behaviour on the other schedule. It has therefore been suggested
that it is relative reinforcement rate and not reinforcement rate

per se that controls behaviour.

One of the earliest attempts to quantify the relation between
relative reinforcement rate and behaviour was proposed by
Herrnstein (1961). Herrnstein’s model, now known as the Strict
Matching Law, states that animals will match the relative number of
responses made on one component of a two component concurrent
schedule to the relative rate of reinforcement in that component.

This relation between responding and reinforcement can be expressed

as:

B, Ry
Bi+ B, R+ R, (1)

where B is the number of responses made, R the number of reinforcers
obtained and the subscripts 1 and 2 indicate the component in which

they occur.

Although this equation was tested empirically by Herrnstein (1961),
and reported to describe the data well, Baum (1974, 1979) reviewing
Herrnstein's and others’ studies found this equation to be
inadequate. Baum reported that relative rates of responding were

frequently less extreme than would be predicted by the relative



reinforcement rates and that, in some instances, animals tended to
respond consistently more than predicted on one schedule than
another over a range of relative reinforcement rates. He proposed
that response allocation on concurrent schedules could be better
described by Equation 2 given below where B,, B,, R;, and R,, are as

defined for Equation 1.
= T 6~ (2)

In this equation, known as the generalised matching law (GML), the
exponent a is considered to reflect the sensitivity of responding to
the reinforcement ratios and the parameter c¢ to reflect inherent
bias toward responding to one alternative over another. This
equation when written in logarithmic form, as in Equation 3,
describes a straight line with a slope a and intercept of log c.

ﬁ = alog[f—l—]+logc (3)

2 3

When animals match relative response rates to relative reinforcement
rates a-will equal 1.0. If a is less than 1.0 animals are said to

undermatch and when a is greater than 1.0 they are said to overmatch
(Baum, 1974).

In a review of 103 data sets, Baum (1979) reported that Equation 3
described data from animals working on concurrent schedules well,
with the median a value for the studies examined being 0.83. Thus
relative reinforcement rate may be seen as the major variable
controlling behaviour on concurrent schedules. If relative
reinforcement frequency is the major variable controlling behaviour
in one setting it could be expected to exert similar control in

another context.

Multiple-Schedule Performance

In multiple schedules two or more schedules each associated with a
distinct exteroceptive stimulus are alternated successively and
independently of an animal’s behaviour. Initial studies of
performance on such schedules were primarily concerned with changes
in the absolute response rates observed during a constant component

when reinforcement rate was varied in another. Early studies



typically reported that absolute response rate in one component of a
multiple schedule (MULT) increased when reinforcement and/or
response rate in the other component decreased (e.g.,

Reynolds, 196la, 1961b). This phenomenon, termed positive
behavioural contrast, has been most reliably observed with pigeons
when a MULT VI VI schedule was changed to a MULT VI Extinction (EXT)
(Nevin & Shettleworth, 1966) but has also been reported with other
species including hens (Siegert, 1980), humans (e.g., Rovee-Collier
& Capatides, 1979; Waite & Osborne, 1972), and rats (Beninger &
Kendall, 1975; Blough, 1980; Bradshaw, Szabadi & Bevan, 1978;
Gutman, 1977; Gutman, Sutterer & Brush, 1975 and others). Positive
contrast has also been found with different response topographies
(e.g., Beninger & Kendall, 1975; Coelho de Rose, 1986; McSweeney,
1983; Schwartz, 1986), types of schedules (e.g., MULT FI FI,

Blough, 1980; Coelho de Rose, 1976; Reynolds, 1961b) and various
schedule manipulations in the altered component (Brethower &
Reynolds, 1962; Ettinger, McSweeney & Norman, 1981; Reynolds, 1961a;
1961b; Sadowsky, 1973; Terrace, 1968; Weisman, 1969; Williams, 1976
and others). Negative behavioural contrast where response rate in
an unchanged component decreases when reinforcement and/or response
rate in the changed component increases, has also been reported
(e.g., Ettinger, et al. 1981; King & McSweeney, 1987; McSweeney,
1982; McSweeney, Dougan, Higa & Farmer, 1986, Schwartz, 1986).

In many of the experiments demonstrating contrast, changes in
reinforcement rate have also produced response rate changes in the
altered component, and contrast has been found in some studies which
have changed response but not reinforcement rate. It has therefore
been argued that behavioural contrast occurs as a result of response
rate changes in the altered component (Terrace, 1966, 1968).

However a number of studies have reported contrast where
reinforcement rate changes in the altered component were not
accompanied by response rate changes in that component (e.g.,
Halliday & Boakes, 1974; Thomas & Cameron, 1974). Others have found
no contrast when response rates in one component changed while
reinforcement rates remained the same (Boakes, 1973; Boakes,
Halliday, & Mole, 1976; Halliday & Boakes, 1971; Thomas &

Cameron, 1974; Weisman & Ramsden, 1973). 1In general the majority of
studies suggest that reinforcement rate influences contrast. There

are a few studies (Brownstein & Newsom, 1970; Reynolds & Limpo, 1968



Terrace, 1968; Wilkie, 1973) that have found that changes in
response rates in an altered component, while reinforcement rates
were not changed, may produce contrast. These findings are,
however, less common, more difficult to replicate, and hence may be
described as less important (Williams, 1983). Furthermore a number
of studies examining contrast have found that the magnitude of
contrast observed, that is the extent of change in the constant
component when the reinforcement conditions in the other component
were altered, was proportional to the reinforcement rate in the
altered component (Dysart, Marx, McLean & Nelson, 1974; McSweeney et
al., 1986; Reynolds, 1961b and others). Thus studies of behavioural
contrast in general suggest that relative reinforcement rate
influences behaviour on multiple schedules. However, analysis of
these studies typically concentrated on changes in absolute response
rates in a constant component and in many instances only one
condition involved differential reinforcement rates in the
components. Accurate assessment of the usefulness or relevance of
the GML to the behaviour reported in these studies is therefore
difficult.

Nevertheless several studies of behaviour on multiples schedules
have examined the effects of changing reinforcement rates on
relative response rates. Additionally some studies examining
contrast have used a sufficient number of schedules pairs to allow
estimates of the GML parameters to be calculated. In a review of 22
multiple schedule experiments suitable for such analysis McSweeney,
Farmer, Dougan and Whipple (1986) reported that the values of a
obtained were much lower than those found to describe concurrent-
schedule performance, with the median value of a for these studies
being 0.46. Given this difference between values of a which
typically describe multiple and concurrent-schedule performance it
is possible that behaviour under the two types of schedules cannot
be explained in terms of the same processes. Such a conclusion on
the other hand may be hasty given that the variance accounted for in
multiple-schedule performance by the GML was generally reasonably
high. In their review McSweeney et al. reported that in the studies
examined the GML, as expressed in Equation 2, accounted for a median
of 91 percent of the variance in the data. Taken together the
values of a obtained and the variance accounted for by Equation 2,

indicate that changes in relative response rates observed on



multiple schedules may be largely attributed to the changes in
relative reinforcement rates. However the changes in relative
response rates may be considerably less than, although proportional
to, the changes in reinforcement rates. Thus it appears reasonable
to conclude that behaviour on concurrent and multiple schedules may
be described as a function of the same basic variable; relative
reinforcement rate. It would also appear that the form of the
function relating relative response and reinforcement rates on the
two types of schedule is similar. That is, on both types of
schedule relative response rates appear to be a power function of
the relative reinforcement rates. Thus while behaviour on multiple
and concurrent schedules differ, the difference may be described

solely in terms of the value of the exponent, that is the values of

a.

This analysis serves to highlight the strength and weakness of the
GML. Used as a descriptive tool the GML enables the difference
between performances in different contexts to be identified but,
given that the exponent a is free to vary and is largely undefined,
as an explanation of the behaviour it is limited. As discussed,
when used to describe concurrent-schedule performance, deviations
from strict matching tend to be minimal (Baum, 1979) and therefore
in this context the GML may be seen as having explanatory and
predictive functions. That is, because deviations from matching are
small, relative response ratios can be predicted with reasonable
accuracy given relative reinforcement ratios. Although the actual
process by which matching occurs is subject to some debate (see
Commons, Herrnstein & Rachlin, 1982), animals could be described as
allocating their behaviour between schedules so as to match
approximately the ’'work’ done on a schedule to the reinforcers
available for that 'work’' relative to reinforcers available for the
alternative behaviour. However, given the deviations from matching
on multiple schedules are larger, the explanatory and predictive
value of the GML is lost. Further examination of the parameter a
therefore appears warranted. Of particular interest is whether
variables which influence a values in the different contexts are
similar. If the variables affecting a in the two contexts are
similar then it must be assumed that features differentiating the
two procedures either enhance or attenuate their effects such that

their effects on performance differ in magnitude across the



procedures. In such a situation however it may still be feasible to
develop an equation based upon the GML which has descriptive,
explanatory, and predictive functions across procedures. If
variables influencing a differ across procedures the future use of
the GML in different contexts, as other than a descriptive
technique, must be questioned. It may be argued instead, that
variables which influence a in various contexts must be defined and
if possible, specified in quantitative models of behaviour for each
context. The results of some studies suggest that certain variables
that influence a may be common to both multiple and concurrent
schedules while the results of others indicate that some variables

may affect performance in one context but not others.

Influences on the Values of a in Multiple-Schedule Performance.

A frequent corollary of combining schedules has been the addition of
some discriminative stimuli which are associated with the different
schedules. Clearly animals’ ability to match the ratio of responses
to the ratio of reinforcements in a complex schedule will be limited
if they are unable to discriminate between the discriminative

stimuli and hence the schedules in operation (Baum, 1974).

A number of studies have examined the effects of the
discriminability of stimuli on the magnitude of behavioural
contrast. Typically these studies have used several different
stimuli associated with a rich reinforcement schedule (S+) and
another set of stimuli associated with a leaner reinforcement
schedule (S-). In some of these experiments the magnitude of
contrast was greatest in components where the stimuli associated
with the two schedules were closest (e.g., Blough, 1980; Catania &
Gill, 1964). However Mackintosh, Little and Lord (1972) report that
response rates on S+ were higher when the stimuli were more
disparate. Malone (1975) found that while the greatest magnitude of
contrast was found with stimuli which were closer together within
one condition, when the differences between all S+ stimuli and all
S- stimuli were reduced the magnitude of contrast decreased. These
results suggest that when stimuli are discriminable the greatest
magnitude of contrast will be found when the S+ and S- stimuli are
close together but that the magnitude of contrast will diminish if

discrimination between all stimuli is poor. Studies examining the



magnitude of behavioural contrast therefore provide some evidence
that stimulus discriminability does influence multiple-schedule
performance. These studies do not, however, provide conclusive
evidence that stimulus discriminability will influence values of a
in the GML.

Values of a are determined by the ratios of response rates obtained
in the two components for given ratios of reinforcement rates. The
magnitude of contrast on the other hand is determined only by the
change in response rates on a constant component when reinforcement
rates in the other component change. If response rates on the
altered component are unchanged by variables that increase the
magnitude of contrast, then increases in the magnitude of contrast
will also increase the ratio of responses (i.e., the differences
between response rates on the component schedules will increase).
If variables that affect the magnitude of contrast also however
influence response rates on an altered component, changes in the

magnitude of contrast may not influence the ratio of response rates.

This independence of contrast and the ratio of response rates is
demonstrated in two studies examining contrast by McSweeney. In the
first of these studies (McSweeney, 1978) contrast was not observed
when a MULT VI 120-s VI 120-s was changed to a MULT VI 120-s EXT.
That is, response rates on the VI schedule did not change when the
other component was changed to extinction. In the second experiment
(McSweeney, 1983) contrast was observed when a MULT VI 15-s VI 15-s
was changed to a MULT VI 15-s EXT. However, in this second
experiment response rates on the extinction component were also
higher than those observed in the first experiment. When the
response rates on the VI schedules relative to response rates on the
EXT components were compared across the two studies, the relative
rates of responding on the VI schedules were generally higher in the
first experiment, that is in the experiment where contrast was not
observed (McSweeney, 1983). Although a values are not calculable
whén no reinforcers are scheduled in one component in such
situations, higher relative response rates in the VI component may
be seen as reflecting closer matching of response to reinforcer
rates. Thus conditions in the second experiment, that is higher
baseline rates of reinforcement, would appear to favour the

development of contrast but conditions in the first experiment may



be seen to favour matching. Therefore experiments which have
identified variables which influence the magnitude of contrast do
not provide conclusive evidence that these variables will influence

a.

Some direct evidence exists on the effect of stimulus factors on
values of a obtained. White, Pipe and McLean (1983, 1984) found
that values of the parameter a varied with stimulus discriminability
such that values of a decreased as the tilted lines, used as
discriminative stimuli, became more similar. As predicted by Baum
(1974), Bourland and Miller (1981) and Miller, Saunders and
Bourland (1980) demonstrated that similar effects are present in
animals’ performance on concurrent schedules. The discriminability
of stimuli may thus contribute to undermatching on both concurrent
and multiple-schedule performance. However, if this variable
contributes to the differences in a values which typically describe
performance on the two types of schedules, then some aspect of
multiple schedules must lead to multiple-schedule performance being

affected to a greater extent.

In concurrent schedules stimuli are often spatial whereas in
multiple schedules they are usually exteroceptive. Jones (1988)
found that in a delayed-matching-to-sample task, hens were better
able to report correctly a sample stimulus based on location than
they could one based on hue. This procedural difference may
therefore be considered relevant. In support of this, Merigan,
Gollub and Miller (1975) found higher a values for performance on a
multiple schedule using two keys, compared with a values obtained
under the same conditions but with a single key. The contribution
of this procedural variable to the discriminability of stimuli may
however be limited. Charman and Davison (1982) found no consistent
differences in the values of a obtained when two keys, as opposed to
one key, were used. Moreover a values reported to describe
behaviour on concurrent VI VI schedules using a Findley changeover
key procedure, where discriminative stimuli are not spatial, are
typically not lower than a values obtained using a standard two-key

procedure (Davison & McCarthy, 1988).

Another variable which may differentially affect discriminability on

the two types of schedules is the presence (or absence) of the
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alternative stimulus. Under two-key concurrent schedules both
stimuli are usually present at all times whereas under multiple
schedules only one stimulus is present at a time. The effect of
this difference is also questionable. Animals working on concurrent
schedules which use the Findley changeover key procedure also have
only the stimulus associated with the schedule they are currently
working on present and, as stated above, this does not appear to

affect behaviour.

It appears that the discriminability of stimuli is one variable
which contributes to a and should constitute one of the parameters
which would ideally replace a. This idea is not new and one model
proposed by Davison and Jenkins (1985) to describe concurrent-
schedule performance has incorporated such a parameter. However,
given the above discussion it is unlikely that this is the only
variable contributing to the value of a in the GML, at least as it
applies to multiple-schedule data. This conclusion is to some
extent supported by the results of a study by Charman and

Davison (1983). In their study the animals’ behaviour indicated
they could discriminate the discriminative stimuli used in a
multiple schedule, and considerable undermatching typical of

multiple-schedule performance was obtained.

In a review of studies of multiple-schedule performance

Williams (1983) noted that the species employed and the location of
the stimuli have been reported to influence the magnitude of
contrast observed. The results of studies relating to these two
variables are equivocal. Some studies have reported that
behavioural contrast was not evident when rats as opposed to pigeons
were used as subjects (e.g.,Freeman, 1971; Weiss, 1971) but others
by Beninger and Kendall (1975), Bradshaw, et al. (1978), Dougan,
McSweeney and Farmer (1985), and others have demonstrated contrast
with rats. Similarly Redford and Perkins (1974), Schwartz (1975),
and Spealman (1976) report that contrast failed to occur when the
discriminative stimuli were located remote from the response key
while other investigators have reported contrast with diffuse
stimuli such houselights (e.g., Beninger & Kendall, 1975), noise
intensity (Blough, 1980) or with stimuli presented on another key
(e.g., Williams & Heyneman, 1981). Nevertheless contrast with the
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discriminative stimuli on the response key may be larger than

contrast with stimuli off the key (Hearst & Gormley, 1976).

In addition to their inconsistency, two other factors make the
interpretation of findings relating to the effects of species or
stimulus location difficult. Firstly, as discussed above, variables
influencing the magnitude of contrast may not necessarily influence
values of a. However, McSweeney, et al. (1986) reported in their
review that the median a value from studies examined which used a
signal key procedure (i.e., the discriminative stimuli were located
away from the response key) was smaller than the median a value for
all studies included. Secondly, many of the above studies’ results
may have been confounded as they typically differed with respect to
more than one variable. For example studies which used rats as
subjects often also used stimuli remote from the response key
(Dougan, Farmer-Dougan & McSweeney, 1989). Thus differences between
these studies and others which used pigeons and stimuli on the
response key may have resulted from either or both of these
differences. It is also possible that the apparent effects of
species or stimulus location may relate to the already discussed
effects of stimulus discriminability. That is discriminative
performance may be reduced and hence the magnitude of contrast
smaller if the discriminative stimuli are remote from the response
key on which attention is focussed (see also Williams, 1983).
Apparent effects of species may also be related to discrimination as
different species have different sensory capacities. For example,
rats’ ability to discriminate visual stimuli used may be more

limited than pigeons.

Another variable which may influence animals’ sensitivity to
relative reinforcement rate is the frequency with which an animal
experiences alternatives. The effect of reinforcements available
for other behaviours on a particular behaviour may be expected to
decline as a function of time since exposure to the alternative
(Herrnstein, 1970). Such an effect is clearly demonstrated in the
changes in animals’ performance when experimental conditions change.
That is, when behaviour changes following a change in the conditions
of reinforcement, it may be argued that reinforcement rates
previously operating have minimal effect on current performance. As

behaviour typically changes over a period of days following a
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Hypothetical changes in a that may occur if sensitivity of
behaviour to relative reinforcement rates declined as a function
of time since exposure to the alternative component. The top
panel shows the hypothetical decline in sensitivity to relative
reinforcement rate as a function of time since exposure to the
alternative source of reinforcement. The second and third panels
show the values of uau that would be obtained for successive
subintervals of components. Each of these two panels show uau
values that would be obtained with a different component
duration. Also shown, as the dashed horizontal lines, are the
approximate values of uau for overall responding that would be

obtained for each component duration.
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the alternative source of reinforcement. The second and third
panels show the values of a that would be obtained for successive
subintervals of components of multiple schedules given that
performance conformed to the underlying monotonic function described
in the top panel. Each of these two panels show a values that would
be obtained with a different component duration. Also shown, as the
dashed horizontal lines, are the values of a for overall responding
that would be obtained for each component duration. As shown in
this figure, if behaviour could be described in terms of the
function depicted in the top panel, regardless of the component
duration, then the values of a obtained for the two subintervals
where component duration was 30 s would be the same as those
obtained for the first two subintervals of a 60-s component.

Overall a values would, howevef, increase as component duration was

decreased.

Although the within-component and component-duration effects
described have been reported in a number of studies, others have
failed to find one or other of these effects (e.g., Buck, Rothstein
& Williams, 1975; Charman & Davison, 1982). Nevertheless the
influence of temporal proximity in multiple schedules may be seen as
having particular importance as this variable may affect

multiple-schedule but not concurrent-schedule performance.

On concurrent schedules animals tend to change over from one
schedule to another at a faster rate than component durations in
multiple schedules typically allow. Thus on concurrent schedules
animals sample the two reinforcement rates more regularly and the
maximum period of time since exposure to the alternative
reinforcement rate tends to be shorter. It may therefore be argued
that temporal proximity of alternate reinforcement rates is relevant
to both types of procedures and that the higher a values obtained
for concurrent-schedule performance may result from the shorter

period of time between schedule alternations.

The results of an experiment by Silberberg and Schrot (1974),
however, suggest that temporal proximity does not influence
performance on the two schedules in the same way. This experiment
used a procedure where a multiple schedule was yoked to a concurrent

VI VI schedule such that components of the multiple schedule changed
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when birds working on the concurrent schedule switched between one
schedule and another. 1In the first phase animals on the concurrent
schedule changed from one schedule to another relatively quickly.
Thus in the multiple schedule, component duration was short and a
values obtained were close to 1.0. In the second phase of this
experiment a change-over-delay operating in the concurrent schedule
was increased leading to a reduction in the frequency with which
animals changed from one schedule to another. Component duration on
the multiple schedule was thus increased. As expected a values
obtained for the multiple-schedule performance decreased but a
values obtained for data from the master subjects (i.e., those
working on the concurrent schedule) did not. These results suggest
that unlike the effect of stimulus discriminability, temporal
proximity of alternative reinforcement sources may affect
performance on multiple schedules but not on concurrent schedules.
Thus the validity of describing behaviour under the two types of
schedule with reference to the same equation, the GML, may be

questioned.

As stated, the results of studies examining the effects of temporal
proximity of reinforcement rates on multiple schedules are not
entirely consistent and further experimentation may be regarded as
necessary. Furthermore simply finding that sensitivity to relative
reinforcement rates decreases with increases in component duration
or as a direct function of time within a component, does not provide
proof that the relevant variable is time per se since exposure to
the alternative reinforcement rate. That is, increases in a
observed on short components may result from the maximum period of
time since exposure to the alternative reinforcement rate being
reduced. Alternatively the increased a values with short components
may be the result of the duration of time a schedule is available
being reduced. Similarly, the changes in a values obtained for
successive periods of a component may relate to the increase in time
since exposure to the alternative reinforcement rate, but could
equally relate to the increase in time since the actual transition

from one component to another or stimulus onset (White et al.,
1984).

The aim of this thesis was to examine further the effect of temporal

proximity of alternative reinforcement rates on multiple-schedule



16

performance. The first experiment addressed the effect of reducing

component duration. The second experiment examined an alternative

method of increasing the time between exposure to alternative
sources of reinforcement. In both experiments, within-component
changes in a were also assessed. In particular the hypothesis, that
sensitivity to relative reinforcement rate decreases as a monotonic

function of time since exposure to the alternative reinforcement

rate, was assessed.
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EXPERIMENT 1

The data from the first two conditions of this experiment were also
presented as part of an unpublished masters thesis by this author:
Hunt, M.J. (1985) Multiple schedule performance: The effects of
changing component duration. Unpublished masters thesis: University

of Waikato.

The Short-Component Effect

The first experiment which demonstrated increased sensitivity to
relative reinforcement rates with shortening component duration in
multiple schedules was carried out by Shimp and Wheatley (1971).
Shimp and Wheatley found that the ratio of responses made became
closer to the ratio of reinforcements obtained as component duration
was decreased from 180 s through 60 s, 30 s and 10 s to 5 s. When
component duration was further reduced to 2 s the difference between
response and reinforcer ratios increased slightly for two of the
three birds used. McSweeney et al. (1986) reanalysed the data from
this experiment to obtain values for the parameters of Equation 2.
Mean a values (Equation 2) ranged from 0.46 when component duration
was 180 s to 0.91 when component duration was 5 s. The mean a value
was 0.82 when component duration was 2 s. Shimp and Wheatley
concluded from these results that shortening component duration of
multiple schedules produced behaviour similar to that found in
concurrent schedules. That is matching between relative response

and relative reinforcement rates could obtain.

Several other studies provide support for Shimp & Wheatley'’s
conclusion. These include Merigan, Miller and Gollub, with a two
key procedure (1975), Silberberg and Schrot (1974), Todorov (1972),
and Williams (1989). 1In all these experiments relative response
rates approximated relative reinforcement rates when component
duration was short (< 30 s), and discrepancies between these two
measures, typical of multiple schedule performance, were noted when
component duration was relatively long (> 30s). One other study (de
Villiers, 1974) reported a similar effect when negative

reinforcement was employed.
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Other studies have similarly demonstrated that values of the
parameter a, at shorter component durations were higher than a
values obtained with longer component durations, but the values of «a
found in these studies, at the shortest component durations, were
still considerably less than 1.0 (Hunt, 1985; Charman & Davison, Exp
4, 1982).

Still further support for Shimp & Wheatley’'s findings can be found
in studies which examined the effect of reducing component duration
on the magnitude of contrast. Several investigators (e.g., Green &
Rachlin, 1975; McSweeney, 1982; Spealman, 1976; Williams, 1979;
1983; 1989) have reported that the magnitude of contrast increased
when the duration of equal-length components was reduced. However,
in a study using rats as subjects, McSweeney (1982) found no
difference in the magnitude of contrast obtained when component
duration in both components was 30 s compared with conditions where
component duration was 90 s in both components. This study does not
seriously challenge the findings of others as only two component
durations were examined and the shorter of these was longer than
that found in several studies to be associated with increases in the

magnitude of contrast.

Considerable evidence currently available on the effects of varying
component duration on multiple-schedule performance is thus in
favour of the hypothesis that shortening component duration will
increase a values obtained. Furthermore the results of some
experiments suggest that a values obtained for multiple-schedule
performance can approximafe those associated with concurrent

schedules.

Two other studies, however, have found that shortening component
duration had no effect on values of a obtained. Charman and
Davison (Exp 1, 1982) found that, when the durations of the
components of a multiple schedule were unequal, values of a did not
change consistently when component duration was reduced. Similar
results have been reported in some studies examining the effects of
component duration on behavioural contrast when the duration of only
one component was changed (Williams, 1983). Results of early
studies suggest that the magnitude of contrast increases if the

component duration of a rich component is reduced (e.g., Ettinger &
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Staddon, 1982; Hinson & Malone, 1980; Hinson, Malone, McNally &
Rowe, 1978). While, if the component duration of a component
associated with a lower rate of reinforcement is reduced, the
magnitude of contrast will decrease (e.g., Coelho de Rose, 1986;
Hinson & Staddon, 1981; Taus & Hearst 1970; Wilton &

Clements, 1971). However, Ettinger and Staddon (1982) found that
the magnitude of contrast was not affected when the duration of the
lean component was reduced. A later study (Williams, 1989) found
that when the duration of a varied component was decreased the
magnitude of contrast was reduced, while if the duration of a
constant component was decreased, the magnitude of contrast was
increased regardless of the relative richness or leanness of the
components. Thus the variable which determines whether increases or
decreases in contrast might be expected with reductions in the

duration of one component may not necessarily be the reinforcement

rate in that component.

These results may be a reflection of confounding between the effects
of reducing component duration and the effects of having unequal
component durations. Some evidence exists which suggests that,
other things being equal, relative component duration influences
relative response rates. For example, Hinson et al. (1978) found
that response rates in short and long components of multiple
schedules varied as a function of the relative length of the
preceding schedule even when reinforcement rates in the two
components considered were equal. Conceivably the effects of
unequal component durations may reflect a different process from
that involved when the duration of components of equal length is

reduced.

A more serious threat to the validity of the short-component effect
comes from an experiment by Charman and Davison (Exp. 2, 1982) where
the duration of components were equal and short (5 s). The values
of the exponent a obtained when data from this study were described
by the GML, were within the range of those typically found for
multiple-schedule performance with longer component durations and
were not greater than those found with the same birds at longer
component durations. Charman and Davison (1982) suggested that the
discrepancy between their results and the results of others outlined

above may be due to procedural variables. They noted that in most
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of the studies including Shimp & Wheatley’'s, which reported the
short-component effect, few, if any schedule reversals were carried

out, whereas their experiment involved several schedule reversals.

In a further experiment Charman and Davison (Exp 4, 1982) found that
increases in the value of a could be obtained if component duration
was systematically reduced while the VI schedules in effect remained
unequal but constant. However the higher values of a obtained were
not maintained following a schedule reversal. Thus they concluded
that the short-component effect was fragile and possibly more the
result of a hysteresis-produced bias than of increased schedule
interaction. That is, with continued exposure to conditions where
the richer reinforcement rate was consistently associated with one
stimulus, animals may have developed a bias toward responding more

during that stimulus.

Their conclusion may be hasty given that Shimp and Wheatley (1971)
did reverse the reinforcement rates associated with the component
schedules at the two shortest component durations examined.
Furthermore the low a values which described performance obtained in
the first condition of Shimp and Wheatley'’'s experiment, where
component duration was 180 s, were generally replicated when that
condition was repeated subsequent to conditions with shorter
component durations. Similarly Hunt (1985) found that a values
increased as component duration was systematically reduced, but that
a values then decreased as component duration was systematically
increased. These recoveries of low a values with increasing
component duration are not easily explained as hysteresis.
Hysteresis-produced bias would predict that a values for conditions
with longer component durations conducted subsequent to

systematically reducing component duration would remain high.

Todorov'’s (1972) results also appear incompatible with Charman and
Davison’'s suggestion. Although Todorov’'s study did not involve any
schedule reversals, conditions with the shorter component durations
(5 s and 10 s) were presented early in a series of conditions and
were also replicated subsequent to conditions with longer component
durations. In general response rates on the component schedules in
the replicated conditions were similar to those obtained on the

first determination. Where differences were noted, deviations from



21

matching were greater in the second condition. Furthermore a more

recent study by Williams (1989) evidenced the short-component effect

even though several schedule pairs were employed.

An alternative explanation of the discrepancy between Charman and
Davison’'s results and those of Shimp and Wheatley (1971),

Todorov (1972), Hunt (1985), Williams (1989) and others is that
hysteresis effects in Charman and Davison’s experiments led to their
failure to obtain a short-component effect. In their Experiment 4
the reduction in the values of a obtained following the schedule
reversal when component duration was 6 s, may have been a reflection
of response bias due to the higher reinforcement rate, in the

previous five conditions, having been correlated with the same

stimulus.

Hysteresis may also have influenced results in Experiment 2 of
Charman and Davison’s (1982) study. As noted by Williams (1983), in
many instances response rates in that experiment did not entirely
reverse when reinforcement rates were reversed. It is also notable
that when reinforcement rates in the two components were equal, the
ratios of response rates were often considerably different from 1.0.
Results similar to these may be expected if animals’ responding is
influenced by a consistent bias. However in the conditions of
Charman & Davison’s study, which employed a single key, very little
bias as measured by log c was evident. Similar hysteresis problems,
where previous reinforcement conditions exert control over behaviour
in later conditions, have been noted in multiple schedules

before (Williams, 1983 and others). Indeed, if hysteresis occurs
consistently, it may contribute to the lower a values typical of
multiple-schedule performance. Thus it could be argued that the
insensitivity of behaviour on multiple schedules, to relative
reinforcement rates, is the result of hysteresis as much as it is
the result of any decreased interaction between schedules. If the
effects of hysteresis are compounded across conditions this
possibility may be seen as consistent with the finding of McSweeney
et al. (1986) that the values obtained for the parameter a were

inversely related to the number of reinforcement ratios employed.

Charman and Davison's failure to obtain the short-component effect

may be regarded as an instance where hysteresis may have confounded
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other effects. However, data from a study by White, Pipe, McLean
and Redman (1985) which did not clearly evidence hysteresis, provide
support for their findings. This study also examined the effects of
component duration on sensitivity to relative reinforcement rates
and involved several schedule reversals at each of the two component
durations examined. White et al. report that sensitivity to
relative reinforcement as measured by the parameter a did not change
consistently across subjects when component duration was reduced
from 60 s to 15 s. The results of this experiment appear to be
conclusive evidence against the generality of the short-component
effect. However several features of the study question such a
conclusion. Only two component durations were examined, the
shortest of which was 15 s. Some other studies which have
demonstrated the short-component effect have found that increases in
a values across all subjects were observed only at durations shorter
than this. For example Hunt (1985) found that for two hens’ data
(out of the six hens used) increases in a values were not observed
when component duration was reduced to 15 s. When component
duration was further reduced increases in a values for these two
hens’' data were noted. A similar effect was observed in Shimp and
Wheatley's study. In that study consistent increases in a values
were not noted in all pigeons’ data until component duration was
reduced to 10 s. The values of a obtained by White et al. when
component duration was 15 s were higher than those obtained when
component duration was 60 s for two birds’ data. It is possible
that if component duration had been further reduced, increased
sensitivity would also have been noted in the other three birds’

data.

Other features of the data from White et al.’'s (1985) study are of
interest. Noticeable increases in response bias as a function of
reduced component duration were observed in the data from two of the
three birds which did not demonstrate increases in the value of a.
In both cases this bias was in the direction of the stimulus
associated with the higher reinforcement rate in the first condition
where component duration was reduced from 60 s to 15 s. Furthermore
for these two birds the response differentials in the first two
conditions with a 15 s component duration were much greater than
those observed in the last two conditions with this component

duration. However the reinforcement ratios in these two sets of
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conditions were the same. Thus for these two birds relative
response rates more closely approximated relative reinforcement
rates in earlier conditions than later conditions. It is therefore
possible that some kind of hysteresis effect may have influenced the

resultant a values.

Williams’ (1989) study suggests a further explanation of their
result. In the first five conditions of his study component
duration was maintained at 5 s while the reinforcement rates in the
two components used were varied such that the reinforcement ratios
changed from 1/15 to 15/1 over five conditions (the descending
series) but no condition involved reinforcement rates in the
component schedules being reversed. In a further five conditions
(the ascending series) the reinforcement ratios were changed from
15/1 to 1/15. No hysteresis effect, as assessed by comparing the
ascending and descending series, was found. Williams then repeated
the same sequence of conditions. The values of a obtained for the
first series were higher than those obtained for the second series
for all subjects. Williams thus concluded that increasing the
number of conditions examined may decrease sensitivity to
reinforcement independently of hysteresis effects as they are

generally understood.

Although in their study White et al. (1985) used only seven
conditions when component duration was 15 s, these conditions were
carried out subsequent to five conditions with 60 s component
duration. Therefore it is possible that a values obtained for the
later conditions where component duration was 15 s were lower than
might be expected due to decreased sensitivity resulting from
exposure to previous conditions. The results obtained for these
conditions could thus be seen as the product of two independent
variables, reduced component duration (which would increase
sensitivity) and increased number of antecedent conditions (which

would decrease sensitivity).

Within-Component Changes in Sensitivity

A number of studies have reported that response rates changed within
components of a multiple schedule. Typically response rates at the

beginning of a rich schedule were high and then decreased as a
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function of time since component alternation, while response rates
in a lean component were initially low and then increased as a
function of time since component alternation (Arnett, 1973;

Blough, 1983; Boneaux & Axelrod, 1962; Catania & Gill, 1964; Green &
Rachlin, 1975; Innis, 1978; McLean & White, 1981; Nevin &
Shettleworth, 1966; Wilton & Clements, 1971 and others). These
within-component response rate changes have been termed positive and
negative local contrast respectively. However the appearance of
these phenomena in multiple-schedule performance is inconsistent.
Under some conditions in a number of studies it was present in some
birds’ data but not in others (e.g., Nevin & Shettleworth, 1966) and
in many cases local positive and local negative contrast were not
found together (e.g., Blough, 1983; Hunt, 1985; Nevin &
Shettleworth, 1966; McLean & White, 1981). In general local
negative contrast appears to occur more consistently than local
positive contrast (Blough, 1983; Hunt, 1985; McLean & White, 1981

and others).

A further threat to the generality of local contrast is that in many
studies where the phenomenon was observed it appeared early in
discrimination training and then disappeared (e.g., Boneau &
Axelrod, 1962; Mackintosh, Little & Lord, 1972; Williams, 1981). 1In
some instances a different pattern of within-component responding
emerged after local contrast, as defined here, was eliminated (e.g.,
Nevin & Shettleworth, 1966; Buck, Rothstein & Williams, 1975;
Williams, 1982). For example Buck et al. report that while local
positive contrast occurred early in training, after around 30
sessions response rates on a VI schedule of a MULT VI EXT schedule
increased as a function of time since component alternation.

However Blough (1983), Malone (1976) and Malone and Staddon (1973)
found that if discriminative stimuli were difficult to discriminate,
or variable, local contrast could persist in steady-state behaviour.
Other studies have also reported that local contrast can persist
even where stimuli are clearly discriminable (e.g., Arnett, 1973;
Catania & Gill, 1964; Hunt, 1985; McLean & White, 1981). Of the two
phenomena however, local negative contrast appears more robust

(e.g., Blough, 1983; Nevin & Shettleworth, 1966).

If measured in terms of the generalised matching law, changes within

components appear more consistent. In two studies examined in
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McSweeney et als’ (1986) review (White & Redman, 1983; White, Pipe &
McLean, 1984) values of the exponent a consistently decreased as a
function of time since component alternation. A similar effect was
also found by Hunt (1985), McLean and White (1981) and White et

al. (1985). However Hunt (1985) found that a values obtained did
not change consistently across successive 15 s subintervals of
longer components (>30 s) for one subject. For this hen decreases
in a across successive 5 s and 3 s subintervals were noted at the

shorter component durations.

The Relation Between the Short-Component Effect and Within-Component

Changes in Behaviour.

Consistent with the proposition outlined in the general
introduction, McLean and White (1981) argued that local contrast in
steady-state behaviour could contribute to the magnitude of overall
contrast and values of a obtained for overall responding. In
particular they suggested that the short-component effect both in
relation to the magnitude of contrast and high a values observed may
be a result of shortening component duration, if doing so is
equivalent to sampling only the early part of longer components. An
experiment carried out to test this hypothesis (McLean &

White, 1981) provided only tentative support. Local contrast was
found in many instances. However, in general, the local contrast
observed occurred in the changed component and thus did not
influence the magnitude of behavioural contrast, a phenomenon
measured in terms of response rate changes in the constant component
only. Thus it can be argued that the presence of local contrast may
be independent of the magnitude of behavioural contrast in short

components.

This finding is consistent with earlier studies which found local
contrast in the absence of behavioural contrast (e.g., Arnett, 1973;
Williams, 1981), and behavioural contrast in the absence of local
contrast (e.g., Nevin & Shettleworth, 1966; Williams, 1981).

However McLean and White's (1981) study did not preclude the
possibility that the changes in a, as a function of time since
component alternation, may contribute to the high a values found
with short components if these a values result more from response
rate changes in a changed rather than constant component. That is,

as a values incorporate response rates in both changed and
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unchanged components, within-component changes in an altered
component will affect values of a. Three studies have direct

bearing on this issue.

Spealman (1976) reported that the response rates during the first

3 s of a long VI component of a MULT VI EXT schedule were not
consistently different from response rates obtained when the
component duration was 3 s. A study by Hunt (1985), which examined
the relation between a values when component duration was reduced
and within-component changes in a, also provided some further
support for a relation between the two. Changes in values of a as a
function of time since component alternation were evident in the
subjects’ (hens) data. These changes were more consistent and the
change was greatest across successive 5-s and 3-s subintervals of
shorter components than across successive 15-s subintervals of
longer components. Increases in the values of a obtained for
overall responding with reductions in component duration were also
more consistent across the shorter component durations (< 20 s).
These findings suggest that the appearance of the short-component
effect may be dependent on the occurrence of within-component
changes in sensitivity. However the values of a for the initial
15-s, 5-s, and 3-s periods of longer components found by Hunt (1985)
tended to be higher than a values for overall responding when
component durations were 15 s, 5 s, and 3 s respectively. This
later finding was also observed by White et al. (1985). 1In their
study the a values for the first 15 s of 60-s components were higher
than a values obtained when component duration was 15 s. Thus it
appears that in some circumstances the short-component effect may
not be explained simply as the result of sampling the more
reinforcement-sensitive period of longer components. However
Mackintosh et al. (1972) found that although behavioural contrast
was maintained in the absence of local contrast, behavioural
contrast developed only in conditions where local contrast was
initially evident. This finding therefore supports the suggestion
that the two phenomena are related in some way. It is also notable
that in another study (White et al., 1984) within-component effects
and changes in sensitivity for overall behaviour were influenced

similarly by stimulus discriminability.
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In summary, experimental results relating to both the short-
component effect and its possible relation to the within-component
decreases in a values observed in several studies are equivocal.
However the failure of some studies to demonstrate the short-
component effect may be related to other phenomena in their data or
simply that the range of component durations studied were
insufficient. A more serious threat to the proposition that
sensitivity to relative reinforcement rates is a monotonic function
of time since exposure to the alternative reinforcement rate, is the
apparent independence of the within-component effects and the short-
component effect evident in two previous studies. However as few
studies have examined this relation and the results of one of

these (White et al., 1985) were also atypical (in that the short-
component effect was not found) further study of the two phenomena

is warranted.

The aim of this experiment was to examine the effects of changing
component duration in a two-component multiple schedule while
frequently reversing the reinforcement ratios of the component
schedules. Two reinforcement ratios only were examined at each of
five component durations. Five component durations were used as
other studies suggest that the component durations at which changes
in a may be observed varies across animals such that several
component durations may'need to be examined. Two reinforcement
ratios were examined in order to assess the effects of reducing
component duration on the parameter a in the GML independently from
changes in log c¢. Although the use of more than two reinforcement
ratios may lead to better estimates of these parameters, employing a
number of reinforcement ratios may also confound results obtained by

increasing the number of conditions.

In addition to examining the effects of reducing component duration
on a values obtained for overall responding, within-component
changes in a and local contrast were examined in order to further
examine the relation between these. Of particular interest was the
hypothesis that sensitivity to relative reinforcement rates is

mediated by the time between exposure to the alternative rates.
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METHOD

Subjects

Four domestic hens (numbered 51 to 54) maintained at 80 */_. 10% of

their free-feeding bodyweight were used. All hens had been subjects
in an undergraduate laboratory class where they had experience with
several simple schedules. Water was continuously available in their

home cages and grit was occasionally provided.

Apparatus

Three translucent response keys, each 30mm in diameter, were set on
one wall of an experimental chamber with internal dimensions of
410mm x 574mm x 625mm. Two of these keys were sited 200mm apart and
380 mm from the grid floor. The third key was centrally situated
between these two keys. This key could be illuminated from behind
by either an orange (S1) or yellow light (S2). Pecks, of at least
0.20 N to this key when illuminated, caused both the keylight to
darken and a tone to sound, both for 0.35ms. An aperture 70mm x100
mm centrally located 90 mm above the floor in the same wall gave
access to the food hopper. The food hopper could be raised and
illuminated by a 1 W white light to allow 3-s access to whole wheat.
Whenever the food hopper was raised the centre key became dark and
inoperative. The two side keys remained dark and inoperative
throughout the experiment. A ventilation fan located in the wall

opposite the response keys provided masking noise.

Solid-state programming equipment, which scheduled and recorded all
experimental events, was located remote from the experimental

chamber.

Procedure

Training. At the start of the experiment all hens were exposed to a
Fixed Ratio 1 schedule. Training on this was continued until all
hens were pecking reliably. Subjects were then exposed to a MULT VI
15-s VI 15-s schedule. This schedule was changed gradually to a
MULT VI 60-s VI 60-s schedule over thirty days. The duration of
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both components was 120 s. After this training the first

experimental condition was introduced.

Experimental Procedure. In the first condition the duration of both
components was 120 s and reinforcement was delivered according to a
VI 30-s schedule during one component (S1) and a VI 120-s schedule
during the other (S2). Each VI schedule was derived from an
arithmetic progression of the form i, i+d, i+2d, etc., where i was
the smallest interval, for example 2.5 s in a VI 30-s schedule, and
d = 2i. Each schedule was comprised of 15 randomised intervals. 1In
the second condition the reinforcement schedules in the components
were reversed but component duration was maintained at 120 s. 1In
the third condition the reinforcement ratios remained unchanged but
component duration was reduced to 60 s. In every second condition
subsequent to this component duration was further reduced. In every
alternate condition reinforcement ratios were reversed. Five
component durations were examined. These were in order of
presentation 120 s, 60 s, 30 s, 15 s, and 6 s. Table 1.1 gives the
reinforcement schedules, component duration and number of training

sessions in each condition.

Experimental conditions were changed when the behaviour of all
subjects was stable. Behaviour was considered stable when the
median of the relative response rates in S1 over five sessions was
within 0.05 of the median of the previous five, on five, not
necessarily consecutive, occasions. Sessions were terminated after
28 minutes in Conditions 1 to 8 and after 20 minutes in Conditions 9
and 10.

The number of responses made and the number of reinforcers obtained
in each component and the time each component was available were
recorded. In addition responses made within successive subintervals
of each component were recorded. The lengths of the subintervals
varied across conditions and were 15 s for Conditions 1 to 4, 5 s

for Conditions 5 to 8, and 3 s for Conditions 9 and 10.
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TABLE 1.1 The variable-interval schedules (in seconds) in each
component, component durations, number of component alternations and

number of sessions in each condition in the order the conditions were

presented.

Condition VI Schedules Component Duration No. of No. of
Orange Green (in seconds) Alternations Sessions

1 30 120 120 7 35

2 120 30 120 7 27

3 120 30 60 14 22

4 30 120 60 14 47

5 30 120 30 28 60

6 120 30 30 28 30

7 120 30 15 56 20

8 30 120 15 56 28

9 30 120 6 99 23

10 120 30 6 99 21
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RESULTS

The total number of responses made and reinforcers obtained in each
component, the total time in each component and the number of
responses made in each subinterval of each component for all birds
in the last five days of each condition are given in Appendix 1.1

All the following analyses were based on these data.

Behaviour Across Components

Response Rates

Response rates in each component were calculated by dividing the
number of responses.in a component by the total time the component
was available with reinforcement time excluded. Response rates were

then converted to responses per minute.

Figure 1.1 shows response rates in S1 and S2 plotted against
component duration for all hens. 1In all instances the plusses
represent response rate on the VI 30-s schedule and the circles
represent response rate on the VI 120-s schedule. Points connected
with a solid line indicate data obtained when a MULT VI 30-s

VI 120-s schedule was in effect and points connected with a dashed
line represent data obtained when the schedule in effect was a MULT
VI 120-s VI 30-s. For 51's and 54's data response rates on the rich
component (plusses) were always higher than response rates on the
lean component (circles). .Hen 52’s and 53’'s response rates on the
VI 30-s component were always higher than response rates obtained on
the VI 120-s component within conditions but not across conditions
where schedules were reversed. For both these birds’ data response
rates on the VI 30-s component of Condition 5 (MULT VI 30-s VI 120-s
with 30-s component duration) were lower than the response rates on
the VI 120-s component of Condition 6 (MULT VI 120-s VI 30-s with

30-s component duration).

Response rates changed as a function of component duration but these
changes were not consistent across birds. Generally response rates
on the lean schedule (circles) decreased as component duration

decreased from 120 s to 30 s. As component duration was further
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Response rates in S1 and S2 plotted against component duration for
all birds. In all instances the plusses represent response rate
on the VI 30-s schedule and the circles represent response rate on
the VI 120-s schedule. Points connected with a solid line
indicate data obtained when a MULT VI 30-s VI 120-s schedule was
in effect and points connected with a dashed line represent data

obtained when the schedule in effect was a MULT VI 120-s VI 30-s.
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reduced, response rates for Hens 51 and 53 increased, for Hen 54
decreased further and for Hen 52 stayed (on average) at the same
level. For Hen 52 response rates on the VI 120-s component were

variable across the two conditions at each component duration.

Response rates in the rich schedule (plusses) tended to be variable
across the two conditions at each component duration. That is,
there was often a difference of over 10 responses per minute between
response rate on the VI 30-s of a MULT VI 30-s VI 120-s schedule and
the VI 30-s of a MULT VI 120-s VI 30-s schedule. Given these
differences, response rates on the rich schedule varied as a
function of reducing component duration but these changes were also
inconsistent across birds. For Hen 54 response rates, on average,
increased as a function of reducing component duration. For Hen 53
response rates decreased when component duration was decreased from
120 s to 30 s but then increased as component duration was further
reduced. The converse effect was present in Hen 52's data. For
this bird response rates, on average, increased as component
duration was reduced to 30 s and then decreased as component
duration was further reduced. Hen 51’s response rates in the rich
schedule initially increased when component duration was reduced but
then decreased before again increasing as component duration was

further reduced.

In order to assess whether any hysteresis effects were present in
the data the difference between response rates on the two component
schedules, in the two conditions carried out at each component
duration, were examined. If the reinforcement schedules operating
in the previous condition influenced responding during the next
condition then the differential between response rates should
decrease following a schedule reversal. That is, if hysteresis is
present, response rate on the rich schedule would be lower if, in
the previous condition, the lean schedule was associated with the
stimulus now associated with the rich schedule. Similarly response
rate on a lean schedule would be higher if, in the previous
condition, the stimulus now associated with the lean schedule had
been associated with the rich schedule. Thus, if the preceding
condition influences behaviour, differences between response rates
should be diminished following a schedule reversal. The differences

between response rates on the rich and lean schedules for all hens



34

are given in Table 1.2. For all hens the first column gives the
response differential for the first condition at each component
duration and the second column gives the response differential for
the second condition at each component duration. These differences,
between response rates on the rich and lean schedules, were variable
across the two conditions run at each component duration. For Hen
51's data the difference between response rates tended to be greater
for the first condition than for the second condition at each
component duration. This trend was also evident in Hen 52’s and
53's data at shorter component durations. Thus hysteresis was
evident in the data from these three hens. 1In general, for all
hens’' data the response differentials increased as a function of

reducing component duration.

Generalised Matching Law Analysis

Regression lines were fitted by the method of least squares to the
data obtained from the two conditions at each component duration to
determine estimates of the parameters a and log ¢ of Equation 4
given below. Br represents response rate (calculated as above), R
the number of reinforcers obtained and the subscripts 1 and 2 the

components in which they occurred.

Ry
Br, - a log [R—Z] + logc (4)

This equation is a form of the Generalised Matching Law (as
expressed in Equation 3) which takes into account the differences in
the times component schedules of a multiple schedule are available
due to differences in the number of reinforcers obtained in each
component. Figure 1.2 shows line estimates of the parameter a in
Equation 4 plotted as a function of component duration. It can be
seen that values of the parameter a varied as a function of
component duration such that a values tended to increase as
component duration decreased. This trend was not, however, evident
until component duration was decreased from 60 s to 30 s for 52 and
54 and from 30 s to 15 s for Hen 51. The highest and lowest a
values obtained for each bird’'s data and component durations at
which they occurred are given in Table 1.3. The highest a values
were obtained when component duration was 15 s for two birds (Hen 51

and Hen 53) and 6 s for Hens 52 and 54. The lowest a values
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lean schedules for the two conditions at each component duration.

For all hens the first column gives the response differential for

the first condition at each component duration and the second column

the response differential for the second condition where the

reinforcement schedules in the components were reversed.

Hen 51 Hen 52 Hen 53 Hen 54

Comp Cond Order Cond Order Cond Order Cond Order
Duration(s) 1st 2nd 1st 2nd 1st 2nd 1st 2nd
120 10.65 10.28 9.29 10.66 6.46 9.71 4.67 5.42
60 13.24 11.98 10.05 12.98 8.60 7.33 3.90 5.99
30 13.93 2.95 24.95 16.18 5.17 5.50 15.43 9.06
15 15.81 16.99 27.80 19.59 19.94 6.06 13.30 20.82
6 27.41 5.06 22.13 20.53 19.03 16.37 39.34 17.26




FIGURE 1.2

36



Estimates of the parameter a in Equation 4 plotted as a function

of component duration.
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TABLE 1.3 The highest and lowest a-values obtained for each hen’s

data and the component duration at which these values were

obtained.
Highest a Component Lowest a Component
Hen Obtained Duration Obtained Duration
51 0.36 15 0.22 30
52 0.39 6 0.18 60
53 0.40 15 0.21 120
54 0.69 6 0.14 60
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obtained occurred when component duration was 30 s for Hen 51, 60 s
for Hens 52 and 54, and 120 s for Hen 53. Estimates of a when

component duration was 120 s ranged from 0.16 (Hen 54) to 0.26 (Hen
51) and from 0.33 (Hen 51) to 0.69 (Hen 54) when component duration

was 6 s.

Figure 1.3 shows the estimates of the parameter log ¢ in Equation 4
plotted against component duration. The value of log ¢ for Hen 54's
data increased as component duration decreased indicating an
increasing bias toward S1. This increase was from -0.01 when
component duration was 120 s to 0.16 when component duration was

6 s. Changes in biases were noted in the data for the remaining
three hens but the direction of these bias changes was different at
each component duration. For all three birds the direction of bias
changed toward S1 when component duration was 30 s, toward S2 when
component duration was 15 s and toward S1 in when component duration

was 6 s.

Behaviour Within Components

The response rate for each subinterval of each component were
calculated using Equation 5 given below
R;

Tj - (RIX 3) (5)
N

Response rate in subinterval i =

In this equation B; is the number of responses in the subinterval i.
T, and R; are the total time in seconds, with reinforcement time
excluded, and the total number of reinforcements obtained
respectively in the component of which i is a subinterval and N is

the number of subintervals.

Figure 1.4 shows response rates for each successive subinterval of
each component for all hens in all conditions. The first two panels
show response rates in each successive 15-s subinterval for the
conditions where component duration was 120 s and 60 s. The third
and fourth panels show response rates in each successive 5-s
subinterval when component duration was 30 s and 15 s respectively
and the righthand panel shows response rates in successive 3 s

subintervals when component duration was 6 s. In all instances the
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Estimates of the parameter log c¢ in Equation 4 plotted against

component duration.
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Response rates for each successive subinterval of each component
for all hens in all conditions. Each panel shows response rates
in each successive subinterval for the two conditions at one
component duration. For the first two panels show response rates
in each successive 15-s subinterval when component duration was
120 s and 60 s, the third and fourth panels show response rates in
each successive 5-s subinterval when component duration was 30 s
and 15 s respectively and in the right hand panel shows response
rates in successive 3-s subintervals when component duration was
6 s. In all instances the plusses (+) represent response rate on
the VI 30-s component and the filled circles represent response
rate on the VI 120-s component. Points connected with a solid
line indicate data obtained when a MULT VI 30-s VI 120-s schedule
was in effect and points connected with a dashed line represent
data obtained when the schedule in effect was a MULT VI 120-s VI
30-s.
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plusses (+) represent response rate on the VI 30-s schedule and the
circles represent response rate on the VI 120-s schedule. Points
connected with a solid line indicate data obtained when a MULT VI
30-s VI 120-s schedule was in effect and points connected with a
dashed line represent data obtained when the schedule in effect was
a MULT VI 120-s VI 30-s. For all hens response rates on the lean
schedule (open circles) tended to increase as a function of time
since component alternation. This effect occurred for all hens in
both conditions when component duration was 120 s and 60 s (the two
left most panels of Figure 1.4) and for Hens 52 and 53 in all
conditions. For the Hens 51 and 54 response rates, on the lean
component, tended to remain constant, or occasionally decrease, as a
function of time since component alternation when component duration
was 30s or less. 1In total, negative local contrast was observed in

33 out of 40 possible instances.

Response rate during the component with the higher reinforcement
density tended to decrease as a function of time since component
alternation for three of the four hens (51, 52, and 53). For these
three hens the effect was present in the data, to some extent, at
all component durations. However when component duration was 30 s,
this effect was only marginally present for Hen 53 anq ambiguous for
Hen 51. When the MULT VI 30-s VI 120-s was in effect response rates
for Hen 51 decreased immediately after component alternation, but
then increased again as time since component alternation increased.
This decrease in response rates on the rich schedule as a function
of time since component alternation noted in 51’s, 52's and 53's
data, was not clearly evident in 54’s data. For this bird response
rate did not vary consistently within components when component
duration was 120 s and 60 s and was variable across the two
conditions at each of the remaining three component durations. In
total, positive local contrast was observed in 32 out of 40 possible

instances.

Generalised Matching Law Analysis

Figure 1.5 shows the slopes of least square regression lines (the
exponent a in Equation 4) for responding in each successive

subinterval on all conditions for all birds plotted against time
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The slopes of least square regression lines (the exponent a in
Equation 4) for responding in each successive subinterval on all
conditions for all birds plotted against time since component
alternation. The left panel shows values of a obtained in
successive subintervals when component duration was 120 s(filled
circles) and 60 s (open circles). The centre panel shows a values
obtained for each successive 5-s subinterval when component
duration was 30 s (filled squares) and 15 s(open squares). The
right panel shows values of a obtained in each successive 3-s

subinterval when component duration was 6 s.
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since component alternation. The left panel shows values of a
obtained in successive subintervals when component duration was

120 s (filled circles) and 60 s (open circles). The centre panel
shows a values obtained for each successive 5-s subinterval when
component duration was 30 s (filled squares) and 15 s (open
squares). The right panel shows values of a obtained in each
successive 3-s subinterval when component duration was 6 s.
Generally there was a decrease in the value obtained for the
exponent a as a function of time since component alternation. This
effect can be seen in all birds’ data when component duration was
120 s and 60 s and to some extent in the data from all conditions
for Hens 51, 52 and 53. Values of a obtained for 54’'s data
increased as a function of time since component alternation when
component duration was 6 s and 15 s and first decreased, and then
increased, as a function of time since component alternation when
component duration was 30 s. This decrease followed by an increase
in a values obtained was also noticeable in Hen 51’'s data when
component duration was 30 s and 15 s. The subsequent increase in
this hen’'s data, relative to the initial decrease, was smaller than
that seen in 54’'s data. Where decreases in a as a function of time
since component alternation occurred, they tended to occur over the
first few intervals with the greatest decrease in a occurring
between the first and second subintervals regardless of their

length.

Figure 1.6 shows estimates of a for responding during the first

15 s, 30 s and 60 s of components where component duration was
greater than or equal to these values, plotted against component
duration. Filled circles represent a values for the first 15 s of
components, open circles the first 30 s and squares the first 60 s.
Generally estimates of a obtained for early portions of longer
components were greater than the a values obtained for total
responding when component durations were equal to those portions.
For example a values obtained for responding in the first 15 s, 30 s
and 60 s of a 120 s component were generally higher than a values
obtained when component duration was 15 s, 30 s and 60 s
respectively. In most instances values of a obtained for responding
during early portions of longer components decreased as component
duration decreased. That is values of a for the first 15 s of a

120 s component were higher than those obtained for a comparable
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Estimates of a for responding during the first 15 s, 30 s and 60 s
of components where component duration was greater than or equal

to these values, plotted against component duration.
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period of a 60 s component which in turn were higher than a’s
obtained for the first 15 s of a 30 s component. These effects are
clearest in the data from Hens 51, 52 and 53. For Hen 54’s data a
values obtained for early portions of components, when component
duration was 120 s, were higher than those obtained when component
duration was equal to the duration of these portions. For
conditions where component duration was less than 120 s the opposite
pattern occurred. As component duration was reduced from 60 s a
values obtained for early portions of equal duration increased. For
example, the a value obtained for the first 15 s of components when
component duration was 60 s, was lower than that obtained for the
same period when component duration was 30 s, which in turn was

lower than that obtained when component duration was 15 s.

Figure 1.7 shows estimates of the parameter log ¢ in Equation 4 for
all hens’ data plotted as a function of time since component
alternation. The left panel shows values of log ¢ obtained when
component duration was 120 s (filled circles) and 60 s (open
circles). The centre panel shows log ¢ values when component
duration was 30 s (filled squares) and 15 s (open squares). The
right panel shows values of log ¢ obtained when component duration
was 6 s. There were no consistent changes in log ¢ across birds and
in only one bird’'s data were changes in bias, as a function of time
since component alternation, consistent across conditions. For Hen
54’'s data, bias towards S1 increased as a function of time since
component alternation when component duration was 30 s, 15 s and

6 s.
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Estimates of the parameter log ¢ for successive subintervals of
components plotted as a function of time since component
alternation. The left panel shows values of log ¢ obtained when
component duration was 120 s (filled circles) and 60 s ( open
circles). The centre panel shows log ¢ values when component
duration was 30 s (filled squares) and 15 s (open squares). The
right panel shows values of log ¢ obtained when component duration

was 6 s.
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DISCUSSION

The aim of this experiment was firstly to determine whether the
short-component effect reported by Shimp and Wheatley (1971) and
others was replicable when reinforcement rates in the component
schedules were reversed frequently. In addition the contribution of
within-component changes in relative response rates, to the

phenomenon were investigated.

The Short-Component Effect

The results of this experiment were similar in form to those
reported by de Villiers (1974), Merigan et al. (1975), Silberberg
and Schrot (1974), Shimp and Wheatley (1971), Todorov (1972) and
Williams (1989). They are also consistent with other studies where
increases in the magnitude of behavioural contrast were reported
when component duration was reduced (e.g., McSweeney et al., 1986;

McSweeney, 1982; Williams, 1982).

Several features of the data are of particular interest. For all
birds, values of a increased as component duration was reduced but
this increase was not a constant function of decreasing component
duration. For two hens' data a values did not increase until
component duration was reduced to 30 s. In the data from another
hen, Hen 51, there was no increase in a until component duration was
reduced from 30 s to 15 s. This finding is similar to those
reported by Hunt (1985) and Shimp and Wheatley (1971). Hunt found
that for all subjects (hens) initial reductions in component
duration did not affect point estimates of a consistently.
Similarly examination of the data from Shimp and Wheatley’s (1971)
study suggests that values of a did not change cohsistently as a
function of component duration. In particular when component
duration was decreased from 60 s to 30 s a values increased for only
one bird and decreased for the other two subjects. It may therefore
be argued that reducing component duration does not increase
sensitivity to reinforcement ratios until some critical component

duration is reached.

Given that Shimp and Wheatley and Hunt found that the low a values

typical of longer components were recoverable when component
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duration was increased this effect may be re-stated in terms of
increasing component duration. That is, it appears that increasing
component duration decreases animals’ sensitivity to relative
reinforcement rates until some asymptotic level of a is reached.
Increasing component duration beyond this level has no further
consistent effect. Thus it appears that the short-component effect
is limited at one extreme, although the component duration at which

asymptotically low a values are reached varies across subjects.

The short-component effect also appears to be limited at the other
extreme. For two birds in this study the highest a values were
obtained when component duration was 15 s with values of a
decreasing for these birds when component duration was further
reduced. Similar results were reported by Shimp and Wheatley
(1971), and Todorov (1972). The highest a values were obtained when
component duration was between 5 s and 10 s in Shimp and Wheatley's
study and 10 s in Todorov’'s study. One possible explanation for
this effect is that, at short component durations, reinforcement
time is more likely to carry over across schedule alternations.

Thus the stimulus present when a reinforcer is obtained may be
different from the stimulus present when the reinforcement duration
is complete. In such situations the stimulus immediately following,
as well as the stimulus immediately preceding reinforcement
delivery, may come to have some control over behaviour. If this
were so, some reinforcers for behaviour in one component may
reinforce behaviour in the other and thus a values would decline.
However the highest a values from some birds’ data in this and
others’' studies (Hunt, 1985; Shimp & Wheatley, 1971) were found at
the shortest component durations examined. Thus increases in
sensitivity to relative reinforcement rates appear to occur across a
limited range of component durations and this range varies across

subjects.

Although in form the results of the current experiment support the
findings of Shimp and Wheatley (1971), the values of a obtained
differ. In Shimp and Wheatley's study a values ranged from 0.16 to
0.91 while in this study values of a obtained ranged from 0.16 to
0.68 with a median of 0.39. Thus, while values of a obtained at
short component durations by Shimp and Wheatley may be described as

similar to those typical of concurrent-schedule performance,
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considerably more undermatching was evident in this study than

typically found with concurrent schedules.

Three procedural variables may have contributed to the relatively
greater undermatching evident in this experiment. Firstly this
experiment used hens as subjects while most other studies
demonstrating the short-component effect used pigeons. Hunt (1985)
also examined the effects of component duration on multiple-schedule
performance with hens as subjects and found that a values at short
component durations were considerably less than 1.0 in most
instances. As previously discussed, some other studies have also
reported that multiple-schedule performance varies with the species
used (e.g., Weiss, 1971). However it is notable that concurrent-
schedule performance with hens as subjects is not characterised by
lower a values than found in other species (DeMello, 1984;

Scown, 1983). Thus if the undermatching evident here is related to
species differences it would appear that this variable also

influences multiple and concurrent-schedule performance differently.

A second factor which may have contributed to the comparative
insensitivity of relative response rates to relative reinforcement
rates noted in this study and in that of Hunt (1985), is that the
stimuli employed in these two studies may have been more difficult
to discriminate. As stated, several studies have shown that the
decreased discriminability of stimuli will decrease a values
obtained for concurrent-schedule (Bourland & Miller, 1981; Miller et
al., 1980) and multiple-schedule performance (White et

al., 1983, 1984). Data from experiments using a delayed-matching-
to-sample task have shown that hens can discriminate colours
(Breen, 1987; Carroll, 1989 and Jones, 1988) but the colour
differential used in those experiments were greater than those used
in this study. However as no experiments have assessed the
discriminability of the stimuli used here it is only possible to
speculate that this variable may have contributed to the low «

values found.

Finally the schedule reversals carried out at each component
duration may have attenuated the short-component effect. In this
study hens tended to respond less on the VI 30-s schedule and more

on the VI 120-s following a schedule reversal. That is when
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reinforcement rates associated with the component schedules were
reversed response rates did not reverse to the same extent. This
effect is demonstrated in three hens’ data by the reduced response
differential noted between the first and second condition at various
component durations (Table 1.2) and is reflected in the changes in
the direction of bias in the data from Hens 51, 52 and 53 (Figure
1.3). For example, when component duration was reduced from 15 s to
6 s the component schedules in effect were kept constant and
response rate was highest on the VI 30-s schedule associated with
S1. In the following condition reinforcement rates in the component
schedules were reversed, and although response rates were higher on
S2 (associated with the VI 30-s schedule) than on Sl (associated
with the VI 120-s schedule), response rates on S2 were lower than
response rates on S1 in the previous condition. When such data are
analysed using the GML equation the value of log ¢ will differ from
zero. Given that the direction of bias (log c) changed according to
which stimulus was associated with the rich schedule in the first of
the two conditions at each component duration, bias, in these
instances, does not reflect bias toward a particular stimuli so much

as the influence of previous conditions, or hysteresis.

As a result of the previous schedule influencing behaviour, apparent
sensitivity to current reinforcement rates will decrease when
reinforcement rates associated with the component schedules are
reversed. The lower a values found in this experiment may well be
the result of this hysteresis although their similarity to the
results of Hunt's (1985) study, which did not involve schedule
reversals, suggest that difficulties in discrimination or species-

related variables may also contribute.

The results of this study are contrary to those obtained by Charman
and Davison (Exp 2, 1982) and White et al. (1985). However, as
previously discussed, it is arguably the case that aspects of their
procedures may have contributed to their failure to find the
short-component effect. The results of this study add further
support to this hypothesis. Firstly, it was suggested that the
study by White et al. may have failed to demonstrate the
short-component effect consistently across birds because they did
not examine a sufficient range of component durations. As found in

previous studies, in this experiment the effect of reducing
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component duration was consistent across subjects in that values of
a for all hens’ data increased at shorter component durations but
increases in a did not occur across all component durations. It is
clearly possible that studies which examine few component durations
may not demonstrate the short-component effect purely because they
have not used a component duration at which it would be evidenced
for their particular subjects. However, while Charman and Davison
examined only one component duration, 5 s, this duration is
sufficiently small, given the component durations found by others to
be associated with increased sensitivity, to expect relatively high

values of a to be found.

As already suggested, Charman and Davison’s study may have failed to
show the short-component effect because of hysteresis present in
their data. However, similar hysteresis effects were present in the
data from this experiment and the short-component effect was still
evident. Although it is not clear why the influence of previous
conditions might have been sufficient to eliminate any effects of
employing a short component duration in Charman and Davison's
results but not in the present study, or why hysteresis was not
evident in Williams' (1989) study, procedural differences in the
studies may have contributed. Specifically, it is possible that
both the use of frequent schedule reversals and a large number of

conditions may contribute to the development of hysteresis.

Williams used several reinforcement ratios but the order of
conditions was such that no condition was followed by a condition
where the reinforcement rates were reversed. In this study, and in
Charman and Davison's study, reinforcement conditions in adjacent
conditions were often reversed. Thus abrupt schedule changes may be

a necessary condition for hysteresis to obtain.

The difference between Charman and Davison’s result and those
obtained in this study may be predicted if, with each schedule
reversal, response differentials decrease such that response rate
becomes increasingly insensitive to current reinforcement ratios.
In Charman and Davison's study two schedule reversals were carried
out when component duration was 5 s but in the current study only
one schedule reversal was carried out at each component duration.

I1f the actual number of schedule reversals was relevant then it



52

would be predicted that hysteresis would increase over successive
schedule reversals. The results of this study suggest that this may
be the case as the failure of response rate to reverse completely
following reinforcement rate reversals was more consistent in later
conditions. However, if simply increasing the number of schedule
reversals was sufficient to allow the influence of p;evious
conditions to outweigh any effect of component duration, then the
short-component effect would not be expected in this experiment.
That is a values in this experiment were found to increase more in
the later conditions, even when hysteresis was observed more

consistently.

An alternative explanation of the difference between the results
reported here and those of Charman and Davison (1982) relates not to
the number of schedule reversals but to the number of conditions
employed. As stated, Williams found that values of a decreased as a
function of the number of conditions carried out. In total ten
conditions were examined in the present experiment and the only
previous experience the hens had was on a small series of single
schedule experiments for an undergraduate laboratory class. Charman
and Davison's pigeons had previously been exposed to 23 experimental
conditions in another experiment. White et al.’'s (1985) data may
also have been influenced by the number of conditions arranged. It
may therefore be concluded that the short-component effect can be
reduced by two other effects both of which could relate to previous

conditions affecting performance.

The first, which will be referred to here as short-term hysteresis,
may be defined as the immediately preceding condition influencing
performance. That is, the first may be seen as a tendency for
response rates in a particular condition to be more similar to
response rates in the previous condition than the reinforcement
ratio in effect would predict. This form of hysteresis appears to
occur more consistently when the procedure employed involves abrupt

changes in reinforcement ratios.

The second form of hysteresis, which will be termed long-term
hysteresis, may be defined as a decrease in sensitivity to current
reinforcement conditions as a function of the number of previous

conditions. This latter form of hysteresis may well result from all
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previous conditions influencing performance. That is, this
phenomenon may occur as a result of animals’ behaviour becoming
influenced by the average rate of reinforcement associated with a
particular stimulus for all the previous conditions, as the number
of previous conditions increase. If animals respond in this manner,
and the previous conditions involved changes in reinforcement rates
such that in some conditions higher rates were associated with one
component but in other conditions higher rates were associated with
the other component, then response rates on the component schedules
would become similar. It is notable that long-term hysteresis has
been observed in concurrent-schedule performance as well (Todorov,
Castro, Hanna, Bittencourt de Sa & Barreto, 1983) and thus its
appearance in multiple-schedule performance provides some support
for the notion that performance on the two types of schedules is

controlled by similar processes.

The presence of hysteresis in the data is of interest and may be
seen as worthy of further examination. Indeed, if the effects of
hysteresis outweigh the effects of reducing component duration, it
may be argued that an investigation of hysteresis is of greater
importance. However, hysteresis effects do not appear to outweigh
the effects of reducing component duration consistently. In the
present experiment the short-component effect was observed in all
subjects’ data including data from those that evidenced instances of
short-term hysteresis. Furthermore hysteresis was not evident in
all hens’ data. Williams (1989) found that the a values obtained
from a second series of conditions with a short component duration
were higher than a values typically obtained when longer durations
were used even though long-term hysteresis was evident. Of the two
studies which did not obtain the short-component effect the results
of one, White et al (1985), may be regarded as an instance where
insufficient component durations were examined. Thus only one study
currently reported clearly indicates that hysteresis effects may
outweigh any effect of reducing component duration. It is also
worth noting that in subsequent experiments carried out by Charman
and Davison (Experiments 3 & 4, 1982) with the same birds limited

evidence of a short-component effect was obtained.

If behaviour across components is considered, the results of this

experiment are consistent with the hypothesis that temporal
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proximity of alternative reinforcement rates influence the values of
a in the GML.

Within-Component Changes in Behaviour

Changes in behaviour within components as a function of time since
component alternation, whether assessed in terms of response rate
changes or as changes in a, were observed. However changes observed

were not consistent across conditions or birds.

Either local negative contrast or local positive contrast was
observed in all birds’' data in at least one condition but was
observed in only one bird’s data in all conditions. The two
phenomena were not symmetrical in that in some conditions local
positive contrast occurred where local negative contrast did not and
in other conditions the opposite was true. Furthermore in some
conditions local contrast was observed in some birds’ data but not
in others. Similar findings have been reported by Blough (1983),
Nevin and Shettleworth (1966), McLean and White (1981) and others.
For one bird’'s data the form of within-component changes in response
rates changed as a function of decreasing component duration. For
this bird (Hen 54) local contrast was observed at longer component
durations and either little change in response rates or local
induction occurred at shorter component durations. A number of
previous studies also report instances where local induction
occurred for some birds under conditions where other birds’ data
evidenced local contrast (e.g., McLean & White, 1981; Nevin and
Shettleworth, 1966). In general, changes in response rates were
greatest across the first few subintervals of a component regardless
of their length as was also found by Hunt (1985), McLean &

White (1981), Nevin and Shettleworth (1966) and White et al. (1984).
Thus in many respects the changes in response rates within
components observed in this study were similar to those reported in
previous studies. However several differences between the results

of other studies and those observed in this experiment were evident.

Unlike the findings of some other studies (Boneau & Axelrod, 1962;
Buck et al., 1975; Williams, 1981) both local positive and local
negative contrast were found in steady-state behaviour. In general

the two phenomena occurred most reliably at longer component
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durations when subintervals were 15 s in duration. This result was
therefore different from that found by Hunt (1985). Unlike the
results of many previous experiments (e.g., Blough, 1983;

Hunt, 1985; McLean & White, 1981; Nevin & Shettleworth, 1966) local
negative contrast was not found more reliably than local positive
contrast. However, the magnitude of local negative contrast was

generally greater than the magnitude of local positive contrast.

The results of this study, taken with the results of others, suggest
that, although some aspects of within-component response rate
changes may be common across subjects, in general the phenomena may
best be described as idiosyncratic. This general lack of
consistency across conditions and subjects and the lack of symmetry
between local positive and negative contrast observed make these

phenomena difficult to explain.

The inherent problems can be easily seen if one theory which has
been proposed to explain local contrast is examined. A group of
researchers have suggested that behavioural contrast may be
explained in terms of Pavlovian stimulus-reinforcer relations which
occur when different stimuli are associated with different schedules
of reinforcement (Rachlin, 1973; Schwartz & Gamzu, 1977). This
theory, termed additivity theory, states that a stimulus associated
with a schedule with relatively high reinforcement frequency will
become a conditioned stimulus which elicits responding while a
stimulus associated with a leaner schedule will inhibit responding.
These Pavlovian stimulus-reinforcer responses interact with operant
responses, controlled by the response-reinforcer contingency, such
that, in a standard contrast experiment response rates in a constant
component increase or decrease as a result of the stimulus-
reinforcer relation inhibiting or enhancing responding. According
to this theory the stimulus-reinforcer relation will be strongest
immediately after a transition from one stimulus to another and
hence local contrast is predicted. The observed response rate on a
rich schedule would be predicted to be highest immediately after a
schedule transition, given that more elicited responding would occur

at that time.

This theory readily accounts for the local contrast that was

observed, although no direct evidence that the observed responses
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included e;icited responding is available. However this theory
cannot explain why local contrast occurred in some conditions but
not others where the same stimulus-reinforcer relations were in
effect. Nor can this theory easily accommodate the local induction
observed in Hen 54's data and in other experiments (e.g., Buck et
al, 1975) where response rate in a rich component was highest later
in a component when the stimulus-reinforcer relation is supposedly

weakest.

Other explanations of local contrast tend to invoke schedule
transitions as the relevant variable underlying within-component
changes in response rate. For example, it has been suggested that
the transition from a lower-valued state to a higher-valued state,
or vice versa, may acquire reinforcing or punishing properties, with
consequent changes in response rates close to transition

periods (Hinson et al., 1978). Alternatively response rates may be
inflated or reduced as a rebound effect from conditions operating in
the previous component schedule. For example, response rates may be
inflated in the rich schedule following a lean schedule due to some
emotional reaction to the release from the less desirable state
(Terrace, 1966). All these propositions may predict one of the
possible patterns of local response rates but have difficulty

explaining all the variations commonly observed.

McSweeney, Ettinger & Norman (1981) suggested that the understanding
of behavioural contrast may require recourse to more than one
theory. It may be similarly argued that local contrast may be not
be explained in terms of one process. That is all within-component
response rate changes may be explicable if different processes are
invoked to explain each particular response pattern observed.
However, it may be argued that the variability in response rates
observed is simply a reflection of the idiosyncrasy of that measure
in general. As stated in the general introduction, animals’
response rates on single schedules, while exhibiting some common

features across subjects, also vary across subjects.

In this ex