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CHAPTER 1

INTRODUCTION




CHAPTER I

INTRODUCTION

THE RESEARCH PROBLEM

"Just as the problem of action at a distance created conceptual
difficulties in philosophical analyses of causation, action delayed
over time remains with us to create conceptual difficulties..c....In
other modalities, such as vision, the question of whether behavior
mediates simple discriminations such as the discrimination of intensity
does not arise. It is not felt that such sensory processes must have
the same dimensions as behavior . In temporal discriminations, however,
the temporal gap is there to be bridged, and the analysis of mediating
or timing behavior may be regarded as a kind of search for the temporal
receptor". (Catania, 1970, p.36).

The research reported in this thesis arose from a review of the
literature on timing behaviours in organisms. This revealed that while
many experimenters have described behaviour, produced by both animals
and humans, where responses have been spaced accurately in time, the

empirical results are open to equivocal explanations.

One aspect of timing behaviour which has received little
experimental attention is the function, if any, of the stereotyped
behaviours which often occur collaterally with accurately spaced
responding in time. These stereotyped collateral behaviours have some-
ttimes been termed mediating behaviours because several researchers
claim that they mediate accurately spaced responding in time (Kramer
and Rilling, 1970, p.234 ff.). A detailed functional analysis of
these ''mediating" behaviours has not appeared in the literature. This

is possidbly because the initial appearance of such behaviours is out-



swith the experimenters control and, furthermore, these behaviours are
normally peculiar to the individual and therefore difficult to measure
quantitively.

The present investigation used a technique which made it likely
that a certain behaviour would occur as the stereotyped collateral
behaviour, and allowed a degree of quantitive measurement of this
behaviour.

It was hoped that investigation of stereotyped collateral
behaviours would throw some light on the wider question of how organ-

sisms space responses accurately in time.



OPERANT CONDITIONING

Operant, or instrumental, conditioning is the name applied to
one of "the basic procedures and techniques that are the essential
features of modern behavio rism". (Rachlin, 1970, p.60).

As a technique, operant conditioning implies the control
exercised by an experimenter over the occurrence of an operant, or
class of behaviour, when contingencies are set up between instances of
that operant and the occurrence of reinforcers (or rewards).

Reinforcement may be either positive, usually delivery of food
or water to an animal appropriately deprived, or negative, which involves
the removal of aversive events, such as an electric shock. Whether or
not an event is a reinforcer is a purely empirical question, to be deter-
smined by making the occurrence of a supposed reinforcing event contin-
igent on the emission of a response (an instance of the operant)., If
the response increases in probability as a result of this procedure
then the event,or stimulus,can be deemed a reinforcer for that response,

Typically operant conditioning experiments are characterized by
a fairly high degree of envirommental control. The use of automated
equipment increases this control. Experimental sessions are normally
run within a small experimental space (Skinmer box) in which noise,
light and temperature levels are controlled. The manipulanda upon
vwhich the subject responds vary according to species. The two most
common are & small lever which rats can depress with their fore feet,
or a cirvular disk or key which pigeons can peck. Responses are
normally reinforced by delivery of a food pellet for rats, or several
seconds access to a grain hopper for pigeons.

Within operant conditioning there are several types of procedure

characterized by the degree of constraint imposed, by the experimenter,



on the occurrence of a response. The procedure in use throughout this

investigation can be described as a free operant procedure.

The manipulandum, a lever, was available to the subjects (rats)
throughout each session. The response consisted of a downward pressure
on the lever equal to,or greater than,a specified amount. Im fact the
response required little effort and was usually of very short duration
with none of tle complications of refractory periods associated with
some responses. In effect,the rats could respond at any time and at a
wide range of rates for long periods of time. This was of course an
advantage,since the experiments involved the temporal spacing of
responses.

With other types of operant conditioning procedures responding
cannot be free in this sense. For example, runway procedures in which
the experimenter has to remove the subject from the apparatus after each
(extended) response would not have been suitable for the experiments
reported in this thesis.

The spacing of free operant responses in time, s0 that the
intervals between responses conform to some criterion, can be readily

achieved using the differential reinforcement of low rates (DRL) schedule.

Under DRL schedules a response is reinforced only if a specified time
has elapsed since the preceding response. Like reinforced responses,
premature responses reset the timer which times the specified interval,
otherwise they are ineffective. Under appropriate conditions most
species exposed to this schedule of lreinforcement space their responses
in & regular way to meet the temporal requirements of the schedule.
Characteristically, stereotyped behaviours occur collaterally with the

spaced responding required by the DRL schedule.



"TIME" IN EXPERIMENTAL PSYCHOLOGY

This inveatigation looked at two “timing behaviours". These
were:- (a) rat lever press responses which were so spaced in time that
they frequently fulfilled the requirements of the DRL schedule in
operation, and (b) stereotyped collateral behaviours which have been
observed to occur between instances of such spaced responding. To call
(a) "timing behaviour" is to describe it. To call (b) *timing behaviour"
is to explain it's function. While descriptions of behaviour occur
frequently in - . experimental analyses of behaviour, explanations occur
less frequently.

Explanations of the timing behaviour described in (a) have been
presented by several reviewers. Catania (1970) stated that, "the IRL
schedule (is) a schedule in which temporal discriminations may develop
based on the time since the preceding response" (p.6). This represents
a theoretical position taken by many of the reviewers of timing
behaviour (Harzem, 1969, p.300; Staddon, 1972, p.217). These reviewers
of timing behaviour in animals imply that some form of discrimination
of . temporal variables is involved in successful animal timing behaviour.
There is a '"'retreat into the organism® where some judgement is made,
similar in kind to a sensory discrimination. Why is this view so
widely held and is it the most parsimonious explanation of the available
data?

To answer these questions it is necessary to look briefly at the
status of the term "time", in both experimental psychology in gmneral
and the experimental analysis of behaviour in particular,

Ornstein (1969) summarised the four modes of time experience

which experimental (human) psychology has studied:



"l. The present, short term time.
(a) The 'perception' of short intervals.
(b) Rythm or timing.

2. Duration, the past, long-term memory.

3. Temporal perspective - philosophical, social, cultural
constructions of the world and their effects on the
interpretation of time experience. 'Becoming', the
future,

4, Simultaneity and succession" (p.23).

Categories 1 and 4 are the fields of cognitive psychologists
interested in short term memory (Neisser, 1967) and of psychologists
interested in the aspects of perception relating to rythm (Fraisse, 1956;
Loehlin, 1959;) or causality (Bergeson, 1920 Michotte 1963). The third
category encompasses the cross~-cultural studies of Nakamura (1966) and
the large eclectic surveys of time research (Frazer, 1966; Doob, 1971).

The second category is the one which concerned Ornstein and to
which his research was directed. He concludes that research inb® the
experience of duration has relied for its methodology almost entirely
on the psychophysical approach, assuming that there is either a
"biological clock' which regulates experience or an '"organ" of time
which discriminates some hypothesised "real' time.

"In linking particular theoretical approaches with modes of time
experience we.found that (a) major reason for the confusion in time
experience was that time had been considered as if it were a sensory
process such as hearing. This type of analysis would presuppose
external time stimuli, existingindependently of ourselves as do sound

waves, which would be apprehended by an organ of sensation, like the



ear. Many have looked for such a 'time base' in an internal organ of
time experience........Almost everything possible has been considered

as the 'clock'! or 'chronometer', the heart, the cerebellum, pacemakers

in the brain, the respiration cycle, the Weber fraction for taste,

cellular metabolic rate, etc. If all these could be the 'clock' then

the concept of the 'clock' could have no meaning. There is no consistent

identification of the 'clock' in any one of these processes, and no real

way that an 'inner clock' would relate to time experience" (Ornstein,
1969, pp. 102 - 103).

In a series of elegant studies,Ornstein (1969) has shown that the
concept of "storage size"™ is a useful analogy in explanations of duration
experience. The storage size refers to the "space" that information
“consciously" received during an interval occupies in some hypothesised
"input register". He demonstrated that humanm experience of duration
lengthened as a function of the stimulus complexity and number of
stimuli "in storage" during an interval. The interested reader is
referred to Ornstein's book for greater detail. Even this brief precis
of Ornstein's results illustrates the cognitive nature of his explan-
tation of human time experience. Unfortunately, the type of experiment
he conducted is no¥possible with non-human subjects, but perhaps his
conclusions on the methodology of previous experiments in this field
should be noted when explanations for anmal timing behaviour are being
discussed.

Just as it has been assumed that the methodology appropriate to
the psychophysical studies of the human senses is also appropriate to
the study of human temporal experience, so psychophysical methods have

long been employed in studies of animal timing behaviour (Behar, 1963;




Cowles and Finan, 1941; Heron, 1949; Reynolds and Catania, 1962; Stubbs,
1968; Woodrow, 1928). Catania (1970) has said:~ "The development of

a technology that allows psychophysical studies to be conducted with
animals has demanded that the contingencies involved in psychophysical
judgements be made explicit (Blough, 1958). This advantage of animal
psychophysical procedures may be expected to hold for the psychophysics
of time as it has for the psychophysics of sensory modalities". (p.27).

However, there are big differences between animal psychophysical
experi ments (Stebbins, 1970), and human psychophysical experiments.
Human subjects are given brief verbal imstructions and normally this is
sufficient to produce the required topographical response. "It is not
at all clear whether animals can behave in such a way and even less
clear is the kind of training procedure that might be equivalent to
the brief verbal instructions given to the human observer. The latter's
competence may depend on a long history of various kinds of training and
getting an animal to display a similar type of behaviour may require a
similar extended training procedure."” (Boakes, 1969, p.358).

Boakes' remarks preface a discussion on response continuity in
animal psychophysical experiments. Unlike the human situation,the an-
simal does not produce a newly acquired behaviour in an unfamiliar
test environment over at most a few sessions. The animal has to be
trained,and,in exposing the desired response to the contingencies of
reinforcement, other, non-recorded, behaviours are similarly exposed.
When successful "discrimination' is demonstrated these established non-
recorded behaviours are rarely méntioned and if they are they are
dismissed as being irrelevant. This view is most clearly illustrated
by Catania (1970):=
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"In all cases of temporal discrimination, it is possible to
appeal to mediation by discrimination of response properties or of
environmental events. The demonstration or analysis of such mediation,
however, is concerned with the mechanisme that may underlie & particular
temporal discrimination and should not be substituted for an analysis
of the properties of the temporal discrimination itself. The relation-
sship is analogous to that in the study of sensory discriminations: for
example, an analysis of the physiology of vision may clarify some aspects
of visual discrimination, but the physiological mechanisms do not replace
behavio ral data that demonstrate the properties of visual discrimination"
(pe 7

It will be noticed in the above extract that the latter argument-
by-analogy depends crucially on the premise that the appeal in all

cases of temporal discrimination can be "mediation by discrimination of

response properties or of environmental events", Catania's statement
presupposes that the process involved in timing behaviour is temporal
discrimination.

Catania's introduction could be rephrased in a less hypothetical
manner:- "theappeal in all cases of timing behaviour can be to mediation
by response properties or environmental events", When phrased like this,
the case for analysing the function of such "mediational® variables is
strengthened.

The acceptance of the definition of time, "as a single property
of a stimulus, comparable with intensity, wavelength, etc....:(Skinnar.
1938, p.269) has a long history, both within humanm experimental
psychology, and the experimental amalysis of behaviour. Recent
research has questioned it's usefulness in human experimental

psychology. This investigation of stereotyped collateral behaviour
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arose from the idea that possibly the Mdiscrimination' explanation
for timing behaviour is not necessarily the only one, and that other,

alternative, explanations might fit the available data.
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SUMMARY

This introductory chapter is primarily intended to outline the
direction of the research. The research problem was identified as
an investigation of the stereotyped collateral behaviour which often
occurs with accurately spaced responding in time. Some advantages
of using a free operant as the basic behavioural datum in investiga-
sting the spacing of responses in time were emphasised in a discussion
of operant conditioning as an experimental technique.

Finally some of the waysthe term "time" has been used in
experimental psychology were reviewed. In particular the reader's
attention was drawn to the consistency with which time is conceptua-
tlised as a property of a stimulus, (similar in kind to intensity or
wavelength) which can be "discriminated" by organisms. It was con-
scluded that particularly for non-human subjects,there might be
alternative explanations of timing behaviour which would equally well

accommodate the available data.
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CHAPTER II

LITERATURE REVIEW
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CHAPTER II

LITERATURE REVIEW

INTRODUCTION

The following literature review is divided into two sections. The
first section is a selective review of the literature on the differential
reinforcement of low rates (DRL) schedule of reinforcement. Each sub-
section deals with either a characteristic of the typical behaviour re-
tported under this schedule,or with the effect of some experimental
manipulation upon that behaviour. The first section concludes with a
review of the theoretical interpretations of the development and mainten-
sance of DRL schedule performance which have appeared in the literature.

The second section is a selective review of the literature on the
stereotyped collateral behaviours which, it has been suggested, mediate
correctly spaced responding on the DRL schedule. The second section
concludes with a review of the explamations for the occurrence of these

stereotyped collateral behaviours.

DRL Schedule of Reinforcement: DEFINITION

In its simplest form, the DRL schedule of reinforcement requires
that reinforcement be contingent upon responses which occur " * seconds
or more after the previous response. The time between these two responses
is called the interresponse time (IRT). Responses which occur less than
“t"seconds after the previous response are not reinforced. All responses

reset the timing equipment which times the duration of the IRT.
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BASIC CHARACTERISTICS OF DRL SCHEDULE PERFORMANCE

Response Rate and Efficiency: Species Differences

The first experimenter to describe the differential reinforcement
of low rates vas Skimmer (1938), who added a DRL contingency to a fixed
interval (FI)" 7 minute schedule. Using the stable behaviour of & rat
on this schedule as a baseline he introduced the contingenscy that no
response would be reinforced unless it had occured at least 15 sec. after
the preceding response. The result was a decline in response rate from
approximately 12 responses per minute (averaged across the interval) to
about 1 response per minute, after 75 minutes exposure to this contin-
1gency (Skinner, 1938, p.161).

The first published report of performance on a simple DRL schedule
of reinforcement was given by Wilson and Keller (1953) who established
that the rate of responding on & DRL schedule is inversely related to
the duration of the minimum interval required between two responses be~
sfore the second response is reinforced. This interval will be referred

to as the criterion IRT. Wilson and Keller exposed rats successively

to criterion IRTs of 10, 15, 20, 25 and 30 sec. As the criterion IRT
increased, (a) the rate of lever press responding decreased in a linear
manner over the range of intervals used, (b) the median time between
successive lever press responses increased for each animal, and (c) the
number of reinforcements decreased.

That a particular DRL schedule can control rate of responding was
demonstrated by Zimmerman and Schuster (1962) in whose experiment two

different/

Footnote:~ *The schedule terms used in this thesis are defined and
explained in the glossary:

See Appendices.
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different DRL schedules alternated. Rats were run on a multiple DRL
schedule which consisted of one DRL 36 sec. component (that ie the
criterion IRT was 36 secs.) and one DRL 18 sec. component, with a time
out period of 3 minutes preceding each component. During the time out
(T0) period lever press responses were not reinforced. Each component
was accompanied by a different discriminative stimulus. The subjects
developed two, different, stable rates of lever press responding. The
higher response rate was associated with the DRL 18 sec component. The
experimental procedure was such that equal reinforcements, and equal
reinforcement opportunity, were obtained in each DRL component.

In absolute terms, however, there are great differences in rates
controlled by a DRL schedule, depending on which species is used as
experimental subject. One sensitive measure of DRL performance is the

efficiency ratio which is calculated by dividing the number of rein-

sforced responses by the total number of responses in a session. Rats
consistently perform efficiently (that is a high efficiency ratio is
obtainsd), vhereas pigeons typically produce very inefficiet behaviour.
The efficiency ratio is normally expressed as a percentzge of responses
reinforced, typical percentages for rats lie between 55% and 75% (Conrad,
Sidman and Herrnstein, 1958; Laties, Weiss, Clark and Reynolds, 1965;
Malott and Cumming, 1966; Wilson and Keller, 1953). Primates usually
perform better than rats giving percentages ranging from 70% and 90%
(Bodos, Ross and Brady, 1962; Weiss, Laties, Sbgel and Goldstein, 1966).
The most efficient performance is seen in humans where very high
efficiency can be observed (Bruner and Revusky 1961, Carter and McGrady,
19665 Kapostins, 1963). Most of these experiments use criterion IRT in
the range O - 60 secs.

Efficiency Is much lower in DRL experiments with pigeons as
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subjects, where the required response is a keypeck. Typical percentages
of responding reinforced are 2¥% or less (Kramer and Rilling, 1969; Hols
and Azrin, 1963; Staddon, 1965). Hemmes (1970) has concluded that the
pigeons inefficiency on DRL schedules is dependent on the nature of the
operant response. Noting that all previous studies with pigeons had
employed the key~-pecking response Hemmes used a treadle response and
reported between 20% and 25% efficiency on DRL 20 sec.schedule. Topping,
Pickering and Jackson (1971)repoﬁed a similar increase in efficiency when
response effort, the minimum force required to operate the key,was
increased from 15 gms. to 45 gms. The efficiency of the key peck response
increased from under 1% to 20%. Topping et al. conclude that "the present
results support Hemmes' (1970) conclusion that DRL performance is a
function of the nature of the operant and emphasise the importance of
non-temporal factors on spaced responding schedules".

Current theoretical writings (Staddon and Simmelhag, 19713
Staddon, 1972) and research on "autoshaping" (Brown and Jenkins, 1968;
Gamszu and Williams, 1971) suggest that thereare species specific factors
which "predispose" the pigeon to peck salient objects in a situation
where food is presented intermittently. One might conclude therefore
that as far as DRL research is concerned, the pigeon may be a less than
ideal subject. However the high rate of key pecking evidenced by
pigeons on DRL schedules gave very interesting results in an experiment
by Reynolds (1966). In Reynolds'. experiment a peck on one key initiated
the interval and a peck on a second key terminated it. If the interval
between the two pecks was greater than 18 sec., further responding on
the second key was reinforced on a variable interval (VI) 1 minute
schedule. Reybolds found that while the interval between pecks on the

two keys rarely exceeded 18 secs. the rate of pecking on the second key
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(under the VI contingency) was an increasing function of the length of
the preceding interval. This finding is interesting because the pecking
on the second key may reflect a discrimination of the preceding interval.
However the 18 sec. delay requirement was ratrely met so the amount of
reinforcement, the number of times pecking on the second key was rein~
sforced on a VI 1 min.schedule, was small. Explanations of the Roynolda'
(1966) results must take into account that while a discrimination appears
to have been formed, the absolute number of times reinforcement occurred
was small.

An experiment by Richardson (1973) illustrates all the above
points. Richardson pointed out that "a low response rate alone is not
proof of the effectiveness of the DRL reinforcement contingency. In
order to state that the reinforcement contingency of the DRL schedule
pex se produces a low rate of responding it is necessary to compare the
response rate maintained by a specific value of the DRL schedule with &
second schedule that differs from the DRL schedule only by not specifying
the differential reinforcement of IRTs"™. In Richardson's experiment
pigeons and rats were used in a yoke control désign that equated the re-
sinforcement distributions of DRL and VI schedules. Both a between
subjects design and a within subjects design found response rate higher
for the VI schedule than for the DRL schedule, thus demonstrating the
effectiveness of the DRL contingency. Furthermore rats had a much

higher proportion of their DRL responses reinforced than did the pigeons.

Interresponsé—time Distributions

A oommonly used method for analysing DRL performance is the
relative frequency disiribution of interresponse times (IRTs).

Typically the distribution is bi-modal with one mode occurring at, or
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about, the criterion IRT value and the other mode occurring in the very
short (O - 3 secs) IRT range,(Sidmen, 1955; Laties, Weiss and Weiss,1969),
Sidman (1956) drew attention to the similarity between the distribution
round the criterion IRT value, and the normal generalization gradients
seen in conventional discrimination training (Sidman, 1956; Guttman and
Kalish, 1956) However, the similarity may be only superficial.

In conventional discrimination training the subject is trained to
one or two values. During training, discrete values of the stimulus are
presented and similarly discrete values are used in testing. IRL training
however aannot be viewed in this way. Each IRT is compounded of many
smaller "IRTs". In other words,along the only continuum which could be
discriminated,that is time or duration, the stimuli presented are not
discrete. FPFurthermore in DRL schedules, unlike discrimination training,
the "value” of a stimulus is determined by the subjects behaviour.

For these masons the analogy between IRT distributions on DRL
schedules and the typical generalization curves obtained from discrim-
sination experiments is unclear and consequently of dubious value.

Research on the shape of the distribution of responses round the
criterion IRT has been confined to work on the decline in the absolute
frequency of IRTs longer than the oriterion IRT. Zimmerman (1961)
controlled the length of the inter~reinforcement interval to see what
effect changes in rate of reinforcement would have on timing behaviour.
Using a modified, discrete trial, DRL procedure, as apposed to the free
operant DRL procedure, Zi mmerman showed that overall rate of reinforcement
was an important variable in the control of temporally spaced responding.
He recorded the time from onset of trial to lever press response and
found a mode in the distribution of such times just above the criterion

time. This mode was not as pronounced a mode as that associated with
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DRL schedule IRT distributions. However from his results Zimmerman
concludes "some factor or factors beside the rate of reinforcement must
account for the subject's great tendency to respond shortly after a
reinforcement is set up”,

Mogt reports of DRL performance describe relatively high frequen-
scies of short (0 - 3 sec.) IRTs, These usually represent response "bursts"
(a sequence of rapid responding). The cause and function of such response
"bursts" are still in dispute.

The literature on this subject is comprehensively reviewed by
Harzem (1969) and Kramer and Rilling (1970). Since that time further
research on. this topic has been presented by Lowe and Harzem (1973).

There appears to be a relationship between response "bursts”and
the length of the preceding IRT. Kramer and Rilling (1969) using
pigeons as subjects, found that frequency of response '"bursts" decreased
as response rate increased. This supports the findings of Ferraro
et al. (1965), using rats as subjects,who support Sidman (1956) in finding
that the frequency of "bursts” decreased as the modal IRT, and therefore
the response rate, decreased.

In the light of the known differences between DRL responding in
rats and pigeons further research as to the function,if any, of response
"bursts“ should prove rewarding,

One recent report by Lowe and Harzem (1973) suggests that control
of response "bursts" may lie in the discriminative effects of reinforce-
sment. This supports the observation by Holz and Azrin (1963) which
attributes the source of these short IRTs to the non-reinforced prior
IRT.

Studies of the sequential dependendes of IRTs in DRL schedules

have highlighted the fact that reinforced IRTs tend to occur after
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reinforced IRTs (Parmer and Schoenfeld, 1964; Ferraro et al, 1965;
Weiss, Latiee, Siegal and Goldstein, 1966). This has led researchers
to suggest that stimuli occurring as a consequence of reinforcement may
come to act as discriminative stimuli for reinforced responding (Farmer
and Schoenfeld, 1964; Reynolds, 1964; Carter and Bruno 1968). Lowe and
Harzem (1973), using a two value DRL have shown the rigidity of DRL be-
shaviour. Their schedule contingencies were such that following a
reinforced response, criterion IRT valus (1) was in force. Should the
next response fail to meet this criteriom, IRT value (2) came into
operation. In one interesting condition of their experiment IRT value
(2) was half the duration of IRT value (1) (10 sec.and 20 sec.). The
optimum strategy in this situation would be to produce a short IRT or
"burst" immediately following a reinforced response thus keeping the
shorter criterion value in force. However Lowe and Harzem's results
showed the complete opposite. Most, if not all "bursts" occurred after
unreinforced IRTs and by far the most time was spent in criterion value
(1) or the longer contingency. Lowe and Harzem claim this behaviour

illustrates the discriminative effect of reinforcement.
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EXPERIMENTAL MANIPULATION OF DRI BASELINE

This section of the review deals very briefly with the salient
offects of several experimental manipulations. Again, for a more detailed
review the interested reader is referred to Harzem (1969) and Kramer and
Rilling (1970).

Amount of Deprivation

Using rats and monkeys, COnrsdctd@SB) reported: "In all cases the
major effect upon performance of manipulating deprivation in the DRL
situation was observed to occur only after short deprivation or when the
animals were near satiation" (p. 64) Deprivationoef food for less than
20 hours produced a lowered response rate but from 20 = 70 hours depriv-
sation appeared to have little effect in altering the normal (23 hrs.
deprivation) DRL behaviour .

Similar findings for pigeons were reported by Holz and Azrin

(1963) and Reynolds (1964).

Magnitude of Reinforcement
Beer and Trumble (1965) showed that for rats (1) increasing

magnitude of reinforcement deoreased the mean IRT; (2) the efficiency
ratio decreased linearly with increeases in magnitude of reinforcement
(3) Measures of response variability (not described) indicated that
responding was least variable with the largest amount of reinforcement
(4 pellets) and most variable with the smallest amount of reinforcement
(1 pellet). (4) These effects were clearest when more than one magni-
stude of reinforcement was presented during each sessim. Kramer and
Rilling (1970) comclude, " the combined results of experiments on

deprivation and magnitude of reinforcement suggest that increasing the
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'motivation' for food increases the rate of responding. This is quite
interesting since increasing rate of responding usually leads to a decrease
in frequency of reinforcement on the DRL schedule".

However the Lowe and Harzem (1973) results discussed earlier
suggest that a re-appraisal of the Beer and Trumble (1965) results might
be in order. Beer and Trumble did not present any IRT distribution data
and it could be the case that the greater the magnitude of the reinforcer
the greater the probability of a "burst" following a non-reinforced
response. This would of necessity decrease the average IRT . The ambig-

tuous nature of the presented data detracts from this study.

Extinction

Extinction refers to the procedure by which previously reinforced
responding is no longer reinforced. The data from extinction experiments
on behaviour previously maintained by a DRL schedule seem: to support the
discrimination of reinforcement view. Where the efficiery of responding
in terms of +total number of responses reinforced is greater than 50%
extinction produces a rapid reduction in responding (Ferraro et al. 19653
Carter and Bruno,196& Laties et al;1965;Laties et al.,1969) In cases,
usually pigeons where the efficiency percentage is much lower than 50%;
reduction of responding in extinction is slower. Kramer and Rilling(1970)
point out that: "This is reminiscent of the partial reinforcement effect
(Deese and Hulse, 1967). These data might suggest that the omission of
reinforcement, particularly where the ratio of reinforcements is high,
serves as a discriminative cue for not responding. They might also
suggest that the omission of reinforcement qlininatea the discriminative

‘stimulus for further responding'.
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Aversive Stimulation

Two experimental manipulatiéns using aversive stimulation are
considered here; the first is punishment of DRL behaviour and the second
is the effect of an Estes-Skinner (1941) procedure on a DRL baseline.

The normal effect of response contingent aversive stimuli (electric
shock, for example) on behaviour maintained by schedules of positive re-
sinforcement is to reduce the probability of the punished response. Holz,
Azrin and Ulrich (1963) showed that this held true for DRL behaviour
despite the fact that a drop in response rate in normal DRL performance
usually means an increase in reinforcementfrequency. There is a decline
in the number of "bursts",or short IRTs,and an increase in longer IRTs.
It might be expected that the facilitatory effect of increased reinforce-
:ment frequency would require a higher intensity of shock for PBRL than
for other positive reinforcement schedules. Holz et al. comment that: "It
appears that & given punishment intensity remains equally effective
regardless of whether minishment increases or decreases the frequency of
reinforcement". As in the case of magnitude of reinforcement this seems
to strengthen the view that reinforcement and punishment act on the
probability of the response and noéT;he probability of certain IRTs ter-
sminated by these responses,

The effect of the second experimental manipulation, the Estes-
Skinner (1941) procedure, on a DRL behaviour baseline is still largely
undetermined. In the Estes-Skinner procedure a stimulus terminating in
an unavoidable electric shock is superimposed on the schedule behaviour.
The effect of this on most schedule behaviour maintained by positive
reinforcemesnt is to suppress the response rate while the stimulus is
being presented. This has been termed comiitioned suppression (Lyon,1968),
or conditioned emotional response (CER: Watson and Raynor 1920; Hunt and

Brady, 1951).
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and  Scrutqn
As Blackman (1973) havépointed out, '"when the Estes-Skinner pro-

scedure is superimposed on the behaviour maintained by schedules that
differentially reinforce low rates of responding (DRL), the results have
been equivocal. Leaf and Muller (1964) found that DRL responding was
suppressed during a pre-shock stimulus, but Finnochio(1963) and Blackman
(1968) reported an acceleration of DIRL responding in certain conditions".
The results are so contradictory that thmﬂld(mgg hawe suggested that
the factor controlling response suppression or facilitation may be the
disruption of the other behaviour, occurring between responses, by the
pre-shock stimulus. Theil: report is discussed in the section of the review

concerned with studies of such collateral behaviours.
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Effect of the Amphetamine drug group on IRL performance
While there have been comprehensive studies of different drug

effects on DRL performance, (Dews end Morse, 1961; Kelleher and Cook,
1959), most research has been directed at the effect of amphetemine on
DRL performance.

McKearney (1972) and Wuttke and Innis (1972) have recently
sumarised the effects of the amphetamines on schedule maintained behav-
siour. They conclude that the evidence supports the Kelleher and Mprse
(1968) contention that the baseline rate of responding on @ schedule is
of overwhelming importance in determining the effect of drugs on that
behaviour.

Segal (1962) pointed out that the DRL schedule is of interest as
a baseline for drug effect studies for two reasons. The first is that the
typical bimodal distribution allows differential drug effects onIRTs of
different lengths to be seen clearly, and second, disruption of DRL per -
tformance by the drug may give some clue as to the factors controlling
DRL behaviour.

The typical effect of amphetamines is to increase the response rate
by displacing the whole IRT distribution in the direction of short IRTs
(d-amphetamine, Kelleher and Cook 1959, Dews and Morse 1958; dl-amphetamine:
Segal, 1962; Schuster and Zimmerman 1961). The reports agree that while
the probability of short IRTs increases greatly there is some measure
of temporal discrimination (in the sense of a second reduced mode at a
point further along the IRT distribution).

Segal (1982) suggests that analysis of this distribution change in
terms of interruption of some "mediating' or collateral behaviour are in-
scorreot, "the main effect of the drug was apparently a motor excitatory

one, and not a specific disruption of some internal timing mechanism......
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To the extent that gvert behavior mediates timing behavior , then
amphetamine may be said to disrupt temporal discrimination. But this is
a secondary effect, produced not by interference with an internal timing
mechanism, but rather by increasing the rate of emission of all overt

behavior ".
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EXPLANATIONS OF THE MAINTENANCE OF DRL PERFORMANCE

In his examination of temporal processes in schedules and in
particular DRL schedules Catania (1970) distinguished between three types
of behavioural effects. These were the dynamic, the differentiating and
the discriminative effects of reinforcement schedules. Between them
these three effects cover most of the explanations of DRL responding to

date.

Dynamic Effects
While dioussing Skinner's (1938) claim that some apparent temporal

discriminations are in fact demonstrating a "differential response to time",
Morse (1966 P.87) cites two examples of the dynamic processes within
schedules. These are the relation between rate of responding and fre-
squency of reinforcement, and the effect of a time delay between a res-
sponse and the presentation of a reinforcer.

Catania (1970) discusses the effect of the two processes in DRL
responding observing that, "in a DRL schedule......reinforcement depends
on a minimum spacing of responses in time; as the rate of responding
increases beyond a point at which responses are sufficiently spaced, the
rate of reinforcement decreases.......The rate of reinforcement may alter
the rate of responding, but the rate of responding then alters the rate
of reinforcement in turn. The outcome may be a complex equilibrium
betveen theseeffects" (p.4)

He goes on to say that"dolayod reinforcement may be examined
directly by reinforcing a response after specified period of time. During
the delay period no other response of this kind may be emitted (Dews,1960).
The DRL schedule, in which the order of the response and the period of

delay is reversed, also places constraints on the way in which delayed
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reinforcement can vary. Responses that are sufficiently spaced in time
are immediately reinforced, but the reinforcement camnot have retro-
sactive effects on earlier responses with delays less than the spacing
of responses specified by the schedule. Reinforcement can act with
shorter delays only on behavior. other than the responses for which re-
:1nforce§ent is scheduled". (p.6).

This last point has led Willoughby (1971) to suggest that reinforce-
stment also acts to strengthen the collderal behaviour or the ''other behav—
siour®, though at a delay (p.3).

The concept of delay of reinforcement as a dynamic process in re-~
tinforcement schedules is in the present author's opinioﬁ a description
masquerading as an explanation. The analyses of delayed reinforcement by
Devs (1962, 1965, 1966a, 1966b) and Jenkins (1970) have led Staddon (1972,)
in considering the Relative Proximity Principle (Jenkins 1970; Staddon
1972) to conclude: "The later a response occurs within an interval, the
better its proximity to reinforcement relative to responses uﬁich oceur
at other times. It is tempting to try to quantify this idea in the form
of a mathematical model, which can then be subjected to experimental
tests. However,......there havebeen afumber of attempts to do this for
relative frequency, and the case is still open. Consequently, the app-
sroach being adopted (here) is rather to accept the quantitative nature
of the principle, and attempt to derive existing experimental results
from it." (p.222).

It may in fact be the case that the torn:ﬁynanio effoce‘is merely
a descriptive term under which differentiating and/or discriminative
effects of schedules are subsumed, but not explicitly stated because

empirical evidence is lacking.
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Differentiation Effects

Explanations of DRL responding in terms of differential reinforce-
sment of different length IRTs stem from Morse's (1966) redefinition of
the term IRT. He said that in his analyses of schedules in terms of
interresponse time, '"Anger's (1954; 1956) term, interresponse time (BT),
will be used with the following modification. The elapsed time between
the initiation of the response (RN-1) and the next response (RN) will be
considered as & measurable property of the response RN and called its in-
sterresponse time. Thus, reinforcement can be made contingent upon a
response having an IRT exceeding some given duration, just as reinforce-
sment can be made contingent upon the topography or intensity of a response.”
(p.67). Morse, therefore, wishes to claim that "the time preceding the
emission of a response (its latency or interresponse time) is a measurable
and conditionable aspect of that response" P.67.

In this formulation DRL responding is the result of differential
reinforcement of IRTs greater than a criterion length, which, resulting
as it does in a low rate of responding, has been misleadingly termed the
differential reinforcement of low rates schedule. As noted by Morse
(1966 P.93) this may, in certain cases, be a misnomer because it is a
featurs of some subject's DRL behavour that the DRL schedule produces
"bursts™ or periods of high rate responding (see page 93). Morse suggests
thats "In view of the complexity of the behavior. produced by schedules,
it is probably an advantage for schedule names not to designate the
expected behavio ral results". (P.93) However the term DRL is now
firmly entrenched in the literature and altering terminology in the

interests of accuracy might cause unwarranted confusion..
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Discrimination Effects

In the performance of the DRL schedule Catania (1970) claims that
#a temporal discrimination is demonstrated when the probability of a
response at one time since the last response is higher than the probabi 1lity
at another time by virtue of the correlation between reinforcement and the
time since the last response". (P.12).

However he then goes on to show that as far as DRL performance is
concerned,it makes no difference whether the performance is described as
temporal discrimination or as temporal differentiation because empirically
the two cannot be distinguished in this situation. In making this very
important point (P.13) Catania suggests that:"The relationship is discussed
as temporal differsntiation or as temporal discrimination depending on
whether the response properties or the environmental properties are
emphasized".

The situation is further complicated by Staddon's (1972) observation
that "on spaced responding schedules, temporal control of each response by
the preceding response may be inferred - although in this case control
(as distinct from mere temporal regularity) is hard to demonstrate,
because responses cannot be directly manipulated by the experimenter".
(p.213 - 214) Temporal control is a recent theoretical term employed by
Staddon to describe the following relationship:~ "Event A (a stimulus)
occurs at a certain point in time aﬂd can be shown to determine the
occurrence of Event B (a response) which occurs at a later point in time".
It remains to be seen how useful this new term will be. In the first quote
from Staddon (1972) he mentions "temporal regularity” but does not explain

it's use.
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Stereotyped Collateral Behaviour on Schedules of Reinforcement

The two main terms used in the literature to discuss the non-
prescribed stereotyped behaviour in DRL performance are '"collateral"
and "mediating" behaviour.

Mediating behaviour is usually used in the sense defined by
Ferster and Skinmner (1957). "Behavior occurring between two instances
of the response being studied.........which is used by the organism as
a controlling stimulus in subsequent behavior " (p.729). The phrase
“uged by the organism as a controlling stimulus in", is another instance
of the discrimination formulation already alluded to in the introduction.
The phrase '"which controls" could easily be substituted for it, and the
objectivity of the whole statement would increase.

The term stereotyped collateral behaviour is a useful term in
that there are no causational overtones, it merely dscribes stereo-
styped behaviour occurring collaterally with prescribed DRL behaviour.

It is important to note that stereotyped collateral behaviour
has been reported with a variety of schedules of reinforcement. Jetter,
Lindsley and Wohlwill (1953) describe stereotyped bowing, licking and
barking emitted by dogs on a VI 1 min. schedule. Thomas (1971) re-
sported stereotyped collateral gnawing of the floor bars by a rat on
a FI 217 sec. schedule. The stereotyped collateral behaviour occurred
in post-reinforcement pauses of considerable length (200 + secs.).

Both Catania and Cutts (1963) and Laties and Weiss (1963) reported
stereotyped collateral behaviours in humans, the first responding on
a VI 30 sec. schedule, the second on a FI 100 sec, LH 10 sec. schedule.

There is, of course, a whole body of literature on stereotyped

collateral behaviours which have been termed schedule induced or

adjunctive behaviours. These have been ably reviewed by Falk (1972)
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who defined adjunctive behaviours as "behavior maintained at a high
probability by stimuli whose reinforcing properties in the situation
are derived primarily as a function of schedule parameters governing
the availability of another class of reinforcers". (p.172) IRL

stereotyped collateral behaviours clearly fall within this definition.

However, Falk (1972) has clearly ruled out the mediational

hypothesis as interpreting the function of all adjunctive behaviours
(p.169). He is concerned with a more universal interpretation of this
behaviour which he has observed "filling-in" periods of non-prescribed

responding.

Periods of "non~ responding" when the subject is emitting other

behaviours have differing effects with different schedules. On FI or
V1 schedules periods of such "non-responding'' have no effect on
reinforcement unless they occur after the interval has timed out but
before the reinforced response. In this case they would reduce re-
sinforcement frequency. On FR or VR schedules periods of "non-

responding'' have a detrimental effect on reinforcement frequency. On

these schedules any break or slowing down in responding reduces re-
sinforcement frequency. Periods of ‘"mon-responding" are of course
necessary for reinforcement to occur at all on the DRL schedules of
reinforcement.

Periods of '"non-responding", when stereotyped collateral be-
shaviours normally occur, have therefore, different consequences
depending which schedule of reinforcement is in operation. The
possible factors which might maintain collateral behaviour are numer-
sous and may differ between schedules.

For these reasons this study is limited to the stereotyped

collateral behaviour occurring on DRL schedules. Relevant reports
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from the adjunctive behaviour literature will be used in discussion,
but the broader topic of this behaviour in other schedules will not be
included.

It is the relevance of stereotyped collateral behaviour to
timing behaviour which is the subject of this thesis rather than the
mucﬁ larger topic of their development and maintenance in schedules of

reinforcement in general.



35

STEREOTYPED COLLATERAL BEHAVIOURS ON DRL SCHEDULES

Ih the first study of the DRL schedule requirements Wilson and
Keller (1953) noted that their subjects (rats) each developed an
individual pattern or ‘‘chain™ of stereotyped collateral behaviour
between bar press responses,

"In the gpparatus used, this behavior may be grooming, going to the
water bottle, going to the food cup slot 1ﬁ the rear of the cage, or
climbing on the back of the cage. If this behavior. occupies a temporal
span greater than the delay interval necessary for reinforcement, a bar
press following this chain is reinforced. This reinforcement serves to
strengthen not only bar pressing but also that collateral behavior
which preceded the bar press. Thus when bar pressing has been weakened
by extinction, the collateral behavior which has preceded prior
reinforced bar presses has a slight differential in strength over other
possible behaviors and if it occurs and occupies enought time, it will
be followed by a reinforced bar press. The strength of this collateral
behavior is maintained through conditioned reinforcess provided by the
stimulation attending the responses which make up a crude chain of
behavior. "(p 193).

In this first report of stereotyped collateral behaviour on DRL
Wilson and Keller, although lacking quantitive ) support, are making
two important claims. Pirst that the behaviour is necessary for efficient
DRL responding and second that the behaviour is chained together using
the secondary reinforcer/discriminative stimulus formulation (Kelkher 1966).

The subsequent literature on stwreotyped collateral behaviour,
including this thesis, is an attempt to answer the questions implied in
Wilson and Keller's statements: (1) is collatemal behaviour necessary

for efficient DRL performance? (2) what is the functional relationship
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between collateral behaviour amd the other bebaviour and environmental
events involved in the DRLAchedule of reinforcement?

There have been many reports confirming Wilson and Keller's
original observation of stereotyped collateral behaviour on DRL schedules.
The behavioum reported include, excessive drinking (Segal and Holloway
1963), tail nibbling (Laties et al, 1965), wood gnawing (Laties et al,
1969), gnawing grid floor (Mechkner and Latranyi, 1963; Blackman,

1968), responding on irrelevant manipulanda within the experimental
space (Nevin and Berryman, 1963).

In two reports (Kapostins, 1963; Bruner and Revvsky, 1961)
stereotyped collateral behaviour is reported in human subjects on a
DRL schedule. These reports are interesting because verbal reports after
the completion of the experiment indicated that the subjects were not
aware of the reinforcement contingencies. In the Bruner and Rewusky study,
schoolboys were required to press a key on a DRL 8.2 sec.schedule. Three
irrelevant keys were also present and each subject developed a
characteristic pattern of responses on the three keys. Post experimental
interviews ascertained that sach subject believed that reinforcement
could be obtained only by a pattern of responses on at least one of
the other keys prior to pressing the reinforced key.

There are three reports of DRL performance in the literature which
specifically mention that stereotyped collateral behaviour was not
present (Anger, 19563 Kelleher, Fry and Cook 1959; Belleville, Rohles,
GrunzMe and Clarks 1963). The Kelleher et al. study is an interesting
report. Using rats they studied IRT distributi®ns on DRL 20 sec. and
DRL 18 sec. with several values of limited hold (LH). They conclude,

" jone of the schedules studied in this investigation generated burstsof

responding or chains of overt behavior between responses. Thus neither
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of these phenomena 1is necessarily related to the development
of temporal discriminations" (p.106)

However recent research (Glazer and Singh, 1971; Frank
and Staddon, 1974; Richardson and Laughead, 1974) on
restraining subjects on the DRL schedule has indicated that
fine movements may be sufficient for efficient DRL
performance. Richardson and Laughead go further in stating:
"in order to have a low response rate and a high reinforcement
rate under a DRL schedule ..... some collateral behavior must
occur between responses". It is possible, therefore, that
in those experiments which reported that stereotyped
collateral behaviour was not present, the collateral behaviour
involved fine movements which were overlooked. However, as
Kramer and Rilling (1970) have said, "our understanding of
timing behavior in general might be greatlv increased if the
statement could be méde with some certainty that overt
behavioral chains are not necessary for at least some

organisms to form a temporal discrimination". (p.239).



38

MANIPULATIONS OF STEREOTYPED COLLATERAL BEHAVIOUR ON DIRL SCHEDULES

Effect of Disrupting Collateral Behaviour

While discussing the genesis and maintenance of the typical
FI scallop, Dews (1962) considers in detail the value of the mediating
behaviour hypothesis to explain the apparent temporal discrimination which
the FI scallop exhibits.'"To establish a sequence of responses as being
chained er as const;tuting a mediating behavior 1t is not sufficient
to demonstirate that the sequence is consistent and could so function;
it must be explicitly demonstrated that changes in the sequence disrupt
the chain or prevent mediation.™

__Several studies have attempted to disrupt collateral behaviour on

DRL schedules.

Hodos, Ross and Brady (1962) investigated electroencephalographic
correlates of timing and avoidance behaviour in monkeyu; During the
DRL component of their experiment certain movement artifacts were
recorded which appeared to be distributed in time in a stereotyped
manner. In one animal these movement artifacts were produced by head
movements in another by lickingT:ater bottle holder. In the latter case
a variety of physical methods to prevent collateral behaviour were used
(e.g. painting the water bottle with Tabasco sauce, erecting a barrier
between the water bottle and the experimental chamber). This disruption
resulted in a shift of the modal IRT towards the shorter IRT categories.
Hodos et al.concluded that this result,plus the result of drug inter-
vention (to be discussed later) confirmed that the stereotyped collateral
behaviour mediated the DRL responding.

Laties et al.(1965) observed a rat on a DRL 22 sec.schedule which
filled the pauses between responses by "nibbling its tail® (not

breaking the skin). By having an observer depress a hand held switch
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while the animal's mouth was in contact with its tail, Laties et al.
established the first quantitative data on stereotyped collateral
behaviour. Suppression of the mouth-tail contacts was achieved by
painting the tail with cyclohexamide, a substance which is used to
prevent rats from chewing plastic-coated wires (Weeks,1962). Again as
in the Hodos et al.study the IRT distribution was displaced towards
shorter IRTs and the DRL behaviour consequently became less efficient.
A more comprehensive study by Laties et a1.@96§)atud1ed the
effect of several experimental manipulations on stereotyped collateral
behaviour emitted by rats on a DRL 18 sec. schedule, In two cases the
rats nibbled a wooden support within the experimental apparatus. The
amount of wood nibbled was recorded and the behaviour was maintained
at increased DRL values of 36 sec.and 48 sec. Laties et al. established
a positive correlation between amount of wood nibbled and number of
reinforcements obtained. Fewest reinforcemente were obtained when no

wood was nibbled.

Effect of Amphetamines

Hodos et al&l962)reported that the effect of a 3 mg./kgm. dose
of dl-amphetamine on the monkey producing the highly periodic head
movemente was to increase the time between head movements, but to
shift the peak of the IRT distribution towards the shorter time
intervals. More than three quarteryp of the responses were not reinforced
whereas prior to drug injection over half the responses had been
reinforced.

Nearly identical results were observed with dl-amphetamine (dose
2.0 mg./kgm.) on the licking behaviour of the other animal. Licking

vas suppressed and a similar shift in the IRT distribution observed.
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of collateral behaviour
Similar suppreaaionkand IRT distribution shifts were noted by

Laties et al,(1965) when their "mouth-tail contact' rat was injected

with 0.5 mg/kgm.of d-amphetamine.

Effect of Restraining Subject on DRL Performance

Glazer and Singh (1971) suggested that: ™If the development of
collateral behavior is critical for temporal discrimination learning,
animals unable to engage in overt collateral behavior should not be
able to learn the temporal discrimination."

Consequently they subjected four groups of six rats to three
conditions of restraint - no restriction, partial restriction, complete
restriction, and a fourth control condition, stress control. The rats were
placed on a DRL 10 sec.schedule and three groups showed normal DRL
behaviour acquisition, the groups that did not being the complete
restriction group.

In brief, the method of restriction involved wooden boxes with openings
for-head, limbs and tail. The degree to which the wooden 1id pressed
against the body and inhibited movement was the measure of restraint.

In a second experiment Glager and Singh found that the aguisition
of efficient DRL behaviour, by a groups of rats previously completely
restrained and then non-restrained, occurred quicker tham that of two
groups: non-restriction -« non restriction, non-restriction - restriction.
The DRL behaviour of this last group was adversely affected
by restriction. Glazer and Singh suggest that the inability of complete
restriction groups to acquire efficient DRL performance reflects the
operation of a performance rather than a learning deficit. "It is possible
that the completely restricted groups did learn some type of covert

timing behavior but that some performance variable such as generalised
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arousal rendered them incapable of performing appropriately under body
restriction conditions." They themselves quote Perhach and Berry (1970)
who, using increases in plasma corticosterone as an index of stress,
found that bodily restraint in rats does not produce an increase in
plasma corticosterone level within 24 hours after restraint. Despite
this evidence they wish to appeal to '"generalised arousal™ of the
completely restrained group to account for the lack of performance.

A recent experiment by Frank and Staddon (1974) investigated Glazer
and Singh's results in more detail by exploring the effects of changing
the degree of restraint after training of a partial restraint groups
(which did show timing bebaviour in the earlier study) and which
Glaser and Singh had failed to do. Using pigeons on a DRL 5 sec.schedule,
Frank and Staddon established that, while all subjects acquired efficient
DRL behaviour under different degrees of restraint, a change in this

variable in either direction (more or less restraint) after the behaviour

had stabilised was disruptive.

Effects of Favel stimuli

Willoughby (1971) has pointed out that changes in the stimulus
environment produced by manipulating the collateral behaviour introduce
an element of novelty which is known to result in an increase of DRL
responding - Contrucci, Hothersall and Wickens (1971) introduced nevel
stimuli into a DRL schedule at two temporal placements in the IRT. An
increase was found in the number of lever press responses and this was
independent of the placement of the stimuli within the IRT. Similarly
Shapiro and Miller (1965) have pointed out the methodological weakness
of most studies of disrupting collateral behaviour: '',.. to manipulate

the occurrence of a response class, some envirormental aspect must be
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manipulated also, thereby producing a confounding veriable" (p.210).
These criticisms of the intervention and restraint types of
experiment can be countered in part by saying that the experimenters
took great care to habituate the subjects to all aspects of the dis-
ruption procedure prior to introducing the disruptive element. So that,
for instance,placebo injections were given in sessions prior to drug
trials and stress controls were employed in restriction studies.
Purthermore Contrucci et al.stress that the effects of novel
stizuli decreased both within sessions and over test days, an effect

vhich the disruption procedures do not mention.

Effects of Extintion on DRL Collateral Behaviour

The data on the effect of extinction on DRL collateral behaviour
is consistent. Laties et al. (1965, 1969) found that the collateral
behaviour ceased shortly after introduction of extinction (10.5 min.1965).
In all cases collateral behaviour disappeared before lever pressing
but the distribution of IRTsduring extinction rapidly lost its typical
bimodal appearance.

Glager and Singh (1971) noted that differential bodily restriction
had no effect on the rate of the response decrement during extinction.
This is significant because their design allowed a between animal
cémparison , A mediational hypothesis would suggest that the more
pediating behaviour the more rapid the breakdown of DRL behaviour in
extinction. However, Glazer and Singh report no difference between their
non restraint and partial restraint groups in DRL efficiency, and this,
plus the corresponding factor of reduced reinforcement rate in their
complete restraint group, suggest that compariséns of rates in extinction

are hardly valid.
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Experiments which study analogues of the DRL stereotyped Collateral
Behaviour

A major obstacle to research on DRL collateral behaviour has been
the idiosyncratic and unprediciable form of such behaviours which creates
difficulties in adequately measuring them. Laties et al.(1969) used

amount of wood nibbled as a measure and Laties et al. (1965), Stein,
Hoffman and Stitt (1971) used the observer recording methods used by
ethologists. (The later study is concerned with collateral behaviour on
a VI 2 min. schedule).

To get round this problem several experimenters have attempted to

collateral
establishlreaponding on one manipulandum in a two manipulanda situation.
The procedures used are usually variations on a theme. Mechner and
Guevrekian (1962) introduced "the counting schedule" (based on a pro-
scedure ﬁ::‘t”devisga by Perster 1958). Later developed and described
by mgler'(lge.ﬁ it involved the subjects,in this case rats, pressing two
levers in succession. uqiuﬁaf’data show that this procedure gives “a
very clean measure of timing behaviour, in that the distributions of
intervals are unimodal, regular and relatively compact" (Boakes 1969

P.360).

Nevin and Berryman (1962) used a two key HRL procedure. The
first peck on key one started the interval and a peck on key two was
reinforced provided more than 2 sec.had elapsed between the two pecks.
Purther responding on key one, after the first response had initiated the
interval and switched off the key illumination, had no effect. All
subjects (pigeons) contimued to respond on key one after the first peck.
Durations of these response runs often met the DRL criterion for re-
sinforcement on the second key. Also, the probability of shifting to

the second key was an increasing function of the length of response run

on the first key. However no manipulations of this collateral behaviour



were carried out.

A similar experiment by Boakes (1969) with two DRL values, each
with corresponding stimulus, established that pigeons did not produce the
different response topography on the first key which would be expected
if such responding were mediating pecking on the second. Boakes con-
scluded that adventitiously reinforced responding on the first key did
not constitute mediating behaviour. However Boakes' definition of what
might constitute different response topography is an arbitrary one and
would depend on the method used to observe such a difference. In his
case a cumulative record and unstructured observation might not be
regarded as @ very stringent search for differences.

Zuriff (1969) established responding on a second key during DRL
by reinforcing behaviour on that key on & VI schedule, reinforcement
being discontinued when the DRL contingency on the other key was
introduced. As in the Nevin and Berryman (1962) study Zuriff found
that as the IRL requirement was increased, the mean time pgr run and
pumber of responses par run of collateral responses also increased.
However like Boskes (1969), Zuriff could not establish a strong linear
relationship between increases in DIRL requirements (criterion IRTs) and
the collateral bebaviour, so concluded that the collateral behaviour did
not mediate IRL performance.

Blachl.:lnd(l%";,;gnattupted to generate "a DIRL like" behaviour using

for reinforcement to occun
the "counting" schedule procedure. This required thag*a minimum number
of consecutive responses on one lever, (A) precede a response on another
lever (B) In this case the minimum number on the first lever was 20
ot ol

responses and Blackman state that "Cumulative records of B responding....

display a speced pattern of responding that closely resembles that

produced by a schedule that differentially reinforces low rates of



16

45

responding”. However &s there were no explicit temporal contingencies
this experiment is difficult to categorise.

Blackman developed this “IRL-like" behaviour to test an. earlier
suggestion that "the anamolous results obtained from conditioned
suppression studies using DRL schedules may also be related in some way
to the effects of the procedure on the unspecified patterns of behaviour
which sometimes accompany DRL responding". (Blackman, 1968).

Blachanet(igu) conclude "the results of this experiment certainly
suggest that the effects of a pre-shock stimulus on a specified pattern
of behaviour may partially be related to tle effects of the procedure on
other, mediating, patierns of behaviour'l

Segal-Rechtschaffen (1963) described a procedure for gaining control
of collateral behaviour om & DRL schedule. Rats were trained on a DRL
gec. in & one lever situation, a second lever was introduced. Responding
on this lever was reinforced 16 sec.after last response on lever one.
The reinforcement on lever two became a discriminative stimulus for
responding on lever one. After two sessions the situation became a
concurrent one with reinforcement on lever two on a FI 16 sec. Finally
food on lever two was replaced by a buzzer (conditioned reinforcer.)

Davis and Wheeler (1967) established a similar behaviour with a
slightly more complex training procedure. Having established FR resp-
sonding on one lever and DRL 10 sec.on the other, reinforcement for the
FR concurrent was withdrawn. The results showed thatfhere was no
systematic decrease in the number of responses on the ER lever, while

reinforcements on the DRL lever were above 3 a minute.
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EXPLANATIONS OF THE FUNCTION OR MAINTENANCE OF IRL STEREOTYPED COLLATERAL

BEHAVIOURS

There are three types of explanation of the function or maintenance
of DRL stereotyped collateral behaviours. The first suggests that such
behaviours are non-functional,the other two that these behaviours serve
some function in DRL performance. The two types of functional explan-
tations are (1) that stereotyped collateral behaviours directly mediate
accurate, spaced responding on DRL schedules; these are the chaining and
counting hypotheses, and, (2) that stereotyped collateral behaviour
prevent the subject from responding, but that the factors which control
the timing of the prescribed response are independent of the factors
maintaining the collateral behaviour: these are the response competition,

response inhibition, redirected behaviour and displacement activity

hypotheses.

Sungrstitious or Advenlitiously Reinforced Behaviour

Stereotyped collateral behaviour has been described as super-

sstitious behaviour (Gilbert and Sutherland, 1969) in as much as it
could be maintained by adventitious reinforcement. (Skinner 1948).

This formulation supposes that the reinforcer which reinforces the pre-
sscribed response also reinforces the behaviour which immediately
preceded it. This could relegate stereotyped collateral behaviour to
the functionless collateral of the reinforcement contingencies peculiar
to DRL schedules. If such behaviour were maintained by adventitious
reinforcement, however, one might expect to see, on s table accurate

IRL performances some form of post-reinforcement pause and then a

scalloped pattern typical of FI schedules. What data there is of this

type (Laties et a1, 1965) do mot support this. Again, disregarding the
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novelty objection for the reasons stated previously, there appears to
be sufficient evidence from the disruption studies to indicate that

stereotyped collateral behavioursdo serve some function in maintaining

DRL performances.

Stereotypsd collateral behaviour as behaviour chains

A number of experiments have led some authors to conclude that
DRL collateral responding represents behavioural chaining (Kelleher,1966).
In this farmula tion successive units of either homogeneous or hetergen-—
seous behaviour act as conditioned reinforcers for the last unit and
diseriminative stimuli for the next. The final unit is the responses
which terminates the IRT. There are two major objections to this
description.

FPirst virtually all reports of DRL stereotyped collateral behaviour
(with the exception of Wilson and Keller, 1953; Mechner and Latranyi,
1963), report homogeneous "chains" of behaviour, where the only apparent
difference between two units of the behaviour are their positions within
the IRT. The question that has to be answered therefore, is why does
the response terminating the IRT ocour at one point in the homogeneous
chan rather than another?

The second objection rests on the results of extinction experiments
on DRL performance and the stereotyped collateral behaviour. Laties et
al. (1969) reported that during extinction of DRL 18 sec. lever. pressing
behaviour with collateral wood gnawing behaviour the "gnawing ceased
before lever pressing, confirming the extinction results of the single
tail-nibblingmt of Laties et al. (1965) and demonstrating again the
status of the collateral behaviour as a member of a heterogeneous chain"

However the literature suggests that Laties et al. (1969) are
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mistaken in their view that chains extinguish from the initial to the
terminal link. The observations of both Miller (1951) and Zimmerman
(1959) clearly demonstrated that chains extinguish backwards from the
terminal link of the chain. If,therefore, DRL stereotyped
collateral behaviour were chained in the accepted sense, the terminal
link ,or response maintained by reinforcement,should extinguish first
aﬁd the stereotyped collateral behaviour should occur in shorter and
shorter rune until it too finally extinguished. This does not appear

to be the case.

"Counting" or Amount of Collateral Stereotyped Behaviour

A number of studies have shown that animals consistently pause
after completing a FR run on,or about,the number of responses required
for that run (Ferster and Skinner, 1957; Ferster, 1958; Weissman, 1960;
Keehn,1965). This might imply discrimination of amount of behaviour
emitted, or, if the rate at which behaviour was emitted had stabilised,
it might imply some form of temporal discrimination.

Several studies have shown that both rats and pigeone emit
reasonably accurate behaviour on schedules which require the completion
of a certain number of responses on one manupulandum before responding
on another is reinforced (Ferster, 1958; Mechner and Guevre. 'kian 1962;
Millenson, 1966; Bdwards, Dubiner and Crow, 1967; Bla.ckna?xrl‘d sf§"‘1t§ .

It is the case however, as Willoughby (1971) has pointed out that all
these studies confound the effects of number of responses and duration
of responding. The experiment by Edwards et al, (1967) attempted to
evaluate the 'counting' hypothesis by presenting novel stimuli such as
shock or change in colour of key light at different points in "counting"
sequences being emitted by pigeons. Apart from a slight increase in the

median "counting" response run, the "counting" behaviour was not affected
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by these procedures. If some incremental or sequential dependency was
controlling this behaviour the novel stimuli should have disrupted

the process.

The "counting' hypothesis as an explanation of the function of
DRL collateral stereotyped behaviour requires more experimental attention.
However, just what sort of experiment might unravel the confounding

effects of amount, and duration of behaviour, is difficult to say.

Competing Behaviour Hypothesis

Schwartz and Williams (1971) presented data for pigeons responding
on a DRL 10 sec. As is usual in such experiments, efficiency was poor,
only 10% of all key pecks were reinforced. Introduction of a second
illuminated key (key 2) with no programme consequences increased
efficiency until 75% of all key peck on key (1) responses were reinforced.
It was observed that the subjects pecked vigourocusly at key (2) between
key pecks on key (1).

Schwartz and Williams concluded that their results indicate that
either "(a) collateral behaviocr is central to timing or (b) that
collateral behavior is essential to the operation of the response
constraining contingency on DRL".

Assuming that (a) is not the caso,(b) can be interpreted in three
ways. The response-constraint procedure can be either (1) accidentslly,
or ;dvontitiously,maintained by the reinforcement contingencies of the
efficient DRL performance.

(2) The result of inhibition of prescribed responding on the
DRL schedule.

(3) The result of conflict between two motivational states.



50

The first interpretation,which may be termed the competing
response hypothesis,suggests that the stereotyped collateral behaviour
is maintained by adventitious reinforcement, as is superstitious
behaviour (Skinner, 1948), but that such collateral behaviour accidentally
fulfills the function of competing with,and preventing,the emission of
the prescribed response. Such superstitious behaviours are however prone
to topographical change (Skinner, 1948) and in the case of the DRL
schedule where reinforcement would depend on a reasonably constant
topography of competing behaviour,frequent breakdown in DRL performance

might be expected.This is not normally the case.

Response Inhibition and DRL Stereotyped Collateral Behaviour

Richelle (1972) has pointed out that the DRL schedule requires that
there be no responding within a prescribed interval; this he suggests
requires the animal to inhibit responding. Kramer and Rilling (1970)
have said: 'Laboratory folklore holds that in a DRL schedule, the
animal learns to actively inhibit responding. This interpretation has
occasionally been suggested (Hearst, Koresko and Poppen, 1964) but
definitive experimental verification has been lacking." (p.228).

Richelle (1972) has stated that: "Compensation for inhibition
might possibly be achieved either by an output of responses of the
same topography as the operant response, or by any kind of motor
behaviour. If so, collateral behaviour (sometimes called mediating
behaviour) would have nothing to do with the time measuring proper; its
effects on the quality of temporal regulation would be accounted for by
its aspecific compensatory function.” (p.234). An interesting point
arises from this statement. If,as appears from DRL IRT distributionms,

responding is differentially inhibited one might expect to see changes
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in the collateral behaviour across the interval.

Contrucci, Hotersall and Wickens (1971) have reported the effect
of a potentially disinhibiting novel stimulus introduced early or late
into a number of DRL 20 sec. intervals in the DRL 20 sec. performance of
rats. An increase was observed in the number of lever pressing responses
before the end of the specified interval, and this effect was found whether
the stimulus was presented "early" or "late' in the interval, there
was no significant difference between responses produced by the "early"
or the "late™ stimuli. The effect decreased after stimulus presentations
within and between sessions. Contrucci et al. claim that these results,
‘while favouring either a chain or an inhihition explanation of stereo-
typed collateral behaviour, probably lend more support to a traditional
interpretation of inhibition and the disinhibition phenomenon rather
than a mediating response explanation".

Staddon (1972) has suggested that the two types of activity on
TRL, collateral and prescribed responding, or interim and terminal
activity are reciprocally inhibitory (p.248). The latest statement of
his position is by Frank and Skaddon (1974) ".... assume that passage
of time itself is, or can be, a discriminative stimulus like any other.
Another reasonable assumption is that the animal cannot do "nothing."
On these assumptions then perhaps the simplest possibility is that
interim ("collateral™, in the present case) activities are under the
stimulus control of short postresponse times (on.DRL)..... because such
times are associated with a low or gzero probability of food reinforce-
ment for pecking. The terminal response (pecking), on the other hand, is
under the control of longer post-response times because these are the
times at which pecking is associated with a high probability of

reinforcement. If it then be assumed that the two types of activity
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(interim and terminal: in the present case "collateral" and pecking)
are reciprocally inhibitory (cf. Staddon - 1972), then prevention of
the interim activities would leave the terminal response as the
behavior of next priority in the situation, since it is no longer being
inhivited by the interim activities........This account seems consistent
with other results in the literature, cited above, and avoids the
difficulties associated with 'chaining' or 'behavior as a clock!
explanations” (p.129 - 130).

Prank and Staddon's explanation requires a prior explanation of
nthe control of......post-response times" which detracts from its
utility. However it does introduce the concept of response priority

wvhich has a bearing on the following, ethological explanations.



53

Ethological Explanations of DRL Collateral stereotyped Behawiour
The necessity for the subject on a DRL schedule to withold

responding at some points in time and to respond at others, has led

some authors to hypothesise that the stereotyped collateral behaviour

is a conflict behaviour. Hess (1962) categorised conflict behaviour
into four groups:~ successive ambivalent behaviours, simultaneneous
ambivalent behaviours, redirected behaviours and displacement activity.
The first two do not appear relevant to stereotyped collateral behaviours
as there does not appear to be much ambivalence in these behaviours.
However both redirected and displacement behaviours, as defined in

the literature (Burghardt, 1973) have features in common with DRL
stereotyped collateral behaviours.

Both these classes of behaviour are linked in the ethological
literature to conflict between two motivational states. It has been
the practice in the experimental analysis of behaviour to avoid appeal
to hypothetical motivational variables. Consequently, ethological

interpretations of schedule behaviour have not often appeared in the
literature (McParland,1966).

Recently, however, two papers in particular have focused attention
on the relevance of ethological data to certain aspects of schedule
behaviour. Seligman (1970), using earlier work like Breland and
Breland3(1951),challenged what he called "the equivalence of associal -
2ility" assumption. This assumption, implicit in the writings of
Skinner (1956) assumes that:— "In instrumental learming the choice
of response and reinforcer is a matter of relative indifferencej that
is, any emitted response and any reinforcer can be associated with
approximately equal facility, and a set of general laws exist which
describes acquisition, extinction, discriminative control, general-

sization, etc., for all responses and reinforcers" (Seligman,l970,p.4o7)
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Breland and Breland (1951) presented evidence that when animels were
trained, using operant conditioning.,to do some specific act, & number
of species characteristic behaviours began to be incorporated into
the trained sequence. Seligman argued that certain response patterns
have a greater degree of "“preparedness" in certain species than in
others. (The "autoshaping® of the key peck in pigeons by Brown and
Jenkins (1968) is an example of such & behaviour).

Staddon and Simmelhag (1971) looked at the ''superstition®
phenomenon first described by Skinner (1948). Skinner reported that
regular presentation of food to a food deprived pigeon, with no
reference to the behaviour of the hird at the time of food present-
sation, led after a while to peculiar and bizarre repetitive behav-
siours as being due to accidental correlations between instances of
a particular behaviour and reinforcement. Staddon and Simmelhag
(1971) re-examined the superstition experiments and concluded, using
concepts such as appetitive behaviour, consummatory acts, evolution,
displacement behaviour and species -~ characteristic responding, that
the most probable behaviours in the superstition experiment are those
which for species - specific reasons are likely in the animal's
normal feeding situation,

Staddon (1972) has extended this analysis into theoretical
discussions of the value of such concepts (in particular "evolutionary

variability") to the experimental analysis of behaviour.

Redirected Behaviour

"Redirected activity occurs when an animal performs the be-

shavior appropriate to the motivational state but directs that be-~
shavior ' toward an inappropriate object in the presence of the proper

stimulus” (Burghardt 1973 p. 359).
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Examples of this type of behaviour are: male blackheaded gulls,
whose tendency to attack their mates is inhibited, may attack other
birds (Moynihan, 1955; Bastock, Morris and Moynihan, 1953): herring
gulls in an aggressive encounter may redirect pecking onto objects
in the environment (Tinbergen, 1959).

Lowe and Harzem(1973)have made reference to the possible aversive
properties of the IRL schedule and it is known that ce¥ta1n schedules
of positive reinforcement produce "schedule induced aggression"
(Azrin, Hutchison and Hake, 1?66). It would seem possible therefore
that the m"motivation:fﬁg “press the lever and to inhibit lever

presses might be supposed to result in the stereotyped collateral

behaviour.

Displacement Activity

The argument that adjunctive behaviours might be considered as
displacement activities has been summarised by Falk (1972, pps 167 -
169) and McFarland (1972). As noted sarlier in this review, Falk
(1972) has: "set aside those explanations (of adjunctive behaviours)
framed in terms of simple, physiological bases, mediating functions
or adventitiously reinforced behavioxrs " (p.169). He does so mainly
because no single interpretation of this kind explains the ubiquitous
nature of adjunctive behaviours in many different schedules of
reinforcement.

Does the displacement activity hypothesis further the under-
standing of DIRL stereotyped collateral behaviour? If Falks(1972)
rephrasing of Tinbergen's(1952) definition of displacement activity

is valid, and the present author believes that to be the case, then
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this definition is: "The 'displaced' behavior can be referred to
as a response sequence that is ordinarily a function of variables
other than those that presumably dominate the current dtuation®.
This irrelevant or incongruous behaviougmin ethological terms, the
result of competing motivational states which are in equilidbrium.
Additionally, Tinbergen (1947) suggested that displacement activity
can occur when an external stimulus, after having activated a drive
state, suddenly stops.

The relevance of these concepts t6 DRL stereotyped collateral
behaviours is certainly not clear, It is true that two"motivational
states“may be in conflict (to press or not to press) but the durations
in which they may be said to be in equilibrium, as judged from a
bi-modal IRT relative frequency distributions, must be very small
indeed. It might also be concluded that the termination of the rein-
sforcing stimulus (because it has been eaten) results in displacement
activity. Such an interpretation is difficult to challenge.

The incongruity of the displacement activity which is a
feature of these sthological interpretations is difficult to assess
in the present experimental setting. Because the appropriate be-
shaviours are not clearly prescribed (merely their operational outcome),
behaviours which might be considered as inappropriate cannot be de-
sfined with any accuracy.

Perhaps the most useful statement on the relevance of the dia-
splacement activity concept to DRL collateral behaviours was made
by McFarland (1970)3

Meeosessseeslit is possible that low rate of reward is "frustrating"
for the animal, and this frustration causes a switch in attention, in
accordance with recent suggestions concerning disinhibition of dig-

tplacement activity (McFarland, 1966). The similarity between........
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cesssessadjunctive behavioure.s....and displacement feeding pre-

:viously described in doves (McFarland, 1965) is striking in that

both are affected by manipulation of relevant causal factors. Howewer
there is also the important difference that displacement occurs in
thwarting or conflict situations, whereas the adjunctive behaviour in
normal feeding and drinking situations occurs in the absence of overt
frustration or conflict. It has been suggested (McFarland, 1969) that
displacement activities are a special case of the more general phenomenon

of disinhibited activity, which can occur in a variety of circumstances"

(pP. 72).

Ethological interpretations of DRL stereotyped collateral behaviour

While ethological interpretations of DRL stereotyped collateral
behaviour have a certain attraction in that they connect this schedule
induced behaviour with a large body of "field" data, it is clear that
there is at present insufficient data on the former for any useful
comparigsons with the latter to be made. Even when such data is
available care must be exercised when making assumptions about

motivational variables in the schedule situation.
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SUMMARY

This chapter is intended to provide a selective review of the
literature on the differential reinforcement of low rates (IRL)
schedule and in particular those experiments which have reported, or
were investigations of, the stereotyped collateral behaviours which
have been reported as occurring on this schedule of reinforcement.

The theoretical interpretations of the results reviewed in each section
were discussed at the end of each section.

The main points of the review are summarised below:

1. The differential reinforcement of low rates (DRL)

a) On DRL schedules,reinforcement is dependent upon the spacing
of responses so that a minimum time elapses between successive responses.

b) Performances under IRL schedules are characterised by regular
spacing of responses in time. The efficiency of such performances
variswith species and the topogrghy of the required response.

c) The relative frequency distributions of inter-response times
(IRTs) on DRL schedules are typically bi-modal. One mode occurs in
the very short IRT category representing the "bursts" of responses
characteristic of some DRL performances. The second mode occurs on
or about the criterion IRT value.

d) Reports of experimental manipulations such as magnitude of
reinforcement, extinction and drug administration on DRL performance
are relatively consistent. The exseptions are the contradictory
results of the Estes~Skinner procedure on a IRL per-
sformance baseline,

e) Explanations of the maintenance of DRL performance are
usually couched in terms of the dynamic, differentiating and dis-

scriminative effects of reinforcement schedules. While several
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writers have stressed the role of multiple causation in the DRL
schedule, the difficulty of distinguishing empirically between

differentiating and discriminative effects has also been commented on.

2. Stereotyped Collateral Behaviours on DRL schedules
a) These stereotyped collateral behaviours have been frequently

reported in DRL performance reports although there have been three
reports which specifically mention that they did not occur.

b) These behaviours have typically been reported as oral, gnawing
or nibbling behaviours. The behaviours are often peculiar in topo-
sgraphy to the individual subject.

c) Several writers have described stereotyped collateral be-
shavieurs as "mediating" behaviours in that denying the subject
opportunity to emit the established DRL collateral behaviour has led
to a rapid increase in respdnse rate and a breakdown of accurate
timing behaviour.

d) While no detailed functional analysis of stereotyped collateral
behaviour occurring on DRL schedules has been undertaken, the effects
of experimental manipulations such as drug and novel stimuli inter-
tvention tend to confirm that these behaviours, where they occur,
are necessary for efficient DRL performance.

e) Explanations of the factors maintaining stereotyped collateral
behaviour on DRL schedules have been of three main types:-

i) That these behaviours are non-functional collateral behaviours
maintained by adventitious reinforcement.

ii) That these behaviours are responsible for the accurate
spacing of responses in time,either by a behaviour chain process,or
by some counting method.

iii) That these behaviours permit the subject to withold
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responding thus preventing premature responses,but that the factors
controlling the emission of accurately spaced responding in time

are independent of the factors maintaining stereotyped collateral
responding. These are the response competition, response inhibition,

redirected behaviour and displacement activity hypotheses.



61

CHAPTER IIX

EXPERIMENTAL AIMS & GENBRAL METHOD
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EXPERIMENTAL AIMS AND GERERAL METHOD

gmiuntal Aims

As a consequence of reviewing the literature on DRL stemsotyped
collateral behaviour, the following five experimental aims were const-

sructed.

1. To find a highly probable DRL collateral behaviour which required
no additional reinforcement contingencies to establish it, other
than the existing DRL schedule contingencies.

2. To develop an apparatus which would give reliable quantitive re-
scordings of the collateral behaviour.

3. To establish this behaviour as a DRL collateral behaviour and
analyse such behaviour in depth.

4. To experimentally manipulate the collateral behaviour, keeping the
DRL contingencies in force, to establish if the collateral behaviour
""mediates" efficient DRL responding.

5 To experimentally manipulate the DRL contingencies to establish
the factors vhich might maintain the collateral behaviour.
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GENERAL METHOD
Subjects

Most experimental reports which present data on both efficient
spaced responding on the DRL schedule, and collateral stereotyped behaviour,
have used rats as subjects. Consequently rats were used as subjects in
all the experiments reported in this thesis.

The subjects were male P.V.G. Hooded rats. At the beginning of
each experiment all rats vere not less than 120 days old and not more than
180 days old.

To ensure adequate rates of responding all rats were maintained at
85% of their free feeding body weights. Starting when the rats were at
least 120 days old, each animal was weighed over several successive days
and an average weight arrived at.

The rats were then deprived of food, each rat being gradually fed
less and less food until the animals weight had dropped to the 85% figure.
Gradual weight reduction acclimatised the subjeots to the deprivation state.

After each experimental session the subject was weighed and if the
weight was below the 85% figure, supplementary amounts of food were given
to the subject. The weight of the supplementary food equalled the
difference between the subject's weight at the end of the experimental

session, and the 85% figure for that subject.

Each rat was housed individually in its home cage. Light/dark
cycle, temperature and humidity were all controlled. A 12 hour light/12
hour dark cycle was implemented. Each animal was tested daily, seven days
a week, at the same time in the 1light cycle. Amounts and degree of
handling between the home cage and the test environment were kept as
consistent as possible; all experiments except one were run by the author.

The above mentioned variables were controlled as part of the effort to



reduce variability between daily performaences, a requirement of the
steady states methodology. (see below).

In the home cage there was free access to water but, other than
in the experiment where drinking bebaviour was being studied, there was

no wvater available in the test environment.
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APPARATUS

Programming and Recording

Experiments were programmed on Grason-Stzdler relay equipment and
recording was accomplished with Gerbrand Cumulative Recorders, Sodeco
printouts, and a Data Transfer Unit, designed by the Technical Services
of the Department of Psychology, University of Stirling. The Data Trans-
sfer Unit, transferred data from the Grasom~Stadler relay equipment on

to computer paper tape for coiputor analyeis on the University of

Stirling, Elliot 4130 copputer. (The computer programme used in analysing
the data is included in the Appendices).

Test Envirorment

All rats were tested in a modified Lehigh Valley Rodent test cage
(Cat.No.143-22). The cage was housed in a sound-attenuating cubicle
(Lohi@z Yalley Cat. 1!0.132-02) which has a baffled air intake and 60cfa

exhaust fan.

The dimensions of the test environment were as follows:-

Height - 26.75cm, width ~ 30.5¢m, depth - 24,0cm.

The floor of the cage was made up of O.5om.dia. stainless steel dars
spaced 2.0cm.apart and aligned parallel with the intelligence panel.

The manipulanda were two (Cat.No.121-05) Compound Rodent Levers

(for position on intelligence panel, see Figure 1). 25gms, depress force

Stimulis Visual - three (111-01) "Q" lamps over each lever, house

1ight.

Auditory - one (112-01) Sonalert 2.8 kH_ Standard and on 4~chm

speaker (to provide constant masking noise, thus reducing the effect of
extraneous noise.

Electrical - shock floor.

Gustatory - one (114-20) pellet feeder delivering 45mg. Noyes



66

Figure 1

Diagrammatic representation of the test environment

intelligence panel.
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Figures 2a, b

a) View of test environment with subject gnawing wood block.

b) View of the plexiglass mount for the trensducer and the

sensitivity control box in the foreground.
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Diagrammatic representation of the wood gnawing sensor.
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pellets (for pellet formula see Noyes Co. Ltd. literature)

A removable refuse tray was situated 3.8cm.below the bar floor.
See figure 1 and Pigure 2(a).

The standard test environment was modified in the following way.
Two holes were drilled in the intelligence panel (see Fig.l). Ome
1.5cm.dia. hole was for a water b@ttle nozzle, used in one of the
experiments. Licks on the nozzle could be recorded. The second hole
was & 0.7cm.dia. hold situated directly beneath the pellet chute to allow

insertion into the experimental space of the gnawing sensor rod (see below).

Gnaving Sensor
The review of the literature suggested that one behaviour, drinking,

would be a highly probable collateral stereotyped behaviour, but the
1iterature further suggested that it would only be a post-pellet (post -
reinforcement) phenomenon (Falk, 1972; Segal and Holloway, 1963).

Laties, Weiss and Weiss (1969) had reported that four oud of their
five rat subjects had nibbled wood of one type or another (unspecified,
pressed woods~ Masonite, pine block,

Small pilot studies in the home cage established that rats would
gnav wood blocks.

A gnaving sensor for recording movements of a block of wood mounted
on a steel rod was developed by the Technical Services of the Department
of Psychology, University of Stirling. The device was in three parts:-
(1) a steel rod 33.0cm.long, O.3cm.dia., inserted at one end into a block
of untreated beech wood (4x2.5 x 2cm) was passed to the outside of both
the environmental space, and the enclosing sound attenuating chamber,
leaving the block of wood inside the experimental space (Figs.2(a) and 3)
(2) The rod fitted into a plexiglass block mounted on the outside of the

sound attenuating base and was held in place by a retaining screw. (Figs.
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2(b) and 3). Mounted within the plexiglass holder was a stylus trans-
sducer. A Motorola MFC 8040 audio smplifier was used to raise the
transducer signal to a suitable level for the operation of the threshold
control unit. A pulse former was used to operate the final relay amp-
slifier for 150 mesecs from the omset of a disturbance to the transducer.
Such disturbances will be labelled "gnaws'. In operation,differences
between accidetal movements of the wood and signals due to gnawing were
easily distinguishable. The rate at which signals were received when

the subject was gnawing the wood was very high indeed, varying between

2 and 4 a second., While every "gnav" was recorded on the cumulative
recorder and other recording apparatus, because of the high rates involved
only every 10th “gnaw" was recorded on the Data Transfer Unit punch tape.
Also recorded on this tape were lever press responses (reinforced or non-

reinforced) and the time at vhich any of these three events occured.

The wood chosen for these experiments was beech (Fagus Sylvatica).

This wood provided the necessary close grained, shortstaple length hard-
swood which prevented large strips of wood being removed from the block

thus permitting unrecorded wood gnawing. Villareal (1967) reported
that monkeys emitting schedule induced pica of pine wood, chewed sirips
off & pine block and ingested them. As the wood chips in the present
expuriment fell through the bar floor onte the refuse tray, it was
possible, by carrying out weight comparisons, to conclude that the

subjects did not eat the beech wood chips (see Exp.l).

Advantages of the Wood Gnawing Sensoxr

a) It would record most (see Figure 4) movements of the wood even
with the total weight of a rat resting on the wood block, but it

would not record extranecus events (i.e. other animal movements,
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pellet delivery or lever operation)

b) There was minimal extra apparatus inside the experimental space.

c) Minimum alteration to a standard Lehigh Valley test environment
cage vas required.

a) Gnawing of the type of wood used (beech; Pagus Sylvatica) produced
small wood chips,thus preventing eating, and avoiding injury to
the rat which might ooccur if larger splinters were broken off,

e) The wood block and rod were easily removed from the plexiglams

holder, thus freeing the experimental test cage for the use of

other experimenters.

Disadvantages of Gnawing Sensor

(1) As it was necessary to remove the rod daily after each experimental
session, detailed comparisons of wood gnawing between sessions were
not possidble. 8light differences in placing the rod in the holder
made lﬁch comparisons doubtful. However,as the rod was clamped
tight during each experimental session (i.e. between each rat's
daily experimental run), comparison between rats on any day were
valid.

(2) In the course of two early experiments with this sensor (not re-
sported in this thesis) 3 subject deaths oocurred. These were
experiments carried out over a long period (e.g. ome experiment
lasted 12 months). Pathological examination of the casualties
noted "The lumng tissue showed evidence of a pneumonia of chronic
nature. Most of the reaction was to be seen in the interstitial
tissue. Alveolar and bronchiolar exudate was limited. The quite
extensive haemorrhages to be seen was probably terminal in nature,

Unfortunately, no bacteria of any pathological significance could



75

be isolated."

Although no mood dust was isolated from the lung tissue it was
supposed that extensive and prolonged inhalation of wood chips had
led to this non-bacterial pneumonia. For this reason daily sessions were
cut from 1 hour to 30 minutes,and attempts were made to reduce the over-
sall length of experiments. Apart from an unwillingness to cause
suffering to the animals, changes in behaviour due to deterioratiom
could not be controlled fer. After the introduction of 30 mins. sessions

and shorter experiments, no animal died of the above lung damage.

Callibration of Gnawing Sensor
Initially the sensitivity control of the threshold control circuit

was set at an arbitrary level. This level was found to give approximately
2.0 'gnaws' per second across the session, and this level was used in
subsequent experiments.

At this sensitivity level it was possible to calibrate the device
using a procedure based on the one reported by Altman and Hull (1973).
Using a pendulum (25cm.long with 0.5qm.mdss of putty suspended) the
pizieum momentum required to operate the device with increasing weight
resting on the block was a function represented by the graph, Figure 4.
This function was the result of ten tests at each weight-on-bloock level.
In each test ten pendulum svings were made at any selected distance (h)
from the block of wood. Providing the sensor operated more than 5 but
less than 9 times,this distance (h) was used to calculate the momentum.
Momentum = ® x 2gh vhere m = 0.5 gms. and g= gravitational constant
(980 c-/uc?). The rod vas removed and replaced after each test and the
mean momentum from the ten test momenta was taken as representing the
average momentum required to operate the sensor in the experiments whioh
follow.
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The minimum momentum required to produce a signal 'gnaw' from
the sensor with different weights (representing the subject) resting

on the woodblock.
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GENERAL PROCEDURE

Adaptation

In order that the rats should adapt to the novel environmment of
the experimental space each rat was initially given two 30 min. sessions
with only the houselight and white noise operative. As noted previously
the white noise, on throughout the sessions, masked extraneous noise.

The wood,and attached rod,were not placed in the test environment during

adaptation days.

Magazine Training
To acoustom the rat to eating from the pellet chute, food pellets

were presented to the rat on the third experimental session. Food pellets
were delivered singly on a variable time (VT) 20 sec. schedule. This
schedule merely delivers food at variable times (mean of 30 sec.) with

no response requirement. Apart from accustoming the rat to eat from the
pellet chute, it established the stimuli associated with the reinforcer,
that is the noises associated with pellet delivery, as discriminative

stimuli. No wood was present during magazine training.

“Shaping" the lever press response

In all experiments the rats were trained to press the lever as
follows:- During the fourth session for each rat successive approximations
to pressing the designated (left) lever were reinforced. The experimenter
observed each successive approximation and pressed a key which delivered
reinforcers.

Having established the lever press response, each rat was given
50 reinforcements on a c,r,f. (continuous reinforcement) schedule.

This schedule reinforced every response. No wood was present,
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DRL 18 sec. Schedule

On the fifth, and successive, days the rat was exposed to the
contingencies of a DRL 18 sec. schedule. Each response which ocoured
18 sec. or more after the previous response was reinforced. Responses
occurring before 18 sec.had elapsed since the previous response were not
reinforced but reset the timer. On this fifth session wood was present
for the first time. From a total of over 40 rats trained in such a way
only two failed to emit wood gnawing as the DIRL collateral, albeit some
animals, normally those tested last each day, have produced a-typical
behaviour (RAT 12 in Experiment I is an example of this type of gnawing
behaviour). This phenomenon will be discussed in the appropriate exper-

simental discussion.
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STEADY STATES OF BEHAVIOUR

One of the advantages of operant conditioning mentioned in the
introduction is that using this technique stable patterns of behaviour
may be studied across many daily sessions. This fact has also led to
an experimental methodology, peculiar to the experimental analysis of
behaviour, called steady state methodology (Sidman, 1960, Ch. 8).

This methodology is characterised by the use of a small number of
subjects, run under a set of experimental variables for a number of
sessions until behaviour is stable between sessions. The criteria for
stability vary: "The ocriterion may be determined by convenience, or by
visual inspection of curves or by elaborate mathematical procedures,
depending upon the precision demanded by the problems under consideration"
(Ibid, Ch. 9).

The first two methods of assessing stability are closely linked.
Experience with a certain set of experimental variables leads the
experimenter to set a limit on the number of experimental sessions prior
to the test day. Experience will have shown that round about that time
an asymptotic level of behavioural change is reached. Similarly the
experimenter, by experiemnce, learns to recognise the level of stability
by visual inspection of the cumulative records and other daily session
date.

The third method of assessing stability mentioned by Sidman is
the mathematical criterion which is established prior to stability.
Again this rule is arrived at by experience, but it is a useful method
for the experimenter dealing with unfamiliar behaviour. One example
of such a mathematical criterion is that proposed by Schoenfeld,
Cumming and Hearst (1956) amd reprinted by Sidman (1960, p.260).

Most experiments reported in this investigation involve behaviour
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on 5 DRL schedule of reinforcement and with onefparticular value of
that schedule. The experimenter's experience with this behaviour prior
to the experiments reported here was extensive, so that, except where
circumstances dictated use of another criterion, the method of visual
inspection of the data to establish stability was employed. Evidence
of this stability will be furnished in the case of cach subject.

The considerable environmental control exercised by the exper-
timenter in achieving steady states has the additional advantage that few
subjects need be used in each experiment. When the behaviour is stable
between and within sessions and each subject is emitting similar behaviour,
then infer ential statistics are not normally required to establish the
generality of resulis. Providing sufficient evidence is presented to
shov that the data are representative of each animal's steady state
behaviour, then the experimentier may feel confident that he can generalise
from a small number of subjecis.

Normally , the time
required to achieve the necessary steady state of behaviour precludes
large numbers of subjects.

Evidence of stability will be presented for each subject. Effic-
siency ratios for the 25 days prior to the test day appear as a graphin
the data presented for each animal. Kramer and Rilling (1970), comment-
ting about comparisons between DRL schedule studies in which different
response and reinforcement rates are compared, says-~ "this leads to

extreme difficulty in comparison of data across different experiments.
The situation would be generally improved if all DRL studies included
both the response rates and reinformement rates in either graphic or
tabular form. Presumably due to the existing ambiguity, an 'efficiency®

ratio has become increasingly popular. This ratio is calculated by
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dividing the number of reinforced responses by the total number of
responses. The resulting percentage is an index of the animal's

adjustment to the schedule contingencies". (p. 230).
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SUMMARY

Following an outline of the experimental aims of this investi-
sgation,a description was given of the commonalities between the
experiments which follow. ,in terms of the General Method:-

a) Subjects: Rats, maintained at 85% of their previously
established free feeding weights., (Their laboratory numbers were used
for identification).

b) Apparatus: Standard operant conditioning apparatus with the
addition of a drinkometer and a specially designed wood gnawing sensor.

c) Preliminary training procedure: Prior to each experiment the
operant lever press response was established by means of some pre-
tliminary training.

d) Schedule: Apart from experiments where other schedules were
introduced the predominant schedule was the differential reinforce-
sment of low rates (DRL 18 sec).

Finally a description was given of the steady states methodology
vhich was used throughout the following investigation. This method-
sology is characterised by the use of small numbers of subjects, each
exposed to the experimental conditions until it's behaviour is stable
both between and within sessions. The criteria for stabllity were
discussed and thé stability procedure used in this investigation was

outlined.
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CHAPTER IV

EXPERTMENT 1

ANALYSIS OF DRL 18 sec. PERFORMANCE

WITH COLLATERAL WOODGNAWING
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EXPERIMENT 1

Introduction

A survey of the literature on the stereotyped collateral behav-
tiours associated with the DRL schedule found no detailed reports of
the pattern of such behaviour between instances of the prescribed
response, It might be supposed that data of this kind would be useful
in determining the function, if any, of the stereotyped collateral
behaviours.

The aim of the first experiment was to obtain, and then analyse,
some examples of stable DRL performance with collateral woodgnawing

behaviour,

Method
Subjects: Six rats (Laboratory numbers 7, 8, 9, 10, 11 and 12)

served as subjects. For other details see the General Method

section (Ch. III).

Apparatuss The subjects were run in the experimental space

(Skinner box) described in detail in the General Method section.

Prodedures All subjects were initially pretrained as described
in the General Method except that 4 days instead of 2 days of adapt=-
sation were given. On the last 2 days of adaptation wood was present
in the experimentel space. This was done to allow measurement of
pre—experimental rates of wood gnawing. Following pretraining, each
subject's lever press responding was reinforced on a DRL 18 sec.
schedule of food reinforcement for a total of 46 daily experimental

seseions. Each individual daily session lasted 30 minutes,

Results:
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The cumulative records showing the pre-experimental (or operant)
wood gnawing behaviour show that while total amounts of wood gnawing varied
considerably between subjects, theﬁggzggrat which it occurred were simi-
slar between subjects. Wood gnawing in this pre-experimental situation
appeared to be emitted at between 1.5 and 2.5 "gnaws" per second
(Pigures 5 - 10 a) A"gnavw" was said to have occurred each time
the recording equipmemt registerdd a signal fram the transducer (see
General Method section).

with the exception of Rat 12 the DRL 18 sec. performance of each
animal had become stable by the 30th session and subsequently there
was little systematic variation. Figures 5-10:b show a measure of
this stability in the efficiency ratios for the last 25 sessiomns.prior
to the final day.

By the final day there were close similarities between the
distributions of behaviours in time for all subjects with the exception
of Rat 12. Wood gnawing normally intervened between successive responses
(upper cumulative record: Figures 5 = 103 ¢) Occasionally two or more
lever press responses occurred close together in time with no inter-
tvening wood gnawing. Roughly 60% of all lever press responses
emitted by all the subjects were reinforced (see efficiency ratioss
Pigures 5 - 103 b)

The cumulative records for Rat 12 on the final day differed from
those of the other subjects in showing lower rates of wood gnawing and
higher rates of lever press responding. Direct observation of this
subject's behaviour showed that wood gnawing was interspaced with a
complex pattern of gnawing at other objects. This rat appeared to
gnav the metal rod comnecting the wood block to the sensor or,

occasionally, to sniff and gnaw the pellet chute. Either of these

* See P17
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FPigures 5 - 10

(a) Shows the operant or pre-experimental rates of wood gnawing for
each subject.

(b) Shows the efficiency ratios for each of the last 25 days prior to
the final day (Test Day). Efficiency ratios are calculated by divi-
sding the number of reinforced lever press responses in a session by
the total number of lever press responses,

(¢) The lower of the two cumulative records shows the lever press
behaviour of each subject. Each lever press response steps the pen
up one step. A downward "hatchmark" indicates that the response has
been reinforced.

The upper record shows the wood gnawing behaviour. Each "gnaw"
steps the pen uﬁ one step. The pen resets after every response. Two
consecutive lever press responses without intervening woodgnawing do
not show on this upper record but can be seen on the lower record.
(d) The relative frequency distributions of inter-response times (IRTs)
in 3 second categories. IRTe longer than 27 seconds were all placed
in the final 27 + sec. category.

(e) The relative frequency distribution of inter response intervals
measured by amount of woodgnawing in each IRI. Amount is measured
in multiples of ten "gnawe” (decade). The distribution is divided into
IRIs which terminate in a reinforced response (solid lines) and IRIs
terminated by a non-reinforced response (interrupted lines). Total
number of “gnaws"™ in the session are recorded in the top right hand

corner of this figure.

c,d,e illustrate Final Day Performance
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behaviours might produce a "gnaw" signal but not consistently and re-
tlatively infrequently.

Visual comparisons of the amount of wood gnawing between respon-
tges on the final day,and the amount of pre-experimental wood gnawing
suggested that there might be a connection between the absolute amount
of stereotyped collateral behaviour emitted by a subject and the pro-
tbability of wood gnawing by that subject in a pre-experimental
situation.

A further observation was made between wood gnawing topographies
on the final day and those on the firat appearance of the collateral
behaviour in the first few days of exposure to the DRL schedule re-
squirements. Initially the wood gnawing behaviour appeared to be
vigorous with much body and head movement and frequent rapid changes
in body position relative to the woodblock. By the final day the
topography of the woodgnawing was very stable, little movement of
body or head being evident, and changes in position relative to the
woodblock occurred infrequently between successive lever press
responses.

More details of the subjects' performances on the final day
are presented in the relative frequency distributions of interresponse
times (IRTs) in seconds (Figures 5 - 10:d). These relative frequency
histograms show the bimodal distribution typical of DRL performance,
one mode occurring in the short (0-3 sec.) category, and the other
on or about the criterion IRT value (18 sec.). In the IRT distributions
of Rats 7 and 11 this second mode is less clearly defined because all
IRTs >27 secs were placed in a terminal category and these two
subjects produced more long IRTs than did the other subjects. However

in both cases the distributions were bimodal as described above.
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In addition to categorising the duration between any two responses
as an interresponse time (IRT) it is also possible to refer to the
interresponse interval (IRI) measured by the smount of wood gnawing
which occurred during the interval. This IRI categorisation makes
no attempt to estimate the duration of the interval in seconds as does
the IRT analysis. PFigures 5 = 10:e show the relative frequencies of
IRIs categorised by the amount of woodgnawing in each IRI. It was
evident from this data that the amount of woodgnawing prior to a
reinforced response (solid lines) was nearly always greater than the
amount of gnawing prior to a non-reinforced response (interrupted
lines).

The detailed analysis of the woodgnawing behaviour (Tables I -
V1) suggests that, irrespective of whether wood-gnawing followed a
reinforced or a non-reinforced response, the rates of wood gnawing
(measured as the mean time, in seconds, to complete ten''gnaws":
DECADE) did not vary significantly within IRIs. Tables I - VI show
the woodgnawing on the final day categorised by the number of decades
of woodgnawing within each IRI. Each category is divided into succ-
sessive decades of woodgnawing. That is, the first ordinal decade
for each category contains the mean time in seconds to emit the first
tcn'%naws: the second ordinal decade contains the mean time in
gseconds to emit the second decade of gnawing and so forth. Underneath
the mean times are the variances of the different times which went up
to make each mean time value. The "n" value on the extreme right
shows the total number of IRIs (with that number of decades of wood-
1gnawing) which occurred in the session. The IRIs are further sub-
divided into two matrices: those IRIs ococurring after a reinforced

response and those occurring after a non reinforced response,
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TABLES I - VI

The Table is divided into two Matrices. The upper one is an
analysis of all inter-response intervals which followed a reinforced
response and the lower a similar analysis of IRIes which followed a
non reinforced response. final Day Performance.

BEach cell within a matrix shows 4* the mean time to complete
ten "gnaws" and P the variance of the times which make up the mean
time, for all instances of a decade ocourring at that ordinal position
in an IRI with that amount of gnawing.

The number of IRIs in any category is given by the '"'n" value on
the extreme right. BExample:- For Rat 7, the mean of all the times
(in seconds) to complete the 3rd decade of gnawing in the two IRIs
which contained 6 decades of gnawing is 5.3 seconds : the variance

of these times is 2.9.
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Pearson Product Moment correlation coefficients were obtained
for the mean time data in each IRI category (and in each matrix) which
contained two or more decades of woodgnawing occurring after the first
ordinal decade (which was excluded from the analysis). As the behaviour
of Rat 12 appeared atypical it's data was also excluded from these cal-
sculations. Out of the resulting 49 product moment correlation co-
tsefficients 20 were positive and 29 were negative. Assuming that the
probability of a negative correlation were 0.5, this result is not
significant (0.1264 probability of occurrence by chance).

The first ordinal decade time included the time taken to eat
the food pellet (in the case of IRIs following reinforcement) and the
time taken to return to the woodblock (the duration of this period
of unrecorded behaviour will be called the "post response pause").
Consequently these decade times camnnot be compared with decades
occurring later in the IRI as these later decades measure the time
for a decade of gnawing only.

Excluding the datj;, therefore, from the first ordinal decades,
there was no consistent pattern in changes of woodgnawingfrates"within
the IRI categories (Figures 11 - 16). HNowever visual inspection of
the variance values of the times which make up the mean decade time
suggested that within an IRI category there was a trend to lower
variance values in later decades. A Pearaon Product Moment correl-
tation analysis of this variance data in each IRI was carried out
for each IRI category (in each matrix) which contained two or more
decades of woodgnawing occurring after the first ordinal decade,
which was excluded. As the behaviour of Rat 12 appeared atypical
it's data was also excluded from these calculations. Out of the
resulting 40 correlation coefficients 12 were positive and 28 were

negative. Assuming that the probability of a negative value is
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TABLE VII

The Pearson Product Moment correlation coefficients for the
variance values of the mean times to complete 10 "gnaws" data. For
each subject, and within each IRI category, the upper value shows
the correlation coefficient for the post reinforcement IRIs and the

lower value for the post non-reinforced response IRIs.
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.. 't' tests for differences betwaen "rate measures
P) in posti-reinforced resvonsc IRIs and post-non
reinforced response IRIs,

In the 't' tests on tne next pave 't!'
was calculated given the means and standard
deviations:- .

o= X = Xa
p/l + 1
N, W,

where p = [ (N~1)c*+ (M=1)o,
_ N, + Ny= 2

vhere X, and X,are the means, o, and o
are the standard deviations,and N,
and N,are the number of values in
each sample,

't' values which are underlin=d ares
significant:-

X.X sig. at G,05 level

x.X sig. at 0,01 level

(The r=sults ovarleaf suvport the contention
that thers was no significant differencs
between megn decad: times in post rein-
forced resvonse IRIs and nost non-r2in-
forced response IRIs, )

Correlation coefricients between *4he mean duration
of the post-resncnse "pause® and the amount of sterso-
typed collateral bohaviour in the encuirg inter-
response intervals (IRIs)



Interval

———

Iinter=-resnonae

(Decndas of enawing/IPI )

TABLES Vitaan b

'+£!' test values fov similarly plac:3
times in post-rzinforced and post non-reinforced

matrices.,
Zxnt, 2 Ordinal decadz number
Pat 7 2 3 4 5 6 7 8

2 1.8

5 -O'S "'1_02

4

5 -004 0.0 _1'1 O-O

6 -1.5 0.5 0.4 1.3 0,8

7 007 "Oag -O. 1. 001 "'2.5 "'3.0
Rat 8

2 0.2

3 -0.8 ~-1,7

4 “109 -1 5 0.0

5 0,7 0.0 0.3 0.4
Rat 9

2 -0,9

3 =-1.3 -1,0

4 —0.5 "005 1.0

5 0.2 -0.3 1.0 0.8
Pat 10

2

3 1.7 0.0

4 0,8 -0,6 -1.9

5 0.8 0.5 0.7 -0.8

6 1..2 "0.1 006 lcq "goé
Pat 11 o

2 1.2

3

4 0,7 0.2 0.2

5 1.0 0.3 -0.8 0.9
Pat 12

2 2.6

3 0.8 0.5

1084

mean cecade

() Correliation coefficients bectween the mean duration

cf the post-response

Axpl.d

pause" and the amount of stereo-
typed collateral bzhaviour in the ensuing inter-
resvonse intervals (IRIs).

Fost reinforced
response IRIs

Post non-rein-
forc=d resuonse
IRIs

Rat 7|Rat 8Rat 9|Rat 10|Rat 11| Rat 12
—O' 42 _O. 76 -O. 17 _O. 94 -'O. 86 —O. 99
-0.1.9} -0, 58 |-0, 33} -0, 54 |-0,43 | -0.26

(These negative corrclation coefficients confirm

tiie observation that t!

remaind.r of the IRI.

1e shorter the nost response

tims tho ereatzy the §mount of gnawing in the
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FIGURES 11 - 16

The values for the mean time to complete ten "gnaws" from
Tables I ~ VI are plotted graphically. The data from the post
reinforcement IRIs matrix are plotted in solid lines. That

from the post-nonreinforcement IRIs in interrupted lines.
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0.5, this result is highly significant. (0.0083 probability of occurr—
sance by chance). These product moment correlatim coefficients are

shown in Table VII.

There was no consistent significant difference between the
mean durations of similarly placed decades in similar IRI categories
in the post-reinforcement and post non-reinforcement IRI matrices (a
14! test was used).(Table Via)

Inspection of Tables I - VI tentatively suggests that, gdnerally
speaking, the lower the mean time of the first ordinal decade in an
IRI category the greater the subsequent amount of woodgnawing in
the IRI.(Table VIIb)

An illustration of the stability of the woodgnawing behaviour
is shown in the tooth mark patterns on the gnawed blocks of wood in
the five sessions prior to the final day (Figure 17). The stereotyny
of the tooth mark pattern is evidant.

On each of these 5 days the weight of each subject's wood
block was recorded prior to the experimental session. After each
session the wood block was re-weighed as was the (dried) wood chip
detritus in the refuse tray (the detritus was dried to remove moisture
due to urination). It can be seen that there was only a small diff-
serence between the original weight of the wood block and the combined
weight of the gnswed block and the detritus. The subject s whose
tooth patterns are illustrated in Figure 17 were arbitrarily chosen
as examples; however, both the consistency of tooth marks across
final sessions and the 1lack of evidence of wood ingestion are
representative of all subjects with the exception of Rat 12 whose
behaviour in general on this schedule was not the same as that of

the other rats.
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FIGURE 1

This illustrates the stereotypy of the tooth mark patterns
on the gnawed wood blocks for two Rats (8 and 10) in the last
5 gessions prior to the final day.

Weight values (in grams) for each wood Hock are givens-
ungnavwed wood block, gnawed wood block and weight of dried wood
chips taken from refuse tray.

The position of the sensor rod for each group of wood blocks

is indicated.



Stereotypy of Gnawing Patterns: 5 Consecutive Sessions (examples produced

minimal excreta thus increasing reliability of measures)
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Discussion

Perhaps the most important finding to emerge from this
experiment is the general one that it did not appear to be
difficult to obtain relatively consistent patterns of similar
collateral behaviour between subjects. With the exception of
the final subject,all animals produced woodgnawing and lever
press behaviour and little other unrecorded behaviour. The
failure of Rat 12 to achieve stable DRL performance of the
kind observed in the other subjects cannot be explained with
any degree of accuracy. It was noted throughout this
investigation that occasionally the last subject to be run
" each day produced behaviour which was atypical of behaviour
emitted by the other subjects in the group. This is believed
to be due to the timing of feeding in the home cage. Following
a daily group of subject sessions all subjects were weighed
and fed. It may be that the relatively close temporal order
of completing an experimental session and being fed several
grams of food in the home cage affected the performance of
the subject which was run last of the group.

For the other subjects in this experiment the results
indicated that, on the final day, lever press response
performances compared well with other reported DRL 18 sec.
schedule performances by rate (Laties et al.,1969). The
relative frequency distributions of IRTs,for example, compare
favourably with the other reported data. There were indications
of the characteristic response "bursts™ in the first of the
two modes in the IRT distributions, the second mode occurring

on,or about,the criterion IRT (18 sc.) value. The cumulative
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was more variable early in the IRI.

Other evidence from these results tentatively suggests
that the former interpretation is more likely. Inspection
of the cumulative records shows that very brief pauses did
occur frequently between sequences of woodgnawing. However
an unequivocal explanation of the increased stereotypy of
woodgnawing towards the end of IRIs must await unambiguous
recordings of such behaviour.

That the highly significant trend to less variable mean
times in later decades of the IRIs is not more obvious from
visual inspection and comparisons between terminal decade
variances and the variances of decades earlier in the IRI
category may be due to the limitations of the type of
measurement employed in this and subsequent experiments, which
have been mentioned previously. A terminal decade, could, in
fact, be separated from the response terminating the IRI by
up to 9 "gnaws"™. Therefore data on the final few '"gnaws"
in some IRIs were inevitably lost. This method of measuring
woodgnawing, therefore, also limits the degree of detail with
which it is appropriate to analyse this data.

The "rate®™ variance result can possibly best be summarised
by saying that in the latter half of woodgnawing sequences within
IRTs, the times required for 10 “gnaws" to occur were less
variable (or more stereotyped) than corresponding measures
in the earlier half of such sequences.

One observation which is not easy to explain is the
apparent inverse relationship between the mean duration of the

first decade in an IRI category and the subsequent amount of
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wood gnawing in that IRI category. It is not the case that
the IRI is of fixed duration so that less time spent in a post
response'bause"plus first ten”gnaws" must mean more time spent
wood gnawing. The difference between the mean times br the
first ordinal decade in IRIs with two decades as opposed to
IRIs with six decades, is only 2 - 3 seconds while the
difference in actual IRI durations may be 10 - 15 seconds or
more. The fact that the first ordinal decade compounkd the
durations of the post response’pause'and the first ten "gnaws?"
leads one to query whether the amount of gnawing following

the first ordinal decade varied as a consequence of (1) the
duration of the post response "pause”or (2) the rate at which
the first ten"gnaws"were emitted or (3) a combination of both
(1) and (2). Further investigation of this result is obviously
required.

It was observed that there did not appear to be any
significant difference in"rates" of woodgnawing between IRIs
following reinforcement and IRIs following non-reinforced
lever press responses. Lowe and Harzem (1973) demonstrated
that in rats on a two component DRL schedule, where a second
criterion IRT value was contingent on a non-reinforced response,
the distribution of lever press responses following a
reinforced or non-reinforced response, were controlled by the fate
of this prior response. Where the second IRT value was smaller
than the IRT value following a reinforced response, two distinct
IRT distributions were obtained for responses which followed
a reinforced and a non-reinforced response. This being the

case it is perfectly possible that the collateral behaviour
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following a reinforced or a non-reinforced response on a single
value DRL might be different in some way. It is apparent that as
far as "rate"differences are concerned this did not seem to be

the case in the present experiment. The finding that wood
gnawing is more stereotyped in the latter half of IRIs could be
construed as supporting a number of explanations of the function
of collateral behaviours in DRL performance.

It could be regarded as the uniform rate behaviour
equivalent of the 'scalloped responding which might be expected
if collateral behaviour were maintained by non-contingent
delayed reinforcement. Alternatively it could be construed as
a consequence of more pronounced inhibition of a lever press
response in the later stages of an IRT when lever press response
probability is greater.

The only explanation mentioned in the previous chapter
which does not readily accommodate this result is the
“counting" hypothesis. If the organism were using amount of
collateral behaviour as a cue for lever press responding it is
not immediately obvious why such counting should be more
taccurate", or evenly spaced, later in an IRT. It would seem
that a pure "counting™ hypothesis based on amount, rather than
duration, of collateral behaviour is the least useful explanation
of the present result, although this result does not entirely
invalidate tlat explanation -

This experiment has established that it is possible to
obtain and analyse stable DRL 18 sec. schedule performance
with stereotyped collateral woodgnawing behaviour. Analysis of

the wood gnawing suggested that the times to complete 10 "gnaws™"
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were consistently less variable in the second half of the
IRIs.

The results of this experiment clearly confirm and
extend the findings of Laties et al. (1969) in analysing
examples of a DRL stereotyped collateral behaviour. lHowever
the function of such a behaviour in efficient DRL performance
is still unclear: the knodedge that it is possible to obtain
and measure stable behaviour of this tvpe encouraged the

following investigation into the nature of these behaviours.
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SUMMARY OF EXPERIMENT 1
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SUMMARY
The stable performance of five out of the six rats

exposed to the DRL 18 sec. schedule was analysed in detail and

the results may be summarised as follows:

(1) The DRL performances obtained compared well with other
reported performances on the DRL 18 sec. schedule.

(2) Woodgnawing as a collateral behaviour was consistently
produced by five out of six subjects.

(3) There was considerable stereotypy in woodgnawing
patterns over at least the last 5 sessions as revealed
by the teeth marks on the woodblocks.

(4) The mean times to complete 10 'gnaws'" were consistently
less variahbhle in the second half of the IRIs.

(5) There was some evidence that the amount of woodgnawing
following the first decade of'bnaws“in an IRI varied
inversely with the duration of the first ordinal decade.
The sixth rat did not produce stable DRL performance

and the collateral behaviour emitted was a-typical of the

behaviour produced by the other subjects. Consequently the

data from this subject was not used in the analyses of the

data.
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CEAPTER V

EXPERIMENTS 2, 3, and 4

MANIPULATIONS OF THE COLLATERAL BEHAVIOUR
WHILE MAINTAINING THE DRL SCHEDULE

REQUIREMENTS
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EXPERIMENT 2

Introducticn

This experiment was the first of a group of three experiments
which attempted to manipulaté the stereotyped collateral behaviour
whilehaintaining the DRL echedule requirements.

Having ascertained from Experiment 1 that Rats 7 - 11
(inclusive) were emitting stable DRL 18 sec. performance with stereo-
:typed collateral woodgnawing, the aim of this experiment was to
obtain detailed data on the effect of removing the opportunity to
emit woodgnawing by removing the woodblock.

Laties, Weiss and Weiss (1969) have clearly demonstrated that
removing the opportunity to emit the stereotyped collateral behavieur
markedly reduced reinforcement frequency,and increased lever press
rates on a DRL 18 sec. schedule. Reintroduction of the opportunity
to emit the stereotyped collateral behaviour immediately restored the
IRL 18 sec. performance to its previous level of efficiently spaced
lever-press responding. The present experiment looked, in detail,

at the breakdown of efficiet DRL 18 sec. performance when the wood-

sblock was removed.

Method
Subjects: Rats 7, 8, 9, 10, 11 used in the previous experiment.

Rat 12 was not used,as it did not emit either efficimnt DRL 18 sec. lever
press responding,or stable stereotyped collateral behaviour of a homo-
sgeneous and recordable nature.

Apparatus: As described in the General Method section and in
Experiment 1.

Procedures Following Experiment 1 the subjects had been

restored to a free food regime in their home cages. This condition
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-lasted for 21 days following which they were sgain gradually food
deprived until their bodyweights returned to the 85% free feeding
bodyweight values which had been maintained in the first experiment.
All subjects were then given 10 daily sessions on the DRL
18 sec. schedule with wood present. Following this, on the next §
days, the door of the experimental chamber was opened 15 minutes after
the beginning of the session. The experimenter placed his hand on
the woodblock for 3 seconds and then withdrew his hand leaving the
woodblock in position. The chamber door was then closed and the
session proceeded as usual. This procedure was introduced to adapt
the subjects to the disruptive procedure used on the test day. On
that day the session proceeded as in the previous 5 days except that
the experimenter detached the woodblock from the sensor rod and re-
smoved it from the test chamber before closing the chamber door again.
For the remainder of the session the DRL 18 sec. requirements remained

in operation but with the wood removed.

Results

On reintroduction to the DRL 18 sec. schedule all 5 subjects,
previously used in Experiment 1, were emitting stable efficient DRL
performance with stereotyped collateral woodgnawing by the 5th sessiom,
with the exception of Rat 9 which took a further 3 sessions to return
to previous behaviour patterns. Figures 18 ~ 22:a show the efficiency
ratios for the 15 daily sessions prior to the final (Test) day. The
last 5 sessions prior to the final day involved the interruption
procedure described in the Procedure section. The disruptive effects
of the interruption procedure were minimal and transitory. The
typical effect, on introduction of the procedure, was to cause a

cessation of all recorded behaviour for approximately 30 seconds
1
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Figures 18 - 22

a) Shows the efficiency ratios for the 15 daily sessions prior
to the test day.

b) Shows the cumulative record for the test day. The first 15
minutes of typical DRL 18 sec.schedule performance is shown followed
by the lever press responding record after wood removalf Each upward
step of the upper cumulative record indicates a "gnaw". A lever press
response resets the upper pen and in addition makes a “hatchmark" indi-
scating a response when the reset procedure does not. A “hatchmark" on
the lower cumulative record indicates a reinforced respornse.

c) The relative frequency histogram of IRTs prior to wood
removal (solid lines) and after wood removal (interrupted lines).

¢) The relative frequency histogram of IRIs categorised by the

amount of gnawing ("gnaws® & 10)

#The first 8 min., following wood removal are shown,as it was this

transition data which was analysed in detail,
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aftephhich normal IRL performance was resumed. Even this minimal
disruption was reduced in later sessions.

The DRL performance on the test day prior to the removal of the
wood block is shown in the cumulative records of this test session
(Figures 18 - 22:b). Note the different format employed in this
experiment to put all the behaviour on one record (see Legend).

The relative frequency distributions of IRTs/sec. and IRI/
amount of gnawing for each subject in the 15 minutes prior to wood
removal on the final day are shown in Figures 18c - 22¢ (solid lines)
and Figures 18d - 224 respectively. These distributions establish
that the DRL performance and collateral woodgnawing on the final day
were representative of the stable behaviour reported in Experiment 1.

Similarly in the analysis of the wood gnawing behaviour using
the same matrices employed in Experiment 1, similar patterms of weod
gnawing emerged, although because the data represented only 15 min-
sutes of woodgnawing, the “n" values are not large in any one category
(Tables VIII-XII).

The effect of removing the woodblock is seen in the cumulative
records for each subject on the test day (Pigures 18 - 22:b). There
was an almost immediate breakdown in DRL response efficiency resulting
in a marked shift in the IRT distributions towards shorter IRT values
(Figures 18 - 22:c : interrupted lines). These results are summarised
in Figure 23 where the two frequency distributions for all subjects
are reproduced.

While the DRL performance of all subjects deteriorated in terms
of the efficiency ratio (as a result of high response rates and
lowered reinforcement frequency), the degree to which the performance

broke down differed between subjects.
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Tables VIII = XII

The detailed analysis of woodgnawing as in Experiment 1. The
table is divided into two matrices. The upper one for post reinforce-
sment IRIs, the lower one for IRIs which follow a non-reinforced
responsee.

Bachcell within a matrix shows, the mean time to complete ten
¥onaws®™ and the variance of +the times which make up the mean time, for
all instances of a decadé occurring at that ordinal position in an
IRI with that amount of gnawing.

The number of IRIs in any category is given by the "n" value

on the extreme right.
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The mean IRT (secs.) value for each subject in the first 8
minutes of DRL performance without the opportunity to umit the
collateral behaviour is shown in Table XIII : f,

During this test period a gradually increasing rate of lever press
responding was observed. Following this test period of 8 minutes
the remaining 7 minutes until the end of the session was character-
1ised by high response rates for all subjects (These high response
rates tended to obscure the differences evident in responding in
the first 8 minutes when the 15 minute period following wood removal
was initially analysed as a whole). Consequentlgfghe mean IRT values
for both the 8 minutes following wood removal and for the 7 minutes
following this test period are shown in Table XIII

Inspection of the IRT and IRI distributions for each subject
prior to wood removal shows that:

(1) Rats 7 and 11 produced a large number of )» 27 secs. IRTs:
these subjects produced the smallest mean IRTs in the 8
minute test period.

(2) Rats 8 and 9 produced fewer >27 sec. IRTs and their IRT
distributions show a marked modal IRT category on,or about,
the criterion IRT value. These rats produced the largest
mean IRTs in the test period.,

(3) The equivalent IRT data for Rat 10 showm that it's per-
sformance fell between those produced by the two groups
formed by Rats 7 and 11, and Rats 8 and 9.

(4) similaxly the distributions of woodgnawing in the IRIs fall
into 2 groups. Rats 7 and 11 show a greater number of IRIs
containing large amounts of woodgnawing than do Rats 8 and

1 with the data for Rat 10's behaviour being intermediate,
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Table XIIT
Shows several agpects of the performance of each subject in the
five days prior to the test day:

a: Mean amount fed in home cage after each experimental session.

b: Mean of total lever press responses in each experimental
session.

c: Mean of total number of reinforcements in each experimental
session.

d: Mean of total "gnaws¥ in each sessions.

f: The mean IRT value in the first 8 minutes following wood
removal on the test session.
g: The mean IRT value in the 7 minutes until the end of the

test session following the first & minutes (see f: above)



Food in Total lever Total rein~ Total afficiency Mean IRT Mean IRT
RAT NO. home cage Dress resps. forcements "gnaws" ratio in 8 min, in7 min.
test period after £

(grams) ) (in secs.)(in secs)

(a) (b) (e) (a) (e) (£) (g)
R.7 12 77 64 3050 0.83 6.9 5. 2
.8 12 0 63 3700 0. 69 10.7 6.3
-9 13 97 50 5070 0.51 11,0 5.9
2.10 11 76 £5 2440 0,72 84 7 6.7

Data from t:st day for eacn subject
(a)is average amount fed over previous 5 days
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The mean amount fed in the home cage (in grams), the mean
lever press, reinforcement and 'gnaws' data for each subject
averaged over the five days prior to the test day are shown in
Table XIII.

Discussions

The results of this experiment confirm the results of inter-
:vention studies such as Laties et al. (1965, 1969), and Hodos et al.
(1962). When the opportunity to emit the stereotyped collateral
behaviour on the DRL schedule was removed there was a rapid and
marked increase in lever press response rates,and a decrease in
reinforcement frequenoy.

However these present results extend the above findings by
suggesting that (1) the degree to which the DRL performance deter—
siorates may be a function of the prior DRL lever press performance,
and (2) that the breakdown is not immediate, but that during a
transition period (roughly the five minutes following wood block
removal) there was some evidence that lever press responses were
gtill being spaced differentially with respect to time.

The number of subjects involved in this experiment was small,
and therefore generalizations from the results must be tentative.
However the considerable differences between IRT distributiomns (and
efficiency ratios) prior to wood removal,and the subsequent diff-
terences between mean IRT values following wood removal, suggest
that there was a relationship between the efficiency of DRL per-
sformance prior to wood removal and the lever press response rates
following wood removal.

This in turn suggests that wood gnawing may have been in-

thibiting lever press responses. In the sense that more of the
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Shows the combined data for all five subjects.

taken from Pigures 18 - 22 : ¢ and d.

Data
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lever press responses emitted by those animals which had higher
efficiency ratios were reinforced, it could be said that their

lever press responding had greater response “"strength" (Skinner,
19%8; Nevin, 1974). Consequently, on removal of the inhibiting
variable greater amounts of lever press responding would be expected.
The concept of response "stremgth" has been given greater empirical
support by a series of studies reported by Nevin (1974). In showing
that a DRL schedule would maintain greater response rates in a pre-
:ceding VI component than did a differuitial reinforcement of high
rates (BRH) schedule Nevin has devised a technique which mekes
possible discussion of the response strength of the constrained and
limited respondimron DRL schedules.

The finding that lever press responding epparently continued
to be differentially spaced with respect to time for several min-
sutes following wood block removal , suggests that stereotyped
collateral responding is not necessary for timing behaviour to occur.
The fact that lever press respondiig was produced at greater rates
as the time since wood block removal increased, suggests,however,
that the collateral behaviour does indeed have a function in
accurately spaced DRL responding.

One valid criticism of this experiment, which might also
explain the results, is that the intervention procedure necessarily
involves a novel stimulus (no wood present). This might be expected
to lead to a temporary breakdown in DRL responding as has been
shown by Contrucci etﬂ{mlﬂ This breakdown,consisting as it does
of higher response rates,must lead to reduced reinforcement fre-
squency on' the DRL schedule,which,by a process of extinction,may

disrupt the temporal discrimination. Under this schema wood
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gnawing would be a functionless adjunct to ongoing timing behaviour.
This criticism, put forward by Shapiro and Miller (1965) and
Willoughby (1973),19 a strong argument for treating with reserve the
results of intervention studies of this type, at least until the

disruptive effects of the intervention procedure can be quantified.
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EXPERIMENT 3
Introduction

Laties et al.(1969) have described the manipulations of the
topographies of the stereotyped collateral behaviour of two rats
(Rats 3-2, 3-0). In the first case(Rat B-Z)gainod most reinforcements
on a DRL 18 sec. schedule when woodgnawing was the collateral hehaviour.
WVhen tail nibbling was the stereotyped collateral behaviour the DRL
performance became less efficient, fewer reinforcemmnts were obtained.
Rat 3-0 was the exact opposite of Rat 3-2, favouring tail nibdling
over woodgnawing.

The fact that there was a difference in IRT distributions for
each rat with each collateral behaviour is interesting but equivocal
evidence. The collaterals may have had a direct and necessary funct-
:ional relationship with timingbehaviour, in which case different
topographies of collateral behaviour might be expectedto cause diff-
serent IRT distributions, or,the altered collateral behaviour topo-
sgraphy, even if not necessary for timing behaviour may have caused
some physiological or deprivational change which in turn did effect
the accurate spacing of responses in time.

However the findings of Laties et al.(1969) in thie matter
were sufficiently interesting to suggest that they might be replicated
under more controlled conditions. The aim of thepresent experiment
was to encourage the development of three different collateral
behaviours in turn, allowing the DRL performance to stabilize under
each conditian. It was hoped that a structured experiment would

support and possibly extend the observations of Laties et al.(3969).

Method

Subjects: Four rats (Laboratory Numbers 15, 16, 17 and 19)
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were maintained as described in the General Method section (Ch.III).

Apparatus: As desoribed in tke Ganeral Method section except
that for certain conditions a drinking tube,rather than the woodblook,
was available in the experimental space. The drinking tube entered
the experimental space through the drinkometer hole (see Figure 1).
The drinkometer was apparatus which permitted measurement of indivi-
gsdual licks at the drinking tube. The water container.,attached to
the drinking tube,but secured outside the experimental space,vas
marked in graduations and records of amount drunk per session were
kept. A similar record of amount drunk in the home cage wvas also
obtained using similar apparatus.

Procedure: The subjects were run on a DRL 12 sec. schedule throu-
sghout the experiment. Following pre-training as described in the
General Method sections, two subjects (Rats 15 and 16) were run on
the DRL 12 sec. schedule with the woodblock present in the experimental
space. The other two subjects (Rate 17 and 19) were run on the same
schedule but with the drinking tube rather the woodblock being avail-
sable in the experimental space. These conditions lasted for 40
gsessions, each lasting 30 minutes. Following the final day on this
condition, the conditions were reversed for the two groups of subjects.
This new condition lasted for 45 sessions. During both conditions
the water intake for those animals with access to the drinking tube
in the experimental space was recorded both in the experimental space
and in the home cage.

For the final 30 days of the experiment all subjects were run
on the DRL 12 sec. schedule without woodblock or water bottle present
in the experimental space. The development of unrecorded cellateral

was observed.
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Results
It was generally observed throughout this study that there was

a consistent relationship between the amount of stereotyped collateral
behaviour in a session and the efficiency ratio for that session
(Figures 25-28).

For the two subjects (Rats 17 and 19), who first developed
licking collateral behaviour,and then woodgnawing collateral behaviour,
it was evident that the removal of one collateral manipulandum (drink-
1ing tube),and the subdtution o?ﬁt by another (woodblock),resulted in
a sharp drop ir efficiency ratios until the new collateral behaviour
developed. Withdrawal of this second collateral manipulandum coincided
with another drop in efficiency ratios until the third collateral
behaviour became established. This third collateral behaviour, in
both cases, involved gnawing of the bars foriing the floor of the
experimental space.

For the two subjects (Rats 15 and 16) who were exposed to the
woodblock first and then transferred to the drinking tube the results
wvere as followsi~

Rat 15t= in the first condition, amounts of woodgnawing and
session efficiency ratios appeared to ncrease together. Later on in
this condition,it was a frequent observiation that large amounts of
woodgnawing in one session were followed by high efficlency ratios in
the next session but not necessarily large amounts of woodgnawing.

On the removal of the woodblock effis¢iency ratios fell until both
amounts of licking at the introduced drinking tube, and efficiency
ratios, again were observed to increase together. It was a feature of
the DRL performance in this condition that drinking was almost

exclusively a post food event. Following a non reinforced response
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FIGURES 25 - 28

Shows the efficiency ratios for each session throughout
the experiment and the total amount of recorded collateral
behaviour during each session. Where no data is available for

a session that day has been left blank,
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the subject typically produced a bar gnawing collateral. This is
evidenced in the effect of removing the drinking tube at the end

of the second condition leaving no specific collateral manipulandum
present. Instead of the expected drop in efficienocy ratios, this sub
1 jeot immediately transferred its post non reinforced collateral be-
shaviour to all IRIs. The result was that there was very little
change in efficiency ratios.

Rat 16: again woodgnawing and efficiency ratios increased to-
sgether in the first condition and then stabilized On wood removal,
and drinking tube insertion,the efficiency ratios dropped for two
sessions then increased to relatively high levels only to fall almost
to zero in several sybsequent sessions. The licking behaviour of this
subject was characterieed by relatively large amounts of licking and
consumption of a great volume of water. The final ten sessions in
this condition were comparatively stable and were characterised by
high efficiency ratios, a great amount of licking, and considerable
water intake (over 40 ml. in each 30 minute session). A result of
this increased and stable performance efficiency was that fewer non
reinforced lever press were emitted. Very little consistent collateral
behaviour of any type vas emitted in a post non-reinforced response
interval. On the removal of the drinking tube efficiency ratios
dropped. Concurrent with the subsequent rise in efficiency ratios
in the condition where no specific collateral manipulandum was present,
an increase in bar gnaving collateral behaviour was observed.

Prior to the final day in each condition, all subjects were
emitting relatively stable DRL 12 sec. behaviour as reflected in the
efficiency ratios for each subject in each condition (Pigures 25-28).

Pigare 29: &, b, c shows the cumulative records for Rat 19 on the
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final day of each condition. These records are representative of the
behaviour emitted by all subjects under the three conditions, with
the exception of Rat 16, tho~ drank more than the other subjects: when
licking vas the stereotyped collateral behaviour. The cumulative
record of the final day performance for this rat under this condition
is shown in Pigure 29:d. The higher level of the licking behaviour
can be clearly seen. On the final day of this condition Rat 16 drank
41 ml.of water in the 30 minmute session compared to 11 ml.in the
previous 2335 hours in its home cage. This licking bebaviour by Rat
16 on the DRL 12 sec.differed only in the amount of inter response
interval licking, the topography of the licking behaviour being
apparently similar to that emitted by the other three subjectis.

The cumulative records and other data taken from the two
conditions involving wood gnawing and unrecorded collateral behaviour
show wood gnawving patterns similar to those in Experiments 1 and 2
Lever press behaviour in the unrecorded collateral behaviour con-
sdition are similar to other such DRL performances in the literature
(Wilson and Keller, 1953).

Tables XIV = XXI show the analysis of the two measurable
collateral behaviours in the manner of the two previous experiments.
The extreme stereotypy of the licking behaviour is shown in the
analysis of "rates of licking (Tables XIV, XVI, XVIII, XX: Figures
34, 35B, 36 and 37). There was virtually no change in "rates’ of
licking within an IRI category and little between them. There was
however an appreciable lack of stereotypy in the lioking which
occasionally followed a non-reinforced response. The "ratu"and

variances in this matrix are markedly different from those in the
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FIGURE 2

a) Cumulative record of the final day on DRL 12 sec. with
wood gnawing as collateral behaviour for Rat 19. Each “'gnaw"
steps top pen up once. Responses reset this pen and deliver a
downvard "hatchmark', Reinforcements are recorded by downward
whatchmark¥ of lower pen.

b) Cumulative record of the final day on DRL 12 sec. with
water licking as collateral behaviour for Rat 19. Each lick
steps the pen up once, otherwise as in (a) above.

¢) Cumulative record of the final day on DRL 12 sec.with
unrecorded collateral behaviour for Rat 19. BEach lever press
response steps the pen upwards once. A reinforced response in
indicated by a downward "hatchmark®,

d) Cumulative record for final day on DRL 12 sec. with water

licking as collateral behaviour for Rat 16. Interpret as (b)

above.
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post reinforcement matrix.

Table XVIIa illustrates the relationship between first
ordinal decade duration and the ensuing amount of licking in
the IRI.

The relative frequency distributions of IRIs and IRTs for
each subject under the three conditions show that for two subjects
Rats 15 ahd 17 the different stereotyped collateral behaviours
did not affect the IRT distributions to any noticeable extent.
However ihe corresponding data for Rats 16 and 19 show considerable
differences between the IRT distributions for each subject in each

condition (Figures 30 - 33).

Discussion

The results of this experiment indicated that the amounts of
stereotyped collateral behaviour in a session and the efficiency
ratio for that session were positively related. Which factor,
if either, played the causal role in the relationship cannot be
stated with certainty from these results,

The experimenters choice of a DRL 12 sec. schedule rather than
the DRL 18 sec. schedule was based on the supposition, borne out in
the results, that subjects might produce polydipsia in the condition
where the drinking tube was available. It was considered that
large amounts of water imbibed as a consequence of schedule
induced licking on a DRL 18 sec. schedule might have deleterious
and uncontrolled physiological effects.

The condition where no specific collateral manipulandum was
present was run last for all subjects beccause it was felt that
should the subjécts develcp a éollateral behaviour involvinqg - picce
of apparatus which couid not be removed in subsequent conditions,
¢nere vould be no reason four any change in collateral beraviour.
the fact that all four subjects developed a b

“T grawing colls*eral

bchaviour
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FIGURES 30 -

a) The IRT/sec. relative frequency distributions (left) of
lever press responses on DRL 12 sec. with unrecorded collateral
behaviour. Final day performance.

b) The relative frequency distributions of IRT/sec. (left)
and IRI/decades of licking (right) on DRL 12 sec. with water licking
as the collateral behaviour, on the final day of this condition.
Total of licks and the amount drunk in the 30 minute session is
given in the top right of each figure.

c) The relative frequency distributions of IRT/sec (left) and
IRI/amount of wood gnawing on DRL 12 sec.with wood gnawing as the
collateral behaviour, on the final day of this condition. Total of

"emaws"™ in the 30 minute session is given in the top right of each

figure.
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(a) Unrecorded collateral behaviour.
(b) Collateral drinking,

(c¢) Collateral gnawing.
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(a) Unrecorded collateral behaviour.
(b) Collateral drinking.

(e¢) Collateral gnawing.
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(a) Unrecorded collateral behaviour,
(b) Collateral drinking.

(¢c) Collateral gnawing,
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TABLES XTIV - XXI

Analysis of stereotyped collateral bebaviours occurring with
DRL 12 sec lever‘press behaviour on the final day of two conditions,.
mables show the analysis of woodgnawing and the analysis of wator
licking. The jinter response intervals IRIs are categorized by the
amount of collateral behaviour within each IRI. Xach category of
IRT is divided into ordinal decades (i.e. first ordinal decade
gecond ordinal decade, etc). The number of IkIs in each category
is given under the "n" column (extreme right),

Each ordipal decade contains the mean time to complete 10
instances of the collateral behaviour ("gnaws" or licks) and the
variance of the times which were merned to find the upper, mean,
figure.

The tables are divided inte 2 matrices, the upper for IRIs
following reinforced lever press, the lower for IRI following lever

press responses which were not reinforced.

__Yable XVIla shows:-

Correlation coefficients betw=en the mean duration
of the post-response 'pause' and the amount of sterco-
typed collateral behaviour in the ensuing inter-
response intervals (IRIs),
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Correlation coefficients bestween the mean duration
of the post-resnonse 'pause' and tle amount of sterso-

typed collateral bzshaviour in the ensuing inter-

response intervals (
Expt,3 (Licking data

gEIs).

Post reinforced
r=esponse IRIS

Post non-reinforced
respons~ IRTs

-0.75

Pat 156

Pat 16
-0. 59

Rat 17

-0.78

Rat 19
—O. 85

These nercative correlation coefficients confirm

tne observation that the shorter the post response

time the greater the amount of gnawing in the

remainder of the IRI.
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FIGURES -

The ‘rate” data from Tgbles XIV - XXI displayed in graph form
for each animal. The ‘rates’ for wood gnawing are shown in solid

lines, the ‘rates’ for water licking in interrupted lines.
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in the final condition supports this belief.

The observation,that two out of the four subjects did emit
altered IRT distributions as a result of emitting different stereo-
styped collateral behaviour s interesting but equivocal data. If
such collateral hehaviour were completely non-functional and the
spacing of responses totally under the control of some other factor
then the changes in IRT distributions in these animals are difficult
to explain. The changes in distributions do tentatively suggest a
functional relationship of some kind, in which case the similar IRT
distributions of the other two subjects under the three conditions
have to be reckoned with. ‘

The results of the DRL performance with water licking as the
collateral are especially interesting for two reasonsi-

(1) Under this condition, 3 subjects developed two distinct
stereotyped collateral behaviours; one which wvas typically emitted
after a reinforced response (1licking), and the other vhich was
emitted after a non-reinforced response (unrecorded but observed to
be gnawing at the bar floor).

In an experiment with pigeons Boakes (1969) used a two component
multiple schedule vhere each component had a DRL requirement but a
different criterion IRT value. Boakes reported that two different
stereotyped collateral behaviours d4id not appear. Lowe and Harzem
(1973) bave reported a similar experimental situation where the second
(smaller criterion IRT value) component was introduced following any
unreinforced response. The result was that each component of the
schedule maintained an appropriate but different IRT distribution,

Lowe and Harzem have argued that this demonstrates ‘'the discriminative
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effects of reinforcement". In the light of their data, a similar
amount of control over the collateral behaviour, after reinforced
and unreinforced responses, is a possibility which might be expected.

This experiment would appear to confirm this possibility were
it not for the criticism that several experimenters have suggested
that schedule induced drinking is an exclusively post-food event.
With the exception of Rosenblith (1970),who has presented evidence
that rats will lick after a conditioned reinforcer on a secondbrder
schedule, most authoratitive writers (Palk, 1972; Segal and Holloway,
1963) agree on a post food definition of schedule induced drinking.
In this present experiment the expected control over collateral be-
shaviour occurring after reinforced and non reinforced responding
might not be so much a function of the control exercised by the fate
of the preseding response as by the limitations on the occurrence of
schedulginduced drinking. However the observation that a second
stereotyped collateral behaviour was emitted following non-reinforced
responses tends to support the Lowe and Harzem findingthat the fate
of a response (reinforced or not reinforced) on a DRL schedule may
control immediately subsequent behaviour.

The occasional drinking after a non-reinforced response may
either be put down to a loss of ocontrol by the fate ofthe preceding
lever press response or,more likely possibly, the occurrence of
inter meal drinking as opposed to poste-pellet drinking. That these
types of drinking do ocour is attested to by Bond (1973).

(2) The second point of interest arising from the detailed
analysis of the licking behaviour is the support that it gives to

some observations about first decade times in Experiment 1.
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The first ordinal decade in both licking and woodgnawing
analyses incorporates what is usually termed the post-response or
post-reinforcement *pause" (Stnddon, 19703 Lowe, Davey and Harzem
1974) and the first ten"gnaws”or licks in the IRI. Due to the
relatively variable gnaving'}ates'it is possible, though unlikely,
that the systematic inverse relationship between the first ordinal
decade duration and the subsequent amount of collateral behaviour
in the IRI, might be due to changes in gnawing rate for the first
ten “Ygnaws"., This rnigkr leave the post roapon-o'panlé'conntant for
all IRTs. However the licking data shows that lioking"ratol%nro very
consistent. Therefore any changes, and there were systematic changes,
in the duration of the first ordinal decade were probably due to
changes in the duration of post rnlponso'bausoa:

These results increase confidence in the observations made in
Experiment 1. The duration of the post response 'pause’ (whether
following a reinforced or an unreinforced response) appears to be a
predictor of the amount of subsequent collatersl behaviour in an
JRI. Therefore, where the collateral behaviour is known to occur
& a unform rate the post response"panse"on DRL schedules will be a

predictor of the duration of the IRI within which it ocours.
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EXPERIMENT 4

Introduction

Experiment 2 suggested that the stereotyped collateral behavious,
while not being directly responsible for the accurate spacing of lever
press responses in time, might fulfil a lever press respénse inhibition
function by keeping the subject away from thelever and the attendant
situational stimuli for responding. It was suggested that this
competing behaviour might be maintained by adventitious reinforcement
from reinforced lever press responses. Experiment 2 left unanswered
the questions of (1) how accurately spaced lever press responding in
time is controlled, and (2), why the subject should cease to emit the
competing or inhibiting behaviour at one comparitively consistent
point in time rather than at any other?

The present experiment attempted to manipulate the distance from
the lever at which the subject gnawed the wood to ascertain whether

this variable could control lever press response rate or the
accurate spacing of these responses in time.

Two strategies were open to the experimenter, either the rod
attached to the normal wood block could be lengthened or the size of
the woodblock itself could varied. In order to leave the subject as
free as possible to behave where it would, three different lengths
of wood were employed.

The order in which the alternative wood blécks could be presented
also posed a problem. Either each length of wood could be presented
to the subject over consecutive sessions until the subject was pro-
sducing stable behaviour on that length of woodblock, whereupon the
next woodblock length would have been presented, or, a different length

of woodblock could be presented wach session, the order being randomised
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within the limits of equal exposure to all woodblock lengths.
The first alternative would have meant a very long experiment,
during which time gnawing patterns might change for uncontrolled masons.

P this reason the second alternative was employed.

Method

Subjectss Three rats (Laboratory Numbers 21, 22 and 23) were
maintained as has been described in the General Method section.

Apparatus: As described in the General Method section except
that two additional lengths of wood were used (but still one piece per
session) The three different lengths of wood block were:- Small
(normal size) 4 cm. Medium - 8 cm.and Large - 12 cm.

Procedure: All subjects were pre-trained as described in the
General Method. Then all subjects were run for 60 daily (30 minute)
sessions on a DRL 18 sec. schedule. The 60 sessions were divided into
20 groupd of 3 sessiaoms each. Within each group of 3 sessions there
was one session with each size of wood block. The order of presentation
of woodblock size within any group of 3 sessions was randomised. The
final group of 3 sessions was arranged so that each subject received
the small, medium and large woodblocks in that order over the 3 final
gesgions. These three final days were test days in the sense that

performances on these days were analysed in detail.

fesults
The stability of the DRL performances, especially over the last

15 days was very satisfactory for all subjects (Figure 38). The
cumulative records for each animal in each test session were typical
of what the experimenter had come to expect of the performamces with
stereotyped collateral woodgnawing. The cumulative records for Rat

22 are shown (Figure 39) and are also representative of the othr two
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FIGURE 38

Shows the stability of DRL 18 sec. performance of each subject
for the 15 days prior to the three test days (final days for each of
the 3 sizes of wood block).

The stability is represented as efficiency ratios calculated by
dividing the total number of reinforced lever press responses in a
session by the total number of lever press responses for that session.

The sessions which contained the same size of wood block are
joined together. In the final 3 days the order of presentation was
the same for each subject, first day (day 24 on graph) s = small
woodblock: second day (day 25 on graph) M = medium wood block:

third and final day, L = large woodblock.
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FIGURE

Shows the cumulative records for Rat 22 on each of the three
final days with each wood block size.

Bach "gnaw" gsteps the upper pen upwards once. A lever press
response resets the upper pen and delivers a downward“hatch-mark.of
that pen. A reinforced response is indicated by a downward.hatch-

L]
mark of the lower pen.
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subjects. It is noticeable even from these records that

the behaviour looks more stereotyped or regular as the wood block
size increases. There are fewer IRTs with no recorded behaviour and
also fewer response *bursts".

The analysis of woodgnawing for each length of woodblock is

shown in Tables XXII - XXX.

The result of giving the subjects an opportunity to gnaw at wood
blocks of different lengths and thereby at different distances from the
lever is seen in the IRT and IRI (amount of gnawing per IRI) relative
frequency distributions. There was a uniform shift to longer IRTs
with access to longer woodblocks. The relative frequency distributions
of IRIs shows no consistent change in the distribution of woodgnawing
within IRIs, except that with increasing size of woodblock there is a
reduction in the number of IRIs containing fewer than 10 “gnaws' (Fig-
sures 40 - 42).

There was a marked difference betiween the total number of lever
press responses for the three test sessions for each subject. The
response rate droppd by at least a third between sessions with sh-rt
woodblocks and the sessions with the longer lengths of wood (Table
XXXI). That this was also the case in the previous five groups of
3 gessions is seen from the efficiency ratios of these sessions
(Figure 38).

The tooth mark patterns on each woodblock size for the final
9 days are shown in Figure 43. The exaggerated shape to which the
woodblocks had been gnawed is shown under 'A' where each woodblock had

been present for two sessions of that woodblock size. Rats 21 and 22
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FIGURES 40 - 42

Shows the relative frequency distributions of IRT/sec.and IRI/
amount of gnawing for each subject and each condition of wood block
size.

The IRI analysis is in decades (or 10s) of "gnaws" per IRI
category. Total number of'énawa"for each condition are given at top

I‘lght .
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TATLES XXTI - XXX

Show the woodgnawing anﬁlysis for each subject on the DRL 18
sec, schedule with a different size of woodtrlock available in esch
session,

1he table is divided into two matrices,The upper one is an
anelysis of all inter-response intervals which followed a reinforced
response,and the lower ,a similar analysis of 1RIs which igllgﬂgg a
non-reinforced respouse,

Each cell within a matrix shows }%. the menn time to complete
ten “gnaws"',and "” the variance of the times which make up that
meen time,for all instences ¢f a decadc occuiring at that ordinal
position in an IRI with that amount of gnawving,

The nuﬁber of IRIs in any category is givern by the “n" value

on the extreme right,



ableXXII

m

196

xpt. 4 Rat <1

Y]

o

wood block

T
ddu

AT

il

a)}

with

SEeC.

ORDINAL DECADE NUMBER

POST RSINFORCEMENT IRIs

DRL 18

0 A O TR S Dt B O E G S S ey g T e o R I R T W o B ST
— — I
i
o P IS ] ) e ] B s Rl B 0o N
o - o
i sp el — i
2 15 L Cood s
1E B w el
N
Bl s i = o 1,
wERPIR E e |
~lefolop k| SoLe] tol.
5 SIS | £ i kS|
1 I8 | T @ T I (sls
EERIA1 STl (@ Favl B 2 kC QG f<i' QR 10
-_o o_o o_- omoﬁ M o~ 3.—(0 o_o o__
> ha o no ook
| R EEREE ;Onnim = EFPEP
wlclola - lxlokiko - |* m Al o o e o 16 1_1.8__
: JIS|SISkilc|slo b | 8 o = & e o1 e) ey L
elelmiali il ml= sl 5 oL ek Bl
OVTa] fo PR [NERTOY | SRS To N ) MEEY,N o %) O N OO0 O p2
o_oo_oo_-._-._oo—n«wpv <2 t Ta) o_.-—-ooono__
©,0[02 Of9 e OO ko m,m 1 e e S elarear
< ow al =8 M)
052595157:9f5foe 3 = 555575659?0:
e, o ol o o, e, o . e, @ °
SIS|SIS|IS| SIS SIS KIS S ki | # S = R QSIS RIS SIS kSIS
U S L U E U DL L L 2 2 B U L T L L
[SAT) [@ ] (AN ] N I WaN (o oJaN] (ToRo] o NERTY BE R & 020 0 02 O oo = [~ 0 [0y O |+
= o et B e e ._mm ._nm ._nw .@\u Mw o) TA = 9 qn_nm om_nm ._nm 8 B e o e Bl (e
% 0.ololN ok o - > o O e O ke
P2 1S b B S e S B B A 0~ el H i e S e 2 B S R
| (Sa] N O
ool ol —loloko|alod|olo <l | i~ he (\/nw nNu & ol kol 1S |elo ke joo b fo ks foo |
J L] . L] [} . L] L] = L] . . L[] _
2 ¢ | IO o o] [ B 13 1) ] [} 81 ] ] T} N [ B &) o =, e SIS |KIS|RIS SIS |31 SIS SIS |31 |
I fcT] 1 | 1 | I B L T |~ o = ol 1 | | Y | I T | T
85.._0785051«068571._ru9_8tn (&) o ofta, O -lr, ofoe 0l e o o |
0_04!_8 0—-0—. c—o c—u o—c a_o o_uo. « (@] 10—0 o—o o—o o—4|. o—t c—o -—o n—- -__
mv_au 4L_nn n,_A% )2~ nn_n/ n,_nn na_zu S au_nu RumuQ mw.m“ o, - no_:u © [~ @0 Aa_qq W0 KO
—i
o
o =
“ @ W o o of of Al A | wm ¢ w| o] | 0o o

(I4I/3utaBUB JO S9pBOSD )SIHI (I41/3utmsud Jo 8epBOSD )SIH]



m 1
ixpt. 4 Ratoq Table XXII I

IRIs(decades of gnawing/IRI)

POST REINFORCEMENT IRIs 19
ORDINAL DECADE NUMBER n
] P
1 o 3 4 5 6 | 7 3 9 10 |
A R | ?
1 + |
U | Tkl i | |
" 6.9_| 5.3 | 5.4 8
sh [Es5av|IGA7d 056N |
Tel | 304 [ 3.2 |35 , HRR 17
4 [T1.3510.4 0.3 ]0.2 1 =
T7:0L] 132 182 ] 8.3 | 13. 8 24
5 [™3.210.2[0.310.4 [0,5 | ;
6391 3.2 | 591 | 3.0 3,4 |3.0 | 9
6 ve 3 O. 5 OLB O! 5 Oo 5 Oo 1 i
628 1303 | 3.0 | 3¢5 [ 3e1_| 343 | 346 . 6
7 6.4 1 0.3 | 0,3 10,2 D04 10:2 [0.1 s
5.8 2.9 [3.,0 4.1 [ 3.2 3.3 [3.2 151 | 6
8 |1,610,4[0,1 12,1 ]0,2710.5[0.4 D.08 |
_6‘_0__4 E | B [Ty B e 2T e B e 51
9 L = - = id = - = r
6,_9 Brorlvasonlcguaslizhoslcznpbulios 5ul 2.8 4,1 | 2
10 2871 0.3[0:.470.3[3.1710.5 b.01 D02 70.1'10.61

X lean time (secs ) to complete ten '"gnaws'" (DiCADE)
4 Variance (o*) of the above times.

POST NON-REZINFORCED RISPONSS IRIs

IRIs(decades of gnawing/IRI)

|

ORDINAL DECADE NUMBER n
: 1
1 2 3 4 5 6 7 e 10
1 o B
5.7 |27 1
2 = 1= |
6.2 [ 3.1 127 ] ' 1
3 - - - [
4 1.171 0.0710.810.04
2.3 5.2 4‘.2 5'8 '3.4 1
Ty I it ik Sl
D A e e R 3
6 5.8 0,06 [ 0.2 ]10.3 [0.3 (1.5
Ba7ai2e6ilesad i linabliBs 80l 4,7 |12.9 1
PR i it o = e ) [ e T e e |
6.7 "5.:1; L_2.6 2.6 2.5 '.O '5.1 2.9 1
i s b it | A il oy Bl e i il
4—.6 2.5 2.5 . . ‘>or Je [ (. | i
e e é_é _8:1_ e L L_3:1_ fi_l_ )__'7__ | 1
o P B I b5 b [P T BT [Fed & L |27 ] 50 T
1 =z = = = = =l S fere o | | e |

DRL 18 sec. with MEDIUM wood block




198

sble XXIV

m

xpt. 4 Rat 21

n

J

12

wood block

D
]

with TLARG

NT IRIs

wn
aj}

=M

3.8,

INFORC
ORDINAL DECADE NUMBER

Td

4

ad

DRL 18 sec.

ST RI

l')

! Do (0 S N SR O OO 00 s O bt i e (1 e '+ BN o® SRR o> SRS IR o
i i _
) e e T | ——— B ;
oo |
o 459 o
— ] A~ o |
- s tted] ki, 44.’ _ ﬂm -4 - —4 4 ;.I_‘ —
O < L\nA.u I I
34443 o &
=) ] 1 |~ =
] | ~ | 0§ Y= ~I<l ] |
. . . (0] °
al<iclaads @ o | |
©
1 | I gl
0_7 O-,d gt ”0_6@ @ W, |~
4Ol 4 4 4= H e d e o ] _
) Y 40 < R (Y] N.O
10] 1A 19 19 . — i 1 I 1
Sy ; L @
oTR Er B B e 6_% o+ o = al—jol  tloy] | |
o o o of o d o o o =] wn e} © o o o I} o o
SN Ls kSl RS R RS R L2 R KOR ] = = aloiedl |wlo] | I
® L P o W
I ] | A | T Jo ol | | | | I I
Nl U <O N <HH O [4D] W (el Wl [ale)] [ 2l i I~
o_ ® o— ol 1.— . 7\% o . LO joTg—4 <a] ’ Ye) 0— - 0— . o—_ o_ 0 — —
DO O O AN A 4 H O o N O olan, 0O
| 1 | | | ]©j0 .0 = L | | | | | |
4 ; 0o« A A %)
OB O O ojo) 1y | v O O [ < ol-jole|wlofjcl jelsf || |
e o @« ofl o of o o o d O OO O O] | O <t o ol o ol o o]l o Ll o 6
EOQOQSEOEOEQQth & m xlojlowio|ml |jxlol 1| |
| 1 | ER RO I T me ] T }—~ W | L [ Tl T (FRITY T
0 N S - O ] O A o W & o ol O, |
-:.—.o_-c_oo_- L-YLO LQSO — %) _ o—oo_o._o o__ o_a— _
OO O Ol O Ol JO O] © 50| = ball@] (VIR Al @] [ AT 5 N 2]
| 1 | | | 1 1< 1 Jo—~ [0 = 1 | 1 | | | 1 |
s T n ] A o  JF| P
1 |oygeejo]opeicojo lw Q) 9.%/\6 W % ol : I |~lojc:lo]<tlo] I : o] 1 |
. E [ ] L] L L} L] L] . L] L] L] o . S’ L] L] L] . L @ [ ] L]
e R [e Eale] B [e) EaTa] Eallel | Jeae 2_0. m ~ = £ <l [ [N o ST ] o} 5 T i ) I
—H O I [ T | I T I T T
O_ nLH r/w_ — 4:0 7.)_9, %udun rOﬂmﬂ mm,_1 O—nh, 4_n) + m m [e0) .L_ 2 Oy - < ol S RTe)
4 1] 4 YR Roflapte)tal Rej Rl Ea)Tal 3ol Hof o] ol Sof s o “l ]l | 19 [P A S S st I Y O I | |
e ( Oy - |- oo Oy et ] 2 e [a¥) 0 0 Ip] LNORTN [TolR N b D~
| | I | | | | 1“1 1 | | o~ ol | | I | | | | | |
O«
= o
o
“H @ ] ¢ vl o] | oo o 1XZT “ ] ] < vl vl | o O -

(I4I/3utmBus JO S2pBOSD )STYI (IYI/3utsBuld JO 89PBOSD)SIHI



iy X X\
Expt.4 Rat22 tabie XAV

IRIs(decades of gnawing/IRI)

1RIs(decades of gnawing/IRI)

POST REINFORCEMENT IRIs 199
ORDINAL DECADE NUMBER _ n
{5
1 2 3 4 5 6 } 7 3 9 gifs)
_6 : * | | Y}
1 [Carsh |
2 Qi B0y !
BRI R i 7
3 o5l 0.7[1.7] |
—€3] 5.8.33] 3.1 | 1 O
4 Al i ES L s ES Tnla g Lis k) . al |
6.7 1 3.6].3.0]3.1]38.7 ! IR 20
5 2l LEL-BU e LD T Tl EF05 !
—68l 3. &40l 8.4 3.2 B AR
6 bl e et Eo TR0 B LSTAT B e Wi Tl KT G | |
R R A P2 R EERGTd FERE R TR i | 4
7 1.810.5[70.3] 2.0[0.051 0.2 [ 0,2 | |
_6i] 3.4l 34] 3.3 3.0 5.5 3.6] 3.6 | | 9
8 0.8 0.4 1A ‘l iA_Q 0-5 OAS O- 4‘ 1-9 |
_5.1.5_. .2-.9 ...248._. .So.Q ._5.5.1._ .:’-.Q _Jja.:j._ .30.1 _‘ho._< | '3
9 lotoz o [lose liore |has1:] fas 0,510,611 0,9 |
SN e M| paN e mat i st (e el i Srdl e s sk EEREE 2
108 [DEdSil0 DRl RO R in ool [Fotie | Fa i (¥ O koia |
X lean time (secs.) to complete ten '"gnaws" (DiCADE)
4 Variance (o*) of the above times.
POST NON-RAINFORCED RiSPONSZ IRIs
ORDINAL DECADE NUMBER n
b T' ’
1 2 3 4 5 6 7 SR RO 10
el I | 2
1 [28,4 |
B AR ! o
o [B=sailiohd |
7.9 2.9 [ 3.4 1 ety
3 703 H0E N0sb ;
4,4 3.5 3.0] 3.7 ‘~ a5
4 5.1 10.08 [0.01] 1.7
_D5aT | 29 | 3.5 | 365 | B0 12
5 ik [50:671 1.6[80.4
3.4 3.2 3.3 12.8]2.9|3.3 )
6 o5 B0 RE 00910005 [0.03 ] '0.2
_4e B 2491 3.2 304 3.1 | Ba0 | 3.7 2
i oNml0N018[0, 025110, 5:{80,1 1 2L 21 s 5
& L [ A R PR B RN B B AR B i) 1
= = = = = a 2. - l
~arlte.r]s413.018.712.9]8.5]2.8]8,8] faga: o
O A (5 dy 7 [0.310,01 0,011 0,1 [6.0610.3 03] |
o~ 1--r-1--F-4--F-4--fF-4--

DPL 18 sec. with SITALL wood block




200

Table XXVI

ISR Ay RS O - O e o i () M O R R o o] BB C\) [ 00 SR MR 10D St D) M 1D S ], e et
i i
- —— i —_— 4 —— e aEmEe emes censeangme sec s ern, caE e e e G SRR G
o oo o ]
! IO~ = |
i M s — _ g i) O R | i
[ T 12 o I
0 O - cof o 1
el S o K
0 ol ol3
| 1 | 5 |
b o I bl I
SIS SIS kS I = N ]

xpt. 4 Rat2?2

0

i

InS{0] SANIIAY G2 Y (SN

wood block

;-o o~. -_0 n_. o~ nauo._\uc Qh_—ﬁ/m__
0 ke O ol — T
x> T il | o il 2 Tl Bt
0 o) ~ Y
kol b -l |-ilo Qdédd_ﬁ
N %1s] Sl 5] e AN S S o S P R

DTN

ool lalml <l

with M

-~ L] L] L ] L ] L] . . . —
Fel ol el “lal ol af ol of ol 0 U i e BT R BT B
. N 0~ <O o
M 0 oo ¥
RRER RER S | e L N
[AV3 VIR (¥ e )
oo ho K ko bo ko ko Lo o loa ikt <t ho e e et = Pl e

SIS S I SIS [ 10 [ I ROIOIOI0) IO |I0]

9_6 9_2 5_1 9-4 1_5 5_ o~
o_ LJ 0_ L]

QY] AVREE] SN N SVNTAY STHC o) AV '@ J1a] WV IR ©
p) Q'O 'O’ o]F ' (A,

20503_1501u1*n032050

18 sec.

ORDINAL DECADE NUMBER

ORDINAL DECADE NUMBER
4

O PR [ [ e Ot < )
. . . L] L] O . d

=
kO kv lo ke [tk T_z b0 It e o [ |lo o o 2 26 L
[ )| O P 910 ) |07 |

DRL

’OST REINFORCEMENT IRIs

L] L ] L] L] L] L] L] Ll
po -k B o ko B RIS b o <o [io
! ol lololwle|mlilvholelwlntwlal ]
(@)} .—oa—cc—o.—o -—.
CiIHIF 'O ' o o o <3
)
| e8d L | | | I 1

AN (PR eN (o cola] o2le)] ASURSE INIE ] (S0l o) OQNAY

R R e | PR e et R L e ]

POST NON-RUINFORCED R&SPONSE IRIs

|
726160m_h162605061

@] O | Q] ] | W} O] | ®

5
6
i

-l ] ] <

X l'ean time (secs.) to complete ten‘”gnaws" Di

4+ vVariance (o) of the above times.

10

(I41/3utmeus JO 8opBOSp )SIYL (I41/3utaBul JO S8pBILP )SIYI



T

Table XXVI

xpt. 4 Rat 22

201

with LARGY wood block

NT IRIs

1

™
pe }

|

S2Ca

18

INFORCEM
ORDINAL DECADE NUMBER

T

W

as

DRI,

POST R

OO SO A p L e i T i ) o AR e e O L -
T~ i
| fa
o O_ e 1
i -—— L~ in —
— < = ——- —— —t1
= FlEe=Ts T ] w byl
Ll e o i3al
Rk A the | ]
£ Y
slel il M iR e Al
l—,, J"mn}_ ?H & 6ﬁ5 Q,”O ﬂ 4_
‘o—.u e o fs % o_— % )] S _n..—.‘-L—n\UL
el o | 565@-50.%& — o (W S
= 1o b
i : kO IC 1O [0
O 7@0_49_14__ tm £ o O ._3.1.__& .Z“ _ !
o] o] e o] o] o] o o] o . 3] S <] e BO
el Hsiniel el SL hepe 2 ) "O ”,r RIR
| | I | | I lo = | 11, 1
o poto t jo o kel 2 2 O : N T =T et i T
-uooj}oo.—oooo—— m..w ﬁ 2 0 .QWJ..AJOHA). OTO
1 | | | l l i = ADn SR | | |
549_6714451545_08 al o o RSO Slliesltaiells O
o] o] o) o] o] o] o] o] o] o] o] o] o o ol & °h) Al
SIZ S BsIGS IS sISsISs! T |[* S 5| R WIOISIGFPRIPI S 1 ||
| T T 1 | | | 1 I I I I
R B ) " S et Ol o [RIBES S fo
e e e e e e e el 1 Bliz | w I U B R O S S S ST I
LR FRL P LPIPLIHCIH O 7 H BB O EHO I E) ] 1 1111
H T 5
ool lohs ke o bo [l fol=ho! o : o) S o wholokofiol—|oly M.Z“ DR Ut
L] . d L] . . . . L] L] L] L] . . . L] L ] L L] L Ll Ld Ll L] 1” -/ 7\@
x4 [S1ClES SIS IS IS K B[S i fSISISIS S T 8 = SIS ISISISISIGIICINIRIVION 1 ]
| 1 | | | I I | I '~ O = 11 | | I 1 | LT Ll
L Eelelertpelimp el |8 E e S et ied I M e R
sglol e “ epsl e eliecia]ie o] os o] o o] ] [} i A)... C.F.D-‘?\Uu. lﬂcﬂh +0.ﬁxl41QJOrD6
b Vbl o el o e e e 21 I S S o i o e s e B s T R T
o|=" o
@ o ¢l v oo~ o o Al “Hl @ ] < v o | o o —

(I¥1/3utsasuld JO S5pBOSD )SIHI (I¥I/Butmsuld Jo S8pBOSp) SI¥I



IRIs (decades of gnawing/IRI)

IRIs(decades of gnawing/IRI)

Lxpte 4 Rat ¢3

POST REINFORCEMENT IRIs 202

ORDINAL DECADE NUMBER

1 2 3 4 5 6 7 3 9 10 ll
_B.4_I¥ | :
1! - z
62 | By 3
2 |=aoz
EGT6R|[BrAN B | |
B E0 3 R|I08aRi0NE o
6.8 _|3,4 [ 3.5 _|3:6 FYs
45 20 f54i0 28035 1 L |
e T B [ e ' T I
BN B4 Bl 0F 380 2nlmsl 1952 ' !
6.9 18,8 [4.9 4.0 [8.7 [3.5 T
G e e IR SR T A B R |
509 {322 309 _[3:4 [302_ 5.6 [7e0_ 1
7 [©0.410.03[1.0 10,02[0.6 13.0 [30.9 ;
B3 |31 [4.3 13,3 [5.1 (4,3 [3.6_[5:,Q 1
8 [5.810,9 [1,410,02[11.5/0,05[0.2 12,0 |
- O 33 [ Ta0 1003 |30 1302 |52 {44Q 3.0 |
I e e S [ ] R ) PSR ER G P AL
108 [B= — = = 5 - = = ks -
X lean time (secs.) to complete ten '"gnaws" (DiCADE)
4+ Variance (o*) of the above times.
POST NON-REINFORCED RESPONSE IRIs
ORDINAL DECADE NUMBER
|
2 3 4 5 6 7 8 | 9 10
6.2 ! !
A O SE R i
FCEREL !
2 [10.3]0.3 I
B0 | 5.2 | Bes |
g N OR e DR
400 3.9 '3.4: 5.2 T
AR R O = 0. BiE 054
E-Cnl3: 00 4. 50 3. 001| Bel
5 [BBI0 T B 6.2 [0.8 T
6 g — — — — —
T (R ) T8 L & e F Bk 3.7
zaiNesEaidedn A W or 003 F1093a A
400 4.0 12,7 |32 |81 3.9 (4.6 | 4.4
8 |0.035]0.06[0.610.9 [0.5 ]0.8 [0.2 70,01
arss 3 . 06 50 ’ ° e o o‘
; @;_%&éf_%__gﬁ%%jgﬁ%léfﬁ |
TOE |t | Lt [ ““‘*“‘*‘—'*——*1
DRL 18 sec. with SMALIL wood block

Table XXVIII

11

0O 50 00 e e kD 2 U0

()]

3



m YYIX
Expt. 4 Ratos  —acle il

IRIs(decades of gnawing/IRI)

IRIs(decades of gnawing/IRI)

POST REINFORCEMENT IRIs 203
ORDINAL DECADE NUMBER n
l |
1 9 3 4 5 6T 3 9 107
50. O 7 B
1 126, 4t |
14.1] 3.5 ! 4
2 75. 510. 2 f
1620813588 A58 | 6
3 S R AR ;
6.2 _|3.8 5.8 _|4.3 1 5
4 Ozl 60 [DaBiE] 0. 08 i
6.4 4.0 [3.8 400 4.0 1 S
A MmN IR I R | |
6.6 3.6 [3.6 [3:9 [5.9 |40 | ko
6 1.4 2.6 ()-6 102 008 1.4 L
6.0 _[3:4 | 3.6 |46 |4e2 14,9 (6.2 | i 6
7 Oo 7 Oo 6- Oo [5) 5. 5 4. 1 :3. 6— 50 O :L
5.5 _5:0 [Be5 |56 B0 504 [5e0 |50 B
8 g | il i e | G| e el [t | |
BeB _4ed |348 |38 |308 |36 [549 3.9 |3.6 @ 2
9 7210601110004 10e:18] 0.101110.250] 041001104001 ] 162
ﬁﬁﬁéléé Se 0 |40l [4e7 6.4 8.9 (S04 3.8 3
L0 7 OSR0N06! Of3W] 04 28| 7 0l 2 a9 [ 0mE O
X lean time (secs.) to complete ten "gnaws'" (DSCADE)
4+ Variance (o) of the above times.
POST NON-REINFORCED RESPONSE IRIs
ORDINAL DECADE NUMBFR n
T
1 2 3 4 5 6 7 8 9 10
1030 4
1 67.1] i
| 10.2/2. 2 | o
2 20.4 0.4 j
6.6 3.0 [3.5 | 1 3
3 zedunl 0aar (D4
7.1 3.8 [3.9 J4.2 iy
4 DuBldEAnl 0. 28058
}@_@gsg_gL%@_ =
5 DeRe 01D T 450 ot
6 P i L e T T i S S e S —,
7 ——--J———-—-—w-——}——--—i-—-—r——-—i
TG4 |Aoni | [0aD | DOBR | Baln | Salis| beow| Drd 2
8 0.1 12.4 [0.2710.08[0.2 710.080.3 717, 1
9 EalE s B e i (T R (SN SR | S I
10_____»-__-_______4_______1

DRL_18 sec. with MiEDIUM wood block




able XXX

m

195

204

ixpte 4 Ratid

VUMBER

)

with LARG: wood block

ORDINAL DECADE

DRL 18 sec.

POST REINFORCEMENT IRIs

a © (o} oSS & o S 5 <4 o c [ N o) 0 (YA 5 T (o SRR o —
i _ _ —
550 [ G | S R R | Ejiav
! o
o
% | i ¥
> _ e S T B Bl IS =
T 1 T8 oﬂ
e o AR
o Qs PR o <
E: 1 L |~
(o] [3a] (oY [l I | = | @_
L] L ] L ] L ]
© wlo|wl] | w @ 1 [l
Il T T
%517%?~ & jO ﬁ
o_ . -_ . o_ . _ = Q - o o — ol |
- 0 Of<t I O H 0O >~
L ¥4 L 1 1 |1 w& .m | ) EO |
~pololton|o] | £ Q AL Calo0 e | _J:
© e el L= o= | wm 2| B © S s L
T [ (S e = w0 ol & o L L 1)
H WO QYD v D — © By = O |0 <H D~ <
i o] of of of o o o] of ¢]O | & (93] = 0 ol o] ol of ol o | o 1
E <0l Of<H —f <t |t g o 5] < Ol M O ™
| | 1 | 19] | w.m P m | | 1 )| |
(o)) [(e] [Te] [ S5 [e)] [@] (No] 13a] (e el RS (@] [o2) N S m M O§O€3EJ3 _1:
L] L ] L ] . L] hd L] L] L ] * L ] L ] L] L ] L] L ]
< S TSIt T [ Te] BalTe) el £ 5 of = < J1Iol ol IRIo] 1 W)
i
T 1 I 18 I T T T o | | A 1 | I |
0 O] -0 N | OO0 W<t o W M < N WD U i 9_
e EIC I IR B L N ] I S 0 Sl tsls) !
<od ol ol vl o ol . 3) H = $ o ST [
1 11 | | 1 | _1m 1 %M/ M M 1 1 L s 1 1 1
~
N To) [TeT = Tl T To 5] ReT1 S8 [eTRS foiY o] I I N M m AESE43AJ63£§ _1:
L ] L] L] o L] L] . L] L] L . L ] L] L] L ] L] L] L] L ] L ] L] L]
S I T B TS ST B B S LR RS B o mﬂ S @ o le] CalT (S Te) Falle) el o) S T=) B I )
<+
-~ © 1 | | | | 1 I | 1
O dodoloT e ln]chololol o] ol e __ e m mq.u. 5_9 1_5 9_0 9_6 7_2 8_6 9_6 : 9_ :
] ] [ ] of ) L) L) L] L] L] L] e L) L] L J LJ L] L J . L] ® . L] L] [ ] L] L ]
Al atled] | el e sfl oot oot Sfed il S o o o w0 0|0 O e | < Of e F 3 Q[ e &
n K S5 O e D O O [ g 0 o | 5 ] S O
o|="> o
o o @l w oo | o of Al A @ »] 4 w| o | o o =

(I¥91/3utmBud Jo sepvOSpP) SIYI (I¥41/3utmBuUl8 JO S2pBOSP )SIHI



205

appeared to have gnawed more at the end of the woodblocks which was
nearest the lever and intelligence panel but a considerable amount of
gnawing has taken place further along the woodblock (The shadows cast
by the photographic lights may give some idea of overall shapes). Rat
23 appears to have gnawed more often at the end of the woodblock
furthest - from the lever.

The woodblocks from the final three sessions under 'B' show the
same shapes but they are less marked due to the lesser amount of
gnavwing (one session as against two). The standard block sizes are

gshown en the extreme right for comparison.

Discussion:

The result of giving the subjects the opportunity to emit the
gnawing behaviour further away from the lever was a consistent drop
in lever press response rates and aﬁﬁncrease in efficiency ratios.

However observations of the gnawed woodblock suggest that, if
the amount of wood removed by gnawing was reasonably constant, then
only in one case (Rat 23) did the subject actually gnaw more at the
end of the larger woodblocks that were furthest from the lever.

The other two subjects, Rats 21 and 22 appear to have distributed
gnawing along the length of the woodblocks but gnawed most often at

the end nearest the lever. If the hypothesis that distance from the
lever is a variable controlling the response rate were correct,there
ought to be a clear difference in IRT distributions between Rat 23

data and the data for Rats 21 and 22. There does not appear to be

such a differemce. One suggestion which might resolve the apparent
contradictions in these results,is that woodgnawing nearer to the lever
involved removal of more wood from the woodblock than did woodgnawing

further away. Were this the case it would be an interesting result
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TABLE _XXXI

Shows the total amount of lever press responses in each of

the three final sessions on a DRL 18 sec. schedule with one of three

sizes of wood block, '
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SIZE OF Y0O0D BLOCK

Small Medium Large
R21 161 100 94
R22 191 108 102
R23 147 112 107

Total number of lever-press
responses in each session.

Performance of three rats on a DRL 18 sec.

with one of three sizes of wood block.
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FIGURE 4

Shows pattern of teeth marks on gnawed wood blocks for the final
3 sessions for each rat on each size of wood block.

A: shows, for each subject, the gnawing on each size of wood
block. Each woodblock was in place for two, 30 minute, sessions.

B: shows, for each subject, the gnawing on each size of wood
block for the final three sessions.

On the extreme right are examples of the original ungnawed size
of each blocke.
The small woodblock is 4 cm.long.
The medium woodblock is 8 cm,long.

The large woodblock is 12 cm,long.
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viewed from an ethological perspective. The nearer to the source of
the conflict inducing stimuli,the greater the intensity of displaced
or redirected behaviour.

However,in the absence of corroborating evidence on the amount
of wood removed per “gnaw",it is clear that this explanation of the
results of this experiment must remain hypothetical.

Another aspect of these results which is puzzling is the large
range and low amplitude of the bimodal distributions of IRTs. While
the larger range in the longer sizes of woodblock obviously must be
asgociated with the drop in response rate,it is not clear why similar
low amplitude bimodal distributions should be obtained from the sessions
where the small woodblock was used. In these sessions this atypical
distribution is shifted to the left towards shorter IRTs but there is
no clear modal IRT category. It is possible that the technigue of
presenting all three woodblock sizes in daily sessions close together
may have caused some genera .lization of responding which resulted is a

wider range of IRTs in the small woodblock condition than might other-

wise be expected.
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SUMMARY OF EXPERIMENTS 2, 3, 4



212

SUMMARY

The three experiments reported in this chapter attempted to
manipulate the collateral woodgnawing behaviour while maintaining

the DRL schedule requirements.

Experiment 2 looked at the effect of withdrawing the woodblock

from the situation described and analysed in Experiment 1. When the
opportunity to emit the collateral woodgnawing behaviour was with~
sdrawn, the results from five subjects who had been previously emitting
gtable DRI performance with collateral woodgnawing was as followss~

(1) Removing the wood resulted in higher lever press response
rates and a decrease in DRL performance efficiency.

(2) Despite the wood removal there was evidence that all subjects

contimied to space their lever press responding differentially with

respect to time.

(3) Those subjects who,prior to wood removal, had produced the
larger number of long IRTs and most collateral woodgnawing,emitted the
higher lever press response rates in the first 8 minutes following wood
removal.

(4) This experiment suggested that while collateral behaviour
of this type is not necessary for “timing" behaviour, it probably
gserves some response inhibitory function in removing the subject from

the vicinity of the lever,and it attendant situational stimuli for
responding.

Experiment 3 studied the effect of three different topographies

of collateral behaviour on the distribution of lever press responses
in time on a DRL 12 sec.schedule.

It was observed that amount of collateral behaviour in a session
and the efficiency ratio for that session were positively related in

the performance of all four subjects.
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The detailed analysis of the licking collateral behaviour gave
additional and substantial support to the observation from Experiment
1 that the post response “pause' may be a predictor of the subsequent
amount of gnawing in,or where the collateral behaviour occurs at a
uniform rate, the duration of, the inter response interval in which

it occurs.

Experiment 4 demonstrated that giving three subjects on a DRL

18 sec. schedule thebpportunity to emit the gnawing collateral behaviour
at different distances from the lever, pellet chute and intelligence
panel, resulted in a decrease in response rates and an increase in
efficiency ratios.

However,direct observations of the positions on woodblocks (of
different size) where the gnawing took place, suggested that either
this result was a artifact produced by some other unidentified variable
in the situation,or theat the amount of wood removed per "gnaw" increased

towards the end of the woodblock nearest the lever,
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CHAPTER VI

EXPERIMENTS 5, 6 and ]

MANIPULATIONS OF THE DRL SCHEDULE REQUIRE-
sMENTS TO STUDY THE EFFECT ON THE COLLATERAL

BEEAVIOUR
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EXPERIMENT 5

Introduction

This was the first of three experimemts whioh attempted to
manipulate the DRL contingencies in order to study differential effects
on the woodgnawing collateral behaviour. The aim of this first exper-
siment was to replicate the extinction experiments of Laties et al.,
(1969). They observed that, "gnawing ceased before lever pressing....
demonstrating.....the status of collateral bebaviour as a member of a
hetengeneous chain®. As painted out previocusly in the present thesis,
this analysis of woodgnawing is inconsistent with the findings of
Zizmerman (1959) and Miller (1951). They both showed that & chain
extinguishes from the terminal link to the initial 1link (rather than
vice versa, as Laties et al.suggest). This finding has beem supported
by Bruning, Becker and Tucker (1965), Becker and Bruning (1966) and to
a certain extent by Mansfield and Rachlin (1970). In this latter
experiment the results indicated that "as complete response chains
decrease in rate, whether by punishment, extinction or satiation, the
initial and terminal elements of the chain deorease together™, Hewever
there is some doudbt as to whether the response chain which Mansfield
and Rachlin usedws in fact a chain in the sense that Zimmerman's,
Miller's and Bruning's were. JNansfield and Rachlin point out that
their chain, consisting as it does of right key pecks followed by left

key pecks, could be regarded as a behavioural unit.

Where the initial and terminal links are topographically dis-
stinct as in the Zimmerman, Miller and Bruning experiments the consensus

appears to be that such chains deteriorate from the terminal link

baekwards.
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Method |

Subjectss Pive Rate (Laboratory Numbers 7, 8, 9, 10 and 11) pre-
sviously used in Experiments 1 and 2. They were maintained as in
Experiments 1 and 2,

Apperatus: As previously descrided in the General Method seotion.

Procedure: Following Experiment 2 the subjects were maintained
at 85% of free feeding body weight for a further 21 days, after which
they were reintroduced to the DRL 18 sec. schedule of reinforocement.
Sessions were 60 minutes rather than 30 minutes leng. All subjects
were run for 15 daily sessions prior to the test day. On that day all
subjects were run for 15 minutes on the DRL 18 sec. schedule, following
which reinforcement of lever press responses whioch fulfilled the
schedule requirements was discontinued. The test sessions ended when
subjects ceased to emit either woodgnawing or leverpress regponding for
a peried equal to,or longer than, 3 minutes in duration.

Results

Due to the increased length of sessions the DRL performances
prior to the test day were less efficiet than comparable behaviour in
Experiments 1 and 2. This inefficiency was not evident throughout
the. session but only in the second 30 minutes. Figures 44-48 show
the cumulative resords for the day preseding the test day. Unfortunately,
as an illustration of the breakdown in the seoond half of the exper-
siment they are net very persuasive. The effieiensy ratios for this
day were uniformly relatively high s that the breakdown later in
the session, characteristie of performances in e arlier sessions are
not seen clearly except in the ocumulative reecords for Rat 9 and 11.
However as these were the reeords nearest in time to the test day they
are perhaps more appropriate illustrations of the behaviour than

resords from earlier sessioms. Pour days before the test session all
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FIGURES 44 - 48

Show the cumulative reeords of the 60 minute session on the
day prior to the test day, for each subject.

The format is as for similar records in Experiments 1 and 2. The
upper record shows the gnawingbehaviour, each "gnaw" stepping the pen
upvards once, a lever press response resets the pen. The lower record
shows the lever press responding,each lever press stepped the pen
upwards once while a downward "hatchmark" indicates that the response
was reinferced. This lewer record for Rat 11 is incemplete due to the

pen running out ef ink in mid-session.
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subjeots produced poor performances during that session. This was
attributed to a marked drop in ambient temperature in the home cage,
the result of an equipmet failure. The efficiency ratios for the 15
days prior to the extinction trials are shown in Figures 49-53 :a.

The result of the extinction procedure was consitent for all 5
subjects. After extinoction was introduced responding became gradually
more variable and finally stopped altogether for the 3 minutes which
constituted the extinction criterionm. The order in
which the two behaviours ceased to be emitted was clearly and consist-
sently = woodgnawing follewed by lever press responding. This is
illustrated by the ocumulative records for each subject on the
test day (Figures 49-53:1b: not all of the session is shown due to

excessive length)

The
data reported in this figure is from Rats 8, 9, 10 and 11 only. Due
to an experimenter error, the coamputer punch tape of this test session
for Rat 7 contained many character errors and these ¢ould not be
corrected with suffieient certainty. This data is therefore omitted.

The relative frequency distributions ef IRTs show the shift
towards shorter IRTs in extinotion (interrupted lines) as opposed to
the distributions for the DRL 18 sec. performance of the 15 minutes
prior to the intreduction of extinction (selid lines).(Figures 49=5310)

The weodgnawing analysis (Pigures 49-53:d4, Tables XXXII-XXXIX)
confirm that the DRL 18 sec. performances of the four subjects whose
performanse could be analysed were similar in the first 15 minutes of
the session prior te extinotion to the previous DRL 18 sec. schedule

performance of these subjects (Experiments 1 and 2). Apart from the
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FIGURES 49 - 53

a) Shows the efficiency ratio of each daily session in the 15

days prier to the final (test) day on the DRL 18 sec.sehedule. The

efficiency ratio is caloulated as desoribed in Experiment 1.

b) Shows the cumulative record of the subjects final day
performance both prior to and during extinction ef the DRL 18 see.

schedule performance. See legend to Figs. 44 - 48.

¢) Shows the relative frequency distribution ef interresponse
times in seconds (IRT/secs) both during DRL 18 sec.schedule (selid

lines) and during extinotion (interrupted lines).

d) Shows (vith the exception of Rat 7) the relative frequency
distribution of interresponse intervals (IRIs) measured by ameunt ef
gnaving in the IRI. IRI occurring during DRL 18 sec schedule are
shown as solid lines, fhoso oococurring during extinction as interrupted

lines.
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TABLES XXXII - XXXIX

" XX X 11 - XXX v
These show the detailed analysis of woodgnawing ococurring during

the DRL 18 sec.schedule prior to intreduction of extinction. Tgables xXxvi-xxXiX
show a similar analysis of the behaviour in extinctien.

Each table is divided into two matrices. The upper one is an
analysis of all interrsmsponse intervals which followed a reinforced
response or in the case of the extinction data one which would
normally have been reinforced under the DRL 18 sec. oconditions. The
lower matrix is a similar analysis of those IRIs which follew (or in
the extinction matrix would under normal DRL 18 sec.conditions follew)
8 non-reinforced response.

Each cell within a matrix shows, the mean time te complete 10
"gnawa" (decade), and the variance of the times which male up the mean
time, for all instances of a decade ocourring at that ordinal number

in a IRI with that amount of gnawing.
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