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Abstract

The objective of'this study was to determine whether changes
in the rate of responding in the constant component (S1) of
multiple schedules could be expressed as a bitonic function of
the length of fixed=-interval schedules associated with the variable
component (S2).

Four male, Sprague=Dawley rats were trained and tested with
a two=component multiple schedule. The constant component was
associated with a fixed-interval, one minute schedule (FI=1 min.),
whereas the variable component was associated with six cifferent
fixed=interval schedules at various stages of the experiment. The
dependent variable was expressed as the number of bar presses per

minute.

The results indicated significant interaction effects in each
subjecte A bitonic function was evident beliueen schedules and the
rate of response. The results strengthen the position that schedule-
induced behavior énd interaction effects share a common underlying

mechanism,



Introduction

Since the publication of Ferster and Skinner's (‘1’957) “Schedules
‘of Reinforcement, the volume of operant research has steadily
grown (Appendix 1)e Operant methods have contributed to the
development of such diverse areas as psychopharmacology (Dew, 19553
Smith, 196L), clinical psychology (Ney, Palvesky, and Markely, 19713
Williams, 1959), educational psychology (Ha;ll, Lund, and Jackson,
19683 O'Leary and Drabman, 1971), and developmental psychology
(Madson, Hoffman, Thomas, Koropsak, and Ma%sen, 19693 Goetz and
Baery 1973)e

A fundamental concept in operant research deals with schedules
of reinforcemente Schedules, or more generally contingencies, define
the relationship among stimuli, responses, and reinforcers., Such
relations are believed to play a central role in the emergence and
mgﬂation of behavior (Morse and Kelleher, 1970)e A particular
relationship among these factors ensures both the formation of
disézﬁ.mination and the emergence of adjunctive behaviore |

The aim of this thesis is to provide a rationale as_wéll as
experimental data to support the notion that discrimination and
adjunctive phenomena are related.

The first part of this task is dealt with by considering the
defining characteristics and major features of these two phenomenae
The second part is dealt with in an experiment which illustrates
their interrelationshipe

Discrimination Learning' =

A typical discrimination learning procedure involves two distinct
phases, i.ee. non-differential reinforcement procedure and differential



reinforcement procedures A non-differentisl reinforcement procedure

is basically used to obtain baseline levels of responding by confronting
the experimental subject with two or more stimuli and identical
reinforcing choicesy while a differential reinforcement procedure is
used to establish differential responding by reinforcing the subject

in the presence of different stimuli, The stimuli in discrimination
learning are referred to as discriminative stimili (Skinner, 1938),

a function of which is to occasion the response under a particular
reinforcement schedules Further, each reséonse pattern is said to

be well controlled by a stimulus if, and only if, a change in the -
property of the stimulus yields a change :in the response patterne

For example, the presence and absence of tﬁe light producing a
dj‘,ffgrent rate of responses indicates that the light, as a stimilus,
has acquired the property of controlling the behaviore This phenomenon
is called stimilus control.

Two=component Multiple Schedules

When an organism is exposed to a lightw~on and light-off situation
in succession, a two-component multiple schedule is specifiede In
such a schedule, each stimulus is associated with a reinforcement
schedule which defines a single component in multiple schedules
(Reynolds, 1961a)e At the beginning of the discrimination training,
the drganism usually responds to both stimili and their associated
rémforcement schedules indiscriminately, that is, the ofganisrn
reéponds to two components in multiple schedules as if they were one.
As the training progresses, the organism gradually developé a
differential response pattern to the stimili as well as their associated
reinforcement scheduless A stable explicit response pattern to each
compdnent in multiple schedules over a period of time signifies
discrimination,



In conjunction with two—component schedules a Change=-Over-Delay
(C.O.D'.) procedure is frequently used to separate two components so
that the schedule in the second component does not adventitiously
reinforce the response in the first component (Catania, 1972)e A
typical CeO.De spcifies a minimum delay between the change-over from
the responding in one component and the next possible reinforced
response in the second componente The CeOe¢De procedure has been most
widely employed in two~component concurrent schedules (Shull and
Pliskoff, 1967; Brownstein and Pliskoff, 1968; Stubbs, Pliskoff end
Reidy 19773 White, 1979). "

Assumption of Independence among Components

When two isolated schedules such as fixedw=interval (FT) and
fixed=ratio (FR) are combined in multiple schedules, the response
rates in both components usually maintain their pre-combination
performance patterne For example, in multiple FI FR schedules, the
typical scallop pattern (Blackman, 1974; Reynolds, 1968) is associated
with the first component while the FR break~end-rum (Cumm:n.ng and
Schoenfeld, 1958) pattern is associated with the second component.
Such a differential response pattern seems to suggest that the response
rates in these two components are independent of each other. However,
the discovery of interaction effects (Reynolds, 1961a) has altered
this "independence" notione

Interaction between Two Components in Multiple Schedules .

Reynolds (1961ay 1961b, 1961c) initiated a systematic investigation
into the interrelationship of two components in multiple schedulese
He reported that the rate of responding during the presentétioﬂ of
one stimilus might be altered by the change of schedules of
reinforcement associated with the second stimuluse This:-pﬁenomenon



was referred to as en "interaction effect". Further, he suggested
that the necessary and sufficient condition for the occurrence of
intoraéfion effects depended upon the chanze of relative reinforcement
frequency assoclated with the componentse In other words, regardless
whether the response rate in the variable component (S2) increased,
remainéd constant, or decreased, interaction effects were to take
place when changes occurred to the relative recinforcement freguency

associated with the componentse

The Ambiguity over the Definitimn of Behavmorul Contrast for Multinle
Schedules :

Two theories sreatly influenced the classification of interaction
effectse The Relative Reinforcement Frequency Theory (Reynolds, 1961a)
defined a "positive contrast effect" as an increased rate of responding
in the constant cormorent (S1) in relation to a reduction of the frequency
of reinforcement in the other component (S2)e A ™egative contrast
effect" was said to heve occurred when the rate in the constant
component decreescd vhile its counterpart increasede On the other
hand, Terrace's Theory of Suppression of Resnonse Rate (1966) suggested
that a "positive contrast effect" be defined as -an increased rate of
responding in S1 in response to' a reduction of the rate of responding-
in the varizble component (32), and "negative cogtrast effect™ as a
reduction of response rate 1n§51 while its counterpart increased. It
is apparent that Reynolds tended to focus his attention on relative
reinforcement frequency whereé§ Terrace seemed to concentrate on the
differential response rates associated with two components. The
following diagram in Figure 1 shows that under Reynolds' Relative
Reinforcement Frequency Theory, positive contrast may occur in a

number of conditions.
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Plgure 1  Positive ccmtragtimay oécﬁfiinﬁthréé modes
" in Reynolds' Relative Reinforecement Frequency
Theory (Reynolds, 1961a). .



Induction

In a two-component operant situation, induction is one type of
interaction, According to Skinner (1938) and Terrace's theory,
positive induction is said to have occurred when the change in rate
in the constant component is in the direction towards the increased
rate of responding in the variable component. Negative induction is
said to have occurred if the rate of responding in both components

reduces below their original baseline levels.

In view of the possible combinations under which interaction
effects can occur, the existing crlass:i_t‘icai';ion system seems inadequate
to define certain types of irtberaction, For example, if interaction
océurs, the response rate dn S1 increase dxixe to a reduction of
reinforcement frequencies in S2. However, the response rate in S2
could either decrease, remain unchanged, or increasee Should this
latter phenomenon be .defined as positive con’c.raét or positive induction?

Three Major Characteristics 6£ Interaction Effects

Contrast effects take place whenever the rate in the constant
component (S1) of multiple schedules varies with the reinforcement
frequency in the 52 component (Reynolds, 1961a; Nevin, 1968; Halliday
and Boakes, 1971; Wilkie, 1972). Secondly, positive cof;t;‘ast effects
normally occur when the condition of the variable component changes
to S-, je.es extinction, low reinforcement frequencies, time-out,
punishment, or reinforcement of a low rate of responding (DRL) (Crespi,
1942; Amsel and Roussel, 1952; Reynolds, 196la; Reynolds and Catania,
1961; Brethower and Reynolds, 1962; Gutman, Sutterer, and Brush, 1975;
Innis, 1978). Thirdly, the change of the response rate in the
constant component is reversible, In other words, should the
reinforcement frequency in the variable or changing component be
brought back to the pre-discrimination phase, the rate of responding
in the constant component would eventually return and stablize around



the pre~discrimination baseline level (Reynolds, 1961c).

Interaction Effects Related Phenomena

In the peak shift phenomenon (Hanson, 1959), discrimination was
first established and then a spectrum of stimuli were presented
under extinction conditions. Contrary to expectation, the peak
level of responding did not occur directly over the S+, 1l.e€e the
stimulus on which subjects were trainede The maximum rate of
response did not occur to S+ but instead shifted in a direction
away from S (stimulus which the subjects were trained not to
respond e

During a discrimination training task in a three-armed maze,
Goldstein (1971) demonstrated that spatial shift was accompanied by
the introductinn of S~ (non-reinforcement in one of the close arms)e
The direction of spatial shift moved away from the S,

Theories Accounting for Interaction Effects

Various theories have been developed to account for interaction
effects. Relative Frequency of Reinforcement Theory (Reynolds, 1961a)
maintains that the change of the response rate in the first component
is influenced by the relative reinforcement frequency associated with the
second component, Frustration Effect Theory (Terrace, 1966;MAmse1, 1958)
states that the inhibition of responding (response suppression) in
the S2 component generates an emotional element which in turn produces
contrast in the first component (S1)e Additivity TheoryL(Brown and
Jenkins, 1968; Westbrook, 1973) suggests that inhibition of responding
is not sufficient for contrast to occurs rather, it is the excitatory
stimulus~reinforcer relation that produces contraste In short,

positive contrast occurs when responses elicited by a stimulus-



reinforcer association are added to those maintained by response-

reinforcer contingenciese

Despite the fact that all these theories are supported by empirical
evidence (Weisman, 1969; Rilling, Askew, Ahlskog, and Kramer, 19693
Jenkins and Boakes, 1973; Keller, 1974; Redford and Perkins, 197L:
Whipple and Fantino, 1980), the precise underlying causes of contrast
have not been identified.

Adjunctive Behavior

Falk (1961) was the first to observe excessive drinking in rats
when they were trained under an intermittent schedule of reinforcement
with water concurrently availables A large quantity of water above
their daily baseline level was consumed in a few hours (Clark, 1962;
Falk, 1966a, 1966b, 1967; Schaeffer, Diehl, and Salzberg, 1966)e
This excessive drinking is known as polydipsiae More recent studies
(Burkes, 1970; Hymowitz, Freed, and Lester, 1970; Wayner and Greenberg,
19733 Yoburn and Cohen, 1979; Alferink, Bartness, and Harder, 1980;
Poling, Krafft, Chapman, and Lyon, 1980) have confirmed these findings.

Other apparently related forms of adjunctive behavior inelude
excessive wheel running induced by intermittent schedules (King,
1974 ); attacks produced by intermittent reinforcement (Hutchinson,
Azrin, and Hunt, 1968); schedule~induced air licking behavior
(Mendelson and Chillag, 1970); and schedulewinduced pica (Villarreal,

1967)

All these phenomena share a common denominator, namely, an
intermittent schedule. Falk (1971) called such classes of behavior
*adjunctive" or "schedule-induced" behaviore



From the discrimination learning perspective, adjunctive behavior
can be viewed as a two-component operant situatione For example,
schedule~induced polydipsia consists of an intermittent schedule
component and a drinking component; schedule~induced aggression, an
intermittent schedule component and an aggréssive behavior component;
and the schedule=induced wheel running, an intermittent schedule
component and a wheel rmmning component,

In short, these examples suggest that the intermittent schedule
component and the schedule—induced behavior component as expressed
in adjunctive behavior may be functionartyjanalogous to the variasble
component and the constant component respectively in two-component

multiple or concurrent schedules,

Four Major Characteristics of Adjunctive Behavior

Schedule=induced behavior takes place as the schedule component
changes typically from a continuous reinforcement schedule to an
intermittent schedule (Falk, 1966a; Flory, 1969; Wayner and Greenberg,
1973)e Schedules commonly employed for studying polydipsia are fixed=
time (FT), fixed-interval (FI), and varisble-interval (VI) schedules
(Keehn and Colotla, 19713 Falk, 1961, 1966b)e Due to the fact that
the reliability of ratio schedules in producing polydipsia is not
comparable to that of FT, FI, and VI schedules (Schaeffer, Diehl,
and Salzberg, 1966; Carlisle, 1971), fixed-ratio schedules have been
used more in the study of induced aggressive behavior (Gentry, 1968; .
Knutson, 1970) than in polydipsia studies. Second, the excessive .
behavior usually occurs when the schedule component becomes less
rewarding in comparison to the continuous reinforcement schedule,
provided that such behavior can occur in a given environment
(Falk, 1961, 1966a)s Third, the excessive behavioral outcome is

10
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usually reversible, that is, vhen the schedule component is brought
back to the appropriate baseline level, the excessive behavior
disappears (Falk, 1966a, 1966b)e Fourth, the excessive behavior
usually occurs during the post-reinforcement pause period (Villarreal,
1967; Hutchinson, Azrin,s and Hunt, 1968; Poling, Kraft, Chapman, and
ILyon, 1980).

These adjunctive phenomena are puzzling because there are no
obvious reasons for their occurrence. Thexédventitious reinforcement
of water consumption by food delivery has becn suggested as a possible
explanation, but it has not been supported by subsequent research
findings (Falk, 1966a, 1967, 1969). Observations have indicated
that adjunctive behavior occurs in the postepellet interval and
before the food delivery. Similarly, Stricker end Adair (1966) have
demonstrated that tissue water deficit is not a determinant to the
occurrence of polydinsiae In fact, in nearly all the polydipsia
studies, subjects are usually not deprived of waters

The Rationale for the Synthesis of Interaction
Effects and Adjunctive Beheavior

:Schedule induced situations implicitly program two conditions
of reinforcement, thet is, the formal operant—reinforcemént relation
and the adjunctive response-reinforcement relatione On the other
hand, discrimination situations explicitly program two conditions of
rcinforcement correlated with 51 and S2. 1In both cases, the rate
of réﬁponse in the S1 component increases as the S2 component becomes
less rewardinge The cxcessive or "over-shooting" behavior manifest
in the S1 component is beclieved to be caused by the schedule in the

52 component.

Under the schedule induced situation, conditions of reinforcement
are simultaneously provided, that is, subjects are allowed to switch



from one reinforccment conditon to anothers This arrangement is often
referred to as a concurrcnt schedule, Whercas in the S1 and 52
successive situations, subjects are successively presented with
components, the choice of which is programmed. This latter
arrangement is referred to as multiple schedules which have been

discussed earliecre

Concurrent schedules are by and large used to generate schedule-
induced behavior vhile multiple schedules are used to induce contrast
effectss However, studies have indicated that contrast effectc cen
also occur in concurrent-scheduled situations (Catania, 1961;
Bisenberger, Frenls, and Park, 1975); and schedule-induced, behavior
in multiple~scheduled situations (Allen and Porter, 1975; Jaccuct,
1972)e In addition, contrast effects have been demonstrated on
schedule~induced nolydipsia in multiplewschedule situations (Porter
and Allen, 1977). These findings suggest that schedule-induced
behavior and contrast effects are not only functionally gﬂalogdus.
but they may be generated by the same set of conditions, il.e.
concurrent or multiple scheduless Therefore adjunctive behavior
and contrast effects may be hormologouse

It is therefore not by accident that similar theoretical accounts
have been used to explain contrast and adjunctive behaviors For
cuomple, the notion of emotionality has been used by some investigators

(Terrace, 19665 Thomke and Rosellim, 1975) to account for the occurrence

of sdjunctive behavior ns well as contrast effects., Both phenomena
sereg sald o have been caused by frustration or the aversive effects
senereted by intermittent schedules., However, the usefulness of
sriotionality as an explanctory concept has been questionable and
nointed out to be untestsble (Freeman, 1971; Pall, 1971).

fiven the importence of intermittent schedules to both eontrast
effects and adjunetive behavilor, it is logleel to investigete the
relotionship of the megnitude of schedules to the "excessive"

12



pattern of behaviore Falk (1966a) found that there was a consistent
and reliable relation between intermittent schedules and schedule-
induced behavior. He observed that polydipsia was a bitonic function
of the length of fixed-interval food schedulese. That is, polydipsia
increased up to approximately FI-3 minutes, and gradually fell off

at lower reinforcement values (Fige 2)e

f
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o

FIXED-INTERVAL (SECONDS)

Fige 2 Polydipsia as a function of the length of
food fixed-interval schedules (Falk,
1966a, pe 38).

A bitoniec function was 2lso observed by Flory (1969) in a schedule~
indueed aggression ctudy where attacks were induced by fixed-time
feeding schecduless 4As the intervals of reinforcement increased from
15 sceonds to 960 scconds, attacks increased up to a point then
gradually dropped to lower levels at the longer interval values

(Fige 3).
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Fige 3 Schedule~induced aggression as a funection

of the length of minimum inter-food interval
schedules in seconds (¥Flory,. 1969, pe 826)e

Similarly, bitcnic functions between schedules and behavioral
outcomes have heen reported in other arezse 'layner and Greenberg
(1973) demonstraoted that the number of bar presses was a bitonic
function of fixed-time schedules. In other words, lever pressing
occurred independently of food reinforcement, and it reached a neak
performance at ! minutes of the fixed-time schedules, Although the
total number of bar nresses was very small, the presence of the

function is evident (Tinme 4),
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Fige 4 Mean total number of lever presses
as a function of different fixed
time interval schedules (Wayner
and Greenbergy 1973, pe 966)e

Studying the conditions undér which contrast and induction occurred,
‘Reyno]'.rds (1963) found that the highest ratc of pecking in the constant
component occurred at VI 8 minutes in the variable componenty rather
than VI extinction (Fige 5)e A bitonic fumction between the rate of
pecking in one component and the VI schedule of remforcement in the
other was therefore suggested. o

\\\_

Q /\
I_L’J) .
a 40
.
o
ﬁ 1
gA . " i L__ = L L i 3 .
0 10 20 0 10 10
VARIABLF, INTERVAL (MINUTES)
Fige 5 Rate of peclding in the constant component as a

function of the length:of warlable inferval
schedules assoclabted with the- variable component

(Reynolds, 1963, pe 134)e
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In short, thesc cited studies concerning the interaction effects
and adjunctive behavior seem to point to two common findingse First,
the peak performance appears between 2 minutes and 8 minutes; second,
an inverted Uw-shape function occurs in both contrast and adjunctive

phenomena.

In light of the bitonic function evident in a varicby of adjunctive
and contrast situations, it seems logicel‘ to think that these two areas
share common deberminants, dynamic properties and controlling variables
despite the complexity of the nature of bébth phenomenae

The specific esperimental objective of this study was to determine
whether changes in the rate of respondingz in the constant component of
multiple 5che>dules was a bitonic function of the lengbh,oi‘ fixed interval

~~~~~

The second objective of this study was to seek more evidence to
determine whether schedule=induced behavior and contrast effects
share a common origine This study did not attempt to provide any
model or theoretical framework but rather focused itself on the
empirical evidence to show that the two domains of behavior may be
overlappinge It was hoped that a better understanding and appreciation
of the underlying mechanism may be achieved, and that further
theoretical postulations and investigations may be comtinued.



Method

Subjects

Four experimentally naive Sprague~Dawley (black and white hooded)
male rats, 130 days old, were the subjects used in the studye. These
animals were bred in the laboratory and were from the same litter,
Each animal was individually housed and was kept under a constant
room temperature of 70°F £ 2°F and humidity of 16%.

Apparatus

The apparatus consisted of a single-lever standard operant
training chamber., A white pilot light was mounted above the levere.
With the food cup being located on the right side of the lever,
standard 45-mg Noyes pellets were delivered into the magazine by a
Ralph Gerbrands model D-1 pellet dispenser.

The training chamber was enclosed by Opaque paper to minimize
external visual stimuli during experimental sessionse In order to
reduce the extraneous noise level, the chamber was placed 10 meters

away from the rest of the apparatus (Fige 6(b))e

The fixed=interval (FI) schedules associated with both components
were generated by the BRS multi-schedule programmer Model 2901, In
addition, a Hunter Time Interval Delay Unit was installed to extend
the fixed-interval maximum time from a limit of 60 seconds to 120
seconds. From 2 minutes up to 8 minutes, the Hnter Unit was

replaced by a reset switch.

A light associated with the variable component was switched on
by a timing device and designated as S2. The light was turned off
every 15 minutes by the same device and remained off for 15 minutes.

17
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When the light was off, it was designated as Sle The relsy and film
shown in Figure 6(a) illustrate the timing device for the 15 mimutes
alternating on=and-off cycles.

The frequencies of bar presses and of reinforcements as well as
the duration of reinforcement were recorded simultaneously on a /=
channel Gerbrands event recorder.

gggérimental Design

A repeated measures design was useds Throughout the entire
experiment, the animals were given an identical treatment and trained
mder two~component multiple schedules. The first component was |
comﬁosed of S1 (no light) and a FI-l min. reinforcement schedule,
whereas the seécond component was associated with 82‘(1igﬁt) and a‘
FI-X mine schedule'(xgl;‘Orfz, or 3§‘etc.j;101n"bdﬂh bemFSEEﬂﬁé?*the
éubjects were reinforced.ﬁy L 5-mg Noyes pellets,

Tnitially, a block design or latin square design was considered
in hopes of avoiding the systematic influence from the sequential
presentation of fixed-interval schedules, However, two major reasons
made this design unnecessary and impracticale First, according to
the block design, one of the subjects must be exposed to the highest
FI value in the second phase of the experimente Since FI-8 was the
highest value in the present experiment, the design was not adopted
lest the subject undergo extinction under this high value. Second,
previous studies (Reynolds, 1961a, 1961b, 1961c) indicated that the
ordef of presentations exerted minimal influence on the performance
of subjgcts. |

Procedure

In this study, the Change-Over-Delay procedure (C.0.Ds) was not
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incorporated into the experimental design for two reasofxs. First,

each component (trial) was fifteen minutes apart; therefore the
reinforcement schedule or stimulus associated with the second component
was unlikely to exert significant influence on the responding associated
with the first component. Secondly, it has been demonstrated that
contrast effects occur without having to mcorporate C.O.D. procedurea
in the experimental design (Reynolds, 19619., 1961b).

Every subject was carefully weighed for five consecutive days
before a deprivation schedule was put into effect. In doing so, the
free feeding body weight of each subject was calculated and an 80%
body weight was determined. Then the number of food pellets for
each subject was gradually reduced from ten to two ftﬂ.l-sized rat
chow pelletss As soon as the 80% body we:l.ght was achleved, any
deviation from the 804 weight was compensated by en:bher increas:i.ng
or decreasing the quantity of food pellets given in the previous
day. Figure 7 showed the average weight of each sub,ject across :
the six phases of the experimente :

Magazine and lever-press training. Through the successive
approximatinn technique (Ferster and Skinner, 1957), each subject was

given one training trial (15 min,) per day to press the lever. Five
days of continuous reinforcement training (CRF) were given,

followed by a shift to the fixed-interval (FI) 5 seconds. At the
end of the eighth day, the subjects were placed under the fixed-
ir;t.e'r"val FI-20 seconds schedules Meanwhile, the total number of
triais for each subject was increased to two trials per d.ay.

” Two=component multiple schedules pretraininge The subjects were
presented with S2 (light) while the fixed-interval (FI) schedule was
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increased to 35 secondse The first component continued for 15 minutes
before the second component was introduceds The light was switched
off (S1) for 15 minutes under the same fixedw-interval (FI) 35 seconds
schedule. TIn the following 5 days, the fixed=interval schedule was
gradually extended to 60 seconds. Under this training there were

two trials per session daily for each subjecty and the duration of
each trial was 15 minutes.

Multiple FI-1 minube schedules baseline training. The subjects
were given four trials per session with twé alternating presentations
of 82 and S1 in each session. The duratioﬁ of each presentation was
15 minutes which constituted a trial., Both stimulus S1 and S2 were
associated with a FI~1 min. schedule, The criterion for the baseline
rate was a stable performance of 5 consecutive days, determined by
a visual inspection of the operant curve (Appendix 2). It took 15
sessions for all the subjects to achieve the baseline rate. This
reiatively stable performance over 5 consecutive days was also used
as the criterion for the subjects to change over to phaée twoe

Discrimination traininge After the subjects achieved a stable

performance for five consecutive days, the FI=l min. schedule
associated with stimulus S2 was replaced by a FI-2 min. schedule.
Similarly, when the subjects exhibited a stable performance over a
period of five days, the FI~2 min. schedule associated with stimulus
S2 was replaced by a FI-3 min. schedule. To ensure that the
performances of the subjects were controlled by each stimulus rather

than the order of presentations, a probe technique was introduced in this

phases Each subject was assigned a reverse order of presentations
of stimuli in two consecutive sessions and one single sessione If
the subjects were under the control of the stimuli, the reversal
would have caused a reversed response rate immediately after the
switc¢he By the same token, if the subjects were controlled by the

23



order of presentations, the reversed stimuli should have brought

about no effect on the rate of responding in S1 and/or S2. After a
stable performance over a period of 5 dayse the FI=3 min. was replaced
by a FI-4 mine schedulee The same discrimination training procedure
and criterion of stable performances applied t0 FI= mine, FI=5 mine,
and FI=8 mine
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Results

Data analysis was based upon 81 consecutive days of performences,
or a total of 324 trials per subject. The responses per minute for
S1 and S2 were defined as the total responses of S1 or S2 divided
by 30 minutes. Sit response rates were obtained for each subject in
each phase, Data were evaluated by repeated measures analysis of

variance and nolynomial,

The baseline rate of response was determined by the last 5
consecutive days in phase one. The average response rate for cach
phase was taken from the first 5 consecutive day€ since the rate
of response had a tendency to decrease grgdually as the session
réontinued (see also Terrace, 19663 Wevin and Shettleworth, 1966);valso
contrast effects tend to occur early in discrimination and sometimes
disappear with prolonged training (Terrace, 1966; Nevin and Shettleworth,
1966). Therefore, the first 5 sessions was used as an indicator of

interaction effects.

In phase 1 baseline training, 15 sessions were required to
achieve the criterion of a stable performance. It took another 15
sessions to achieve the same criterion in phase 2 (FI-2 mine)
discrimination training. In phase 3 (FI-3 min.) a probe technique
was employed. The recversed rate of responding in each component
immediately after a reversal of stimuli was evident in three out of
the four subjects (Fige 8)e FI-3 mine required 13 sessions to achieve
a stable performances Iach of the remaining three phases of
discrimination training took 10 sessions to achieve the stable rates.

While the individual contrast curves (Fige 13) were obtained from
the first five consecutive days in each phase, the individual



discrimination index curves were gathered from the last eight sessions
“in each phase (Figse 9y 10, 11, 12). The former was to show contrast
effects whereas the latter was for the purposc of showing the
relationship between 51 and S2 across different phases.

The results showed that the response rates associated with both
the variable component (S2) and the constant component (s1) increased
substantially from their respective baseliée rates (Fig. 13)s Further,
the rate of responses associated with the éonstant component
demonstrated an inverted U shape in responée to the reinforcement
values associated with the variable componént (Fige 14)s The peak
rcinforcement value for all the subjects wés found somewhere between
2 and 4 minutes. |

 Analysis of variance based upon the average rate of responding
ovefkthe first 5 consecutive days showed a significant FI schedule
effect, F(5, 15)=13,00, p<0.001 (Appendix 3)e Trend analysis by
polynomial indicated that the quadratic term just missed reaching
the 0.5 level of significance, ie€e F(1y3)=he3, p=0s057 (Appéhdix
6)e As to the individual curves (S1) of each subject, subject 105

clearly exhibited an inverted U shape; subjects 10L and 106 demonstrated

a similar curve, 2lthough to a less degree, Subject 103:£ailed to
show the bitonic curve (Fige 13)e

26
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NDiscussion

A number of studies (Reynolds, 196la; Terrace, 1963) indicated
that when the schedule of reinforcement in the variable component (S2)
of multiple schedules was changed to extinction, the rate of response
associated with the unchanged component (S1) increasede Others
(Dews, 1958; Findley, 1953; Reynolds, 1961c) suggested that the change
of the frequency of reinforcement in the S2 component could result

in a change in the response rate associat?d with the 51 componente

Reynolds (1961a) maintained that the relztive frequency of
reinforcement was the necessary and sufficient condition for producing
contrast effectss Fis position was supported by several studies |
(Cetonia, 19613 Reynolds, 1961c, 1963; Nevin, 1968) where the magnitude
of contrast effects was demonstrated to be inversely related to the
freguency of reinforcement in the changing component (32). However,
Terrace (1963a, 1963b) showed that contrast effects did not occur
under the errorless learning conditions and that the extended discrimination
training resuvlted in a gradual disappearance of contrast effects
{Terracey 1965)s These findings led him to a different view of contrast
wl‘aii.c_h emphasized the suppression of responding rather than reinforcement
as a sulificlent condition for the occurrence of contrast effectses Attempts
to separate the effect of reinforcement frequency and response suppression
have not successfully resolved this issue (Reynolds, 196la; Catania,1961;
Blooificldy 19673 Terrace, 1968; Weisman, 1970; Halliday and Boakesy 1971;

Weisien end Ramsden. 1973; Thomas and Cameron, 1974 )e

The results from the current study are consistent with Reynolds®
position that relative frequency of reinforcement is the necessary
and sufficient condition for the occurrence of contrast effects.
Positive behzvioral contrast, as he put it, "is usually defined as

an increase in responsc rate in the unchenpged component of a multiple
schedule under conditions of a decrease in the frequency of reinforcement
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in_an alternste commoncnt', a view that has been reiterated by Beninger
and “endall (1975), Hamilton and Silberberg (1978) as well as McSweeney
and Norman (1979)e The present study showing a significant increase

(Appendix 3) of the response rate in the constant component (S1) due to

2 reduction of reinforcement frequency in the variable component (S52)

is consistent with this definitione

Skinner (1938) and Terrace (1966) suggested that the direction
~»f responding in two-component multiple ébhedules be used to define
the type of interactione An increase in the rate of responding in
both components of multiple schedules was referred to as positive
induction whereas a reduction in the rate of responding in both
components was referred to as negative inductione 4An increase in
the rate of responsc in the constant component accompanied by a
reduction of response rate in the changing component was referred to
as positive contraste Such a definition of interaction is entirely
pased upon the relative response rate in each component of multiple

schedules without specifically referring to the frequency of reinforcement

in each componente

According to such a definition, the present study has demonstrated
a positive induction effect. On the other hand, if Reynolds* Relative
-Rginforcement Irequency position is taken, contrast effects are
apparent in this study. To avoid the confusion due to different
definitions, the present study has mainly confined itself to contrast
effects produced by the changes in the rate of reinforcement in the
variable componente |

The demonstration of interaction effects between the two components
in miltiple schedules in the present study'confiﬁms“ﬁhe’finding
that the response rate in one component (S1) can be influenced by
the change of the reinforcement schedule associated with the other
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cormonent (52) (Findley, 1958; Reynolds, 1961bj Terrace, 1963b;
Hamilton and Silberbergy 1978). In addition, the results have
deironstrated a reliable relation between the response rate in Si

arxl the schedule values in S2 as well as hetween the rate of responses
in S1 and the relative frequency of reinforcement in S2 (F(5, 15)=7.2,
p=0,001) (Appendix 5)e In other words, the effect exerted from one
onto the other is not a random onej it can be described as a bitonic
function (Figse Uy & 15)

Imployins a concurrent schedule and two rats as subjects,
Falk (1966a) has demonstrated a bitonic function in schedule~induced
polydipsias In the present study, two-component multiple schedules
and four rat subjects were useds The results have also indicated a
bitonic function of interaction effects, When individual curves
werc compared, subject 105 in this study and subject I~10 in Fallcts
displayed a remarkably similar bitonic function whereas subject 103
in the present study and subject I-11 in Falk's showed an inconclusive
bitonic function (Fige 16). |

Therefore, since the obtained bitonic function relating to the
response rate in S1 and reinforcement frequency in 52 coincided with
Reynolds® view of contrast and is also consistent with Falk's data,
it seems to point to the possibility of a common causal mechanism

between contrast and adjunctive effects.

Tt is apparent that the primary objective of this study has been
achicvede The results indicato that the constant component (S1) rates
follou on inverted U curve which is also evident in polydipsia and
othéf adjunctive behaviors. However, when the individual curves are
examined (Fige 17), in the early phases from FI-1 to FI-3, all subjects
demonstrated higher S2 rates than S1 rates whereas.in later phases-
three out of four subjects showed higher S1 ratese The outcome observed.
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in the early ohases has raised « number of questionse First, the outcome
may have been attributable to the absence of control by the multiple
schedules; thet is, the mere alternation of schedules of reinforcement
with which there are corresponding estberoceptive stimidus changes is a
necessary but not sufficient basis for claiming thet the behavior
observed reflects rmltiple schedule control. Secondy it may have been
due to the laclz of stimulus control along with insufficient evidence

to confirm the presence of stimidus control; thet is, the rationale

for the "probe testY is faulty since reversing the order of presentations
of the diseriminetive stimuli and their asséciated schedules of
reinforcement merely makes it possible to sﬁow that serial order of
components wes not controlling the respondinge Third, the apparent
difference in the rate of responding between the components may have
resulted from the disruptive effects of reinforcer delivery rather

than stimulus control.

To deal 7th the absence of multiple schedules, it is imperative
to distinguish betiwreen the procedure that defines rmiltiple schedules,
and'ﬁhe outconie of that procedurce. In Freeman's study (1971(a)), it
was stated that, "A multiple schedule is one in which two or more
schedules of reinforcement are albternated with a different exteroceptive
stimulus associcted with each othere" The procedure used in this
study was in accordance with such a definition. It is the result of
this procedure that interaction effects were demonstrateds Interaction
effects were renlicated in all the four subjects. Thus the probability
of the effects being manifested by chance alone was deemed as very
lowe PFurthermore, according to the interschedule definition (Hamilton
and Silberbers, 1978, Beninger and Kendall, 1975; McSweeney and Norman,
1979), positive contrast effects were evident in the present study.
Thus, the e:riztence of multiple schedules in this study was supported
by the procedural difinition (Freeman, 1971(a)) as well as the behavioral
definition (Beninger and Kendall, 1975; Hamilton and Silberberg, 1978;
McSweeney and Norman, 1979).



As to the issue of lack of stimulus control in this experiment,
only the order of presentations of discriminative stimuli and nob

the reinforcement schedules had been reversed during the proke ncriod.

Had both the stimuli and schedules order of presentations been reversed
sirmltaneously during the probe period, it would have been impossible to
determine the presence or absence of stimulus control. As a recult

of only reversing the discriminative stimuli, the probe test shouved
that the order of components had not cont;olled the rate of resnonding.
Tt might be argued, houever, that the pro?e test can only allow =
determination of the order cffect and can not offer any further nroof
of stimulus control. Althoush the probe test does not meet the
criterion of an absolute test, it offers édequabe measures to determine
vhether there is any stimulus control. Sﬁould the rate of responding
be under stimulus control, the rate of responding in each component
would reverse its direction immediately after a reversal of stimuli.
This reversal effect of response rates was clearly shown in threec out
of four subjects, i.e. subjects 106, 105 and 104 (Fige 8)s In addition,
such a reversal effect corresponding to the switch of stimulus vas

also evident in the second single probe test session.

The question covering the apparent difference in the rate of
responding between the components resulting from the disruptive effects
of reinforcer delivery rather than stimulus control can be dealt with
in two wayss. First, the mean post-reinforcement pause :gflects the
mean lencth of time the subjects lost in one session (30 minutes)
due to the frequent interrutpion of reinforcgmcnt presentationss
Thus: from the mean response rate in a particular schedule, a mean
Joss of response ratgs due to frequent interruption can be calculated
(Appéndix 15)s This ncw measurc of responses can be used as the basis
for plotting the discrimination curvess Had the differential response -

rates been caused by the frequent pausing induced bw'fréqnent reinforcement
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interruption, the rctc of responding in S1 and 52 across different

phases should have overlapped each othere The new compensated
discrimination curves a2s cshown in Fig. 16 did not show any overlappihg
however. Furthermorc, tbe original differcnces in the rate of responding
between 51 and S2 in the pre-compensated data was preserved and
exaggerated in the cormensated curves (Fig. 17)e

Second, the mnalycis of response raﬁcs in the same component
(Sl) across the six phases indicated that there were sipnificant
schedule effects (F(5, 15)=9.0, p<0,001) (Appendig L) exerted from the other
compenent. (S52) (Tige 18)e. Moreover, had the response rates been
soley influenced by the frequent interruptibn in one schedule, the
rates of responding across different phases would have beéh moie or
less uniform since the frequency of interruption was consistent in
the constant component (S1) Fl=l min., The results of this compensated
new rate of responses clearly indicated that not only the rates of
rgspgnding in 51 and 52 did not overlap each other but there was also
a reliable relation between the compensated response rate of the
cbnstant component. (S1) and the schedule values of the variable
component, (52) (Fige 18).

The choice of rats as experimental subjecté h&y éiso be questioned
on the following grounds: first, studies of contrast phenomena typically
employ pigeons rather than rats as subjecte Secondly, it seems that
when rats are used as experimental subjects, clear—cut contrast effects
are not always obtained (Bernheim and Williams, 1967; Freeman, 1971b;
Pear and Wilkie, 1971; de Villers, 1977). Furthermore, Freeman (1971b)
suggested that, with bar-pressing rats, induction rather than contrast
occurredes |
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Despite the unpopularity of rats in studying contrast effects, the
present study used rats as subjects mainly because rats have been
frequently used in studies of adjunctive behavior and bitonic relationse
Since the present study also dealt with contrast effects, various rat
studies in connection with both contrast and adjumctive behavior have
been consulteds Among ;them were Amsel's 1952 classical study; Allen
and Portery 1975; Eisenberger, Frank and Park, 1975: Porter and Alleny
1977« In addition, special attention has peen placed on Falk's study
(19662) in which he employed two rats as the subjectse It was hoped
that the choice of the subjects in the pre;éent study would allow the
results of the two studies to be compared.;'j

Tt is very unlikely that the sbsence of multdple schedules or the'
lack of stimulus control, or the disruptive effect of reinforcer delivery
is responsible for the observed outcomey that is, higher S2 rates than
Sle In an attempt to resolve this phenomenon, a possible explanation
is proposede Three phenomena, namely, the post reinforcement pause,
constant rate of response within the interval, and a positive function
between the response rate and fixed interval schedules suggest that
the subjects may have responded to FI schedules as if they were FR
scheduless A further discussion on these phenomena is in order,

The post reinlorccment pause has been obtained from both fixed
ratio (FR) schedules (Jerster and Skinner, 1957; Gott and Weiss, 1972)
and lixcd-interval schedules (Cummirig and Schoenfeldy 19583 *
Schneider, 1969; Smill, 1971)e. Also, the positive relation between
the length of the pausc and the requirement of schedules as obtained
in this study (Iige 19) has been replicated in FR schedules studies
(premack, Schacffer, and Hundt, 1964; Elsmore, 1971; Nevin, 1973).

It appears then that the post reinforcement pause can be generated
by either FR or FI schedules. ‘
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The constant rcsponse rate can’ be generated by a low value of
FI schedules (llearst, 1953)s Under this condition, subjects develop
a "break-and-run performance"”, i.ee post-reinforcement pause and ‘
constant terminal ratees These properties also closely resemble FR
response curves as observed by Ferster and Skinner (1957) and Boren
(1961). It seems that the break-snd~run pattern can be obtained from .
both FR and low-valued FI schedules. '

The properties of the response rate in relation to fixed-ratio
schedules are uncertaine Some studies have demonstrated a positive
relation (Boren, 1961; Premack, Schaeffer, and Hundt, 196h), wh_:.leb_“

others have found a negative function (Ferster and Skinner, 1957).

In this experiment, when the value of FI schedules :lncrqa_séci up-to

3 or 4 minutes, the relation between the response rate and ,i{.he, FI
schedules was positive. As the FI schedules further |

increased, the relation became a negative one (Fig. 20). Although
the results seecm t0 be contradictory to most findings, nevertheless,
other things being cqual, if the fixed=interval schedules were viewed
as fixed=ratio schedules, the results would have been in compliance
with many studies (Kaplan, 1956; Boren, 1961)e |

Many studies have demonstrated that FR schedules can induce
such adjunctive behavior as aggression and polydipsia (Gentry, 1968;
Mutchinson, Azrin, and Hunt, 1968; Keehn and Colotra, 1971; Richards
and Rilling, 1972; Cohen and Looney, 1973)e HMost of these studies
have also observed adjunct:we ‘behavior ‘occurring during the post
reinforcement pause. It seems very likely, then, that FR schedules can
exert influences upon the behavioral outcome of subjects in a multiple
schedules situation. If indeed the FI schedules in the. D,early phases
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of this experiment have been treated as FR schedules, the observed
interaction effects should support the hypothesis that FR.schedules'
may indeed produce an interaction. effect in a multiple schedules

situation.

Since ratio schedules of reinforcement produce higher rates of
response than interval schedules (Catania, 19663 Reynolds, 1968;
zuriff, 1970), if the FI schedules associated with S2 were indeed
responded to as FP schedules, 52 would result in a higher rate than
Sle Furthermore, if the schedules assoclated with both S1 and S2
were responded to as FR schedules, the result would still show a
higher S2 rate (Ferster and Skinner, 1957)

In short, it has been demonstrated that highuﬁalued fixed=-ratio
s@hedules share many similar properties with various fixed-interval
échedules. The similarities are summed up as follows: 1) the post—
feinforcement pause; 2) the positive function between schedule
requirement and pause length; 3) multiple pauses in both schedules;
L) the terminal rate being reached immediately after the pause and
maintained until the schedule was complete, and 5) ratio schedules
génerating higher rates of response than interval schedules. Tt is
hizhly probable, then, that the FI schedules may have been responded
to as FR schedules.

Since adjunctiye behavior is usually studied and observed in
the concurrent schedule situationy and behavioralueentrast }
in the multiple schedules situation, a close look at these two
cxperimental situations is imperative. Studies have indicated that



adjunctive behavior can occur under multiple schedules (Jacquet,
1972; Allen and Porter, 1975; Porter and Allen, 1977), and contrast
behavior in concurrent schedules (Catania, 1961; Eisenberger, Frank,
end Park, 1975; Williams, 1977)s These findings confirm the notion
that adjunctive behavior and behavioral contrast can be generated
from the same experimental situation, i.gs concurrent, or miltiple
schedules, , '

Using a concurrent schedule, Falk has demonstrated a bibonic
function in schedule-induced polydipsia. ‘i Based upon multiple
schedules, the present experiment has also demonstrated a bitonic
function in interaction effects. These findings suggest that,
first, there is a unitary mechanism underlying adjunctive behavior
and interaction effects, and second that, a bitonic function can
occur in the contrast situation under multiple schedulés; The
concept of common underlying mechanism is further strengthened
Ly Porter and Allen's (1977) study in which they showed that under
miltiple schedules, contrast effects can be obtained with schedule-
induced polydipsia.

The values of schedules in the variable component associated
with the pesk performance in the constant component have been
found very similar to those of Reynolds (1963), Falk (1966z),
Mory (1969), and Wayner and Greenberg (1973), that is, they range
from FI-3 min, to FI-8 mine The slope of curves obtaihed from
these studies has been very similar as well, The rate of responding
assoclated with the variable component increases gradually to a
point, approximately between FI-3 and FI-4 mine (with the exception
of Reynold's 1963 study in which the peak was found at FI-8 _mm;),
and gradually falls off at lower reinforcement values. 'The‘ bitonic

function observed in the present study indicates that the strength of

L9
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influences cierting upon the constant component resches its maximum
at 3 to L minmutes on the changing component. Such results have been
found in a variety of situations ranging from polydipsia, induced

aggression, to bar-pressing responsess

The research presented in this thesis suggests a relationship
between contrast effects and adjunctive behaviore The nature of
this relationship may be further investigating in subsecuent work
which allows both phenomena to siﬂﬂ.taneou%ly operate in a given
subjecte :
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Summary

Bitonic function in contrast effects was studied using two-
cormonent multiple schedulese Food—deprived rats were placed under
rmltiple FI FI scheduless

The results indicated that interaction effects occurred when
the constant component was associated with a FI~1 mine schedule,
vhile the variable component was associa@ed with six individual

FI values in different phasess

A bitonic relation was found between the change of response
rates in the constant component (S1) and the length of fixedw
interval schedules associated with the variable component (S2)e

The results of this experiment supported the Relative
Reinforcement Frequency Theory. It was evident that the existing
classification was inadequate to define different kinds of

interaction effectse.

The direction of response rates in S2 being explained by
several phenomena, it wes concluded that the subjects may have
responded to FI schedules as if they were FR schedules.

Given that both the present research and Falk's adjunctive
study yielded a bitonic function using respectively multiple
schedules and concurrent schedules, it was concluded that contrast
effects and adjunctive behavior may share some common underlying

mechanisms,
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Appendix 5

ANALYSIS OF VAIIALCE (FOUR 3UBJECTS, TIRST FIVE CONSECUTIV:
DAYS O EACH MU TVENT PHASE o, AND STX XPEATED TREATMENT

MEASURIMENTS )
SOTCS LIF SS MS F P
SUBJECT. 5 256,88
TREAT L ITTS 5 1735476 34715 12496l &00005
EWLB 15 401465 26478
DAYS L. 54490 13472 1ell1  &28364

EWzB 12 144435 12,03



Appendizc /,

ANALYSTS OF VARIANCE (FOUR SUBJECTS, FIRST FIVE CONSECUTIVE
DAYS OF BACI TRUATUENT PHASE, AND SIX COMPEMUSATED REPEATED
TREATHENT MGLSURES}  See Fige 17

Source _ D SS LM _F P
SUBJECTS 3 56493

[kt A I e I mn3
it} N 8
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wn

50207 100421 9.0,05 400040
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Appendix 5

ANALYSIS OF VARIAMCE (IOUR SUBJECTS, FIRST FIVE CONSECUTIVE
DAYS OF EACH TREATMDIT PHASE, AND SIX COMPENSATID REPEATED
TREATMENT MEACURi3)e See Fige 1

SOURCE DI SS M5 F . P

SUBJECTS 3 2733

TREATMENTS 5 269450 53490 Te2729 400122
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Appendiz: 6

polymonial

66

Schedule 2 Schedule 3  Schedule 4  Schedule 5 Schedule B

Counts L L L L
Mean 10603 12436 20476 18487 18467 15.88
SOURCE DeFe SULTE OF SQUARES MS F 3
Between ;roups 5 34715 69443
Linear tern 122423 122423 3404 01015
Quade term 171626 171426 Le26 00567
Cubicle term 1 1620 1420 0.03 8651
| When n=3 (Subjects 10L, 105 and 106)
 Schedules 1 2 3 L 5 8
Counts 3 3 3 3 3 3
Mean 9.6 1261 19.1@ 1809 1708 11(46
DeFo SUM OF SQUARES F.RATIO F [PROB.
Iinear term 1 76167 12.31 <0,01
Quad. term 1 137073 22087 <OoOOl
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SUBJECTS 103 104 105 106
Sessions 1 18,2 16.5 14,5 11.2
2 16.0 29.0 22,7 10,0
3 20,9 26.1 13,3 10,0
A 19.6 13,4 0.6 15,
5 14,4 10.6 G.7 12,2
8 7.8 9.7 7.4 11,0
7 8.1 7.0 2.3 ‘14,2
e 6,0 £.3 7.9 g
9 14,5 14,4 10,5
10 4.5 3.7 5,7 7.7
11 14.8 c.1 12,4 11,7
12 13,7 9.3 13.3 s
13 10,7 8.6 12,9 Gl
14 8,9 9,9 9,9 7.0
15 13,7

8.9 6.1 .
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Appendix 10

RESPONSE RATES IN S1 AND S2 BEFORE, DURING, AND AFTFR THE PROBE PERIODS
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Appendix 12

A11 subjects mean response rate for 5 consecutive days
at the beginning of each phase. The baseline rate at
FI-1 min, was obtained by collapsing the last 5
consecutive days of phase 1, Standard deviation for
each subject was included.

FIXED - INTERVAL SCHEDULE SV

SD

B 2 '3 4 5 8 |
. 1¢.0 j12.4 (20,8 |13.9 |ic, 15,9
1.4 |1.6 3.9 Jza 3.1 3.2




Appendix 13

73
Recpensc rate associnted with 51 and S2 during the last
g setsions in si:x phasoes Co
SELHIONS

FYEN-IIEUVAL 1 2 3 A 5 c 7 &
FI-LSE g 7.9 10,5 5.7 13.4 13,0 12.0 5.9 6.9
F1-1 oS¢ 8.0 13.2 6.5 11,2 130 12.7 11,2 10,0
FI-1 of1 3.2 10,G- 45,2 13,6 22,9 21,5 27,5 27,4
Fi-2 812 e 1749 26,7 2101 20,9 27,2 | 26,7 35,9 3.9
FI-1 813 20,4 31,5 16,2 14,8 10,0 17,5 10,0 22,8
y1-2 sl 2 ~30:7.30,8 260U 23,1 20,4 25.2. 18,5 24,6 _
Fi-1 -5 ¢ 20,1 18,2 10.4 21.5 23,4 17.2 21.0  21.2
FI-4_8 . 23,0.2647 . 22.4 26,9 27,3 22,5 20, 2.7
FI-1 sh 15,4 15,3 14.G 15,2 15,7 11,7 10.6 9.6
FI-h% &2 18,7 15.4 13,0 17.6 19,9 16,8 i5.4 13.4
rr-1- Sji 13,0 £.5 10,5 12,7 10,2 11,1 10.4 9.8
FI-f  4)2 14,6 10.6 13.6 15.2 "14,9 14,6 13.9 15,34
FI- 8 e 8.2 6.6 7.7. 11,7 7.6 6.4 7.0 126
ri-1_Si- ~A0.1.15.2 11,5 11,0 13,0, 10,8 15,3 25.4.._ |
FI-1 81 12,5 16.3 13.1 17,9 12,8 10.6 15,2 16.7
FI-2 82 . 18,8 22,3 24,8 20,2 24,2 17.9 26,8 25.1
FI-10 8+ 22,2 22,5 14,2 16,9 13,8 14.4 16,7 18.2
FI-3 So 25,6 19,7 19,0 24.0 18,8 21.5.117.0° 20.0
FI-1 31 24,3 25,1 24,4 17.4 20,2 106.3 21,1 20,2
PI=4 82 30,3 20.6 26,6 6.6 37,1 37,3 81,9 240
FI-1 4° 17,7 20,5 19,5 16.0- 20,8 19,4 18,1 14,8
FI-5 92 20,6 24,0 15.7 10,7 2644 27,0 10,0 16,3
FI-1 S 14,0 13.0 10.0 19,4 14,4 13.1 18.4 20.0
[I=0_S2 11,5 12,3 11,0 16,4 14,2 119 14,8. 17,8
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Response ratc nssociated vith 81 and u? duriru, the laat
8 scssions in six phases,
SESSIONS
FIXED=INTERVAL b 2 Q 4 . 3 ' O 7 3
FI-1 U1 103 G0 14,5 4.5 1,8 33,7 10,7 5.0 8.9
FI-1 g7 5.6 16,5 9.0 15,0 11,2 10,8 9,9 7.7
FI-1 {1 17,6 12,5 17.2 21,2 19,2 20,4 12,5 20,7
Fle2 &l 2 23,7 17,8 20.7 23,3 . 27.5 22.5 20.7 27.0
F1-1 G}1 19,6 4.7 18.2 18,5° 18,5 19,7 15.4 15,0
F1-3 8|2 29,8 15,5 ,25.7 24,0 13,6 _20.8 18,2 20,7
Fl-1 g|? 19,1 1.9 12,1 13,7 13.3 16.3 32;7~zo.1
FI-4_ 8|2 25,6 21,3 22.5 18,4 17.8 20,9 254 23.0
FI-1 &1 1.4 19.4 27,5 24,4 20.3 15,5 19.% 22.1
FI-5 S| 2 15,5 19,5 26.3 25,80 25.6 1L.5 21.6 25.v
FI-1 § 1 22.4 16,1 21.9 12,0 18,2 20,4 22,9 20.°
FI-£_ &, 2 19,3 17.1 _ 16,4_1J,3 16,0 16,0 12,3 145
-1 1104 8.3 14,4 ©,7 8.1 98,3 8,6 £.9 6.1
ri-1 s'2 13.6 14.7 12,4 15,3 13.3 12,8 11,3 12.5
FI-1 §1 12.3 19,2 11,3 6,6 7.9 10,5 .5 12.1
FI-2 S2 20,9 00,3 21,2 15,6 ' 16,2 17.6 15.4 15.9
rI-1 sl? 10.8 15.3 30,9 11,0 .1G.8 12.0 1.8 22.2
F1-3 sl 22,2 11.86 21,0 16.9° 20.0 16,2 21,0 23.2
FI-l 1 14.4 23.6 13,6 16,3 31.1 21,0 17.4 16.9
Fled S 2 21,2 24,4 16.7 22,4 27,3 29,1 23,6 22.°
FI-1 51 5.3 ‘8.9 20.2 19,1 16,3 16,4 21.3 19.6
FI-5 §'2 10,1 6,9 19,2 16,5 18,9 15.2 20,2 17.G
FI-1 §'1  14.0. 12,0 14,5 20,1 17,3 18,8 18,3 152
eT-8 82 24,9 15,1 17.7 24,0 1441 14, 1 18,0

15,5




Appendix 15

Cormensated mean response rate is expressed as a function of fixede
interval schedule associated with the variable component.
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Appendix 16

Rate of response in S1 is expressed as a function of relative
frequency of reinforcement in S2 across six phases
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Appendix 17

Compensated mean response rate in Sl is expressed as a function
of the fixed-interval schedules in S2
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