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INTRODUCTION

In his 1938 description of cperant behavior, Skinner
presented the Law of Conditioning of Type R. The law
stated that "if the occurrence of an operant is followed
by presentation of a reinforcing stimulus, the strength
is increased" (pg. 21)., Since the operant defined by
Skinner was not correlated with any identifiable elicit-
ing stimulus, as was the case with respondent behavior,
the respondent conditioning measures of reflex strength,
such as latency or magnitude, were of little use when
applied to operant behavior. In order to establish the
notion of strength of operant behavior, Skinner suggested
frequency or rate of responding (nunzber of responses per
unit time) as the dependent variable, Reinforcement was
said tc strengthen the behavior it followed, and the
strengthening effect was evident in an increase in tae
frequency of that behavior, In later writings, Skinner
(1953, 1961, 1969) identified rate of response as the
only appropriate dependent variable from which to infer
the probability of response,

Resvonse rate has been shown to be a reliable dep-
endent variable which varies in an orderly manner with
fundamental parameters of reinforcement such as frequency
and immediacy or delay of reinforcement., More recently,
however, a number of experiments have called into question
the adequacy of response rate as a sensitive measure of

1
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the effects of reinforcement on behavior. Catania (1963),
for instance, trained pigeons to key peck on a variable-
interval 2-minute schedule of reinforcement (VI 2-minutes)
and then varied the duration of grain presentation across
groups of experimental sessions. Reinforcement durations
were 4,5 seconds, 6.0 seconds, 3,0 seconds, and 4,5 sec-
onds in that order, with training at each duration conducted
for a minimum of 10 sessions, Catania found that a change
in grain duration from 3,0 to 6.0 seconds had no orderly
effect on the rate of key-vecking when the rates of key-
pecking were averaged for the last three sessions at each
duration and plotted as a2 function of duration of grain
presentation.

In another exveriment in which reinforcement magni-
tude was the independent variable, Powell (1969) trained
pigeons to key peck on fixed-ratio (FR) schedules of rein-
forcement for grain reinforcement. In the presence of a
white response key responding produced 2.5 seconds of
reinforcement, while in the presence of a red key light
responding produced 4,0 seconds of grain reinforcement,
During training the key colors and respective reinforce-
ment durations were alternated with each session, Train-
ing was continued and the FR response requirement increased
across sessions until each pigeon showed consistent dif-
ferences in the length of post-reinforcement pause under

the two durations of grain presentation, During the next
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20 sessions the key colors and respective reinforcment
durations were alternated as in the training phase of the
study. The next 20 sessions were divided into groups of
four sessions. In each group of four sessions, one session
was conducted in which the reinforcement duration was
either 2.5 or 4,0 seconds; the other two sessions were
arranged so that the first half of the completed FR's

were followed by either 2.5 or 4,0 seconds of grain.
Powell found that the post-reinforcement pause was consis-
tently shorter for all birds when key-pecking was rein-
forced with 4,0 versus 2.0 seconds of grain, For three of
the four pigeons, however, mean response rate, calculated
after subtraction of post-reinforcement pause and grain
presentation time, was found not to increase under condi-
tions where grain presentation was 4,0 seconds, Results
similar to those of Catania and Powell have been found by
Keesey and Kling (1961).

The validity of response rate as a dependent variable
has also been questioned on grounds other than its insensi-
tivity to the magnitude or amount of reinforcement., Nevin
(1974) vointed out that frequently there is failure to find
an orderly relationship between response rate and resis-
tance to extinction, even though both measures should cor-
relate due to the strengthening effect of reinforcement,
Another criticism of response rate was raised by Hodos and

Kalman (1963) who argued that since response rate is time
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dependent, injury, drugs, or surgical preparation may
limit an organism's ability to respond at high rates and
thus reflect a limited or impaired motor system more than
a motivational change produced by reinforcement,

A final criticism of response rate concerns the fact
that rate itself is a conditionable aspect of operant
behavior, For example, on a differential-reinforcement-
of-low~rate schedule (DRL), responding is observed to
occur at a low steady rate presumably vecause interre-
sponse times (IRT's) greater than a contingency specified
value are followed by reinforcement, On the other hand,
on a variable-ratio (VR) schedule of reinforcement there
is a direct propcrtion between response rate and the number
of obtained reinforcements; thus, progressively shorter
IRT's are reinforced and a high steady rate of responding
is observed, ZEven though rate of responding must also be
considered in relation to the obtained rate of reinforce-
ment in each casey, it 1s clear that response rate does not
rrovide a valld measure of the strength of behavior gener-
ated by the DRL schedule,

A number of different methods and dependent variables
have been proposed as alternatives to response rate as a
measure of the strengthening effect of reinforcement,
Uzunoz (1979) identified three such basic procedures, each
suggesting its own dependent variable as a measure of the

strengthening effect of reinforcement, The procedures
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were catagorized as: 1) resistance-to-change procedures,
2) concurrent reinforcement procedures, and 3) progressive
ratio procedures,

Nevin's (1974) experiments using multiple schedules
of reinforcement typify a resistance~to-change approach
to the measurement of response strength. In multinle
schedules, two successive stimulus conditions, such as
different key colors in a pigeon chamber, are correlated
with indevendent schedules of reinforcement, The stimulus
condition and correiated schedule of reinforcement define
a component in such a schedule, After extended training
on a multiple schedule, the rate of responding in each
component will stabilize at a level that is controlled by
the schedule of reinforcement in that component and the
conditions prevailing in the alternated component, Hevin's
argument was that if a responsc weakening operation were
apprlied equally and uniformly to both components of the
multivle schedule, the component performance that under-
goes the least reduction in responding, relative to base-
line rates, may be considered as the stronger of the two
performances,

To test this notion, Nevin (1974), trained pigeons
to respond on two-component multiple schedules until
responding in each component had stabilized, He then intro-
duced a known response-weakening operation, delivery of free-

fcod, during a period between the components., He found
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that the average rate of responding during the component
associated with a variable-interval l-minute (VI l-minute)
schedule of reinforcement was reduced less, relative to the
baseline rate, than the reduction in responding on a VI
2~minute schedule, Thus, according to Nevin, the behavior
maintained on the VI l-minute schedule was to be consid-
ered the "stronger" of the two. Similar experiments

were conducted in which reinforcement delay, frequency

of reinforcement, and magnitude of reinforcement were the
independent variables, The results of these studies allowed
Nevin to rank-~order the strength of responding in dif-
ferent components of multiple schedules on the basis of

the relative change in rate of responding from baseline
levels, Nevin's procedure is relatively simple and orderly
relations were found in the data from each of his experi-
ments, However, as Snapper (1979) noted, the procedure and
the interpretation of the relative strengths of responding
in each component of the multiple schedules is based on

the assumption that a percentage reduction in responding
from baseline levels is equivalent across the tehaviors
maintained by different schedules of reinforcement. 1In
other words, one must assume, for example, that a ten per-
cent (10%) reduction in responding on a VI 3-minute schedule
is twice as great as a five percent (5%) reduction in the
rate of responding on a VI l-minute schedule., Hodos (1961)
and Hodos and Kalman (1963) proposed the progressive ratio

(PR) =schedule as a means to measure the strengthening effect
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of reinforcement, Cn a PR schedule, the amount of work

or the number of responses an organism must emit to obtain
reinforcenment increases after each delivery of reinforce-
ment. For instance, on a PR 5 schedule, the subject must
emit five responses to obtain the first reinforcement, 10
responses to obtain the second reinforcement, 15 responses

to oTttain the third, and so on until the subtject ceases
b

responding aiitcgether for some arbitrary veriod of tine,
usually 10 or 15 minutes, The measure of response strength

on such 2 schedule is the final completed ratio the subject
ccunletes vefore Yohreaking" for the 10 minute period.

odos {(196171) and FHodos and Kalmen (1243) examined the

(

tehavior under a numbzsr of PR schedules and heve o2htained

B

orderiy results relatinzg the finzl completed ratioc to such
dent variagbies az cuantity znd quality of reinforce-

ment, Receni research by Uzuncz (1679) illustrated a major

nrovlar with the PR schedule and final completed ratic as

T

a senscitive denzndent variable, hovever., Uzunoz oSbserved

crcement. Az 3uch, the final completed ratic may
bc more a mezzure of ratlo strain, as the PR is Increased,

thzn a measure of the amount of worlt emitted to obtain

t-
o

reinforcement., “hen Uzunoz increased the rat reguire-
nent oy a fixzed vercentage following czach reinforcement

(gecnetric progressive ratio), instead of a fixed number of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



responses, he found that the acquisition of PR performance
was poor compared to an arithmetic PR. The dependence of
the final completed ratio on the rule used to increase the
ratio consequently limits the PR procedure as a means of
measuring the strengthening effect of reinforcement,

The most recent and well researched attempt to provide
an alternative to response rate as the primary dependent
variable in operant psychology comes from the study of
behavior maintained on concurrent schedules of reinforce-
ment, On a concurrent schedule, two or more reinforcement
schedules are in effect simultaneously, with each schedule
controiling a separate operant response, For instance,
in a two-key pigeon chamber, the schedule on the left key
might be a VI l-minute schedule while, simultaneously, a
VI 3-minute schedule is in effect for responding on the
right key. Usually, a change-over delay (COD) component
is added to concurrent schedules to prevent reinforcement
for the behavior of switching from one response key to the
other., The COD requires that a minimum period of time
elapses between responding on one key and reinforcement
delivery on the other.

Using pigeons and concurrent VI schedules similar to
that described above, Herrnstein (1961) found a mathemat-
ical relationship between the relative response rate on a
given key and the obtained relative reinforcement rate on

that key. When the data from those experiments were plotted
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in such terms, a linear relationship was found., In other
words, the number of responses made on a key was found to
be in direct proportion to the number of reiniforcements
obtained for responding on that key. Herranstein referred
to this relationship as the matching law and proposed
relative rate of responding as the most sensitive measure
of the strengthening effect of reinforcement,

de Villiers (1977) reviewed much of the literature
relating to Herranstein's pronosal, The research included
in his review indicates the generality of the matching
relationship in regard to such reinforcement parameters
as amount, quality and immediacy. Nevertheless, de Villiers
also pointed cut that relative response rate is not an
"unambiguous'” measure cf strength, It appears that the
matching relationship does not exist in any simple form in
other than current VI schedules employing a COD regquire-
ment, This consequently limits the generality of the
procedure, Alsc, research by Bovin (1978) and de la Garza
(1978) demonstrated the dependency of the matching relation-
ship on the manner in which the {timers controliling the VI
schedules were arranged, In summary, these limitations
arzue against relative response rate as a dependent varizble
from which to infer the strengthening effect of reinforcement,

The several procedures and associated dependent variables
reviewed above have all been questioned regarding the degree

to which they provide sensitive measures of the strengthening
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effect of reinforcement, It is interesting to note in this
regard that each of the procedures reviewed emphasizes the
study of maintained responding. Nevin (1974) noted the
emphasis on the study of the variables responsible for
maintained behavior and suggested that it may be due, in
part, to the difficulties involved in the study of the
strengthening effect of reinforcement,

In a similar vein, Snapper (1979) suggested that
depvendent variables such as response rate and latency and
associated »rocedures were adequate for determining the
threshold" quantities of reinforcement necessary to main-
tain behavior, Response rate, for instance, is a measure
of behavior from which one can infer whether or not a stim-
ulus change is functioning as reinforcement., What i1s needed,
according to Snapper, is a procedure that will allow the
comparative assessment ¢f the relative values of different
reinforcers, He propocsed a symmetrical discrete-trial
choice procedure as a possible means of generating such
data, <Such a choice procedure rests on the assumption that
the probability oI a response resulting in the stronger rein-
forcer of two alternatives will always be 1,0, provided
that the responding organism has had contact with the
contingencies of reinforcement associated with the pre-
sentation of each reinforcer.

Johanson (1971, 1975) and Johamnson and Schuster (1375,

1977) used a similarly described discrete-trial choice
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procedure to study drug and dosage preferences in morkeys,
In Johanson's 1971 study, the procedure consisted of two
parts: a sampling period and a choice period, Monkeys
were trained on a procedure in which a red stimulus light
was associated with one dosage of cocaine and a green stin-
ulus light was associated with a different dosage of cocaine,
In the first sampling period of the study, ome of the two
stimulus lights was presented on each of five trials,

The stimulus alternated with respect to which of two
response levers it signalled from trial to trial. TIive
responses on the signalled lever produced injection of

one dosage of cocaine., In the second sampling period

the other stimulus was presented in the same manner,

but was associcted with a different ariount of cocaine rein-
forcement, The sampling periods were followed by a ceries,
"block", of choice trials, On a choice trial, the left-
right location of the stimuli was randomly determined and
both stimuli were presented at the same time., The subjects
were reaguired to emit five resporses on one of the levers
to vroduce the associated cocaine reinforcement, Johanson
found that training with 0.1 mg/kg and 0.5 mg/kg cocaine
dosages resulted in almost exclusive preference for the 0,5
mg/kg dosages on choice trials, The procedure was also
used by Johanson and Schuster (1975, 1977) to compare
preferences between cocaine and methylphenidate and between

coczine and diethylpropion, In both of these studices
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cocaine was preferred in a near exclusive fashion,

Johanson (1975) also studied a number of variables
which affected dosage preference in the above procedure.

In an exveriment examining the effects of response reguire-
ment on dosage preference, the ¥R for one alternative
dosage remained constant at FR 5. The FR for the other
alternative was pericdically increased by five, however,
Johanson suggested that if the response requirement for

the preferred dosage was increased too much that preference
would reverse and the lower of the two drug dosages would
be preferred instead., Johanson hypothesized further that
the difference between response recquirements necessary for
preference reversal to occur would vary as a function of
dosage difference, The data from the study were incomplete
and of limited generality due to differences between the
subjects, The results from two of four monkeys supported
Johanson's hypotheses; the results from the other two
monkeys did not,

The procedure used in the present experiment followed
directly from Snapper's (1979) description of a symmeitrical
discrete-~trial choice procedure and was a2lsc similar in
several respects to Johanson's (1975) experiment investi-
gating the effects of response requirement on drug dosage
preference, Both procedures recguired sampling of the
reinforcement alternatives but, in the present procedure,

sampling trials were equally spaced throughout a session,
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Albino rats and water reinforcement were used in the pre-
sent experiment, whereas Johanson used monkeys as subjects
and drug reinforcement to maintain responding., Both studies
associated a particular discrimirnative stimulus with an
associated reinforcement but, in the experiment presented
here, the discriminative stimuli and associated reinforce-
ment remained fixed in location across trials, Finally,
the criteria by which the response requirement was increased
differed between experiments., In the Johanson experiment
the requirement was increased by iive, In the present
experiment, the FR requirement was increased by one or two,
and only after stringent stzbility criteria had been met.

In summary, the opresent experiment was an examination
of the effects of increases in FR response requirements
on vreference for reinforcement alternatives in a discrete-
trial choice procedure, The experiment was designed to
study choice for a given alternative as the FR requirement
for that alternative was systematically increased, de-
creased, and increased zagain across experimental sessions,
The need for the present study was indicated by the fact
that, currently, little data exist on factors affecting pref-
erence in discrete-~trial choice procedures similar to the
one described here, Furthermore, in order for the present
procedure to prove useful in future attempts to determine
the relative values of reinforcements differing in quantity
or quality, the effects of independent variables, such as

response requirements, need to be initially examined,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



METHOD

Subjects

Five, experimentally naive, male albino rats served
as subjects, The rats were obtained from the Upjohn
Compvany of Kalamazoo, Michigan and were approximately ©0
days 01d at the start of experimentation. The subjJects
were individually housed and were maintained at approx-
inately 85% of their free-feeding btody weight by restrict-
ing their daily access to water, tater, occasionally
supplemented with multi-vitanins, was made available for

10 to 15 minutes each day. The animals always had free

Apparatus

&3

e
<

e 1cdenticsl chambers were used, The interior

dimensions of eacn chamber were 20 cm, long, 13 cm, wide,

=

and 15 cm, deen, The celiling end wells were com»osed of
Dlexiglas ancd the interior wall surfaces were cocvered w_th
2luninum sheets, The floor of each chamber consisted of
four tubuler rods, 1,S cm, in diameter, The tubular rods
were spaced 2,8 cm., apart, center to center,

On the right wall, approximately midway Dbpetween the
sides and 2.54 cm. above the floor, a 2.54 cm., diameter
circular opening was loccated., The cvening provided occa=-

sional access to a2 divver which normally rested in a

L

|
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reservoir containing water, When operated, the dipper con-
tained a drop of water., Located approximately 9 cm., above
the floor two additional openings were located. Each was
2.54 cm, in diameter and spaced 6 cm., apart, center to
center, Flat response levers (Compound Rodent Lever,
Model 121-05 BRS~LVE) could be inserted thrcugh these
holes, Vhen inserted, the response levers were designed
to close a microswitch when a minimum downward force of
2N was 2pplied, ‘When the lever(s) were not in use the
circular openings could be covered with a flat aluminum
plate, Two additional circular openings, eachk 1,85 cm,

in diameter and located 5 cm, apart, center to center,
were located 12,5 cn, above the floor, Behind each hole
an indevendently operated light was located which was
covered with an amber lens cap.

The front wall of each chamber was hinged to serve
as a door, The left wall of each chamber was featureless,
On the back wall, a circular opening, 2.5 cm, in diameter,
was lccated 7.5 cm, above the floor and 7.5 cm, from the
left wall, Eehind the opening an independently overated
light, covered with a red lens cap, was located., Also
mounted behind the back wall was an auditory stimulus
source (Sonalert Model SC 628) which could deliver one of
four intensities of a 2900 Hz tone,

Each experimental chamber was enclosed in a sound-

attenuating cabinet., Each cabinet contained a house-
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light and fan, Extraneous sounds were masked by white
noise presented through a speaker connected to a Grason-
Stadler (Model 901 B) white noise generator.

Programming of experimental conditions and recording
of data was controlled by a Digital Equipment Corporation
PDP 8/E computer, The controlling software, SUPERSKED
(Snapper and Inglis, 1979), allowed for programming and
data analysis while experimentation was in progress., The
computer was located in a room adjacent to the experi-
mental chambers, The experimental chambers were inter-

faced to the computer via an interface provided by State

[SEh L) £

Systems, Inc, of Kalamazoo, Michigan.
Procedure

The subjects were initially dipper-trained. Every
80 seconds the dipper dropped into the water reservoir for
cne second ancd then returned to the '"up'" vosition which
provided the subjects with access to a drop of water on
the end of the diprer arm., Colncident with dipper oper-
ation and for four seconds afterwards, a tone was presented,
Also at the time of dipper operation and for four seconds
afterwards, the amber light above the right response lever,
which was normally iliuminated, went out. This sequence
of events occurred every 90 seconds or following a lever
press, 1n the event that lever pressing developed so that
10 responses occurred between free dipper-presentations,

the remainder of the dipper presentations were then response-
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contingent, Dipper-training sessions terminated after
100 dipper presentations,

Responding was then hand-shaped by the method of
successive approximations., The amber light above the
right response lever was normally illuminated except during
dipper presentations., When a sultable response was emitted,
the amber light above the right lever was extinguished,
the dipper dropped into the water reservoir for one sec-
ond, and then returned to the original "up" position.
Also, at the time of dipper operation and for four seconds
afterwards, a tone was presented, Response-shaping sessions
terminated after 100 divpper ovresentations.

Once lever pressing was shaped, the procedure was
changed to a continuous-reinforcement procedure similar
in every respect to the hand-shzping procedure except for
the manner in which the dipper was presented, 1In the
continuous~-reinforcement procedure, the dipper normally
remained below the surface of the water in the reservoir,
When a lever press occurred, the lever light was extin-
guished for five seconds; 2 tone was presented for five
seconds; and the dipper was raised to the "up" position
for five seconds with all events occurring concurrently,
Thereafter, the amber 1ight and dipper returned to the
original conditions until another response cccurred, Con-
tinuous~reinforcement sessions terminated following 100

dipper presentations,
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After several sessions exposure to the continuous-
reinforcement procedure, the response requirement was
gradually increased from fixed-ratio one (FR 1) to FR 3
within the same session, The first and second responses
within the FR produced a 0,5 second "blip" of a tone,
otherwise the procedure was the same as the continuous-
reinforcement procedure described above, This procedure
was in effect for a minimum of two sessions or until per-
formance was satisfactory as evidenced by short latencies
to the first response at the beginning of a trial and
short inter-response-times (IRT's) within the FR.

Trial-training constituted the next phase of training.
During trial-training an inter~-trial-interval (ITI) and a
limited=-hold contingency on initiation of responding were
introduced, At the bteginring of trial-training, the ITI
was very short and amounted to only few seconds in which
the chamber was darkened, The ITI was also initiated
after a period of twc minutes during which no responding
occurred, Across sessions, the length of the ITT was
gradually increacsed up to a final length of 30 seconds,
Increases in ITI length were based on the absence of ex=-
cessively long latencies to the first response at the end
of the ITI and the emission of few responses during the ITI,.

During trial-training the left response lever was in-
troduced for the first time, Access to the right and left

response levers was alternated between sessions; for
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instance, during the first session of trial-training,

the right lever was present throughout the session, dur-
ing the second session the left response lever was present
throughout the sessicn and so on,

In the final phase of training both response levers
were present at the same time, On each trial, however,
only cne lever was activated in the sense of having a FR
schedule of reinforcement programmed on it, In the final
phase of trial-training, the sequence of events was as
follows, A light was illuminated above one of the response
levers at the beginning of a trial, Responses on that
lever produced a 0,5 second "olip" of = tone, and, after
completion of the FR, water presentation. Responses to
the inactive lever had no effect but were recorded, When
the left lever was activated on a trial, the light above
the left response lever flashed on and off at a rate of
five cycles per sec., Wnen reinforcement was delivered
for responding on the left lever a tone was also turned
on and off at a rate of five cycles per sec, If the
right lever was assigned on a trial, then the light above
that response lever was illuminated throughout the tricl,
Viater presentation at the end of the trial was accompanied
by a continuous tone presentation, Since the response
requirements on the levers were to be unequal during the
first experimental condition, the FR requirements during

trial training were also unequal, with ¥R 2 ana FR 5 for
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the left and right levers, respectively., This type of
trizl, in which only one response lever was activated,
was called a single-alternative trial,

A modified state diagram of the final trial procedure
is presented in Fige. 1. During the experimental phase of
the study, a session was divided into 10 blocks of five
trials each, The first four trials of each block were
single~alternative trials in which the activated response
ilever alternated between the left and right response levers,
botn of which were present. The fifth trial of each
five-trial block was a choice trial in which both response
levers and resvective lights were initially activated and
illuminated, ‘When a response was made on one lever, the
other lever was immediately deactivated aznd the subject
was required to complete the FR schedule on the lever
initially responded to, The FR schedules on the response
levers varied from session to session, but remained fixed
within a session,

As noted above, the initial response requirements
were FR 2 on the left lever and FR 5 on the right lever,
Changes in the response requirement on the left variable
lever were made on the basis of daily inspection of the pro-
portion of choice trials in which the left lever was chosen,
The FR on the left response lever was changed by a value of
one according to the following criteria: 1) If exclusive

preference on the choice trials was shown for either
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response lever, Exclusive preference was defined as
responding on either lever on nine of 10 choice trials
within a session., 2) If exclusive preference was not
observed but stability between sessions was satisfactory.
Stability was defined as the absence of any increasing or
decreasing trend in the proportion of left response lever
choices acress sessions at the same FR value, The FR
on the left lever was never changed following a session
in which resvonses were not made on all choice trials,
The ratio values on the left lever were increased by one
vhen approvriate, until the proportion of left lever
choices descreased to O,1; in other words, until exclusive
preference for the right response lever was oObserved on
the 10 choice trials within a session, At that point, the
ratio value on the left response lever was decreassd by
a value ¢f one between sessions, according to the conditions
of the stability criteria, until subjects again exhibited
exclusive preference for the left resvonse lever on choice
trials, A final series of ratio increases by one, on the
left lever was then performed until, once again, exclusive
preference for the right lever on the choice trials was
observed within a session, At that point, the first
experimental condition was terminated,

The second experimental condition of the study was
the same in most respects as the first, The following

differences were present, however, The initial FR values
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on the left response lever were selected in such a manner
as to result in few ratio increases on the left lever
before exclusive preference for that lever was no longer
present, The change was made.in order to eliminate un-
necessary sessions at FR values where exclusive preference
for the left lever was highly likely. The ratic value on
the right lever was constant throughout the second con-
dition of the study at FR 10, In an effort to make the
vrocedure more efficient, the following changes in oro-
cedure were made: The criteria for changing the FR value
on the left (variable) lever were modified so that the IR
was increased by two during the initial increasing series,
versus a valiue of one during the first experimental condi-
tics Also, the stability criteria were changed., During
the second condition of the study, satisfactory stability
was defined as left lever choice proportions from two
consecutive sessions at the same FR value which differed
by no more than 20%. For example, a left lever choice
provortion of 0.5 on day one followed by a left lever
choice proportion 0,7 on day two was considered stable and
the left lever FR was increased/decressed the following
session, In all other resvects, the procedure in the
second condition of the study was the same as in the

first condition.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESULTS

Data from an individual session in the first con-
dition are presented in Table I, The data were ob-
tained from Rat 262 and were selected from the initial
ascending series of sessions in which the ratio on the
left response lever was increzsed by one across sessicns,
The datza were obtained when the left and right levers
were FR 4 and FR 5, resvectively., The latencies pre=~
sented are the length of time, in seconds, from the on-
set of a lever light(s) to the first response on a trial,
As can be seenr in Table I, the latencies to the first
response are generally shorter on the left lever sing:ie-
alternative trials, A comparison of the mean latencies
for the session, however, shows that the average latency
to the first response on left lever single-alternative
trials was 7.53 seconds compared to 6.25 seconds for
right lever single-alternative trials, The mean latency
for the left lever trials was inflated by a letency of
79,4 seconds on Trial 37, The median latencies were 2,2
and 4,6 seconds for the left and right levers, respectively,
A sequentizl inspection of the latencies in Table I shows
a tendency towards longer latencies on single-alternative
trials as the number of trials completed increased, On
choice trials, Rat 262 responded to the left lever exclu-~
sively during the session, The mean latency on the 10
choice trials was 6.0l seconds., The mecdian latency on the
choice trials was 2.6 seconds.

24
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TABLE I

LATENCIES TO THE FIRST RESPONSE FOR RAT 262

Exclusive Preference For The Left Lever:
FR L4 Left, FR 5 Right

Blocks of Choice
5 Trials Single Alternative Trials Trials

2.4 L{-QLI- -'—07 "“i'ol 009

1 Left Right Left Right Left Choice

108 2.1 5.7 106 -

2 Right Left Right Left Left Choice
1.6 5.3 3ol 1.4 2.6

3 Left Mght Left Right Left Choice
106 606 7.2 L{-.B 2.6

4 Left Right L:ft Right Left Choice
1.8 3.9 1.9 2.6 1.9

5 Left Right Left Right Leit Choice
1.8 2¢7 2.1 4,0 3.5

6 Left Right Left Right Left Choice
2e3 6.0 5.2 5.0 6.1

7 Left Right Left Right Left Choice
241 Le7 79.L 3.8 2.6

5] Left Right Left Right Left Choice
1%.7 ¢35 11,9 2.9 10,8

9 Right Left Pight Left Left Choice
5.0 7e3 2241 18.9 361

i0 Right Left Right Left Left Choice
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A series of conditional probabilities for Rat 262
for the same session are presented at the top of Table
III., Since the left lever was responded to first on each
of the 10 choice trials, it is not possible to determine
whether or not lever preference on the chcice trials was
influenced by the left or right location of the preceding
single-alternative trial,

Table II shows data for Rat 262 when the left and
right levers were ¥R 7 and FR 5, in that order., These
data were ottained from a session in which neither lever
was prefered exclusively; the left lever was responded to
on seven of the 10 choice trials, The latencies to the
first response on left lever single-alternative trials
do not appear to differ greatly from the latencies ob-
tained on right lever single-zlternative trials., The
median latency for left lever trials was 3,0 seconds ccm-
pared to 4.6 seconds for right lever single-alternative
trials, For the seven choice trials in which the left
lever was selected, the median latency was 3.4 seconds,
The mean latency for the three right lever choices was 4,23
seconds, Table II again shcows that the latencies for both
left and right single-alternative trials tended to become
longer a2s the session progressed,

The conditional probabilities presented in the bot-
tom part of Table III were obtained using the same data pre-

sented in Table II, Table II and the associated condi-
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LATENCIES TC THEZ FIRST ROSPUNSI FOR RAT 262

Yonexclusive Preference ¥or The Left Lever:
F 7 Left, R 5 Right

1 o o 1
Blocks of ) . Choice
5 Trials Singie Alternative Trials Trials
2.0 L,1 1.2 SeD lol
1 Left ignt Left Rignht Left Choice
Ze> 9.9 1.0 1.7 2ol _
2 T,eft Mght Left gnt eft Choice
-~ - — o
1.1 2.5 1.0 Y o bes
3 Left Right neft ight Left Choice
5.‘:‘ '——.:- Lf‘.‘l“ 5'0
- : B S U S | = A
L Dight Leit Left 2 gny Choice
4e3 Ze3 Zai 2e2 362
> Left i gat Left Xight Left Choice
Z.2 20.< 1.5 SeZ Les
5 Left Tight Left HMght Left Choice
LoD 5.0 27 3ed 5.h’ )
7 Left might Left Right Xight Choice
25,5 2%a2 i0,2 7 2e5
Z Left Left Zght Zignht Choice
4, 12,5 Er el 18.7 7.9
G Left 2Zgnt Left Right T.eft Chnocice
2.7 2ol 3e7 1.9
10 nefls Lefv Tgnt Left Choice
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TABLE IIT
CONDITIONAL PROBABILITIES FOR RAT

262

Exclusive Preference For The Left Lever:

FR L Left, FR 5 Right

p (Right Choice: Preceding Right Trial) = 0/7 = 0,00
p (Left Choice: Precedirg Right Trial) = 7/7 = 1.00
v (Right Choice: Preceding Left Trial) = 0/3 = 0,00
p (Left Choice: Freceding Left Trial) = %/3 =2 1,00
p (Preceding Right Trial: Left Choice) = 7/10= 0.70
p (Preceding Left Trial: Left Choice) = 3/10= 0,30
v (Preceding Right Trial: Right Choice) = 0/0 = 0,00
v (Preceding Left Trial: Right Choice) = G/0 = 0.00
Nonexclusive Preference For The Left Lever:
FR 7 Left, FR 5 Right
v (Right Choice: Preceding Right Trial) = 2/9 = 0,22
» (Left Choice: Preceding Right Trial) = 7/9 = 0,78
p (Right Choice: »Preceding Left Trial) = 1/1 = 1,00
o (Left Choice: Preceding Left Trial) = 0/1 = 0,00
v (Preceding Right Trial: Left Choice) = 7/7 = 1.00
p (Preceding Left Trial: Left Choice) = 0/7 = 0.00
p (Preceding Right Trial: Right Choice) = 2/3 = 0.66
p (Preceding Left Trial: Right Choice) = 1/3 = 0,33
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tional probability values in Table III show that a right
single-alternative trial was presented on nine of the 10
single~-alternative trials immediately preceding choice
trials, The tables show that the conditional probability
of a left choice following a right lever single-alternative

rial was 0.78, Of the three right lever choices, two
occured immediately following a right lever single-zlter-
native trial, It is not clear from these data to what
extent the left or right location of the »nrevious single=-
alternative trial affected lever preference on choice
trials during that session.

Individual session provortion of choices for the
left lever are plotted as a function of the response
reguirement on the left lever in Figure 2, The figure
shows daily data for Rat 262 in 30 consecutive sessions

n the first conditiorn of the study, =Zach data point

[

represents the proportion of times the left lever was

h

Q
Q
0]

en during the 10 choice trizis presented that session,
Figure 2 shows that the number of times the left lever

was chosen during a session declined as the ratio on

the left lever was increased across sessions., The sta-
bility criteria for increasing or decreasing the left lever
ratio was frequently met within two sessions. Ixceptions
occurred when the left lever was ¥R 7, FR 8, and FR 9,

A total of 13 sessions were recuired to increase the

ratio from FR 7 to ¥R 10, Of those 13 sessions, six were
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required in order to meet the stability criteria at
FR 8, The proportion of choices for the left lever ranged
from 0,8 to C.2.

In Figure 3 the proportions of choice for the left
lever are plotted as a function of the left lever response
recuirement for the entire first condition of the study
for Rat 262. Each data point representis the average
croportion of choices for the left lever from the last
two sessions at each ratio value, Data points indicating
exclusive left or right lever preference on choice trials
represents the data from one session only since the
stability criteria for increasing the left lever ratio
was met in that session. Figure 3 shows clearly that
the proportion of choices for the left lever decreased in
2 systematic fashion as the left lever response require-
ment was increased across sessions. During the initiel
(ascending) series of sessions in which the left lever
ratio was increased by one, choices for the left lever
declined in a near linear manner, The decline in pref-
erence for the left lever on choice trials was distribu-
ted fzirly evenly across ratio values, except for the de=-
cline in voreference observed from FR 7 to FR 8, It should
be noted in this regard that Figure 2 shows a great deal
of betweer session variability in proportion of choices for
the lefit lever at those ratio values, Whern the response

requirements on the levers were equal at ¥R 5, the pro-
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portion of choices for the left lever was 0.85. Exclusive
preference for the right lever occurred when the left lever
was FR 10 and the right lever was FR 5.

The second panel of Figure 3 shows data from the
series of sessions in which the left lever ratio was de=-
creased by one between sessions., Again the proportion
of choices for the left lever varied almost linearly as
a function of changes in the left lever response require-
ment; in this instance the proportion of choices for the
left lever increased acrocss sessions, As in the initial
series of sessions, the increase in preference for the
left lever was distributed fairly equally across the dif-
ferent ratio values., Once again, however, a large change
in ieft lever preference was cbserved to occur as a func-
tion of 2 unit change in FR, This occurred between FR 6
and FR 5 when the proportion of choice for the left lever
changed from 0,25 at FR 6 to 0,70 at FR 5.

The data presented in the third panel of Figure 3
were obtained during the second series ¢f sessions in which
the left lever response requirement was increased, The
data in that series of sessions were more variable, Ex-
clusive preference for the left lever was observed when
the response requirements were ¥R 7 and FR 5 for the left
and right levers, respectively. At FR 8 and FR 9 the
averaged proportion of choices for the left lever was

0.85. When the left lever was changed to FR 10, the
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proportion of choices for the left lever again increased
to 1,0, Between FR 10 and FR 11 the proportion of choices
for the left lever declined from 1,0 to O.,4. The pro-
portion of choices for the left lever did not decrease
from 0,4 when the left lever ratio was changed to IR 12,
but did decrease to 0,05 when the left lever response
reguirement was FR 13,

Averaged latencies to the first response on left and
right single-alternative trials during the first condition
are presented in Figure 4 and plotted as a function of
the ratio on the left lever for Rat 262, Each data
point revresents the mean of the latencies to the first
resnonse for the 20 left and right singie-alternative
trials in each session. During the first series of in-
creases in the left lever ratio, Figure 4 shows that the
latencies obtained on both left and right single-zlter-
native trials were quite variable, In general, the
latencies to *he first response on right lever single-
alternative trials were longer then left lever single-
alternative trials. The second panel of Figure L presents
data from the series of sessions in which the left lever
ratio was decreased between sessions, The latencies
during this portion of the first condition appeared to be
much less variavle, The latencies for left lever single-
alternative trials tended to decrease across sessions as

the left lever ratio was decreased from FR 9 to FR 3.
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Tncreasing or decreasing trends in latency length were
not observed for right lever single-alternative trials
across the same ratio values, The latency values in the
third panel of Figure 4 are from the second series of
sessions in which the left lever ratio was increased,
The latencies obtained during those sessions were more
stable than in the two previous series of sessions.
Left lever latencies were clearly shorter than right
lever latencies, with the exception of the latencies
obtained at FR 13,

Latencies to the first respcnse on choice trials
during the first condition are presented for Rat 262
in Figure 5. A missing data point for the left or right
lever indicates that the subject responded exclusively
to one of the levers on the choice trials during that
session, The pattern of lengths and variability in the
choice trial latencies roughly resembled those observed
for single-alternative trials, While the length of choice
trial latencies did not appear to be related in any sys-
tematic way to the value of the left lever ratio during
the initial series of sessions, the second panel of Figure
5 shows that both left and right latencies on choice
trials decreased as the left lever ratio was decreased,
The latencies observed for left lever choicecs irn the
third panel of the figure suggest a trend toward increas-
ingly longer latencies as the left lever ratio was in-

creased,
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Overall, however, there did not appear to be any clear
orderly relation between changes in the left lever ratio
and latency length on single-~alternative or choice trials
for Rat 262 in Condition I.

Averaged choice vroportions for the left lever
during Condition I are plotted against the left lever
response reguirement for at 260 in Figure 6. In general,
as the ratio on the left lever was increased, the propor-
tion of choices for the left lever decreased, but not
without readily observable variability between sessions
at different left lever ratios., During the series of
sessions in which the ratio reguirement was decreased
(second vanel of the figure), a switch from exclusive
right lever preference to exclusive left lever preference
on choice trials was not observed even when the left
lever was R 1 and the right lever was rR 5, ihien the
left lever was changed to FR 2 (third opeznel) a l2ft lever
choice proportion ¢f C.5 was seen, At IR 4, near exclusive
vreference for the right lever was observed even though
the ratio on the right lever was FR 5,

The average proportion of left lever cholces at the
various left lever ratio values in Condition I zre
presented in Figures 7, 8, and 9 for Rats 261, 266, and
267, respectively. TFor each subject in Condition I,
the relationship between left lever choice proportions
and the left lever ratio was similar to that describecd

for Rats 262 and 260. For each rat, excevt 262, exclusive
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preference for the right lever was observed when the

left lever FR was increased to FR 8, ZIxclusive pref-
erence for the left lever was usually not reestablished
for any rat until the ratio on the left lever was reduced
to FR 2 or FR 1, The subjects were also similar in regard
to the amount of increase in the left lever FR necessary
in order to result in a second switch of preference fronm
left to right levers on choice trials, The change to
rignht lever vpreference, during the second series of
ascending ratios, usually occurred at a ratio value lower
than that observed during the first series of left lever
ratio increzases,

The second condition of the stucdy was a systematic
replication of the first condition., The princival change
was that the resvonse requirement on the right lever was
increased from ¥R 5 to FR 10, Changes in the criteria
fron increasing the ratio on the left lever irere described
earlier.

In general, the results obtained in the second con-
diticn were cimilar to those obiained during the first
condition of the studv. The proportion of choices for
the left lever decreased across sessions as the ratio on
the left lever increased and increased across sessions
when the ratio on the left lever was dzcreased, The data
presented in Figures 10 and 11 for Rats 265 and 267,

respectively, were most representative in this regard,
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The figures plot the averaged proportion of cheices for
the left lever on choice trials as a function of the ratio
on the left response lever. The ratio on the left lever
was increased by two, across sessions, from an initial

FR 5 to FR 21 before a break in exclusive preference Ifor
the left lever was observed for 266. ALt FR 22 preference
for the left lever on choice trials decreased to 0.1,
exclusive preference for the right lever. Ain additional
sessicon at FR 25 resulted in 10 choices for the right
lever, ‘When the left lever was then decreased across
sessions, exclusive preference for the right lever was
observed at each ratio down to ¥R 7, which was three
responses lesz than that reguired to »roduce reinforce-
ment on the right lever. Exclusive preference fcor the
left lever was again observed when the left lever ratio

was reduced to FR 5., The data obtained cduring the second

46

series of sessions in which the left lever response reaquire--

ment was increased did not replicate the findings from
the first series of similar increazses, During the first
such series, exclusive preference for the left lever on
choice trigls was observed up to a left lever ratio of
FR 2i. During the second series, exclusive preference
for the right lever on choice trials occurred when the
left lever was FR 9, a difference of 11 responses,

The ratioc on the left lever was increased to FR 14

before Rat 267 displayed less than an averaged left lever
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choice proportion of 0.8, At FR 16 preference switched
completely from the left lever to the right lever on
choice trials, During the series of sessions in which
the ratio on the left lever was decreased, exclusive
preference for the right lever was seen until the left
lever was FR 11, Exclusive left lever preference was
not observed until the ratio on the left lever was reduced
to FR 7. The third panel of Figure 11 chows that Rat 267
did not complete the second condition of the study. During
that series of sessions, a decline in the proportion of
choices for the left lever was observed at lower left
lever ratios, FR 10, FR 11 and FR 12, than had been re-
corded earlier, Rat 267 died shortly after stability of
responding was obtained at FR 13,

Figure 12 shows average choice vproportions for Rat
261 in the second condition, With the exception of pro-

portion of choices for the left lever at FR 8, the initial

}
-h

series ¢f ratio increases on the left lever resulted in

U

a distribution of choice proportions similar to those
observed for Rats 266 and 267. Lxclusive preference for
the left lever on choice trials was observed until the
response recuirement on the left lever was FR 12, At

FR 16, the proportion of choices for the left lever had
decreased to 0.0. Unlike Rats 266 and 267, the transition
of lever preference from right to left levers was more

gradual for 261. Exclusive right lever preference was
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observed until the ieft lever ratio was FR 11, The in-
crease in left lever preference occurred gradually as

the ratio was decreased from FR 10 to FR 3, The third
panel of Figure 12 shows that a return to exclusive right
lever preference was not obtained for Rat 261, The left
lever ratio was increased to FR 10 and the proportion

of choices for the left lever did not decrease belcw
0.80, The second condition was not completed as the

rat zpnarently developed an inner ear infection and could
not continue,

ce prooortion data presented in Figure 13

|3

The cho

Hy

or Rat 260 show that exclusive rreference for the left
lever was not observed after the left lever response
recuirement exceeded I'R 4, Interestingly, exclusive
preference for the right lever on choice trials was ob-
served when the resronse recuirement on the left lever
was still two resvonses less, FR 8, than reguired to
procduce reinforcement on the right lever, At FR 10, the
averazged dronortion of choices for the left lever in-
creased t0 C.40, dut from rk 12 through ¥R 18 znd down

1

bl-J
J

T

oy

again to the proportion c¢f chcices for the left
lever was always 0.1 or less, Preference for the right
lever began to decrease 2t FR 11 in a near linear manner
to FR 7 at which point exclusive left lever preference

was again obtained. The second transition from exclusive

left to right lever preference was much more abrupt for
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Rat 260, From FR 8 to FR 10, exclusive left lever pre-
ference was maintained, at TR 11 an averaged left lever
choice propertion near 0,50 was obtained, At FR 12 left
lever preference was 0.1, as in the initial series.

The averaged proportion of choices for the left
lever across the various left lever ratio values are
presented in Figure 14 for Rat 262, The response re-

uirement on the left lever was initially ¥R 7. It was

S

neccecsary tc increase the ratio tc FR 15 befcre exclusive
left Lever nreference on choice trials was no lcnger

ooserved, An increase to FR 35 was required vefcre the

£

ricght lever was vreferred exclusively on the choice trials,
The cistribution of choice provortions at the intermediate
ratios were variable; ezch left lever ratio increase was
not always accomvanied by z subsecuent decrease in the
arcrorticn of choices for the left lever, It should be
ncted that no other subject required such a large in-
crezse in res»onss recuirement in order to procuce a2
switch from left to right lever vreference, ALAfter the
respenzse reocuirenent on the left lever was increased to

'R 35, Rat 262 recuired several sessions in order to meet
the ctability recuirement for decreasing the ratio, This
was due to the fact that the subject failed to respond

on z large v»roportion of the cholice trials ané single-
alternative trials., TFigures 15 and 16 show the mean

nunber of single-alternative and choice trialz without a
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response as a function of the left lever response require-
ment for Rat 262. As can be sez2n in Figure 15, at FR 35
an average of nearly nine left lever single-alternative
trials timed out per session, The mean number of right
lever single-alternative trials withcut a response was
less than five., Figure 16 shows that, on the average,
more than one choice trial ver session went vwithout any
response at FR 35. The mean number of choice trials
without a response decreased at ¥R 34 through FR 32 but
increased to an average of three at FR 31, The mean
number of left and right lever single-alternative trials
without a response increased at FR 31 to apvroximately 15

-

ive trials per session, respectively. At that point

5
€,
-

ct

he seccné condition was terminated for Rat 262,

In summary, the results from the first and second
conditions cf the study showed an orderly relation between
the response reguirement on the left lever and the pro-
nortion of choices for the left lever on choice trials,
The latencies vpresented for Rat 262 in the first condition
did not reveal any consistent relation to the response
reguirement cn the left lever, As would be expected,
when the right lever was changed to FR 10 during the sec-
onéd condition the amount of increase in the left lever
ratio required in order to change preference from left
to right levers was greater than that recuired to pro-

duce the same change in the f{irst condition. In general
9
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it was found that the transitions in preference from
left to right or right to leit levers on choice trials

did not reliably occur at the same left lever ratios,
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DISCUSSICN

The results of the present study showed that orzf-
erence for reinforcement alternatives in a discrete-trial
choice vrocedure was affected Ly the response require-
ment associated with each alternative. In other words,
given an 2oual amount of reinforcement for responding
on either alternative, preference on choice trials depended
in large vart on the number of responses reguired to
procuce the reinforcement associated with an elternative
in relation t¢ the number of responses recuired to pro-
duce reinforcement on the other alternative.

The procedure uced in the present study made a number

the

}e

ndependent variable

L3

of comparisons of the effects ©

th

t

a2

possible, Xach condition o e study allowed within-
and between-subject commarisions of the effects of the
left lever ratio recuirement on the proportion of choices
for the left lever on choice trials, Such comparisons
were alwaYs mede acrcsc sessions at the varicus ratio
values, It was also possible to comvare the effects of
changes in the left lever response recuirenent on left
lever choice prororiions between ccnditions of the study,

which ciffered 1

o]
2]

egard to the right lever response re-
cuirement,

While the general finding of the study was replicated
within and between subjects across the twe conditions, it

should be noted that the subjects differed in regard to

57
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the left lever ratio values at which exclusive preference
for either lever was obtained and in the proportion of
choices for the left lever exhibited at the intermediate
left lever ratio values, The differences were observed
both within and between subjects., Rarely was the same
proportion of choices for the left lever observed after
each presentation of a given left lever ratio, For in-
stance, Figure 3 shows that Rat 262's proportion of
choices for the left lever at FR 7 (FR 5 on the right)
was 0.65 during the initial series of sessions in which
the left lever ratio was increaszd, During the next
series of sessions where the ratio on the left lever was
decreased, the proportion of choices for the left lever
was 0,15 at FR 7. During tThe final series of sessions,
in the first condition, the proportion of choices for the
left lever was 1,0 at 'R 7.

There are several factors which may have contributed
to the difficulty to replicate with precision the pro-
portion of choices for the left lever at a given ratio
and each subseguent presentation of that ratio value,

One possibility concerns the criteria for increasing or
decreasing the ratio on the left lever, When exclusive
preference was obtained at any left lever ratio, the ratio
was increased (or decreased) the following session. At
less than exclusive preference, a minimum of two sessions

were required in order to meet the stability criteria,
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This resulted in more exposure, as defined by number of
“rials, to the contingencies of reinforcement assoclated
viith the left and right levers., Assuming that the differ-
ential control over resvonding exerted by the left and
right levers on choice trials increased as a function
of such exposure, one would expect a difference between
the choice proportion obtained after one session at =z
ziven ratio compared to that obtained after several ses-
siors expcsure to the same left lever ratio, varticularly
if the difference between the l1eft and right lever re-
zponse reculrements was not large,

Another possiblliity concerns the manner in which

the Left leve

H

resvponse recguirement was changed between

6]

sessionse The one or two unit change in the ratio on the
left lever between sessions may not have producesd a

sufficient Z2ifference in the left and risght lever respcnss

L]

eguirements to result in a very precise differentia

9]
O

ntrol of reczoonding on choice trials, particularly

vhen the ratios on the left and right levers were similzr.
s vossibillity does not seem varticularly convincing,
however, especially in regard to the first ccndition of

the study where the right lever resvonse requirement was

]

FR 5,
A third factor which may have affected the precision
with which the results were renlicated invclves the recent

history of responding cn choice trials, Jeveral rats
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showed a tendency to prefer a lever exclusively on choice
trials even though the response requirement on that lever
was greater than that on the other lever, Examples are
Rat 266 in the first condition and Rats 266 and 267 in the
second condition, When these subjects switched from
exclusive left to right lever preference in the first
ascending series of ratios, the change occurred guickly,
The provortion of choices for the left lever appeared to
lag behind increases in the ratio on the left lever,

Such zn effect has been called hysteresis ani may be ex-
plained by assuming that in the recent histories of

the subjects the left lever was associated with more
reinforcement than the right lesver cdue to the smaller
rztic on the left lever, Given such differential re-
inforcement for resncnding on the left lever, it is not
unliikzely that the subJects would continue to respond on
the left lever during future choice trials, which would
result in the left lever teing increased even more, iLven-
tuclly, the difference in reinforcement asscciated with

cach lever was large enough to orocuce a cuicli ¢

12ng2 in

The latency data presented for Rat 262 in the first
condition were quite variable, As was seen in Tables I
and II, the latencies tended to become longer as the ses-
sion progressed. This tendency may have been partly due

to satiation and/or fatigue as the session progressed.
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Another consideration in this regard is that each ITI

was of variable length. Following reinforcement on any
given trial, the subjects frequently groomed or changed
positions in the chamber, Such behaviors would have
increased the latency to respond on a trial if the sub-
ject were not in an optimal position at the beginning

of the next trial, The between session latencies were
quite possibly affected by changes in the degree of water
deprivation which could not always be controlled with
vprecision,

The results of the second condition of the study
replicated in form the results of the first ccndition,
For at least three subjects, 261, 256 and 267, a greater
difference between left and right lever response require-
ments was necessary to produce a complete switch in prefer-
ence than was reoquired in the first condition. Such a
finding was not unexvected, Since the right lever was
FR 10 during the second condition, it seecms likely that a
larger difference between left and right lever ratios was
necessary in order to result in differential control of
responding by the contingencies associated with a lever,

The results from Rat 262 during the second condition
were not easily accounted for, Given a2 right lever re-
sponse requirement of FR 10, it was necessary to increase
the ratio on the left lever to FR 35 before exclusive
preference for the right lever on choice trials was oOb-

served, That the subject continued to respond at all on
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the left lever at ratios above FR 30 was surprising

given the relatively small amount of water reinforcement
produced, It is possible that the procedure "shaped"
responding to occur at such high ratios. The increase

in the left lever response requirement from FR 7 to FR 35
occurred over many sessions and the relative increase
between sessions became smaller and smaller as high
ratios were programmed (Uzunoz, 1979).

Even if the above analysis could account for the
fact that left lever responding was maintained at high
ratios, it does not explain why 2 switch in preference
was not observed at lower ratios. One possibility is
that there was a strong left side bias for Rat 262, The
procedure did not control for side bias by alternating
the location of the lights, tones, and ratios; nonethe-
less, it remains z puzzlement as to why such a large
difference in ratios was necessary before a switch in
lever preference occurred, Once the switch in preference
did occur, it appeared that the amount of reinforcement
produced was no longer sufficient to maintain responding
with any consistencye.

The procedure was not without difficulties. A major
point of concern was the number of sessions required to
complete a condition., An attempt was made at the begin-
ning of the second condition to hasten the acquisition

of data by modifying the stability criteria and by in-
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creasing the amount by which the left lever ratio was
increased, Those changes made it possible to complete
the initial series of sessions in the second condition
sooner, but not by a large amount,

There are ceveral ways iz which the procedure could
possibly be made more efficient, Cne way would be to
simply run only two sessions at each left lever ratio,
If that were done in addition to adding another choice
trial at the end of each five trial block, the equivalent
of the two sessions! datz, in terms of the number of choice
trials, would be acquired in one session, Two sessions
on such a modified procedure would generate the equiv-
alent of four sessions' data from the present procedure.
Rarely was it necessary to run more than four sessions
at a ratio value before stability was attained.

Ancther approach would te to model more directly
Johanson's 1971 procedure described earlier, That pro-
cedure presented reinforcement alternatives in separate
blocks and controlled for the effects of side bias by
randomizing the loccation of alternatives, Choice trials
were also presented as a single block of trials ancé the
location of each alternative was randomized within the
block, The supposed benefits of such procedural mod-
ifications, particularly in regard to the speed with
which data are acquired, await empirical confirmation,

A more efficient procedure would be desirable only if

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



64

orderly relations in the data were also obtained.

In conclusion, the results of the present study
show that oreference for one of two reinforcement al-
ternatives varied as a function of the response require-
ment associated with one of the alternatives, Given
this finding and the fact that the subjects were easily
trained to respond on the procedure, it would seem that
the discrete-~trial choice vprocedure presented here holds
promise for future research investigating a number of

behavioral phenonena, Particularly impcrtant in this

e

regard is Znapperis (1979) observation that for the science
of behavior tTo become a true science it must eventually

be in a vosition to make quantitiative statements re-
garding the relative value of reiniorcements differing in
quantity, as well as quality., The procedure presented
here appears to be a step in that direction. Future
research utilizing this or a similar procedure could
proiitably address such issues, provided that empirically
established refinements in the procedure are made and that
the generaliity of the procedure is confirmed with regard
to different species, reinforcers, and schedules of rein-

forcement,
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