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Contrast effects as a function of shifts
in delay of water reward

HUGH J. FERRELL and MITRI E. SHANAB
California State University, Fresno, California 93710

Following stable performance in the acquisition (preshift) phase, subjects receiving either 0, 8, or
16 sec delay of water reward were subdivided and either continued on the preshift delay, or shifted to
the other preshift delay intervals. The postshift performance was examined for evidence of positive and
negative contrast effects. It was found that delay produced significant differences in acquisition such
that, the shorter the delay interval, the faster the running speed. This effect was also found in the second
phase in which the same relationship held between length of delay and speed, regardless of earlier
acquisition experience. Although a graphical, albeit statistically nonsignificant, PCE was observed in all
sections of the runway, no NCE was found. The results were discussed in terms of several theories of

behavior.

A substantial number of studies have been reported in
recent years investigating the phenomena associated with
contrasted conditions of reinforcement. When subjects
in an instrumental learning situation are shifted from
small to large reward and exceed the performance level
of subjects maintained on large reward all the time, a
successive positive contrast effect (PCE) is said to have
occurred. A successive negative contrast (NCE) effect
occurs when subjects shifted from large to small reward
perform at a significantly lower level than subjects
maintained on small reward all the time.

According to recent reviews (Dunhan, 1968),
successive NCE has emerged as a fairly reliable finding in
the runway. Positive contrast, however, has been much
more difficult to obtain in the runway, but has recently
been found when shifts in reward magnitude are
introduced along with delay (Mellgren, 1972; Shanab &
Biler, 1972; Shanab, Sanders, & Premack, 1969). This
procedure was used to control for any ceiling effects
associated with the running response (Bower, 1961).

Studies which have employed shifts in delay of reward
in nonrunway situations have generally shown an
absence of either positive or negative contrast (Harker,
1956; Logan, 1952; Sgro, Glotfelty, & Moore, 1970).
Shanab and McCuistion (1970) and Shanab and Biller
(1972), using a straight runway, found a NCE with a
shift from O to 15sec delay. Similarly, McHose and
Tauber (1972) found an immediate and significant NCE
in the runway with a shift from 10 to 30 sec delay. On
the other hand, using the runway Shanab (1971) and
Shanab and Cavallaro (1973) found a graphical, but
nonsignificant, NCE in subjects shifted from 0- to 15-sec
delay. Mackintosh and Lord (1973) also found no
evidence of a successive NCE in the runway based on
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shifts from 0- to 15-sec delay, although a similar shift in
a simultaneous paradigm produced a significanct NCE.
Shanab, Rouse, and Cavallaro (1973) found neither PCE
nor NCE based on shifts in delay (0sec and 30 sec)
intervals as a function of magnitude of reward (1 or 22
pellets). Recently, Shanab and Cavallaro (1975) found
no PCE based on a shift from a 30-sec to a 10-sec delay
interval. The latter two studies also used the runway.

In all of the preceding studies food in solid form was
the reinforcer. There is perhaps only one study which
studied PCE using water reinforcement. Using the
runway, Sgro and Weinstock (1963) shifted thirsty rats
from 15 and 7.5-sec delay to immediate reward: the
reward consisted of 20-sec access to a drinking tube.
Significant PCE was reported for the subjects shifted
from 15sec to immediate reward. Logan and Spanier
(1970) found that delay of food reward interacted with
delay of water reward such that under short delay
(1 sec) food-deprived subjects ran faster than
water-deprived subjects, but the reverse was true under
long delay (30sec). This finding has important
implications for contrast studies in that it suggests that
thirsty rats would not run close to their upper or lower
limit. The use of water deprivation would thus, provide a
means of controlling for the ceiling effect as well as any
possible floor effect associated with the running
response (cf. Shanab et al., 1973).

METHOD

Design

The experiment consisted of two phases. A design of three
randomized groups was used in Phase 1, in which 21 subjects
were assigned to each of three delay conditions: 0, 8, and 16 sec.
In Phase 2, each main group was subdivided into three equal
subgroups, resulting in nine groups with seven subjects per
group, according to a 3 by 3 factorial design. One subgroup
continued to receive the same delay interval as before, while the
other two subgroups were shifted to the other two delay
intervals. Thus, the following nine groups were run in Phase 2:
0-0, 0-8, 0-16, 8-0, 8-8, 8-16, 16-0, 16-8, 16-16. The number
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Figure 1. Mean total speed as a function of shifts in delay of
water reward.

preceding the hyphen represents Phase 1 conditions, while the
second number represents Phase 2 conditions.

Subjects

The subjects were 63 naive male albino rats of the
Sprague-Dawley strain, about 90 days old at the start of the
experiment.

Apparatus

A 1.5-m runway of unpainted redwood was used. The runway
was the same as that described ealier (Shanab & Cavallaro,
1975).

Within the goalbox, however, a small metal plate (2.5 cm
square) was fixed to the far wall of the goalbox, and surrounded
an aperture located 4.2 cm from the goalbox floor. Through this
aperture, a drinking tube was presented automatically to the
subject after the appropriate delay interval, and then retracted
after the prescribed access interval had elapsed. During the delay
interval, the subject was confined to the goalbox by means of
the second guillotine door which separated that region from the
run section.

Procedure

Upon arrival from the supplier, the subjects were housed in
individual cages and were handled daily for 2-3 min for a total of
18 days. Following this handling stage, the subjects were placed
on a 23%-h deprivation schedule. After a total of 12 days on the
deprivation schedule, subjects were given exploration in the
runway. No water was provided in the runway during
exploration. On the first day, each subject was given 90-sec
exploration with all guillotine doors open and all equipment
turned off. On the second and third days, subjects were again
given 90-sec exploration of the runway with doors operated in
the same fashion as on regular trials, and all equipment turned
on to accustom the subjects to the sounds of the equipment.
Following this, 2 days of operant levels were taken. After
randomly assigning subjects to the three conditions, Phase 1 was
started. This phase lasted 17 days. On the first two days of
Phase 1, each subject received one trial a day, but thereafter each
subject received two trials per day. For all subjects in both
phases the reinforcer consisted of 16 sec access to the drinking
tube. The delay interval started when a subject broke the last
photobeam located within the goalbox. The subjects were run in
groups of six with an intertrial interval (ITI) of 6-7 min. Each
subject received its daily ration of water 25-30 min following its
second daily trial, in both phases.

In Phase 2, subjects were matched on the basis of asymptotic
performance levels in Phase 1 and divided into three subgroups
as described previously. Duration of access to the drinking tube

was not changed. As in Phase 1, subjects were run in groups of
six with a 6-7 min ITI. Phase 2 was continued for 15 days at two
trials per day. In both phases, the subjects had free access to
food.

RESULTS

All analyses are based on total speed measures (m/sec)
since all other speed measures were similar.

Phase 1

Although Figure 1 shows the mean total running
speed (m/sec) as a function of six trial blocks, all
statistical tests using the blocks factor were based on
two-trial blocks. Two separate analyses of variance with
repeated measures were performed over the last six and
the last three blocks yielding slightly similar results.
Because of this similarity in results, only the analysis of
the last three blocks will be reported. The delay effect
was significant [F(2,60) = 20.65, p<.001], but the
blocks effect was not, F<1. No Delay by Blocks
interaction effect was obtained, F < 1.

Individual comparisons showed that Group 0 ran
significantly faster than Group 16 [F(1,60) = 42.28,
p<.001], as well as Group8 [F(1,60) = 10.15,
p<.005]. Group8 ran significantly faster than
Group 16 [F(1,60) = 10.50, p <.005].

Phase 2

Separate three-way analysis of variance tests using
Phase 1 and Phase 2 delay conditions as the two
between-subjects factors and the last four (eight trials)
or eight blocks (16 trials) as the third (within-subjects)
factor yielded highly similar results. Only the results of
the analysis of the last four blocks will be reported. No
significant Phase 1 treatment (delay) effect was found
F <1. In contrast, Phase 2 conditions produced highly
significant effects [F(2,54) = 15.04, p<.01]. Thus,
performance was clearly a function of the prevailing
conditions of delay of reward in both phases. No
significant interaction effect between Phase 1 and
Phase 2 delay conditions was found, F < 1. However,
the blocks effect was significant [F(3, 162) = 5.28,
p<.01]. None of the interaction effects with blocks
was significant. Separate graphs were drawn for each of
the four measures in terms of each trial as well as blocks
of two trials. No clear indication of NCE was observed,
but an apparent PCE was observed in all cases.
Appropriate pairwise comparisons for PCE using the
Newman-Keuls test was performed over the last four
blocks (eight trials) yielding nonsignificant results
(p>.05), thus disconfirming the graphical PCE.
Similarly, the Newman-Keuls test revealed no significant
NCE (p > .05). for all possible comparisons. The only
significant pairwise comparisons obtained were those
that supported the significant Phase 2 delay effect
revealed by the analysis of variance test. ‘
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DISCUSSION

The resuits of the present study provide strong evidence for
the effects of constant delay of water reinforcement on runway
performance. First, a clear demonstration was made of the effect
of constant delay on asymptotic acquisition performance in all
sections of the runway. The longer the delay interval, the slower
the running speed. The stability of this finding is reflected in the
lack of any significant changes in total speed over the last 12 and
the last 6 trials of the acquisition phase. This finding supports
two other studies in which water reinforcement was also used
(Sgro, Dyal, & Anastasio, 1967; Sgro & Weinstock, 1963).

Further support for the acquisition delay effect is to be found
in a study which manipulated both sucrose concentration and
delay interval in a barpress situation (McCloskey & Tombaugh,
1971). Significant delay effects in acquisition have been reported
in a number of studies using food reward (Logan, 1960;
Mackintosh & Lord, 1973; Shanab & Biller, 1972; Shanab &
McCuistion, 1970). Thus, the results of the present study in
Phase 1 are congruent with other findings of the effects of food
and sucrose delay upon performance, and lend further support
to the slender evidence of these effects when water
reinforcement is delayed.

A second interesting finding in Phase 1 refers to the slow
acquisition curves of the delayed groups. In particular, the
subjects that received a 16-sec delay did not appear to show any
significant improvement in performance during the acquisition
phase. The performance of this group remained essentially at its
operant level. This is in agreement with the results of several
studies in which food reward was used (cf. Campbell & Knouse,
1972).

Several interesting findings were obtained during the shift
phase (Phase 2). As in the acquisition phase, significant delay
effects were also present in the shift phase. Thus, slower running
resulted from longer delay with no interaction between Phase 1
and Phase 2 conditions. A graphical but statistically
nonsignificant, positive contrast effect was observed for both
Groups 8 and 16 shifted to immediate reward. This finding
agrees, in part, with that of Sgro and Weinstock (1963) who
found significant PCE only for subjects shifted from 15 sec to
0O sec delay. As in the study by Sgro etal. (1967), Sgro and
Weinstock (1963) eliminated the 15 slowest subjects prior to the
acquisition phase of their experiment, thus biasing their sample
in favor of faster running subjects. Thus, it is not possible to
attribute the PCE obtained to either the shift in delay or to the
particular selection procedure used.

Although the graphical positive contrast effect was observed
in all segments of the runway, it did not approach statistical
significance in any measure. This finding is in accord with the
large number of food-reward studies which have found no
evidence for PCE in the runway based on shifts in magnitude or
delay (Shanab & Biller, 1972; Shanab & Cavallaro, 1975;
Shanab, Rouse & Cavallaro, 1973). The lack of a statistical PCE
in this study is puzzling, and calls for further investigation of this
phenomenon using various delay intervals.

The absence of negative contrast in the present study is in
agreement with a number of food-reward studies which have
been unable to produce negative contrast based on shifts in delay
in a successive design (Mackintosh & Lord, 1973; Shanab, 1971;
Shanab & Cavallaro, 1973; Shanab, et al., 1973). The absence of
NCE based on shifts in delay supports other nonrunway studies
(Logan, 1952; Harker, 1956). Only McHose and Tauber (1972)
have reported finding a successive NCE in the runway based on a
shift from 10 to 30-sec delay. It is interesting to note that,
although NCE is reliably obtained when shifts in magnitude of
food reward are made, a corresponding effect based on shifts in
either concentration or magnitude of sucrose reward has not

been found (Flaherty, Riley, & Spear, 1973).
According to frustration theory (Surridge, Mock, & Amsel,

1968), subjects receiving constant delay in acquisition do not
experience frustration because they never form an expectation
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of immediate reward. However, frustration theory, it would
seem, should predict negative contrast for subjects shifted from
immediate reward to some delay since the shifted subjects would
have already formed an expectation of immediate reward and
should experience frustration when confronted with delayed
reward. This, in turn, would be reflected in avoidance responses
that interfere with the ongoing learned response. Within the
present formulation of frustration theory, it is conceivable to
predict no NCE based o shifts in delay. It might be argued that
although a shift from no delay to some delay or from some delay
to longer delay, might produce frustration, the receipt of the
reinforcer in full after‘each delay interval might attenuate the
emotional frustrative effects, thus accounting for the absence of
NCE. :

Sequential theory (Capaldi, 1967) has more specific
predictions concerning the effects of delay. Capaldi made the
assumption that longer delays support less habit strength than
shorter delays, which would account for the reliable delay
acquisition effects in this and other studies. While the sequential
theory predicts no PCE but a reliable NCE when shifts are made
in magnitude of reward, it predicts neither PCE nor NCE based
on shifts in delay of reward. The latter prediction concerning
NCE is inevitable if it is recognized that no change takes place in
the stimulus intensity factor (V) because the reward magnitude
does not change throughout training.

The present results pose difficulties for any theory that
emphasizes the relative effects of reinforcement conditions.
According to adaptation-level theory (Helson, 1964), both PCE
and NCE should have been observed. Granting that the graphical
PCE could conceivably reflect a genuine effect, the
adaptation-level theory still must deal with the absence of NCE
in this study.

It seems clear that more empirical work should be carried out
based on shifts in water reward before any theoretical attempt
can be made to explain contrast effects with water rewards.
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