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Sustained negative contrast obtained following
signaled shifts in sucrose reinforcement
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A three-phase study was run in which 44 rats first received either 2-sec or 20-sec access
to 18% sucrose reward. Then all subjects received 2-sec access to the reward, with half of
each main group receiving a tone along with the reward. Following a 2-month rest period,
the rats were tested again under the same reinforcement conditions as in the first shift phase.
Strong NCEs were exhibited in both shift phases only by those subjects that were exposed
to the tone.

Several studies have been carried out in our labora
tory investigating the general hypothesis that the intro
duction of a discriminative stimulus (SD) at the time
of shift in reinforcement conditions enhances the emer
gence of contrast. The present study deals with negative
contrast as a function of a downward shift in sucrose
reward when the shift is introduced either in the pres
ence or in the absence of a discriminative tone stimulus
in the runway. In runway situations, a negative contrast
effect (NCE) is said to have taken place if subjects
shifted from a larger to a smaller reward run significantly
slower than control subjects receiving the smaller reward
all the time . Conversely, when upshifted subjects run
faster than their controls, a positive contrast effect
(PCE) is said to have taken place. In the Skinner box,
when the schedule associated with one component
(varied component) is decreased while the schedule
associated with the other (constant component) remains
unchanged , the response rate in the constant component
typically increases relative to its baseline in a direction
opposite to that in the varied component. This phenom
enon has been referred to as positive behavioral contrast
(PBC). Negative behavioral contrast (NBC) occurs when
responding in the constant component decreases while
responding in the varied component increases following
a shift to a denser schedule in the varied component.

At present , there are two theories that seem to deal
adequately with either one or both sides of contrast.
Additivity theory, which was developed in the operant
tradition, proposes that positive contrast occu rs as a
result of the summation of classical and operant condi
tioning processes . Thus , PBC occurs when the discrimi
native stimulus (constant component) becomes classi
cally conditioned to the reinforcer following a decrease
in the reinforcement schedule in the varied component.
Since the response has already been operantly condi
tioned , an increase in the response rate is observed,
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reflecting the summation of operant and classical con
ditioning processes. Addit ivity theory does not deal
with NBC. However , an attempt will be made later to
modify additivity theory so as to account for NBC.

Neo-Hullian theory (e .g., Amsel, 1967 ; Spence, 1956)
was developed to deal primarily with runway situations.
According to Spence's (1956) theory , instrumental
learning is mediated by the classically formed rg-sg
mechanism. Specifically , Spence suggested that the
subject learns to make conditioned goal responses
(rg) in the goal area that, through backward generali
zation, are evoked at the start. The rg responses produce
their own interoceptive stimuli , which become condi
tioned to the instrumental response. The stimuli in the
alley evoke the r -Sg mechanism, which not only
triggers and directs fhe behavior of the subject but also
determines the strength of the response.

Spence (1956) proposed that the rg-sg was the
underlying mechanism for the incentive motivation
construct (K) that combined multiplicatively with
habit strength (H) and additively with drive (D) to
determine reaction potential (E). Such theorizing
could explain both positive and negative contrast effects
if it could be assumed that the magnitude of reward
exerts a relative rather than an absolute effect on per
formance, or in Spence's terms , if the old K associated
with the runway stimuli (and the appropriate reward)
and the new K associated with the discriminative stimu 
lus (and the new reward) summate algebraically to
produce either an increase or a decrease in response rate
relative to controls (cf. Shanab & Cavallaro , 1973).

Amsel's (1967) theory makes more explicit pre
dictions concerning downshifts in reinforcement con
ditions. According to Amsel, subjects shifted from a
large to a smaller reward magnitude experience an emo
tional state of frustration that leads to avoidance
responses that in terfere with the ongoing approach
response . These disruptive frustration responses lead
to a decrement in the performance of the downshifted
subjects relative to their controls. Amsel proposed
an rF-sF mechanism analogous to the rg-sg mechanism
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that mediates the instrumental response, which, in this
case, would be an avoidance response.

The evidence for NCE based on downshifts in sucrose
reward is quite meager. Early studies in which either
magnitude or concentration of liquid sucrose reward
was downshifted led to nonsignificant results (Goodrich,
1962; Homzie & Ross, 1962; Ison & Rosen, 1968).
Even when both magnitude and concentration were
downshifted simultaneously, no NCE was obtained
(Barnes & Tombaugh, 1973; Flaherty, Riley, & Spear,
1973; Ison & Rosen, 1968) . In a more recent study,
Shanab, Young, and France (1975) failed to obtain an
NCE in two separate studies in which liquid sucrose was
downshifted. However, in a repeated-shifts design, which
involves returning subjects to conditions previously
experienced, Shanab, France, and Young (1976) found
a significant NCE. This was explained in terms of
enhanced frustration. Benefield, Oscos, and Ehrenfreund
(1974) proposed that experience with frustration was a
sufficient condition for both NCE and PCE and that
more than one shift is required for subjects to experience
frustration. An alternative explanation would be to
assume that the repeated-shifts design increases the sali
ence of the reinforcement shift conditions. More
recently , Shanab, Molayem, Gordon, and Steinhauer
(1981) reported a significant NCE based on a downshift
in magnitude of water reward when the shift was made
in the presence of a discriminative tone stimulus. It is
conceivable that, among other things, the tone could
have increased the salience of the shift condition and
led to the emergence of an NCE.

The present study investigated the effects of a down
shift in liquid sucrose reward when the shift was made in
either the presence or the absence of a discriminative
stimulus. It was predicted that an NCE would be
obtained only when the shift was accompanied by a
discriminative stimulus. The study also investigated the
long-term effects of the downshift by allowing subjects
to rest for 2 months following the completion of the
shift phase and then testing them again under the same
shift conditions as before. According to Amsel's (1976)
theory, NCE would persist because the stimuli in the
alley would evoke the rF-SF mechanism that had already
been conditioned to avoidance responses.

METHOD
Design

A three-phase study was run. In Phase 1, two independent
groups of 22 subjects each received either 2-sec access (small·
reinforcement condition, S), or 20-secaccess (large-reinforcement
condition,L) to 18% sucrose solution. In Phase 2, all subjects
received the small reward, and half of the subjects received a
tone (T) along with the reward and the other half did not. Thus,
a 2 by 2 design was used in Phase 2, yielding the following
four groups : SST, SS, LST, and LS. Phase 3 was identical to
Phase 2, except that it was started after a 2-month rest period
following the end of Phase 2.

Subjects
The subjects were 44 male albino rats of the Sprague-Dawley

strain, approximately 90 days old at the beginning of the experi
ment .

Apparatus
The same 1.5-m redwood runway described by Shanab et aJ.

(1981) was used. A 71.<JB tone with a frequency of 247 Hz
was used.

Procedure
The subjects were housed individually and handled approxi

mately 2 min/day for 15 days. After the handling period , the
subjects received a 23.5-h water-deprivation schedule for 5 days
and then were placed on 23.75-11 deprivation, which continued
for the remainder of the study . Following 15 days of water
deprivation, the subjects were given 7 days exposure to the
runway. During the first 4 days of exploration, the subjects
were allowed to explore the apparatus with both guillotine
doors left open and the equipment turned off. At this time,
each subject was also familiarized with 18% sucrose solution
outside the apparatus. For the next 3 days, the subjects were
given exploration with the equipment turned on and the guillo
tine doors operating as during a regular trial. During the next
2 days, operant levels were taken and the subjects were ran
domly assigned to two groups.

On Days 14 of Phase 1, each subject received 1 trial/day .
On Day 5 and for the remainder of the experiment, each subject
received 2 trials/day. Subjects assigned to the small-reinforcement
condition received 2-1lec access and subjects in the large
reinforcement condition received 20-sec access to an 18%
sucrose solution . The subjects were run in squads of 12 with
an intertrial interval of 10 min. Phase 1 lasted 20 days.

In Phase 2, subjects in each condition were matched in terms
of their mean asymptotic running speeds in Phase 1 and were
divided into four equal groups. All subjects received the small
reinforcement condition, with half of each main group receiving
the tone stimulus along with the reward. For Days 14 of
Phase 2, the tone was presented when the last (goal) photobeam
was broken. On Day 5 and for the remainder of the experiment,
the tone was presented when the first (start) photobeam was
triggered. Phase 2 lasted 20 days.

Following Phase 2, the rats were placed on ad-lib food and
water for 2 months, after which they were placed on a 23.75-11
deprivation schedule for 15 days. Then Phase 3 was started. In
Phase 3, the rats received the same conditions they had received
in Phase 2.

RESULTS

All analyses are based on speed measures (in meters
per second) over blocks of four trials each .

Since all three speed measures were almost identical,
both graphically and statistically, only the run measure
will be presented here (see Figure 1). A 2 by 2 by 6
analysis of variance test with magnitude shift and stimu
lus conditions (i.e., presence or absence of the tone) as
the between-subjects factors was performed over the last
six blocks of Phase 2. Both the main effect of magnitude
shift [F( 1,40) = 14.48, P < .005] and the Magnitude
Shift by Stimulus Condition interaction [F(1 ,40) = 4.75 ,
p < .035] were significant. Neither the main effects
of stimulus condition [F(l ,40) = 2.00, p > .05) nor
the blocks effects [F(5,200) = 1.45, p > .05] were
significant. The interaction of blocks with the magnitude
shift was not significant [F(5,200) =1.16, r-> .05] .
However, the interactions of blocks with the stimulus
condition [F(5,200) = 2.18, p < .06] and with the two
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Figure 1. Mean run speed (in meters per second) as a function
of a downshift in 18% sucrose reward when the shift was Of was
not accompanied by a tone.

main effects [F(5 ,200) = 2.12 , p<.06] approached
significance. Tests of simple effects yielded a highly
significant NCE when the tone accompanied the delivery
of the reward [F(I,40)= 17.87, p < .OOI] but not
when the downshift was made in the absence of the tone
[F{l ,40) = 1.33 , p > .05]. Essentially the same results
were obtained when a simple 2 by 2 analysis of variance
test was performed over Blocks 3-10. While the stimulus
conditions effect was not significant (F < 1), both the
magnitude shift [F{l,40)= 13.27, p < .OOI] and the
Magnitude Shift by Stimulus Conditions interaction
effects were significant [F{l ,40) = 5.78, p < .05] . The
results of simple main .effects test revealed a highly
significant NCE when the tone accompanied the down
shift [F{l ,40) = 18.28, p < .00 1] but not when the
tone was absent (F < 1).

A 2 by 2 by 5 analysis of variance test was performed
over the last five blocks of trials in Phase 3 (which was
initiated after a 2-month rest period) , yielding a signifi
cant effect due to stimulus conditions [F{l ,40) = 4.54,
p < .04] but a nonsignificant magnitude shift effect
[F{l ,40) = 2.58, p > .05]. The interaction of the two
main effects was not significant [F{l ,40) = 2.49 ,
p > .05] . Similarly, neither the blocks effect
[F(5,I60) = 1.72, p > .05] nor the interaction of blocks
with either main effect (both Fs < 1) was significant.
Moreover, the triple interaction was not significant
[F( 5,160) = 1.41, p > .05] . Tests of simple main effects
revealed a significant NCE for the subjects that were
exposed to the tone during receipt of the downshifted
reward magnitude [F(I ,40) = 5.05 , P < .05] but not
for those subjects that were downshifted in the absence
of the tone (F < I). The NCE was still present on the
last block of Phase 3 [F(I ,40) = 16.08, p < .001] when
the tone accompanied the downshift , but not when it
did not (F < 1).
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