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Facilitating stimulus effects of reward and
punishment in discrimination learning

H. FOWLER, M. HOCHHAUSER, and G. J. WISCHNER
University of Pittsburgh, Pittsburgh, Pennsylvania 15260

To demonstrate a facilitating stimulus effect, as opposed to an incentive effect, of food re-
ward, rats were trained on an easy, light-dark discrimination with different amounts of reward
for correct and incorrect responses (1-0, 2-0, 3-1, and 5-1 pellets, respectively), and with shock or
no shock administered in the correct goalbox. Both errors and trials to criterion were fewer
with a large reward differential (LRD: 2-0 and 5-1), as compared with a small reward differential
(SRD: 1-0 and 3-1), but were not affected by the ‘‘base’’ reinforcement condition of either 1 or 0
pellets for the incorrect response. In addition, choice and arm speeds during early training were
positively related to the combined, or average, number of pellets contingent upon both correct
and incorrect responses, indicating a generalization of reward expectancies. Although shock
uniformly suppressed arm speeds under all reward conditions, it facilitated discrimination learning
in the SRD conditions. That such facilitation occurred only when the conditions of reward for
correct and incorrect responses were relatively similar indicates that not only shock, but also
food can function as a distinctive cue: As a stimulus selectively applied to one response, it can

decrease the similarity of the alternatives, and, in this manner, it can faciltate performance.

Studies of the facilitating effect of mild shock
punishment for the food-rewarded response in visual
discrimination learning (see Fowler, 1971; Fowler &
Wischner, 1969) have indicated that shock functions
as a highly discernible or ‘‘distinctive’’ cue: It re-
duces the similarity of the discriminative-stimulus
compounds constituting the response alternatives,
and thus it facilitates performance by reducing the
generalization of reward and nonreward expectancies
between the alternatives. Consistent with this inter-
pretation, the ‘‘shock-right’”’ facilitation effect is
typically absent in an easy discrimination in which
the discriminative stimuli (e.g., light-dark) are highly
dissimilar and hence preclude a distinctive-cue func-
tion of the shock (e.g., Wischner & Fowler, 1964;
Wischner, Fowler, & Kushnick, 1963); in contrast, the
facilitation effect is consistently observed in more
difficult (e.g., bright-dim) discriminations in which
the discriminative stimuli are similar and thus poten-
tiate the shock’s cue function (e.g., Fowler, Spelt,
& Wischner, 1967; Fowler & Wischner, 1965). Further-
more, if the aversiveness of the shock is reduced
through the administration of sodium amytal (Fowler,
Goldman, & Wischner, 1968), the facilitation occur-
ring in a difficult discrimination is, within limits, an
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increasing S-shaped function of shock intensity, con-
sistent with the Weber principle relating performance
to the discriminable cue properties (e.g., the inten-
sity) of a stimulus. The same relationship between a
facilitating effect and the intensity of a stimulus has
also been observed for a neutral white-noise cue used
in place of shock for the correct response (Fago &
Fowler, 1972).

The fact that either an aversive or a neutral stim-
ulus for one response can facilitate discrimination
learning suggests that the same effect and principle of
operation should occur for any stimulus. As such,
the facilitating (cf. ‘‘reinforcing”’) effect of food re-
ward can be reinterpreted as due, in part, to the oper-
ation of food as a distinctive cue. Like shock or noise,
food reward for one response should decrease the
similarity of the stimulus alternatives, especially as
the magnitude (cf. intensity) of the reward increases.
Inasmuch as this interpretation argues that the stimu-
lus parameters of reward influence the similarity of
the alternatives, it follows that the effective difficulty
of a discrimination can be regulated both by the sim-
ilarity of the discriminative stimuli and by the simi-
larity of the conditions of reward for correct and in-
correct responses. In other words, a more difficult
discrimination task should result either when the dis-
criminative stimuli are similar and the conditions of
reward for correct and incorrect responses are dis-
similar (e.g., moderate vs. no reward, as is typically
the case) or when the discriminative stimuli are dis-
similar and the conditions of reward are similar (e.g.,
moderate vs. small reward). Furthermore, if the lat-
ter operation increases task difficulty by increasing
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generalization effects between the alternatives (rather
than by reducing their incentive difference), then it
should be possible to demonstrate a facilitating cue
effect of shock-right training in this ‘‘easy” (i.e.,
light-dark) discrimination in which the effect has
typically been absent. In turn, such an outcome would
highlight the facilitating cue property of selective re-
ward (i.e., administered for only one response) be-
cause the functioning of shock as a distinctive cue in
an ‘‘easy,”’ nonselective-reward discrimination can
only derive from the similarity of the conditions of
reward. (Conversely, selective reward in an ‘‘easy’’
discrimination would render the alternatives more
discriminable and would therefore offset a distinctive-
cue effect of the shock, as has been observed.)
Following the above rationale, Fowler, Fago, and
Wischner (1971) manipulated the effective difficulty
of a light-dark discrimination by varying the delay of
reward for the correct response in conjunction with
no reward (cf. an “‘infinite’’ delay) for the incorrect
response, With reward considerably delayed (i.e., 16
or 24 sec), shock administered immediately in the
correct goalbox facilitated discrimination learning,
but, with food reward administered immediately or
at a short (8-sec) delay, immediate shock had a re-
tarding effect on discrimination performance. Al-
though these results are consistent with a cue inter-
pretation of the effects of reward, they are open to
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ported by an exterior wooden shell (for details, see Fowler, Fago,
& Wischner, 1971). Guillotine doors were located 20.3 cm from
the end of the stem to form a start compartment, at the entrance
to each arm, in order to permit forcing and to prevent retracing,
and 30.5 cm from the end of each arm to form goalboxes (total
arm length was 91.4 cm). Each goalbox had a food well, which
was floor-recessed and not visible from the arm, and an end walil
of frosted Plexiglas. The end walls were differentially illuminated
from behind by a 5-W incandescent bulb (0 or 120 V) to provide
the light-dark discriminative stimuli.

The two L-shaped strips of sheet metal forming each maze sec-
tion were connected in series with a .2-MQ resistor across the out-
put of a transformer (60 Hz ac). A single 60-V .2-sec shock (.3 mA)
could be delivered to the subject when it interrupted an infrared
photoelectric beam crossing the goal at a point 5.1 cm in front of
the food cup. Another infrared photobeam, located 33.0 cm from
the center of the choice point in each arm, was used to measure
the subject’s latency of choice from the opening of the startbox
door and, in conjunction with the goalbox photobeam, to measure
running latency in each arm.

Procedure

The procedure included both nondifferential-pretraining and
discrimination-training phases. One week prior to pretraining, the
subjects were started on a daily diet of 11 g of Wagne Lab Blox,
with water available ad lib. (This diet reduced the subject’s weight
to about 80% of predeprivation weight.) Pretraining was designed
to habituate the subjects to the apparatus and to reduce possible
position and brightness preferences. Each subject received a total
of 16 forced-choice food-reinforced trials, administered 4/day at
an intertrial interval of about 7 min. Daily forced-choice trials
were distributed randomly with the restriction that they were bal-
anced over left and right positions and light and dark goalbox cues.
Forcing was accomplished by lowering the door to the inap-
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eliciting and/or secondary-reinforcing errects o1 snock
(cf. Fowler, 1971; Fowler & Wischner, 1969). It is
possible that shock at the goal elicited stereotyped
reactions, such as cringing, which mediated the ef-
fects of food reward across the delay and, in this
manner, facilitated performance. To eliminate this
possibility, the present study administered shock in
conjunction with immediate food reward in the cor-
rect goalbox, but manipuiated the effective difficulty
of the light-dark discrimination by varying the mag-
nitude of food reward for both correct and incorrect
responses. For different groups of rats, including no-
shock controls, food reward in the correct and in-
correct goals was set at 1-0, 2-0, 3-1, and 5-1 pellets,
respectively. These treatments afforded a compari-
son of both selective (1-0, 2-0) and nonselective (3-1,
5-1) reward conditions and of small (1-0, 3-1) and
large (2-1, 5-1) reward differentials within each set.

METHOD

Subjects

The subjects were 64 naive male albino rats of the Sprague-
Dawley strain, 80 to 90 days old at the start of the experiment.
They were caged individually in the experimental room under con-
trolled temperature (20°-22°C) and a reversed day-night (12-h)
cycle.

Apparatus
The discrimination-training apparatus was an enclosed T-maze
made of opposing L-shaped strips of galvanized sheet metal, sup-

g). The pellets were spread liberally through-
out a goalbox on Day 1 of pretraining and then were reduced
systematically until, on Day 4, only 1 pellet/trial was provided in
the food cup. For this and the succeeding phase of training, the
subject’s daily diet was corrected for the amount of food received
during a day’s trials.

Discrimination training began on the day following pretraining
and consisted of free-choice trials. The subjects were assigned
randomly to eight groups of eight subjects each, comprising a
2 by 2 by 2 factorial design: no-shock (NS) or shock-right (SR)
training, that is, shock administered in the correct, large-reward
goalbox; a ‘“‘base’’ reinforcement condition of either 1 or O pellets
for each incorrect response; and a small or large reward differen-
tial between correct and incorrect responses. Specifically, the
differential-reward conditions were 1-0, 2-0, 3-1, and 5-1 pellets
for each correct and incorrect response, respectively. Thus, within
each base-reinforcement condition, there was a small reward dif-
ferential for correct and incorrect responses (SRD: 1-0 and 3-1)
and a relatively large reward differential for the responses (LRD:
2-0 and 5-1). With regard to the stimulus properties of reward,
LRD represented an easy (highly discriminable) reward condition
for which SR training would not be expected to facilitate per-
formance; in comparison, SRD represented a more difficult (less
discriminable) reward condition for which SR training could facili-
tate performance via the shock’s function as a distinctive cue.

All subjects received 4 trials/day for the first 6 days of discrim-
ination training and then 8 trials/day thereafter. Subjects were
run until they met a criterion of 15 correct responses out of 16
consecutive choices, with the last 8 correct. To avoid the rapid
learning and possible ‘‘floor”’ effects associated with training to
a dark discriminative stimulus, the larger food reward was ad-
ministered for all groups in the lighted goalbox, the right-left
positioning of which varied according to a Gellerman sequence. On
any training trial, time in the correct or incorrect goal was 10 sec,
and the intertrial interval was about 7 min.
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Errors and Trials to Criterion

Figure 1 presents group mean errors in blocks of
20 trials for each of the four reward conditions. (NS
and SR subgroups have been pooled to reduce the
cluster of curves.) As indicated, the LRD groups
(2-0 and 5-1) exhibited fewer errors [F(1,56) = 9.14,
p <.005] and trials to criterion [F(1,56) = 10.10,
p < .005] than did the SRD groups (1-0 and 3-1).
Figure 1 also suggests that errors and trials to criterion
were somewhat fewer for the O-pellet base groups
(2-0 and 1-0) as compared with the 1-pellet base groups
(5-1 and 3-1); however, for both measures, the dif-
ferences were nonsignificant (ps > .10). Also, for
both measures, the interaction of the differential and
base-reinforcement variables was nonsignificant
(ps > .20). In terms of errors and trials to criterion,
then, the SRD conditions (1-0 and 3-1) produced
comparably difficult discriminaiion tasks, and the
LRD conditions (2-0 and 5-1) produced relati+:ly
easy tasks.

Mean errors to criterion for the NS and SR sub-
groups are presented as a function of reward differ-
ential in Figure 2; the left panel shows the data for
the O-pellet base conditions, and the right panel shows
the data for the 1-pellet base conditions. Figure 2
shows that all SR groups had fewer errors than their
respective NS controls, but that the differences were
more pronounced in the SRD (1-0 and 3-1) condi-
tions. However, the F-test results showed only an
overall SR facilitation effect [F(1,56) = 4.31, p < .05];
the interaction of shock with either the differential or
base-reinforcement variable, or both, was unreliable
(ps > .10). To further assess the relationship between
shock and reward differential, NS and SR differences
were analyzed separately for the SRD conditions and
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Figure 1. Mean errors in blocks of 20 trials for the differential
reward groups. (NS and SR subgroups have been pooled to re-
duce the cluster of curves.)
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Figure 2. Mean errors to criterion for NS and SR subgroups as
a function of reward differential; the left panel presents the data
for the 0-peliet base conditions, and the right panel presents those
for the 1-pellet base conditions.

for the LRD conditions. Evaluated on the basis of
the overall error term, these comparisons showed
that the SR facilitation effect was reliable for the
SRD conditions [F(1,56) = 6.16, p < .025], but was
clearly not reliable for the LRD conditions (F < 1).
Furthermore, a Duncan range test assessing differ-
ences between respective NS and SR groups indicated
that SR facilitation was significant (p < .05) only in
the 3-1 condition; in the 1-0 condition, the effect
approached significance (p < .10). Virtually identical
results obtained with a measure of trials to criterion.

Arm and Choice Speeds

Median arm and choice latencies were tabulated
for each subject over successive blocks of 5 trials and
were then transformed to speed scores (10/latency
in sec). Mean arm speeds for the NS and SR sub-
groups are presented as a function of reward dif-
ferential in Figure 3; the left panel shows the data for
the O-pellet base conditions, and the right panel shows
the data for the 1-pellet base conditions. These speed
data were restricted to the initial 25 discrimination
trials in order to illustrate early training effects and
to avoid empty data cells for animals that quickly
met the learning criterion and were subsequently re-
moved from training. Also, the data are based on
both correct and incorrect responses because analyses
showed that neither arm nor choice speeds were re-
liably differentiated by the correctness of the sub-
jects’ responses during these early trials (cf. Figure 1,
which shows chance performance during these trials).

Figure 3 shows that SR training uniformly sup-
pressed arm speeds under all reward conditions [F(1,56)
= 4.46, p < .05] and did not interact with any of the
reinforcement variables (Fs < 1). In addition, the
1-pellet base groups were faster than the O-pellet
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Figure 3. Mean arm speeds over the initial 25 discrimination
trials for NS and SR subgroups as a function of reward differ-
ential; the left panel presents the data for the 0-pellet base condi-
tions, and the right panel presents those for the 1-pellet base con-
ditions.

base groups [F(1,56) = 26.77, p < .001], and the
LRD (5-1 and 2-0) groups were faster than the SRD
(3-1 and 1-0) groups [F(1,56) = 13.88, p < .00l].
However, the interaction of these variables was negli-
gible (F < 1). As such, the arm-speed data were sys-
tematically ordered from 1-0 through 2-0 and 3-1 to
5-1, and could best be described as a positive func-
tion of the combined (or average) number of pellets
contingent upon the subject’s running response to
both correct and incorrect goals. Trend analysis by
polynomial contrasts showed that the linear com-
ponent of this relationship was highly reliable [F(1,56)
= 38.96, p < .001] and that residual-trend variance
was nonsignificant (p > .20).

Analysis of choice speeds showed virtually the
same results as arm speeds, with the exception that
there were no significant shock effects, as would be
expected given the greater temporal disparity be-
tween choice and shock at the goal.

DISCUSSION

The speed data are informative because, in line
with a stimulus interpretation of reward effects, they
indicate that running speed during early discrim-
ination training was largely regulated by a generaliza-
tion of incentives, or reward expectancies, between
the alternatives (cf. Bower, 1961; Logan & Wagner,
1965). There are three aspects of the data that high-
light this effect. First, arm speeds during the early
trials were reliably faster in ascending order for the
1-0, 2-0, 3-1, and 5-1 groups, and could best be de-
scribed as a positive function of the average number
of pellets contingent upon both correct and incorrect
responses. Second, during these trials, arm speeds
were not reliably differentiated by the correctness of
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the subjects’ responses and indicated, therefore, that
such performance was a product of the combined ef-
fects of correct and incorrect-response outcomes.
Third, choice speeds, which could only be influenced
by the combined and, for the most part, equally fre-
quent effects of correct and incorrect responses during
the early trials (i.e., when choice was still within the
bounds of chance; see Figure 1), showed virtually
the same outcome as arm speeds.

With the easy light-dark discrimination that was
used, a generalization of reward-expectancies would
not be mediated by the highly dissimilar discriminative
stimuli, but rather by ‘‘background’’ cues that are
common to the alternatives, that is, physical features
of the arms, interoceptive or ‘‘drive’’ stimuli, feed-
back from the instrumental running response, and,
as argued by the present study, stimulus similarities
of the reward conditions for correct and incorrect
responses. When the reward conditions are relatively
similar (as in the SRD conditions), there should be
enhanced generalization effects between the alterna-
tives, with the result that correct and incorrect re-
sponses are less subject to the selective effects of
reward in each alternative, and hence are less well
differentiated over the course of training. Thus, in
line with the associative data on errors and trials
to criterion, the present interpretation argues that
discrimination learning will be slower under the SRD
(1-0 and 3-1) conditions than under the LRD (2-0 and
5-1) conditions, but not as a result of a smaller dif-
ference in reward magnitude between the alterna-
tives. The fact that the difference in reward magni-
tude between the alternatives was identical in the 2-0
and 3-1 conditions, and yet learning was far superior
in the 2-0 condition (cf. Figures 1 and 2), strongly
argues that discrimination performance was regu-
lated by the extent to which the reward conditions were
discriminably different. Also in line with the present
data, a stimulus interpretation of reward effects ar-
gues that the rate of discrimination learning will be
independent of the base reinforcement condition em-
ployed, provided there are equal psychological dif-
ferences in reward magnitude between the alterna-
tives. This was essentially the case in the present study:
By comparison with respective SRD and LRD groups
of the O-pellet base condition, those of the 1-pellet
base condition represented a log increase in the dif-
ference in reward magnitude between the alternatives
(i.e., from 1 to 2 pellets for the 1-0 and 3-1 groups,
and from 2 to 4 pellets for the 2-0 and 5-1 groups).
In short, the progression in reward differential across.
the 0- and 1-pellet base conditions was consistent
with the Weber function on the discriminability of
differences.

In discrimination-training contexts in which a
generalization of reward-expectancy is enhanced,
shock for the correct response should facilitate learn-
ing because, despite its aversive property (as shown
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by the suppression of arm speeds; cf. Figure 3), it can
function as a distinctive cue to reduce the similarity
of the stimulus compounds comprising the correct
and incorrect alternatives, Consequently, when sim-
ilarity of the alternatives is promoted by a small re-
ward differential (particularly one entailing consum-
matory activity and related feedback in both alterna-
tives, e.g., as in the 3-1 condition), shock should ren-
der the correct alternative more discriminable from
the incorrect alternative, with the result that general-
ization effects between the alternatives are reduced
and learning is facilitated. On the other hand, when
similarity of the alternatives is reduced through the
use of a relatively large reward differential (e.g., 5-1
and 2-0), a facilitating cue effect of the shock should
also be reduced, and now possibly offset, by the
shock’s aversive or avoidance-producing property.
Aversiveness of the shock can also reduce its facili-
tating cue effect in contexts in which low discrimi-
nability of the alternatives is produced by a small re-
ward differential entailing minimal reward for the
correct response (e.g., 1-0). Pitted against 1-pellet re-
ward, shock should more readily promote avoidance
of the correct alternative, and thus it should generate
less facilitation in this condition, as compared with
one entailing a larger reward for the correct alterna-
tive and yet the same psychological difference be-
tween the alternatives (i.e., 3-1). The present inter-
pretation accords well with the obtained findings:
SR facilitation was pronounced in the 3-1 condition,
marginally present in the 1-0 condition, and absent
in the LRD conditions (2-0 and 5-1).

In prior research, a facilitating effect of SR training
has typically been restricted to a difficult bright-dim
discrimination, that is, when similarity of the stimu-
lus alternatives is accomplished by manipulating the
discriminative stimuli (see Fowler, 1971; Fowler &
Wischner, 1969). By showing that SR facilitation can
occur in an easy, light-dark discrimination under
conditions entailing a small, but not a large, reward
differential between the alternatives, the present
findings strongly argue that food reward itself can
function as a distinctive cue. That is to say, for ex-
ample, in selective-reward training, a moderate or
large reward will itself render the alternatives more
discriminable (thereby precluding a facilitating cue
effect of shock, as in the 2-0 condition). This con-
clusion holds particular significance because it argues
that much of what has been attributed to the effect
of selective reward may well relate to its value as a
discernible stimulus rather than to its value as an in-

centive. Indeed, based on its discriminable stimulus
properties, not only larger amounts, but more imme-
diate and more frequent presentations of food re-
ward for one response should better serve to reduce
the similarity of the alternatives and, in this manner,
facilitate (cf. ‘‘reinforce’’) discrimination perfor-
mance. With this view, the effects of the parameters
of reward (and of punishment) can be cast as part of
the broad context in which stimulus discrimination
operates (cf. Fowler, in press; Hulse, 1978).
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