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Stimulus and prefood stimulus effects on
fixed-interval and fixed-ratio responding

PATRICK M. GHEZZI and CARL D. CHENEY
Utah State University, Logan, Utah

The effects of superimposing a 10-sec stimulus (chamber illumination) at selected points dur-
ing fixed-interval and fixed-ratio food-maintained responding were examined with rats. The stim-
ulus either did or did not precede response-independent delivery of food. Responding during the
initial portion of an interval or ratio was suppressed during the stimulus-alone, but was accel-
erated when the stimulus preceded food. Responding during the terminal portion of an interval
or ratio was minimally suppressed during the stimulus, regardless of whether it did or did not

precede food.

The term “negative conditioned suppression” refers
to the reduction in the rate of food-maintained operant
responding that occurs during a superimposed condi-
tioned stimulus (CS) that terminates with an uncondi-
tioned stimulus (US), such as shock. The reduction in
the rate of food-maintained operant responding that oc-
curs during a CS that terminates with a US, such as food,
has been termed ‘positive conditioned suppression”
(Azrin & Hake, 1969).

Exceptions to the general case of response suppres-
sion during preshock and prefood stimului have been re-
ported. For example, Blackman (1968) found that re-
sponding maintained by a differential-reinforcement-
of-low-rate schedule of reinforcement increased in
frequency during a preshock stimulus. The term “nega-
tive conditioned enhancement” is appropriate here, just
as the term “positive conditioned enhancement” is ap-
propriate in reference to response acceleration during a
prefood stimulus (Meltzer & Brahlek, 1970; Meltzer &
Hamm, 1974a, 1974b, 1978).

It turns out that the effect on responding during a
preshock or foad stimulus is a function of both the
schedule of reinforcement upon which the stimulus is
imposed and the characteristics of such a stimulus, in-
cluding its intensity, duration, location, modality, and
relationship (see Henton & Iverson, 1978, for review).
The term “operant-Pavlovian interactions” (see Davis &
Hurwitz, 1977, and Schwartz & Gamzu, 1977) reflects
this confluence of conditioning processes.

One particularly interesting example of the interac-
tion between operant- and Pavlovian-conditioning vari-
ables is found in the case of preshock stimuli superim-
posed on fixed-interval (FI) and fixed-ratio (FR) sched-
ules of reinforcement. Lyon (1964) and Lyon & Felton
(1966) found that the effects of a preshock stimulus on
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FR responding depended on when the stimulus occurred
relative to reinforcement: Responding early in the FR
was suppressed during the stimulus, whereas responding
late in the FR was unaffected. In a related study, Lyon
and Millar (1969) found that FI responding was more
severely suppressed during a preshock stimulus that oc-
curred early in the FI than by one that occurred later.
Thus, the results obtained with both FI and FR sched-
ules suggest that the magnitude of suppression on these
schedules is determined primarily by the temporal rela-
tionship between the onset of a preshock stimulus and
its proximity to reinforcement.

Ghezzi and Miller (Note 1) showed that proximity to
FI reinforcement was also critical when a prefood stim-
ulus was used. However, in contrast with the Lyon and
Millar (1969) result, responding early in the FI was en-
hanced during a 10sec prefood stimulus. Responding
late in the FI was suppressed, but no more so than re-
sponding in the presence of a stimulus that did not end
in a food US (i.e., CS-alone). Thus, despite the contrast-
ing behavioral outcomes, it appears that the effects on
FI responding of both preshock and prefood stimuli de-
pend upon when these events occur relative to reinforce-
ment. One might expect, on grounds of symmetry, that
a pre-food stimulus superimposed on an FR baseline
would also produce a different behavioral effect depend-
ing upon when it occurred relative to reinforcement.
Such a finding would complete the generalization relat-
ing prefood and preshock stimulus effects to reinforce-
ment proximity on FI and FR schedules.

This generalization would be strengthened further if
it were also shown that the CS-US relation was actually
responsible for the behavioral outcomes upon which the
generalization is based. This of course raises the issue of
Pavlovian control procedures (Rescorla, 1967). Unfor-
tunately, the authors cited thus far (Lyon, 1964; Lyon
& Felton, 1966; Lyon & Millar, 1969; Ghezzi & Miller,
Note 1) did not consider this issue. Thus, it is possible
that the intrusion of, for example, a visual stimulus
(Farmer & Schoenfeld, 1966a, 1966b), or “free” food
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(Edwards, Peek, & Wolfe, 1970; Shull & Guilkey, 1976)
or “free” shock (Azrin, 1959; Azrin & Holtz, 1961;
Dodd, Williams, Bissell, & Weisman, 1977), during the
course of FI or FR responding would produce the same
reinforcement-proximity effect that has been attributed
to CS-shock US and CS-food US relations. If so, it may
be misleading to characterize prefood and preshock stim-
ulus effects on FI and FR responding as examples of
operant-Pavlovian interactions. On the other hand, it
may be that these events do control FI and FR respond-
ing depending upon when they occur relative to operant
reinforcement, but without the adequate control condi-
tions, one cannot be certain.

The present study incorporated a traditional Pav-
lovian control procedure, namely CS-alone, in addition
to a CS-food US-delayed conditioning procedure, in an
effort to determine the effects that superimposing these
events at selected points within the interval or ratio have
on FI and FR responding.

METHOD

Subjects

Two male albino rats (Simonsen Laboratories, Inc.), about
120 days old at the start of the experiment, were maintained at
approximately 80% of their free-feeding weights throughout the
experiment.

Apparatus

A Lehigh-Valley two-lever (one lever removed) rat chamber
contained within a ventilated, light- and sound-attenuating en-
closure was used. A downward force of at least 10 g (.10 N) was
required to operate the lever. Pellets of food weighing 45 mg
(Bioserv, Inc.) were used as reinforcers.

A 10-W light, shielded by a yellow jewel and located midway
between the food hopper and the chamber roof, illuminated the
chamber throughout each experimental session (except during
blackouts—see below). A 15-W unshielded light located above
the lever on the outside of the translucent Plexiglas chamber
roof served as the CS. An exhaust fan at the side of the chamber
provided an ambient noise level of approximately 60 dB. A
Foringer Model 11664 noise/click generator permitted delivery
of auditory stimuli via a speaker located within the chamber en-
closure, Conventional electromechanical equipment, located in
an adjacent area, scheduled stimulus events and recorded re-
sponses.

Procedure

Following preliminary periods of food deprivation, magazine
training, and shaping the leverpress, both subjects were exposed
to a multiple FR 1 FR1 schedule that, over the course of 14 con-
secutive sessions, was gradually changed to a multiple FR 100
FI 90-sec schedule. A continuous 70-dB tone served as the FR
discriminative stimulus. In the absence of the tone, leverpressing
was maintained by the FI schedule.

Each daily session began with an FR 100 component, fol-
lowed by an FI 90-sec component series, and then back again
to an FR series that was followed finally by another FI series.
There were 10 reinforcers delivered within each component, for
a daily total of 20 FR and 20 FI reinforcers. A 3-sec blackout
period (i.e., chamber dark, lever inoperative) separated each
component.

Both subjects were exposed to the multiple FR 100 FI 90
schedule for 10 consecutive sessions. Beginning with Session 11,
a 10-sec stimulus (chamber illumination) was periodically super-

imposed on both baseline schedules. For each of the two FR and
two FI schedule components, the stimulus could occupy either
the initial or the terminal portions of an interval or ratio. When
the stimulus occurred during the initial portion of an interval or
a ratio, it occupied the final 10 sec of a 15-sec period that began
with reinforcement on the immediately preceding interval or
ratio. When the stimulus occurred during the terminal portion of
an interval, it occupied a 10-sec period that began 75 sec after
reinforcement on the immediately preceding interval. When the
stimulus occurred during the terminal portion of a ratio, it oc-
cupied the final 10 sec of a 15-sec period that began with com-
pletion of the 50th response.

Two stimulus presentations per schedule component, one at
the initial portion and one at the terminal portion, were admin-
istered to both subjects during each session. Within each compo-
nent, the decision as to which interval or ratio contained the
stimulus was random, with the restriction that (1) the first and
second interval or ratio within a component not contain the
stimulus and (2) the stimulus never appear in more than one po-
sition within, or adjacent to, a particular interval or ratio.

For Subject Al, the 10-sec stimulus occurred as described for
60 consecutive sessions. For Subject A2, this control treatment
lasted for 18 sessions. Sessions 19-57 (for Subject A2) and Ses
sions 60-78 (for Subject Al) constituted the ‘“‘positive condi-
tioned suppression” phase of the study. During these sessions,
a single, response-independent 45-mg food pellet was delivered
upon termination of the stimulus. With this exception, the pro-
cedure employed during these sessions was identical to the im-
mediately preceding control sessions wherein the stimulus oc-
curred alone (i.e., CS-alone).

For Subject A2, Sessions 58-69 constituted a return to the
CS-alone condition; that is, free-food no longer accompanied
stimulus termination. Subject A1 was also returned to the
CS-alone condition during Sessions 79-84. Subject Al was sub-
sequently returned to the positive conditioned-suppression phase
for an additional 9 sessions (Sessions 85-93).

RESULTS

The data are represented in terms of an inflection
ratio (Kamin, 1961), defined as B/(A+B), where B rep-
resents the response rate (responses per minute) during
the 10-sec CS and A represents the response rate during
the interval or ratio immediately preceding the CS, with
the former matched to the latter in duration and loca-
tion. The ratio can assume any value between O and
1.00, with a value of .50 indicating equivalent response
rates in the presence and absence of the CS. A ratio
above .50, or one below .50, indicates, respectively, an
increase, or a decrease, in response rate during the CS.

Mean inflection ratios, each calculated from three
consecutive sessions, are shown in Figure 1 for Subject Al
and in Figure 2 for Subject A2. Points labeled “I” (filled
circles) and points labeled “T” (open circles) indicate,
respectively, initial and terminal stimulus placement,

The first panel in Figure 1 shows, for Subject A1, the
mean inflection ratios obtained during the final 9 (of 60)
sessions of exposure to the CS-alone, The stimulus had
a slight suppressive effect on both FR and FI initial and
terminal response rates. When food was delivered upon
termination of the stimulus (CS+US), initial FR, and es-
pecially initial FI, response rates were enhanced. Ter-
minal FR and FI rates differed little from CS-alone lev-
els. A return to the CS-alone condition reinstated the
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Figure 1. Mean inflection ratios obtained during the FR 100
(upper) and FI 90 (lower) schedules for Subject Al. Points labeled
““I”’ (filled circles) and points labeled ‘“T’’ (open circles) represent,
respectively, initial and terminal CS placements. Ratios above
.50 and below .50 indicate, respectively, increases and decreases
in response rates during the CS.

suppression of initial FR and FI responding. Terminal
FR and FI rates remained unaffected. A final retum to
the CS+US condition reestablished the initial FR and F1
enhancement effect, and, again, terminal FR and FI
rates were unaffected.

Figure 2 shows the mean inflection ratios for Sub-
ject A2, The final 9 (of 18) sessions of exposure to the
CS-alone revealed nearly complete suppression of initial
FR and FI responding. Terminal FR and FI rates were
minimally suppressed. The subsequent addition of food
upon termination of the stimulus (CS+US) enhanced
both FR and FI initial rates throughout the duration of
this phase. Terminal FR rates were uniformly unaffected.
A brief period of response enhancement during the ter-
minal FI CS eventually stabilized at a minimal level of
suppression that differed little from CS-alone levels. A
return to the CS-alone condition eliminated the initial
FR and FI enhancement effect, and, again, there was lit-
tle change in terminal FR and F1 rates.

DISCUSSION

When a preshock stimulus is superimposed on an FR or FI
schedule of food-maintained responding, its effect appears to
depend upon when it occurs relative to reinforcement (Lyon,
1964; Lyon & Felton, 1966; Lyon & Millar, 1969). Likewise,
when a prefood stimulus is superimposed on an FI schedule, as
in this and the Ghezzi and Miller (Note 1) study, responding
during the stimulus is different depending upon when it occurs
relative to reinforcement. The present data indicate that a pre-
food stimulus superimposed on an FR baseline also will produce
a different effect on responding, depending upon when it occurs
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in relation to reinforcement. Thus, the effects on FR- and FI-
maintained responding of preshock or prefood stimuli depend
upon when these events occur relative to reinforcement. In spite
of this, they do not produce the same behavioral outcome. A
preshock stimulus that occurs early in a ratio or interval sup-
presses responding, but has little effect when it occurs later. In
contrast, a prefood stimulus enhances responding when it oc-
curs early, but, like a preshock stimulus, has a minimal effect
when it occurs later.

The finding that preshock stimuli minimally affect terminal
FR and FI rates is consistent with the findings of a number of
related studies. Azrin (1959) and Dodd et al. (1977) found that
shock presented late in an FR has only a minor effect on ter-
minal rates. Similarly, Azrin and Holtz (1961) reported that ter-
minal FI rates remained relatively stable despite the presentation
of shock late in the interval. Although comparable studies involv-
ing food instead of shock are lacking, the results of the present
study suggest that terminal FR and FI rates would be similarly
unaffected. It therefore seems reasonable to conclude that close
proximity to reinforcement on FR and FI schedules overrides
the effects of various events, including preshock and prefood
stimuli.

The situation appears quite different, however, when pre-
shock or prefood stimuli occur early in an FR or FI. In the case
of prefood stimuli, it is especially clear from the present study
that a positive conditioned-enhancement effect occurs. It is sug-
gested here and elsewhere (Ghezzi & Miller, Note 1) that this
effect relates to the similarity between extinction and the early,
or postreinforcement, period on fixed schedules of reinforce-
ment (see Schneider, 1969, and Shull, 1979). Given that a pre-
food stimulus presented during extinction enhances responding
(Estes, 1948; Morse & Skinner, 1958; Reid, 1958), one would
predict the enhancement effect observed in the present study.

In the case of a preshock stimulus, the evidence indicates
suppression during the stimulus when it occurs early in a ratio
or an interval, The present data indicate considerable suppres-
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Figure 2. Mean inflection ratios obtained during the FR 100
(upper) and FI 90 (lower) schedules for Subject A2. Points labeled
“I”” (filled circles) and points labeled ‘“T”’ (open circles) represent,
respectively, initial and terminal CS placements. Ratios above
.50 and below .50 indicate, respectively, increases and decreases
in respense rates during the CS.
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sion of initial FR and FI responding during presentation of the
CS-alone. The question arises regarding the extent to which be-
havior is already “‘suppressed” during the initial, or post-
reinforcement portion of an interval or ratio. It is certainly
well known that a period of no responding occurs at this time
(Ferster & Skinner, 1957). Thus, it may be misleading to speak
of negative conditioned suppression in this context.

Two final points concerning the reporting and conducting of
research in this area deserve mention. First, in addition to the
reporting of results in terms of suppression or inflection ratios, it
is clearly of value to report response rates during CS and non-CS
periods, particularly in view of the above comments regarding
suppression of initial FR and FI rates during preshock stimuli,
Moreover, as Davis (1981) pointed out, the effects on behavior
may not be limited to periods in which the CS is present. Such
effects may include changes in overall response rates and, in the
case of FR and FI schedules, changes in the postreinforcement
pause. The second point relates to the use of control procedures.
With few exceptions, investigators of prefood stimulus effects
have ignored control procedures, whereas investigators of pre-
shock stimuli have not. The latter group has, in fact, contributed
enormously to the understanding of Pavlovian conditioning and
its control methodology (e.g., Rescorla, 1969; Rescorla &
Wagner, 1972). Investigators of prefood stimulus effects would
be well advised to consider the issue of Pavlovian controls, for
in their absence, it could be argued that very little is known
about the effect on operant responding of a “true” (ie., asso-
ciative) Pavlovian appetitive-conditioning procedure.

REFERENCE NOTE

1. Ghezzi, P. M., & Miller, L. Varying temporal placement of
a prefood stimulus in a fixed-interval schedule. Paper presented
at the meeting of the Rocky Mountain Psychological Association,
Denver, April 1981.
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