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Contingency theory and the effect of the duration
of signals for noncontingent reinforcement

BEN A. WILLIAMS
University of California, San Diego, La Jolla, California

Rats learned to approach a light that signaled food when food occurred only after the signal,
but did not approach the light when food was equally probable regardless of the signaL When
food unpaired with the light was preceded by a 5-sec noise, little learning was evident as well,
but when the unpaired food was preceded by a Ifi-sec noise, approach to the light conditioned
stimulus readily occurred, These effects of signal duration are similar to those previously ob
tained with the effect of free food on free-operant behavior and challenge existing theories of con
tingency effects in Pavlovian conditioning.

Contingency relations have been studied in tasks as
diverse as Pavlovian conditioning in pigeons and category
learning in humans. Whether the same principles underlie
contingency effects in all of these settings remains a sub
ject of controversy, as some investigators have argued that
such effects can be reduced to associative learning theory
(e.g., Chapman, 1991; Shanks & Dickinson, 1987; Was
serman, 1990), while others have argued that more cogni
tive explanations are required (e.g., Waldmann & Holyoak,
1992). A major difficulty in resolving this issue is that the
basis for contingency effects in simple conditioning exper
iments is inadequately understood in its own right.

In both Pavlovian and instrumental conditioning, the
conditioning effect of a constant set ofpairings, either be
tween the conditioned stimulus (CS) and reinforcer in Pav
lovian conditioning, or between the response and rein
forcer in instrumental conditioning, is degraded by the
addition of unpaired reinforcers to the conditioning situ
ation. Despite their apparent similarity, these contingency
effects for the two types of conditioning have received
different theoretical interpretations. For Pavlovian con
ditioning, the dominant interpretation, derived from the
conditioning model of RescorIa and Wagner (1972), has
been made in terms of "context blocking." The unpaired
reinforcers are assumed to become associated with the
background cues, which, because they are present dur
ing conditioned stimulus-unconditioned stimulus (CS-US)
pairings, effectively compete with the nominal CS for fur
ther association with the reinforcer (see DurIach, 1989,
for a review). For instrumental conditioning, the domi
nant interpretation has been made in terms of the concept
of relative rate of reinforcement, which has been assumed
to be the fundamental variable controlling response rate
(e.g., Hermstein, 1970; Rachlin & Baum, 1972).
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A critical type of evidence pertaining to the context
blocking interpretation of Pavlovian contingency effects has
been the effects of signaling the unpaired reinforcers that
are added during the intertrial interval (ITI). If context
blocking were the mechanism, signaling the extra rein
forcers should reduce the context-reinforcer association and
thus reduce the amount of blocking by the context of the
CS-US association. Responding to the CS should then be
more likely when the extra reinforcers are signaled rather
than unsignaled. Although in several studies researchers
(Balsam, 1982; Jenkins, Barnes, & Barrera, 1981; Jenkins
& Lambos, 1983) have failed to find such effects, others
(DurIach, 1983; Goddard & Jenkins, 1987; Grau & Res
corIa, 1984) have found strong effects of signaling.

Signaling noncontingent reinforcers has also been shown
to attenuate their response-decrementing effects in free
operant procedures (Colwill & Rescorla, 1986; Dickinson
& Charnock, 1985; Hammond & Weinberg, 1984; Wil
liams, 1989). This similarity in the effects of signals for
Pavlovian as opposed to operant conditioning suggests that
a similar mechanism may underlie both procedures. Again,
however, the interpretation given to the signaling effects
on the two types of conditioning has been different. Wil
liams (1989) suggested that the effects of the signals in the
operant procedure were due to their allowing a discrimi
nation between two contingencies. In the absence of the
signal, only response-contingent reinforcement was avail
able, whereas during the signal, reinforcement was deliv
ered independently of responding. In support of this dis
crimination interpretation, Williams (1989) demonstrated
that signals significantly reduced the response-decrementing
effects of free reinforcers only when the signals were rela
tively long (12 sec), with the reduction in response rate
by free reinforcers preceded by shorter signals (4 sec) be
ing not significantly different from the reduction that oc
curred when the free reinforcers were unsignaled. This
effect seemed consistent with the discrimination interpre
tation, because the longer signal allowed a greater tem
poral separation between the two types of contingencies.
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Whatever the explanation of the effect of signal dura
tion reported by Williams (1989), a comparable effect with
Pavlovian procedures would challenge the context
blocking interpretation of contingency effects. Accord
ing to that interpretation, the ability of the signal for the
ITI reinforcers to prevent context blocking should depend
on the degree to which the signal competes with back
ground cues for association with the reinforcer, and hence
the rate and/or strength of conditioning to the signal it
self. It is well known that the degree of conditioning is
inversely related to the CS-US interval, which implies
that shorter signals, not longer signals, should produce
greater conditioning to the signal for the ITI reinforcers.
Thus, more context blocking should occur with the shorter
signals, which is the opposite pattern of results from that
actually observed. However, it remains unclear whether
the effects of signal duration that have occurred with in
strumental conditioning will also occur with Pavlovian
conditioning. The present study is thus an investigation
of whether the same pattern of results will occur.

In addition to determining whether signal duration de
termines the effects of reinforcers presented in the ITI,
the present study also introduces a new Pavlovian proce
dure with rats as subjects. The procedure involves ap
proach to the signal for the food reinforcer, with the sig
nal and reinforcer located at different sites in the chamber.
A modified shuttlebox is used, in which the light CS ap
pears at either end of the chamber, with the food maga
zine located in the center of the chamber, midway between
the two potential CSs. The measure of conditioning, then,
is whether or not the subject will move to the side of the
chamber on which the CS is presented on a given trial.

METHOD

Subjects
Twenty-five experimentally naive male albino Sprague-Dawley rats,

ranging in age from 3 to 6 months, served as subjects. Food depriva
tion was maintained by allowing 90 min of access to laboratory chow
each day approximately 5 min after the end of the experimental ses
sions. Water was continuously available in the home cages at all times.
The subjects were housed in individual cages with 14: lO-h light:dark
cycle. The experiment was conducted during the light-on part of the
cycle, in the morning and early afternoon hours.

Apparatus
The experimental chamber was a converted shock-avoidance shuttle

box manufacturedby Davis ScientificInstruments. The rat's chamber was
30.5 ern in width, 64 cm in length, and 22 ern in height. Three of the
four sidewalls were sheet metal, the fourth was a glass door, which ex
tended the entire length of the chamber. The floor of the chamber was
constructed of copper rods, 1.2 em in width and spaced 2.0 ern apart,
center to center. Mounted in the ceiling of the chamber were two 4.0-Q
Quam speakers, each 15 cm from their respective ends of the chamber.
White noise generated by a Gerbrands noise generator (Model G4651)
was delivered to both speakers simultaneously, with an approximate in
tensity of 88 dB (SPL). Also mounted in the ceiling, at its midpoint, were
four miniature lamps, all of which were illuminated simultaneously
throughout an experimental session to serve as a houselight. Mounted in
the middle of each end wall was a 28-V miniature bulb (No. 1820), cov
ered by a red glass cover, which served as the CS. Mounted in the center
of the rear wall was a food magazine, into which 45-mg Noyes pellets
(improved formula A) were delivered by a Gerbrands magazine feeder
located outside of the experimental chamber. All of the above were
mounted in a larger exterior chamber equipped with a ventilating fan.

Procedure
Subjects received no preliminary training except that five food pel

lets were placed in the food magazine at the start of the first session
of training. The session consisted of 120 intervals, each 15 sec in dura
tion. Four experimental conditions were defined by the events during
these periods. For the CS-only group, CS trials were presented with
a probability of .15. The CS was a 15-sec presentation of one of the
two red panel lights located at either end of the experimental chamber.
Which end of the chamber had the illuminated light on a given CS trial
was randomly varied across trials. The probability of food at the end
of a CS trial was .5. Food occurred at no other times during the session.

For the no-signal group, the same schedule of CS trials was presented.
In addition, food was presented with a probability of .5 at the end of
each 15-sec period without the CS.

For the long-signal group, the same schedule of CS presentations was
again used, and the probability of food on 15-sec periods without the
CS was also .5. Now, however, these no-CS food presentations were
preceded by a 15-sec presentation of a white noise from the overhead
speakers. This meant that approximately 40%-45% of all trial periods
were filled by the white noise, and that trial periods with neither the
CS nor the noise also filled 40%-45% of the session.

For the short-signal group, the same procedure as that for the long
signal group was used, except that the white noise filled only the last
5 sec of the periods in which the no-CS food presentations were deliv
ered, rather than the entire 15 sec.

Training for the CS-only group continued for 20 experimental ses
sions. Training for the remaining three groups continued for 40 ses
sions. Six subjects were assigned to each group, with the exception of
the long-signal condition, which was assigned 7 subjects.

RESULTS

Figure I shows the results over the course of acquisi
tion in terms of the percentage of time spent on the side
of the chamber with the signal during the last 5 sec of
the 15-sec CS duration. Results for the entire CS period
were similar but with smaller effects because it took the
subjects some time to react to the signal after its onset.
The subjects in the CS-only condition received only 20
sessions of training, because they acquired the tendency
to approach the CS much faster than the remaining three
groups with additional reinforcers during the ITI periods.
Very little evidence of acquisition had occurred during
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Figure 1. Proportion of time on the side of the chamber with the
conditioned stimulus (CS) during the last 5 sec of CS trials, during
the course of acquisition.



the first 20 sessions for any of the remaining three groups.
However, with continued training, the long-signal con
dition developed clear differential responding to the CS,
while substantially lower levels of approach to the CS oc
curred for the short-signal and no-signal groups, although
both were generally above the .5 level of time allocation
during the last several blocks of training.

The results shown in Figure 1 were analyzed with two
separate analyses of variance (ANOYAs) (groups X
blocks) with a .05 significance level. The first analysis
was restricted to the first 20 sessions, and included all
four groups. Here the main effect of groups was signifi
cant [F(3,21) = 12.81] as was the main effect of blocks
[F(4,84) = 3.51] as well as their interaction [F(12,84) =
6.15]. An analysis of simple effects showed that the blocks
effect was significant only for the CS-only condition.
Newman-Keuls tests were used to analyze the differences
between individual means: the CS-only group was found
to be significantly different from each of the remaining
three groups, and none of the remaining three groups were
different from each other.

The second ANOYA included all 40 sessions, and was
restricted to the long-signal, short-signal, and no-signal
conditions. Here the main effect of groups was again
significant [F(2,16) = 6.35], as was the main effect
of blocks [F(9,144) = 9.43], as well as the interaction
[F(l8,144) = 4.69]. An analysis of simple effects showed
that the blocks effect was significant for the long-signal
and the short-signal conditions, but not for the no-signal
condition. Newman-Keuls tests were used to compare in
dividual pairs of groups: the long-signal group was sig
nificantly different from both the short-signal and the no
signal conditions, but the latter two conditions were not
significantly different.

DISCUSSION

The general pattern of results was similar to those obtained by Wil
liams (1989) using an instrumental learning procedure in which free rein
forcers were superimposed on a free-operant baseline. The degradation
of control by the reinforcement contingency with respect to the CS was
attenuated when the free reinforcers were preceded by a long signal,
but was relatively little affected when preceded by a short signal. As
in Williams (1989), there was some evidence of a small effect of the
short signal, in that a significant effect of blocks did occur with that
condition, but the signaling effects were substantially greater with the
longer signal.

Examination of previous studies done with signaled ITI reinforcers
leaves uncertain whether differences in signal duration can account for
the conflicting results that have been obtained. Signaling effects have
most typically been found with the use of signals 10 sec in duration (e.g.,
Durlach, 1983), but some failures to find a signalingeffect (Jenkinset al.,
1981) have occurred with the use of signals that were of similar dura
tion (8 and 10 sec in two separate experiments), although with many
other procedural differences. I have found no reports of signal effects
found with durations less than 10 sec in Pavlovian procedures. Studies
of contingency effects with instrumental conditioning have shown strong
effects of signals with durations of 4 or 5 sec (Dickinson & Charnock,
1985; Hammond & Weinberg, 1984), but these have involved explicit
reinforcement contingencies for not responding during the signal that
might be more easily discriminated than simpler contingency effects.
Other studies with very brief signals (1-2 sec) have failed to find any
difference between signaled and unsignaled free reinforcement added
to a baseline of response-contingent reinforcement (Duncan & Silber-
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berg, 1982; Rachlin & Baum, 1972). In none of these previous studies
have the effects of different signal durations been directly compared.

The present findings conflict with those reported by Cooper, Aron
son, Balsam, and Gibbon (1990), who did compare the effect of differ
ent signal durations. In their study, in an autoshaping procedure with
pigeons as subjects, reinforcers presented during the ITI were preceded
by signals of different durations for different groups of subjects. Con
trary to the present findings, responding to the CS developed only in
their short-signal condition. It should be noted, however, that their sig
nal durations were substantially different from those used here: their
short signal was 12 sec in duration and their long signal was 48 sec in
duration, in comparison with the present values of 5 and 15 sec. Thus,
their short-signal duration was similar to the long-signal duration in the
present study, suggesting that there may be an inverted U'-shaped func
tion relating signal duration to the degree of conditioning to the CS.
It is also possible that the critical duration of the signal may vary with
the average interreinforcement interval, which was 30 sec in the present
study, but 60 sec in Cooper et al. (1990). Any direct comparison of
the two studies is of course problematic, both because of the many other
parameter differences between the two studies, and because of the use
of different conditioning preparations.

The present findings are nevertheless relevant to the theoretical in
terpretation offered by Cooper et al. (1990) for their findings on the
effect of signal duration. Noting that any effect of signaling the ITI rein
forcers is incompatible with the SET comparator account of Pavlovian
conditioning (Gibbon & Balsam, 1981), they argued that a modifica
tion, known as the "deletion comparator" model, could encompass their
findings, along with many others showing that signal conditions as
sociated with the "noncontingent" reinforcers are important (see, e.g.,
Brandon, 1981; Farley, 1980; Williams, 1976). According to this modi
fied comparator theory, alternative signals demarcate separate time
periods, so that the time periods associated with the alternative signals,
and the IT! reinforcers delivered during them, are not included in the
computation of the background rate of reinforcement, to which the rate
of reinforcement during the CS is compared. Thus, the longer the sig
nal, the smaller the remaining amount of time included in the background
period, so that a given rate of reinforcement during the CS results in
the computation of a higher rate of reinforcement associated with the
background and slower conditioning to the CS. Conversely, shorter sig
nals produce longer background periods and thus faster rates of condi
tioning to the CS. The opposite effect of signal duration in the present
study challenges this interpretation, because it makes clear that the ef
fect of signal duration cannot be understood simply in terms of how
signals affect the computation of background rate of reinforcement. Ac
cording to the "deletion comparator" account, the rate of CS reinforce
ment relative to background reinforcement rate in the present study was
6.7: I for the CS-only condition, I: I for the no-signal condition, 3.8: I
for the long-signal condition, and 5.7:1 for the short-signal condition.
Thus, acquisition should have occurred most readily in the CS-only and
short-signal conditions, and more slowly during the long-signal condi
tion. Instead, the effect of signal duration was in the reverse direction.

The present results also pose difficulties for the alternative explana
tion in terms of context blocking. As noted in the introduction, that ex
planation entails that the degree of blocking of conditioning to back
ground cues should be directly related to the strength of conditioning
to the signal, which is presumably greater with shorter signals. It should
be recognized, however, that this is an assumption about which there
is little direct evidence. It is possible, for example, that the usual find
ing of greater conditioned responding to a short CS may be only a per
formance effect and not correspond to the ability of the stimulus to cause
blocking to other stimuli in the situation. To our knowledge, the actual
effect of the duration of a stimulus on its ability to produce blocking
has not been empirically investigated.

The context-blocking interpretation of contingency effects might also
be reconciled with the present results by the assumption that the signal
for the ITI reinforcers served two different functions: In addition to com
peting with the contextual cues for association with the primary rein
forcer, they may also serve as a source of second-order conditioning.
Such second-order conditioning of context by Pavlovian CSs has been
directly demonstrated by Rescorla (1984). Accordingly, the longer signals
in the present study would be assumed to provide less second-order con
ditioning of the contextual cues because longer CSs are themselves less
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strongly associated with the US. Such an assumption entails that the
total amount of conditioning of the background cues, and hence the degree
of competition with the target CS, is determined by two different ef
fects of the signals for the ITI reinforcers: second-order conditioning
effects that should increase the context conditioning and blocking ef
fects that attenuate the context conditioning by the primary reinforcer.
The obvious weakness of this explanation is that it requires these two
separate and opposing processes to summate in their effects in just the
right manner to produce the obtained pattern of results. The explana
tion also does not easily account for previous results of different types
of signal arrangements on the degree of instrumental conditioning (see
Williams, 1989, Experiment 3).

Regardless of the merits of the preceding account, the present results
are important because they demonstrate still another isomorphism between
contingency effects in Pavlovian and instrumental conditioning, and thus
encourage a unified theoretical account of both domains. It remains to
be seen what type of account can encompass the effects of signal dura
tion and the variety of other similar effects that have been demonstrated.
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