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Abstract

One experiment with rats used Pavlovian-to-instrumental transfer (PIT) tests to explore potential
competitive interactions between Pavlovian and instrumental processes during instrumental
learning. Two instrumental response-outcome relations (e.g., left lever — grain pellets, right lever —
sucrose pellets) were first trained in distinct contexts for one group of rats (Group Differential) or
in each of two contexts for a second group (Group Non-Differential). Both of these groups then
received training with two Pavlovian stimulus-outcome relations in a third experimental context.
Selective PIT tests conducted in both the Pavlovian and instrumental contexts revealed greater
selective PIT in Group Non-Differential than in Group Differential subjects. This result is
discussed in terms of the roles played by context-outcome, response-outcome, and outcome-
response associations during instrumental learning. The results further help us understand the
nature of Pavlovian-instrumental interactions in specific PIT tasks.

The study of Pavlovian — instrumental interactions has once again become a popular and
exciting area of research. Recent use of more refined behavioral tasks and neuroscience
techniques has led to an explosion of interest in the neurobiological substrates of basic
learning processes (e.g., Berridge, 2009; Delamater & Lattal, 2014; Fanselow, Zelikowsky,
Perusini, Rodriguez Barrera, & Hersman, 2014; Honey, lordanova, & Good, 2014; Laurent,
Morse, & Balleine, 2014; McDannald, Jones, Takahashi, & Schoenbaum, 2014) and how
such Pavlovian-instrumental interactions may play a role in a wide variety of circumstances
(e.g., Corbit & Janak, 2007; Holland & Hsu, 2014; Holmes, Marchand, & Coutureau, 2010;
Lewis, Niznikiewicz, Delamater, & Delgado, 2013; Martinovic et al., 2014; Ostlund,
LeBlanc, Kosheleff, Wassum, & Maidment, 2014; Parnaudeau et al., 2014; Pecifia &
Berridge, 2013). It is worth briefly reviewing some of the key ideas that have arisen from
the behavioral literature on the study of Pavlovian-instrumental interactions because these
help identify what we take to be the central theoretical issues in this area of research.

Pavlov (1932), Konorski and Miller (1937), and Estes and Skinner (1941) were among the
first to explore how these two basic learning processes might jointly contribute to affect
performance. Later, Rescorla and Solomon (1967), Trapold and Overmier (1972), and
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Rescorla (1992) advanced the main conceptual approaches that theorists today frequently
use in explaining various Pavlovian-instrumental interaction phenomena. Following Mowrer
(1947; also Konorski & Miller, 1937), Rescorla and Solomon (1967) suggested that a
stimulus used in Pavlovian conditioning acquires the capacity to activate a rather general
central motivational state. They further assumed that activation of this central motivational
state, in turn, influences instrumental responding by affecting the overall motivational
substrate that supports that responding. For instance, in the case of appetitively-reinforced
instrumental responding (e.g., lever pressing for food), it was assumed that activation by a
stimulus of an appetitive central motivational state would enhance or energize such
responding because this would further activate the appetitive motivational substrate that
supports that response. In contrast, activation of an aversive motivational state by the
stimulus would antagonize the appetitive state that normally supports the food-reinforced
instrumental response, and the effect would be to decrease instrumental responding (see also
Weiss, Thomas, & Weissman, 1996). The added value of this framework is that it makes
further interesting and testable predictions for situations where the instrumental response is
maintained through aversive motivational processes, such as avoidance conditioning (e.g.,
Overmier, Bull, & Pack, 1971; Rescorla & LoLordo, 1965).

While this approach continues to have a rather wide appeal (e.g., see Balleine & Killcross,
2006), it fails to account for more specific incentive motivational effects that a stimulus has
on instrumental behavior. The most common method used today to study Pavlovian-
instrumental interactions is the Pavlovian-to-instrumental transfer test (PIT). There are
different variants of the PIT procedure, but a common method is to train an animal to
perform two distinct instrumental responses with different outcomes, creating two response-
outcome (R-O) relations (e.g., a left lever press is paired with pellets and a right lever press
is paired with sucrose) in one phase of the experiment. Separately, two distinct Pavlovian
stimuli are differentially paired with the two outcomes (e.g., a light is paired with pellets and
a tone is paired with sucrose). And, finally, the effects of the Pavlovian stimuli on
instrumental responding are assessed in a non-reinforced choice test. The usual result is that
the stimulus selectively enhances, above baseline, the response with which it shares a
reinforcing outcome. That is, in this example, the presentation of the light results in
increased responding to the left lever and the presentation of the tone results in increased
responding to the right lever (e.g., Delamater & Holland, 2008; Kruse, Overmier, & Rokke,
1983), an effect known as outcome-specific PIT.

Outcome-specific PIT poses a serious problem for the sort of motivational account of
Rescorla and Solomon (1967), because both stimuli should activate the same central
appetitive motivational state and, therefore, activate both responses, not just one. In order to
explain the specific incentive motivational effect, Trapold and Overmier (1972) suggested
that in addition to a stimulus activating a general central motivational state, the stimulus
comes to associate with (see also Konorski, 1967) and, thus, activate, a representation of the
specific sensory qualities of the reinforcer (e.g., the taste of sucrose). Further, these authors
assumed that this sensory-specific outcome expectancy could, itself, act as a stimulus that
could associate directly with the instrumental response. In the usual PIT paradigm, this
outcome-response (O-R) association could be learned during the instrumental training phase
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of the experiment by virtue of the fact that the response is often reinforced in the presence of
an expectancy of the outcome (provided, for instance, by contextual cues that have become
associated with the outcome). As such, this expectancy can be seen as a discriminative
stimulus for the instrumental response. If we allow for specific S-O and O-R associations to
be formed in the Pavlovian and instrumental phases of the experiment, respectively, then
one can see how a Pavlovian stimulus could exert a selective effect on instrumental
responding during the PIT test. Namely, a given stimulus activates the specific O
representation with which it was associated (S-O), and this, in turn, activates the specific R
with which it was associated (O-R).

A related account — the bidirectional hypothesis— was put forth by Pavlov (1932) and
discussed more extensively by Mackintosh and Dickinson (1979; also Colwill & Rescorla,
1985; Rescorla, 1992; Urcuioli & DeMarse, 1997). This account similarly assumes that
specific S-O associations are formed during Pavlovian learning, but that R-O (rather than O-
R) associations are formed during instrumental training. In order for the stimulus to
selectively affect instrumental responding during a PIT test in this case, it is further assumed
that the stimulus activates the outcome representation, which, in turn, activates its associated
response through the forward R-O associative link that is used in the backward direction,
i.e., the R-O link is, in some sense, bidirectional. In this way, the specific PIT effects that are
usually found can be understood, once again, in the form of an S-O, O-R associative chain
but the nature of the instrumental learning is different in the two cases.

This rather subtle difference has important implications for the control of instrumental
actions. Rescorla (1992) contrasted different predictions made by these two accounts and
provided evidence favoring the bidirectional R-O model. In one experiment, Rescorla (1992)
taught the rat to make one instrumental response (R1) for one particular reinforcing outcome
(0O1) in the presence of a discriminative stimulus that otherwise signaled the non-contingent
delivery of a different reinforcing outcome (0O2). In this task, the animals could potentially
learn an R1-01 association (when R1 was reinforced with O1) or an O2-R1 association
(because R1 was reinforced in the presence of an expectation for O2 activated by the
discriminative stimulus). In a series of studies, Rescorla (1992) observed that the rats were
more strongly controlled by the R-O than the O-R relations.

Another type of experiment — the so-called “stimulus-response overshadowing” experiment
popular for a time in the 1970s — provides some evidence to favor the view that R-O (and
not O-R) associations are learned during instrumental training. In one study, Pearce and Hall
(1978; see also Williams, 1999) demonstrated with rats that learning to lever press on an
intermittent reinforcement schedule was impaired when a brief visual stimulus consistently
occurred just prior to the delivery of every food reinforcement. The result was understood by
assuming that a Pavlovian light-pellet association was established and competed with
(overshadowed) the formation of an instrumental lever press-pellet association. This
interpretation quite naturally follows from the assumption that expected outcomes are less
well processed and, therefore, cannot easily support new learning compared to unexpected
outcomes (Kamin, 1969). If instrumental learning consists of the animals developing an O-R
association, it is not so straightforward to see why presenting a light stimulus after the
response but just before the outcome should have diminished O-R learning. However, one
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possible way to explain this is to assume that O-R learning is best accomplished when the
instrumental response is trained in the presence of a strongly conditioned context (e.g.,
Steinhauer, Davol, & Lee, 1976). If the visual cue in this study overshadowed the context-
pellet association, then this could have potentially weakened the development of an O-R
association because the outcome expectancy would not have been present prior to the actual
response having been made. Therefore, the outcome expectancy should not have been easily
learned as a discriminative cue for the instrumental response (Trapold & Overmier, 1972).

The present study explored this issue in a somewhat different way. Half of the rats in the
present experiment were first taught an R1-O1 relation in Context 1 and an R2-O2 relation
in a physically distinct Context 2 (Group Differential), while the remaining rats learned both
of these instrumental relations in both contexts (Group Non-Differential). If the context in
which lever pressing takes place associates with the reinforcing outcomes, then according to
the O-R view of instrumental learning Group Differential subjects will learn to press each of
the two levers in the presence of distinct outcome expectancies. This might be expected to
enhance instrumental learning and outcome-specific control over responding because of the
differential outcome effect (e.g., Trapold, 1970; Trapold & Overmier, 1972). In contrast,
according to this view Group Non-Differential subjects should learn to associate each of the
two contexts with both reinforcing outcomes. But since both responses are trained in those
contexts the two outcome expectancies should each associate with both instrumental
responses, and this would be expected to diminish outcome-specific control over these
responses.

We tested these predictions by giving differential S1-O1 and S2-O2 Pavlovian training in a
third context, and then, ultimately, giving PIT tests in either the Pavlovian or instrumental
training contexts. If O-R associations were learned during instrumental training and
controlled performance during the PIT tests, then greater selective PIT should be seen in
Group Differential than in Group Non-Differential for the reasons noted above (and related
to this theory’s account of the basic differential outcome effect; Trapold & Overmier, 1972).

On the other hand, the opposite prediction is made if instrumental learning results in the
formation of R-O associations. Group Differential subjects would learn to make each
instrumental response in the presence of a context that already predicts the reinforcing
outcome. Because of the stimulus-response overshadowing (Pearce & Hall, 1978; Williams,
1999) and blocking (Kamin, 1969) effects, the distinct context-outcome associations in
Group Differential should reduce the effectiveness of those reinforcers in supporting
instrumental R-O associations (see also Rescorla & Wagner, 1972). Group Non-Differential
subjects should not suffer from this competition, however, because the different instrumental
responses are the most valid predictors of the different reinforcing outcomes in this
situation. In this case, since both responses are trained in both contexts, the contexts become
less valid than the responses, themselves, at predicting which outcome will occur at any
given moment. Thus, the problem reduces to a relative cue validity one (Wagner, Logan,
Haberlandt, & Price, 1968), and, as a result, the R-O associations should be more strongly
conditioned in Group Non-Differential than in Group Differential. Therefore, during the PIT
tests the strongest selective PIT effects should be seen in Group Non-Differential. The
present study examined these contrasting hypotheses in an effort to determine which
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associative mechanism, R-O or O-R, underlies instrumental learning and, ultimately,
mediates the selective PIT effect.

Subjects were 32 naive male Long-Evans rats, weighing approximately 325 g at the start of
the experiment. The experiment was run in two replications (n = 16 rats in each replication).
The rats were housed in cages containing between two and four animals and were food
restricted such that their weights were maintained at 85% of their free-feeding weight
throughout the experiment. They were given free access to water at all times. The colony
room in which they were housed was kept on a 14/10 hours light/dark cycle where the lights
came on at 7 AM and turned off at 9 PM each day.

The apparatus consisted of two sets of eight identical conditioning chambers, which were
encased in light and sound resistant wooden shells. The conditioning chambers were 30.5
cm long % 24.0 cm wide x 25.0 cm deep. The end walls were made from aluminum and the
ceiling and the sidewalls were made from clear Plexiglas. The food magazine measured 3.0
cm long x 3.6 cm wide x 2.0 cm deep and was located at the center of one of the end walls.
The outcomes (0.1 ml droplet of 20% sucrose or approximately two 45 mg food pellets
(Research Diet)) were delivered into a well on the bottom of the food magazine. The floor
was made from stainless steel rods (0.6 cm in diameter, 2.0 cm apart). An infrared detector
and emitter were mounted on the magazine walls (and positioned at the entrance) to record
magazine entries by the rat. Two response levers were presented that were 4 cm wide and
were located 3 cm either side of the food magazine and 8 cm above the floor level. While
both levers were permanently mounted in the chamber, access to either one could be
restricted by placement of an aluminum cover over it. The cover was the same height as the
chamber and was 8.1 cm wide and 3.18 cm deep. A tone CS (1500 Hz) was produced by a
speaker located approximately 22 cm behind the front wall of the conditioning chamber.
This tone measured 4 dB above background noise levels. A steady light CS (6-W light bulb)
was mounted on the top of the sidewall of the outer chamber. Background noise and
ventilation were created by a fan, which was attached to the outer shell. Background noise
was measured at 78 dB. The equipment was controlled and data were recorded by a personal
computer and interfacing equipment (Alpha Products) located in the same room as the
experimental chambers.

To create three distinct contexts different sets of inserts were used. The two instrumental
training contexts were created using either aluminum or Plexiglas inserts. In the aluminum
context a flat sheet of aluminum (28.74 cm x 23.81 cm) was inserted to cover the grid floor,
and a second sheet (35.56 cm x 23.5 cm) was arranged such that it sat diagonally across the
chamber between the top of the wall bearing the levers and the magazine, and the floor on
the opposite side of the chamber. The second instrumental context was made up of a 27.94
cm x 29.53 cm sheet of Plexiglas with 506 evenly spaced .64 cm diameter holes drilled into
it. A second sheet of Plexiglas sat diagonally across the chamber so that it reached from the
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vertical edge of the wall bearing the levers and the magazine to the furthest corner on the
opposite side of the chamber. The context used during the Pavlovian stage consisted only of
the chamber itself with the levers covered by the aluminum covers. Thus, the three contexts
differed in terms of their floor texture and their overall shape.

Behavioral Procedures

Magazine training—For two days hungry subjects were placed in individual conditioning
chambers and were trained to approach the food magazine to receive the outcomes. All of
the animals received two training sessions on each day — Context 1 was used for one of these
sessions and Context 2 for the other. For Group Non-Differential, on day one, Outcome 1
was presented in Context 1 and Outcome 2 in Context 2. On the second day Outcome 1 was
presented in Context 2 and Outcome 2 in Context 1. In this way both outcomes were
presented in each context. The magazine training for Group Differential was very similar,
except that Outcome 1 was always presented in Context 1 and Outcome 2 was always
presented in Context 2. The identity of the outcomes as O1 or O2 (pellets, sucrose) was also
counterbalanced across animals, as was the identity of the contexts as Context 1 or 2. The
outcome was delivered 20 times during each 20 min session, and was presented on a
variable time 60-s schedule. The order of presentation of the outcomes was also
counterbalanced across the two days; if Outcome 1 was presented first on the first day of
magazine training, then Outcome 2 was presented first on the second day. Access to the
levers during these sessions was prevented by using the aluminum lever covers, and the two
Pavlovian stimuli were not presented during the magazine training phase.

Instrumental training—Following completion of magazine training, the rats were given
two sessions of instrumental continuous reinforcement (CRF) training. In each of these
sessions, only one lever was accessible to the rat. In the first session of the day rats were
presented with lever 1, so that only response 1 (R1) could be performed. Initially rats were
trained on a CRF schedule, so that every time they performed R1, O1 was delivered to the
magazine. During the second session of the day, lever 2 was made accessible, and lever 1
was covered. Again, animals were initially trained on a CRF schedule so that every time the
rat performed R2, O2 was delivered. For the animals in Group Non-Differential, both levers
were paired with their respective outcomes in both contexts, so on day 1 R1-O1 was given in
Context 1 and on day 2 it was given in Context 2. The same was true of the R2-O2 pairing.
For animals in Group Differential, each R-O relation was trained in only one context. That
is, on both days R1-O1 was given only in Context 1 and R2-O2 only in Context 2. Animals
were given instrumental training in both contexts on each day. Each subject was trained on
the CRF schedule until they made 50 responses on each lever. After reaching this criterion,
all subjects were trained on steadily increasing variable ratio schedules. They received VR 5
for two days and VR 10 for four days. On each of these days, subjects were given two 20-
min training sessions. During one of these sessions R1 was reinforced with O1 and R2 was
reinforced with O2. For animals in Group Differential, the R1 was only ever available in
Context 1, and R2 in Context 2. For the animals in Group Non-Differential, as with CRF
training, both pairings were given in both contexts. That is, R1 was reinforced with O1 in
Context 1 and in Context 2 on an equal number of occasions. This was also true of R2 and
0O2. The order of training sessions was counterbalanced in a pseudorandom order so that on
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some days the animals were trained with R1 first and on the remaining days they were
trained on R2 first. The number of responses was recorded during each session.

Pavlovian conditioning—For eight days following the completion of instrumental
training, the two Pavlovian stimuli (S1 and S2) were individually paired with the two
outcomes (O1 and O2). For half of the animals S1 was paired with sucrose and S2 with
pellets, for the other half S1 was paired with pellets and S2 with sucrose. Each conditioning
session was 79 min long, during which there occurred six S1-O1 and six S2-O2 trials. The
order of the stimulus presentations was presented in a pseudorandom order with the
provision that neither stimulus was presented more than three times in a row. Each stimulus
lasted 90 s and the appropriate outcome was delivered within each stimulus according to a
variable time 30 s schedule. The inter-trial intervals (ITIs) averaged 5 min and ranged from
2 — 8 min, and the animals were removed from the chambers 1 min following the final
conditioning trial. The number of magazine approach responses was recorded 90 s before
the stimulus (referred to as the pre-CS), and for the 90 s duration of the stimulus. Pavlovian
conditioning took place in Context 3.

Pavlovian-instrumental transfer test—Following Pavlovian conditioning, the animals
were given two further instrumental training sessions the day before the first test session,
one for each response. These sessions were conducted with VR 10 reinforcement schedules.
The rats received four test sessions in the Pavlovian contexts on consecutive days. Two of
these tests were single response tests and two were choice tests where both of the levers
were available. Half of the rats received two single response tests (one with each lever)
followed by two choice tests, and the remaining rats were tested with two choice tests
followed by two single response tests. Each test session lasted 30 min, with four 90 s
presentations of each Pavlovian stimulus alternating with four 90 s pre stimulus periods. The
tests began with a 6-min period in which no stimuli were presented to familiarize the
animals with the choice procedure as well as to lower the overall levels of responding before
the transfer trials began. The two stimuli were then presented in an ABBA BAAB sequence
(counterbalanced across days). The number of responses on each of the levers was recorded
during the 90 s immediately before stimulus onset (pre-CS) and during the 90 s presentation
of the stimulus. No outcomes were delivered during these test sessions.

In order to determine if the pattern of PIT results would differ when testing occurred in the
instrumental, as opposed to the Pavlovian training contexts, rats in replication 2 received an
additional set of tests that were conducted following the tests described above. These rats
were first given an additional six instrumental retraining sessions followed by two additional
Pavlovian retraining sessions, and all of these were conducted exactly as in these original
conditioning phases. Subsequently there were two choice tests like those described above,
but one of these was conducted in instrumental context 1 and the other in instrumental
context 2.

Statistical Analyses

The lever press data were analyzed using standard analysis of variance (ANOVA)
techniques. A Type | error rate of 0.05 was adopted for all statistical tests. Magazine
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responding during the Pavlovian conditioning phases was not statistically evaluated because
such responding could reflect a mixture of both conditioned and unconditioned effects when
the outcomes were presented at random times within the 90 s stimulus.

Lever press responding steadily increased over the course of instrumental conditioning in
both groups (from a mean of 10.7 rpm on day 1 to 19.0 rpm on day 6 for Group Differential,
and from 12.3 to 21.2 rpm for Group Non-Differential). An ANOVA applied to these data
revealed a significant main effect of Session, F(5,140) = 61.45, but the small apparent
difference between the groups was not significant.

The PIT results from the choice test sessions conducted in the Pavlovian training context can
be seen in Figure 1. The data were converted to elevation scores. The elevation score was
calculated by dividing the mean response rate during the stimulus presentation (A) by the
sum of the response rate during the stimulus and the 90 s pre-CS (B) period (A/(A+B)). To
ensure that there were no significant differences between the two replications, Replication
was included as a factor in an ANOVA comparing the effects of Group (Differential or Non-
Differential) and Response (the lever associated with the same outcome as the stimulus
being presented or the lever associated with a different outcome). The ANOVA revealed no
meaningful effects involving the Replication factor (a significant Replication x Group
interaction, F(1,28) = 8.00, merely reflected the fact that overall levels of responding in the
two groups differed in the two replications). In addition, there was a significant main effect
of Response, F(1,28) =6.38, as well as a significant Group x Response interaction, F(1,28) =
6.74, where Group Non-Differential subjects responded more to the lever that was
associated with the same than different outcome as the stimulus being presented. The mean
response rates per minute during the baseline pre-CS intervals (collapsed across bins) was
2.1 (MSE =0.35) and 2.3 (MSE = 0.54) on the same lever for Group Differential and Non-
Differential, respectively, and on the ‘different lever’ it was 2.5 (MSE = 0.57) and 2.4 (MSE
=0.47). These small baseline differences were not reliably different.

In the single response test sessions (data not shown) none of the main effects or interactions
were significant.

The results from the PIT tests conducted in the instrumental training contexts (for replication
2 rats) are presented in Figure 2. We examined the hypothesis that Group Differential
subjects may have been impaired at selective PIT when testing took place in the Pavlovian
training context because they had difficulty retrieving the R-O associations at the time of
test. If so, then these subjects should perform more normally when testing takes place in the
instrumental training contexts, especially if the same R-O relation was retrieved at the time
of test. The data were, therefore, initially segregated in Group Differential subjects in terms
of whether the same R-O relation as that signaled by the test stimulus was tested in the
context in which that particular R-O relation was trained (and, therefore, retrieved) or
whether the same R-O relation was tested in the context in which it was not trained (and,
thus, not retrieved). For instance, Group Differential rats received R1-O1 training in Context
1 and R2-02 training in Context 2. When testing S1 in Context 1 the same R1-O1 relation
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would be retrieved, but when testing S1 in Context 2 the same R1-O1 relation would not be
retrieved. If memory retrieval processes play a role then larger selective PIT effects would
be expected when the same R-O relations were tested in their retrieved contexts.

The data in Figure 2 show that this was not the case. An ANOVA was performed on Group
Differential subjects that compared the factors of Response (same or different) and Retrieval
Context. This analysis revealed no significant main effects or interaction.

Figure 2 also shows data from these test sessions for Group Non-Differential. Since there
was no effect of retrieval context in Group Differential, a second Response (same, different)
x Group (Differential, Non-differential) ANOVA was conducted on the data collapsed
across both instrumental contexts. Consistent with the Pavlovian context PIT data reported
above, this ANOVA revealed no significant main effect of Group, a significant main effect
of Response, F(1,14) = 29.13, and, most importantly, a significant Response x Group
interaction, F(1,14) = 8.33. Once again, Group Non-Differential showed a greater outcome-
specific PIT effect than Group Differential. The mean response rates per minute during the
baseline pre-CS intervals were 4.0 (MSE = 0.81) and 3.1 (MSE = 0.91) on the same lever for
Group Differential and Non-Differential, respectively. On the “different’ lever it was 4.3
(MSE =1.28) and 3.1 (MSE = 0.8). None of these apparent differences were reliable.

Discussion

The main result from the present experiment is that outcome-selective PIT effects are
reduced (or even eliminated) when instrumental training of two distinct R-O relations is
given in two separate contexts, compared to when they are given in both of these contexts.
The failure to see a strong selective PIT effect in Group Differential rats when the responses
were tested in the Pavlovian context, in principle, could have been caused by an inability of
these rats to retrieve their instrumental associations, rather than an inability to learn specific
instrumental associations. However, further tests conducted in the instrumental training
contexts were not consistent with this possibility. We reasoned that if reduced selective PIT
was due to a memory retrieval deficit, then the difference between the groups should have
disappeared when the same instrumental R-O relation was tested in its retrieved context. But
this result was not obtained. Our findings have important implications for our understanding
of Pavlovian-instrumental interactions and, more generally, of the nature of instrumental
learning, and we will discuss these below.

As noted in the introduction, PIT effects have most often been understood in terms of
general or specific influences of Pavlovian cues on instrumental responding. Konorski’s
(1967) framework has proven useful in understanding how Pavlovian stimuli might exert
these general and specific effects (see also Balleine & Killcross, 2006; Wagner & Brandon,
1989). Briefly, Konorski assumed that Pavlovian stimuli enter into separate associations
with the general emotional and specific sensory qualities of a reinforcing outcome. The
former type of association would enable a stimulus to exert quite general effects on behavior
of the sort discussed by Rescorla and Solomon (1967) because this association would result
in the stimulus evoking a general motivational/emotional state capable of modulating a wide
variety of activities. In contrast, when a stimulus associatively activates a sensory-specific

Int 3 Comp Psychol. Author manuscript; available in PMC 2015 May 29.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gilroy et al.

Page 10

representation of its associated outcome, such a cue would be assumed to impact
instrumental responding only in a very specific manner that would require an instrumental
learning structure that also directly encodes that specific outcome.

Although Konoski’s framework for understanding Pavlovian learning can be usefully
applied to understanding how Pavlovian stimuli might be capable of modulating
instrumental behaviors in rather general or specific ways, by itself, it offers little guidance
on selecting among rival mechanisms that describe the nature of the Pavlovian-instrumental
interaction on performance in a PIT task. To describe selective PIT effects, for instance, we
have distinguished between two different accounts. Trapold and Overmier (1972) suggested
that S-O and O-R associations form during Pavlovian and instrumental training phases,
respectively, whereas Pavlov (1932; also Mackintosh & Dickinson, 1979; Rescorla, 1992)
suggested that S-O and R-O associations form during these phases of training and that the R-
O association is used in the backward direction to enable selective PIT. Both of these
models expect specific PIT to occur only to the extent that the O component in these two
associations is specific in its sensory content and shared between the two. On the basis of a
wide variety of studies there is little reason to question that Pavlovian conditioning can
result in the development of highly specific S-O associations (e.g., Delamater, 2012). As to
whether instrumental learning results in O-R or R-O associations there is less evidence
available. In a series of studies Rescorla (1992) directly contrasted predictions deduced from
these two views and concluded that the R-O association primarily controlled the
instrumental response (see also Urcuioli & DeMarse, 1997).

Our data can also be taken to support the view that instrumental learning results in the
development of highly specific R-O associations, and, by inference, that these associations
are used in the backward direction during a specific PIT test. This conclusion follows from
our finding that training two instrumental R-O relations in distinct contexts disrupts the
ability of those responses to be modulated by Pavlovian stimuli. As noted in the introduction
the O-R model predicts that training in this manner would more optimally result in learning
of highly specific O-R associations than when both responses are trained in each of two
contexts. As such, it fails to anticipate the results we obtained. However, the R-O model
correctly anticipates our findings. According to this view, the learning of separate R-O
associations should be weakened when these R-O relations are trained in distinct contexts
because the contexts, themselves, signal the reinforcing outcomes and render the
instrumental responses as redundant predictors of the outcomes. This would result in the
context-outcome associations overshadowing the specific R-O association (see also Pearce
& Hall, 1978; Williams, 1999). This overshadowing effect should not have occurred in our
Group Non-Differential rats because for these rats the instrumental responses were relatively
more valid predictors of the specific outcomes than were the contexts. This would mean that
the R-O associations should remain strong in these rats (Wagner et al., 1968).

Our claim that context-outcome learning overshadowed R-O learning in Group Differential
rats may lead one to expect that instrumental responding during the initial instrumental
training phase should be lower in Group Differential than Group Non-Differential rats — a
result that we did not statistically observe. However, it should be noted that our specific PIT
tests allow us to target very particular aspects of learning, such as outcome-specific
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associations, in a way that simple instrumental responding cannot assess. It is possible,
therefore, that while context-outcome associations successfully overshadowed learning of
specific R-O associations, those associations may not have been able to compete with other
aspects of instrumental learning, such as, acquisition of S-R associations.

If the instrumental learning we observed in Group Differential was, indeed, best described in
these terms, then it follows that these responses should also be less sensitive to outcome
devaluation manipulations (e.g., Colwill & Rescorla, 1985). Further work will be required to
determine if this is the case, but there is a considerable amount of evidence to support the
conclusion that distinct neural circuits underlie the formation of goal-oriented behaviors
(reflective of R-O associations), on the one hand, and habitual behaviors (reflective of
control by S-R associations), on the other hand (e.g., Coutureau & Killcross, 2003; Killcross
& Coutureau, 2003). Thus, it seems highly plausible that although one aspect of
instrumental learning may be undermined another aspect of learning may be fully intact with
the end result being no difference in overall levels of responding.

A rather different approach to understanding PIT effects was advocated by Cohen-Hatton et
al. (2013) who questioned the basic assumption that selective PIT effects occur through the
operation of an S-O association learned during Pavlovian training. Instead, these
investigators suggested that a mediated S-R association is learned during the Pavlovian
training phase. This account assumes that during instrumental training a bidirectional R-O
association is established, and, further, that when an outcome is paired with a stimulus
during the Pavlovian training phase this ensures that an outcome-evoked memory of its
associated response occurs in close temporal contiguity with the physically present stimulus.
This contiguity results in new S-R learning and is responsible for the specific PIT effect.
This view makes the somewhat radical assertion that S-O associations are either not
acquired during Pavlovian learning or they play no special role in explaining selective PIT.

Our results present problems for this model. In particular, it is not clear why mediated S-R
associations should have been weaker in our Group Differential rats compared to our Group
Non-Differential rats. If presenting an O during the Pavlovian training phase evokes a
memory of its associated R when the S is present, then it is difficult to see why this should
not have occurred equally in our two groups of rats. At the very least, additional
assumptions would need to be made for this account to accommodate our findings.

One further point is worth considering. While we have emphasized associative mechanisms
at the intersection of Pavlovian and instrumental learning that would permit for an
interaction at the levels of learning and performance, it is important to realize that there very
well may be important differences, as well, in the underlying associative circuitries of
Pavlovian and instrumental learning that may prevent interactions from taking place in some
circumstances. For instance, in one study Corbit and Balleine (2003) trained animals to learn
two instrumental responses in a heterogeneous chain to earn one outcome. Separately, the
animals were trained to make two distinct Pavlovian S-O associations. In PIT tests where the
rats could choose freely between both responses in the presence and absence of both
Pavlovian stimuli, selective PIT was only observed with the response component of the
chain that was most proximal to outcome delivery during instrumental training. In other
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words, the stimuli had no effect (general or specific) on the first response element of the
chain. Separately, these authors found that the first response element of the chain, but not
the second, was sensitive to an instrumental incentive learning manipulation. Thus, it
appears that there may be important differences in the manner in which the outcome is
encoded in both Pavlovian and instrumental conditioning that may limit performance
interactions. The incentive learning effect requires that the distal response had, indeed,
associated with a specific O, but that outcome encoding was apparently quite different from
the manner in which the outcome was encoded during Pavlovian training since the
Pavlovian stimulus failed to control this response. In contrast, the proximal response
element apparently did associate with an encoding of the outcome that was more similar to
the Pavlovian outcome encoding since this response was influenced by the Pavlovian
stimulus in an outcome-specific manner. Selective PIT, then, would only be expected to
occur to the extent that the outcome encodings in both Pavlovian and instrumental
associative structures were similar. Under conditions where instrumental incentive learning
is expected to occur, selective PIT should not also occur and the only manner in which
Pavlovian stimuli might come to modulate such responding would be through the more
general processes emphasized by Rescorla and Solomon (1967). The generality of this
conclusion will need to be established, but it is illuminating that distinct neural mechanisms
are beginning to be uncovered in the study of Pavlovian and instrumental processes (e.g.,
Corbit, Muir, & Balleine, 2001; Laurent et al., 2014).

In summary, we have presented data from an experiment designed to contrast predictions
made by O-R and R-O associative models of instrumental learning. We used a selective PIT
task to assess which of these models more accurately describes performance after
instrumental training of separate R-O relations was conducted in two separate contexts or in
each of two contexts. We observed weaker selective PIT effects when animals learned each
of two different R-O relations in separate contexts. Apparently, such training enables
distinct context-outcome associations to overshadow the learning of specific R-O
associations over the course of instrumental learning. A further inference from these
findings is that selective PIT is largely controlled by an R-O association working in the
backward direction, rather than by an O-R association. Overall, the data from this study
shows how specific PIT paradigms can be used to answer interesting questions about the
nature of Pavlovian-instrumental interactions, while also providing further information
regarding the nature of instrumental learning itself.
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Figure 1.
Mean el evation scores during the choice tests conducted in the Paviovian training context

for responses to the same and different (Diff) lever by animalsin Group Differential (GP D)
and Group Non-Differential (Gp NonD). Error bars show +/— 1 SEM.
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Figure2.
Mean elevation scores during choice tests conducted in the instrumental training contexts.

Data are shown separately when “same” responses were tested in their retrieved and non-
retrieved contexts for animals in Group Differential, and in both contexts combined for
Group Non-Differential. Error bars show +/- 1 SEM.
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