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Abstract
Rationale Drug cue reactivity plays a crucial role in addiction,
yet the underlying mechanisms are poorly understood.
According to the binary associative account, drug stimuli re-
trieve an expectation of the drug outcome, which, in turn,
elicits the associated drug-seeking response (S-O-R). By con-
trast, according to the hierarchical account, drug stimuli re-
trieve an expectation that the contingency between the drug-
seeking response and the drug outcome is currently more ef-
fective, promoting performance of the drug-seeking response
(S:R-O).
Methods The current study discriminated between these two
accounts using a biconditional Pavlovian-to-instrumental
transfer (PIT) task with 128 alcohol drinkers. A biconditional
discrimination was first trained in which two responses pro-
duced alcohol and food outcomes, respectively, and these
response-outcome contingencies were reversed across two
discriminative stimuli (SDs). In the PIT test, alcohol and food
cues were compounded with the two SDs to examine their
impact on percent alcohol choice in extinction.
Results It was found that alcohol and food cues selectively
primed choice of the response that earned that outcome in
each SD (p < .001), and this effect was associated with partic-
ipants’ belief that cues signalled greater effectiveness of that
response (p < .0001).
Conclusions The alcohol stimulus could not have selectively
primed the alcohol-seeking response through binary S-O-R

associations because the drug outcome was equally associated
with both responses. Rather, the alcohol stimulus must have
retrieved an expectation that the response-alcohol contingency
available in the current context was more likely to be effective
(S:R-O), which primed performance of the alcohol-seeking
response.
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Introduction

Drug cue reactivity is a central construct in addiction research,
and there have been numerous attempts to elucidate the un-
derlying learning mechanisms (e.g. Carter and Tiffany 1999).
Drug cue reactivity was originally attributed to the formation
of a direct association between the stimulus and the response
(Wikler 1984), but later theories accepted that drug cues might
elicit expectations of the drug, which drive drug-seeking be-
haviour (Stewart et al. 1984). Several sources of evidence are
consistent with this latter view. First, drug conditioning stud-
ies have found that drug-paired conditioned stimuli (CSs) only
elicit craving and drug consumption if participants possess
knowledge of the predictive relationship between the CSs
and the drug (Hogarth and Duka 2006). More decisively, con-
ditioned craving to CSs can be immediately established by
instructions stating that the CS predicts drug availability, and
abolished by instructions stating that the CS no longer predicts
drug availability (Dols et al. 2000; Field and Duka 2001).
Such instruction effects on human non-drug conditioning
have been extensively reported (Mitchell et al. 2009). Thus,
drug expectancies appear to contribute causally to drug cue
reactivity.
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The Pavlovian-to-instrumental transfer (PIT) procedure
provides a key method for studying the role of drug expectan-
cies in drug-seeking behaviour. In a typical human drug PIT
design, participants undergo instrumental training in which
one response (R1) earns a drug reward outcome (O1), and
another response (R2) earns a food outcome (O2) (R1-O1,
R2-O2) (Hogarth et al. 2007). In a separate phase, participants
learn that two Pavlovian stimuli differentially predict those
same outcomes (S1-O1, S2-O2). In the transfer test, the
Pavlovian stimuli are presented while participants freely
choose between the two responses in extinction (S1:R1/R2,
S2:R1/R2). It has been found that each cue selectively aug-
ments choice of the response that earns the same (congruous)
outcome (S1:R1 > R2, S2:R1 < R2) (Hogarth et al. 2007). The
capacity of the drug stimulus to selectively prime the drug-
seeking response cannot be attributed to the formation of an S-
R association (habit learning) because the Pavlovian stimulus
and the instrumental response are trained in separate stages
and so are never paired prior to testing. Rather, to explain this
effect, the drug stimulus must retrieve an expectation (or rep-
resentation) of the drug outcome with which it was paired, to
specifically prime the response that was paired with the same
outcome.

There are two variants of this expectancy-based account of
PIT. The S-O-R account argues that the PIT effect is driven by
a chain of binary associations between stimuli, outcomes and
responses (de Wit and Dickinson 2009). Specifically, in the
Pavlovian phase, each stimulus forms a binary association
with (and can elicit an expectation of) its associated outcome
(S1-O1, S2-O2). Similarly, in the instrumental training phase,
each response forms a binary association with its associated
outcome (R1-O1, R2-O2). Crucially, these R-O links are bi-
directional such that an S-elicited expectation of a particular O
can elicit the associated R through the chain of S-O-R links.
Thus, each S selectively primes one R through an expectation
of the outcome, shared by both the S and R.

The hierarchical account, by contrast, argues that the PIT
effect is driven by stimuli retrieving an expectation (or repre-
sentation) of which R-O relationship is currently in force (S:R-
O) (Dickinson 1997; Rescorla 1991). In the context of cue
reactivity, the presence of particular drug stimuli (e.g. a bar
or pub open sign) retrieves an expectation that a particular
drug-seeking response (walk in and buy a drink) is likely to
be effective in producing the drug (a drink), raising the pro-
pensity to perform this response. To explain the PITeffect, the
hierarchical account argues that S:R-O relations are learned in
both the Pavlovian and instrumental phases. In the Pavlovian
phase, S1 and S2 signal that a common tacit response (e.g.
hopper entry, saccade, approach) produces access to O1 and
O2, respectively. By contrast, in the instrumental phase, a
common contextual stimulus signals that R1 and R2 produce
access to O1 and O2, respectively. The PIT effect in the trans-
fer test is produced by a combination of (inference between)

the S:R-O relations acquired in these two stages. That is, S1 is
inferred to signal that the R1-O1 contingency is in force,
whereas S2 is inferred to signal that the R2-O2 contingency
is in force. These expectancies drive performance of the viable
response. In other words, each stimulus elicits a goal-directed
expectation that the R-O contingency for the shared O is more
likely to be effective, which primes performance of that R
(Hogarth et al. 2014; Seabrooke et al. 2015).

The binary versus hierarchical explanations of PIT can be
distinguished using a biconditional discrimination task. This
task has demonstrated that animals are capable of hierarchical
learning (e.g. Bradfield and Balleine 2013; Colwill and
Rescorla 1990; Trask and Bouton 2014), but has rarely been
used in humans (Declercq and De Houwer 2009). The current
study employed a novel human biconditional PIT task with
alcohol and food outcomes to test whether drug stimulus con-
trol of drug-seeking is underpinned by binary or hierarchical
learning. In the biconditional training phase, participants
learned that in one discriminative stimulus (SD1), R1 earned
alcohol O1, and R2 earned food O2 (SD1: R1-O1, R2-O2).
These response-outcome contingencies were reversed in the
second SD (SD2: R1-O2, R2-O1). In the transfer test, an al-
cohol or food image was presented together with each SD.
The purpose of this phase was to test whether the alcohol
and food stimuli could selectively prime the response which
earned the congruous outcome in the current SD (a bicondi-
tional PIT effect).

This biconditional PIT effect could not be explained by
binary S-O-R associations because all binary associations be-
tween SDs, outcomes and responses are equated by the bicon-
ditional schedule (the original purpose of this procedure;
Rescorla 1991). That is, the S-O-R account predicts that when
the alcohol stimulus is presented at test it will elicit an expec-
tation of the alcohol outcome (S-O). However, because this
outcome has been equally associated with both responses, it
should prime both responses equally through the O-R link,
creating no selective choice of the response which earns the
alcohol outcome in the current SD (no biconditional PIT ef-
fect). The same is true for the food stimulus. By contrast, the
hierarchical account anticipates that alcohol and food stimuli
will produce a biconditional PIT effect on the grounds that
these stimuli retrieve knowledge of hierarchical S:R-O contin-
gencies, i.e. knowledge of which response produces the con-
gruous outcome in the current SD, because they are function-
ally similar to (have acquired equivalence with) the SD used in
the training stage (Hall et al. 2003). Arguably, the alcohol and
food stimuli elicit an expectation that the response which earns
the congruous outcome in the current SD is more likely to be
reinforced, which selectively primes that response. This claim
was further tested by asking participants after the PIT test to
rate the extent to which they thought that the alcohol and food
stimuli signalled that the congruous response was more likely
to be reinforced. A correlation between these expectations and
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