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indexed by a stochastic model of evaluative conditioning that distinguishes between memory-dependent and
memory-independent learning. For that purpose, we instructed participants about pairings of conditioned and un-
conditioned stimuli without having participants experience them. We obtained a significant contribution of mem-
ory-independent learning that depended on whether instructions emphasized the importance of memorization at
learning or the importance of feelings at either learning or retrieval. Our findings call for caution when interpreting
the memory-independent contribution as an indicator of association formation on the one hand and unaware learn-
ing on the other hand. Our research demonstrates the need to clearly distinguish between processes operating at
encoding and processes operating at retrieval in empirical and theoretical research on evaluative conditioning.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Psychologists have long recognized that human behavior is strongly
shaped by preferences (Zajonc, 1968). It is thus of importance to under-
stand how preferences develop. Previous research suggests that many
preferences are learned rather than innate (Rozin & Millman, 1987). A
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paradigm assigned a key role in this research is evaluative conditioning
(EC). In EC studies, a conditioned stimulus (CS) is paired with an uncon-
ditioned stimulus (US) that typically carries valence (i.e., is positive or
negative). As an effect of that pairing procedure, the CS typically ac-
quires the valence of the US. The EC effect has been demonstrated
with a wide variety of stimuli and pairing procedures (Hofmann, De
Houwer, Perugini, Baeyens, & Crombez, 2010). The nature of the pro-
cesses underlying this effect has been debated intensely and
approached with different correlational and experimental methodolo-
gies (e.g., Hofmann et al., 2010; Sweldens, Corneille, & Yzerbyt, 2014).
Interestingly, it has been argued that EC is only found when there is
evidence for awareness of the CS-US contingencies (Pleyers, Corneille,
Luminet, & Yzerbyt, 2007; Stahl, Unkelbach, & Corneille, 2009) and
when the learning situation allows for the encoding of the pairings in
explicit memory (Dedonder, Corneille, Bertinchamps, & Yzerbyt, 2013;
Stahl, Haaf, & Corneille, 2016). This claim is controversial, because it is
at odds with the idea that learning in general can proceed implicitly
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(e.g., Reber, 1993), that is, in the absence of conscious knowledge about
the environmental regularities that drive learned changes in behavior.
Claims that EC depends on contingency awareness have also featured
heavily in the debate about the processes that mediate EC. More specif-
ically, it has been taken as evidence for the role of propositional process-
es in EC and as evidence against association formation models (e.g.,
Hofmann et al., 2010). Whereas association formation models attribute
EC to the (relatively) automatic formation of CS-US associations in
memory, propositional models postulate that EC depends on the non-
automatic formation of conscious propositional beliefs about the rela-
tion between the CS and US. In contrast to simple associations, proposi-
tions can specify the way in which CS and US are related (e.g., CS causes
US, CS predicts US, CS is equivalent to the US, etc.). Hence, from the per-
spective of propositional models, EC is not a primitive mechanism that
creates preferences in a bottom-up manner, but a complex cognitive
phenomenon that has much in common with other complex phenome-
na such as problem solving and persuasion (De Houwer, 2009; De
Houwer & Hughes, 2016).

However, the evidence for the role of awareness of the CS-US contin-
gencies - and thus the evidence for propositional models - might have
been overestimated. As argued by Hiitter, Sweldens, Stahl, Unkelbach,
and Klauer (2012), participants might use the conditioned valence of a
CS as a valid cue for inferring the valence of a US (e.g., “I like the CS, so
probably it was paired with a positive US”). Such an affect-as-informa-
tion strategy would result in a strong relation between EC and indices
of CS-US contingency awareness even though EC might have occurred
in the absence of contingency awareness. Hiitter et al. (2012) thus
used multinomial processing tree (MPT) modeling (Batchelder &
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Riefer, 1999; Hiitter & Klauer, 2016) to separate awareness from condi-
tioned responses. In a memory task administered after conditioning,
participants were asked to report for each CS whether it was paired
with pleasant or unpleasant US pictures. Additionally, participants
were instructed to report their evaluation of the CS when they did not
remember the US valence. The MPT model underlying the estimation
of these processes is depicted in Fig. 1. In the inclusion condition, partic-
ipants remember US valence with the probability m. If they lack memo-
ry for the pairings (with the probability 1 - m), the reported evaluation
of the CSs is in line with US valence if the conditioning procedure gener-
ated representations that influence liking in the absence of memory.
The probability of that process is estimated by the parameter a. If partic-
ipants lack memory for the pairings and the learning phase did not gen-
erate evaluations in the absence of memory, participants simply guess.
The parameter r represents the probability of giving a “pleasant” re-
sponse in the absence of any learning. As both memory-dependent
and memory-independent learning lead to the same responses in the
inclusion condition, those processes cannot be dissociated on the basis
of performance in this condition alone. Therefore, Hiitter et al. also im-
plemented an exclusion condition, in which they asked participants to
reverse the responses based on their evaluations. That is, when partici-
pants remembered the valence of the US pictures with which a CS was
paired, they simply had to report the valence of the US pictures (i.e.,
“pleasant” or “unpleasant” as in the inclusion condition). However,
when they did not remember the valence of the US pictures, they
were asked to respond in a way that is opposite to their evaluation of
the CS picture (i.e., respond “pleasant” if they disliked the picture and
response “unpleasant” if they liked the picture). In this exclusion
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Fig. 1. Processing tree model of the MPT task in the inclusion and exclusion conditions for positively (CS +) and negatively paired CSs (CS —). The rectangles on the left denote the stimuli,
the rectangles on the right the responses. The branches of the processing tree represent the combination of cognitive processes postulated by the model. m = probability of memory for the

pairings; a = probability of acquiring an evaluation in the absence of memory for the pai

rings; r = response tendency towards “pleasant”.
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