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Evaluative Conditioning (EC) is the change in liking of an object due to its mere pairing
with a positive/negative stimulus. A central question in EC research is whether EC effects
also emerge without awareness of the stimulus pairings. This is often tested by asking
participants after the conditioning whether an object had been paired with positive or
negative stimuli. If participants’ answers in these memory measures mismatch with the
US valence (e.g., “positive” response when an object was paired with a negative
stimulus), the pairings are classified as unaware. The last decade of EC research has
found mostly no evidence for unaware EC, and sometimes even reversed unaware EC
effects when using such memory measures. The present work demonstrates that such
valence memory measures underestimate unaware EC effects due to differences between
the normed and the subjective US valence. In two simulation studies, a re-analysis of
previous studies, and four preregistered experiments (N = 502), we assess when this bias
is more or less severe, depending on common procedural variations in EC experiments.
We also propose an improved memory measure of aware/unaware EC. Yet, even when the
bias was reduced in the corrected measure, no evidence for unaware EC could be found.
Overall, our research shows that unaware EC may be difficult to detect with valence
memory measures. Also, they support current memory-based and propositional EC

accounts.

Attitudes — summary evaluations of objects of thought
(Vogel & Winke, 2016) — are an integral part of people’s
identity (Smith & Hogg, 2008) and a key predictor of future
behavior (Ajzen, 1991). Due to the centrality of attitudes to
people’s lives (Bohner & Dickel, 2011), it is essential to un-
derstand how people come to their attitudes. One intrigu-
ing insight from previous decades of attitude research is
that people develop attitudes towards people and objects in
their environment based on their mere co-occurrence with
other positive or negative stimuli. This effect is known as
Evaluative Conditioning (EC; De Houwer, 2007; De Houwer
et al., 2001; Hofmann et al., 2010; Hiitter, 2022), defined as
the change in liking toward a neutral conditioned stimulus
(CS) due to the pairing with a positive/negative uncondi-
tioned stimulus (US). For example, the mere co-occurrence
of an unknown stranger (CS) with a cute dog (positive US)
might lead to a more positive attitude towards the stranger.

Evaluative Conditioning is relevant to all domains of at-
titude formation because people encounter stimulus co-oc-
currences at any time and place (Alves et al., 2020). In
the social domain, people’s attitudes towards individuals or
groups can be influenced by mere co-occurrences in vari-
ous contexts, such as the workplace, neighborhoods, or by
co-occurring with other groups (Baeyens et al., 1990, 1992;
Koranyi et al., 2013; Olson & Fazio, 2006; Walther, 2002;
Walther et al., 2005). For example, social groups can ac-
quire negative attitudes from stigmatized groups they co-
occur with, also known as “sins-of-the-father” effect, or
the message bearer may acquire the message’s negativ-
ity, known as the “kill-the-messenger” effect (Walther et
al., 2005). Co-occurrence-based procedures are also used to
decrease negative attitudes and bias toward social groups
(Forscher et al., 2019; French et al., 2013).

A core question in EC research is the extent to which
EC effects require awareness of the pairings of CS and US
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(Hofmann et al., 2010; Stahl et al., 2009, 2016; Sweldens et
al., 2014; Walther & Nagengast, 2006). Whereas earlier re-
search argued that EC effects emerge best (or even exclu-
sively) without awareness of the pairings (Baeyens et al.,
1990; Olson & Fazio, 2006; Walther & Nagengast, 2006),
more recent research has shifted this claim to the opposite
(Moran et al., 2023). Current evidence shows that EC effects
substantially benefit from or even require awareness (Hog-
den et al., 2018; Stahl et al., 2016).

In the present paper, we identify a methodological prob-
lem in a common procedure to quantify aware and unaware
EC effects. Specifically, we show that this procedure is bi-
ased against unaware EC effects. We identify the conditions
that make this bias more or less likely, and further test a
simple yet effective way to control it. With this improved
methodology, we also examine to which extent EC effects
require awareness of stimulus pairings.

Aware and Unaware Evaluative Conditioning

The role of aware and unaware EC in attitude research
has been thoroughly discussed in previous reviews
(Corneille & Stahl, 2018; Hofmann et al., 2010; Hiitter,
2022; Sweldens et al., 2014), and thus, we only provide a
short summary here.

One reason why the awareness debate is so prominent
in EC is that different process explanations make vastly dif-
ferent predictions regarding the contribution of awareness.
According to memory-based accounts (Gast, 2018; Stahl &
Aust, 2018), people must consciously retrieve the US va-
lence and apply it to the judgment to show EC effects.
These accounts emphasize that EC effects require aware-
ness of the stimulus pairings. Propositional accounts argue
that people infer a relation between the CS and the US (e.g.,
“CS predicts the US”, “CS causes the US”, “CS is the oppo-
site to the US”). Awareness of the pairings is a necessary
precondition for inferring the CS-US relation and applying
it to the judgment. A more lenient prediction comes from
dual-process accounts (Gawronski & Bodenhausen, 2018).
Here, EC effects can be due to associative links between
CS and US that do not require awareness and propositional
reasoning depending on the inferred CS-US relation that
require awareness. According to the implicit misattribution
account, awareness may actually reduce EC effects (March
et al., 2019). Here the assumption is that people misat-
tribute the affect elicited by the US to the CS. Misattribu-
tion works best if people are unaware of the affect’s source,
and thus, if people are unaware of the pairings.

Because awareness plays a crucial role in all of these the-
oriesl, examining to which extent EC effects require aware-
ness is a straightforward test for these theories. In that
regard, current evidence clearly favors memory-based and

propositional EC accounts (Corneille & Stahl, 2018; Hof-
mann et al., 2010; Hiitter, 2022; Sweldens et al., 2014).
In contrast to earlier findings that EC effects are stronger
without awareness (Baeyens et al., 1990; Olson & Fazio,
2006; Walther & Nagengast, 2006), current research sug-
gests that EC effects even require awareness (e.g., Hogden
et al., 2018; Moran et al., 2021; Stahl et al., 2016). These
insights followed several methodological improvements in
the last decades, which we will discuss in the following.

Testing the Contribution of (Un)Awareness in EC

Corneille and Stahl (2018) distinguish between experi-
mental and correlational approaches to test the influence
of awareness. Experimental approaches usually target par-
ticipants’ awareness of the CS-US pairings during the con-
ditioning through manipulations ranging from parafoveal
presentations (Dedonder et al., 2013) and continuous flash
suppression (Hogden et al., 2018) to subliminal presenta-
tion times (Heycke et al., 2018; Heycke & Stahl, 2020; Stahl
et al., 2016). These studies have mostly shown no stable ev-
idence for unaware EC.

Correlational approaches, on the other hand, assess
awareness of the US valence after the conditioning by em-
ploying memory measures for the pairings. In such post-
conditioning tests, participants recall which CSs were
paired with which USs. One primary advantage of such cor-
relative approaches is that they do not disturb the inciden-
tal nature of the stimulus pairings during the conditioning.
A second advantage is that they are relatively economical.
Post-conditioning memory measures do not require specific
laboratory equipment and can thus easily be assessed in
online studies or field experiments. As for the experimen-
tal tests, correlational approaches have often found no ev-
idence of unaware EC, even though some studies indeed
found such effects (Hiitter et al., 2012; Mierop et al., 2019;
Waroquier et al., 2020, p. @242102).

One prominent correlational method to assess the con-
tribution of awareness are valence awareness measures
(VAMs), as used by Stahl and colleagues (2009). Here, par-
ticipants are presented with each CS from the conditioning
phase. For each CS, participants are tasked to indicate the
valence of the US the CS had been paired with. The logic of
this memory test is as follows: If a CS was presented with
a positive US and the participant indicates that the CS was
paired with a positive US, the respective pairing is classi-
fied as aware. If the participant indicates that the CS was
paired with a negative US, the pairing is classified as un-
aware. Likewise, if a CS was paired with a negative US and
the participant responds with “positive” (“negative”) in this
task, the pairing is classified as unaware (aware).

1 Another reason why studying the role of awareness is important is that aware EC effects are difficult to distinguish from demand effects
(for a review, see Corneille & Lush, 2023). According to the propositional account, participants might start liking a CS because they infer
that stimulus co-occurrences are a valid source for stimulus evaluation. However, participants might also infer the evaluation the experi-

menter expects from them (De Houwer, 2006; Walther et al., 2011).
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In the most basic procedure, participants are merely
given two choice options (i.e., “positive US” and “negative
US”). As this method cannot directly assess whether partic-
ipants guess, some researchers also provide a “don’t know”
option (Stahl et al., 2009). Yet, responses with “don’t know”
are also sometimes aggregated with responses classified as
unaware (Forderer & Unkelbach, 2013). Other researchers
reversed cue and target in the memory test and asked par-
ticipants to identify the CS that had been paired with pos-
itive or negative USs (Bar-Anan et al., 2010; Moran et al.,
2021).

Similar to the evidence from other approaches, studies
with VAMs often show that EC effects only emerge if partic-
ipants indicate the “correct” US valence (for a specific CS;
see Pleyers et al., 2007). Thus, studies with VAMs offer sub-
stantial evidence that EC requires awareness (Alves et al.,
2020; Alves & Imhoff, 2023; Forderer & Unkelbach, 2013;
Sweldens et al., 2014). In fact, the unaware EC effect even
seems to reverse sometimes: For example, in all four exper-
iments of Stahl et al. (2009), the EC effect for unaware pair-
ings was negative, and even significant in one experiment.
The same was the case in later research, showing strong
reversed EC effects for unaware pairings (Alves & Imhoff,
2023; Forderer & Unkelbach, 2013; Halbeisen et al., 2014;
Waroquier et al., 2020). In the following sections, we argue
that these reversed unaware EC effects deserve further con-
sideration and point to a severe limitation of VAMs.

(Dis)-Advantages of Valence Awareness Measures

VAMs offer significant advantages but also some dis-
advantages compared to traditional” correlative awareness
measures. One advantage compared to recognition memory
tests (Walther & Nagengast, 2006) is that they capture only
the most relevant information, namely, to what extent peo-
ple remember the valence of the US. According to current
EC theories (Gast, 2018; Stahl & Aust, 2018), it is not nec-
essary to remember the identity of the US (i.e., which spe-
cific US was paired with the CS), but only the valence (i.e.,
whether it was paired with a positive or negative stimulus).
Also, VAMs allow classifications as aware or unaware on
the item level (instead of participant level), which is indis-
pensable for accurate awareness assessment (Pleyers et al.,
2007).

One conceptual problem is the extremely narrow defin-
ition of awareness. Essentially, awareness is equated with
objective performance in a memory task, which can be con-
sidered a strong assumption (Timmermans & Cleeremans,
2015). For instance, people do not necessarily consciously
recollect items and contexts (Jacoby, 1991), or they may
show above-chance memory performance despite low con-
fidence and a “random guessing” subjective state (Larzabal
et al., 2018). Therefore, other researchers have adapted and
extended the VAM to also study the subjective feeling of

consciousness (Waroquier et al., 2020), which we will come
back to in the General Discussion. For the remainder of this
article, however, “awareness” in the context of the VAM is
treated as an objective performance in a memory task.

On the methodological side, one substantial problem of
the VAM is measurement error (Shanks, 2017). The more
an awareness measure suffers from measurement error, the
worse it differentiates between aware and unaware EC. At
extreme levels, an awareness measure that only captures
noise reveals equally strong “aware” and “unaware” EC ef-
fects.

Another important limitation already discussed by Stahl
et al. (2009) is that the correlative assessment also allows
reverse causality. One particular type of reverse causality
in VAMs is the affect-as-information heuristic (Schwarz,
2011). People may use their attitudes towards the CS as a
cue for whether a CS was paired with a positive or a neg-
ative US (Bar-Anan & Amzaleg-David, 2014; Hiitter et al.,
2012). Depending on the actual US valence, these pairings
are counted as aware or unaware, leading to an overestima-
tion of aware EC and an underestimation of unaware EC.
For example, suppose a CS was paired with a negative US,
but the conditioning is ineffective and the CS is evaluated
positively. If participants use their CS evaluation as a cue
for the answer in the VAM, they would respond with “posi-
tive”. Because pairings are classified as unaware when par-
ticipants’ responses in the VAM mismatch the US valence,
the ineffective pairing is misclassified as unaware. However,
if the CS had actually been paired with a positive US, the
pairing would be classified as aware EC. Because the CS
evaluation is then actually in line with the US valence, the
pairing positively contributes to the aware EC effect. Ac-
cordingly, affect-as-information would lead to an overesti-
mation of aware EC and an underestimation of unaware EC
(see Hiitter et al., 2012, for a detailed explanation and sim-
ulation).

In summary, previous literature has discussed some lim-
itations of valence awareness measures. Yet, we believe that
one primary source of bias has been overlooked so far.

The Role of Subjective US Valence

Valence awareness measures make an implicit but cen-
tral assumption: Positive USs are positive, and negative USs
are negative to all participants. Specifically, VAMs assume
that if a participant indicates a US valence opposite of the
experimental factor level (e.g., “positive US valence” for a
CS conditioned negatively), this is due to the participant
being unaware of the US valence (see Table 1) and not be-
cause this is the US valence subjectively experienced by the
participant.

Perfect correspondence between subjective US valence
and the experimental valence manipulation is a strong as-
sumption. Many EC studies simply select highly positive/

2 We will discuss more recent and more sophisticated methods than the VAM in the General Discussion.
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Table 1. When Valence Awareness Measures Lead to Biased Estimates

Normed True Subjective Response VAM Influence on EC Corrected VAM
us Awareness US Valence inthe VAM Classification Effect Classification
Valence
Positive Aware Positive “Positive” Aware -- Aware
Positive Aware Negative “Negative” Unaware Reversed Unaware Aware
EC
Negative Aware Positive “Positive” Unaware Reversed Unaware Aware
EC
Negative Aware Negative “Negative” Aware - Aware
Positive Unaware Positive “Positive”/ Aware/ Dilution of Aware Aware/
"Negative” Unaware and Unaware EC Unaware
Positive Unaware Negative “Positive”/ Aware/ Dilution of Aware Unaware/
"Negative” Unaware and Unaware EC Aware
Negative Unaware Positive “Positive”/ Unaware/ Dilution of Aware Aware/
"Negative” Aware and Unaware EC Unaware
Negative Unaware Negative “Positive”/ Unaware/ Dilution of Aware Unaware/
"Negative” Aware and Unaware EC Aware

Note. We take a VAM with no “Don’t know” option here. Later, we elaborate on the differences between the two measures in underestimating unaware EC.

negative pictures from standardized databases such as the
International Affective Picture System (IAPS; Lang et al.,
2008) or the Open Affective Standardized Image Set (OA-
SIS; Kurdi et al., 2017). However, standardized ratings do
not imply that the valence is consistently perceived across
individuals. For example, Stahl et al. (2009) selected pos-
itive pictures with a mean evaluation of 7.9 and negative
pictures with a mean evaluation of 2.5 on a scale from 1
to 9. The average standard deviation of valence ratings in
the TAPS is 1.58. Assuming a normal distribution of the rat-
ings, ~ 4.4% of a random participant sample would evaluate
a normatively negative picture from this US set as neutral
or even positive (> 4.87 on the 1-9 scale). Likewise, ~ 4.4%
would evaluate a normatively positive picture from this US
set as neutral or even negative (< 5.58 on the 1-9 scale).
Thus, even though a positive (negative) US may be positive
(negative) to most participants, it is certainly not positive
(negative) to all participants.

There are multiple reasons why people’s subjective US
evaluations could deviate from the “objective” valence. On
the one hand, specific personality traits such as low agree-
ableness predispose individuals to deviant evaluations of
affective stimuli (Ingendahl & Vogel, 2022, 2023). On the
other hand, no attitude object is unequivocally liked or dis-
liked by everybody. A cute puppy might be positive to 95%
of people but not to those with a severe allergy or a phobia.
Likewise, pictures of explosions might be negative to 95%
of people but not to pyromaniacs.

For the standard EC effect, it does not matter whether
participants experience one out of many USs differently
from the normative valence. In the end, if one or two USs
of 20 are of opposite valence to a participant, this will only
slightly attenuate the EC effect. In a VAM, however, pair-
ings where a normatively positive US is subjectively nega-
tive (and vice versa), can have serious consequences. This is
depicted in Table 1.

If a CS is paired with a normatively positive US, and the
participant is genuinely aware of the pairing, and the US is

also subjectively positive to this participant, then the con-
ditioning is classified as aware, and the CS contributes to
the aware EC effect. However, if the US is subjectively neg-
ative to this participant, the pairing will be falsely classi-
fied as unaware, despite the participant being aware of the
pairing. Because the US is negative to the participant, it
will have a negative effect on the CS evaluations — oppo-
site to the expected direction of an EC effect. Thus, a gen-
uinely aware but reversed EC effect is falsely classified as an
unaware EC effect, thereby leading to an underestimation
of unaware EC. The corresponding case is if a CS is paired
with a normatively negative US, the participant is genuinely
aware of the pairing, but the US is subjectively positive to
the individual. Again, a genuinely aware reversed EC effect
is falsely classified as an unaware EC effect, thereby leading
to an underestimation of unaware EC. Note that there is no
such systematic bias for aware EC. This is because partic-
ipants can merely guess the valence of the US for pairings
where they are genuinely unaware. Thus, aware EC effects
will also be reduced, but only by diluting the experimental
manipulation with some pairings that operate against the
expected EC effect (see also the following simulation).

To conclude, VAMs implicitly assume that all partici-
pants perceive a normatively positive/negative US as such.
This assumption is likely violated, even if strongly positive/
negative USs are selected from standardized databases. If a
participant experiences the US differently from its normed
valence, this could lead to an underestimation of unaware
EC. Therefore, the reversed unaware EC effects found in
previous research (Alves & Imhoff, 2023; Forderer & Unkel-
bach, 2013; Halbeisen et al., 2014; Stahl et al., 2009; Waro-
quier et al., 2020) might be caused by pairings where the in-
dividual US valence diverges from the normed US valence.
This also raises the question of whether unaware EC actu-
ally exists but was not found because of this methodologi-
cal bias. Thus, an improved methodology is necessary to re-
investigate the role of unaware EC in attitude formation.
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A Corrected Valence Awareness Measure

If deviations of the subjective US valence from the
normed US valence lead to an underestimation of unaware
EC, VAMs should be adjusted to account for subjective US
valence. We propose several solutions. On an experimental
level, researchers could a priori select only those USs that
are positive/negative to a specific participant (but see
Forderer & Unkelbach, 2013, where reversed effects pre-
vailed despite individual US selection). However, this may
not always be possible, for example, because the experi-
ment requires that participants are not exposed to the USs
before the conditioning or because the EC effect of a spe-
cific US is of interest. Alternatively, one could assess sub-
jective US evaluations post hoc and exclude all pairings
where the normed valence does not match the subjective
US evaluation (i.e., positive evaluations of negative USs and
vice versa). However, excluding pairings from the analysis
leads to missing values and reduces statistical power.

As an alternatives, researchers could correct the VAM
based on binary subjective US evaluations (see Table 1).
Specifically, participants may be asked to classify the USs
themselves as positive or negative. If responses in the VAM
match the subjective (and not the normed) US valence,
these pairings should be classified as aware. For example,
suppose a participant indicates that a CS was paired with a
positive US and also evaluates this US as positive. In that
case, the pairing should be classified as aware, irrespective
of the picture’s normed valence.

This correction should have the following effects on the
estimated aware and unaware EC effects: The corrected
aware EC effect will be smaller than the aware EC effect
estimated from the uncorrected VAM. This is because the
falsely unaware pairings where the experimental EC effect
is reversed are now accurately classified as aware. For the
same reason, the corrected unaware EC effect should be
larger than in the uncorrected VAM. Also, the corrected
aware and unaware EC effects should become smaller the
more USs are subjectively opposite to the normed valence.
This is simply because the experimental manipulation
(normed US valence: positive vs. negative) is less effective if
some USs do not have the intended US valence. In this cor-
rected VAM, the estimated aware and the unaware EC effect
should be similarly affected by such shifts in US valence,
thereby allowing a fairer test to which extent EC effects de-
pend on awareness.

Overview of the Present Research

We examined to what extent valence awareness mea-
sures (VAMs) underestimate unaware EC due to differences
between normed and subjective US valence and whether
unaware EC emerges when correcting for this underesti-

mation. We first assessed how often subjective US evalu-
ations shift from the normed US valence by re-analyzing
publicly available data from previous EC experiments. Next,
we quantified the degree of underestimation in a simula-
tion study (Simulation A). Here, we took into account the
strength of aware and unaware EC, the extent to which par-
ticipants are genuinely aware of the pairings, and the prob-
ability that a subjective US evaluation diverges from the
normed US valence. We then conducted three experiments
(Experiments 1-3) that tested the simulation’s predictions
empirically. These experiments also tested the influence
of multiple procedural factors on the degree of underesti-
mation of unaware EC, and whether unaware EC emerges
when accounting for subjective US valence. Finally, we next
extended our framework to the affect-as-information
heuristic, which we will return to after Experiment 3.

Re-Analysis of Previous EC Studies

Our reasoning for underestimated unaware EC effects
rests on the assumption that the subjective US valence can
deviate from the normed US valence. In a first step, we
therefore tested whether this requirement is fulfilled in
published EC experiments. Because many EC experiments
rely on the normed ratings in the IAPS (Lang et al., 2008)
or the OASIS (Kurdi et al., 2017), there are few publicly
available data sets from experiments where participants
also evaluated US stimuli. Still, we identified a convenience
sample by searching googlescholar, the OSF, and asking
colleagues. We downloaded the data from its OSF directory
for each of the studies and identified the variables con-
taining US evaluations. To operationalize US valence shifts,
we categorized the US ratings as positive (above scale mid-
point), neutral (scale midpoint), or negative (below scale
midpoint), depending on the study’s rating scale.

We calculated the probabilities of evaluations deviating
from the normed valence (i.e., p(subjectively posi-
tivelnormed negative), etc.). Overall, valence shifts were
present in all experiments we considered (see Table 2). The
probabilities ranged from 1.5% to 19.1%. The re-analysis
therefore shows that shifts in US valence indeed occur in
EC experiments. This raises the question of to what extent
these shifts in US valence may bias the estimated unaware
EC effect, which we tested in a simulation study.

Simulation A: Valence Shifts

We conducted a simulation to quantify the underestima-
tion of unaware EC. For simplicity, valence was a binary
construct in this simulation (i.e., positive versus negative).
Therefore, normed US valence, subjective US valence, and
CS evaluations were treated dichotomously. As a conse-
quence, we relied on the bivariate correlation measure Ap

3 One further alternative is of course switching to more sophisticated awareness measures, such as the process dissociation method (Hiit-
ter et al., 2012), the structural knowledge attribution task (Waroquier et al., 2020), or the recent two-button procedure (Stahl et al.,
2023). We will explain these methods in the General Discussion. Note that these methods are slightly more complex regarding task in-

structions and data analysis compared to the VAM.
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Table 2. Shifts in US Valence in Previous Studies

Experiment US Materials Shifts (Normed Positive) Shifts (Normed Negative) Scale

Alves et al. (2020; Exp. 3) 16 |APS pictures 4.5% (negative) 3.5% (positive) 1-8

Ingendahl & Vogel (2023) 60 OASIS pictures 3.9% (negative) 4.9% (positive) 1-7
13.7% (neutral) 12.3% (neutral)

Ingendahl & Vogel (2022) 60 OASIS pictures 2.6% (negative) 6.4% (positive) 1-7
9.5% (neutral) 13.5% (neutral)

Fanetal.(2021; Exp. 1A) Pretested images -- (no positive USs) 4.8% (positive) 1-9

4.8% (neutral)

Mierop et al. (2019; Exp. 1) 200 IAPS pictures 11.5% (negative) 19.1% (positive) 1-2

Luck et al. (2021; Exp. 1) 12 |APS pictures 2.7% (negative) 1.5% (positive) 1-9
5% (neutral) 2.5% (neutral)

Note. Positive/negative classifications are based on cutoffs at the scale midpoint. In the case of Mierop et al. (2019), data are taken from a speeded classification task, thus leading

also to incorrect responses instead of actual valence shifts.

to quantify the EC effect. Ap is defined as p(“positive CS
evaluation”|positive US) - p(“positive CS evaluation”| neg-
ative US). It is restricted to values between -1 (perfect re-
versed EC effect) and 1 (perfect normal EC effect) and can
be interpreted like a Pearson correlation (Jenkins & Ward,
1965).

Methods
Parameters

We varied the true strength of aware EC (Ap = 0, 0.25,
0.5) and unaware EC (Ap = 0, 0.25, 0.5). We varied the prob-
ability of a valence shift (i.e., a normatively positive US is
negative to a participant and vice versa) between 0% and
35% in steps of 2.5%. We also varied the probability of true
awareness of a pairing with the values 10%, 25%, 50%, 75%,
and 90%. For each combination, we simulated 1,000,000
pairings. 50% of these pairings had a positive and 50% a
negative normed US valence. Because we were interested
only in the expected value of the EC effect, we did not in-
troduce a nested data structure (i.e., pairings nested in par-
ticipants).

Estimated Effects

We generated EC effects such that the CS evaluation
aligned with the subjective US valence, depending on the
true strength of aware/unaware EC. For example, when
aware EC was 0, CS evaluations were randomly positive/
negative in pairings with true awareness. When aware EC
was 0.5, CSs with truly aware pairings had a 50% chance of
acquiring the subjective US valence. When unaware EC was
0.5, CSs with truly unaware pairings had a 50% chance of
acquiring the subjective US valence, etc.

We generated responses in the standard “positive”/“neg-
ative” VAM such that participants would respond with the
subjective US valence when there was true awareness (e.g.,
responding “positive” if the CS had been shown with a sub-
jectively positive US), and that participants simply guessed
when there was no true awareness. Based on the classifica-
tion in Table 1, we computed four empirical EC effects: the
aware and the unaware EC effect estimated via the VAM,

and the aware and the unaware EC effect estimated via the
corrected VAM.

Results

We present the key findings of the simulation in Figure
1. Here, the estimated EC effects are depicted depending on
true awareness (25% vs. 75%; separate graphs) and strength
of unaware EC (0 vs. 0.25 v. 0.5; separate subplots). We
only depict the case where aware EC was medium or strong
(Ap = 0.25 or 0.5; separate graphs) because they are ar-
guably the more realistic scenarios based on current evi-
dence on EC (Hofmann et al., 2010). We provide the other
plots and the complete code of our simulation on the OSF
(https://doi.org/10.17605/0SE.I0/TPA3V).

When awareness was high (75%; Figure 1la/b), valence
shifts led to a severe underestimation of the unaware EC ef-
fect through VAMs. Even if unaware EC was similarly strong
as aware EC (Ap = 0.5; Figure 1a), a small percentage of va-
lence shifts (~ 5-10%) fully eliminated the estimated un-
aware EC effect, which could even become negative de-
pending on the strength of unaware EC and the frequency
of valence shifts. In contrast, VAM estimates of the aware
EC effect were only slightly affected by valence shifts and
were estimated close to the true effect of Ap = 0.5 and 0.25.
Thus, at high awareness, the VAM indeed led to a serious
underestimation of unaware EC but not aware EC.

When overall awareness was low (25%, Figure 1c/d), the
underestimation of unaware EC was less severe. Estimates
still decreased with more valence shifts, but the slope was
less steep compared to high awareness. The estimated
aware EC effect also decreased with more valence shifts, but
to a smaller degree than estimates of the unaware EC ef-
fect. The aware EC effect was more strongly underestimated
when unaware EC was weak or absent and when awareness
was low.

In contrast to these results, the corrected VAM was not
systematically biased towards unaware or aware EC effects.
Estimates were entirely accurate if there were no valence
shifts. With more valence shifts, estimates of aware and
unaware EC effects symmetrically decreased, depending on
the true strength of aware and unaware EC. When both
were of equal strength (both .5 or both .25; Figure 1), va-
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Figure 1. Estimated EC Effects as a Function of True Awareness, Strength of Aware EC, Strength of Unaware EC,
and Valence Shifts

Note. Different subplots (0 vs. 0.25 vs. 05) show results depending on the true strength of unaware EC. We also conducted a simulation for the VAM with a “don’t know” option, which
is provided on the OSF.
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lence shifts similarly reduced the estimated aware and un-
aware EC effects, showing that the corrected VAM was not
biased against aware or unaware EC.

Discussion

Our simulation reveals the following core insights: First,
the stronger the subjective US valence deviates from the
normed US valence, the stronger the underestimation of
unaware EC, depending on the strength of aware and un-
aware EC. For example, if aware and unaware EC are equally
strong (Ap = 0.5), even a few valence shifts (~5-7%) lead
to an estimated unaware EC effect of zero. If aware EC is
stronger than unaware EC, estimated unaware EC effects
can even become negative — as was found in previous EC re-
search (Alves & Imhoff, 2023; Forderer & Unkelbach, 2013;
Halbeisen et al., 2014; Stahl et al., 2009; Waroquier et al.,
2020).

Second, the degree of bias also depends on the degree of
awareness. Underestimation of unaware EC is more severe
the more likely participants are aware of a pairing. What
seems paradoxical at first sight results from more aware tri-
als with reversed EC that are falsely classified as unaware.
Third, correcting the VAM for subjective US valence reduces
the bias. Here, both aware and unaware EC estimates are
symmetrically reduced the more often subjective US va-
lence deviates from the normed valence.

Because a simulation does not necessarily mirror reality,
we conducted three EC experiments to test whether VAMs
indeed underestimate unaware EC. In Experiment 1, we
first tested whether shifts in US valence lead to an under-
estimation of unaware EC, whether this bias is reduced if
VAMs are corrected, and whether the corrected estimates
do actually find evidence for unaware EC.

Experiment 1: Baseline Effect

Experiment 1 used a standard EC paradigm with a sub-
sequent VAM and US evaluation task. Experiment 1 was
preregistered on aspredicted (https:/aspredicted.org/
jc8kd.pdf and https://aspredicted.org/kf386.pdf").

Methods

We report how we determined our sample size, all data
exclusions (if any), all manipulations, and all measures in
all studies.

Design and Materials

We varied the normed US valence (positive vs. negative)
within subjects. There were no additional manipulations.
We selected 30 pictures from the Open Affective Standard-

ized Image Set (OASIS; Kurdi et al., 2017) as USs. The 15
positive USs had a mean valence rating above +0.5 SD, and
the 15 negative USs had a mean valence rating below -0.5
SD, relative to all 900 OASIS pictures. As the primary goal
of this study was to show what happens if there are indi-
vidual shifts in US valence, we chose less extreme USs to
make shifts in US valence more likely. Thus, positive USs
scored between 5.0 and 5.8 (M = 5.24, SD = 0.22) on the
7-point valence rating scale of OASIS, and negative USs be-
tween 2.4 and 3.7 (M = 3.16, SD = 0.40), t = 17.60, p < .001.
There was no difference in the mean arousal between pic-
tures of normatively positive (M = 3.88, SD = 0.56) or neg-
ative (M = 4.05, SD = 0.87) valence, t = -0.64, p = .527. The
computer program randomly selected the pictures for each
participant from the set. We used the 32 pseudowords (e.g.,
TABOMER, SOLEDAN) by Ingendahl and Vogel (2023) as
CSs. For each individual participant, a random subset of 20
stimuli was selected to serve as CSs.

Procedure

All experiments were implemented in the software Sosci
Survey (Leiner, 2019) and conducted online. The paradigm
was adapted from Ingendahl and Vogel (2023). After pro-
viding informed consent, participants were first exposed to
an EC procedure. Next, they evaluated the CSs, before an-
swering a VAM. Last, participants also evaluated the USs
and provided sociodemographic data. In the following, we
will discuss each task step by step. Detailed screenshots and
material lists are provided in our OSF directory. In line with
our local university’s ethical guidelines, no specific ethics
approval was necessary for this study.

EC Procedure. Participants were told that they would
see some unfamiliar brand names presented together with
pictures. They should merely look at the sequences and
wait for further instructions. In the following conditioning
phase, 20 CSs (10 per normed US valence) were presented
together with valenced pictures. After a blank screen of
500 ms, a CS-US pair was presented together for 2,500 ms.
We counterbalanced between participants whether CSs/USs
were shown on the left/right on the screen. Each CS was
conditioned five times, leading to a conditioning phase of
20 x 5 = 100 trials that were shown in random order. Each
CS was always shown with the same identical US (identity
pairing).

CS Evaluation. After the conditioning phase, partici-
pants were told that they should now rate the brand names.
Participants were presented with the 20 names in random
order and asked “How would you evaluate this brand
name?” The scale ranged from 1 (very unpleasant) to 7 (very
pleasant). Each CS was shown on a single slide.

VAM. Afterward, we assessed the VAM as by Stahl et al.
(Exp. 1, 2009). Participants were tasked to indicate whether

4 During data collection (after ~ 50 participants) we noticed the worst imaginable mistake one could make in a preregistration — pregister-
ing the main hypothesis in the opposite way (i.e., using “smaller” instead of “larger”). We therefore decided to add a second preregistra-
tion where the mistake in the initial preregistration was made transparent. By that time, we had not analyzed any data yet.
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a CS had been paired with a pleasant or an unpleasant pic-
ture’. We emphasized in the instructions that participants
should only answer whether the CS had been shown with
pleasant/unpleasant pictures and not whether they found
the CS itself pleasant or unpleasant. In the VAM, a single
CS was shown in the middle of the screen, together with the
buttons “pleasant” and “unpleasant”. The 20 CSs were pre-
sented in random order.

US Evaluation. Last, participants were also asked to
evaluate the pictures. Again, the 20 USs were presented,
each on a single slide and in random order. The USs were
also evaluated on a dichotomous scale (“pleasant”/“un-
pleasant”). To be consistent with the presentation during
the conditioning procedure, we first presented the respec-
tive US picture for 2,500 ms. Afterward, the picture disap-
peared, and the two buttons were shown together with the
question “What kind of feeling does this picture elicit in
you?”

Power Analyses and Sample

We calculated a priori power analyses with G*Power 3
(Faul et al., 2007). As a rough approximation for Experi-
ment 1, we sought to detect a small to medium (d = 0.3)
within-subjects effect (main effect/interaction) with 80%
power, leading to a necessary sample size of 90 partici-
pants. We decided to add a buffer of ten participants. 100
(90 female, 9 male, 1 diverse, MAge =22.46, SDAge =3.36;99
native speakers) participants were recruited via social me-
dia, mailing lists, and our university’s study portal in ex-
change for course credits and a lottery for 3 x 15€ online
store vouchers.

Results
Valence Shifts

We first tested whether subjective US evaluations di-
verged from normed US valence. Indeed, 32% of the normed
positive USs were evaluated negatively by participants, and
31% of the normed negative USs were evaluated positively.
As preregistered, we tested whether the probability of a va-
lence shift differed between positive and negative USs by
defining a multilevel binomial regression in Ime4 (Bates et
al., 2019) with the highest converging random effect struc-
ture (Barr et al., 2013). Normed US valence was the only
predictor, coded 0.5 (positive) and -0.5 (negative), which
did not show a significant difference, b = 0.05, Clg; = [-0.14,
0.24], z=0.53, p = .595.

CS Evaluations

We next analyzed CS evaluations in three multilevel re-
gressions. In our first model, which was not preregistered,

normed US valence was the only predictor, coded 0.5 (pos-
itive) and -0.5 (negative)6. CS Evaluations were z-standard-
ized (grand mean). Due to this coding, the valence main
effect is the standardized mean difference (~Cohen’s d) in
evaluations between positively and negatively conditioned
CSs - thus, representing the EC effect. This model found a
standard positive EC effect, b = 0.20, Clg; = [0.11, 0.29], t =
4.54, p < .001.

We next conducted two preregistered models, which in-
cluded either the uncorrected VAM or the corrected VAM as
a predictor in addition to normed valence and the interac-
tion. In each model, awareness was coded with 0 (unaware)
and 1 (aware). Due to this coding, the main effect of normed
valence is the EC effect for unaware pairings, and the inter-
action indicates the change in the EC effect for aware pair-
ings. To compare the difference in the unaware EC effects
based on the uncorrected and corrected VAM, we provide
95% confidence intervals around each effect estimate.

The mean CS evaluations are visualized in Figure 2. As
expected, the model with the uncorrected VAM as an
awareness measure revealed a negative EC effect for un-
aware CSs, b = -0.53, Clgs = [-0.66, -0.40], t = -8.21, p < .001.
Thus, CSs paired with normed positive USs were evaluated
less positively than CSs paired with normed negative USs
for pairings classified as unaware (see Figure 2a). This ef-
fect changed the direction for aware CSs, as shown by the
normed US valence x awareness interaction, b = 1.23, Clg;
=[1.11, 1.44], t = 15.13, p < .001. Hence, the EC effect was
positive for aware CSs, b = 0.75, Clgs =[0.64, 0.86], t = 13.29,
p < .001. The main effect of awareness was not significant,
b=0.02, Clgs =[-0.06, 0.10], t = 0.45, p = .651.

The pattern changed when using the corrected VAM as
an awareness measure (see Figure 2b). Here, the unaware
EC effect was descriptively negative but not significant any-
more, b = -0.12, Clg; = [-0.27, 0.03], t = -1.63, p = .104. The
interaction was significant, b = 0.48, Cly; = [0.30, 0.67], t =
5.24, p <.001, leading to a positive aware EC effect, b = 0.36,
Clg5 =1[0.26, 0.47], t = 6.83, p < .001. There was also an unex-
pected main effect of the corrected measure with more pos-
itive evaluations for aware pairings, b = 0.14, Clgs = [0.05,
0.23], t=2.99, p = .003.

Awareness

In an exploratory manner, we also investigated to what
extent awareness (either by the VAM or the corrected VAM)
depended on normed valence, using two further logistic
multilevel regressions. When using the uncorrected VAM,
awareness was slightly above chance (57%, p < .001).
Awareness was considerably higher when using the cor-
rected VAM (67%). Neither of the measures showed an ef-
fect of normed valence, all zs < 1.26, all ps > .209.

5 We chose the labels pleasant/unpleasant instead of positive/negative in all measures to be consistent with Stahl et al. (2009).

6 Note that we preregistered effect codings of 1 and -1, but switched to 0.5 and -0.5 so that the regression weight represents the standard-
ized mean differences (~ Cohen’s d). The different coding does not change the t-/p-values.
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Figure 2. Figure 2 Mean CS Evaluation in Experiment 1 as a Function of Normed US Valence, Awareness Measure,

and EC Effect Type

Note. Error bars represent 95% confidence intervals. Descriptive statistics with means and standard deviations are also provided on the OSF.

Discussion

Experiment 1 supports our reasoning and the results
from Simulation A. Even though the subjective US valence
diverged from the normed valence in one-third of the pair-
ings, the overall EC effect was positive and unsuspicious.
However, dissecting this overall EC effect into an unaware
and an aware effect revealed vastly different results. With
the uncorrected VAM, the unaware EC effect was reversed,
whereas the aware EC effect was positive. When using the
corrected VAM, the unaware EC effect was not different
from zero, whereas the aware EC effect was reduced but still
robust and significant.

These findings show that VAMs substantially underesti-
mate unaware EC if the subjective US valence diverges from
the normed valence. This can go as far as the unaware EC
effect is reversed. A corrected VAM that controls for subjec-
tive US valence eliminates this problem, even though the
unaware EC effect was descriptively still negative in this ex-
periment. The aware EC effect was smaller in the corrected
VAM, most likely because aware pairings with a reversed EC
effect were now accurately classified as aware.

Based on these findings, the question arises when the
underestimation of unaware EC is more or less extreme in
an EC experiment and, as a consequence, when the chances
are better or worse of detecting unaware EC. In that regard,
Simulation A already shows three key moderators for the
degree of underestimation. First, underestimation depends
on the true strength of unaware and aware EC. These mod-
erators are, however, difficult to influence directly without

making specific theoretical assumptions beforehand. The
other moderator is the proportion of truly aware pairings in
an EC experiment. Specifically, if people are mainly aware
of the pairings, the VAM should severely underestimate un-
aware EC (Figure 1), because more reversed aware pairings
occur that are falsely classified as unaware. If awareness is
overall low, the bias should be less severe.

In the following experiments, we therefore varied the de-
gree of awareness in the EC paradigm. One straightforward
method is to alter the number of repetitions for each pair-
ing. If a CS is paired only once with the US instead of five
times, awareness of the pairing should be lower.

Experiment 2: Number of Repetitions

Experiment 2 tested the influence of the number of rep-
etitions on awareness and, consequently, on the degree of
underestimation of unaware EC. Experiment 2 was pre-
registered on aspredicted.org (https://aspredicted.org/

ib4gg.pdf).

Methods

The experiment followed the same procedure as Experi-
ment 1, except that we manipulated the number of presen-
tations per CS-US pairing between participants. In an ex-
perimental condition, each pairing was shown only once.
The control condition was an exact replication of Experi-
ment 1, thus with five repetitions per CS-US pairing. Note
that the number of CSs was still identical between the con-
ditions. Experiment 2 therefore featured a mixed design
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with the between-subiects7 factor number of presentations
(one vs. five presentation) and the within-subjects factor
normed US valence (positive vs. negative).

We conducted a-priori power analyses in G*Power 3
(Faul et al., 2007). We sought to detect a small to medium (f
=(0.15) between-within interaction with 80% power, leading
to a necessary sample size of 90 participants. However, we
decided to recruit 150 participants to have sufficient power
within each between-subjects condition. Our final sample
size was N = 151 (111 female, 39 male, 1 diverse, MAge =
22.62, SDAge = 3.72; 138 native speakers). Again, they were
recruited via social media, mailing lists, and our univer-
sity’s study portal in exchange for course credits and a lot-
tery for 3 x 15€ online store vouchers.

Results
Valence Shifts

We tested our hypotheses with similar multilevel regres-
sions as in Experiment 1. Subjective US evaluation diverged
from the normed US valence for 30% of the USs. Valence
shifts were slightly less frequent for positive USs, b = -0.17,
Clgs = [-0.37, 0.43], z = -2.16, p = .031. There was no signif-
icant main effect of number of presentations (1 = one, -1 =
five), b = 0.01, Clgs = [-0.08, 0.09], z = 0.22, p = .828, and no
significant interaction with normed valence, b = 0.03, Clgs
=[-0.13,0.18],z=0.32, p = .751.

CS Evaluations

The first model predicted CS evaluations from normed
US valence (again coded with 0.5 and -0.5) and found a
strong main effect, b = 0.22, Clg; = [0.14, 0.29], £ = 5.55, p <
.001, indicative of a standard EC effect. Number of presen-
tations (1 = one, -1 = five) had no significant main effect, b
=0.002, Clgs = [-0.05, 0.05], t = 0.09, p = .925. However, the
EC effect was overall weaker in the one-presentation condi-
tion, b = -0.11, Clgs = [-0.18, -0.03], t = -2.69, p = .008.

As in Experiment 1, we conducted two separate models
that also included the different awareness measures as pre-
dictors. Each model contained the predictors normed US
valence (0.5 vs. -0.5), awareness (1 vs. 0), and presentation
number (1 vs. -1), and all higher-order interactions. Mean
CS evaluations are visualized in Figure 3.

Again, the model with the uncorrected VAM as a pre-
dictor revealed a negative EC effect for unaware CSs, b =
-0.49, Clgs = [-0.60, -0.38], t = -9.09, p < .001. This effect
changed direction for aware CSs, b = 1.25, Clgs = [1.12,
1.39], t = 18.11, p < .001, resulting in a positive EC effect
for aware pairings, b = 0.77, Clgs = [0.67, 0.86], t = 15.91, p
<.001. In contrast to our expectations, the unaware EC ef-
fect was only descriptively less negative in the one-presen-
tation condition, as shown by the non-significant Normed
US Valence x Number of Presentations interaction, b = 0.02,
Clgs = [-0.08, 0.13], t = 0.40, p = .686. However, there was

a significant three-way interaction, b = -0.19, Clg; = [-0.33,
-0.06], t = -2.81, p = .005. As shown in Figure 3, the aware
EC effect was smaller in the one-presentation condition. All
other effects in this model were not significant; all ts < 1.04,
all ps >.297.

As in Experiment 1, this pattern changed in a regression
model that specified the corrected VAM as a predictor (see
Figure 3b). Here, the overall unaware EC effect, expressed
by the normed US valence main effect, was not significant,
b =-0.07, Clgs = [-0.18, 0.05], t = -1.16, p = .247. The inter-
action with awareness was significant, b = 0.48, Clg; = [0.33,
0.62], t = 6.52, p < .001, leading to an aware EC effect, b =
0.41, Clg; = [0.31, 0.50], t = 8.50, p < .001. There was also an
unexpected main effect of the corrected measure, b = 0.19,
Clgs = [0.12, 0.26], t = 5.08, p < .001. The three-way inter-
action was not significant, b = 0.02, Clgs = [-0.13, 0.16], t
= 0.24, p = .814. Except for an insignificant trend that the
unaware EC effect was slightly lower (and negative) in the
few-presentations condition, b = -0.10, Clgs = [-0.22, 0.01],
t=1.72, p = .085, there were no other notable effects, all ts
< 0.65, all ps >.519.

Awareness (Exploratory)

Overall, 56% of the pairings were classified as aware
when using the VAM and 60% when using the corrected
VAM. In an exploratory manner, we also investigated the
effects of number of presentations and normed US valence
on awareness. For that purpose, we predicted each aware-
ness measure (uncorrected and corrected VAM) with sep-
arate multilevel logistic regressions that were not prereg-
istered. Each model contained the predictors normed US
valence (0.5 vs. -0.5) and presentation number (1 vs. -1) and
the interaction. For the VAM, there was no main effect or
interaction of normed US valence or number of presenta-
tions, all zs < 1.62, all ps > .105. For the corrected VAM,
however, there was a main effect of number of presenta-
tions, b = -0.21, Clgys = [-0.30, -0.11], z = 4.17, p < .001, such
that awareness was lower in the one-presentation (56%)
than in the five-presentations condition (65%). Unexpect-
edly, there was also a significant interaction, b = 0.21, Clgs
= [0.06, 0.36], z = 2.69, p = .007, such that the difference
between the two conditions was stronger for normed nega-
tive USs. The main effect of valence was not significant, b =
-0.08, Clgs = [-0.23, 0.07], z = -1.08, p = .282.

Discussion

Experiment 2 replicated the findings from Experiment 1.
Due to shifts in subjective US valence from normed US va-
lence, the unaware EC effect estimated from the VAM was
negative. Correcting the VAM for subjective US valence sub-
stantially reduced this negative EC effect. Yet, even after
correction, no evidence for a positive unaware EC effect was
found.

7 We manipulated the number of presentations between participants in order to have a control condition identical to Experiment 1.
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Figure 3. Mean CS Evaluation in Experiment 2 as a Function of the Number of Presentations, Normed US

Valence, Awareness Measure, and EC Effect Type

Note. Error bars represent 95% confidence intervals.

In line with the results from our simulation, the esti-
mated aware EC effect was significantly reduced when there
was no awareness. In contrast to the simulation results, the
uncorrected VAM’s unaware EC was only slightly less neg-
ative when there was less awareness (i.e., in the one-pre-
sentation condition). Also, the correction seemed to benefit
mostly the unaware EC effect in the five-presentations con-
dition but not in the one-presentation condition, where the
unaware EC effect estimated from the corrected VAM was
still negative.

One reason might be that the reduced number of pair-
ings also weakened unaware EC. Thus, there might be less
bias but also weaker unaware EC, which may cancel each
other out. Therefore, other manipulations might be nec-
essary to boost unaware EC. In that regard, the implicit
misattribution account (Jones et al., 2009; March et al.,
2019) predicts EC in conditions where people are unaware
of the pairings. According to this account, people misat-
tribute the affect from the US to the CS. Earlier findings in-
dicate that misattribution may work best if people confuse
the source of the affective experience — in particular, if the
same CS is paired with different USs (Hiitter & Sweldens,
2013; Sweldens et al., 2010). We therefore decided to con-
duct another experiment using such a procedure. Another
advantage of using different USs is that it may be more dif-
ficult to trace which CS was paired with which US, lead-
ing to lower awareness. According to our simulation, this
should also lead to less underestimation of unaware EC,
therefore providing optimal conditions to detect unaware
EC. However, correcting VAMs for shifts in US valence is
more complex if a CS was paired with multiple USs because
multiple US evaluations need to be accounted for. One pos-
sibility is correcting based on the mean valence of all USs
shown with a CS.

Collabra:

Experiment 3: Identity vs. Valence Pairing

Experiment 3 tested the influence of a valence pairing
procedure on the underestimation (and correction) of the
unaware EC effect. Experiment 3 was preregistered on as-

predicted.org (https://aspredicted.org/zg97s.pdf) .

Methods

The experiment followed the same procedure as Experi-
ment 1, except that we manipulated the type of pairing be-
tween participants. Therefore, the design of this study was
a mixed design with the between-subjects factor of pair-
ing procedure (identity vs. valence) and the within-subjects
factor of normed US valence (positive vs. negative). In an
identity-pairing condition, each CS was consistently paired
with the same US, replicating Experiment 1. In a valence-
pairing condition, each CS was paired with five different
USs (of the same normed valence). Specifically, CS1 was
shown with US1, US2, US3, US4, and US5; CS2 was shown
with US2, US3, US4, US5, US6, etc., such that all USs were
shown equally often. The rest of the tasks were identical
to the identity-pairing condition and the previous experi-
ments. However, because now five US evaluations belonged
to one response in the VAM, we computed an average US
evaluation for all the five USs shown with a particular CS.
The corrected VAM in the valence-pairing condition was
calculated based on this average valence (i.e., a “positive”
response in the VAM and a [mis-]match with the average US

valence across all USs paired with that CS).

We conducted the same power analysis as in Experiment
2, leading to a desired sample size of N = 150 (129 female,
22.77, SDAge = 5.00; 145 native
speakers). Again, participants were recruited via social me-
dia, mailing lists, and our university’s study portal in ex-
change for course credits and a lottery for 3 x 15€ online

20 male, 1 diverse, M Age =

store vouchers.
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Figure 4. Mean CS Evaluation in Experiment 3 as a Function of Pairing Procedure, Normed US Valence,

Awareness Measure, and EC Effect Type

Note. Error bars represent 95% confidence intervals.

Results
Valence Shifts

Subjective US evaluations diverged from normed US va-
lence in 29% of pairings. Unexpectedly, valence shifts were
less frequent for normed positive USs (26%) than normed
negative USs (33%), b = -0.31, Clgs = [-0.49, -0.14], z= -3.45,
p < .001. This effect was only present in the identity-pair-
ing condition, as shown by a significant pairing procedure x
normed US valence interaction, b = 0.22, Clgs = [0.05, 0.40],
z=2.48, p = .013. The main effect of pairing procedure was
not significant, b = -0.002, Clgs = [-0.08, 0.08], z=-0.05, p =
.961.

CS Evaluations

We tested our hypotheses by specifying the same multi-
level regressions as in Experiment 2, using the same cod-
ing scheme (here, with valence-pairing coded 1 and identity
pairing coded -1). The first model found a significant main
effect of normed US valence on CS evaluations, b = 0.21,
Clgs =[0.12, 0.29], t = 4.92, p < .001, indicative of a standard
EC effect. Evaluations of CSs were also overall lower in the
valence-pairing condition, b = -0.07, Clgs = [-0.12, -0.02], ¢
=-2.64, p =.009. The overall EC effect was weaker in the va-
lence-pairing condition, b = -0.12, Clg; = [-0.20, -0.04], t =
-2.82, p = .005.

As before, we conducted two separate models with each
awareness measure as a predictor. The mean CS evaluations
are visualized in Figure 4.

Again, the model with the uncorrected VAM as an aware-
ness measure showed a negative EC effect for unaware pair-
ings, b = -0.55, Clgs =[-0.66, -0.45], t =-10.13, p < .001. This
effect changed direction for aware pairings, b = 1.34, Clg; =
[1.21, 1.45], t = 19.52, p < .001, resulting in a positive aware
EC effect, b = 0.79, Clgs = [0.69, 0.89], t = 16.16, p < .001. In
contrast to our expectations, the unaware EC effect did not
differ between the conditions, as shown by the non-signif-
icant pairing procedure x normed US valence interaction, b
= 0.003, Clg; = [-0.10, 0.11], t = 0.06, p = .949. In addition,
there was a small three-way interaction, b = -0.14, Clgs =
[-0.27, -0.001], t = -1.97, p = .049. As can be seen in Figure
4, the aware EC effect was smaller in the valence-pairing
condition. Additionally, CS evaluations were overall more
negative in the valence-pairing condition, b = -0.06, Clgs =
[-0.12, -0.004], t = -2.11, p = .036. All other effects in this
model were not significant, all ts < 0.51, all ps > .611.

As before, this pattern changed when using the corrected
VAM as a predictor (see Figure 4b)8. The negative unaware
EC effect was reduced but still negative, b = -0.28, Clgs =
[-0.40, -0.16], t = -4.67, p < .001. The interaction with the
corrected VAM was significant, b = 0.80, Clg; = [0.65, 0.94],
t = 10.87, p < .001, leading to a positive aware EC effect, b
= 0.51, Clg; = [0.42, 0.61], t = 10.49, p < .001. In addition,
the corrected unaware EC effect was more negative in the
valence-pairing condition (see Figure 4b), b = -0.13, Clgs =
[-0.25, -0.01], t = -2.11, p = .035. There were no other sig-
nificant effects, all ts < 1.61, all ps > .108.

8 In this analysis, we corrected the VAM responses in the valence-pairing condition based on the mean evaluation of the five USs the CS
was shown with (i.e., < 50% positive US evaluations). In an exploratory manner, we also investigated whether the correction was more
effective if the US valence was consistently positive/negative for a certain CS (i.e., 100% positive/negative evaluations). This was not the
case, the analysis is provided in the R Markdown of our OSF directory.
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Awareness

Last, we also investigated the effects of the pairing pro-
cedure on awareness using the same analysis as in Exper-
iment 2. This time, we preregistered this analysis. For the
uncorrected VAM, estimated awareness levels were 51% for
the valence-pairing and 61% for the identity-pairing con-
ditions, b = -0.15, Clgs = [-0.23, -0.07], z = -3.82, p < .001.
In addition, awareness estimated via VAM was higher for
normed positive USs, b = 0.23, Clg; = [0.03, 0.44], z = 2.19,
p =.028. For the corrected VAM, estimated awareness levels
were 54% in the valence-pairing and 70% in the identity-
pairing conditions, b = -0.29, Clgs = [-0.39, -0.19], z = -5.47,
p < .001. In addition, awareness estimated via the corrected
VAM was higher for normed positive USs, b = 0.17, Clgs =
[0.01,0.32], z = 2.12, p = .034. All other effects were not sig-
nificant, all zs < 1.58, all ps > .114.

Discussion

Experiment 3 replicated the pattern of our simulation
and previous experiments for an identity-pairing proce-
dure. Here, the uncorrected VAM underestimated the in-
fluence of unaware EC. Correcting for shifts in US valence
reduced this bias but still provided no evidence for an un-
aware EC effect.

The results from the valence pairing procedure deserve
further consideration. Here, the same degree of underesti-
mation of unaware EC was found for the standard VAM as in
the identity-pairing condition — despite overall less aware-
ness. Also, correcting for shifts in US valence did not elim-
inate the bias here. The corrected unaware EC effect was
still significantly negative and even more negative than in
the identity-pairing condition. These results are inconsis-
tent with the idea that reversed unaware EC effects are ex-
clusively due to subjective valence changes and imply that
other processes must also contribute.

One explanation might be the affect-as-information
heuristic (Bar-Anan & Amzaleg-David, 2014; Hiitter et al.,
2012; Stahl et al., 2009). Participants might infer the US va-
lence from their attitudes towards the CS. For example, if
a CS was paired with a positive US, they might respond in
the VAM based on their attitude towards the CS. If the CS
is positive to the participant, then the answer in the VAM
is also “positive”, and the pairing is classified as aware. If
the CS is negative to the participant (i.e., the conditioning
was ineffective), then the answer in the VAM is also “nega-
tive”, and the pairing is classified as unaware. Thus, affect-
as-information might lead to similar reversed unaware EC
effects as shifts in US valence do.

This additional process might explain why we found re-
sults inconsistent with our first simulation. If participants
also rely on affect-as-information, a consistent reversed
unaware EC effect emerges that cannot be corrected for.
The less participants are aware of the pairings, the more are
“unaware” EC effects biased by affect-as-information and
not by valence shifts. This might also lead to less impact of
the correction for US valence shifts when awareness is low.
To test this explanation, we first extended our simulation to
incorporate affect-as-information as a process.

Simulation B: Valence Shifts and Affect-As-
Infomation

Methods

This simulation relied on the exact same methodology
as Simulation A, but with an additional parameter to ac-
count for affect-as-information. Under affect-as-informa-
tion, people rely on their CS evaluations as a cue for
whether the CS was paired with a positive or negative US.
For illustration, we varied the likelihood of affect-as-infor-
mation in the simulation between 0% (leading to the same
results as in Simulation A) and 25%, results for other para-
meter levels are provided on the OSF. In the case of 25%,
participants would respond to 25% of the pairings with
“positive” if they also liked the CS, and with “negative” if
they disliked the CS. The rest of the simulation was identi-
cal to Simulation A.

Results

The core results from this simulation are displayed in
Figure 5. More fine-grained variations with different levels
of aware EC and affect-as-information are provided on the
OSF.

When allowing for affect-as-information, the unaware
EC effect was reversed even without any subjective valence
shifts. The biasing influence of valence shifts was overall
reduced. Even though a higher chance of valence shifts still
reduced the estimated unaware EC effect, the slope was less
steep than when there was no affect-as-information.

Furthermore, the corrected measure was also biased by
affect-as-information and underestimated the unaware EC
effect but overestimated the aware EC effect. The less par-
ticipants were aware of the pairings, the less correcting for
US shifts improved the accuracy in estimating the true un-
aware EC effect.

Discussion

Extending the simulation to affect-as-information ex-
plains why our previous experiments did not reveal the
expected influence of overall awareness on the underesti-
mation of unaware EC. If people rely on affect-as-informa-
tion, reversed unaware EC can occur, independent of va-
lence shifts. Affect-as-information has a stronger influence
on the estimated unaware EC effect the less participants are
aware of CS-US pairings. Valence shifts have a stronger in-
fluence the more participants are aware of CS-US pairings.
Thus, in combination, the overall proportion of awareness
will not influence the size of the unaware EC effect. Because
the corrected VAM is also biased by affect-as-information,
the corrected VAM will also show reversed unaware EC ef-
fects.

To test empirically whether affect-as-information also
biases unaware EC estimates (estimated by uncorrected and
corrected VAMs), we conducted a final experiment where
reversed unaware EC could be produced primarily by affect-
as-information and not by valence shifts. Specifically, we
altered the paradigm of our previous experiments such that
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Figure 5. Results From a Simulation with 0 vs. 25% Probability of Affect-As-Information

Note. Visualizations for other parameter levels are provided on the OSF.
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awareness of the pairings was extremely low and shifts in
US valence were unlikely to occur.

Experiment 4: Affect-As-Information

Experiment 4 tested whether reversed EC effects still
emerge in our paradigm when valence shifts are unlikely to
bias the unaware EC effect. Specifically, we used US materi-
als where US shifts were unlikely and awareness was over-
all low. Experiment 4 was preregistered on aspredicted.org
(https://aspredicted.org/u9kdé6.pdf).

Methods

The experiment followed the same procedure as Exper-
iment 1 with the following differences. First, we used 48
(instead of 20) CSs, from which 24 were conditioned posi-
tively and 24 negatively. Second, we used USs from previ-
ous EC research where shifts in US valence were less likely.
Specifically, we used the US materials by Ingendahl and
Vogel (2022, 2023). Thirty positive pictures from the OA-
SIS (Kurdi et al., 2017) with normed valence ratings higher
than +1 SD (OASIS valence rating > 5.56 on a scale of 1-7)
served as normatively positive USs, and 30 pictures with
normed valence ratings below -1 SD (2.86) as normatively
negative USs. As in Experiments 1-3, the USs were rated at
the beginning of the experiment. Third, each CS-US pair-
ing was shown only once, making awareness of the pairing
rather unlikely. Last, we counterbalanced the order of the
VAM and the CS evaluation between participants. Half of
the participants first filled out the VAM and then evaluated
the CSs, the rest of the participants had the standard order
as in our previous experiments.

We used the same power analysis as in Experiment 1,
leading to a final sample size of N =100 (44 female, 56 male,
M yge = 34.70, SD pge = 12.43; 99 native speakers). This time,
participants were recruited via Prolific Academic.

Results
Valence Shifts

Subjective US evaluations diverged from normed US va-
lence for 5% of the normed positive and 5% of the normed
negative pictures. The probabilities of valence shifts did not
depend on normed US valence, order, or the interaction, all
zs < 1.28, ps >.202.

CS Evaluations

We conducted the same multilevel regressions as in the
previous studies. In our first model, normed US valence
(again coded with 0.5 and -0.5) had a main effect on CS
evaluations, b = 0.09, Clgs = [0.03, 0.15], t = 2.94, p = .004,
thereby showing an overall EC effect. Order (1 = memory
first, -1 = evaluation first) had no main effect, b = 0.03, Clg;
= [-0.03, 0.09], t = 0.91, p = .365. However, the EC effect
was slightly but not significantly weaker in the memory-
first condition, b = -0.05, Clg; = [-0.11, 0.01], t = -1.78, p =
.078.

As before, we conducted two models with each aware-
ness measure as a predictor. Each model contained the pre-
dictors normed US valence (0.5 vs. -0.5), awareness mea-
sure (1 vs. 0), and order (1 vs. -1), and all higher-order
interactions. The mean CS evaluations are visualized in
Figure 6.

Again, the model with the uncorrected VAM as an aware-
ness measure revealed a negative EC effect for unaware CSs,
b = -0.34, Clg; = [-0.42, -0.26], t = -8.46, p < .001. This ef-
fect changed direction for aware pairings, b = 0.81, Clgs =
[0.70, 0.92], t = 14.55, p < .001, leading to a positive aware
EC effect, b = 0.47, Clg; = [0.40, 0.55], t = 12.51, p < .001. Un-
expectedly, the aware EC effect was smaller when memory
was assessed first, as shown by the significant three-way in-
teraction, b = -0.16, Clys = [-0.27, -0.05], t = -2.83, p = .005.
All other effects in this model were not significant, all ts <
1.02, all ps > .307.

This pattern did not substantially change when using
corrected VAMs (see Figure 6b). Here, the unaware EC effect
was slightly less negative but still strong and significant, b
=-0.31, Clg5 = [-0.39, -0.24], t = -7.81, p < .001. The interac-
tion was significant, b = 0.76, Clg; = [0.65, 0.87], t = 13.62, p
<.001, leading to a positive aware EC effect, b = 0.44, Clgs =
[0.37,0.52], t = 11.79, p < .001. As for the uncorrected VAM,
the aware EC effect was smaller when memory was assessed
first, as shown by the significant three-way interaction, b =
-0.14, Clg; = [-0.25, -0.03], t = -2.52, p = .012. All other ef-
fects in this model were non-significant; all ts < 1.27, all ps
>.203.

Awareness

For both the uncorrected VAM (53%, p = .003) and the
corrected VAM (53%, p < .001), awareness levels were
slightly above chance. For the uncorrected VAM, awareness
was higher for pairings with normed positive USs, b = 0.32,
Clgs = [0.14, 0.51], £t = 3.36, p < .001. This was also the case
for the corrected VAM, b = 0.36, Clg; = [0.15, 0.58], t = 3.31,
p < .001. All other effects were not significant, all zs < 0.79,
all ps > .430.

Discussion

Our last experiment is fully in line with an affect-as-in-
formation explanation. Even though shifts in subjective US
valence were rare (5%), the unaware EC effect estimated via
the uncorrected VAM was reversed. Furthermore, even after
correcting for shifts in US valence, the unaware EC effect
was still reversed. This implies that participants also relied
on an affect-as-information heuristic. The effect was likely
stronger than in Experiment 3 because awareness levels
were very low but still slightly above chance in this study,
leading to more responses based on affect-as-information.

General Discussion

To what extent evaluative conditioning (EC) requires
awareness of stimulus pairings has been a major debate
in the last decades. Recent findings question whether EC
without awareness exists. These findings are often based
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Figure 6. Mean CS Evaluation in Experiment 4 as a Function of Order, Normed US Valence, Awareness Measure,

and EC Effect Type

Note. Error bars represent 95% confidence intervals.

on post-conditioning memory tests where participants in-
dicate whether an object was paired with positive or neg-
ative stimuli. We proposed that these valence awareness
measures (VAMs) systematically underestimate unaware EC
effects because the subjective US valence may diverge from
the normed US valence, leading to reversed aware EC ef-
fects being misclassified as unaware. This might explain
the absence of unaware EC and the sometimes reversed
unaware EC effects found in previous EC studies. We also
proposed a corrected VAM that merely requires binary US
classifications and effectively controls for subjective US va-
lence, eliminating this bias.

We tested this with a re-analysis of previous EC studies,
two simulations, and four preregistered experiments. Our
re-analysis of previous EC studies showed that subjective
US evaluations indeed diverge from normed US valence,
creating sufficient conditions for the bias. Our first simu-
lation showed that even the small probabilities of valence
shifts found in the re-analysis might suffice to eliminate all
chances of detecting even medium to strong unaware EC ef-
fects. The simulation also showed that the bias should be
more pronounced the more people are aware of stimulus
pairings. It also showed that the corrected VAM should
eliminate the bias. We next tested these predictions in
three preregistered experiments. Here, we found reversed
unaware EC effects when using the standard VAM, which
vanished when using the corrected VAM. Yet, even the cor-
rected measure showed no evidence of (positive) unaware
EC effects.

Our experiments did not confirm the prediction that the
bias in the VAM is less pronounced under conditions with
low awareness (e.g., reduced number of pairings or pairings
with different USs). Therefore, we also tested whether a
second bias might be responsible for these results - the
affect-as-information heuristic. A second simulation con-
firmed this, showing that affect-as-information also leads
to an underestimation of unaware EC, which is more pro-

nounced the less participants are aware of the stimulus
pairings. A final experiment showed a reversed unaware EC
effect even under conditions where US valence shifts were
unlikely to bias unaware EC. This supports the idea that af-
fect-as-information also biases estimates of unaware EC ef-
fects.

Our research offers important implications for EC re-
search — both on a theoretical and a methodological level —
but also implications beyond EC.

Theoretical Implications for EC

In line with current EC research (Corneille & Stahl,
2018; Hiitter, 2022; Moran et al., 2023), we do not find any
evidence for unaware EC. Despite a potential bias in pre-
vious findings introduced by US valence shifts, correcting
for this bias in our studies nevertheless led to estimated
unaware EC effects close to zero. However, our research
also shows that unaware EC estimates might be convoluted
by affect-as-information, and therefore, it is not entirely
certain that unaware EC does not exist. Still, our results
show solid aware EC effects, which fully supports current
memory-based and propositional EC accounts (De Houwer,
2018; Gast, 2018; Stahl & Aust, 2018). These accounts pos-
tulate that people need to consciously encode and retrieve
the US valence in order to show EC effects, or that they
need to deliberately infer a relation between CS and US.
Note, however, that affect-as-information can also lead to
an overestimation of the aware EC effects found in our
studies.

Our findings are also inconsistent with the implicit mis-
attribution account (March et al., 2019). In that regard, our
results question the generalizability of one particular re-
sult in support of the misattribution account. Our studies
used USs of low evocativeness that were presented simulta-
neously with the CSs. In one of the studies, we even had a
condition where USs varied between trials. According to the
misattribution account, these should be the optimal condi-
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tions to detect unaware EC (Jones et al., 2009; March et al.,
2019) — which we did not find. Therefore, our results align
with current research questioning the implicit misattribu-
tion account (Moran et al., 2021).

From a dual-process perspective, our results do not offer
evidence for associative attitude change (Gawronski & Bo-
denhausen, 2018). Associative attitude formation is sup-
posed to depend solely on the mere co-occurrence of CS
and US by an automatic formation of links in memory. Be-
cause these links should establish even without conscious
awareness of (or explicit memory of) the pairings, associa-
tive EC should also emerge when participants are unaware
of the pairings. This was not the case in our experiments.
Overall, this aligns with recent findings, suggesting that the
evidence for associative attitude change is rather mixed (for
reviews, see Corneille & Stahl, 2018; Hiitter, 2022).

Beyond these insights for current EC theories, our find-
ings also show when and why EC effects may reverse. EC is
defined as the change in the liking of a CS due to its pair-
ing with a positive/negative stimulus (De Houwer, 2007),
thereby leaving formally open whether the pairings lead to
assimilation (positive US positive CS) or contrast (positive
US negative CS). The common finding in EC is assimilation
(Alves & Imhoff, 2023; Hofmann et al., 2010); however, un-
der certain circumstances, EC effects can reverse. For exam-
ple, research supporting the propositional account shows
that a contrastive CS-US relation (e.g., CS is opposed to the
US) leads to contrast effects (De Houwer et al., 2020; Kurdi
et al., 2023; Unkelbach & Fiedler, 2016). We show that the
contrastive unaware EC effect found in previous research is
likely not due to a specific cognitive process that is theoret-
ically meaningful for EC. Instead, the reversed unaware ef-
fect seems to be based partly on interindividual differences
in the affective reaction toward the US. These differences,
combined with a biased awareness measure, lead to the pat-
tern that unaware EC effects empirically reverse. This point
brings us to the methodological implications of our find-
ings.

Methodological Implications for EC

Our research identifies a new pitfall in VAMs - indi-
vidual shifts in US valence leading to an underestimation
of unaware EC. This might also explain some of the re-
versed unaware EC effects found in previous research (Alves
& Imhoff, 2023; Halbeisen et al., 2014; Stahl et al., 2009;
Waroquier et al., 2020). In a few cases, subjective US va-
lence might have diverged from normed US valence, leading
to a negative estimate of unaware EC. Our simulations
show that even these few cases may be sufficient to cause
such a bias. Yet, we also provide a simple solution. Merely
assessing binary US evaluations suffices to control for the
bias and leads to more accurate estimates of unaware EC.

However, even though the bias from valence shifts can be
controlled for, another type of bias cannot be controlled for
- affect-as-information (Schwarz, 2011). Previous research
has already discussed this problem (Bar-Anan & Amzaleg-
David, 2014; Corneille & Stahl, 2018; Hiitter et al., 2012;
Stahl et al., 2009; Waroquier et al., 2020). Our findings sug-
gest that affect-as-information can lead to an underestima-

tion of unaware EC, independent of US valence shifts, even
in the corrected VAM. This bias has a stronger impact on
the estimated unaware EC effect the less participants are
aware of the pairings.

In combination, both biases severely decrease the
chances of finding unaware EC with VAMs. Also, they give
a too optimistic estimate of aware EC. Even though VAMs
are very economic and can be implemented even in less
controlled study designs, we recommend not using VAMs
if the goal is to accurately estimate aware and unaware
EC effects. Therefore, the question arises which alternative
methods should be used, and to what extent shifts in indi-
vidual US valence may also bias other methods.

First, we have not yet discussed VAMs with an additional
“don’t know” response option, which is supposed to cap-
ture mere guessing when participants are truly unaware.
We also conducted a simulation with such a measure, which
is provided on the OSF. Under the assumption that the but-
ton is used exclusively if people are genuinely unaware,
the major change to our first simulation is that responses
where participants indicate the opposite normed valence
(e.g., “positive” responses when the US was normatively
negative) now entirely capture reversed aware EC, thus
leading to a bias that is entirely contingent on the strength
of aware EC, even when the probability of a valence shift is
very low and independent of the overall levels of awareness.

Second, Waroquier et al. (2020) recently developed a new
VAM task, which is the standard VAM followed with a sec-
ond question assessing participants’ subjective attribution
of memory — actual memory, a feeling/intuition, the CS va-
lence, or random guessing. Interestingly, Waroquier et al.
(2020) found evidence of “random guessing” EC (see also
Jurchis et al., 2020), although Stahl et al. (2023) did not
replicate this finding. Notably, Waroquier et al. (2020) also
found a strong reversed EC effect when participants an-
swer in the VAM were classified as “unaware”. According
to our reasoning, this reversed unaware EC effect should
be strong for responses where participants indicated actual
memory or using the CS evaluation in the second question,
and weakest for random guessing. A re-analysis of Waro-
quier et al. (2020) suggest that this is indeed the case (see
the OSF for detailed results), but there are only few data
points to test this, and therefore a replication of Waroquier
et al. (2020) with an additional US evaluation is necessary.

Third, an alternative and more sophisticated method is
the process dissociation technique (Hiitter et al., 2012;
Hiitter & Sweldens, 2013; Mierop et al., 2017). This task
requires participants in an inclusion condition to respond
with “pleasant” or “unpleasant” depending on the US va-
lence the CS had been shown with. If participants in the
inclusion condition do not remember, they are instructed
to use the same response keys to report their attitudes to-
ward the CS. Participants in an exclusion condition are in-
structed to reverse their responses in the latter case, that
is, responding “pleasant” for a negative attitude and “un-
pleasant” for a positive attitude towards the CS. This allows
separating explicit memory from memory-independent EC
using a multinomial processing tree (Erdfelder et al., 2009).
The first task in this procedure (i.e., responding based on
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valence memory) is similar to the VAM; therefore, one may
suspect that US valence shifts also impact this technique.
However, in contrast to VAMs, US valence shifts introduce
noise but no bias to the dissociation procedure. This might
result in a bad model fit but not in a systematic bias of un-
aware EC.

Last, a very recent technique is the two-button proce-
dure developed by Stahl and colleagues (2023). Here, par-
ticipants receive two button pairs with “pleasant” and “un-
pleasant” and are required to use the first button pair if
they remember the US valence and the second if they do not
remember it. Because of these separate button pairs, shifts
in US valence should not bias unaware EC. Even if partici-
pants found a normed positive US negative and were aware
of the pairing, they will nevertheless use the first button
pair, which does not influence the estimate for unaware EC.

In summary, only VAMs, but not the process dissociation
procedure (Hiitter et al., 2012) or the two-button test (Stahl
et al., 2023) seem to be biased by individual US valence
shifts. Thus, even though VAMs are arguably the more par-
simonious measure, they are not an adequate method to es-
timate unaware EC.

Implications beyond EC

Beyond EC, our research offers valuable implications for
dissociating between aware and unaware (or memory-de-
pendent and memory-independent) processes in general.
Any memory test that requires a response based on a psy-
chological construct (e.g., valence) will inevitably misclas-
sify responses as long as the manipulation has imperfect
construct validity. Such memory tests are common for in-
stance in the source memory literature (e.g., Bell et al.,
2012; Symeonidou & Kuhlmann, 2022; Ventura-Bort et al.,
2020). Depending on the specific effect of interest, this may
lead to an under- or overestimation of unaware processes.

For example, let us presume that we study the effect
of trustworthy behavior (e.g., lending other people money,
cheating on a test) on the likeability of individuals and that
we want to investigate whether the effect of the trustwor-
thiness manipulation prevails when participants forget the
actual information. Suppose our memory test asks whether
a certain individual had shown trustworthy or untrustwor-
thy behavior. In that case, we get the same problem as
with the VAM and aware/unaware EC: Even if a pilot study
has shown that the behaviors we use as stimuli are mostly
trustworthy or untrustworthy to participants, some partici-
pants may have a different perception. Therefore some “un-
aware” responses may actually be aware but with the oppo-
site effect than intended. Due to this bias, trustworthiness
information may appear to have no or even a negative in-
fluence if participants forget the information.

Limitations

Despite several strengths, such as theoretical reasoning
supported by mathematical simulations, or sufficiently
powered preregistered experiments, there are several limi-
tations of our research.

First, we argue that reversed unaware EC effects reported
in previous research may be due to subjective valence
shifts. Our findings suggest that this may indeed be the
case. However, an exact replication of these studies would
be necessary to state this confidently. We do not consider
the increase in knowledge sufficient to take this effort,
also, because the US pictures used in these studies are out-
dated and thus might lead to different subjective valence
shifts nowadays (Schwarz & Strack, 2014). Related to this
point, our studies were conducted online, which is a less
controlled environment than a laboratory. However, direct
comparisons often show no inferior data quality of online
experiments, even for reaction-time-based tasks (Hilbig,
2016; Houben & Wiers, 2008).

Second, we treated valence conceptually as a binary con-
struct in this research. However, CSs and USs may not only
be positive and negative but also neutral. Also, all valence
judgments are influenced by measurement error, and there-
fore, deviations from the normed valence can, in part, also
reflect random fluctuation. Future research might investi-
gate whether a more fine-grained assessment of valence
memory or US valence improves the correction for valence
shifts.

Lastly, we do not find any evidence for unaware EC using
an objective memory test. However, this does not prove that
unaware EC does not exist and that it could not be mea-
sured in the future by developing further refined proce-
dures. In that regard, our research identifies a problem in
one frequently used method, but as discussed above, this
problem does not apply to more recent and arguably more
sophisticated methods to test the contribution of aware-
ness. Accordingly, our findings should further motivate EC
researchers to embrace these new methods.
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