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Pilot Study 1
To investigate whether affective relief/disappointment alone would elicit backward
CS contrast effects in a within-subjects forward and backward conditioning procedure, we
combined the concurrent forward and backward conditioning procedure and stimuli from
Moran and Bar-Anan (2013) with the stimulus presentation parameters from Mallan et al.
(2008). In addition, we manipulated between groups whether participants received the
instructions used by Moran and Bar-Anan (2013; termed the start-stop instructions group) or
the instructions used by Mallan et al. (2008; termed the observe instructions group). We
expected to observe contrast effects for backward CSs and assimilation effects for forward
CSs in both groups on explicit valence ratings. Based on the recent findings of Bading, Stahl,
and Rothermund (2019), and Hu, Gawronski, and Balas (2017a), we expected to observe
assimilation effects on implicit measures for forward and backward conditioning in both
groups.
Method
Participants and design. Participants were recruited through Amazon Mechanical
Turk (M-Turk) through TurkPrime (Litman, Robinson, & Abberbock, 2016). The sample
comprised 94 participants (mean age = 35.67, SD = 9.84) after duplicates and participants
failing to complete the experiment were removed (n = 19). The sample size was based on
Moran and Bar-Anan (2013) and Moran, Bar-Anan, and Nosek (2016) who had sample sizes
ranging from 32 to 68 participants. In these studies, the within-subjects interaction of interest
yielded large effects sizes between ηp² = .15 and ηp² = .60. Based on these effect sizes, we
anticipated that approximately 50 participants per group would provide sufficient power to
detect the effects of interest. The start-stop instructions group consisted of 42 participants (17
female, 25 male); the observe instructions group included 52 participants (24 female, 28
male). Groups did not differ on gender, χ2(1) = 0.31, p = .581, ethnicity, χ2(4) = 6.86, p =

.144, or age, t(92) = 1.35, p = .179, d = 0.28, BF10 = 0.49. A 2 (Instructions: start-stop vs.
observe; between-participants) × 2 (Conditioning Type: forward vs. backward; withinparticipants) × 2 (Time: pre-test vs post-test; within-participants) × 2 (US Valence: positive
vs. negative; within-participants) mixed design was used to determine the effect of instruction
type on CS valence after a forward and backward conditioning procedure.
Explicit valence ratings. Each CS was presented one-by-one and participants were
asked to rate how pleasant they found the stimulus on a 9-point scale ranging from 1
(unpleasant) to 9 (pleasant).
Affective priming task. Each of the four CSs was presented once with 10 positive
target words and 10 negative target words for a total of 80 trials. A fixation cross was
presented for 500ms, followed by the CS prime for 200ms, and then the target word until the
participant provided their response. Participants were instructed to press the I key if the target
word was positive and the E key if the target word was negative. Target words were taken
from Hu et al. (2017a, 2017b). The positive words were pleasant, good, outstanding,
beautiful, magnificent, marvellous, excellent, appealing, delightful, and nice. The negative
words were unpleasant, bad, horrible, miserable, hideous, dreadful, painful, repulsive, awful,
and ugly.
Recollective Memory Test. For exploratory purposes, the current study also included
measures of recollective memory. In the observe instructions group, participants were shown
each CS and asked: “Circle the appropriate answer below. Was this picture presented:
Together with pleasant pictures, together with unpleasant pictures, together with pleasant and
unpleasant pictures, I did not see this picture, I could not tell?” In the start-stop instructions
group, participants were shown each CS and asked: “Circle the appropriate answer below.
What is the role of this creature: To start pleasant pictures, to stop pleasant pictures, to start
unpleasant pictures, to stop unpleasant pictures?” Using the sum of correct responses on the

memory test, accuracy scores on the test could range from zero to four. Both groups were
also presented with each US and each CS, and asked to indicate which CS came before or
after each US. This procedure resulted in an accuracy score ranging from 0 to 16. Participants
were classified as remembering the CS-US contingencies only if they scored 100% on both
memory tests. The analyses of the recollective memory data for Pilot Study 1 and all
subsequent experiments did not add substantially to the current report and are available in the
additional analyses section below.
Demographics questionnaire. Participants were asked to report their age, gender,
and ethnicity, and to provide information about the environment in which they completed the
task, and if they had any comments.
Apparatus/stimuli. Four images of aliens, one from each of the four families of alien
creatures created by Moran and Bar-Anan (2013), were used as CSs (see below; materials
from Moran and Bar-Anan, 2013, available at https://osf.io/cqsnj/). Each alien differed in
colour and head shape. Four positive and four negative pictures from the International
Affective Picture System (IAPS; CSEA, 1999) were used as USs (1050, 1300, 1440, 1710,
5833, 6313, 6560, and 8190). Inquisit 4 Web by Millisecond Software ™ (2016) was used to
run the experiment and to record responses in all tasks.
Procedure. Participants selected the HIT (human intelligence task) on M-Turk and
read the description of the study. When participants began the study, they were presented
with an information sheet outlining the tasks, informed that they could withdraw at any time
by pressing ‘ctrl + q’, and then prompted to press ‘continue’ if they consented to participate.
Informed consent was implied if participants pressed ‘continue’. Next, the first explicit
valence ratings and affective priming task was presented followed by the training phase. The
training phase comprised 12 positive and 12 negative trials presented pseudo-randomly, with
inter-trial intervals of 4, 6, and 8 seconds. Each trial consisted of a forward CS, followed by a

positive or negative US, followed by a backward CS. This CS-US-CS paradigm was adapted
from Moran and Bar-Anan (2013), with some modifications based on Mallan et al. (2008).
We used one CS from each of the four alien families, four positive and four negative pictures
as USs, and each stimulus was presented for 4 seconds with onset and offsets coinciding. CSs
were counter-balanced using a Latin square resulting in four CS orders, with each CS
occurring in each role equally.
In the start-stop instructions group, participants received the following instructions
adapted from Moran and Bar-Anan (2013) before the training phase:
In this task you are going to see two types of pictures. Pleasant pictures: Including
pictures of scenery and animals. Unpleasant pictures: Including pictures of threat of
violence and aggressive animals. These pictures will be shown multiple times. Before
and after the pleasant and unpleasant pictures, four different types of creatures will
appear on the screen. Each creature will have a fixed role out of four possible roles.
Your task is to learn which role each creature plays. At the end of the experiment we
will examine your memory of the role played by each creature. The four possible roles
are: After the appearance of one creature, a pleasant picture appears. On the
appearance of one creature, a pleasant picture ends. After the appearance of one
creature, an unpleasant picture appears. On the appearance of one creature, an
unpleasant picture ends. The four creatures that will start and stop the pictures are:
The experiment is about to begin. Remember, you must learn the role of each of the
creatures: Which creature starts the pleasant pictures? Which creature stops the
pleasant pictures? Which creature starts the unpleasant pictures? Which creature
stops the unpleasant pictures? At the end of the experiment we will examine what you
have learned. To start the experiment, press the space bar.

In the observe instructions group, participants received the following instructions
adapted from Mallan et al. (2008):
In this task you will be presented with a series of pictures. Please pay attention to
which pictures follow each other as you will be tested on this at the end of the
experiment.
After the training phase, the second explicit valence ratings and affective priming task
was presented, followed by the memory test and demographics questionnaire. Participants
then received a completion code to receive their compensation, and were thanked for their
participation. The experiment took approximately 20 minutes on average to complete, and
participants were compensated US-$4.80.
Statistical analyses. Frequentist analyses were performed using IBM SPSS Statistics
25 and Bayesian analyses were performed using JASP 0.10.0.0. Bayesian follow-up analyses
were performed using the BayesFactor package in R. For explicit valence ratings, EC scores
were calculated as the difference between ratings of CSs paired with positive USs and ratings
of CSs paired with negative USs. EC scores were calculated separately for forward vs.
backward conditioning and for pre-training vs. post-training. Positive EC scores represent an
assimilation effect and negative EC scores represent a contrast effect. In the affective priming
task, trials on which target words were categorised incorrectly were scored as error trials.
Trials on which reaction times were shorter than 300ms and longer than 1000ms were
categorised as outliers, as they were deemed to be outside the window of a valid response
(see Koppehele-Gossel, Hoffmann, Banse, & Gawronski, in press). Participants with a
percentage of invalid trials larger than 25% were removed from the analyses (n = 5 in startstop instructions group, n = 8 in observe instructions group). In the final sample at pre-test,
5.43% of trials were errors from incorrect categorisation of target words and 4.77% of trials
were outliers. At post-test, 5.58% of trials were errors from incorrect categorisation of target

words and 6.33% of trials were outliers. Priming scores were calculated as the difference in
response times between incongruent and congruent trials: (CSs paired with positive
USs/negative target words + CSs paired with negative USs/positive target words) – (CSs
paired with positive USs/positive target words + CSs paired with negative USs/negative
target words). Priming scores were calculated separately for forward vs. backward
conditioning and for pre-training and post-training. Positive priming scores suggest an
assimilation effect, while negative scores suggest a contrast effect. EC scores and priming
scores from reaction time data were subjected to 2 (Instructions: start-stop vs. observe;
between-participants) × 2 (Conditioning Type: forward vs. backward; within-participants) × 2
(Time: pre-test vs post-test; within-participants) mixed ANOVAs, and significant interactions
were followed-up with pairwise comparisons and one sample t-tests where appropriate.
Pillai’s trace values of the multivariate solution are reported for main effects and interactions
(α = .05). The reliability of the priming task was α = -.62 at pre-test, and α = .16 at post-test.
The analyses of the error data from the affective priming task for Experiment 1 and all
subsequent experiments did not add substantially to the current report and are available in the
additional analyses section below.
Results
Explicit valence ratings. Mean EC scores are depicted in Figure S1. The ANOVA
revealed significant main effects of Conditioning Type, F (1, 92) = 24.73, p < .001, ηp² =
.212, BF10 = 618.85, and Time, F (1, 92) = 56.80, p < .001, ηp² = .382, BF10 = 5.41 × 109,
which were qualified by a significant two-way interaction between Conditioning Type and
Time, F (1, 92) = 31.21, p < .001, ηp² = .253, BF10 = 16794.55, and a significant two-way
interaction between Conditioning Type and Instructions, F (1, 92) = 8.93, p = .004, ηp² =
.088, BF10 = 13.65. The three-way interaction between Instructions, Conditioning Type, and
Time was not significant, F (1, 92) = 2.14, p = .146, ηp² = .023, BFincl = 0.52. Follow-up

analyses for the Conditioning Type × Time interaction revealed no difference between the
two conditioning type conditions at pre-training, F (1, 92) = 0.01, p = .912, ηp² = .000, BF10 =
0.12, and a significantly larger EC score for forward conditioning than backward at posttraining, F (1, 92) = 37.35, p < .001, ηp² = .289, BF10 = 85889.24. One sample t-tests
confirmed that EC scores were significantly larger than zero for both forward conditioning, t
(93) = 10.24, p < .001, d = 1.06, BF10 = 9.50 × 1013, and backward conditioning, t (93) =
2.51, p = .014, d = 0.26, BF10 = 2.19, at post-training, but not pre-training, t (93) = 0.31, p =
.759, d = 0.03, BF10 = 0.12, and, t (93) = 0.73, p = .470, d = 0.07, BF10 = 0.15, respectively.
Follow-up analyses for the Conditioning Type × Instructions interaction revealed that,
averaged across pre- and post-test, EC scores for forward conditioning were significantly
larger than EC scores for backward conditioning in the start-stop instructions group, F (1, 92)
= 28.65, p < .001, ηp² = .237, BF10 = 860.85, but not the observe instructions group, F (1, 92)
= 2.20, p = .141, ηp² = .023, BF10 = 0.44.
Affective priming. Mean affective priming scores are depicted in Figure S2. The
ANOVA revealed only a significant main effect of Time, F (1, 79) = 6.29, p = .014, ηp² =
.074, BF10 = 2.79, indicating that priming scores were significantly larger at post-training
than pre-training. Follow-up analyses revealed that priming scores were significantly larger
than zero at post-training, t (80) = 3.02, p = .003, d = 0.34, BF10 = 5.43, but not pre-training, t
(80) = 0.33, p = .746, d = 0.04, BF10 = 0.09. The three-way interaction between Instructions,
Conditioning Type, and Time, was not significant, F (1, 79) = 0.11, p = .739, ηp² = .001,
BFincl = 0.26.
Discussion
Explicit valence ratings and reaction time priming scores revealed assimilation effects
for forward and backward conditioning. Bayesian analyses provided weak to moderate
evidence for the null hypothesis, suggesting that no differences on EC scores between

instruction groups were present. Thus, the hypothesis that both groups would show backward
CS contrast effects was not supported. It is possible that the ‘start-stop instructions’ are not
sufficient to produce backward CS contrast effects without additional procedural details of
Moran and Bar-Anan’s (2013) paradigm. The paradigm we employed was different from
Moran and Bar-Anan’s, because we used multiple USs, single CSs, and the same stimulus
presentation timing as Mallan et al. (2008). For example, it is possible that removing the
overlap between US offset and CS onset and removing the varying US durations that made
US offset predictable rendered the instructions less effective. We also measured explicit
valence ratings and presented the affective priming task before and after the training phase,
whereas Moran and Bar-Anan (2013) only presented their measures of CS valence after the
training phase. This may have resulted in an ‘evaluative mindset’ that led participants to
evaluate stimuli differently than in Moran and Bar-Anan (2013; Gast & Rothermund, 2011).
Furthermore, it could be that the ‘start-stop instructions’ produce backward CS contrast
effects only when using acoustic USs, or only when the USs are more intense and/or more
salient than the picture USs used here. Consistent with this possibility, Moran et al. (2016)
found backward CS contrast effects in a picture-picture paradigm using instructions that
emphasised the valence of the US (i.e., “getting gold bars is a happy event, whereas getting
garbage piles is a sad event”) and the agency of the families in starting and stopping the US
(i.e., “creatures control whether happy or sad events happen to you”).
Before we can draw conclusions about our hypothesis regarding US predictability and
affective relief/disappointment eliciting backward CS contrast effects, we need to ensure that
we can elicit backward CS contrast effects with instructions in a picture-picture paradigm.
Moreover, we need to assess whether putting participants in an ‘evaluative mindset’ by
presenting valence ratings and affective priming before the learning phase is affecting
backward CS learning. To achieve this we decided to replicate Moran et al.’s (2016) findings

using their exact paradigm and instructions to determine whether US and CS overlap, US
variability or an ‘evaluative mindset’ may have contributed to not observing backward CS
contrast effects in the ‘start-stop instructions’ group of Experiment 1.
Pilot Study 2
Pilot Study 2 had two aims: (1) to replicate Experiment 1 from Moran et al. (2016), as
we did not find contrast effects in our first experiment using a slightly different paradigm and
using instructions that were based on an earlier study employing sound USs (Moran & BarAnan, 2013), and (2) to assess whether having participants complete explicit valence ratings
and an affective priming task before conditioning puts them in an ‘evaluative mindset’ that
results in a failure to find contrast effects in backward conditioning. If contrast effects emerge
for backwardly conditioned CSs in both groups in Pilot Study 2, the lack of a contrast effect
in Pilot Study 1 may be due to the differences in the paradigm or instructions. If contrast
effects emerge for backwardly conditioned CSs in the no pre-measure group only, the lack of
contrast effects observed in Pilot Study 1 may be due to putting participants in an ‘evaluative
mindset’ before the conditioning task.
Method
Participants and design. Participants were recruited through M-Turk. The sample
comprised 95 participants, with a mean age of 36.57, SD = 10.504, after duplicates and those
failing to complete the experiment were removed (n = 18). As in Pilot Study 1, the sample
size was based on previous research (Moran & Bar-Anan, 2013; Moran et al., 2016). The ‘no
pre-measure’ group consisted of 48 participants (19 female) and the ‘pre-measure’ group
included 47 participants (23 female). Groups did not differ on gender, χ2 (2) = 2.06, p = .356,
ethnicity, χ2 (4) = 0.42, p = .981, or age, t (93) = 0.81, p = .418, d = 0.17, BF10 = 0.29. A 2
(Pre-measure: pre-measure vs no pre-measure; between-participants) × 2 (Conditioning Type:
forward vs backward; within-participants) × 2 (US Valence: positive vs negative; within-

participants) mixed design was used to replicate Moran et al. (2016) and to determine
whether presenting explicit valence rating and affective priming tasks before conditioning
affects the pattern of responding on these tasks after conditioning. In the pre-measure group,
participants completed an explicit valence rating and affective priming task before and after
conditioning. In the no pre-measure group, which was a direct replication of the first
experiment in Moran et al. (2016), participants completed a conditioning task, followed by
explicit valence ratings and an affective priming task. Both groups then completed a
recollective memory test and a demographics questionnaire.
Explicit valence ratings. Each CS family was presented alone and participants were
asked “Based on your very first emotional response, how much do you like the creatures in
the picture? Click the appropriate answer below: dislike strongly, dislike moderately, dislike
slightly, like slightly, like moderately, like strongly”.
Affective priming task. Two creatures from each family were presented with positive
and negative words twice, and two creatures from each family were presented with positive
and negative words three times, for a total of 10 positive and 10 negative word pairings per
family. This resulted in 80 trials. All other details were the same as in Pilot Study 1.
Recollective memory test. Each CS family was presented alone and participants were
asked “In the game, what was the role of the creatures in the picture? Click the appropriate
answer below: Starting gold, starting garbage, stopping gold, stopping garbage?”
Demographics questionnaire. The demographics questionnaire was identical to
Experiment 1.
Apparatus/stimuli. CSs and USs were those used by Moran et al. (2016; available at
https://osf.io/v2trw/). CSs were four families of alien creatures, with each family comprising
four creatures for a total of 16 CSs. The positive US was a picture of puppies, gold bars, and
a baby, presented next to each other as a single image, and the negative US was a picture of

an aggressive dog, garbage, and a crying child presented next to each other as a single image.
Inquisit 4 by Millisecond Software ™ (2016) was used to run the experiment and to record
responses in all tasks.
Procedure. The ‘pre-measure’ group completed explicit valence ratings and an
affective priming task before the training phase, whilst the ‘no pre-measure’ group went
straight to the training phase. The training phase comprised 12 positive and 12 negative trials
randomly presented with inter-trial intervals of 2s. Each trial consisted of a forward CS,
followed by a positive or negative US, followed by a backward CS. This CS-US-CS
paradigm was an exact replication of Moran et al. (2016). CSs were presented for 1.5 seconds
and USs were presented in blocks of 1s flashes with a 200ms break between each flash for a
total of 3 or 5s of total US presentation time. Onset of the US coincided with offset of the
forward CS, and onset of the backward CS occurred 200ms after the last US appearance.
Prior to the training phase, we presented participants with the exact instructions used
by Moran et al. (2016; termed ‘valence-agency instructions’). These instructions differ
slightly from those used by Moran and Bar-Anan (2013; termed ‘start-stop instructions’), as
they highlight valence and agency. The instructions read as follows:
In the next game, you will get piles of shiny gold bars, but also some stinky garbage
piles. Getting gold bars is a happy event, whereas getting garbage piles is a sad
event. In the game, four families of creatures control whether happy or sad events
happen to you. These are the four families. One family of creatures will always start
the gold bars coming your way. A second family of creatures will always stop the gold
bars. A third family of creatures will always start garbage piles coming your way. A
fourth family of creatures will always stop the garbage piles. Your goal in this game
is to learn which family of creatures starts the gold, which family stops the gold,
which family starts the garbage, and which family stops the garbage. We will test

your learning later in the game, so please pay close attention. If you read and
understood the instructions, hit the spare bar to continue. Please pay close attention
to the images on the screen. Make sure you learn and remember which family does
each of the four actions (start gold, stop gold, start garbage, stop garbage). Press
space to start the game.
After 12 trials, the following instructions were presented:
Do you know by now which family starts the gold, which family stops the gold, which
family starts the garbage, and which family stops the garbage? Try to memorize what
each family does for a later test. Press space for a few more rounds to help you
remember the roles of the families better.
After the training phase, the explicit valence ratings and affective priming tasks were
presented, followed by the recollective memory test and demographics questionnaire.
Participants then received a completion code to enter to receive their payment, and thanked
for participating. The experiment took 13 minutes on average to complete, and participants
were compensated US-$5.
Statistical analyses. Responses following CSs within the same family in the affective
priming task were averaged to provide overall means for each family. EC scores were
calculated following the procedures in Pilot Study 1. EC scores and priming scores were
subjected to separate 2 (Pre-measure: pre-measure vs no pre-measure; between-participants)
× 2 (Conditioning Type: forward vs backward; within-participants) mixed-model ANOVAs.
Participants with a percentage of invalid trials larger than 25% were removed from the
priming analyses (n = 4 in the ‘pre-measure’ group, n = 6 in the ‘no pre-measure’ group). In
the final sample at pre-test, 6.62% of trials were incorrectly categorised and 7.47% of trials
were outliers. At post-test, 7.50% of trials were incorrectly categorised and 6.33% of trials

were outliers. The reliability of the priming task was α = .13 at pre-test, and α = .45 at posttest. All other details were the same as in Experiment 1.
Results
Explicit valence ratings. Figure S3 shows mean EC scores at post-test as a function
of Conditioning Type and Pre-measure. The figure suggests assimilation effects for forward
conditioning and contrast effects for backward conditioning in both the ‘pre-measure’ and the
‘no-pre-measure’ groups. A main effect of Conditioning Type revealed that forward
conditioning EC scores were significantly larger than backward conditioning EC scores, F (1,
93) = 223.65, p < .001, ηp² = .706, BF10 = 1.81 × 1040. One-sample t-tests further showed that
forward conditioning EC scores were significantly larger than zero, t (94) = 18.67, p < .001, d
= 1.92, BF10 = 1.30 × 1030, and backward conditioning EC scores were significantly smaller
than zero, t (94) = 7.49, p < .001, d = 0.77, 2.45 × 108. The two-way interaction between
Instructions and Conditioning Type was not significant, F (1, 93) = 1.21, p = .274, ηp² = .013,
BFincl = 0.49.
Affective priming. Figure S4 shows mean EC scores on affective priming at post-test
as a function of Conditioning Type and Pre-measure. A marginal main effect of Conditioning
Type suggests a larger priming score for forward conditioning than backward conditioning, F
(1, 83) = 3.42, p = .068, ηp² = .040, BFincl = 0.99. The two-way interaction between
Instructions and Conditioning Type was not significant, F (1, 83) = 1.14, p = .289, ηp² = .014,
BFincl = 0.41. One sample t-tests showed that only priming scores for forward conditioning
were significantly larger than zero, t (84) = 2.53, p = .013, d = 0.27, BF10 = 2.39. Priming
scores for backward conditioning were not significantly different from zero, t (84) = 0.04, p =
.972, d < 0.01, BF10 = 0.12.

Discussion
In the current study, explicit valence ratings showed assimilation effects for forward
CSs and contrast effects for backward CSs in both groups, and this pattern emerged
regardless of whether participants did or did not complete measures of CS valence before the
training phase. In addition to successfully replicating the backward CS contrast effects
observed by Moran et al. (2016), these findings suggest that the lack of a contrast effect for
backwardly conditioned CSs in Pilot Study 1 was not due to participants being in a
‘evaluative mindset’. However, differing from Moran and Bar-Anan’s (2013) findings,
affective priming scores revealed a significant but weak assimilation effect only for forward,
but not for backward, CSs.
Although Pilot Study 2 rules out an ‘evaluative mindset’ as a potential explanation for
the lack of a backward contrast effects on explicit valence ratings in Pilot Study 1, it is
possible that the difference between the findings in Pilot Studies 1 and 2 is due to the
procedural differences between the two studies mentioned in the Pilot Study 1 discussion.
Whereas the conditioning procedure in Pilot Study 1 aligned more closely with Mallan et
al.’s (2008) paradigm, the conditioning procedure in Pilot Study 2 directly replicated Moran
et al.’s (2016) paradigm which included US/CS overlap and US variability. These parameters
may increase the influence of the instructions and may also increase the amount of affective
relief/disappointment that occurs at the offset of the US. On the other hand, the different
results may have been due to differences between the instructions used in Pilot Study 1 (taken
from Moran & Bar-Anan, 2013) and those used in Pilot Study 2 (taken from Moran et al.,
2016), which different in the strength and perception of control the CSs possess (‘valence’
and ‘agency’ components). Finally, the observed backward CS contrast effect in Pilot Study 2
may have been artificially amplified by using a 6-point explicit valence rating scale instead of
the 9-point scale used in Pilot Study 1. The lack of a midpoint on the scale forces participants

to choose either ‘dislike slightly’, or ‘like slightly’, which may have pushed those who would
have rated CSs as neutral to select a specific valence. This aspect of the rating scale may have
resulted in a significant backward CS contrast effect in Pilot Study 2 that was not observed in
Pilot Study 1, because participants had the option to rate stimuli as neutral.
No priming effects were found for backward CSs which deviates from previous
research and a-priori predictions. It is possible that presenting multiple exemplars of the same
set of CSs reduced an already small effect to a null effect as supported by the Bayesian
analyses. It is also possible that competing assimilation and contrast effects cancelled each
other out leading to a null effect. This may be plausible given the speeded nature of the task.
However, results regarding the effects of speeded tasks (i.e., valence rating tasks that impose
time limits on responding, as well as other implicit measures) on backward CS evaluations in
this paradigm are currently inconclusive (see Moran & Bar-Anan, 2019).
The concerns regarding explicit valence ratings mentioned above, and potential
moderators of the backward CS contrast effects present in Pilot Study 2, but not in Pilot
Study 1, were addressed in the main experiment by contrasting paradigm (‘Mallan paradigm’
from Pilot Study 1 vs. ‘Moran paradigm’ from Pilot Study 2) and instructions (‘observe
instructions’ from Pilot Study 1 vs. ‘valence-agency instructions’ from Pilot Study 2) in a
mixed factorial design.
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Figure S1. EC scores on explicit valence ratings for forward and backward conditioning
measured pre-training and post-training for the start-stop instructions and observe instructions
groups, Pilot Study 1. Positive scores indicate assimilation effects; negative scores indicate
contrast effects. Error bars show 95% confidence intervals of the mean.
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Figure S2. EC scores on affective priming for forward and backward conditioning, measured
pre-training and post-training for the start-stop instructions and observe instructions groups,
Pilot Study 1. Positive scores indicate assimilation effects; negative scores indicate contrast
effects. Error bars show 95% confidence intervals of the mean.
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Figure S3. Post-test EC scores on explicit valence ratings for forward and backward
conditioning for the ‘no pre-measure’ and ‘pre-measure’ groups, Pilot Study 2. Positive
scores indicate assimilation effects; negative scores indicate contrast effects. Error bars show
95% confidence intervals of the mean.
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Figure S4. Post-test EC scores on affective priming for forward and backward conditioning
for the ‘no pre-measure’ and ‘pre-measure’ groups, Pilot Study 2. Positive scores indicate
assimilation effects; negative scores indicate contrast effects. Error bars show 95%
confidence intervals of the mean.
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Additional Analyses: Pilot Study 1
Recollective Memory Test
Seven participants in the start-stop instructions group, and 43 participants in the
observe instructions group failed to correctly verbalise the contingency. This difference
between groups seems due to the very strict criterion (100% correct report) applied and is not
indicative of learning without awareness in the observe instructions group.
Explicit valence ratings
The pattern of EC scores for participants who passed the recollective memory test
was similar to the entire sample. The only difference was that the significant Conditioning
Type × Time interaction from the entire sample was marginal, F (1, 42) = 4.015, p = .052, ηp²
= .087. Follow-up analyses revealed the same pattern as the entire sample.
Affective priming – Reaction Time
When analysing only those who passed the recollective memory test, the significant
main effect of time became marginal, F (1, 39) = 3.511, p = .068, ηp² = .083. As per the entire
sample, EC scores were larger at post-training than pre-training.
Affective priming – Errors
Mean EC scores for errors on the affective priming measure are depicted in Figure S5.
The ANOVA revealed only a significant main effect of Time, F (1, 79) = 3.991, p = .049, ηp²
= .048, indicating that EC scores were significantly larger at post-training than pre-training.
Follow-up analyses revealed that priming scores were not different zero at pre-training, t (80)
= 1.218, p = .227, d = 0.14, or at post-training, t (80) = 1.832, p = .071, d = 0.20. When
analysing data from participants who passed the recollective memory test, the main effect of
time was not significant, F (1, 39) = 0.262, p = .612, ηp² = .007.
Additional Analyses: Pilot Study 2

Recollective Memory Test
Nine participants in each group failed to correctly verbalise the contingency.
Explicit valence ratings
The pattern of results was the same as the entire sample when analysing those who
passed the recollective memory test.
Affective priming – Reaction Time
When analysing only those who passed the recollective memory test, the main effect
of conditioning type became significant, F (1, 71) = 8.784, p = .004, ηp² = .110. Follow-up
analyses revealed the same pattern as the entire sample.
Affective priming – Errors
Figure S6 shows mean EC scores for errors on affective priming at post-test as a
function of Conditioning Type and Pre-measure. A main effect of Conditioning Type
suggests a greater priming score for forward conditioning than backward conditioning, F (1,
83) = 4.278, p = .042, ηp² = .049. However, one sample t-tests showed that priming scores for
forward conditioning, t (84) = 1.302, p = .197, d = 0.14, and backward conditioning were not
significantly different from zero, t (84) = 1.565, p = .121, d = 0.17.
Figure S7 suggests a contrast effect for backward CSs in the pre-measure group only
when analysing participants who passed the recollective memory test. The Conditioning Type
× Group interaction was significant, F (1, 71) = 5.513, p = .022, ηp² = .072. Follow-up
analyses revealed that EC error scores were smaller for backward conditioning than forward
conditioning for the pre-measure group only, t (36) = 2.842, p = .006, d = 0.47, with no
differences for the no pre-measure group t (35) = 0.494, p = .623, d = 0.08. One-sample ttests showed that backward conditioning EC error scores in the pre-measure group were

significantly below zero, t (36) = 2.412, p = .021, d = 0.40. No other comparisons differed
from zero, all ts < 1.346, all ps > .181, all ds < 0.22.
Analyses of pre-measure only group across Time
EC and priming scores from the ‘Pre-measure’ group were also subjected to a 2
(Conditioning Type: forward vs backward; within-participants) × 2 (Time: pre-test vs posttest; within-participants) repeated measures ANOVA.
Explicit valence ratings. Figure S8 shows an assimilation effect for forward
conditioning and a contrast effect for backward conditioning at post-training. Main effects of
Conditioning Type, F (1, 46) = 97.713, p < .001, ηp² = .680, and Time, F (1, 46) = 21.192, p
< .001, ηp² = .315, were qualified by a Conditioning Type × Time interaction, F (1, 46) =
69.436, p < .001, ηp² = .602. Follow-up analyses revealed that EC scores for forward
conditioning were significantly larger than EC scores for backward conditioning at posttraining, F (1, 46) = 106.963, p < .001, ηp² = .699, but no difference occurred at pre-training,
F (1, 46) = 0.028, p = .868, ηp² = .001. One-sample t-tests showed forward conditioning EC
scores were significantly larger than 0, t (46) = 11.965, p < .001, d = 1.75, and backward
conditioning EC scores were significantly less than 0, t (46) = 4.893, p < .001, d = 0.71, at
post-training. Forward and backward conditioning EC scores did not differ from 0 at pretraining, t (46) = 0.133, p = .894, d = 0.02, and t (46) = 0.116, p = .908, d = 0.02,
respectively. The pattern of results was the same when only analysing those who passed the
recollective memory test.
Affective priming – Reaction time. Figure S9 shows an assimilation effect for
forward conditioning at post-training. The Conditioning Type × Time interaction was
significant, F (1, 39) = 9.895, p = .003, ηp² = .202. Forward conditioning priming scores were
larger than backward conditioning at post-training, F (1, 39) = 6.844, p = .013, ηp² = .149,
but not pre-training, F (1, 39) = 0.902, p = .348, ηp² = .023. One sample t-tests showed that

forward conditioning priming scores at post-training were significantly larger than 0, t (39) =
2.908, p = .006, d’s < 0.46, and that no other scores differed from 0, t’s < 1.562, p’s > .126,
d’s < 0.25. The pattern of results from those who passed the recollective memory did not
differ from the entire sample.
Affective priming – Errors. Figure S10 shows mean EC scores for errors on
affective priming at post-test as a function of conditioning type and Pre-measure. A main
effect of Conditioning Type suggests a larger priming score for forward conditioning than
backward conditioning, F (1, 39) = 9.823, p = .003, ηp² = .201. A one sample t-test showed
that the priming score for forward conditioning did not differ from zero, t (39) = 1.657, p =
.105, d = 0.26. For backward conditioning, the priming score was significantly less than zero,
t (39) = 2.726, p = .010, d = 0.43. The pattern of results from those who passed the
recollective memory did not differ from the entire sample.
Additional Analyses: Main Experiment
Recollective Memory Test
Thirty two participants in the ‘Start-Stop instruction, Mallan paradigm’ group, 33
participants in the ‘Start-Stop instruction, Moran paradigm’ group, eight participants in the
‘Valence-Agency instruction, Mallan paradigm’ group, and seven participants in the
‘Valence-Agency instruction, Moran paradigm’ group failed to verbalise the contingency.
Explicit valence ratings
When analysing participants who passed the recollective memory test, the Instructions
× Time interaction became significant, F (1, 106) = 5.451, p = .021, ηp² = .049, and the Time
× Paradigm interaction became marginal, F (1, 106) = 3.538, p = .063, ηp² = .032. Overall, the
pattern of results did not change as the Instructions × Conditioning Type × Time interaction
remained significant, F (1, 106) = 20.693, p < .001, ηp² = .163.

Affective priming – Reaction time
When analysing participants who passed the recollective memory test the main effect
of Time became significant, F (1, 95) = 4.142, p = .045, ηp² = .042, revealing the same pattern
of results as the entire sample.
Affective priming – Errors
Figure S11 shows mean EC scores on affective priming for forward and backward
conditioning measured pre-training and post-training as a function of Instructions and
Paradigm. The figure suggests a contrast effect at post-training in the valence-agency
instructions/Mallan paradigm group for backward conditioning. An Instructions × Time
interaction, F (1, 153) = 6.124, p = .014, ηp² = .038, and a Paradigm × Conditioning Type ×
Time interaction were found. Following up the Instruction × Time interaction revealed that
priming scores in the observe instructions group were marginally larger at post-training than
pre-training, t (39) = 1.696, p = .092, d = 0.27. In the valence-agency instructions group,
priming scores did not differ between pre- and post-training, t (153) = 0.321, p = .749, d =
0.05. Following up the Paradigm × Conditioning Type × Time interaction revealed larger
priming scores in the Moran paradigm group at post-training when compared with pretraining for backward conditioning, t (153) = 2.402, p = .018, d = 0.38. No other comparisons
were significant, ts < 1.552, ps > .123, ds < 0.25. When analysing participants who passed the
recollective memory test, no main effects or interactions were significant, Fs < 2.959, ps >
.089, ηp²s < .030.
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Figure S5. EC scores for errors on affective priming for forward and backward conditioning,
measured pre-training and post-training for start-stop instructions and observe instructions,
Pilot Study 1. Positive scores indicate assimilation effects; negative scores indicate contrast
effects. Error bars show 95% confidence intervals of the mean.
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Figure S6. EC scores for errors on affective priming for forward and backward conditioning,
measured post-training for no pre-measure and pre-measure groups, Pilot Study 2. Positive
scores indicate assimilation effects; negative scores indicate contrast effects. Error bars show
95% confidence intervals of the mean.
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Figure S7. EC scores from participants who passed the recollective memory test for errors on
affective priming for forward and backward conditioning, measured post-training for no premeasure and premeasure groups, Pilot Study 2. Positive scores indicate assimilation effects;
negative scores indicate contrast effects. Error bars show 95% confidence intervals of the
mean.
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Figure S8. EC scores for forward and backward conditioning measured pre and post-training
for the pre-measure group only, Pilot Study 2. Positive scores suggest assimilation effects,
negative scores suggest contrast effects. Error bars show 95% confidence intervals of the
mean.
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Figure S9. Priming scores from reaction times for forward and backward conditioning,
measured pre and post-training for the pre-measure group only, Pilot Study 2. Positive scores
suggest assimilation effects, negative scores suggest contrast effects. Error bars show 95%
confidence intervals of the mean.
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Figure S10. EC scores EC scores for errors on affective priming for forward and backward
conditioning measured pre and post-training for the pre-measure group only, Pilot Study 2.
Positive scores suggest assimilation effects, negative scores suggest contrast effects. Error
bars show 95% confidence intervals of the mean.

10
8
6

Errors

4
2
0
-2
-4
-6
-8
Before
After
Before
After
Before
After
Before
After
Conditioning Conditioning Conditioning Conditioning Conditioning Conditioning Conditioning Conditioning
MaP Observe

MaP Valence-Agency
Forward

MoP Observe

MoP Valence-Agency

Backward

Figure S11. EC scores for errors on affective priming for forward and backward conditioning
measured pre-training and post-training as a function of instructions (‘observe instructions’
and ‘valence-agency instructions’) and paradigm (‘Mallan paradigm (MaP)’ and ‘Moran
paradigm (MoP)’), Main Experiment. Positive scores indicate assimilation effects; negative
scores indicate contrast effects. Error bars show 95% confidence intervals of the mean.

