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Abstract
Human fear conditioning paradigm is a widely-used procedure to study anxiety. However, merely
thinking about the aversive outcome is typically not measured in this procedure. This is surprising
because thinking of an aversive event is of clinical relevance (e.g., in the form of intrusions) and
of theoretical interest. We present two pre-registered studies that (1) included thinking of an
aversive outcome as an additional dependent variable and (2) compared several interventions to
reduce it. We found that mere thinking of an aversive outcome could be successfully conditioned.
Among the participants who showed successful acquisition, extinction training was less successful
in reducing it than counterconditioning. Presenting new additional outcomes also proved effective
to reduce thoughts about the initial outcome when the new outcomes were positive stimuli.
Including thinking of the aversive outcome as an additional dependent variable may serve to

enhance the understanding of anxiety-related disorders and inform their treatment.
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Thought Conditioning: Inducing and Reducing Thoughts about the Aversive Outcome in a Fear
Conditioning Procedure

Anxiety-, trauma- and stressor-related disorders' are among the most common psychiatric
disorders (Wittchen et al., 2011) and often lead to severe impairments in quality of life (Olatunji,
Cisler, & Tolin, 2007). As such, they have become an important target of research. The fear
conditioning procedure is a widespread model to study anxiety disorders in the laboratory
(Beckers, Krypotos, Boddez, Effting, & Kindt, 2013; Craske et al., 2009; Mineka & Oehlberg,
2008; Scheveneels, Boddez, & Hermans, 2019). In this procedure, the effect of contingently
presenting a cue and an outcome on responding to the former is assessed. In layman terms, the
outcome is often termed and selected to be “aversive” (e.g., an electric shock) and the responses
are typically termed anticipatory “fear responses”. Such fear responses are traditionally assessed
by the measurement of physiology (e.g., skin conductance, fear-potentiated startle), and in
humans also by verbal responses (e.g., subjective fear ratings, outcome expectancy ratings;
Lonsdorf et al., 2017). Merely thinking of the aversive outcome is typically not assessed even
though unpleasant thoughts of an aversive event are clinically relevant (e.g., in the form of
intrusive thinking; Harvey, Watkins, Mansell, & Shafran, 2004) and of theoretical interest. For
example, the sight of a hospital bed may make one think of how a loved one died in pain
(Boddez, 2018).

Baeyens, Vansteenwegen, Hermans, and Eelen (2001) theorized that people may acquire
both signal relations and referential relations when partaking in a conditioning procedure. Signal

relations underlie the expectancy that an outcome will occur in the immediate future when

! For reasons of simplicity and readability, we refer to these different diagnostic categories as
anxiety-related disorders in the remainder of the manuscript.
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presented with the cue (i.e., the cue functions as a signal) and are captured by the outcome
expectancy measure (Boddez et al., 2013). Referential relations, in contrast, merely make one
think of the outcome when presented with the cue (i.e., the cue functions as a referent). Such
referential relations may also occur without activating an expectancy that the outcome will be
imminent (Baeyens et al., 2001; also see Jozefowiez, 2018). For instance, a soldier’s old gas
mask may make him think of a chemical attack that he experienced without making him expect
an imminent chemical attack. Although this may be a sufficient basis for discomfort, merely
thinking of the aversive outcome has never been included as an outcome measure in human fear
conditioning research.

Importantly, there are theoretical and empirical reasons to assume that such thoughts,
unlike expectancies, would survive extinction training (i.e., a laboratory model of exposure
treatment; e.g., Eelen, Hermans, & Baeyens, 2001). Extinction training involves presenting the
cue that previously contingently preceded the aversive outcome by itself (Bouton, 1988;
Hermans, Craske, Mineka, & Lovibond, 2006; Milad & Quirk, 2012; Quirk & Mueller, 2008; for
a discussion of the mechanisms mediating extinction effects see General Discussion). It has been
theorized that the information provided in an extinction procedure counteracts signal relations,
while leaving referential relations intact (Baeyens et al., 2001). As described above, a signal
relation implies that the cue functions as a signal for the outcome occurring in the imminent
future. Such signal relation, and the concomitant outcome expectancy, can be supported or
refuted by the occurrence or nonoccurrence of the outcome. Because the cue is no longer
followed by the outcome during extinction training, the individual can learn that this relation no
longer holds. This, in turn, may result in a reduction in outcome measures indexing signal

relations such as outcome expectancies. In case of a referential relation, however, the cue merely



THOUGHT CONDITIONING 5

refers to the outcome. Because this does not entail a (falsifiable) prediction of the outcome,
nonoccurrence of the outcome does not invalidate a referential relation and should leave it

unaffected (Baeyens et al., 2001; Hermans & Baeyens, 2012). Accordingly, thinking of the
aversive outcome may be insensitive to extinction training.

In line with these theoretical considerations, there is a plethora of evidence showing a
decline in outcome expectancies following extinction training (e.g., Hermans et al., 2006). There
is also indirect evidence, stemming from evaluative conditioning research, suggesting that
thinking of the aversive outcome might indeed be resistant to extinction training (Baeyens, Diaz,
& Ruiz, 2005; Vansteenwegen, Francken, Vervliet, De Clercq, & Eelen, 2006). In evaluative
conditioning, the valence of a cue changes due to pairing of the cue with a positively or
negatively valenced outcome. It has been proposed that this change in valence is driven by a
merely referential relation between cue and outcome (Baeyens et al., 2001). An interesting
finding is that evaluative shifts induced by conditioning have indeed been found to survive
extinction training (Baeyens et al., 2005; Vansteenwegen et al., 2006). As such, it seems likely
that other indices of referential relations, such as thinking of the aversive outcome, might also
survive extinction learning.

There may be important clinical implications if thinking of an aversive outcome is
unaffected by extinction. That is, a patient may still have unpleasant thoughts about the outcome
following an otherwise successful exposure treatment. This calls for a search for alternative
interventions that do successfully reduce thinking of a previously associated aversive outcome.
Here we present two studies that were aimed at (1) testing thinking of the aversive outcome as an
additional outcome variable in a fear conditioning procedure and (2) testing several interventions

to successfully reduce it.
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Study 1

A candidate for reducing thinking of an aversive outcome is a procedure termed
association splitting. At a procedural level, this entails pairing the cue with additional
“competing” outcomes (Moritz & Jelinek, 2011; Moritz, Jelinek, Klinge, & Naber, 2007). One
potential mechanism is that increasing the number of associations that originate from a single
cue decreases the strength or likelihood of retrieval of each individual cue-outcome association
(i.e., the fan effect; Anderson, 1974; Moritz & Jelinek, 2011; Moritz et al., 2007). One can
compare this to water running from a faucet. If the number of containers placed below the faucet
increases, then the volume of water in each container will decrease. As such, association splitting
can be seen as the mirror image of the more widely studied cue competition phenomena (Miller
& Matute, 1998). In a standard cue competition procedure, the outcome is not preceded by just
one, but by a compound of multiple cues that are presented simultaneously. Here, the dominant
theory holds that increasing the number of associations that end in a single outcome decreases
the strength or retrievability of the individual cue-outcome associations (Boddez, Haesen,
Baeyens, & Beckers, 2014; Rescorla & Wagner, 1972). In line with this notion, cues that have
been trained in compound with other cues indeed elicit less conditioned responding than cues
trained separately. Translating the association splitting intervention to a fear conditioning
procedure, pairing the cue with a compound of its initial outcome and additional novel outcomes
should reduce thinking of the initial outcome when presented with the cue.

In the current study, participants indicated both outcome expectancies and the extent to
which the cue made them think of the initial outcome during each trial of a fear conditioning
task. Following a differential fear conditioning phase, we compared the effectiveness of an

extinction intervention (i.e., repeatedly presenting the cue without the initial aversive outcome)
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to an association splitting intervention (i.e., pairing the cue with a compound of the initial
outcome and two novel outcomes).

First, we predicted that mere thinking of the aversive outcome and outcome expectancies
would be successfully conditioned during the fear conditioning procedure across all participants.
Second, we predicted that the association splitting intervention would be more successful in
decreasing thinking of an aversive outcome than the extinction intervention. At the same time,
we hypothesized that the extinction intervention would be more successful in decreasing
outcome expectancies than the association splitting intervention because the initial outcome was
still presented during the latter. We added a no extinction condition (i.e., continued pairing of the
cue with the initial outcome) as a control group. This group only differed from the association
splitting group with respect to the added outcomes and therefore isolates their effect on
conditioned responding. We predicted that the association splitting intervention would decrease
thinking of the aversive outcome as compared to the no extinction intervention. The extinction
group was expected to be more successful in decreasing outcome expectancies than the no
extinction group.

Method

Preregistration. The experimental procedures and statistical analyses of Study 1 were
preregistered on Aspredicted.org (http://aspredicted.org/blind.php?x=bm5iy8). Additional
analyses will be explicitly termed as “exploratory” in the results section.

Participants. Seventy-two participants (n female = 60, n male = 12; M age =
21.42, SD age = 4.84) were included in the present study, with each of the three experimental
conditions (i.e., extinction, no extinction, association splitting) comprising twenty-four

participants (See Supplemental Materials for additional participants’ characteristics). One
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participant discontinued his or her participation because of feeling unwell. The data of this
participant were replaced. In total, 73 participants took part in the study. Participants were
recruited through an online recruitment platform (Sona Systems, Ltd., Tallinn, Estonia), which is
open to all KU Leuven students and the public. Exclusion criteria were based on self-report and
were: presence of a clinical depression, anxiety disorder, posttraumatic stress disorder, panic
disorder or another psychiatric disorder in the past or at the time of participation, medical advice
to avoid stressful situations, or a history of fainting. Ethics approval was obtained from the
Social and Societal Ethics Committee of KU Leuven and all participants gave written informed

consent. Participation was reimbursed with partial course credits or 8 euros.

Apparatus and stimuli. Affect 5 software, which is an updated version of Affect 4.0
(Spruyt, Clarysse, Vansteenwegen, Baeyens, & Hermans, 2009), was used to program and
administer the conditioning task.

Stimuli for the fear conditioning procedure. Images of a small and a big circle were
used as the cues (allocation to either reinforced or unreinforced cue was counterbalanced within
each experimental condition). The small circle had a diameter of 2 cm, while the large circle had
a diameter of 5 cm. The outline of the circles was white and the inside of the circles was black.
The images for the outcome were taken from the International Affective Picture System (IAPS;
Lang, Bradley, & Cuthbert, 2005). All outcome images were 6 cm wide and 4.5 cm high. The
image of a mutilated body (i.e., image 3051) was used as the initial outcome for all groups
during Condition phase 1. The images of a thoracotomy (i.e., image 3250) and an aggressive dog
(i.e., image 1300; Lenaert et al., 2014) were used as the two novel outcomes during Conditioning

phase 2 for the association splitting intervention. The two novel outcomes were chosen to be
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aversive. This was done to distinguish the association splitting intervention from
counterconditioning interventions where cues are typically paired with outcomes of opposite
valence to the initial outcome (De Houwer, 2011; Hofmann, De Houwer, Perugini, Baeyens, &
Crombez, 2010). We reasoned that if the splitting of associations (i.e., increasing the number of
associations) is the main underlying mechanism (Moritz & Jelinek, 2011; Moritz et al., 2007),
then valence should not matter. All stimuli were presented against a black background and were
presented slightly above the center of the screen.

Outcome measures. Participants rated the extent to which they expected the cue to be
followed by the initial outcome (i.e., 7o what extent do you expect the geometrical figure to be
followed by the image of the mutilated body in the following seconds?) on a scale ranging from 0
(I do not expect the mutilated body at all) to 10 (I expect the mutilated body to a high extent)
during each cue presentation. Additionally, participants indicated the extent to which the cue
made them think of the initial outcome (i.e., 7o what extent does the geometrical figure make you
think of the image of the mutilated body?) on a scale ranging from 0 (Does not make me think of
the mutilated body at all) to 10 (Makes me think of the mutilated body to a high extent) during
each cue presentation. Both scales were presented simultaneously and below the cue. They
appeared on screen for 12 s. The scale of the expectancy ratings was always presented above the
scale of the thinking of ratings during all trials. Participants indicated their ratings with a single
mouse click. The rating scales referred exclusively to the initial outcome used during
Conditioning phase 1 on all trials of Conditioning phase 1 and 2. This was done to show the
effect of the interventions on expectancy and thinking of the initial outcome.

Procedure. At the beginning of the experiment, the exclusion criteria were assessed, and

participants gave written informed consent. Prior to the conditioning task, participants completed
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the Depression Anxiety Stress Scales (DASS-21; Lovibond & Lovibond, 1995) and received
general instructions concerning the task:

You will get to see images of geometrical shapes. Some of these geometrical figures may

be followed by an unpleasant image, namely an image of a mutilated body. When a

geometrical figure appears on the screen, you have to complete two different scales.
Afterwards, participants received a description of the two above-mentioned rating scales.
Additionally, participants were told:

While expecting and thinking of can go hand in hand, this does not necessarily have to be

so. For instance, a souvenir can make you think of a nice evening abroad without making

you expect to experience such a nice evening imminently.
Then, the conditioning task commenced (see Figure 1). At the beginning of each trial, a fixation
cross was presented for 2 s. It was followed by the presentation of the cue for 12 s. Both rating
scales appeared and disappeared with cue onset and offset, respectively. Not answering in time
resulted in an empty data cell. Immediately after cue offset, the outcome was displayed for 1 s on
reinforced trials, while a fixation cross was presented for the same length of time on unreinforced
cue trials. The intertrial-interval (ITT) varied between 4.3 s and 4.7 s (Miti= 4.5 s) and comprised
a fixation cross presentation. Conditioning phase 1 was identical for all participants and
consisted of 8 presentations of both the reinforced and unreinforced cue in random order (i.e.,
without any restrictions). The reinforced cue was always followed by the initial outcome, while
the unreinforced cue was never followed by an outcome. Conditioning phase 2 also consisted of
8 presentations of both the reinforced and unreinforced cue in random order. Conditioning phase
2 was a prolongation of Conditioning phase 1 (i.e., there was no break between both phases).

Participants were randomly assigned to one of three conditions (i.e., extinction, no extinction,
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Figure 1. Panel A shows the setup of a reinforced cue trial during Conditioning phase 1,
which was the same for all experimental groups. Panel B shows the setup of a reinforced cue
trial during Conditioning phase 2 for the different experimental groups. Group 1-3 were part

of Study 1. Group 1-4 were part of Study 2. Reinf. cue = Reinforced cue.

association splitting). In the extinction condition, the reinforced cue was no longer followed by
the outcome. In the no extinction condition, the reinforced cue continued to be paired with the
initial outcome. In the association splitting condition, the reinforced cue was followed by a
compound consisting of the initial outcome and the two novel outcomes. The image of the initial
outcome was always in the center of the compound, while the position (i.e., left or right) of the
novel outcomes was randomly determined on each trial for each participant. The unreinforced
cue was never followed by any outcome. At the end of the conditioning task, participants rated
the cues in terms of valence and the outcome images in terms of valence, tension, and attention.
In addition, they indicated the extent to which the outcome image made them look away and
whether they had already seen the outcome images before the present study. These cue and

outcome ratings are reported in the Supplemental Materials. Finally, participants completed the
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Preservative Thinking Questionnaire (PTQ; Ehring et al., 2011) and the White Bear Suppression
Inventory (WBSI; Wegner & Zanakos, 1994)? and were debriefed.

Data analyses and reduction. The outcome expectancy and thinking of the aversive
outcome ratings were analyzed with mixed-design analyses of variance (ANOVAs). Group (i.e.,
extinction, no extinction, association splitting) was included as a between-subjects variable and
stimulus (i.e., reinforced cue, unreinforced cue) and trial (i.e., trial 1-8) were included as within-
subjects variables. To test the hypothesized differences between groups, we ran mixed-design
ANOVAs with Group as between-subjects factor and stimulus and trial as within-subjects
factors. Moreover, we conducted separate repeated-measures ANOVAs for each group with
stimulus and trial as within-subjects factors as exploratory (i.e., non-preregistered) analyses. We
report the Greenhouse-Geisser correction in case of violations of the sphericity assumption. The

level of significance was fixed at a = 0.05. Partial eta squared (ni), with its corresponding 90%

confidence interval (Smithson, 2001), is reported as the effect size. Failure to respond within the
provided response window resulted in missing values in the analyses.

To test whether thinking of the aversive outcome can be successfully conditioned during
Conditioning phase 1, the analyses were run on the data of all participants who had complete
acquisition data (N = 66 and N = 46 for the expectancies and thinking of the aversive outcome,
respectively). To compare the effectiveness of the different interventions during Conditioning
phase 2, analyses were run with and without an acquisition criterion, which was determined and

preregistered before the start of data collection. Based on this acquisition criterion, only those

? We preregistered additional exploratory analyses to examine whether the WBSI, PTQ and DASS-21
predict participants’ performance on the thinking of the aversive rating scale. These results will not be
reported here as they relate to a separate research question.
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participants who scored higher on the reinforced cue than on the unreinforced cue on the last
acquisition trial for both outcome expectancy and thinking of the aversive outcome ratings (N =
59) were included. Higher should be interpreted as arithmetically higher (i.e., reinforced cue >
unreinforced cue). In case of missing values on the last trial, the value of the next to last trial was
used. It was reasoned that only if the responses were successfully acquired, they could
subsequently be reduced by our interventions. In the main text, we report the analyses on the data
of all participants who had complete data and without applying the acquisition criterion (N = 72
and N = 69 for the expectancies and thinking of the aversive outcome, respectively). However,
we also mention whenever a different conclusion was reached based on the analyses of the data
with acquisition criterion. In addition, we mention all analyses on the data with applying the
acquisition criterion (N = 59) for participants who did not have missing values in Conditioning
phase 2 (N =159 and N = 56 for the expectancies and thinking of the aversive outcome,
respectively) in the Supplemental Materials. An overview, which specifies the number of
participants in the different stages can be found in the Supplemental Materials as well.
Results

Conditioning phase 1.

Expectancies of the aversive outcome. There was a significant main effect of stimulus,

F(1, 63) = 265.14, p < 001,12 = .808, 90% CI [.733, .849], and a significant Stimulus x Trial
interaction, F(4.01, 252.85) = 91.65, p < .001, 12 = .592, 90% CI [.526, .636], suggesting

successful acquisition (Figures 2A-C). There were no significant group differences in

acquisition, as indicated by the non-significant Stimulus x Group, F(2, 63) = 2.98, p = .06, n‘z)

.086, 90% CI [.000, .192], and Stimulus x Trial x Group interactions, F(8.03, 252.85) = 1.80, p

.08, 15 =.054, 90% CI [.000, .076]. Although these interactions were, as anticipated, non-
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significant, it could, however, be critically noted that the p-values approached the common
criterion for significance.

Thinking of the aversive outcome. The significant main effect of stimulus, F(1, 43) =
60.15, p <.001, ng = .583, 90% CI [.409, .684], and the significant Stimulus x Trial interaction,
F(3.27,140.47) = 33.83, p < .001, ng = .441, 90% CI [.330, .513], are indicative of successful
acquisition (Figures 2D-F). There were no significant group differences in acquisition, as shown
by the non-significant Stimulus x Group, F(2, 43) =1.93, p = .16, ng = .082, 90% CI [.000, .205],
and Stimulus x Trial x Group interactions, F(6.53, 140.47) = 1.29, p = .26, ng = .057, 90% CI

[.000, .086].
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Figure 2. Panels A-C show the expectancies of the aversive outcome (mean = SEM) for each
condition during Conditioning phase 1 of Study 1. Panels D-F show thinking of the aversive
outcome (mean + SEM) for each condition during Conditioning phase 1 of Study 1. T = trial

number.
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Conditioning phase 2.

Expectancies of the aversive outcome. In line with our hypothesis, the Stimulus x Trial
x Group interaction was significant, F(7.08, 244.24) = 10.33, p <.001, ng = .230, 90% CI
[.138, .283], (Figures 3A-C). As suggested by Figures 3A-C and in line with our hypotheses, the
extinction intervention was more successful in reducing outcome expectancies than the
association splitting intervention and the no extinction group. This was confirmed by a
significant Stimulus x Trial x Group interaction comparing extinction with association splitting,
F(3.41,156.78) = 11.29, p < .001, ng = .197, 90% CI [.099, .272], and comparing extinction with
no extinction, F(3.51, 161.60) = 12.67, p < .001, ng =.216, 90% CI [.116, .290]. Explorative
analyses showed that the Stimulus x Trial interaction in the extinction group was significant,
F(3.25,74.66) = 11.08, p < .001, ng = .325, 90% CI [.162, .426] (Figure 3A). In contrast, the
Stimulus x Trial interactions in both the no extinction and association splitting group were non-
significant, F(2.50, 57.40) = 2.74, p = .06, ng = .107, 90% CI [.000, 0.214], and, F(2.43, 55.99) =
1.25, p=.30, nf, =.051, 90% CI [.000, .138], respectively. That is, we only found statistical
evidence for successful extinction of the outcome expectancies in the extinction group.

Thinking of the aversive outcome. The Stimulus x Trial x Group interaction was
significant, F(7.23, 238.48) = 3.97, p < .001, ng = .107, 90% CI [.032, .147], (Figures 3D-F).
The Stimulus x Trial x Group interaction comparing the extinction and association splitting
interventions was significant, F(3.59, 154.26) = 6.15, p < .001, ng = .125, 90% CI [.041, .193].
However, contrary to our hypotheses, comparing Figures 3D and 3F did not support that the
association splitting intervention was more successful in reducing thinking of the aversive
outcome than the extinction intervention. There were no significant differences between

association splitting and no extinction as indicated by a non-significant Stimulus x Trial x Group
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Figure 3. Panels A-C show the expectancies of the aversive outcome (mean = SEM) for each

condition during Conditioning phase 2 of Study 1. Panels D-F show thinking of the aversive

outcome (mean + SEM) for each condition during Conditioning phase 2 of Study 1. T = trial

number.

interaction comparing both groups, £(2.99, 137.39) = 1.38, p = .25, ng = .029, 90% CI

[.000, .071]. Although this Stimulus x Trial x Group interaction was significant in the analyses

with the acquisition criterion, F(2.76, 104.95) =3.13, p = .03, nf, =.076, 90% CI [.003, .149],

comparing Supplemental Figures 1E and 1F did not support that the association splitting

intervention reduced thinking of the aversive outcome more than the no extinction control group

(to the contrary, it seemed to increase thinking of).

We ran additional, explorative analyses to assess the reduction in each group separately.

These analyses revealed that the Stimulus x Trial interaction in the extinction group was not
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significant, F(3.89, 77.84) = 2.07, p = .09, n3 = .094, 90% CI [.000, .168]. That is, we found no
evidence that extinction training could significantly reduce thinking of the aversive outcome. The
Stimulus x Trial interaction was significant in the no extinction group, F(2.65, 60.87) =3.19, p

=.04, nf, =.122, 90% CI [.005, .228], and in the association splitting group, F(2.72, 62.61) =
5.63, p <.001,ng =.197,90% CI [.048, .310]. However, Figures 3E and 3F again suggest that

neither group was successful in decreasing thinking of the aversive outcome. In the analyses with
the acquisition criterion, the Stimulus x Trial interaction in the no extinction group was not
significant, F(3.32, 63.14) = 2.23, p = .09, n3 = .105, 90% CI [.000, .196].
Discussion

Study 1 shows that thinking of an aversive outcome can be successfully acquired in a
differential fear conditioning procedure. Moreover, extinction training seems to leave thinking of
the aversive outcome relatively intact, while successfully reducing outcome expectancies. This
stresses the clinical importance of including thinking of the aversive outcome as an additional
variable and searching for an intervention that can successfully reduce it.

However, contrary to our predictions, association splitting was not successful in doing so.
One reason for this could be that we used additional, aversive images rather than positive or
neutral images during the association splitting intervention, which would be more in line with a
typical clinical intervention (e.g., Jelinek, Hauschildt, Hottenrott, Kellner, & Moritz, 2014, 2018;
Moritz & Jelinek, 2011; Moritz et al., 2007). If association splitting worked solely due to
increasing the number of associations, then the valence of the additional outcomes should in
principle not have mattered. However, the valence of the additional outcomes might still have
played a role in an indirect way. For example, the competing aversive outcomes may have

elicited thoughts about the initial outcome, because they were similar in valence and were
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perhaps perceived as related in other ways (e.g., the aggressive dog could have caused the
mutilation; Collins & Loftus, 1975).
Study 2

An intervention that may prove more successful in reducing thinking of an aversive
outcome is counterconditioning. In a counterconditioning procedure, the original aversive
outcome is replaced by an outcome of opposite valence (De Houwer, 2011; Hofmann et al.,
2010). Research has shown that counterconditioning is successful in reducing previously
acquired cue valence (e.g., Baeyens, Eelen, van den Bergh, & Crombez, 1989; Engelhard, Leer,
Lange, & Olatunji, 2014). Given that cue valence and thinking of the aversive outcome are both
hypothesized to stem from a referential relation between cue and outcome (Baeyens et al., 2001),
it seems plausible that counterconditioning can reduce thinking of the aversive outcome as well.
We also included a revised association splitting group with positive competing images instead of
aversive competing images in this study to test whether the negative valence of the added
outcomes was responsible for the failure of association splitting to reduce thinking of the
aversive outcome in Study 1. In addition, we again included an extinction group to assess
whether we would replicate our previous finding where we found no evidence for a successful
reduction in thinking of the aversive outcome in the extinction group.

In summary, we compared a counterconditioning intervention (i.e., presenting the cue
with a compound of two novel positive outcomes without the initial outcome), a revised
associative splitting intervention (i.e., presenting the cue with a compound of the initial outcome
and two novel, positive outcomes), and an extinction intervention (i.e., presenting the cue

without an outcome) to each other. Moreover, we again included a no extinction control group.
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As for thinking of the aversive outcome, we expected to replicate the findings of Study 1.
That is, we expected that thinking of the aversive outcome could be successfully conditioned and
that the treatment in the extinction and no extinction group would not significantly reduce it. In
addition, we hypothesized that the counterconditioning and the revised association splitting
intervention would not only be successful in decreasing thinking of the aversive outcome but that
they would also be more successful in it than the extinction and no extinction group.

As for the outcome expectancies, we predicted that they could be successfully
conditioned across all participants. The extinction and counterconditioning intervention were
expected to significantly reduce outcome expectancies, while we expected the absence of such a
significant reduction in the no extinction group. Moreover, we expected both the extinction and
counterconditioning intervention to be more successful in decreasing outcome expectancies than
the no extinction group.

Method

Preregistration. The experimental procedures and statistical analyses of Study 2 were
preregistered on Aspredicted.org (http://aspredicted.org/blind.php?x=hy92e6). Additional
analyses will be explicitly termed as “exploratory” in the results section.

Participants. Two-hundred first-year psychology students of KU Leuven (#nfemale= 178,
Amale = 22; Mage = 18.38, SDage = 0.84) were included in the data-set (see Supplemental Materials
for additional participants’ characteristics). Due to technical problems, eight participants could
not complete the conditioning task and their data were replaced. In total, 208 participants took
part in the study. Each of the four experimental conditions (i.e., extinction, no extinction,
association splitting, counterconditioning) comprised fifty participants. No exclusion criteria

were used because this experiment was part of a collective testing session, which should be open
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to the entire first-year psychology student pool. However, participants could select the
aversiveness level of the images (see Procedure) so that possibly vulnerable students could
choose less aversive images. The study was approved by the Social and Societal Ethics
Committee of KU Leuven. All participants gave written informed consent and received partial
course credits for participation.

Apparatus and stimuli. The conditioning task was programmed and presented with
Aftect 5 software.

Stimuli for the fear conditioning procedure. Images of a small and big house (with
black fill and white background) were used as the cues. The dimensions of the small house were
2 cm (width) x 2 cm (height) and the dimensions of the big house were 4 cm (width) x 5 cm
(height). Allocation of the images to either reinforced or unreinforced cue was counterbalanced
within experimental conditions. We did not use the same stimuli as in Study 1 because this pool
of participants had been previously exposed to these stimuli in an unrelated experiment. Since
we did not use exclusion criteria in Study 2, participants could select the aversiveness level (i.e.,
mild, moderate, high) of the outcome images (see Lenaert et al., 2014). The images for the initial
outcome categorized as highly, moderately and mildly aversive included an image of a mutilated
body (i.e., image 3071), a mutilated lip (i.e., image 9042), and a cockroach (i.e., image 7380),
respectively. The images of a baby seal (i.e., image 1440) and a polar bear and her cub (i.e.,
image 1441) were used as the novel, positive outcome images (Engelhard et al., 2014) in the
association splitting and counterconditioning conditions during Conditioning phase 2. All
outcome images were taken from the IAPS (Lang et al., 2005) and were 6 cm wide and 4.5 cm

high. An image of a star-shaped geometrical figure (with black fill and white background; outer
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dimensions: 3 cm x 3 cm) was used as the cue for the practice trials. All stimuli were presented
against a black background and were presented slightly above the center of the screen.

Outcome measures. The rating scales were identical to the ones in Study 1 (i.e., always
referring to the initial outcome for the respective aversiveness level) and were presented for 14 s.
The scale of the thinking of the aversive outcome ratings was always presented above the scale
of the outcome expectancy ratings on the screen.

Procedure. Participants always entered the lab in groups of two to nine people.
Participants gave written informed consent before they were seated and tested in separate
cubicles. Participants then started with the conditioning task. Participants first selected the
aversiveness level for the initial outcome image based on a content description of the images.
They were asked to select an outcome aversiveness level that would be unpleasant but not
unbearable for them. This procedure is in line with fear conditioning experiments that rely on
electric shocks as the aversive outcome and in which participants can select the intensity of the
electric shock but are asked to select an intensity that is “unpleasant but not painful” (Lenaert et
al., 2014). Frequencies for the selected aversiveness levels are reported in the Supplemental
Materials.

The conditioning task was identical to the task in Study 1 with two major exceptions.
First, the revised association splitting intervention comprised presentations of the reinforced cue
followed by a compound of the initial outcome and two novel, positive outcomes. Second, the
counterconditioning intervention comprised presentations of the reinforced cue followed by a
compound of two novel outcomes (i.e., without the initial outcome). The position (i.e., left or
right) of the novel outcomes in the counterconditioning and association splitting intervention was

determined randomly on each trial for each participant.
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There were also minor methodological differences in the conditioning task between Study
1 and Study 2. The time restriction for completing both ratings scales may have been responsible
for the many missing values in the analyses in Study 1. We, thus, extended the duration of the
cue and rating scale presentation to 14 s to provide participants with more time to respond.
Moreover, we included two practice trials with an otherwise not used stimulus prior to
Conditioning phase 1 so that participants could familiarize themselves with the rating scales.
There was no outcome presentation during the practice trials. Finally, the PTQ (Ehring et al.,
2011) was no longer administered.

Data reduction and analyses. We ran the same analyses as for Study 1. Failure to
respond within the provided response window resulted in missing values in the analyses. To test
whether thinking of the aversive outcome can be successfully conditioned during Conditioning
phase 1, the analyses were run on the data of the participants who had complete acquisition data
(N=163 and N = 183 for the expectancies and thinking of the aversive outcome, respectively).
To compare the effectiveness of the different interventions during Conditioning phase 2, we
conducted the analyses with and without the acquisition criterion that was used in Study 1. Here
we report the analyses on the data of all participants who had complete data and without
applying the acquisition criterion (N = 163 and N = 164 for the expectancies and thinking of the
aversive outcome, respectively). However, we mention in the main text whenever a different
conclusion was reached based on the analyses of the data with acquisition criterion. In addition,
we report all analyses on the data with acquisition criterion (N = 160) for participants without
missing values in Conditioning phase 2 (N =133 and N = 136 for the expectancies and thinking
of the aversive outcome, respectively) in the Supplemental Materials. An overview, which

specifies the number of participants in the different stages can be found in the Supplemental
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Materials as well.
Results
Conditioning phase 1.
Expectancies of the aversive outcome. There was a significant main effect of stimulus,

F(1,159) = 871.62, p <.001, ng = .846, 90% CI [.811, .869], and a Stimulus x Trial interaction,
F(4.32, 686.97) = 244.67, p < .001, ng = .606, 90% CI [.569, .634], indicating that acquisition of

outcome expectancies was successful (Figures 4A-D). Groups did not significantly differ in
acquisition as shown by the non-significant Stimulus x Group interaction, F(3, 159) = 0.81, p

=.49, 15 =.015, 90% CI [.000, .043], and the non-significant Stimulus x Trial x Group

interaction, F(12.96, 686.97) = 0.77, p = .69, 2 = .014, 90% CI [.000, .012].
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Figure 4. Panels A-D show the expectancies of the aversive outcome (mean = SEM) for each
condition during Conditioning phase 1 of Study 2. Panels E-H show thinking of the aversive
outcome (mean + SEM) for each condition during Conditioning phase 1 of Study 2. T = trial

number.
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Thinking of the aversive outcome. The main effect of stimulus, F(1, 179) =267.80, p
<.001, nf) =.599, 90% CI [.526, .655], and the Stimulus x Trial interaction, F(3.53, 631.97) =
117.56, p <.001, ng =.396, 90% CI [.347, .436], were significant, suggesting that successful
acquisition of thinking of the aversive outcome occurred (Figures 4E-H). There were no
significant differences between groups in acquisition as shown by the non-significant Stimulus x
Group, F(3, 179) = 1.62, p = .19, ng = .026, 90% CI [.000, .062], and Stimulus x Trial x Group
interactions, £(10.59, 631.97) = 0.62, p = .80, ng; =.010, 90% CI [.000, .008].

Conditioning phase 2.

Expectancies of the aversive outcome. There was a significant Stimulus x Trial x Group

interaction, F(11.66, 618.18) = 30.67, p <.001, n‘z) =.366, 90% CI [.307, .400], (Figures 5A-D).

In line with our hypotheses, the extinction and counterconditioning groups differed from the no

extinction group significantly, F(3.70, 270.33) =29.93, p <.001, 15 = 291, 90% CI [.211, .351],
and, F(4.01, 304.85) = 58.96, p <.001, ng = .437, 90% CI [.364, .489], respectively (Figures SA,

5B, and 5D). Explorative analyses revealed that the association splitting group did not
significantly differ from the no extinction group, F(3.48, 264.16) = 0.93, p = .43, nf, =.012, 90%
CI [.000, .030].

Follow-up analyses showed a significant Stimulus x Trial interaction in the extinction
group, F(3.30, 131.85) = 34.82, p <. 001, ng = .466, 90% CI [.352, .537], and in the
counterconditioning group, F(3.31, 142.39) = 80.27, p <.001, ng = .651, 90% CI [.569, .700],
but not in the no extinction group, F(2.87, 94.64) = 1.87, p = .14, ng = .054, 90% CI [.000, .119].
Explorative analyses revealed that this was also not the case in the association splitting group,

F(3.19, 137.11) = 0.24, p = .88, 5 = .006, 90% CI [.000, .014]. While the extinction and

counterconditioning interventions led to a significant reduction in outcome expectancies (Figures



THOUGHT CONDITIONING 25

N

Outcome expectancies
O=_2NWAOION®WOO

S S E S N I ) " | 3 SO F ORI I, SN Frooroes ;S |

T1 T2 T3 T4 T5 76 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8

E F G H

SO SR O e T h R { E SR SR S SR S § b NP ST SO FRRUOUORR, TN SO I

Thinking of the outcome
O=_2NWHAROON®O©O

T1 T2 T3 T4 75 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8

Extinction No extinction Association splitting Counterconditioning

Figure 5. Panels A-D show the expectancies of the aversive outcome (mean = SEM) for each
condition during Conditioning phase 2 of Study 2. Panels E-H show thinking of the aversive
outcome (mean + SEM) for each condition during Conditioning phase 2 of Study 2. T = trial

number.

5A and 5D), we obtained no evidence for this in the association splitting and no extinction group.
In the analyses with the acquisition criterion, the Stimulus x Trial interaction in the no extinction
group was significant, F(3.18, 92.22) =3.59, p = .01, ng = .110, 90% CI [.013, .193]. However,
as suggested by Supplementary Figure 3B, the no extinction group did not result in reducing
outcome expectancies. Rather, there was a further differentiation between the reinforced and
unreinforced cue.

Thinking of the aversive outcome. The Stimulus x Trial x Group interaction was
significant, F(10.39, 554.25) = 3.52, p <.001, ng = .062, 90% CI [.019, .080] (Figures SE-H).
Both the association splitting and the counterconditioning group were more successful in

reducing thinking of the aversive outcome than the no extinction group, F(3.21, 259.64) =3.11, p
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=.02, 13 =.037,90% CI [.003, .072], and, F(3.44, 282.18) =9.74, p <.001, n3 = .106, 90% CI
[.049, .156], respectively (Figures SF, 5G, and SH).

Follow-up analyses revealed that there was a significant Stimulus x Trial interaction in
the extinction group F(3.16, 123.30) = 5.89, p <.001, ng = .131, 90% CI [.038, .209], the
association splitting group F(2.78, 108.45) = 3.45, p = .02, ng = .081, 90% CI [.007, .155], and
the counterconditioning group, F(3.50, 140.04) = 14.52, p <.001, nf) =.266, 90% CI
[.153, .346], but not in the no extinction control group, F(2.97, 124.68) = 0.49, p = .68, nf,
=.012, 90% CI [.000, .037]. This suggests that all three manipulations reduced thinking of the
aversive outcome (Figures SE, 5G, and SH).

To test whether there were differences among the successful manipulations, we
conducted separate mixed-design ANOVAs. Based on a non-significant Stimulus x Trial x Group
interaction, we obtained no evidence that the counterconditioning group was more successful in
reducing thinking of the aversive outcome than the extinction group, F(3.56, 281.28) =1.52, p

=.20, nf, =.019, 90% CI [.000, .042]. Likewise, there was no significant difference between the
association splitting and the extinction group, F(3.15, 245.94) = 0.44, p = .73, n‘z) =.006, 90% CI

[.000, .017].

Importantly, when applying the acquisition criterion, the counterconditioning group was
more successful in reducing thinking of the aversive outcome than the extinction group as
indicated by the significant Stimulus x Trial x Group interaction, F(3.67, 230.96) = 3.04, p = .02,
nf, =.046, 90% CI [.004, .084] (Supplemental Figures 2E and 2H).

Discussion
Study 2 replicates the finding of Study 1 that thinking of the aversive outcome can be

successfully conditioned. Unlike in Study 1, extinction training significantly reduced thinking of
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the aversive outcome. The same was the case for the revised association splitting intervention.
However, the counterconditioning intervention was more successful in reducing thinking of the
aversive outcome than the extinction intervention. It should be noted that these differences
between interventions were only found for participants who showed successful acquisition
during Conditioning phase 1 (i.e., for the data with acquisition criterion). When considering all
participants (i.e., without acquisition criterion), the differences between the interventions were
absent. It can be argued that it is only useful to compare interventions if the responses to be
targeted have been successfully acquired though. Even then, we should critically note that the
effect size of this comparison was small.

General Discussion

We showed in two separate studies that thinking of the aversive outcome could be
successfully conditioned in a fear conditioning procedure. Thinking of the aversive outcome
survived extinction training in Study 1. Although we did observe an extinction effect in Study 2,
counterconditioning was still more successful in reducing thinking of the aversive outcome
among the participants who showed successful acquisition. Association splitting with positive
competing images (Study 2) but not with negative competing images (Study 1) successfully
reduced thinking of the aversive outcome.

While it has been proposed that referential relations would be insensitive to extinction
training (Baeyens et al., 2001), our studies found mixed results concerning the extinction of
thinking of the aversive outcome. Interestingly, a meta-analysis concluded that conditioned
valence may not be completely insensitive to extinction training either, as had been previously

assumed, but may just extinguish at a very slow rate (Hofmann et al., 2010).
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It is important to note that being asked to indicate the extent to which the cue made
participants think of the outcome did not make them report high levels of thinking of the
outcome in itself. This was evidenced by the successful differential acquisition in Study 1 and 2
as well as by the reductions in thinking of the aversive outcome following the interventions in
Study 2. That is, participants’ response to the unreinforced cue remained low in the former and
their response to the reinforced cue declined in the latter even though they were asked if they
were thinking of the aversive outcome.

Contrary to our predictions, the association splitting intervention with negative images
was not successful in reducing thinking of the aversive outcome. In contrast, the revised
association splitting intervention with positive images was able to successfully reduce thinking
of the aversive outcome. Accordingly, merely increasing the number of associations may not be
sufficient and a change in valence may be necessary for association splitting to work. This
challenges the previously proposed working mechanism underlying association splitting (Moritz
& Jelinek, 2011; Moritz et al., 2007). Future research should further investigate the boundary
conditions of association splitting procedures, which, in turn, could inform treatment protocols. It
should also be noted that the conclusion that association splitting with positive (rather than
negative) additional outcomes is more effective should, as of yet, be treated with caution,
because it is based on a comparison across the two studies.

By presenting the novel outcomes in compound with the initial outcome we designed our
association splitting intervention in such a way that it mirrored cue competition treatment
(Boddez et al., 2014). This design has several advantages. First, it can control for
counterconditioning effects because novel outcomes are added to the initial outcome instead of

merely replacing the initial outcome with novel outcomes (as would be the case in
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counterconditioning procedures; De Houwer, 2011; Hofmann et al., 2010). Second, it can also
control for extinction effects because the initial outcome was still present during the association
splitting intervention procedure. Therefore, the absence of the initial outcome (as would be the
case in extinction procedures; Bouton, 1988; Hermans et al., 2006) cannot account for the effects
on our dependent variables.

Importantly, the rationale for using this design assumes that the compound was processed
in an elemental way and not in a holistic way (i.e., the compound should be seen as consisting of
different stimuli and not as a new stimulus in its own right; Pearce, 1987, 1994). Our finding that
expectancies of the original aversive outcome survived the association splitting intervention, but
not the counterconditioning intervention, suggests that this was indeed the case (i.e., if the
original outcome had not been recognized as an element of the compound by participants, then
the expectancies would not have stayed intact in the association splitting group). Moreover, this
difference in results between the counterconditioning and association splitting groups suggests
that both interventions, as used in the present study, are distinct.

When it comes to the mechanisms that mediate extinction effects, there is no consensus
(De Houwer, 2020). Nonetheless, one often-cited theory is inhibitory learning theory. This theory
takes many forms (for an extensive discussion see Boddez, Moors, Mertens, & De Houwer,
2020) but in its original formulation it holds that an inhibitory association is acquired during
extinction training. This inhibitory association (characterized as a negative value; e.g., -0.5) is
supposed to counteract the original association which drives the conditioned response
(characterized as a positive value; e.g., +0.5), resulting in low to no responding when both these
associations are activated (because of a summed associative value close to 0; e.g., Vervliet,

Craske, & Hermans, 2013). In other words, when the outcome representation becomes activated
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by the excitatory association — and therefore comes to mind — there will be conditioned
responding. In contrast, when this activation is counteracted by the inhibitory association — and
the outcome therefore does not come to mind — there will be no responding. To account for
return of conditioned responding after initially successful extinction (Bouton, 2002), it is further
assumed that the inhibitory association is only effective in the extinction context.

Although further research is needed, our findings might pose a challenge to this theory.
Consider the results of Study 1 in which we found a significant reduction in outcome
expectancies but not in thinking of the outcome due to extinction training. The latter finding 1s
difficult to reconcile with a strict interpretation inhibitory learning theory: If the representation of
the outcome remains completely inactive, it seems hard to imagine that there could be any
thinking of the outcome. Nonetheless, as of yet, this possible challenge for inhibitory learning
theory should be interpreted with caution, as the results concerning thinking of the outcome were
mixed in Study 2.

Thinking of an aversive outcome can become clinically relevant when it takes the form of
intrusions. Intrusions are commonly defined as automatic and recurrent recollections, for
example, of an aversive event, and are a symptom of several psychiatric disorders (e.g.,
posttraumatic stress disorder, social phobia; Clark, 2005; Harvey et al., 2004). For example, a
patient suffering from social phobia may have intrusions of a public speaking incident. Our
finding that thinking of the aversive outcome can be successfully conditioned is in line with the
literature suggesting that, although intrusions often appear to “come out of the blue”, they may
actually be elicited by cues that are (semantically) related to the aversive event (e.g., watching

someone else give a talk) or — as in our case — by cues that are spatiotemporally linked to the
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aversive event (e.g., the color of the room in which the speech was given; Ehlers & Clark, 2000;
Michael, Ehlers, & Halligan, 2005).

When it comes to the treatment of patients, our extinction results suggest that repeated
confrontation with the object of fear, as applied in exposure therapy, may not be the best way of
reducing these types of responses. This is cause for concern given that exposure-based
techniques are one of the most commonly used treatments for anxiety-related disorders (Deacon
& Abramowitz, 2004; Kaczkurkin & Foa, 2015). As shown in Study 2, interventions such as
counterconditioning may be more suitable as they can more easily target a wider variety of
responses (see also Engelhard et al., 2014). For these reasons, such interventions may also be
superior in reducing treatment relapse, which has been frequently observed following exposure
treatment. Relapse rates are estimated to range from 19% to 62% (Craske & Mystkowski, 2006).
In future research, procedures aimed at modelling relapse in the laboratory (e.g., see Vervliet et
al., 2013) should be applied to compare the effects of both interventions.

It should be noted that we did not specifically collect data on participants’ ethnicity or
culture, education or socioeconomic status. However, the vast majority of participants in Study 1
and all participants in Study 2 were university students of KU Leuven and proficient in Dutch.
We therefore have fairly homogeneous samples and generalization to other populations might be
problematic (Henrich, Heine, & Norenzayan, 2010). This is especially the case since some of the
processes that might be at play in conditioning studies (e.g., inferential reasoning; Boddez,
Bennett, van Esch, & Beckers, 2017) may differ across populations (Henrich et al., 2010).

To conclude, we demonstrated in two separate studies that thinking of an aversive
outcome can be successfully conditioned in a fear conditioning procedure. Our studies provide

evidence that including such an outcome variable is important because extinction training, the
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standard intervention for anxiety-related disorders, may not be the most optimal treatment to
target it. Other interventions, such as counterconditioning, may be more successful. Thus,
including thinking of the aversive outcome as an additional outcome variable can be a valuable
extension to the fear conditioning procedure, which, in turn, cannot only enhance the

understanding of anxiety-related disorders but also inform their treatment.
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Supplemental Materials
Study 1

Below we report the analyses on the data of all participants who met the acquisition
criterion (i.e., higher score on the reinforced cue than on the unreinforced cue on the last
acquisition trial for both outcome expectancy and thinking of the aversive outcome ratings';
N =59) and who had complete data (N =59 and N = 56 for the expectancies and thinking of
the aversive outcome, respectively) for Conditioning phase 2 of Study 1.

Conditioning phase 2.

Expectancies of the aversive outcome. In accordance with our hypothesis, the Stimulus x
Trial x Group interaction was significant, F(6.82, 190.96) = 14.30, p < .001, nf, =.338, 90%
CI[.229, .397]. As suggested by Supplemental Figures 1A-C and in line with our hypotheses,
the extinction intervention was more successful in reducing outcome expectancies than the
association splitting intervention and the no extinction group. This was confirmed by a
significant Stimulus x Trial x Group interaction comparing extinction with association
splitting, F(3.21, 118.78) = 16.14, p <.001, ng = .304, 90% CI [.179, .390], and comparing
extinction with no extinction, F(3.32, 122.81) = 18.00, p <.001, n3 = .327, 90% CI [.204,
411]. Explorative analyses showed that the Stimulus x Trial interaction in the extinction
group was significant, F(2.88, 51.75) = 16.67, p < .001, ng = .481, 90% CI [.288, .581]
(Supplemental Figure 1A). In contrast, the Stimulus x Trial interactions in both the no
extinction and association splitting group were non-significant, F(2.45, 46.59) =2.29, p =
.10, 13 =.107, 90% CI [.000, .225], and, F(2.09, 39.69) = 0.97, p = .39, n3 =.049, 90% CI
[.000, .155], respectively. That is, we only found evidence for successful extinction of the
outcome expectancies in the extinction group.

Thinking of the aversive outcome. The Stimulus x Trial x Group interaction was significant,
F(6.92,183.33) =4.37, p <.001, 12 = .142, 90% CI [.047, .191] (Supplemental Figures 1D-
F). The Stimulus x Trial x Group interaction comparing the extinction and the association
splitting group was significant, F(3.22, 109.60) = 6.67, p <.001, n3 = .164, 90% CI [.055,
.249]. However, contrary to our hypotheses, comparing Supplemental Figures 1D and 1F did
not support that the association splitting group was more successful in reducing thinking of
the aversive outcome than the extinction group. Similarly, comparing Supplemental Figures
1E and 1F did not support that the association splitting intervention reduced thinking of the

aversive outcome more than the no extinction control group, although the Stimulus x Trial x

'In case of missing values on the last trial, the value of the next to last trial was used.
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Group interaction was significant, F(2.76, 104.95)=3.13, p = .03, n‘z) =.076, 90% CI [.003,
.149].

To shed further light on this, we ran additional, explorative analyses to assess the
reduction in each group separately. These analyses revealed that the Stimulus x Trial
interaction in the extinction group was not significant, £(3.67, 55.01) = 1.49, p = 22,5 =
.090, 90% CI [.000, .174]. That is, we found no evidence that extinction training could
significantly reduce thinking of the aversive outcome. The Stimulus x Trial interaction was
likewise non-significant in the no extinction group, £(3.32, 63.14) =2.23, p = .09, n‘z) =.105,
90% CI[.000, .196]. In contrast, the Stimulus x Trial interaction in the association splitting
group was significant, F(2.18, 41.46) = 7.44, p < .001, ng = .281, 90% CI [.081, .420].
However, Supplemental Figure 1F suggests that association splitting was not successful in

decreasing thinking of the aversive outcome as initially hypothesized, but rather increased it.
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Supplemental Figure 1. Panels A-C show the expectancies of the aversive outcome (mean +
SEM) for each condition during Conditioning phase 2 of Study 1 when the acquisition
criterion was applied. Panels D-F show thinking of the aversive outcome (mean + SEM) for
each condition during Conditioning phase 2 of Study 1 when the acquisition criterion was

applied. T = trial number.
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Supplementary Table 1

Participants’ characteristics for each condition in Study 1

42

Extinction No Association

(n=24,20 extinction Splitting

females) (n=24,21 (n=24,19
females) females)

M (SD) M (SD) M (SD) df F P
Age 19.88 (2.95) 22.04(5.32) 2233 2,69 1.894 158
(range)

(17-29) (18-42) (18-47)
DASS-D 2.67 (2.93) 4.67 (5.68) 5.00 (6.19) 2,69 1.450 242
DASS-A  4.83 (4.49) 3.25(3.53) 3.67 (3.10) 2,69 1.149 323
DASS-S  6.83 (5.14) 8.33 (7.75) 8.75(5.71) 2,69 0.614 544
PTQ 22.25(6.77)  26.21(9.48) 22.83(8.26) 2,69 1.613 207
WBSI 46.12 49.17 45.83 (8.82) 2,69 0.745 478

(11.91) (10.47)

Note. DASS-21, Depression Anxiety Stress Scales — 21 Items; D, depression subscale; A,

anxiety subscale; S, stress subscale; the DASS sum scores were multiplied by 2 (Lovibond &

Lovibond, 1995); PTQ, Preservative Thinking Questionnaire (Ehring et al., 2011); WBSI,

White Bear Suppression Inventory (Wegner & Zanakos, 1994).
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Supplementary Table 2
Ratings for the outcome images for each condition in Study 1
Extinction No Association
extinction  splitting
M (SD) M (SD) M (SD) df F p

Tension Initial 4.04 5.38 5.33 2,69 2.368 101

outcome (2.63) (2.60) (1.95)

Novel NA NA 4.75

outcomel (2.49) - - -

Novel NA NA 5.88

outcome 2 (2.35) - - -
Attention Initial 6.71 7.00 6.54 2,69 0.320 728

outcome (2.46) (1.72) (1.77)

Novel NA NA 6.33

outcomel (2.01) - - -

Novel NA NA 7.58

outcome 2 (2.43) - - -
Valence Initial 6.25 6.58 6.83 2,69 0.789 458

outcome (1.89) (1.38) (1.52)

Novel NA NA 6.17

outcomel (1.93) - - -

Novel NA NA 8.04

outcome 2 (1.76) - - -
Looking Initial 3.37 5.33 4.00 2,69 3.403 .039*
away outcome (2.84) (2.97) (2.06)

Novel NA NA 3.29

outcomel (2.22) - - -

Novel NA NA 5.83 i i

outcome 2 (2.66)

Note. NA, not applicable (i.e., these images were not shown in this condition). Tension from
0 (no tension) to 10 (much tension); attention from 0 (took no attention) to 10 (took much
attention); valence (How pleasant/ unpleasant do you find the image?) from 0 (extremely
pleasant) to 10 (extremely unpleasant); looking away (To what extent does the image make
you look away?) from 0 (does not make me look away) to 10 (does make me look away).

The outcome images were taken from the International Affective Picture System (IAPS;
Lang, Bradley, & Cuthbert, 2005). Initial outcome = image of a mutilated body (image 3051),
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novel outcome 1 = an aggressive dog (image 1300), novel outcome 2 = thoracotomy (image
3250). * p <.05.

Supplementary Table 3
Number of participants who had already seen the outcome images before the present study
took place for each condition in Study 1

Extinction No extinction Association
splitting
Yes No Yes No Yes No
Initial 1 23 0 24 5 19
outcome
Novel NA NA NA NA 1 23
outcome 1
Novel NA NA NA NA 0 24
outcome 2

Note. NA, not applicable (i.e., these images were not shown in this condition). The outcome
images were taken from the International Affective Picture System (IAPS; Lang, Bradley, &
Cuthbert, 2005). Initial outcome = image of a mutilated body (image 3051), novel outcome 1
= an aggressive dog (image 1300), novel outcome 2 = thoracotomy (image 3250). * p <.05.

Supplementary Table 4
Valence ratings for the cues for each condition in Study 1
Extinction No Association
extinction  splitting
M (SD) M (SD) M (SD) df F p
Unreinforced 2.92 (2.17) 2.08 (2.24) 2.50(1.89) 2,69 0.941 395
cue
Reinforced 3.88(2.40) 5.00(2.59) 4.54(2.38) 2,69 1.272 287
cue

Note. Valence (How pleasant/ unpleasant do you find this image?) from 0 (extremely
pleasant) to 10 (extremely unpleasant).
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GERIENICE o \ = 72
included

in Study 1

*Without missing values (Main manuscript):
*Outcome expectancies: N = 66

SLUCIEUINEN < Thinking of the aversive outcome: N = 46
phase 1

\

* Without acquisition criterion and without missing values (Main manuscript):
*Outcome expectancies: N =72
*Thinking of the aversive outcome: N = 69

Conditioning
phase 2

* With acquisition criterion (N = 59) and without missing values (Supplemental
Materials):

*OQutcome expectancies: N = 59
*Thinking of the aversive outcome: N = 56 /

Supplementary Figure 2. Overview of the number of participants that were reported in the

analyses for each conditioning phase for both outcome measures in Study 1.

Study 2

Below we report the analyses on the data of all participants who met the acquisition
criterion (i.e., higher score on the reinforced cue than on the unreinforced cue on the last
acquisition trial for both outcome expectancy and thinking of the aversive outcome ratings?;
N =160) and who had complete data (N =133 and N = 136 for the expectancies and thinking
of the aversive outcome, respectively) for Conditioning phase 2 of Study 2.
Conditioning phase 2.
Expectancies of the aversive outcome. There was a significant Stimulus x Trial x Group

interaction, F(12.51, 537.76) = 33.45, p <.001, T];Z) =.438,90% CI [.376, .470],

(Supplemental Figures 2A-D). In line with our hypotheses, the extinction and the
counterconditioning group differed from the no extinction group significantly, F(4.00,

227.73)=28.92, p <.001, n3 =337, 90% CI [.247, .400], and, F(3.99, 255.09) = 71.18, p <
.001, nf, =.527,90% CI [.453, .576], respectively (Supplemental Figure 2A, 2B and 2D).

’In case of missing values on the last trial, the value of the next to last trial was used.



THOUGHT CONDITIONING 46

Explorative analyses revealed that the association splitting group did not differ significantly
from the no extinction group, £(3.19, 210.51) = 2.10, p = .10, ng5 = .031, 90% CI [.000, .066].
Follow-up analyses showed a significant Stimulus x Trial interaction in the extinction group,
F(3.68,102.95) =24.98, p <. 001,13 = 472, 90% CI [.339, .548], the counterconditioning
group, F(3.37, 117.85) = 84.77, p < .001, 13 = .708, 90% CI [.628, .752], and in the no
extinction group, F(3.18, 92.22) = 3.59, p = .01, ng = .110, 90% CI [.013, .193]. While the
extinction and counterconditioning groups led to a reduction in outcome expectancies
(Supplemental Figures 2A and 2D), this was not the case in the no extinction group as
suggested by Supplemental Figure 2B. Explorative analyses revealed that the Stimulus x
Trial interaction was not significant in the association splitting group, F(2.42, 89.44) = 0.45,
p=.68,m5=.012,90% CI [.000, .049]. That is, no evidence was obtained that the
association splitting group could successfully reduce outcome expectancies.

Thinking of the aversive outcome. The Stimulus x Trial x Group interaction was significant
F(10.17,447.37)=4.07, p <.001, n3 = .085, 90% CI [.031, .108], (Supplemental Figures 2E-
H). Both the association splitting and the counterconditioning group were more successful in
reducing thinking of the aversive outcome than the no extinction group, £(3.14, 216.62) =
3.19, p=.02,n5 = .044, 90% CI [.003, .085], and, F(3.28, 226.57) = 10.31, p < .001, n5 =
130, 90% CI [.061, .189], respectively (Supplemental Figures 2F, 2G, and 2H).

Follow-up analyses revealed that there was a significant Stimulus x Trial interaction in the
extinction group F(3.61, 104.67) = 7.87, p < .001, ng = .213, 90% CI [.088, .301], the
association splitting group F(2.72, 92.32) =3.41, p = .02, ng = .091, 90% CI [.007, .173], and
the counterconditioning group, F(3.39, 115.40) = 15.89, p <.001 , ng = .318, 90% CI [.190,
.404], but not in the no extinction control group, F(2.88, 100.88) = 0.57, p = .63, ng = .016,
90% CI [.000, .051]. This suggests that all three manipulations reduced thinking of the
aversive outcome (Supplemental Figures 2E, 2G, and 2H). To test whether there were
differences among the successful manipulations, we conducted separate mixed-design
ANOVAs. A significant Stimulus x Trial x Group interaction revealed that the
counterconditioning group was more successful in reducing thinking of the aversive outcome
than the extinction group, F(3.67, 230.96) = 3.04, p = .02, nf) =.046, 90% CI [.004, .084]
(Supplemental Figures 2E and 2H). There was no significant difference between the
association splitting and the extinction group, F(3.01, 189.67) = 0.20, p = .90, ng5 = .003, 90%
CI [.000, .008].
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Supplemental Figure 3. Panels A-D show the expectancies of the aversive outcome (mean =+

SEM) for each condition during Conditioning phase 2 of Study 2 when the acquisition

criterion was applied. Panels E-H show thinking of the aversive outcome (mean + SEM) for

each condition during Conditioning phase 2 of Study 2 when the acquisition criterion was

applied. T = trial number
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Supplementary Table 5
Participants’ characteristics for each condition in Study 2

Extinction No extinction Association Counter-

(n=150, 41 (n=150, 49 conditioning

females) females) (n=50, 42 (n=50, 46

females)

M (SD) M (SD) M (SD) df F p
Age 18.30 (0.58)  18.26(1.03)  18.46(0.89) 18.48(0.79) 3,196 0.884 .450
(range)

(18-20) (18-25) (18-22)
DASS-D  7.00 (9.70) 6.60 (8.00) 8.92 (8.78) 7.40 (6.29) 3,196 0.748 .524
DASS-A  7.96 (8.17) 7.16 (7.30) 6.76 (5.76) 5.52 (6.00) 3,196 1.095 .352
DASS-S  11.12(8.40) 12.16(9.14) 12.56(7.51) 10.56(8.09) 3,196 0.615 .606
WBSI 49.88 (12.66) 51.22(10.23) 50.70(12.14) 48.14(13.85) 3,196 0.602 .615

Note. DASS-21, Depression Anxiety Stress Scales — 21 Items; D, depression subscale; A,
anxiety subscale; S, stress subscale; the DASS sum scores were multiplied by 2 (Lovibond &
Lovibond, 1995); WBSI, White Bear Suppression Inventory (Wegner & Zanakos, 1994).

Supplementary Table 6

Frequencies for the selected aversiveness levels of the initial outcome images for each

condition in Study 2

Extinction Association Counter-
splitting conditioning Total
mild 4 4 5 18
Aversive-
ness moderate 26 22 25 101
level high 20 24 20 81

Note. All outcome images were taken from the International Affective Picture System
(TAPS; Lang et al., 2005); mild = image of a cockroach (image 7380), moderate = image of a
mutilated lip (image 9042), high = image of a mutilated body (image 3071).
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Supplementary Table 7
Ratings for the outcome images for each condition in Study 2
Extinction No Associa- Counter-
extinction  tion condition-
splitting ing
M (SD) M (SD) M (SD) M (SD) df F p
Tension  Initial 3.94 4.86 4.66 4.86(2.11) 3,195 1.586 .194
Outcome  (2.45) (2.35) (2.80)
Novel NA NA 0.82 1.02 (2.25) - - -
outcomel (1.98)
Novel NA NA 1.72 0.80(2.02) - - -
outcome 2 (3.24)
Attention Initial 5.12 5.34 5.78 6.20 3,195 2391 .070
outcome (2.43) (1.97) (2.19) (2.15)
Novel NA NA 5.26 6.20 - - -
outcomel (3.14) (2.78)
Novel NA NA 5.46 6.14 - - -
outcome 2 (2.92) (2.29)
Valence Initial 5.94 5.90 6.62 7.00 3,196 5.073 .002*
outcome (1.83) (1.75) (1.77) (1.34)
Novel NA NA 1.48 1.48 - - -
outcomel (2.89) (3.09)
Novel NA NA 2.06 1.28 - - -
outcome 2 (3.40) (2.79)
Looking Initial 3.98 4.78 4.70 5.48 3,196 2386 .070
away outcome (3.11) (2.81) (3.07) (2.14)
Novel NA NA 0.86 0.20 - - -
outcomel (2.09) (0.64)
Novel NA NA 0.52 0.22 - - -
outcome 2 (1.34) (0.68)
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Note. NA, not applicable (i.e., these images were not shown in this condition). Tension from
0 (no tension) to 10 (much tension); attention from 0 (took no attention) to 10 (took much
attention); valence (How pleasant/ unpleasant do you find the image?) from 0 (extremely
pleasant) to 10 (extremely unpleasant); looking away (To what extent does the image make
you look away?) from 0 (does not make me look away) to 10 (does make me look away).

All outcome images were taken from the International Affective Picture System (IAPS; Lang
et al., 2005); Initial outcome, depending on the aversiveness level = image of a cockroach
(image 7380, mild), a mutilated lip (i.e., image 9042, moderate) or mutilated body (i.e.,
image 3071, high), novel outcome 1 = image of a baby seal (image 1440), novel outcome 2 =
a polar bear and her cub (image 1441). * p <.05.

Supplementary Table 8
Number of participants who had already seen the outcome images before the present study
took place for each condition in Study 2

Extinction No extinction Association Counter-
splitting conditioning
Yes No Yes No Yes No Yes No
Initial 4 46 3 47 4 46 0 50
outcome
Novel NA NA NA NA 12 38 6 44
outcome 1
Novel NA NA NA NA 5 45 5 45
outcome 2

Note. NA, not applicable (i.e., these images were not shown in this condition). All outcome
images were taken from the International Affective Picture System (IAPS; Lang et al., 2005);
Initial outcome, depending on the aversiveness level = image of a cockroach (image 7380,
mild), a mutilated lip (i.e., image 9042, moderate) or mutilated body (i.e., image 3071, high),
novel outcome 1 = image of a baby seal (image 1440), novel outcome 2 = a polar bear and
her cub (image 1441).
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Supplementary Table 9

Valence ratings for the cues for each condition in Study 2
Extinc- No Associa-  Counter-
tion extinction tion condition-

splitting  ing

M(@SD) M(SD) M(SD)  M(SD)  df F )
Unreinforced  1.66 1.43 3.74 3.86 3,195 20.661 .000%*
cue (2.06) (1.84) (1.80) (2.36)

Reinforced  2.96 3.59 4.62 4.02 3,194  4.606  .004*
cue (2.44) (2.75) (2.04) (1.90)

Practice 2.46 2.28 4.02 422 3,196 12374 .001**
cue (2.31) (2.00) (1.70) (2.12)

Note. Valence (How pleasant/ unpleasant do you find this image?) from 0 (extremely
pleasant) to 10 (extremely unpleasant). The practice cue was only presented during the two
practice trials prior to Conditioning phase 1. * p <.05, ** p < .001.

Participants *N= 200

included

in Study 2

*Without missing values (Main manuscript):
*Outcome expectancies: N = 163

EOUGSIY *Thinking of the aversive outcome: N = 183

phase 1

* Without acquisition criterion and without missing values (Main manuscript):
*Outcome expectancies: N = 163
*Thinking of the aversive outcome: N = 164

SCUBLCUILER . \with acquisition criterion (N =160) and without missing values (Supplemental Materials):
phase 2 *Outcome expectancies: N = 133
*Thinking of the aversive outcome: N = 136

Supplementary Figure 4. Overview of the number of participants that were reported in the

analyses for each conditioning phase for both outcome measures in Study 2.



