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Abstract
In the interplay of fear and avoidance, not only imminent threat signals that directly predict potential threat evoke
avoidance, but also distal threat signals that predict these imminent threat signals. Avoidance of learnt fear refers to
avoidance to a distal threat signal that prevents the occurrence of an imminent threat signal. In clinical anxiety, it is often
pathological given its persistence in the absence of threat and the impairments it inflicts. The current study examined
whether fear extinction to an imminent threat signal would effectively reduce avoidance of learnt fear in a sensory
preconditioning procedure. Three neutral preconditioning stimuli (PSs), serving as distal threat or safety signals, were
paired with three neutral to-be conditioned stimuli (CSs), serving as imminent threat or safety signals. After assessing
baseline levels of costly avoidance to the PSs, two CSs were paired with threat. One of these CSs then ceased to predict
threat during extinction training. In test, participants showed limited avoidance to the PS that signaled the extinguished CS,
however, the level of avoidance was still stronger compared to a PS that signaled a safety CS. Results suggest that exposure
to an imminent threat signal partly reduces avoidance to a distal threat.
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Introduction

Fear-related avoidance generally refers to behavioral re-
sponses to a threat signal that prevent expected imminent
harm (i.e., safety behavior). Moreover, not only these im-
minent threat signals are avoided, but also stimuli that
predict these signals (distal threat signals). Unlike escape,
which terminates the presentation of these signals, avoid-
ance reduces or prevents these signals. We previously re-
ferred to this avoidance in response to distal threat signals as
“avoidance of learnt fear” (Wong et al., 2022). For instance,

an individual with dog phobia may take a lengthy detour
around the park (distal threat signal). While this action does
not terminate the distal threat signal (i.e., seeing the park
during the detour), it prevents encountering people walking
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dogs (imminent threat signal) in the park, which is directly
associated with the perceived aversive outcome (dog at-
tack). In fact, empirical studies have shown that individuals
with clinical anxiety often engage in avoidance of learnt
fear. For instance, individuals with specific phobias reported
avoiding places or stimuli that signal the presence of
phobic-related stimuli and hence the perceived aversive
outcome (e.g., Katz, 1974; Kleinknecht & Lenz, 1989;
Sawchuk et al., 2000;Walz et al., 2016). Avoidance of learnt
fear in clinical anxiety is often pathological, especially
when it is costly and inflicts severe impairments. For ex-
ample, clinically anxious individuals take a lengthy detour
to avoid places where fear-related stimuli or trauma re-
minders are expected to be encountered (e.g., Corrigan
et al., 2007). Furthermore, pathological avoidance of
learnt fear is unnecessary particularly in the absence of
realistic threat. Thus, it is of clinical importance to further
the understanding of avoidance of learnt fear and its
reduction.

Avoidance of learnt fear can be systematically examined
in highly controlled laboratory paradigms. We have recently
proposed a variety of laboratory procedures for examining
avoidance of learnt fear (Wong et al., 2022), including
higher-order conditioning. This procedure builds on a
typical fear conditioning procedure, in which a neutral
conditioned stimulus (CS) is repeatedly paired with an
aversive unconditioned stimulus (US). On top of this, a so-
called higher-order CS is either paired with the CS before
(sensory preconditioning) or after (second-order condi-
tioning) CS-US pairings. It is typically found that this
higher-order CS evoked high threat expectancy or condi-
tioned fear despite it has never been directly paired with a
US (e.g., Davey & Arulampalam, 1982; Dunsmoor et al.,
2011; Vansteenwegen et al., 2000; White & Davey, 1989).
Importantly, responding to higher-order CS cannot be ex-
plained by stimulus generalization, given that a higher-order
CS evoked little to no responses when it was not paired with
a CS (e.g., Prewitt, 1967; Rizley & Rescorla, 1972).

When comparing second-order and sensory pre-
conditioning, second-order conditioning comes with a
methodological limitation: In typical second-order condi-
tioning procedures, a higher-order CS is paired with a CS
after CS-US pairings already took place; however, pairings
between the higher-order CS and the CS are typically not
reinforced by a US, thus rendering this procedure similar to
conditioned inhibition (e.g., A+/AB-). This may lead to
limited responses to the higher-order CS in second-order
conditioning. This limitation is not inherent in sensory
preconditioning, given that the pairings between higher-
order CS (often termed preconditioning stimulus; PS) and
the CS occurred before CS-US pairings. Thereby, it pro-
vides a useful testbed for examining avoidance of learnt
fear. Furthermore, this procedure allows repeated assess-
ment of avoidance to the distal threat signal before and after

the CS (imminent threat signal) acquires threat value. This
enables the investigation of how avoidance of learnt fear
increases after CS-US pairings.

Despite the clinical importance of reducing avoidance of
learnt fear, there are only few empirical studies. Based on
the assumption that fear motivates avoidance (e.g.,
Krypotos et al., 2015; Pittig et al., 2020), it is valuable to
first review sensory preconditioning studies examining the
reduction of conditioned fear to a PS. Some preliminary
studies examined whether extinguishing the PS – CS as-
sociation effectively reduce conditioned fear to the PS
(Coppock, 1958; Vansteenwegen et al., 2000). These
studies first paired a PS with a neutral CS, but then im-
mediately extinguished this association before CS-US
pairings. This procedure, so-called pre-extinction, effec-
tively reduced conditioned fear to the PS in test. However,
pre-extinction provides limited practicality in a clinical
context. First, a PS – CS association may reflect a realistic
association. For instance, it is realistic to encounter people
walking their dogs in a park (e.g., park-dog association), and
thereby it is impractical to extinguish this association.
Second, pre-extinction was carried out before fear acqui-
sition, thus it could not be practically translated to anxiety-
related treatments. Third, perhaps most importantly, the
CS – US association is not targeted and thus remains intact,
preserving conditioned fear to the CS (e.g., Debiec et al.,
2006; Holmes et al., 2014).

Despite the limited clinical implication of pre-extinction,
it corroborates with theoretical accounts on how a PS
evokes conditioned fear. Pre-extinction supports the notion
of a chain-like stimulus–stimulus structure, in other words,
PS presentation activates CS representation, which then
activates US representation (Gewritz & Davis, 2000).
Weakening the PS-CS association cuts off the activation of
the following CS – US association and thus reducing fear to
the PS (Rescorla & Wagner, 1972; Wagner & Brandon,
1989). Similarly, extinguishing the CS – US association
reduces conditioned fear to the PS (Archer & Sjödén, 1982;
Rizley & Rescorla, 1972). Returning to the notion that fear
motivates avoidance, it is expected that extinguishing the
CS-US association would also decrease avoidance re-
sponses to the PS.

The current study thus sought to examine whether
extinguishing the CS – US association would effectively
reduce avoidance of learnt fear. Using a sensory pre-
conditioning procedure, we paired one of three PSs with one
of three CSs, respectively. After assessing baseline levels of
avoidance to the PSs, two of these CSs then signaled a US,
whereas the remaining CS signaled safety. In a following
extinction procedure, one of the threat-related CS was no
longer reinforced by a US, whereas the CS – US contin-
gencies for the remaining CSs remained unchanged. At test,
we assessed avoidance responses to the PSs. Of note, fi-
nancial rewards were introduced to compete with avoidance
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responses. That is, engaging in avoidance responses led to a
loss of reward, thus rendering avoidance of learnt fear
costly. This manipulation more closely models costly,
pathological avoidance in clinical anxiety (Pittig et al.,
2020). It is expected that participants would show a re-
duction in costly avoidance of learnt fear to the PS that
signaled an extinguished CS. The current study also ex-
plored whether individual difference factors that contribute
to the development of clinical anxiety, such as trait anxiety
or intolerance of uncertainty (Chambers et al., 2004; Fetzner
et al., 2013; Jorm et al., 2000), would have any impact on
avoidance of learnt fear. Trait anxiety is a predisposition
tendency to experience negative emotional responses to
situations in general, whereas intolerance of uncertainty is
characterized by negative emotional responses to uncer-
tainty. Preliminary evidence suggests these risk factors are
associated with pathological avoidance (Andreatta et al.,
2017; Flores et al., 2018; Pittig et al., 2014; Zuj et al., 2020;
see also a systematic review from Wong et al., under re-
view). Therefore, we exploratorily examined whether these
risk factors affect the retention of avoidance of learnt fear
after Pavlovian extinction.

Method

Participants

Undergraduates or residents from Würzburg, Germany,
were recruited and were compensated by either partial
course credit or 10€. Additionally, participants received
extra financial reward depending on their overall avoidance
performance throughout the entire experiment. According
to a stimulation-based power analysis (Kumle et al., 2021), a
sample size of 50 achieves 93% power to detect an expected
effect size of b = 18.93 (see https://osf.io/yznaw for the
preregistration). We recruited a total of 60 participants to
account for attrition rates due to exclusion criteria or
technical difficulties. The Ethics Committee of the Institute
of Psychology at the University of Würzburg (GZ 2018-25)
in accordance with the Declaration of Helsinki.

Apparatus and Materials

Three standardized 2D black and white drawings (apple,
car, and dog) from Snodgrass and Vanderwart (1980) and
three colored geometric shapes (orange triangle, purple
hexagon, and red circle) served as visual stimuli presented
in the experiment.

Presentation software (Neurobehavioral Systems Inc.,
Berkeley, CA, Version 20.1) was employed to present all
experimental instructions, visual stimuli, and recorded all
self-reported ratings. BrainVision Recorder (Brain Prod-
ucts, GmbH, Gliching, Germany) was used to measure skin
conductance via two Ag/AgCl electrodes at a sampling rate

of 1000 Hz. A DS7A Digitimer stimulator was used to
generate an electric US which consisted of 125 pulses
separated by 5 ms.

Procedure

After providing written informed consent, participants filled
in the German version of the Intolerance of Uncertainty
scale (UI-18; Freeston et al., 1994; Gerlach et al., 2008) and
the German version of the Depression Anxiety Stress Scale-
21 (DASS-21; Lovibond & Lovibond, 1995; Nilges &
Essau, 2015). The UI-18 measures cognitive and behav-
ioral responses to uncertainty (see Carleton et al., 2007),
whereas the DASS-21 measures and distinguishes between
depression, anxiety, and stress. Next, we attached US
electrodes to the wrist of participants’ non-dominant hand.
Skin conductance electrodes filled with isotonic gel were
also attached to the hypothenar muscles on the same hand.

A US workup procedure was carried out, in which a US
intensity of 0.2 mAwas increased gradually until a level that
was individually perceived as “definitely unpleasant but not
painful.” Immediately after US calibration, participants
were led through a reward-matching procedure. This pro-
cedure was identical to our recent study (Wong & Pittig,
2022a). In brief, participants were presented with a series of
questions assessing how much monetary reward was suf-
ficient for them to tolerate an electric stimulation. Partici-
pants had to answer either “yes” or “no” to each of these
questions. The amount of competing reward between the
highest amount that received a “No” and the lowest amount
that received a “Yes” was chosen as the maximum reward
available per trial. This calibrated level of competing reward
was assumed to promote sufficient avoidance-approach
conflict per trial (c.f. Schlund et al., 2016). The stimuli
to be presented in the experiment were then presented in-
dividually on screen, and valence ratings to each of them
were collected. The valence visual analog scale (�50 =
unpleasant, 0 = neutral, +50 = pleasant) was located below
the visual stimuli; participants were asked to indicate their
valence ratings to each stimulus along the scale. After
participants had indicated their valence ratings, the condi-
tioning task was carried out. The conditioning task con-
sisted of five phases: Preconditioning stage, Baseline costly
avoidance, Pavlovian fear acquisition training, Pavlovian
extinction, and Post-extinction test (see Table 1).

Preconditioning Stage

The black and white drawings (apple, car, and dog) served
as PSext, PSsafe, and PSthreat, respectively. The color
geometric shapes (orange triangle, purple hexagon, and red
circle) served as CSext, CSsafe, and CSthreat, respectively.
The PSs and CSs were counterbalanced across all partici-
pants. PSext always signaled the onset of CSext, PSsafe
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always signaled the onset of CSsafe, whereas PSthreat
always signaled the onset of CSthreat. The PSs were pre-
sented individually on screen alongside a question “Which
of the following shape does this picture predict?”. The PS
remained on screen until response. Participants could re-
spond by pressing 3 designated keys: pressing “A” indi-
cated that the presented PS signaled CSext; pressing “G”
indicated that the presented PS signaled CSsafe; pressing
“L” indicated that the presented PS signaled CSthreat. After
a response had been recorded, the CS that followed the PS
was presented on screen for 4 s, followed by a 2 s feedback
informing whether the participant’s response was correct or
not. Each PS was presented for 8 trials each in a pseudo-
randomized order so that the same trial type would not be
presented more than two times in a row. This pseudo-
randomization of presentation order was applied to all
the following phases. The intertrial intervals (ITIs) in this
phase were 4 s.

Baseline Costly Avoidance:

Participants were instructed that they could avoid the
outcome predicted by the PSs. This could be done by in-
dicating the degree of avoidance on a dimensional avoid-
ance scale presented alongside the PS. The avoidance scale
ranged from 0% (Certainly not avoid) to 100% (Certainly
avoid) with an interval of 1%. The avoidance ratings were
negatively proportional to the chance of CS presentation.
For example, an avoidance rating of 65% would lead to a
35% chance of CS presentation. In addition, participants
were instructed that whenever avoidance was available, a
competing reward would be presented on that trial. The
amount of competing reward that could be received was,
however, inversely proportional to the indicated avoidance.
For example, an avoidance response of 65% would result in
a loss of 65% of the maximum competing reward. Partic-
ipants were informed that all rewards gained throughout the
task would be paid off at the end of the task. On each trial,
the PS and the avoidance scale were presented on screen
until an avoidance rating had been indicated. The PS then
remained on screen for 8 s. Of note, the avoidance response
did not terminate PS presentation, so that it was not con-
founded with an escape response. Depending on the indi-
cated avoidance ratings, either the corresponding CS or a

white blank screen was presented for 4 s. Reward feedback
was then presented for 2 s. The ITI was randomized between
11 and 15 s, and the same was applied to all the following
phases.

Pavlovian Fear Acquisition Training:

Before this phase began, participants were instructed that
avoidance responses and competing rewards were tempo-
rarily removed. CSext and CSsafe were presented 4 times
each, whereas CSthreat was presented 2 times. CSext and
CSthreat were fully reinforced by an electric US, whereas
CSsafe was never reinforced. Each CS was presented along
with a US expectancy scale with 100 intervals, ranging from
0% (Certain no electric stimulation), 50% (Uncertain) to
100% (Certain electric stimulation). After US expectancy
ratings had been indicated, the CS remained on screen for
8 s, which was followed by a US or not depending on the
CS type.

Pavlovian Extinction

This phase continued without any break. CSext and CSsafe
were presented 6 times, and none of them were reinforced
by a US. CSthreat was presented 2 times, in which it
continued to be fully reinforced by a US. The rationale for
the continuous reinforcement of CSthreat was to ensure that
CSext and CSthreat had acquired the same excitatory
strength, given they had the same number of reinforced
trials. Similar to the previous phase, the CS was presented
on screen alongside a US expectancy scale until response.
The CS then stayed on screen for 8 s. A US was delivered
immediately after CS offset, but only on CSthreat trials.

Test

Prior to this phase, participants were informed that avoid-
ance and competing reward were made available again. The
three PSs were presented 4 times each, along with an
avoidance scale. After an avoidance rating had been indi-
cated, a 1 s fixation cross appeared, and participants were
then prompted to indicate their US expectancy. Once a US
expectancy rating had been indicated, the PS stayed on
screen for 8 s. None of these stimuli were reinforced by a CS

Table 1. PS indicates preconditioning stimuli; CS indicates conditioned stimuli; + indicates US presentation; - indicates US omission;
* indicates avoidance availability; CS and € in brackets indicate the presentation of a CS and a competing reward, respectively, depending
on avoidance; Number in parentheses indicates the number of trials per trial type.

Preconditioning Baseline Costly Avoidance Pavlovian Fear Acquisition Training Pavlovian Extinction Post-extinction Test

PSext → CSext (8) PSext* [CSext, €] (4) CSext + (4) CSext - (6) PSext*- [€] (4)
PSsafe → CSsafe (8) PSsafe* [CSsafe, €] (4) CSsafe - (4) CSsafe - (6) PSsafe*- [€] (4)
PSthreat → CSthreat (8) PSthreat* [CSthreat, €] (4) CSthreat + (2) CSthreat + (2) PSthreat*- [€] (4)
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nor a US. Instead, a blank screen of 4 s appeared imme-
diately after PS offset, followed by a reward feedback of 2 s.

After the experiment, participants were asked to indicate
their valence ratings to each of the PSs and the CSs. They
were then debriefed and thanked for their participation.

Scoring and Analysis

Skin conductance measured before Pavlovian fear acqui-
sition training was not analysed due to the lack of antici-
patory fear. Only skin conductance recorded during the
8 s of stimulus presentations were analysed (i.e., CSs in
Pavlovian fear acquisition training and Pavlovian extinc-
tion, and PSs in Post-extinction test). However, to remain
transparent, SCRs in all phases except the Preconditioning
stage are presented in Figure 1. We applied a 1 Hz filter and
a 50 Hz notch filter to the SCR data. Next, the difference
between the peak response and the corresponding trough in
the interval of 1 s after stimulus onset to stimulus offset was
calculated. This procedure was first done by an automatic
detection of the peak and minimum responses in each
stimulus interval. We then checked if the minimum response
was located at the trough corresponding to the maximum
response; if not, we manually adjusted it accordingly. If no
responses were detected, it would be scored as zero. At last,
the processed SCR was then square root transformed to
reduce skewness (Boucsein et al., 2012). The processing of
SCR data was done by an experimenter blinded to the trial
types.

Most data were analyzed within a linear mixed model
framework. The analyses were separated into three parts:
manipulation check, main hypotheses, and exploratory
analyses. All analyses were preregistered (https://osf.io/
yznaw).

Manipulation Check

We first checked whether participants acquired the PS-CS
contingencies in the Preconditioning phase with an AN-
OVA test. The proportion of accurate responses served as
dependent variable, whereas PS type (PSext, PSsafe, and
PSthreat) and a linear trend repeated measures across trials
(Trial) served as fixed effects.

We then checked whether the levels of baseline avoid-
ance responses to the PSs differed from each other in the
Baseline Costly avoidance phase with an ANOVA test.
Avoidance responses served as dependent variable, whereas
PS type and Trial served as fixed effects. Given that we
expected null differences in baseline avoidance between
PSs, we ran a Bayesian model to confirm an absence of an
effect if the frequentist models failed to reject the null
hypothesis (Kruschke, 2015). This Bayesian model calcu-
lated the posterior distribution of the 95% highest density
intervals that fall under the area around the null value
(Kruschke, 2015; Kruschke & Liddell, 2018).

Moreover, we checked whether participants acquired
differential conditioned fear to the CSs in Pavlovian fear
acquisition training. To this end, US expectancy ratings or
SCRs served as dependent variable, whereas CS type

Figure 1. Avoidance (A), US expectancy (B), and square-root SCRs (C). For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.
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(CSext, CSsafe, and CSthreat) and Trial served as fixed
effects. Noted that given there were only two CSthreat trials,
the trial number of CSthreat was mapped onto the first and
last trial of Pavlovian fear acquisition training in the linear
mixed models. Two orthogonal contrasts were applied to
this model. The first contrast entailed the comparison be-
tween responding averaged across CSext and CSthreat with
responding to CSsafe, examining the differential responding
to reinforced CSs and to a non-reinforced CS. The second
contrast entailed the comparison between responding to
CSext and CSthreat, to examine whether conditioned fear
acquired to the reinforced CSs differed from each other. The
interactions of these contrasts were of primary interest to
assess the development of differential responding to the
reinforced and non-reinforced CSs.

Main Hypotheses

We first examined changes in responding to the different
CSs during Pavlovian extinction. US expectancy ratings or
SCRs served as dependent variable, whereas CS type and
Trial served as fixed effects. Similar to Pavlovian fear
acquisition training, the two CSthreat trials in this phase
was mapped onto the first and last trial of Pavlovian ex-
tinction. Noted that we deviated from our pre-registered
analyses for one contrast, given that the current contrast was
more sensitive in detecting whether threat expectancy or
conditioned fear to CSext was effectively decreased when
compared to CSthreat. Analyses from the pre-registration
were reported in the Supplementary Materials. We estab-
lished two non-orthogonal contrasts. First, we compared
responding to CSext with responding to CSthreat. This
contrast assessed whether responding to CSext decreased
across extinction, whereas responding maintained at a
strong level to a reinforced CSthreat. Second, we compared
responding to CSext with responding to CSsafe. This
contrast evaluated whether responding to CSext decreased
across extinction trial compared to a safety CSsafe. These
two non-orthogonal contrasts were Bonferroni-corrected.

Our primary interest was to examine whether ex-
tinguishing the CSext-US association would lead to a de-
crease in avoidance to PSext in Post-extinction test. To this
end, we included two contrasts in this model. We again
deviated from our pre-registered analyses for one contrast,
given that the current contrast allowed us to focus more
on the difference in avoidance to PSext and PSthreat.
Analyses from the pre-registration were reported in the
Supplementary Materials. Overall, the pre-registered ana-
lyses and the current analyses yielded highly similar results.
First, we assessed whether avoidance to PSthreat was
stronger to PSext. This contrast evaluated whether a PS that
signaled a non-extinguished threat-related CS evoked
stronger avoidance to a PS that signaled an extinguished
threat-related CS. The second contrast assessed whether

avoidance to PSext differed from avoidance to PSsafe. This
evaluated whether CSext extinction completely ex-
tinguished avoidance to PSext. These two non-orthogonal
contrasts were Bonferroni-corrected.

Furthermore, to examine whether changes in avoidance
to PSs occurred before and after acquiring threat or safety
value of the CSs, we employed a cross-phase analysis.
Specifically, we compared avoidance responses on the first
trial of Post-extinction test to the last trial of Baseline costly
avoidance. The remaining trials in Test were excluded to
preclude the ongoing effect of extinction learning. In this
model, avoidance served as dependent variable, whereas PS
type and Trial (last trial of Baseline costly avoidance
compared to first trial of Post-extinction test) served as fixed
effects. The same non-orthogonal contrasts employed in
Post-extinction test were applied to this model (Contrast 1:
PSext vs PSthreat; Contrast 2: PSext vs PSsafe).

To examine the change in valence ratings to the PSs and
CSs before and after the experiment, valence ratings served
as dependent variable, whereas Phase (pre- and post-
experiment), Trial type (PSs vs CSs), and Threat type
(PSext, PSthreat, CSext, CSthreat vs PSsafe and CSsafe)
served as fixed effects.

We also assessed whether higher avoidance responses in
Post-extinction test would be associated with a decrease in
post-extinction threat expectancy or conditioned fear, es-
pecially to PSthreat. This set of analyses assessed whether
avoidance of learnt fear was at least partly driven by threat
prevention. Thus, US expectancy ratings or SCRs served as
dependent variable, whereas Avoidance and Stimulus type
served as fixed effects. Similarly, to examine whether the
change in valence ratings would be associated with the
extent of avoidance to the PSs in Post-extinction test,
avoidance served as dependent variable whereas PS type
served as a fixed effect. In these two sets of analyses, only
the first trial in Post-extinction test was included to mini-
mize the confounding effect of ongoing extinction. Two
orthogonal contrasts were applied. The first one compared
responding to PSthreat with responding averaged across
PSext and PSsafe. The second contrast compared re-
sponding to PSext with responding to PSsafe.

Exploratory Analyses

Finally, we exploratorily examined whether trait anxiety or
intolerance of uncertainty had any effect on avoidance to the
PSs in Post-extinction test. The same models and contrasts
employed in Post-extinction test were employed, with the
addition of trait anxiety or intolerance of uncertainty as a
continuous fixed effect. That is, avoidance served as de-
pendent variable, whereas PS type, Trial, and Anxiety or
Intolerance of uncertainty served as fixed effects, with one
contrast comparing avoidance to PSext with PSthreat, and a
second contrast comparing avoidance to PSext with PSsafe.
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For all the aforementioned linear mixed models, par-
ticipants served as a random effect. All main effects and
higher-order interactions were analyzed in separate models
(Hayes et al., 2012). The degree of significance was reported
with Satterthwaite approximation for degrees of freedom
(Satterthwaite, 1941).

Results

Analyses were restricted to participants who had 1) acquired
the correct PS-CS contingencies and 2) acquired differential
US expectancy ratings to the CSs. The first criterion was
defined by scoring correct responses to the last two trials for
each PS in Preconditioning, whereas the second criterion
was defined by indicating higher US expectancy ratings to
the last two trials of CSext and CSthreat compared to the last
two trials of CSsafe in Pavlovian fear acquisition training.
A total of 7 participants were excluded based on these
criteria, leaving a total of 53 participants in the final sample
(see Table 2). All exclusion criteria were preregistered. Data
are available at https://osf.io/8fuqs/.

Manipulation Check

Preconditioning and Baseline Costly Avoidance. For the Pre-
conditioning phase, all participants acquired the correct
PS – CS contingencies (see Supplementary Materials for
detailed analyses). Figure 1 shows avoidance responses to
the PSs. Overall, participants exhibited low levels of
avoidance to the PSs during Baseline costly avoidance.
Unexpectedly, we observed a significant interaction be-
tween Trial and PS type, F(1, 583) = 3.30, p = .037.
Follow-up analyses revealed that avoidance to PSthreat
decreased significantly sharper across trials compared to
PSext, bPSext vs PSthreat =�104.75, SE = 41.86, Bonferroni-
corrected p = .038, whereas there was no evidence for any
differences in avoidance between other PSs (smallest
Bonferroni-corrected p = .234). As the CSs predicted by
the PS had not yet acquired threat or safety value, in
addition to all PSs were counterbalanced across partici-
pants, this difference was largely due to random variation.

Pavlovian Fear Acquisition Training

Figure 1 shows the US expectancy ratings across the dif-
ferent phases of the experiment. The first contrast examined
whether differential responding was acquired to the re-
inforced CSs and the non-reinforced CS. Participants
showed an increase in US expectancy ratings to CSext and
CSthreat across trials, whereas a decrease in US expectancy
ratings to CSsafe across trials, resulting in a significant
interaction between CS type (CSext&CSthreat vs CSsafe)
and Trial, bCS type(CSext&CSthreat vs CSsafe)*Trial = �214.09,
SE = 14.20, p < .001. The second contrast examined

whether conditioned fear or threat expectancy to the two
reinforced CSs differed from each other. Unexpectedly, US
expectancy to CSext increased faster than those to CSthreat,
supported by a significant interaction between CS type
(CSext vs CSthreat) and Trial, bCS type(CSext vs CSthreat)*Trial =
57.01, SE = 25.04, p = .023. This pattern was presumably
due to CSext acquiring stronger excitatory strength than
CSthreat because of more CSext than CSthreat trials during
Pavlovian fear acquisition training.

Figure 1 shows the SCRs across the different phases of
the experiment. The same contrasts mentioned above
were used. Participants developed stronger SCRs to
CSext and CSthreat across trials and weaker SCRs to
CSsafe across trials, confirmed by a significant interac-
tion between CS type (CSext&CSthreat vs CSsafe) and
Trial, bCS type(CSext&CSthreat vs CSsafe)*Trial = �0.87, SE =
0.26, p < .001. Unlike the US expectancy ratings, there
was no evidence that the acquisition of conditioned fear to
CSext differed from that to CSthreat, bCS type(CSext vs

CSthreat)*Trial = 0.4, SE = 0.45, p = .311.
In sum, participants successfully acquired the correct PS-

CS and CS-US contingencies and exhibited low levels of
baseline costly avoidance to the PSs.

Main Hypotheses

Pavlovian Extinction. Two non-orthogonal contrasts were
analysed in this phase. The first contrast examined whether
threat expectancy or SCRs was maintained to a reinforced
CS compared to the extinction stimulus during Pavlovian
extinction. US expectancy ratings to CSext decreased
quickly across extinction trials, whereas US expectancies to
CSthreat remained similar across extinction trials. This
pattern was supported by a significant interaction between
CS type (CSext vs CSthreat) and Trial, bCS type(CSext vs
CSthreat)*Trial = 515.45, SE = 37.95, Bonferroni-corrected
p < .001. The second contrast examined whether responding
to CSext decreased across trials, compared to CSsafe that
had never been associated with threat. US expectancy
ratings to CSext rapidly across trials, whereas US expec-
tancies to CSsafe remained stable at a low level across trials,
bCS type (CSext vs CSsafe)*Trial = 516.02, SE = 34.18,

Table 2. Demographic data for the final sample.

Mean (Standard Deviation)

Age 24.17 (4.03)
Sex – Females 37 (69.81%)
US intensity 0.84 mA (0.26)
DASS21-anxiety (0–42) 4.34 (5.18)
DASS21-depression (0–42) 5.85 (5.86)
DASS21-stress (0–42) 8.94 (7.85)
UI-18 (0–90) 38.96 (11.88)
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Bonferroni-corrected p < .001. Given that US expectancy to
CSext remained seemingly higher than to CSsafe on the last
extinction trial, we conducted an additional analysis to
check whether this difference was significant or not, despite
this analysis not being pre-registered. Results confirmed
that this difference was significant, bCS type(CSext vs
CSsafe) = 26.81, SE = 3.67, Bonferroni-corrected p < .001,
suggesting that extinction of US expectancy to CSext was
incomplete.

With regard to the SCR data, responding to CSext de-
creased across extinction trials, whereas responding to
CSthreat remained relatively stable across trials, bCS
type(CSext vs CSthreat)*Trial = 1.50, SE = 0.60,
Bonferroni-corrected p = .026. The second contrast con-
firmed that conditioned fear to CSext decreased more
quickly than to CSsafe across extinction trials, bCS
type(CSext vs CSsafe)*Trial = �1.76, SE = 0.59,
Bonferroni-corrected p = .006. Similar to the US expectancy
data, we carried out an additional non-preregistered analysis
to check whether SCRs to CSext were successfully ex-
tinguished. There was no evidence that SCRs to CSext
differed from CSsafe on the last extinction trial, bCS
type(CSext vs CSsafe) = �0.12, SE = 0.068, Bonferroni-
corrected p = .186. In sum, participants maintained strong
threat expectancy and SCRs to the reinforced CSthreat
compared to the (now) non-reinforced CSext. Importantly,
participants exhibited a decrease in both threat expectancy
and SCRs to CSext, but only SCRs to it were successfully
extinguished.

Post-Extinction Test. Figure 1 shows the avoidance re-
sponses to the PSs in Post-extinction test. The first
contrast examined whether avoidance responses to
PSthreat would be greater than to PSext. Participants
showed stronger avoidance responses to PSthreat com-
pared to PSext averaged across test trials, bPS type(PSext vs

PSthreat) = 22.21, SE = 2.22, Bonferroni-corrected p <
.001, suggesting that avoidance to a PS that signaled an
extinguished threat-related CS was weaker than to a PS
that signaled an non-extinguished threat-related CS .
Although avoidance to PSthreat seemingly decreased
more rapidly across trials compared to PSext, this in-
teraction did not reach significance, bPS type(PSext vs

PSthreat)*Trial = �89.26, SE = 45.38, Bonferroni-corrected
p = .100. The second contrast examined whether
avoidance responses to PSext differed from PSsafe.
Averaged across trials, avoidance responses to PSext
were stronger than to PSsafe, bPS type(PSext vs PSsafe) = 8.49,
SE = 1.37, Bonferroni-corrected p < .001. No other ef-
fects reached significance (smallest p = .131).

Cross-Phase Analysis. The first contrast examined whether
avoidance responses selectively increased to PSthreat
compared to PSext from Costly Baseline avoidance to

Post-extinction test. Results showed that avoidance re-
sponses increased more strongly to PSthreat compared to
PSext across the transition of the two phases, bPS type(PSext

vs PSthreat)*Trial = 27.94, SE = 6.62, Bonferroni-corrected
p < .001. The second contrast examined whether changes
in avoidance responses to PSext differed from responses
to PSsafe between the two phases. Although there was a
descriptively stronger increase in avoidance responses to
PSext compared to PSsafe during the transition between
Costly baseline avoidance to Post-extinction test, this
difference did not reach significance, bPS type(PSext vs

PSsafe)*Trial = 5.42, SE = 4.95, Bonferroni-corrected p =
.552. On face value, this contradicted with the pattern of
persistence avoidance to PSext during Post-extinction
test. This null difference could be due to baseline
avoidance to PSext being descriptively stronger than to
PSsafe, leading to a weaker increase in avoidance in Post-
extinction test.

Avoidance Predicting Conditioned Fear. On the first trial of
Post-extinction test, an increase in avoidance to PSthreat led
to a decrease in US expectancy ratings, whereas avoidance
averaged across PSext and PSsafe led to an increase in US
expectancy ratings (Figure 2(a)), bAvoidance*PS type(-

PSext&PSsafe vs PSthreat) = �0.23, SE = 0.06, p < .001. Sur-
prisingly, while avoidance to PSext had limited predictive
value to subsequent US expectancy ratings, an increase in
avoidance to PSsafe led to an increase in US expectancy
ratings, bAvoidance*PS type(PSext vs PSsafe) = 0.31, SE = 0.15, p =
.038. For the SCRs data (Figure 2(b)), avoidance responses
were not associated with subsequent SCRs to the PSs
(smallest p = .087).

Valence Ratings and Their Correlation to Avoidance. Valence
ratings to stimuli associated with an extinguished CS-US
association (PSext and CSext) and those that did not
(PSthreat and CSthreat) decreased from pre- to post-
experiment, whereas valence of stimuli associated with
safety throughout the entire experiment (PSsafe and CSsafe)
increased (Figure 2(c)). This pattern was supported by a
significant interaction between Phase and Threat type,
bPhase*Threat type =�36.59, SE = 3.61, p < .001. There was no
evidence that valence changes differed between PSs and
CSs (smallest p = .078).

In regard to whether a change in valence was associated
with the magnitude of avoidance of learnt fear (Figure 2(d)),
although the negative change in valence averaged across
PSext and PSthreat was seemingly associated with an
increase in avoidance, this association did not reach
significance, bValence change*PS type(PSext&PSthreat vs PSsafe) =
0.086, SE = 0.07, p = .192. Similarly, the association
between valence change and avoidance to PSext did not
differ from that to PSthreat, bValence change*PS type(PSext vs

PSthreat) = �0.14, SE = 0.09, p = .132.
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Exploratory Analyses

Risk Factors and Avoidance of Learnt Fear. We exploratorily
examined the effect of trait anxiety and intolerance of
uncertainty on avoidance of learnt fear during Post-
extinction test (Figure 3). The first contrast compared
avoidance responses to PSthreat to PSext. No interactions
involving trait anxiety nor intolerance of uncertainty
reached significance (smallest Bonferroni-corrected p =
.326). That is, there was no evidence that either risk factor
affected differential avoidance responses to PSext and
PSthreat. The second contrast compared avoidance re-
sponses to PSext and PSsafe. With regard to trait anxiety,
an increase in trait anxiety was associated with less de-
crease in avoidance responses to PSext compared to
PSsafe, bPS type(PSext vs PSsafe)*Trial*Anxiety = �14.85, SE =
5.42, Bonferroni-corrected p = .013. No other interactions
involving trait anxiety reached significance (smallest
Bonferroni-corrected p = .204). With regard to intolerance

of uncertainty, no interactions involving it reached sig-
nificance (smallest Bonferroni-corrected p = .212).

US Expectancy Ratings and SCRs in Post-Extinction
Test. Although not pre-registered, we examined the US
expectancy ratings and SCRs to the PSs in Post-extinction
test with identical contrasts that we used for the avoidance
data (Contrast 1: PSext vs PSthreat; Contrast 2: PSext vs
PSsafe). These responses were assessed after participants
performed their avoidance response. Participants showed
higher US expectancy ratings to PSthreat than to PSext
averaged across trials, bPS type(PSext vs PSthreat) = 14.15, SE =
2.39, Bonferroni-corrected p < .001. However, there were
no differences in the decrease in US expectancies across
trials between the two PSs, bPS type(PSext vs PSthreat)*

Trial = �55.86, SE = 49.08, Bonferroni-corrected p = .512.
Furthermore, the second contrast showed that the de-
crease in US expectancies to PSext were stronger than to

Figure 2. Top panel. Relationship between avoidance of learnt fear and the subsequent (A) US-expectancy ratings and (B) SCRs on the
first trial of Test. Bottom Panel. Association of the change in valence and avoidance of learnt fear. (C) The comparison of valence ratings
to the PSs and CSs pre- and post-experiment. (D) The relationship between the change in valence to the PSs and avoidance of learnt fear
on the first trial of Test. Negative value on the x-axis indicates a negative change in valence, whereas a positive value indicates an opposite
pattern. Darker color dots indicate more overlapping data points. The lines represent the line of best fit for each PS for visual aid. For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.
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PSsafe; avoidance to the former decreased more strongly
than to the latter across test trials, bPS type(PSext vs PSsafe)*

Trial = 119.84, SE = 37.47, Bonferroni-corrected p = .003.
With regard to SCRs, the first contrast showed that there

was a general decrease in SCRs across trials averaged across
PSext and PSthreat, bTrial = �1.62, SE = 0.33, Bonferroni-
corrected p < .001. No other effects involving PS type
reached significance (smallest Bonferroni-corrected p =
.306). The second contrast showed that there were no
differences concerning SCRs to PSext and PSsafe (smallest
Bonferroni-corrected p = .092).

Discussion

Using a sensory preconditioning procedure, the main goal
of the current study was to examine whether extinguishing
the CS-US association would effectively reduce costly
avoidance of learnt fear. Main findings showed i) replication
of costly avoidance of learnt fear acquisition, ii) a reduction
of costly avoidance of learnt fear following CS extinction
training, and iii) a link between the degree of avoidance of
learnt fear and threat expectancies following avoidance
decisions.

The current study found the acquisition of costly
avoidance of learnt fear, replicating studies examining
avoidance of learnt fear via higher-order conditioning
procedures (Klein et al., 2021; Wong & Pittig, 2022b) and
generally the acquisition of avoidance of learnt fear (e.g.,
Mennella et al., 2022; Pittig et al., 2014; Rinck et al., 2016).
This was evident in two patterns. First, duringPost-extinction

test, avoidance responses to PSthreat was stronger than to
PSext. Second, compared to Baseline costly avoidance,
avoidance responses to PSthreat in Post-extinction test in-
creased more than to PSext. These patterns suggest that
avoidance of learnt fear was selectively acquired to a
stimulus that predicted a non-extinguished threat-related
CS (CSthreat). However, participants exhibited prior
differences in baseline avoidance of learnt fear between the
PSs. Specifically, baseline avoidance to PSthreat decreased
more rapidly across trials compared to that to PSext.
However, this difference in baseline avoidance did not
necessarily confound the results, if anything, participants
still exhibited stronger avoidance to PSthreat compared to
PSext after CSthreat acquired threat value.

A key finding was that after CS extinction, participants
showed lower avoidance to PSext. This highlights that
extinguishing the threat value of an imminent threat signal
reduces avoidance to a distal threat signal that predicts it.
This pattern is consistent with the notion that fear and
avoidance to a higher-order CS operates via a chain-like
structure. Targeting parts temporally closer to threat affects
responding to parts more distal to threat. The current study
also provided support that avoidance of learnt fear is driven
by threat prevention, thereby accounting for the reduction of
avoidance to a distal signal that predicted an extinguished
imminent threat signal. Specifically, an increase in avoid-
ance to PSthreat that was linked to a decrease in post-
avoidance US expectancy, whereas there was no significant
association between avoidance and post-avoidance US
expectancy to PSext. Therefore, this pattern suggests that

Figure 3. The effect of trait anxiety (A) or intolerance of uncertainty (B) on avoidance of learnt fear during Post-extinction test. Trait
anxiety/Intolerance of uncertainty was divided into high and low values (via median split) for descriptive purpose. Error bars indicate
standard error of the mean. For interpretation of the references to color in this figure legend, the reader is referred to theWeb version
of this article.
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extinguishing threat expectancy is effective in reducing
avoidance of learnt fear.

One interesting finding was that despite avoidance to
PSext was at a low level, it remained significantly stronger
than to PSsafe. This apparently suggested a persistence in
avoidance to PSext, even when conditioned fear to CSext,
as indicated by SCRs, had been successfully extinguished
during Pavlovian extinction. However, threat expectancy to
CSext remained incomplete, as indicated by significant
differential US expectancies to CSext and CSsafe on the last
extinction trial. This incomplete extinction of threat ex-
pectancy to CSext might have contributed to the persistent
avoidance to PSext. Indeed, a moderate level of post-
avoidance US expectancies to PSext on early test trials
despite low level of avoidance reflected residual US ex-
pectancies from incomplete extinction. Interestingly, the
nearly zero correlation between avoidance to PSext and
post-avoidance US expectancy ratings in the regression
analyses suggested that factors other than threat expectancy
may drive avoidance of learnt fear, which will be discussed
below.

One factor that potentially drives avoidance of learnt fear
is negative valence. Negative valence per se has been
suggested to be sufficient to motivate avoidance (Chen &
Bargh, 1999; Hans Phaf et al., 2014; Krieglmeyer et al.,
2010), even when a threat is not expected anymore
(Baeyens et al., 1995; De Houwer et al., 2001). The current
study showed that when compared to baseline valence,
valence to PSs that was or had been associated with a threat
(PSext and PSthreat) decreased, consistent with studies that
a higher-order CS that indirectly predicted a US acquired
negative valence (Wong & Pittig, 2022a; Yu et al., 2014).
However, we did not find any evidence that a negative
change in valence was associated with an increase in
avoidance of learnt fear in the current study (cf. Wong &
Pittig, 2022b). One potential explanation for this null result
is that we did not assess the change in valence immediately
after Pavlovian fear acquisition; given that none of the
stimuli were reinforced in Post-extinction test, negative
valence to PSs associated with threat might have been re-
duced. Another factor that potentially reinforces avoidance
of learnt fear is to prevent negative emotions evoked by the
imminent threat signal (e.g., conditioned fear evoked by the
CS+). However, the current findings provided limited ev-
idence for this potential explanation given that avoidance of
learnt fear to PSext persisted even after conditioned fear to
CSext was extinguished as indexed by SCRs. Nonetheless,
SCRs are characterized by its high variability (Lykken &
Venables, 1971), in addition to not being a sensitive
measure for fear (Boucsein et al., 2012), thus not necessarily
exclude the possibility that avoidance of learnt fear is driven
by the prevention of negative emotions evoked by the CS+.
Future studies can include measurements that are argu-
ably more sensitive to measure emotion distress such as

self-reported fear or distress ratings, or startle eyeblink
responses. Exploratory analyses revealed that trait anx-
iety and intolerance of uncertainty had different impacts
on costly avoidance of learnt fear. Trait anxiety was
associated with limited reduction of avoidance to PSext
compared to PSsafe across test trials, suggesting that trait
anxiety was linked to a persistence in avoidance of learnt
fear to a PS that signaled an extinguished CS. This pattern
expanded on findings that trait anxiety was associated
with impaired reduction in safety behaviors to a stimulus
that no longer signaled threat (e.g., Andreatta et al., 2017;
Nishi et al., 2019; Xia et al., 2017). In contrast, there was
no evidence that intolerance of uncertainty had any effect
on avoidance of learnt fear (cf. Flores et al., 2018).
However, it should be noted that preliminary evidence for
the effect of risk factors on avoidance of learnt fear was
mixed; while some preliminary evidence showed a
positive link between risk factors and avoidance of learnt
fear (Pittig et al., 2014), others found null risk factors
effects on avoidance of learnt fear (Klein et al., 2021;
Wong & Pittig, 2022b). Therefore, the effect of risk
factors on avoidance of learnt fear required replication in
well powered samples (Morris, Zuj, & Mertens, 2021;
Ney et al., 2018; Wong et al., under review).

With regard to clinical implications, CS extinction
reduces avoidance of learnt fear, providing empirical
support that exposure-sessions can reduce pathological
avoidance of learnt fear. Specifically, the current findings
support the notion that expectancy violation
(i.e., mismatch between an expected outcome and the
actual absence of the outcome) plays a major role in the
reduction in pathological avoidance (Craske et al., 2014).
However, avoidance was still stronger to PSext than to
PSsafe, suggesting the persistence of avoidance of learnt
fear after CS extinction. This suggests that exposure-
sessions alone may not be sufficient to completely ex-
tinguish avoidance of learnt fear. Future studies can ex-
amine whether combining other methods that optimize
extinction learning, for example, presenting multiple fear
stimuli in multiple contexts (e.g., Shiban, Schelhorn, Pauli, &
Mühlberger, 2015; Waters, Kershaw, & Lipp, 2018), em-
ploying counterconditioning techniques (see Keller et al.,
2020), or inducing positive affect during extinction (Meulders
et al., 2014; Zbozinek et al., 2015). However, one caveat is
that the apparent persistence in avoidance to PSext might
have been due to incomplete threat expectancy extinction to
CSext. Thereby, suggesting sufficient exposure sessions may
be able to completely extinguish pathological avoidance of
learnt fear. Interestingly, an increase in avoidance to a distal
safety stimulus predicts an increase in threat expectancy to it.
This preliminary evidence suggests that avoidance to distal
safety stimuli may induce pathological threat beliefs (cf.
Engelhard et al., 2015; van Dis et al., 2022; van Uijen et al.,
2018), thus measures should be made to prevent clinically
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anxious individuals to engage in avoidance of learnt fear to
distal safety stimuli.

The current study had some limitations. First, we did not
assess valence ratings to all stimuli immediately after
Pavlovian fear acquisition, thus negative valence to certain
stimuli might have been attenuated at the end of the ex-
periment. Second, despite conditioned fear to CSext, as
indexed by SCRs, was completely extinguished on the last
extinction trial, extinction of US expectancy to it was in-
complete. We used relatively few extinction trials (c.f. Pittig
& Wong, 2021; Vervliet & Indekeu, 2015) given that CSext
was fully reinforced, thus we expected rapid extinction
learning to it (see partial reinforcement extinction effect;
Chan &Harris, 2019; Humphreys, 1939). Future studies can
use more extinction trials to ensure a complete extinction in
responding to the CS+. Third, there seemed to have pre-
existing biases to baseline valence to the PSs and CSs, as the
PSs were generally rated more positively than the CSs
before the conditioning task. This bias in baseline valence
might have confound with the change in valence to the
stimuli after the conditioning task.

In conclusion, using a sensory preconditioning proce-
dure, the current study found that CS extinction reduced
costly avoidance of learnt fear. Threat expectancy was
found to be one major factor that motivates avoidance of
learnt fear, thus extinguishing threat expectancy to the CS
reduces avoidance to a distal threat signal. Trait anxiety was
found to be associated with persistent avoidance of learnt
fear to a distal threat signal that predicted an extinguished
CS. Future studies can examine how effectively CS ex-
tinction prevents return of avoidance of learnt fear in
multiple-day paradigms. Additionally, future studies can
examine whether factors other than threat prevention, such
as relief or safety signals generated by behavioral avoidance
(Papalini et al., 2021; Papalini et al., 2022; Vervliet et al.,
2017; see also Wong et al., 2022), play a role in interfering
the reduction in avoidance of learnt fear.
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