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A B S T R A C T

Exposure-based treatment for anxiety disorders is effective for many patients, but relapse is not uncommon. One
predictor of the return of fear is the negative valence of fear-relevant stimuli. The aim of the current experiments
was to examine whether counterconditioning with positive film clips reduces this negative stimulus valence as
well as the return of fear, compared to standard extinction training and to an extinction training with non-
contingent exposure to the positive film clips. Participants were 87 students in Experiment 1 (three-day para-
digm), and 90 students in Experiment 2 (one-day paradigm). They first underwent a differential acquisition
phase, in which one of three pictures was paired with an electric shock. They were then randomly allocated to
one of the three intervention groups. Afterwards, they underwent a test phase in which pictures were presented
without shock (to measure spontaneous recovery of fear), which was followed by unsignaled shocks to induce
reinstatement of extinguished fear. Outcome variables were self-reported stimulus valence, shock expectancy,
skin conductance, and fear-potentiated startle. In both experiments, counterconditioning decreased negative
stimulus valence, relative to the other interventions, but it did not reduce spontaneous fear recovery or fear
reinstatement. Overall, our findings do not support the notion that counterconditioning reduces return of fear.

Anxiety disorders are among the leading causes of the global burden
of disease attributable to mental disorders (Whiteford et al., 2013). The
gold-standard treatment is exposure-based therapy (Olatunji, Cisler, &
Deacon, 2010), in which patients are exposed to fear-relevant, in-
nocuous stimuli or situations to disconfirm their threat expectancy
(Craske, Treanor, Conway, Zbozinek, & Vervliet, 2014). Although the
treatment is initially effective for many patients (e.g., Cuijpers, Cristea,
Karyotaki, Reijnders, & Huibers, 2016; Hofmann & Smits, 2008), re-
lapse rates of about 19–62% have been reported (see Vervliet, Craske, &
Hermans, 2013).

Lab studies using fear conditioning paradigms have examined fac-
tors involved in the return of fear. These paradigms typically begin with
an acquisition phase in which one neutral stimulus, such as a picture, is
repeatedly followed by a negative unconditioned stimulus (USneg), such
as a mild electric shock, and another neutral image is not. This usually
results in shock expectancy and fear reactions to the first picture, which
now serves as conditioned stimulus (CS). In a subsequent extinction
phase (the laboratory analog of exposure therapy), the CS is repeatedly
presented without the USneg. This generally extinguishes fear.
Extinguished fear can return after the passage of time (i.e., spontaneous
recovery), a context switch, or non-signaled USneg presentations (i.e.,
reinstatement; see Bouton, 2002, and Vervliet et al., 2013).

The return of fear is associated with the person's negative attitude
towards fear-relevant stimuli after extinction. This was found in de
novo fear conditioning studies (e.g., Dirikx, Hermans, Vansteenwegen,
Baeyens, & Eelen, 2004, 2007; Zbozinek, Hermans, Prenoveau, Liao, &
Craske, 2015) and in subclinical studies (e.g., Huijding & De Jong,
2009; Vasey, Harbaugh, Buffington, Jones, & Fazio, 2012). This sug-
gests that interventions that decrease negative stimulus valence may
reduce the return of fear. Several experiments have examined the ef-
fects of positive valence training on the return of fear. First, Zbozinek,
Holmes, and Craske (2015) found that positive imagery before extinc-
tion training, compared to positive verbal training prior to extinction,
reduced negative stimulus valence and reinstatement of fear. However,
as suggested by Zbozinek and Craske (2017), increased positive affect
during extinction may also have enhanced extinction learning, thereby
reducing the return of fear. Therefore, it is unclear whether reduced
negative stimulus valence resulted in reduced reinstatement. Second,
Dour, Brown, and Craske (2016) showed that positive valence training
during exposure for spider fear resulted in less negative stimulus va-
lence, less spontaneous recovery of spider fear, and less behavioural
avoidance after a reinstatement manipulation. However, the positive
valence training group received more exposure to spiders than the
control group. Third, a recent fear conditioning study demonstrated
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that positive, relative to neutral, verbal information reduced negative
stimulus valence but did not attenuate reinstatement (Luck & Lipp,
2018; Exp 2). Fourth, another study used counterconditioning as posi-
tive valence training (Kang, Vervliet, Engelhard, van Dis, & Hagenaars,
2018), in which the CS is paired with a positive US (see De Houwer,
Thomas, & Baeyens, 2001). Lab experiments have shown that coun-
terconditioning reduces negative stimulus valence (e.g., Engelhard,
Leer, Lange, & Olatunji, 2014; Kerkhof, Vansteenwegen, Baeyens, &
Hermans, 2011; Raes & De Raedt, 2012). Kang et al. (2018) found that,
compared to extinction training, counterconditioning attenuated the
return of fear, which was measured with threat expectancy. Un-
expectedly, the groups did not differ in negative stimulus valence,
perhaps because the positive US (comic pictures) was not potent en-
ough to affect evaluative learning. Given the mixed results of these
studies, more controlled research is needed before positive valence
training is implemented in clinical practice to reduce return of fear.

The aim of the current research was to examine whether positive
valence training through counterconditioning attenuates the return of
fear (while controlling for positive affect and amount of exposure).
Participants underwent fear acquisition and were then randomly allo-
cated to one of three groups: counterconditioning (in which the CS was
paired with positive film clips, which can be more potent than static
images; Rottenberg, Ray, & Gross, 2007), extinction training, or ex-
tinction training with unpaired presentations of positive film clips (to
control for positive affect induced by the film clips). We expected that
counterconditioning, compared to the other interventions, would re-
duce post-intervention negative stimulus valence (hypothesis 1) and the
return of fear (i.e., spontaneous fear recovery and reinstatement; hy-
pothesis 2).

1. Experiment 1

We used a three-day fear conditioning paradigm, over a period of
nine days, with the following phases: Acquisition (Day 1), Intervention
(Day 2), and Spontaneous Recovery and Reinstatement (Day 9).

1.1. Method

Participants. Ninety-eight native Dutch-speaking students aged
between 18 and 30 were recruited via Utrecht University, Facebook,
and Proefbunny.nl. The exclusion criteria were: self-reported current
psychiatric diagnosis, a history of heart or epileptic problems, over-
sensitivity to loud noises, pregnancy, psychoactive medication use, and
fear of dogs (see Stimuli below). Six participants were excluded because
of unsuccessful fear acquisition (n = 3), negatively rating the positive
film clips (n = 2), and misunderstanding how to use the USneg ex-
pectancy scale (n = 1). Five additional participants dropped out: two
because of the experimenter falling ill, two because they found the
shock/startle probe too unpleasant, and one was a no-show on Day 3.
The final sample size comprised 87 participants (72 females and 25
males; mean age = 21.39, SD = 2.48) that were randomly assigned to
condition (stratified for gender). This study was approved by the ethics
committee of the Faculty of Social and Behavioural Sciences at Utrecht
University (FETC16-054) and was pre-registered on the Open Science
Framework (https://osf.io/bvfx8/).

Stimuli. One CS+ and two CSs- depicted three neutral faces de-
rived from the Chicago Faces Database (Ma, Correll, & Wittenbrink,
2015) that were presented for 8 s (see below). To enhance stimulus
differentiation, the CS+ was a picture of a male face, and the CSs- were
pictures of female faces (or vice versa). The stimuli were fully coun-
terbalanced across participants.

The negative US (USneg) was a 2-ms electric shock that was deliv-
ered by a Digitimer DS7A through an electrode band that was attached
to the wrist of the dominant arm. On Day 1, participants determined a
“really annoying, but not painful” shock intensity during a standard
work-up procedure (as described by Orr et al., 2000).

The positive US (USpos) consisted of eight different 6-s funny film
clips in which a baby laughs at a dog that is trying to catch soap bubbles
from the air. The fragments were derived from a 59-s YouTube video
(see Jess0rT, 2011).

1.2. Measures

Eysenck Personality Questionnaire (EPQ). Neuroticism was mea-
sured with the Dutch translation of the Neuroticism scale of the Eysenck
Personality Questionnaire (EPQ-N; Sanderman, Arrindell, Ranchor,
Eysenck, & Eysenck, 2012; Sanderman, Arrindell, & Ranchor, 1991). It
consists of 22 self-report items (e.g., “Are you often troubled about
feelings of guilt?”) that are rated on a dichotomous scale (0 = no,
1 = yes). Cronbach's α was 0.82 in the present study.

USneg unpleasantness and expectancy. USneg unpleasantness was
rated on an 11-point scale, ranging from 0 (not unpleasant at all) to 10
(very unpleasant). USneg expectancy was rated with a visual analog scale
(VAS) with three anchors: 0 (certainly no shock), 50 (uncertain), and 100
(certainly a shock).

USpos valence. USpos valence was rated on an 11-point scale, ran-
ging from 0 (negative) to 10 (positive).

CS valence, arousal, and fear. For each CS rating, the CS was
presented on a white background to enhance differentiation between
the rating contexts and experimental trials. CS valence (“How negative
or positive do you find this picture?”) and arousal (“How arousing do
you find this picture?”) were rated using the Self-Assessment Manikin
scale (Bradley & Lang, 1994), ranging from 1 (negative/not arousing) to
9 (positive/arousing). Fear (i.e., “How fearful are you when seeing this
picture?”) was rated on a 10-point Likert-scale, ranging from 1 (not
fearful at all) to 9 (very fearful).1

Affect rating. Affect (“How do you feel at this moment?”) was rated
on a VAS ranging from 0 (unpleasant) to 100 (pleasant).

Physiological measures. BioSemi hardware unit and ActiView 7.06
were used to acquire physiological data at a 2048 Hz sampling rate.
Two 4-mm Ag–AgCl CMS/DRL electrodes were positioned on the
forehead and served as a reference for all physiological measurements.

Skin conductance response (SCR). Skin conductance was recorded
using two 8-mm passive Nihon Kohden electrodes that were attached to
the index and middle fingers of the left hand (all participants were
right-handed). SCR was calculated by subtracting the baseline (mean
activity during 2 s immediately prior to CS onset) from the peak skin
conductance activity between 1 and 7 s after CS onset (see Pineles, Orr,
& Orr, 2009). Negative values and values smaller than 0.01 μS were
recoded to 0. We applied a z-transformation of each raw SCR across all
phases to account for inter-individual variance (as recommended by
Lonsdorf et al., 2017).

Fear-potentiated startle (FPS). Orbicularis oculi activity was recorded
using two 4-mm Ag/AgCl electrodes placed under the left eye (see
Blumenthal et al., 2005). FPS was calculated as the difference score
between the peak (21–150 ms after startle probe onset) from the
baseline (mean activity during 50 ms, starting from 30 ms before startle
probe onset). We applied an intra-individual z-transformation across all
phases of the raw FPS data (see Blumenthal et al., 2005).

Post-auricular reflex. The post-auricular reflex is an implicit, psy-
chophysiological measure of valence (e.g., Benning, Patrick, & Lang,
2004). It was measured only to explore its value for future studies but
there was no differential responding to CSs during the acquisition
phase. Therefore, it is not mentioned further.

Trial procedure. The trial procedure is largely based on Zbozinek,
Hermans, et al. (2015) and Zbozinek, Holmes, et al. (2015). Each trial
began with an 8-s CS presentation (in the middle of the computer screen
on a black background). During the first 6 s, participants rated USneg

1 Results on self-reported arousal and fear are reported in the Supplementary
Materials.
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expectancy. Startle probes (50 ms bursts of white noise at 95 dB) were
presented 7 s after CS onset.

During the acquisition phase, the USneg was presented 7.5 s after CS
onset during all CS + presentations. In all phases, CSs were presented
in a pseudorandom order (with a maximum of two consecutive CS
presentations per phase). Trials ended with a 6-s presentation of a black
screen (or a 6-s presentation of USpos, see below). The inter-trial in-
terval (ITI) was a black screen with a white fixation cross that appeared
for 15, 20 or 25 s (counterbalanced). Noise alone (NA) trials followed
one out of three trials (counterbalanced) to measure baseline startle
responding.

General procedure and Intervention. Table 1 shows the general
procedure. On Day 1, participants provided written informed consent.
They then washed their hands without soap, were connected to phy-
siological and shock electrodes, and began the shock work-up proce-
dure. Next, they rated unpleasantness of the USneg and completed the
EPQ-N. Then, they started the Habituation phase, consisting of 6 CS
presentations trials (in which they practiced rating the USneg ex-
pectancy scale) and 10 startle probes. Participants then completed CS
and affect ratings. Thereafter, the Acquisition phase started, in which
each CS was presented 8 times. The CS+ was always paired with USneg,
whereas CS1- and CS2- were not. Finally, participants rated CS valence
and affect again.

On Day 2, participants were reconnected to physiological and shock
electrodes and received 10 startle probes to habituate. They filled out
the CS and affect ratings and continued with the intervention phase, in
which each CS was presented 8 times and was never followed by the
USneg. Reinforcement differed for the groups. In the counter-
conditioning group (CC), the CS+ was always followed by USpos., in the
extinction group (EXT), there was no reinforcement, and in the ex-
tinction with positive material group (EXT+), CS2- was always fol-
lowed by USpos. Participants then rated the CS and affect scales.

On Day 9, participants were again reconnected to physiological and
shock electrodes and received 10 startle probes to habituate. After
completing the CS and affect ratings, they continued with a sponta-
neous recovery phase in which each CS was presented twice without
reinforcement (see Zbozinek, Holmes, et al., 2015). Participants then
completed CS and affect ratings again. Next, they received three non-
signaled shocks (same intensity as Day 1) with 15 and 20 s inter-sti-
mulus intervals (fixed order). They continued with a reinstatement test
phase in which each CS was presented twice without reinforcement (see
Kang et al., 2018; Zbozinek, Holmes, et al., 2015). Participants then
completed the CS, affect, and USpos ratings. Finally, they were debriefed
and received 20 euros or course credits.

Data preparation. Due to technical problems, data were missing
completely at random (MCAR; van Buuren, 2012) for SCR, FPS (n = 9),
and neuroticism scores (EPQ-N; n= 27). Multiple imputation techni-
ques were not applied due to an unconnected file matching missing data
pattern (e.g., missing data for SCR and FPS during Day 1 and 2, but not

for Day 9).
Data analysis. First, to test whether randomization was successful,

one-way ANOVAs were performed on age, neuroticism scores, shock
level, USneg unpleasantness, and affect. Second, to examine whether
fear acquisition and extinction took place for USneg expectancy, FPS,
and SCR, we used three 3 (Stimulus: CS+, CS1-, CS2-) × 8 (Time: all
acquisition or intervention trials) × 3 (Group: CC, EXT, EXT+) mixed
ANOVAs. Third, to test whether CC and EXT+ groups had higher affect
ratings compared to EXT following the Intervention phase, a 2 (Time:
pre-intervention, post-intervention) × 3 (Group: CC, EXT, EXT+)
mixed ANOVA was used.

To test the first Hypothesis on post-intervention group differences in
CS valence, a 3 (Stimulus: CS+, CS1-, CS2-) × 2 (Time: pre-interven-
tion, post-intervention) × 3 (Group: CC, EXT, EXT+) mixed ANOVA
was conducted. To test the second hypothesis on group differences in
spontaneous recovery and reinstatement, separate 3 (Stimulus: CS+,
CS1-, CS2-) × 2 (Time: last Intervention trial, first Spontaneous re-
covery trial; or last Spontaneous recovery trial, first Reinstatement
trial) × 3 (Group: CC, EXT, EXT+) ANOVAs were used for USneg ex-
pectancy, SCR, and FPS.

In case sphericity assumptions were not met, we applied Huynh-
Feldt (ε > 0.75) or Greenhouse-Geisser (ε < 0.75) corrections.

1.3. Results

Randomization checks. Groups did not significantly differ in age,
neuroticism scores, shock level, USneg unpleasantness, or baseline affect
(all Fs< 2.14, all ps> .123), which suggests that randomization was
successful. Evaluations of positive film clips also did not significantly
differ between the CC (M = 8.28, SD = 1.14) and EXT+ (M = 8.44,
SD = 1.42) groups, t(50) < 1, p = .649.

Acquisition phase. Acquisition (Stimulus × Time) was reflected by
increases in USneg expectancy, SCR, and FPS, with stronger responses to
the CS+ over time compared to both s- (Stimulus × Time: all
Fs > 4.06, ps < .001, simple effects: all ts > 2.64, ps < .011), see
Fig. 1. From pre to post acquisition, CS negative valence increased for
CS+, but not for CSs-, Stimulus × Time: F(1.69, 141.72) = 53.58,
p < .001, simple effects: t(86) = 8.67, p < .001, see Table 2. There
were no three-way interactions with Group (all Fs < 1.21, all ps >
.245).

Intervention phase. USneg expectancy and SCR decreased during
the intervention phase, with larger decreases for the CS+ compared to
both CSs- (Stimulus × Time: both Fs > 3.45, ps < .001; simple ef-
fects: both ts > 2.22, ps < .030). There was no significant
Stimulus × Time interaction for FPS, F(12.48, 1047.88)< 1, p = .487,
but there was a main effect for Time, F(4.36, 366.27) = 80.45,
p < .001, which reflects decreased responding during the intervention
phase, and there was a main effect for Stimulus, F(2, 168) = 15.78,
p < .001. There were no significant three-way interactions with Group

Table 1
Overview of the experimental design of Experiment 1.

Group Day 1 Day 2 Day 9

Habituation Acquisition Intervention Spontaneous recovery Reinstatement Test

CC CS+ (2) CS+/USneg (8) CS+/USpos (8) CS+ (2) USneg (3) CS+ (2)
CS1- (2) CS1- (8) CS1- (8) CS1- (2) CS1- (2)
CS2- (2) CS2- (8) CS2- (8) CS2- (2) CS2- (2)

EXT CS+ (2) CS+/USneg (8) CS+ (8) CS+ (2) USneg (3) CS+ (2)
CS1- (2) CS1- (8) CS1- (8) CS1- (2) CS1- (2)
CS2- (2) CS2- (8) CS2- (8) CS2- (2) CS2- (2))

EXT+ CS+ (2) CS+/USneg (8) CS+ (8) CS+ (2) USneg (3) CS+ (2)
CS1- (2) CS1- (8) CS1- (8) CS1- (2) CS1- (2)
CS2- (2) CS2- (8) CS2-/USpos (8) CS2- (2) CS2- (2)

Note. CC = counterconditioning; CS = conditioned stimulus; EXT = extinction; EXT+ = extinction and positive material; USneg= negative unconditioned
stimulus.
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Fig. 1. USneg expectancy, skin conductance response (SCR), and fear potentiated startle response (FPS) in Experiment 1. CC = counterconditioning;
CS = conditioned stimulus; EXT = extinction; EXT+ = extinction and positive material; NA = noise alone; Spon. Rec. = Spontaneous Recovery;
Reinst. = Reinstatement; USneg= negative unconditioned stimulus.
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(all Fs < 1, all ps > .690).
For the affect ratings, there was a trend for a Time (pre, post

intervention) × Group interaction, F(2, 84) = 2.45, p = .092, ηp2

= 0.06. Post-hoc analyses showed that the intervention phase increased
positive affect for the CC group (M = 74.45, SD = 13.98), t
(28) = 2.62, p= .014, and the EXT+ group (M= 71.52, SD = 18.98),
t(28) = 2.22, p = .035, but not for the EXT group (M = 64.28,
SD = 20.99), t(28)< 1, p= .596 (see Table 2). The increase in positive
affect did not differ between the CC and EXT+ groups, t(56)< 1,
p = .585. Before the Intervention phase, affect ratings did not differ
across groups, F(2, 84)< 1, p = .837, ηp2 = 0.00, but there was a non-
significant trend for a Group effect afterwards, F(2, 84) = 2.39,
p = .097, ηp2 = 0.05.

Hypothesis 1. More positive CS + valence after CC, compared to
EXT and EXT+. There was a Stimulus × Time × Group interaction for
CS valence, F(3.55, 149.08) < 1, p = .035, ηp2 = 0.06. The
Stimulus × Group interaction was not significant before the
intervention, F(4, 168) < 1, p = .523, ηp2 = 0.02, but it was
significant afterwards, F(4, 168) = 4.69, p = .002, ηp2 = 0.10. Post-
hoc analyses with Bonferroni corrections revealed that after the
intervention, CS+ valence was more positive in the CC group
compared to both control groups (ps < .015), and did not differ
between the EXT and EXT+ groups (p = .999). These results support
the hypothesis that negative CS+ valence was more strongly reduced in
the CC group relative to the EXT and EXT+ groups, see Table 2.
However, on Day 9, the Stimulus × Group effect was no longer
significant, F(4, 162) < 1, p = .850, ηp2 = 0.01.

Hypothesis 2a. Less spontaneous recovery in CC relative to EXT
and EXT+.

USneg expectancy. The Stimulus × Time interaction was significant,
F(1.63, 137.12) = 99.04, p < .001, ηp2 = 0.54. The increase in USneg
expectancy was stronger for CS+ than for both CSs- (both ts > 10.36,
ps < .001), which demonstrates differential spontaneous recovery (see
Fig. 1A). However, interaction effects with Group were not significant
(all Fs< 1, ps> .407).

SCR. The Stimulus × Time interaction was not significant, F(1.85,
155.09) < 1, p = .620, ηp2 = 0.01, but SCR increased over time, F(1,
84) = 4.02, p = .048, ηp2 = 0.05, which indicates the occurrence of
non-differential spontaneous recovery (see Fig. 1B). There was also a
main effect for Stimulus, F(1.92, 161.29) = 5.78, p = .004, ηp2 = 0.06.
However, again, interaction effects of Group were not significant (all
Fs< 2.17, ps> .078).

FPS. The Stimulus × Time interaction was not significant, F(2,
168) < 1, p = .375, ηp2 = 0.01, but there was a main effect for Time,
F(1, 84) = 89.83, p < .001, which indicates a non-differential

spontaneous recovery effect (see Fig. 1C), and for Stimulus, F(2,
168) = 3.96, p = .021, ηp2 = 0.05. Again, interaction effects with
Group were not significant (all Fs< 1.01, ps> .406).

Hypothesis 2b. Less reinstatement in CC relative to EXT and EXT+.
USneg expectancy. The Stimulus × Time interaction was significant,

F(1.33, 111.63) = 9.20, p < .001, ηp2 = 0.10 (see Fig. 1A), due to a
stronger increase in USneg expectancy following the CS+, compared to
both CSs- (both ts > 2.96, ps < .004). This means that differential
reinstatement was successful. However, there were no interaction ef-
fects of Group (all Fs < 1.05, all ps > .354).

SCR. There was no Stimulus × Time interaction, F(2, 168) = 2.11,
p = .124, ηp2 = 0.03, but there was a main effect for Time, F(1,
84) = 4.45, p = .038, ηp2 = 0.05, which demonstrates non-differential
reinstatement (see Fig. 1B), and Stimulus, F(1.94, 162.74) = 3.48, p =
.034, ηp2 = 0.04. There were no significant interactions with Group (all
Fs < 1.69, all ps > .192).

FPS. Again, the Stimulus × Time interaction was not significant, F
(2, 168) < 1, p = .875, ηp2 = 0.00, but there was a main effect for
Time, F(1, 84) = 35.43, p< .001, ηp2 = 0.30, which indicates non-
differential reinstatement (see Fig. 1C), and Stimulus, F(1.91,
160.47) = 7.27, p = .001, ηp2 = 0.08. There were no interaction ef-
fects of Group (all Fs< 1, ps > .612).

In summary, spontaneous recovery and reinstatement were differ-
ential for USneg expectancy ratings, and non-differential for SCR and
FPS. However, in contrast to our hypotheses, CC did not attenuate
spontaneous recovery or reinstatement of fear relative to the control
groups.

Exploratory analyses. Regression analyses were performed to ex-
plore whether post-intervention CS+ positive valence predicted less
spontaneous recovery (i.e., difference between CS+ trial 1 in sponta-
neous recovery phase and CS+ trial 8 in intervention phase) and re-
instatement (i.e., difference between CS+ trial 1 in reinstatement phase
and CS+ trial 2 in spontaneous recovery phase), measured with USneg
expectancy, FPS, or SCR. This was only the case for spontaneous re-
covery measured with SCR (Beta = −0.22, p = .039); (all other
Betas< 0.17, ps> .136).

1.4. Discussion Experiment 1

As predicted, counterconditioning outperformed both extinction
procedures in reducing negative stimulus valence at the end of Day 2.
However, it did not reduce the return of fear on any of the outcome
measures one week later. To our knowledge, only one earlier multiple-
day fear conditioning study has been published that showed a corre-
lation between post-extinction CS+ negative valence (Day 2) and

Table 2
Means (standard deviations) of CS valence and affect ratings in Experiment 1.

Acquisition Intervention Spontaneous Recovery Reinstatement

Pre Post Pre Post Pre Post Post

CC CS+ 4.97 (1.43) 3.21 (1.82) 3.79 (1.37) 5.93 (1.33) 5.76 (1.15) 5.76 (1.09) 5.07 (1.16)
CS1- 4.66 (1.61) 5.41 (1.62) 5.62 (1.21) 5.52 (1.30) 5.38 (1.05) 5.31 (1.23) 4.55 (1.48)
CS2- 4.83 (1.65) 5.52 (1.60) 5.31 (1.51) 5.72 (1.46) 5.64 (1.37) 5.86 (1.21) 5.43 (1.20)
Affect 68.79 (16.17) 58.52 (15.77) 68.83 (17.92) 74.45 (13.98) 72.79 (17.95) 74.79 (16.85) 68.38 (17.34)

EXT CS+ 5.24 (1.81) 2.79 (1.76) 3.69 (1.39) 4.97 (1.12) 5.62 (1.40) 6.03 (1.18) 4.72 (1.18)
CS1- 5.10 (1.61) 5.79 (1.78) 5.66 (1.32) 6.03 (1.30) 5.45 (1.39) 5.66 (1.29) 4.28 (1.31)
CS2- 5.38 (1.45) 6.14 (1.53) 6.00 (1.49) 6.07 (1.49) 5.79 (1.29) 5.97 (1.21) 4.83 (1.34)
Affect 60.52 (18.21) 49.93 (20.35) 66.00 (19.81) 64.28 (20.99) 73.38 (18.88) 73.93 (19.95) 65.15 (21.93)

EXT+ CS+ 5.00 (1.67) 3.10 (1.52) 3.76 (1.53) 5.00 (1.22) 5.83 (1.20) 6.03 (1.38) 5.10 (1.37)
CS1- 4.69 (1.61) 5.69 (1.77) 5.79 (1.54) 5.83 (1.73) 5.66 (1.47) 6.14 (1.27) 4.52 (1.30)
CS2- 5.21 (1.26) 6.03 (1.32) 5.72 (1.58) 6.14 (1.92) 5.89 (1.63) 5.85 (1.35) 4.93 (1.69)
Affect 60.48 (18.36) 52.24 (18.23) 67.45 (16.26) 71.52 (18.98) 73.83 (17.98) 78.07 (17.67) 65.96 (21.48)

Note. CC = counterconditioning; CS = conditioned stimulus; EXT = extinction; EXT+ = extinction and positive material.
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Fig. 2. USneg expectancy, skin conductance response (SCR), and fear potentiated startle response (FPS) in Experiment 2. CC = counterconditioning;
CS = conditioned stimulus; EXT = extinction; EXT+ = extinction and positive material; NA = noise alone; Spon. Rec. = Spontaneous Recovery;
Reinst. = Reinstatement; USneg= negative unconditioned stimulus.
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reinstatement of fear (Day 3) (Zbozinek, Hermans, et al., 2015). How-
ever, their post-extinction CS+ valence ratings did not differ from the
pre-spontaneous recovery and pre-reinstatement ratings, whereas, in
our experiment, the group effects on CS+ valence did not persist for
one week. Other fear conditioning experiments that detected a positive
correlation between post-extinction negative stimulus valence and the
return of fear used a one-day fear conditioning paradigm (e.g., Dirikx,
Hermans, Vansteenwegen, Baeyens, & Eelen, 2007, 2004; Hermans
et al., 2005), in which a reinstatement phase took place immediately
after post-extinction CS valence ratings. Hence, in those one-day stu-
dies, return of fear may be related to negative stimulus valence right
before reinstatement rather than to the valence right after extinction
(one week earlier in our experiment). Theoretically, there is no reason
to assume that the return of fear would be reduced if the stimulus is
negative before reinstatement, regardless of whether it was positive
before. To test whether return of fear is associated with reduced ne-
gative stimulus valence right before a return of fear test, we decided to
conduct a replication experiment with all phases on one day.

2. Experiment 2

2.1. Method

Experiment 2 was a replication of Experiment 1, except that the
Acquisition, Extinction, Spontaneous Recovery and Reinstatement
phases took place on one day, and the post-auricular reflex was not
measured. Results on self-reported arousal and fear are reported in the
Supplementary Materials.

Participants. Ninety-eight participants were recruited at Utrecht
University and via the Internet. Two participants dropped out because
they found the shock/startle probe too unpleasant. Data from three
participants were excluded because they rated the positive film clips
negatively (n = 1), did not follow instructions (n = 1), or misunder-
stood how to use the USneg expectancy scale (n = 1). Due to a coun-
terbalancing error in the Extinction group, and before data analysis, we
excluded 33 EXT participants and tested an additional 30 participants
in this group. The final sample included 90 participants (75 females and
15 males; mean age = 21.18, SD = 2.01) who were equally distributed
across groups. Participants received 12 euros or course credits as
compensation for their participation. This study received approval from
the ethics committee of the Faculty of Social and Behavioural Sciences
at Utrecht University (FETC16-054) and was pre-registered on the Open
Science Framework (https://osf.io/mxa5z/).

General procedure. The procedure of Experiment 1 was executed
on one day. After participants provided informed consent, they were
connected to physiological and shock electrodes and continued with the

shock work-up procedure. Then, they completed the EPQ-N, followed
by the Habituation, Acquisition, Intervention, Spontaneous Recovery
(starting with a CS1- or CS2- presentation) and Reinstatement phases.
Between these phases, they rated CS valence, arousal, and fear and
affect. Afterwards, participants were thanked and debriefed.

2.2. Results

Randomization checks. There were no significant group differ-
ences in age, neuroticism scores, shock level, and baseline affect (all
Fs< 2.71, all ps> .072). However, groups differed in USneg un-
pleasantness, F(2, 87) = 3.77, p = .027, ηp2 = 0.08, with lower shock
evaluation in the EXT compared to the EXT+ group (mean differ-
ence = 0.50), t(58) = 2.55, p = .013. There were no other group
differences (ts< 1.54, ps> .128). The evaluation of film clips were not
different between the CC (M= 8.42, SD= 0.96) and EXT+ (M= 8.55,
SD = 1.02) groups, F(1, 60) < 1, p = .609, ηp2 = 0.00.

Acquisition phase. Acquisition was reflected by USneg expectancy,
SCR, and FPS variables, with stronger responding over time to the CS
+ relative to both CSs- (Stimulus × Time: all Fs > 3.12, ps < .001;
simple effects: all ts > 2.97, ps < .005), see Fig. 2. After the acqui-
sition phase, negative valence had increased for CS+ (but not for CSs-),
Stimulus × Time: F(1.70, 169.97) = 97.30, p < .001, simple effects: t
(89) = 11.63, p < .001, see Table 3. There were no three-way inter-
action effects (all Fs < 1.73, all ps > .072), indicating that groups did
not differ in acquisition.

Intervention phase. USneg expectancy decreased during the
Intervention phase; Stimulus × Time: F(3.59, 311.97) = 49.82,
p < .001, ηp2 = 0.36, simple effects: t(89) = 10.24, p < .001. For
SCR, we did not observe a significant Stimulus × Time interaction, F
(13.66, 1188.39) < 1, p = .653, ηp2 = 0.01, Time, F(6.61,
575.09) = 1.50, p= .169, ηp2 = 0.02, or main effect for Stimulus, F(2,
174) = 1.91, p = .152, ηp2 = 0.02. With respect to FPS, there was no
Stimulus × Time effect, F(13.56, 1179.71) = 1.21, p = .263, ηp2

= 0.01, but there were main effects for Time, F(6.11, 531.13) = 86.00,
p < .001, ηp2 = 0. 50, and Stimulus, F(1.93, 168.16) = 14.38,
p < .001, ηp2 = 0. 14 (see Fig. 2). There were no three-way interaction
effects (all Fs < 1.98, all ps > .056).

The Time (pre, post intervention) × Group interaction was not
significant for affect ratings, F(2, 87) = 2.31, p = .106, ηp2 = 0.05.
Positive affect increased in all groups from pre to post intervention, F(1,
87) = 44.38, p < .001, ηp2 = 0.34 (see Table 3).

In summary, extinction occurred for USneg expectancy and FPS.
Because SCR did not decrease during the Intervention phase, we did not
examine spontaneous recovery and reinstatement effects for SCR (see
Fig. 2B for visual inspection).

Table 3
Means (standard deviations) of CS valence and affect ratings in Experiment 2.

Acquisition Intervention Spontaneous Recovery Reinstatement

Pre Post Post Post Post

CC CS+ 5.13 (1.46) 3.00 (1.46) 5.53 (1.66) 5.53 (1.68) 5.60 1.30)
CS1- 4.93 (1.72) 6.13 (1.61) 5.97 (1.77) 6.13 (1.76) 5.93 (1.80)
CS2- 4.93 (1.68) 6.00 (1.68) 5.93 (2.00) 6.00 (1.53) 6.17 (1.60)
Affect 64.10 (19.78) 55.00 (18.27) 68.23 (15.80) 68.97 (17.66) 64.67 (19.96)

EXT CS+ 4.87 (1.76) 2.70 (1.62) 4.43 (1.43) 4.83 (1.39) 5.30 (1.70)
CS1- 4.97 (1.52) 6.03 (1.63) 5.60 (1.45) 5.80 (1.30) 5.90 (1.67)
CS2- 5.50 (1.17) 6.30 (1.49) 5.90 (1.60) 6.07 (1.51) 6.17 (1.62)
Affect 66.10 (18.76) 55.93 (17.46) 61.67 (15.42) 63.50 (15.57) 63.23 (16.79)

EXT+ CS+ 5.17 (1.76) 3.20 (1.52) 5.27 (1.31) 5.33 (1.37) 5.47 (1.53)
CS1- 4.93 (1.62) 6.10 (1.60) 5.53 (1.61) 5.70 (1.29) 5.70 (1.32)
CS2- 5.03 (1.59) 5.73 (1.80) 6.64 (1.73) 6.03 (1.50) 6.00 (1.49)
Affect 61.40 (18.40) 55.23 (19.47) 67.80 (16.39) 65.87 (18.59) 61.43 (16.79)

Note. CC = counterconditioning; CS = conditioned stimulus; EXT = extinction; EXT+ = extinction and positive material.
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Hypothesis 1. More positive CS+ valence after CC, compared to
EXT and EXT+. There was no significant Stimulus × Time (pre, post
intervention) × Group interaction for CS valence, F(3.46,
150.58) = 1.82, p = .138, ηp2 = 0 .04, but there was a marginally
significant Stimulus×Group effect after the intervention, F(3.74,
162.60) = 2.47, p = .051, ηp2 = 0 .05, see Table 3. Post-hoc
analyses adjusted with Bonferroni correction showed that after the
intervention phase, the CC group reported more positive CS+ valence
compared to the EXT group (p = .014), but not compared to the
EXT+ group (p = .999). CS+ evaluation did not differ significantly
between the EXT and EXT+ groups (p = .093). These results partially
support our hypothesis that negative CS+ valence would be lower after
the intervention phase in the CC group relative to the other two groups.

Hypothesis 2a. Less spontaneous recovery in CC relative to EXT
and EXT+.

USneg expectancy. There was a significant Stimulus × Time effect, F
(1.88, 163.61) = 10.34, p < .001, ηp2 = 0.11, with a stronger increase
in USneg expectancy to the CS+ compared to both CSs- (both ts >
2.64, both ps < .010). This indicates successful differential sponta-
neous recovery. There were no interaction effects of Group (all Fs < 1,
all ps > .561), see Fig. 2A.

FPS. There was no significant Stimulus × Time effect, F(2,
174) = 2.32, p = .102, ηp2 = 0.02. There were main effects for Time, F
(1, 87) = 104.86, p< .001, ηp2 = 0.55, which demonstrates non-
differential spontaneous recovery, and Stimulus, F(2, 174) = 3.27, p =
.040, ηp2 = 0.04. The Stimulus × Time × Group effect was also sig-
nificant, F(4, 174) = 3.08, p = .018, ηp2 = 0.07. FPS increased over
time for all stimuli in all groups (ts > 1.99, ps < .056), but not for
CS2- in the CC group, t(29) = 1.42, p = .166, see Fig. 2C.

Hypothesis 2b. Less reinstatement in CC relative to EXT and EXT+.
USneg expectancy. A Stimulus × Time interaction, F(1.73,

150.27) = 3.58, p = .037, ηp2 = 0.04, revealed a stronger increase in
USneg expectancy following the CS+ compared to both CSs- (both
ts > 2.10, ps < .039). This demonstrates successful differential re-
instatement. There were no interaction effects including Group (all
Fs < 1, all ps > .559), see Fig. 2A.

FPS. There was no significant Stimulus × Time effect, F(2,
174) < 1, p = .956, ηp2 = 0.00. A main effect of Time, F(1,
87) = 59.36, p< .001, ηp2 = 0.41, indicated non-differential re-
instatement. There were no main effect for Stimulus, F(2, 174) = 2.17,
p = .118, ηp2 = 0.02, or interaction effects with Group (all Fs < 1, all
ps > .667), see Fig. 2C.

These results suggest that spontaneous recovery and reinstatement
occurred for USneg expectancy (i.e., differential return of fear) and FPS
(i.e., non-differential return of fear). Contrary to our hypothesis, fear
responses were not attenuated in the CC group relative to the control
groups.

Exploratory analyses. Following Experiment 1, regression analyses
were used to explore whether post-intervention CS+ positive valence
predicted less spontaneous recovery and less reinstatement measured
with USneg, FPS, or SCR, but it did not (largest Beta = −0.10,
p = .343).

2.3. Discussion Experiment 2

Findings from Experiment 2 were generally in line with Experiment
1. Counterconditioning again reduced negative stimulus valence, but
only compared to standard extinction training and not compared to
extinction training with exposure to positive material. Again, counter-
conditioning did not reduce the return of fear. In contrast to Experiment
1, SCR did not decrease in the Intervention phase. It is unclear why SCR
was low at the start of the intervention.

3. General discussion

We conducted two experiments to examine whether positive va-
lence training through counterconditioning reduces negative stimulus
valence and the return of fear. Overall, our findings do not support the
notion that it reduces the return of fear. The first main finding is that
counterconditioning reduced negative stimulus valence, compared to
standard extinction training, which is in line with previous research
(e.g., Engelhard et al., 2014; Kerkhof et al., 2011; Raes & De Raedt,
2012). However, some studies did not find this effect. This may be re-
lated to methodological differences, such as the use of different re-
inforcements (e.g., financial reward: Meulders, Karsdorp, Claes, &
Vlaeyen, 2015; comic pictures: Kang et al., 2018), or testing an addi-
tional effect of counterconditioning on exposure in vivo, which already
includes techniques that may reduce negative stimulus valence, such as
therapeutic modelling (De Jong, Vorage, & Van Den Hout, 2000). We
also found that negative stimulus valence was reduced directly after
counterconditioning but spontaneously recovered after one week (Ex-
periment 1). Thus, counterconditioning did not reduce negative sti-
mulus valence more than extinction did in some studies, and its long-
term effects were not found in Experiment 1. Together, these findings
may indicate the relevance of testing boundary conditions of counter-
conditioning as positive valence training. In addition, in Experiment 1,
counterconditioning reduced negative stimulus valence more compared
to extinction training in which the same positive material was pre-
sented (but unrelated to the CS+). This suggests that the effects should
not be attributed to general positive mood induction. Nevertheless, this
effect was not replicated in Experiment 2, perhaps because negative
affect before the intervention was higher in the one-day paradigm than
in the three-day paradigm (see Tables 2 and 3).

The second main finding of the current experiments is that coun-
terconditioning did not attenuate the return of fear relative to extinc-
tion training. To our knowledge, only one human fear conditioning
study so far tested whether counterconditioning reduced the return of
fear (Kang et al., 2018). Our findings are at odds with this study, in
which counterconditioning did not reduce negative valence but did
attenuate spontaneous recovery and reinstatement of threat expectancy
(Kang et al., 2018). Two methodological differences may account for
these divergent findings. First, we presented the USneg during CS pre-
sentation throughout the acquisition phase (following Zbozinek,
Holmes, et al., 2015) and the USpos right after CS offset during the in-
tervention phase, whereas Kang et al. (2018) presented the USneg at CS
offset in both phases. The same timing of the US presentation in each
phase in Kang et al. (2018) may have enhanced learning during coun-
terconditioning. Second, our USpos comprised 6-s film clips which ap-
parently enhanced the reduction of negative stimulus valence, whereas
Kang et al. used 3-s comic pictures. In our experiments, counter-
conditioning may not have facilitated associative learning due the
longer US duration or complexity.

Our findings are in line with rodent studies, in which no beneficial
effect of counterconditioning (relative to extinction) on the return of
fear has been detected (Bouton & Peck, 1992; Brooks, Hale, Nelson, &
Bouton, 1995; Holmes, Leung, & Westbrook, 2016; Kerkhof et al.,
2012). One explanation could be that, as with extinction, counter-
conditioning creates new, secondary learning about the CS-US re-
lationship. That is, after counterconditioning, the CS possesses new
meanings: its original meaning (CS-USneg), as well as two additional
meanings (CS-no USneg and CS-USpos). This may leave the original
meaning intact and thereby vulnerable to the return of fear or relapse
(e.g., Bouton, 2002; Craske, 2015). The current experiments suggest
that advantages of counterconditioning with respect to reducing ne-
gative stimulus valence do not outweigh the disadvantage of creating
ambiguity (i.e., two new associations) about fear-relevant stimuli. In
this sense, counterconditioning may not be used as a method to prevent
the return of fear.

However, this does not necessarily imply that counterconditioning
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or related procedures are never effective in reducing a return of con-
ditioned responding. First, because individuals tend to learn faster from
negative than positive outcomes (Rozin & Royzman, 2001), counter-
conditioning with a negative (instead of positive) US may yield stronger
learning effects and therefore be more effective in reducing a return of
appetitive compared to fear responding. Two appetitive conditioning
studies indeed found that, relative to extinction, counterconditioning
with a negative US (a highly disliked liquid) reduced the return of
appetitive responding (i.e., expectancy to eat chocolate and chocolate
consumption; Van Gucht, Baeyens, Vansteenwegen, Hermans, &
Beckers, 2010, 2013). Second, the “surprise” aspect of counter-
conditioning may be effective in itself, as it enhances prediction error.
Two fear conditioning experiments showed that novelty-facilitated ex-
tinction (i.e., extinction in which a CS is followed by a surprising and
novel nonthreat outcome) reduced the return of fear more than stan-
dard extinction training (Dunsmoor, Campese, Ceceli, LeDoux, &
Phelps, 2015; Lucas, Luck, & Lipp, 2018, but see; Krypotos & Engelhard,
2018). Novelty-facilitated extinction is procedurally akin to counter-
conditioning (pairing a fear relevant stimulus with a neutral instead of
positive US), but appears to be more effective in reducing return of fear.

Our third main finding is that reduced negative stimulus valence did
not lower return of fear. Thus far, attempts to test this hypothesis have
yielded inconclusive evidence. Two studies found that positive valence
training reduced the spontaneous recovery of spider fear (Dour et al.,
2016), and fear reinstatement in a conditioning paradigm (Zbozinek,
Holmes, et al., 2015), but another study showed that positive valence
training did not reduce reinstatement (Luck & Lipp, 2018). These
findings, together with current findings, provide no compelling evi-
dence for a direct causal relationship between post-extinction negative
stimulus valence and the return of fear. How may these inconsistencies
in evidence be reconciled? One explanation is that the positive corre-
lation between negative stimulus valence and return of fear (e.g., Dirikx
et al., 2007, 2004; Hermans et al., 2005; Huijding & De Jong, 2009;
Vasey et al., 2012) is spurious. That is, there may be a third variable
that explains the relation between post-extinction negative stimulus
valence and return of fear, such as individual differences in positive
affect. Indeed, positive valence training increased positive affect and
reduced negative stimulus valence and reinstatement in a previous
study (Zbozinek, Holmes, et al., 2015; but see; van Veen, Zbozinek,
Engelhard, van Dis, & Craske, 2018).

Our findings may be relevant for the treatment of anxiety disorders
in which negative stimulus valence may impede exposure therapy (e.g.,
due to disgust in spider phobia, Smits, Telch, & Randall, 2002; or blood-
injection-injury phobia, Olatunji, Smits, Connolly, Willems, & Lohr,
2007). About 20% of anxiety patients drop out during treatment, and
about 11% even refrain from starting with therapy (Fernandez, Salem,
Swift, & Ramtahal, 2015). Counterconditioning may be a useful addi-
tional strategy to reduce negative stimulus valence to lower the
threshold for individuals to expose themselves to fear-relevant situa-
tions. In that sense, it may increase the therapy's acceptability and re-
duce avoidance (e.g., Chen, & Bargh, 1999) and dropout. These are
empirical questions that await future clinical research.

Strengths of the current research include the multimodal assessment
of fear and a replication of results in an independent second experi-
ment, which increases confidence in the robustness of our findings.
Several limitations should also be noted. First, we only used an explicit
measure of stimulus valence, which may be susceptible to demand
characteristics and may reflect judgment-related processes instead of
genuine changes in stimulus valence (Gawronski, Gast, & De Houwer,
2015). Future research could include implicit measures, such as affec-
tive priming (e.g., Engelhard et al., 2014; Raes & De Raedt, 2012).
Second, participants were undergraduates. Future studies may preselect
individuals suffering from anxiety or characterized by high neuroticism
scores, as there might be more room for improvement in attenuating
return of fear in these individuals (see Haaker, Golkar, Hermans, &
Lonsdorf, 2014). Third, the effect of counterconditioning on negative

stimulus valence was no longer present after one week. Further research
with multiple day paradigms may use a more powerful manipulation of
stimulus valence, for example by repeatedly exposing participants to
the CS/USpos relation throughout the week.

In conclusion, counterconditioning seems to be promising as posi-
tive valence training. Our findings do not support the notion that it
reduces the return of fear and there was no direct relationship between
post-intervention negative stimulus valence and the return of fear. More
research is needed to test boundary conditions of counterconditioning
effects on stimulus valence and how (sub)clinical groups may profit
from counterconditioning.
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