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ABSTRACT

Background and objectives: In dual-tasking, individuals recall a threat-related memory while performing a
demanding dual-task. This is a fruitful approach to reduce the unpleasantness and vividness of aversive memories
and to reduce conditioned fear responses. Crucially, it remains unclear whether dual-tasking can also reduce
conditioned fear responses and intrusive memories over time. In this pre-registered two-day fear conditioning
paradigm, we examined whether a dual-task intervention reduces return of fear and the frequency of intrusive
memories of an aversive film over time.

Methods: On Day 1, 76 healthy participants underwent fear acquisition with aversive film clips. They were then
randomly allocated to one of three conditions: dual-tasking, memory recall without a dual-task (‘recall only’), or
no task. Afterwards, they underwent an extinction phase and were asked to record intrusive film memories over
48 h. On Day 3, return of fear was assessed.

Results: On Day 1, fear acquisition and extinction were successful. On Day 3, spontaneous recovery and renewal
were evident, but, overall, participants reported few intrusions. The dual-task and recall only groups reported
reduced unpleasantness of threat memory compared to the no task group, but they did not show reduced (return
of) fear responses or fewer intrusions.

Limitations: Intrusion frequency was low in all three groups, which limits the detection of intervention effects.

Conclusions: Even though dual-tasking and recall only devalued threat memory temporarily compared to no task,
these interventions did not reduce (return of) fear responses and intrusions. Future studies could focus on
improving the potency of imagery-based interventions.

1. Introduction

Cognitive behavioral therapy is a recommended treatment for anxi-
ety disorders (National Institute for Health and Clinical Excellence,
2011), in which patients are systematically confronted with
fear-provoking stimuli and situations to disconfirm their threat expec-
tancies during exposure. For many patients, fear reduces during treat-
ment, but for a significant minority improvements are not retained after
treatment (relapse rates: 0-14%; van Dis et al., 2020). Its presumed
working mechanism is the learning of safety associations that inhibit
threat associations (Bouton, 2002; Craske, Treanor, Conway, Zbozinek,
& Vervliet, 2014). However, threat associations can be expressed again,
for instance, after a time lapse (‘spontaneous recovery’) or exposure to a
new context (‘renewal’; Bouton, 2002). Thus, there is a need to improve
treatment for anxiety disorders.

According to contemporary learning theories, fear is determined by

the strength of the threat association (i.e., threat expectancy), and by the
intensity of the mental representation of threat (i.e., threat intensity;
Davey, 1997; Vervliet, Craske, & Hermans, 2013). Therefore, another
potential approach to reduce fear, besides disconfirming threat expec-
tancy, is by devaluing the intensity of this mental threat representation.
Theoretically, this latter approach could reduce the return of fear
because it may not rely on inhibitory learning: when the threat associ-
ation is reactivated after treatment (e.g., due to a time-lapse or a context
switch), but the mental representation of threat is less threatening, fear
responses can remain low.

Several psychological interventions for posttraumatic stress disorder
(PTSD) aim at devaluing the mental representation of threat, such as Eye
Movement Desensitization and Reprocessing (EMDR) therapy. EMDR
uses a dual-task approach, in which patients recall a traumatic memory
while performing a demanding task (e.g., making bilateral eye move-
ments; Shapiro, 2017). Experimental laboratory research has shown that
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dual-tasks reduce self-reported unpleasantness and vividness of
emotional memories and of images of feared future events, which is
typically interpreted as devaluation of the mental threat representation
(Engelhard, McNally, & van Schie, 2019). This technique offers great
therapeutic potential, because many patients with anxiety disorders
suffer from future-oriented threat images (“flashforwards™), rather than
memories of threatening events (“flashbacks”; Brewin, Gregory, Lipton,
& Burgess, 2010; Engelhard, van den Hout, Janssen, & van der Beek,
2010; Holmes & Mathews, 2010). Therefore, dual-tasks seem promising
as intervention for anxiety disorders to modulate anxiety-relevant
memories.

Earlier fear conditioning research has indeed provided evidence that
dual-tasks, compared to mere recall of aversive memories, reduce
conditioned fear responses (Leer, Engelhard, Altink, & van den Hout,
2013; Leer, Engelhard, Dibbets, & van den Hout, 2013). These studies
used aversive visual stimuli to retrieve a visual threat memory during
the intervention. Using aversive pictures, Leer, Engelhard, Dibbets, and
van den Hout (2013) found that dual-tasking reduced renewal of threat
expectancy compared to a control condition in which participants
completed a filler task, but not compared to a control condition in which
participants merely imagined the memory (‘recall only’). Three other
studies using film clips as aversive stimuli found that dual-tasking
reduced self-reported threat expectancy and fear more than ‘recall
only’ did (Leer, Engelhard, Altink, & van den Hout, 2013), but did not
attenuate renewal (Landkroon, Mertens, & Engelhard, 2020) or rein-
statement one day later (Dibbets, Lemmens, & Voncken, 2018) on both
subjective and psychophysiological measures. Thus, fear conditioning
research has demonstrated the potential of dual-tasks to attenuate (re-
turn of) conditioned fear on the same day, but findings are not as
promising in studies with multiple sessions.

These earlier studies investigated whether devaluation of threat
memory reduces conditioned responses. However, patients often suffer
from intrusive threat-related imagery (Hackmann & Holmes, 2004).
These can be recollected without a retrieval attempt and are experienced
as distressing and as if the event is currently happening (Berntsen,
2010). Such intrusive memories may prevent natural memory decay,
resulting in enhanced memory for these aversive events (Herz,
Bar-Haim, Holmes, & Censor, 2020), and may be involved in installment
and preservation of learned fear and avoidance (Mertens, Krypotos, &
Engelhard, 2020). Hence, interventions that modulate intrusive mem-
ories may also enhance treatment of anxiety disorders.

The trauma film paradigm can be used as a laboratory analog for
investigating the development and treatment of intrusive memory
(James et al., 2016). Studies showed that after viewing a traumatic film,
reactivation of the aversive film memory before playing the computer
game Tetris reduced the intrusion frequency in the subsequent week
compared to no task (Badawi, Berle, Rogers, & Steel, 2020; Holmes,
James, Coode-Bate, & Deeprose, 2009, 2010; James et al., 2015). The
procedure in these trauma film studies differs from dual-task in-
terventions, because participants were not instructed to actively retrieve
the trauma memory while playing Tetris (i.e., no dual-task). One study
that used dual-tasks within the trauma film paradigm, demonstrated
that a dual-task intervention reduced intrusive memories compared to
no task, but only when the intervention length was relatively long (16 x
24 s; exp 2; van Schie, van Veen, & Hagenaars, 2019), and not with a
shorter intervention (6 x 24 s; exp 1; van Schie et al., 2019), although
these results were not replicated (exp 3; van Schie et al., 2019). As such,
increasing the intervention length of the dual-task intervention seems
necessary to improve intervention effects. Taken together, trauma film
paradigm studies have demonstrated that secondary tasks after or dur-
ing memory retrieval reduce intrusion frequency.

Previously, research demonstrated that fear conditioning with 30-s
film clips successfully induces intrusive memories (Wegerer, Blechert,
Kerschbaum, & Wilhelm, 2013). Combining fear conditioning and a
trauma film paradigm allows us to investigate dual-task interventions
that target intrusive memory. The important next step is to examine
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whether dual-tasking can prevent return of fear and intrusive memory
over time.

The current study investigates whether dual-tasking with an
increased intervention length before extinction training reduces condi-
tioned responding directly after the intervention, and most importantly,
return of fear and intrusive memories of aversive film clips two days
later. We hypothesized that both dual-task and recall only interventions,
compared to no task, attenuate conditioned responses directly after
intervention, spontaneous recovery, renewal, and intrusive memories.
We hypothesized that recall only is also effective, because previous
research demonstrated that when mere recall of aversive memories is
prolonged (as in imaginal exposure; Powers, Halpern, Ferenschak, Gil-
lihan, & Foa, 2010), intensity of aversive memories is reduced (van
Veen, van Schie, van de Schoot, van den Hout, & Engelhard, 2020).
Based on earlier research (e.g., Leer, Engelhard, Altink, & van den Hout,
2013), we hypothesized that the effects of dual-tasking are stronger than
of recall only.

2. Method
2.1. Participants

Ninety participants were recruited. Exclusion criteria (self-report)
were: serious medical conditions; medication use that influences atten-
tion, memory or concentration; (a history of) psychological problems;
poor sight/color blindness; hearing difficulties; proneness to fainting;
pregnancy; and suicidal ideation (score 2 or 3 on item 9) on the Beck
Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996). These are
common exclusion criteria in fear conditioning/trauma film studies
given the aversive stimuli (e.g., Landkroon et al., 2020; Siegesleitner,
Strohm, Wittekind, Ehring, & Kunze, 2019). Fourteen participants were
excluded for the following reasons: BDI-II item (1), quit day 1 (2;ill [1],
US too aversive [1]), nonattendance day 3 (5), and unaware of US ex-
pectancy contingencies (6; see 2.6.1 Data exclusion). The final sample
consisted of 76 participants (mostly students; n = 73). The sample size
was powered to investigate the primary hypotheses (see pre-registration
on Open Science Framework: https://osf.io/g2q8t/). We expected a
medium effect size (r]f, =.08) for conditioned fear immediately after the
intervention (CS fear: r;g = .14; US expectancy: r]ﬁ = .08 in Leer,
Engelhard, Altink, & van den Hout, 2013), a small to medium effect size
(r]g =.04) for return of fear (US expectancy: rlf, =.08 in Leer, Engelhard,
Dibbets, & van den Hout, 2013), and a medium to large effect size (f =
.37) for intrusion frequency (Cohen’s d = 0.62-0.79 in Holmes et al.,
2009, 2010). For conditioned fear and return of fear, a power analysis
with G-Power for repeated measures (RM) ANOVAs with 3 groups and 2
measurements (f = .29 or .20, a = .05, power = .80) yielded a total
sample size of 33 and 63, respectively. For intrusion frequency, a power
analysis for a one-way ANOVA (f = .37, a = .05, power = .80) yielded a
sample size of 75. The Ethics Committee of the Social Sciences Faculty of
Utrecht University approved this study (FETC15-104).

2.2, Stimuli

Conditioned stimuli (CSs) were three pictures of men’s faces
(Langner et al., 2010). Context pictures were a yellow (context A) and a
cyan (context B) background. CSs and context colors were counter-
balanced across participants. The unconditioned stimulus (US) was a
violent scene from the movie Irréversible (Noé, 2002), in which a man is
killed with a fire extinguisher. This film clip has been used successfully
to induce intrusive memories (Arnaudova & Hagenaars, 2017). The film
clip was split into six fragments of 30-s each and presented in sequential
order to reduce potential habituation effects (e.g., Leer, Engelhard,
Altink, & van den Hout, 2013; Rattel et al., 2019).


https://osf.io/g2q8t/
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2.3. Questionnaire

The State-Trait Anxiety Inventory (STAI-DY; Spielberger, Gorsuch,
Lushene, Vagg, & Jacobs, 1983) was used to measure whether state and
trait anxiety differed between groups, because they may influence fear
learning (Lonsdorf & Merz, 2017; but see Torrents-Rodas et al., 2013).
Higher scores reflect higher levels of anxiety (range: 20-80).

2.4. Outcome measures

2.4.1. US memory ratings

Participants were asked to select the most aversive mental image of
the US, keep it in mind for 10 s, and then rate its unpleasantness and
vividness on two visual analog scales (VAS; 0 = not at all unpleasant/
vivid; 100 = very unpleasant/vivid; Leer, Engelhard, Altink, & van den
Hout, 2013).

2.4.2. Conditioned responses

US expectancy. US expectancy was rated online during each CS
presentation on a VAS (-5 = ‘definitely not followed by aversive film
clip’; 0 = uncertain; 5 = ‘definitely followed by aversive film clip’;
Landkroon, Mertens, Sevenster, Dibbets, & Engelhard, 2019).

CS measures. Fear to each CS was measured on a 9-point scale, from
‘not at all’ to ‘very much’ (Landkroon et al., 2020). Valence and arousal
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were rated with Self-Assessment Manikins (SAM; Bradley & Lang, 1994)
on 9-point scales from ‘negative’/‘no activation’ to ‘positive’/‘a lot of
activation’ respectively. Valence was reverse-scored: higher scores
reflect a more negative evaluation.

2.4.3. Intrusive memory

Participants were instructed that intrusive memories of the film clip
could pop into their mind unexpectedly and that these intrusions could
be experienced as mental images (e.g., visual, auditory), verbal thoughts
or a combination (see Holmes et al., 2010). Participants were asked to
keep a diary for 48 h and to list each occurrence of an intrusion
immediately. They were asked to describe its content and form
(image/thought/combination), and rate its unpleasantness and vivid-
ness (1 = not at all unpleasant/vivid; 10 = very unpleasant/vivid).
Mental image-based intrusions (image and combination) were added as
a total score (Holmes et al., 2009, 2010).

2.5. Procedure

2.5.1. Day 1

Participants gave informed consent and completed the BDI-II, STAI-
S, and STAI-T. They were told that two faces would be followed by
aversive film clips and a third face would never be followed by aversive
film clips on either day, and that it was their task to predict when an

Day 1 Day 1-3 Day 3 Legend
Ret ¢ Context A
Acquisition Intervention Extinction ef:;r: 9 - Context B
a. - CS measures
7 US memory
Acquisition phase ////% ratings
3CS+1 > US 3CS+1 > US 7
3CS+2 2> US 3CS+2 = US %
3 CS- 3 CS-
b.
Intervention phase
4x24s 7 4x24s |7 4x24s % 4x24s %
DT or RO ///A DT or RO %/% DT or RO //// DT or RO %
C.
Extinction phase
3CS+1 3CS+1 3 CS+1 3CS+1 . 7//
3Cs- 3Cs- 3Cs- 3CS- ES %
d.
Return of fear phase
3 CS+1 7
2 .
e. 3

Fig. 1. Overview study design. Panel a) Overview of the experimental phases of the experiment. Intrusions are measured with a diary between Day 1 and 3. Panel b)
Trials and measurements in the acquisition phase. Conditioned responses are measured by unconditioned stimulus (US) expectancy during every conditioned
stimulus (CS) presentation, and by CS measures (fear, valence, and arousal; A1-A3). Panel c) Trials and measurements in the intervention phase for the dual-task (DT)
and recall only (RO) groups. Threat memory devaluation is measured by US memory ratings (unpleasantness and vividness). Panel d) Trials and measurements in the
extinction phase. Conditioned responses are measured by US expectancy during every CS presentation, and by CS measures (E1-E5). Panel e) Trials and measure-
ments in the return of fear phase. Spontaneous recovery is measured with the first CS measures (R1). Renewal is measured with US expectancy on the first CS

presentation.
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aversive film clip would be shown. Then they practiced rating US ex-
pectancy, read instructions about the CS measures, and rated the CSs
with pen-and-paper.

Acquisition. Six trials for each CS type were presented in context A,
see Fig. 1. Two CSs but not the CS- were followed by a US. The CSs were
presented for 8 s and participants could rate US expectancy within 7 s.
Intertrial intervals were 2, 3 or 4 s. After every three trials, CSs were
rated. Lastly, participants were asked to select and rate the most aversive
mental image from the film clips (Landkroon et al., 2020).

Intervention. Participants were randomly assigned to conditions.
During dual-tasking, participants were asked to recall the most aversive
image for 24 s while visually tracking a dot on a computer screen that
moved at 1.2 Hz (van Veen et al., 2015) without moving their head.
Then, participants were instructed to stop retrieving the image for 10 s.
There were 16 trials in total, and after every 4 trials, participants rated
their memory (see Landkroon et al., 2020; van Veen et al., 2020). Par-
ticipants in the recall only group followed the same procedure without
making eye movements. In the no task group, participants continued
immediately with the next phase. This group was not matched in
duration to the intervention groups, because sitting in silence potentially
results in recall or rumination of threat memory (Mertens, Krypotos, &
Engelhard, 2020) and a filler task can serve as a dual-task intervention
(Tadmor, McNally, & Engelhard, 2016).

Extinction. Twelve trials for CS+1 and CS- were presented in
context B, without the US. Timing and ratings were the same as in the
acquisition phase. Afterwards, participants were asked to rate their
threat memory and received diary instructions.

2.5.2. Day 1-3
Participants were instructed to record intrusions.

2.5.3. Day 3

Participants returned to the lab after 48 h, because trauma film
paradigm studies have shown that most intrusions occur within the first
48 h (e.g., James et al., 2015). First, participants rated CSs (spontaneous
recovery) and were presented with context A (renewal). Each CS was
presented three times. The first trial was counterbalanced. Timing and
ratings were the same as in previous phases. Participants rated US
memory again. Then, the experimenter ensured whether all diary entries
concerned the film clips (Holmes et al., 2010). Participants rated diary
compliance on a VAS (0 = not at all complied; 100 = complied
perfectly). Participants in the intervention groups were asked to rate
whether they followed instructions during the intervention phase to
vividly recall the US (both intervention groups) and to track the dot
(dual-task group only), on VASs (0 = not at all (vivid); 100 = extremely
vivid/absolutely; Landkroon et al., 2020). Finally, participants were
debriefed (van Schie et al., 2019).

2.6. Data analyses

Violations of the sphericity assumption were corrected with
Greenhouse-Geisser (e<.75) or Huyn-Feldt (¢>.75). Deviations from
normality (Kolmogorov-Smirnov tests) were further examined using
bootstrap confidence intervals, and as these barely deviated from the
standard confidence intervals, the influence of normality deviations was
considered negligible. Moreover, ANOVAs are robust to deviations from
normality (Schmider, Ziegler, Danay, Beyer, & Biihner, 2010). We
calculated 90% confidence intervals (CI) for effect sizes (Lakens, 2013)
using the MBESS package in R (Kelley, 2017).

We conducted our analyses within a Null-Hypothesis Significance
Testing and a Bayesian framework (Krypotos, Mertens, Leer, & Engel-
hard, 2020). Within the Bayesian framework, Bayes factors were
calculated that quantify the amount of evidence that the data shows for
the alternative hypothesis compared to the null hypothesis in JASP
(default settings; JASP Team, 2020). For instance, BF;p = 3 indicates
that the data are three times more likely under the alternative

Journal of Behavior Therapy and Experimental Psychiatry 72 (2021) 101639
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2.6.1. Data exclusion

Participants were excluded from analyses if they were unaware of
contingencies (see pre-registration: higher US expectancy on the last
acquisition trial for CSs+ than for CS-; Dibbets et al., 2018).

2.6.2. Randomization and manipulation checks

First, to ensure successful randomization, chi-square test or one-way
ANOVAs were performed on sex distribution, age, state, trait anxiety,
and diary and intervention compliance. Second, to check successful fear
acquisition, we used 3 (Stimulus: CS1+ vs. CS2+ vs. CS-) x 6 (or 3)
(Time) x 3 (Group) RM ANOVAs for US expectancy and CS ratings.
Third, to test the expected group differences in unpleasantness and
vividness of threat memory separate 5 (Time: post-acquisition, 4 inter-
vention trials) x 2 (Group: dual-task vs. recall only) RM ANOVAs were
conducted. Finally, to test whether memory ratings remained low after
the extinction and return of fear phases in both intervention groups,
compared to no task group, 3 (Group: dual-task vs. recall only vs. no
task) x 2 (Time: post-acquisition vs. post-extinction or post-renewal) RM
ANOVAs were conducted.

2.6.3. Main analyses

To test whether conditioned responding was reduced directly after
the intervention and two days later in the intervention groups,
compared to the no task group, 3 (Group: dual-task vs. recall only vs. no
task) x 2 (Stimulus: CS1+ vs. CS-) x 2 (Time: immediate effect: last
acquisition trial vs. first extinction trial; spontaneous recovery: last CS
measures Day 1 vs. first CS measures Day 3; renewal: last extinction trial
vs. first renewal trial) RM ANOVAs for US expectancy and CS measures
were performed (following Vervliet, Baeyens, van den Bergh, & Her-
mans, 2013). Moreover, we aimed to test whether the predicted inter-
vention effects generalized to conditioned responding to a CS that was
not extinguished by conducting separate 2 (Stimulus: CS+1 vs. CS+2) x
3 (Group: dual-task vs. recall only vs. no task) RM ANOVAs on the first
trial of spontaneous recovery and renewal. To investigate whether
intrusion frequency, unpleasantness and vividness were reduced after
the interventions, compared to no task, separate one-way ANOVAs were
used. Exploratory analyses on correlations between threat devaluation
and outcome measures were included in Supplementary Materials.

3. Results
3.1. Randomization and manipulation checks

3.1.1. Randomization checks

Groups did not significantly differ in age, state, and trait anxiety, but
did in sex distribution’, see Table 1. Diary compliance differed between
groups. Compliance was lower in the dual-task group than in the recall
only group, p < .01 (Bonferroni corrected), BF;g, y = 8.951. We deem
this group difference not important, because intrusion frequency was
not affected by diary compliance as a covariate and even in the dual-task
group diary compliance was high. The dual-task and recall only groups
indicated that they adhered equally to intervention instructions.

3.1.2. Acquisition phase
As predicted, there was a significant interaction between CS type and
time on US expectancy and CS fear, valence, and arousal, Fs > 33.81, ps

1 Because Cramer’s V was medium to large, we investigated whether sex
influenced the results. When sex was entered as a covariate in the main ana-
lyses, the results remained the same, indicating that the sex distribution did not
affect the main outcomes. We report the analyses without sex as a covariate.
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Table 1
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Distribution of sex (male/female frequency), means (SD) of age, state anxiety (STAI-S), trait anxiety (STAI-T), adherence to instructions during intervention phase (i.e.,

making eye movements and vividly recalling the US), and diary compliance.

Dual-task (n = 25) Recall only (n = 25)

No task (n = 26)

Test statistics

Sex 9/15% 13/12 5/21 %% (2) = 5.98, p = .05, Cramer’s V = .28, CI [.00, .45], BF;o = 1.777
Age (years) 21.54 (1.69)" 21.88 (2.22) 21.73 (2.01) F(2,72) =0.18,p = .84, ng =.01, CI [.00, .03], BF;o = 0.131
STAI-S 34.44 (9.44) 31.04 (8.29) 32.38 (8.55) F(2,73) =0.95,p = .39, ‘71% =.03, CI [.00, .09], BF;9 = 0.235
STAI-T 34.16 (9.12) 30.44 (7.22) 31.58 (6.40) F(2,73) =1.55,p = .22, r]% = .04, CI [.00, .12], BF;o = 0.372

Eye movements 70.76 (17.28) - -

Recall US
Diary compliance

69.88 (22.66)
81.00 (15.80)

74.20 (25.24)
92.52 (11.21)

86.54 (12.34)

F(1,48) = 0.41, p = .53, n2 = .01, CI [.00, .091, BF;o = 0.334
F(2,73) = 4.73,p = .01, i = .12, CI [.02, .22], BF;o = 4.043

# For one participant sex and age was missing.

< .01, r3s > .31, Cl range [.24, .57],” BFs1o > 1.710 x 10"3 (see Figs. 2
and 3). CSs+ responding increased on all outcome measures over time,
Fs > 37.12,ps < .01, i3s > .33, Cl range [.23, .60], BFs1o > 7.599 x 10°.
CS- responding decreased over time, Fs > 4.14, ps < .03, nf,s > .05, CI
range [.00, .471, BFs;9 > 1.719, except on CS arousal, F(1.85, 138.63) =
0.55, p = .56, nf, = .01, CI [.00, .04], BF;p = 0.074. Fear acquisition
measured with US expectancy, CS valence and arousal did not differ
between groups, Fs < 1.07, ps > .38, nﬁs < .03, Cl range [.00, .05], BFs;o
< 0.028 (stimulus x time x group). For CS fear, acquisition differed
between groups when all timepoints were analyzed, F(7.85, 282.46) =
2.54, p = .01, r[g = .07, CI [.01, .09], BF;9 = 0.198 (stimulus x time x
group), but not when acquisition was analyzed pre-post, F(3.72,
133.92) =1.47,p= .22, r[g =.04, CI [.00, .08], BF;p = 0.106 (stimulus x
time x group). In sum, differential acquisition was successful on all
outcome measures.

3.1.3. Post-acquisition memory ratings

As intended, unpleasantness and vividness did not significantly differ
between groups after acquisition, Fs < 3.12, ps > .05, ngs < .08, CIrange
[.00, .17], BFs;p < 1.215, see Fig. 4.°

3.2. US memory ratings

3.2.1. Intervention phase

Memory unpleasantness and vividness decreased during the inter-
vention phase, Fs > 27.61, ps < .01, nﬁs > .36, Clrange [.23, .56], BFs;o
> 2.236 x 10'° (main effect of time), but contrary to the hypothesis, this
decrease did not differ between the intervention groups, Fs < 0.38, ps >
.69, ngs < .01, CI range [.00, .04], BFsjp < 0.049 (time x group).

3.2.2. Post-extinction

Memory unpleasantness decreased for all groups from after acqui-
sition to after extinction, F(1, 73) = 74.68, p < .01, ng = .51, CI [.37,
.60], BF;9 = 2.187 x 10'° (main effect time), which differed between
groups, F(2, 73) = 4.18, p = .02, n3 = .10, CI [.01, .21], BF;p = 2.910
(time x group). Compared to the no task group, unpleasantness
decreased more in the intervention groups, Fs > 4.45, ps < .05, r]f,s >
.08, CI range [.00, .26], BFs;p > 1.650. However, there was no difference
between the two intervention groups, F(1, 48) = 0.79, p = .38, ng =.02,
CI [.00, .11], BF;p = 0.391. Memory vividness decreased from after
acquisition to after extinction, F(1, 73) = 98.82, p < .01, r;g = .58, CI
[.45, .66], BF19 = 9.166 x 10" (main effect time), which unexpectedly
did not differ between groups, F(2, 73) = 2.62,p = .08, ng =.07,CI[.00,
.16], BF1p = 0.819 (time x group).

3.2.3. Post-renewal
From after acquisition to after return of fear, unpleasantness and

2 When test statistics are summarized, the CI range shows the lowest and
highest bound of all summarized effect sizes.

3 See Supplementary Materials A for a specification of the selected aversive
images.

vividness decreased, Fs > 109.02, ps < .01, r]f,s > .60, CIrange [.48, .74],
BFs10 > 1.779 x 10'*, but this did not differ between groups, Fs < 1.69,
ps > .19, nﬁs < .05, CI range [.00, .13], BFs;p < 0.423 (time x group).
This suggests that the interventions were not successful in reducing
unpleasantness and vividness of threat memory over time, compared to
no task.

3.3. Main analyses

3.3.1. Extinction phase

Unexpectedly, there was no group difference from the last acquisi-
tion trial to the first extinction trial on all outcome measures, Fs < 1.43,
ps > .23, nf,s < .04, Cl range [.00, .08], BFsjp < 0.132 (stimulus x time x
group), suggesting that both interventions had no immediate effect on
US expectancy and CS measures. Differential extinction for CS type was
found on all outcome measures, Fs > 12.84, ps < .01, ngs > .15, Cl range
[.09, .54], BFsjp > 4714.750 (stimulus x time), and this did not differ
between groups, Fs < 1.29, ps > .23, r]ﬁs < .04, Clrange [.00, .04], BFsjo
< 0.003 (stimulus x time x group).

3.3.2. Return of fear

Spontaneous recovery. CS fear, valence, and arousal increased
more for the CS+1 than CS- from the last extinction trial to the first test
trial 48 h later, Fs > 11.54, ps < .01, r]lz,s > .13, Clrange [.04, .34], BFsjo
> 6.603 (stimulus x time), but unexpectedly, this did not differ between
groups, Fs < 2.21, ps > .11, nf,s < .06, Cl range [.00, .14], BFs;p < 0.377
(stimulus x time x group), see Fig. 3. Thus, the interventions did not
reduce spontaneous recovery compared to no task.

Renewal phase. US expectancy increased more for the CS+1 than
CS- from the last extinction trial to the first test trial, F(1, 72) = 118.15,
p < .01, N2 =.62, CI[.50, .70], BF1o = 5.845 x 10'® (stimulus x time), but
this did not differ between groups, F(2, 72) = 0.20, p = .82, ng =.01, CI
[.00, .04], BF;p = 0.134 (stimulus x time x group), see Fig. 2. The in-
terventions did not reduce fear renewal compared to no task.

Given the lack of expected group differences on spontaneous re-
covery and renewal, detailed results on generalization of the in-
terventions to the non-extinguished CS+2 are not reported.*

3.3.3. Intrusions

Intrusion frequency was low in all groups, suggesting that the
paradigm was limited in inducing sufficient intrusions to test the hy-
potheses, see Fig. 5. Intrusion frequency did not differ between groups, F
(2,72) =1.07,p = .35, ng = .03, CI [.00, .10], BF;p = 0.261, nor did
intrusion unpleasantness and vividness ratings, Fs < 1.34, ps > .27, nﬁs
< .07, Cl range [.00, .171, BFsjp < 0.416, see Table 2.

4 Exploratory analyses revealed a similar pattern on conditioned responses to
the CS+2 on the first trial of the spontaneous recovery and renewal phases,
namely no differences between groups.
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Table 2
Means and standard deviations of unpleasantness and vividness of intrusive
memories.

Dual-task (n = Recall only (n = No task (n =
15) 14) 16)
Intrusion 4.53 (1.51) 4.08 (1.08) 5.17 (2.54)
unpleasantness
Intrusion vividness 5.23(1.32) 5.61 (0.87) 5.44 (1.92)

4. Discussion

This study aimed to investigate whether a dual-task intervention,
and to a lesser extent a recall only intervention, reduces conditioned
responses directly after the intervention, and return of fear and intrusive
memories two days later. The main findings can be summarized as fol-
lows. First, the dual-task and recall only interventions decreased un-
pleasantness and vividness of threat memory similarly during the
intervention phase, indicating threat devaluation. Second, inconsistent
with the hypotheses, the dual-task and recall only groups did not differ
from the no intervention group in conditioned responses immediately
after the intervention, spontaneous recovery, renewal or intrusion
frequency.

During the intervention phase, memory unpleasantness and vivid-
ness decreased similarly in both intervention groups, which contrasts
studies with a short intervention duration that consistently found
beneficial effects of a dual-task intervention compared to recall only
(Lee & Cuijpers, 2013; Mertens, Lund, & Engelhard, 2020). However,
our findings corroborate with research that also used an increased
intervention duration (Landkroon et al., 2020; van Schie et al., 2019;
van Veen et al., 2020). Moreover, a meta-analysis demonstrated that
EMDR with or without eye movements might equally reduce clinical
symptoms (Cuijpers et al., 2020). Thus, prolonged recall only may serve
as imaginal exposure, and adding a dual-task may not further reduce
intensity of threat memory.

Contrary to the prediction, compared to the no intervention group,
both intervention groups did not show reduced conditioned fear re-
sponses directly after the intervention or two days later. Moreover,
threat memory devaluation was inconsistently related to these outcome
measures and Bayesian analyses provided support for the null hypoth-
esis. Potentially, threat devaluation does not reduce conditioned re-
sponses. While earlier one-day studies demonstrated that a dual-task
intervention reduced conditioned responses directly after the interven-
tion, compared to recall only (Leer, Engelhard, Altink, & van den Hout,
2013) and compared to no task (Leer, Engelhard, Dibbets, & van den
Hout, 2013), the latter study found no group differences in threat
devaluation. This suggests that the observed differences in conditioned
responses did not result from threat devaluation. In multiple-day
studies, a dual-task intervention did not reduce conditioned responses
compared to a control task, when tested one day after the intervention
(Dibbets et al., 2018) or when the intervention was 24 h after fear
acquisition (Landkroon et al., 2020). Collectively, this suggests that
threat devaluation may not reduce conditioned responses, in contrast to
contemporary learning theory (Davey, 1997).

An alternative interpretation of why the interventions did not reduce
conditioned responses compared to no intervention, is that the in-
terventions were not potent enough to devalue threat memory
adequately and as a result, conditioned responses would not be atten-
uated. Indeed, threat memory was still rated as relatively unpleasant in
both intervention groups after the intervention (>50 on 0-100 scale; see
e.g., Dibbets et al., 2018; Landkroon et al., 2020; Leer, Engelhard,
Altink, & van den Hout, 2013). Reducing the unpleasantness even
further during such a brief intervention in the lab may not be feasible.
Moreover, the interventions reduced unpleasantness of threat memory
compared to no intervention after the extinction phase, but not after two
days. Newly acquired footage as threat memory is perhaps more
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susceptible to decay over time than autobiographical memories
(McGaugh, 2000), and consequently, unpleasantness also decreased in
the no intervention group after two days.

There are several possibilities to increase the potency of in-
terventions. First, the potency of a dual-task intervention may be
enhanced by including other elements of the EMDR protocol, such as
increasing the validity of positive cognitions (de Jongh & ten Broeke,
2012; Shapiro, 2017). This may be difficult in fear conditioning and
trauma film paradigms, because these paradigms do not use idiosyn-
cratic memories. Instead, aversive autobiographical memories might be
more appropriate to investigate cognitive interventions. Behavioral
avoidance tasks can then be used to measure conditioned responses
(Beckers, Krypotos, Boddez, Effting, & Kindt, 2013). Second, future
studies can select other imagery-based interventions that may sort larger
effects, such as imagery rescripting (Morina, Lancee, & Arntz, 2017), in
which a threat memory is imagined and changed into a more positive
scenario. Future research using a more potent intervention and using
mediation analyses could disentangle whether threat devaluation re-
duces conditioned responses or whether these are ultimately not related.

Another issue that warrants discussion is the low intrusion fre-
quency. This resulted in minimal room for the interventions to reduce
this frequency even further. Previous studies using the same trauma film
reported between 2.5 and 5.5 intrusions (Streb, Mecklinger, Anderson,
Johanna, & Michael, 2016; van Schie et al., 2019; Verwoerd, Jong, &
Wessel, 2008). Those studies used a longer film clip (10 min. vs. our 6
clips of 30-s), a longer diary period (4-7 days vs. our 2 days), and did not
use a fear conditioning paradigm with intervening materials between
‘acquisition’ and ‘diary’. However, previous studies with similar designs
as our study (30-s film clips, 2-day diary, and intervening tasks after the
film) reported four to eight intrusions (Rattel et al., 2019; Wegerer et al.,
2013). The latter studies differed from our study in two ways that may
influence intrusion frequency. First, the earlier studies used different
film scenes, although all scenes showed severe violence. Second, in
previous research participants registered intrusions with the Intrusive
Memory Questionnaire each evening retrospectively, while here par-
ticipants were instructed to register intrusions immediately. Future
research may investigate these potential explanations for differences in
intrusion frequency and then investigate interventions to reduce intru-
sion frequency and conditioned responses with an improved paradigm.
Alternatively, future studies may test interventions in individuals who
already experience intrusive imagery (Homer & Deeprose, 2017).

Several limitations of the experimental paradigm should be noted.
First, as abovementioned, the potency of the interventions may be
insufficient and intrusion frequency was overall low. Second, the
acquisition and intervention phases took place on the same day. Future
multiple-day studies could ensure that the interventions interfere with
consolidated threat memories (McGaugh, 2000). Third, no psychophys-
iological measures of associative or evaluative fear learning were taken.
It remains unclear whether a dual-task intervention affects psycho-
physiological measures (Landkroon et al., 2020; but see Engelhard, van
Uijen, & van den Hout, 2010), so it is recommended that future studies
also use these outcome measures to assess all components of learned fear
(Constantinou et al., 2020). Finally, expected effect sizes based on pre-
vious research can be inflated (Brysbaert, 2019), resulting in under-
powered studies. Yet, this seems an unlikely explanation for our null
findings, because the Bayes factors provide evidence for the null hy-
potheses. Strengths of this study include using both active and passive
control groups, having multiple self-report outcome measures showing
similar results (see Constantinou et al., 2020; Wegerer et al., 2013), and
the study’s pre-registration (Krypotos, Klugkist, Mertens, & Engelhard,
2019).

In conclusion, both dual-task and recall only interventions reduced
aversiveness of threat memory compared to no task, but the in-
terventions did not reduce conditioned fear responding, return of fear or
intrusions. Future studies may improve interventions and focus on
intrusive autobiographical memories. Considering the major impact of
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fear relapse and intrusive memories, further research on improving
mental imagery-based interventions is warranted.
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