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Dual-Tasking Attenuates the Return of Fear after Extinction
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Abstract
Return of fear following exposure treatment may be explained by ABA-renewal: fear acquired in context A, and
extinguished in context B, may return in context A. Conditioning theory predicts that intensity of conditioned fear is
mediated by the mental representation of the unconditioned stimulus (US) evoked by the conditioned stimulus
(CS). This study tested whether US-devaluation via a dual-task – imagining the US while making eye movements –
attenuates fear renewal. Participants acquired fear in context A, and underwent extinction in context A or B. Next,
two groups did a filler task (AAA; ABA), one a dual-task of US imagination with eye movements (ABA-DT), and one
merely imagined the US (ABA-RO). Finally, participants were re-presented the CSs in context A. ABA-renewal was
found for US-expectancy. Dual-tasking, but not recall only, reduced fear renewal. No between-group differences
were observed in reductions of vividness, emotionality, and startle responses to the US. Findings suggest that
dual-tasking may attenuate fear renewal.
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Introduction
Exposure-based treatments are effective for anxiety disorders (Bisson et al., 2007; Chambless & Ollendick, 2001;
Deacon & Abramowitz, 2004; Hofmann & Smits, 2008), and involve exposure to the feared stimulus, which is the
clinical analogue of a laboratory extinction procedure. This technique is based on the Pavlovian fear conditioning
model, a widely accepted theory to explain the acquisition and extinction of fear (e.g., Deacon & Abramowitz, 2004;
Eysenck & Martin, 1987; Mineka & Oehlberg, 2008). In a typical fear conditioning experiment, a person learns to
expect that a conditioned stimulus (CS) is followed by an aversive unconditioned stimulus (US), which causes the
CS to elicit a conditioned response (CR; e.g., fear). During an extinction procedure, the CS is repeatedly presented
in the absence of the US and, as a result, the CR gradually diminishes. However, conditioned fear may (partly)
return after it has weakened or extinguished (e.g., Hermans, Craske, Mineka, & Lovibond, 2006). Clinical data
demonstrate considerable relapse rates after exposure treatment (e.g., social phobia: 13%; Fava, Grandi et al.,
2001; panic disorder: 23%: Fava, Rafanelli et al., 2001; obsessive-compulsive disorder: 11%; Simpson et al.,
2004). Therefore, strategies that challenge the return of fear are needed to boost treatment success.
Phenomena that give rise to the return of fear have been identified (for reviews, see Bouton, 2002, 2004; Hermans
et al., 2006). Fear may return as time passes (spontaneous recovery) or in response to presentations of the US
only (reinstatement). Additionally, a context switch after extinction can result in return of fear, which is known as
renewal of fear. Typically, in these experiments, fear conditioning takes place in one context (“Context A”; e.g., lit
room) and extinction learning takes place in another context (“Context B”; e.g., dimmed room). When CSs are
presented again in context A, fear returns (ABA-renewal; Bouton & King, 1983). This phenomenon has proven to
be robust in (sub)clinical samples (e.g., Mineka, Mystkowski, Hladek, & Rodriguez, 1999; Mystkowski, Craske, &
Echiverri, 2002) and student samples (Effting & Kindt, 2007; Neumann & Kitlertsirivatana, 2010; Vansteenwegen et
al., 2005). Strategies countering fear renewal include extinction in multiple contexts (e.g., Balooch & Neumann,
2011; Vansteenwegen et al., 2007; but see Bouton, García-Gutiérrez, Zilski, & Moody, 2006) and using retrieval
cues for extinction (e.g., Dibbets & Maes, 2011; Vansteenwegen et al., 2006). These methods capitalize on
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changing the predictive quality of the CS (i.e., reducing US-expectancy), which may have a significant drawback:
the original fear memory may be retrieved under particular circumstances.
Researchers have hypothesized that during extinction the original fear memory (CS-US) is not destroyed or
unlearned (Bouton, 2002; Delamater, 2004; Hermans et al., 2006). Instead, as supported by animal research
(Delamater, 1996; Rescorla, 1996), a new association (CS–no US) is formed that renders the old CS-US
association less salient. Expression of this new association depends directly on the context in which the CS is
encountered (as evidenced by the renewal phenomenon). Thus, after an extinction procedure, confrontation with
the CS outside the extinction context seems to reactivate the original fear memory, which incites renewal of fear.
Context-dependency of conditioned responding would not be a problem if pathological fear would involve only a
single context. However, multiple contexts are likely to play a role in fear conditioning (e.g., Craske et al., 2008).
Practically, this implies that all significant contexts and CSs should be considered in treatment to successfully
prevent relapse, which may not be feasible.
An alternative method to reduce fear renewal may be to devaluate the cognitive representation of the US, such that
it becomes less aversive. Davey’s (1997) classical conditioning model stresses that CR strength is not just a
function of the strength of the learned CS-US association, but also of the mental US representation. Thus,
revaluation of the cognitive representation of the US may occur independently of any changes in the CS-US
association, and such US revaluation will mediate change in CR strength. For example, mere exposure to the
actual US may weaken the CR (i.e., habituation; Davey & McKenna, 1983), and (ruminative) cognitive rehearsal of
the US may strengthen the CR (Jones & Davey, 1990). Since changes in the US representation are less likely to
be context-dependent, it is both theoretically and clinically important to examine whether fear renewal can be
reduced by US-devaluation.
Previous studies provide tentative support for this hypothesis. For example, in rats, habituation to the US reduces
fear renewal (Rauhut, Thomas, & Ayres, 2001). In humans, US-devaluation via imagery rescripting (IR; an effective
treatment for various anxiety disorders; Holmes & Mathews, 2010) has been used to attempt to reduce the renewal
effect (Dibbets, Poort, & Arntz, 2012). During IR, a mental image of the aversive US is verbally rescripted into a
more acceptable image. Dibbets and colleagues hypothesized that IR of the US reduces fear renewal. They
administered a fear conditioning paradigm to undergraduates. Fear acquisition took place in context A, in which a
CS+ (picture of a car), but not a CS- (picture of a motorcycle) was followed by a US (picture of a mutilated dead
child). During extinction, only the CS+ and CS- were presented. Four extinction conditions were used: (1) for an
AAA group, extinction took place in context A, (2) for an ABA group, extinction took place in context B, (3) for an
ABA-IR group, extinction was in context B and was accompanied by IR, and (4) for an ABA-IUn group, extinction
was in context B and was accompanied by imagery unrelated to the US. Finally, a testing phase involved CS
presentations in context A. The main findings were that the ABA-IR group showed both US-devaluation and less
renewal of US-expectancy ratings, suggesting that the US representation had changed. Although these results
were promising, there might have been a confounding factor. In the ABA-IR group, significantly less extinction took
place than in the other groups, presumably because participants rehearsed the CS-US association as a part of IR
during the extinction trials. Therefore, any conclusions on the renewal of fear may be premature.
The current study will focus on another potential US-devaluation technique, which involves a dual-task approach. In
this type of task, a person keeps the US image in mind while, at the same time, attending to an external stimulus.
In clinical and laboratory studies such a dual-task typically involves induction of horizontal eye movement (EM; e.g.,
by visually tracking a circle that moves from side to side across a computer screen). Analogue laboratory studies
have shown that EM during recall of an emotional image renders the image less vivid and/or emotional during
future recollections, compared to recall alone (e.g., Engelhard, van den Hout, Janssen, & van der Beek, 2010;
Engelhard, van den Hout, & Smeets, 2011; Gunter & Bodner, 2008; Maxfield, Melnyk, & Hayman, 2008; van den
Hout et al., 2011). These findings agree with clinical data showing that Eye Movement Desensitization and
Reprocessing (EMDR) therapy is effective for treating posttraumatic stress disorder (PTSD, e.g., Bisson et al.,
2007), and that the EM component adds to its beneficial effects (Lee & Cuijpers, 2013). The effectiveness of EM
can be explained by a working memory (WM) theory: as WM is limited, any taxing task during mental imagery
competes for storage capacity or rehearsal processes and, therefore, disrupts mental imagery. As a result the
vividness and emotionality of the mental representation decrease (e.g., Gunter & Bodner, 2008).
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There is experimental support for the effectiveness of other competing tasks (e.g., drawing a complex figure
[Gunter & Bodner, 2008], or counting backwards [Engelhard et al., 2011]), but most studies have used EM and
repeatedly provided evidence for its effectiveness. Therefore, based on its reliability, we used EM as the competing
task in the current study. Importantly, the beneficial effects of EM have, by and large, been demonstrated for visual
memories (i.e., autobiographic material, e.g., Gunter & Bodner, 2008; or images provided by the investigator, e.g.
Andrade, Kavanagh, & Baddeley, 1997). Hence, we decided to investigate fear conditioning with an aversive
picture as US (cf. Dibbets et al., 2012) instead of a more traditional electrocutaneous or loud auditory stimulus (e.g.
Lipp, 2006). Usually, picture-picture conditioning paradigms are used to investigate evaluative conditioning – the
acquisition of likes and dislikes (De Houwer, Thomas, & Baeyens, 2001). However, several studies have
demonstrated differential skin conductance responses (SCRs) – a physiological signature of fear – in picturepicture paradigms with aversive pictures as US (e.g., Dawson, Rissling, Schell & Wilcox, 2007; Klucken et al.
2009).
The main objective of the present study was to examine whether recall of a US while making EM leads to less
ABA-renewal. To test the hypothesis, four conditions were used. Two conditions were included to demonstrate fear
renewal (AAA vs. ABA). In the third condition the dual-task was used between extinction and a test phase (ABADT). The fourth condition was added to explore the effect of imaginary exposure, in which the dual-task was
replaced by mere imagery (recall only: ABA-RO). US devaluation was assessed by memory vividness and
emotionality ratings. In addition, we measured potentiated startle during imagery as startle augmentation has been
observed during imagery of unpleasant scripts (e.g., Miller, Patrick, & Levenston, 2002) and startle diminution has
been observed after dual-tasking (Engelhard, van Uijen, & van den Hout, 2010).

Method
Participants
A total of 109 Utrecht University students enrolled in this study. A priori, we decided to include 20 in each condition,
with the requisite that each participant acquired the CS-US contingency and showed extinction (see Data
reduction). Further exclusion criteria were: knowledge of EMDR and prior participation in research on EMDR. The
final sample involved 80 participants (61 women; M age = 21.97, SD = 2.93).

Stimuli
CSs were pictures of a black triangle and a black square with a width and height of approximately 7.5 cm. CSs
were presented against a brightly colored background (yellow or cyan) that served as context and was manipulated
as a function of experimental phase and condition. The US was a picture of a mutilated dead child (IAPS picture
3051; cf. Dibbets et al., 2012) that covered 75% of the screen, which allowed participants to perceive the
contextual background color. Dibbets and colleagues (2012) showed that this picture serves a useful US: SelfAssessment-Manikin ratings indicated that participants evaluated this picture as highly unpleasant. Moreover, the
US-picture received significantly larger SCR than did both CS-pictures at first presentation. The experimental
paradigm was presented with E-Prime 2.0 (Psychology Software Tools).

Outcome measures
US-expectancy
US-expectancy was assessed with a question (‘to what degree do you expect the aversive picture of the child now’)
rated on a Visual Analogue Scale (VAS) on the screen that ranged from 0 (= not at all) to 100 (= definitely).
Anticipation of the US was also measured with SCR that was registered with a Coulbourn Modular Instruments
System (Allentown, PA, USA) via a Coulbourn Isolated Skin Conductance coupler (S71-23). A constant current of
.5 V was transmitted via 9-mm Sensor Medics Ag/AgCl electrodes that were attached to the medial phalanges of
the middle and index finger (cf. Fowles et al., 1981).
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Cognitive US representation
Quality of the cognitive US representation was examined with three VASs for emotional intensity (0 = not at all
unpleasant, 100 = extremely unpleasant), vividness (0 = not at all vivid, 100 = extremely vivid), and difficulty
recalling the image (0 = not at all difficult, 100 = extremely difficult), and with startle responses. Loud tones (50 ms,
95 dB) with instant rise and fall time served as startle probes and were presented through headphones.
Electromyographic (EMG) activity was recorded with two 4-mm Sensor Medics Ag/AgCl electrodes placed over the
orbicularis oculi region of the right eye. A 9-mm ground electrode was placed in the middle of the forehead. The
raw EMG signal, sampled at 1,000 Hz, was amplified (10 K) and filtered (13 Hz high-pass; 150 Hz low-pass) by a
Coulbourn V75-04 Isolated Bioamplifier with Bandpass Filter (Blumenthal et al., 2005; cf. Engelhard, van Uijen et
al., 2010).

Questionnaires
Neuroticism was assessed with the 22 neuroticism items of the Eysenck Personality Questionnaire (EPQ; Eysenck
& Eysenck, 1975; Sanderman, Arrindell, Ranchor, Eysenck, & Eysenck, 1995) using the binary response format
(0=no, 1=yes). Items from the extraversion scale were administered as well, and were mixed with the neuroticism
items, to minimize order-related artifacts (e.g., adopting a negative response tendency).
State and trait anxiety were assessed with the State Trait Anxiety Inventory (STAI-DY; Spielberger, Gorsuch, &
Lushene, 1970; Van der Ploeg, Defares, & Spielberger, 1980) that consists of 20 items measuring state anxiety (α
= .86 in current study) and 20 measuring trait anxiety (α = .92 in current study) scored on a 1-4-point scale (1 = not
at all, 4 = severely).
These questionnaires were included to control for differences across the conditions in levels of neuroticism and
anxiety, as both constructs have been identified to affect fear conditioning (e.g., Grillon et al., 2006; Lissek et al.,
2005).

Procedure
Participants were seated in a dim, soundproof room, approximately 60 cm in front of a computer screen. First, they
received oral and written information. After signing informed consent, they filled out the questionnaires. Next, the
skin was cleaned, electrodes were placed, and headphones were given. Each participant was randomly allocated
to one of the four conditions: AAA, ABA, ABA-DT (dual-task), or ABA-RO (recall only).

Acquisition phase
Before acquisition, participants practiced rating the VAS, and were told to indicate their expectancy of the US by a
mouse click on the scale, each time they saw a CS picture. All conditions underwent similar acquisition procedures
in context A (yellow background), using 4 CS+ and 4 CS- trials. Each CS lasted for 6 s, and only the CS+ was
directly followed by the 2-s US. For the CS-, the intertrial interval (ITI) was extended by 2 s. Order of CSs was
pseudo randomized with a maximum of 2 similar CSs in succession. The 14-s CS-CS interval comprised a blank
yellow screen. SCR was continuously recorded. The US-expectancy VAS was presented on the bottom of the
screen during each CS. The instructions were to indicate during each CS-presentation, by means of a mouse-click
on the VAS, to what degree the aversive picture was expected to follow the CS.
After the acquisition phase, participants were told: “Form an image of the mutilated child that you just saw a few
times. Keep your eyes open and bring the image to mind as vividly as possible. Press the space bar when the
image is vivid.” Then, 11 s after the space bar was pressed, participants were asked to rate vividness, emotionality,
and difficulty recalling the image, followed by the first startle measurement. Participants received 9 startle probes
(mean interstimulus interval = 3 s; range 2-4 s) to facilitate habituation. Next, instructions were to recall the image
again and to ignore the probes as much as possible. After 500-2500 ms, 3 startle probes (mean ITI 3.5 s; range
2.5-4.5 s) were presented to elicit startle reflexes. This recall period (11 s) was repeated once, resulting in a total of
6 startle measurements.
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Extinction phase
The extinction phase involved context A (AAA: yellow background) or B (other groups: cyan background). Initially,
all groups underwent a similar extinction phase, in which each CS was presented 6 times, without the US. Again,
both US-expectancy and SCR were assessed. The instructions were to indicate to what degree the aversive
picture was expected, and that if changes had occurred in the CS-US relationship, participants should translate this
in their US-expectancy ratings. Subsequent to the extinction phase, all groups were instructed to recall the image
of the US for 11 s, and to rate image vividness and emotionality for the second time.
In the ABA-DT and ABA-RO groups, the distance between the participant and computer screen was reduced to 30
cm. In ABA-DT, a black circle moved from left to right and back across the screen (at 1 cycle per s) in context B
(cyan background). In ABA-RO, a stationary black circle was shown in the middle of the screen. Participants in
these conditions were told to think of the image and watch the circle without moving their head at the same time.
Both conditions comprised 6 sets of 24 s, with 10 s breaks in between. The duration of these sets and breaks were
based on the protocol used by others (e.g., Engelhard, van den Hout, Dek et al., 2011; Gunter & Bodner, 2008; van
den Hout, Muris, Salemink, & Kindt, 2001). During this time, the other groups (AAA and ABA) did a filler task, in
which 6 guitar pictures were shown twice. Participants were asked to indicate whether they saw each picture for
the first or second time. To keep the duration of exposure to the contextual background identical over all groups,
the filler task was displayed against the extinction background as well.
Finally, all groups were instructed to recall the US image again for 11 s, and to rate image vividness and
emotionality for the third time.

Test phase
All groups received a similar test phase in context A (yellow background). Both CSs were presented twice, with the
restriction that the CS+ and CS− occurred in the first two trials, and the order was counterbalanced across
conditions (cf. Dibbets et al., 2012). The procedure was comparable to the extinction phase. The instructions read:
Again, please indicate to what degree you expect the aversive picture. Directly after the test phase, startle
responses were measured again during US-imagination, which was identical to the first startle measurement after
the acquisition phase.

Data preparation
Data reduction
Since this study used only two CSs and a 100% contingency between the CS+ and US in the acquisition phase,
participants unaware of the CS-US contingency were considered to be inattentive or having insufficient
understanding of the experimental procedure (cf. Dibbets et al., 2012). Moreover, drawing conclusions on the
renewal of fear is only appropriate when both fear acquisition and fear extinction are verified. Therefore,
participants were only included in data analyses when their US-expectancy score at the final acquisition trial was at
least 70 for the CS+ and less than 30 for the CS−. At the final extinction trial, US-expectancy scores for both CSs
needed to be less than 30. Based on these criteria, 29 participants were excluded from analyses, resulting in a final
sample of 80 participants. Due to 1 missing value in the ABA group, renewal of US-expectancy was analyzed using
79 participants.

Skin conductance responses
Responses were calculated by subtracting the mean SC level for the 2 s preceding CS onset from the largest value
recorded during the full 6-s CS interval (cf. Pineles, Orr, & Orr, 2009). The minimum response amplitude was set at
.05 µS (Dawson, Schell, & Filion, 2000). All other responses were scored as 0 and left in the analyses. After
applying a square root transformation to all SCR data, no outliers were found. Finally, an individual range
correction (SCR/SCRmax) was used to minimize interindividual variance (Lykken & Venables, 1971).

Journal of Experimental Psychopathology, Volume 4 (2013), Issue 4, 325-340

331

Startle responses
Response amplitudes were computed as the difference between the maximum EMG value within 20 to 150 ms
after stimulus onset and the average EMG value during baseline (−40 to +10 ms around stimulus onset). Response
onset latency was set at 21–80 ms (Blumenthal et al., 2005). All obtained amplitudes were transformed by square
root. Next, an individual range correction was applied by standardizing each blink amplitude using all scores for a
given subjects as the reference distribution (Blumenthal et al., 2005; cf. Grillon & Baas, 2003). To this end, T
scores were calculated (50 + 10*[(raw score − M) / SD]). For each group separately, outliers were replaced by M ±
2.5 SD. Finally, following the Blumenthal et al. (2005) recommendation, mean response magnitudes for the 6 trials
per block were calculated by the product of the mean amplitude of all detected responses and response probability
(i.e., ratio detected responses / elicited responses).

Results
In the following analyses, when the sphericity assumption was violated, Greenhouse-Geisser or Huynh-Feldt
corrections were applied. In post-hoc t-tests Bonferroni corrections were applied.
Table 1 shows the data for background variables. No differences were found between the four experimental
conditions in age (F < 1), neuroticism scores, F(3, 75) = 2.38, p = .08, state anxiety, F(3, 76) = 1.91, p = .14, or trait
2
anxiety, F(3, 75) = 1.26, p = .30. Furthermore, gender ratio was comparable over conditions, χ (3) = 1.31, p = .73.
Table 1: Mean (SD) and ratio for demographic information and questionnaire data
Group

Age

F/M

Neuroticism

Trait anxiety

State anxiety

AAA

22.45 (3.50)

15/5

8.37 (5.96)

36.90 (11.15)

32.95 (7.06)

ABA

21.75 (2.71)

15/5

6.35 (4.07)

34.05 (7.18)

32.30 (6.01)

ABA-DT

21.45 (2.72)

17/3

6.60 (5.02)

37.65 (10.21)

35.05 (6.11)

ABA-RO

22.25 (2.85)

14/6

10.00 (4.57)

39.60 (6.75)

37.05 (8.45)

US-expectancy
Self-report
First, US expectancies during CS+ and CS− were examined separately for the acquisition and extinction phases.
Then, renewal of US-expectancy was studied in the test phase. Figure 1 illustrates differential responding over
time, for each condition.
For the acquisition phase, a 2 (CS type: CS+ vs. CS−) × 4 (Trial) × 4 (Condition: AAA vs. ABA vs. ABA-DT vs.
ABA−RO) ANOVA showed main effects for CS type, F(1, 76) = 744.02, p < .001, and Trial, F(2.39, 181.88) =
15.39, p < .001, with US expectancies for the CS+ being overall higher than for the CS−, and increasing over time.
There was no main effect for condition, F < 1. There was a significant CS type × Trial interaction, F(2.25, 170.80) =
245.38, p < .001, but the CS type × Trial × Condition interaction was not significant, F < 1. Post hoc paired t-tests
comparing US expectancies at the first and last acquisitions trials, showed that over time US-expectancy increased
for CS+, t(79) = 12.48, p < .001, and decreased for CS−, t(79) = 20.02, p < .001, indicating differential learning over
time. Crucially, US expectancies were higher during the last CS+ trial compared to during the last CS− trial, F(1,
76) = 4379.39, p < .001, which did not differ across conditions, F < 1.
The extinction phase demonstrated main effects for CS type, F(1, 76) = 5.96, p < .05, and Trial, F(2.62, 199.26) =
212.51, p < .001, with US expectancies being overall higher for CS+ than CS−, and decreasing over time. There
was no main effect for condition, F(3, 76) = 1.84, p = .15. The CS type × Trial interaction was significant, F(2.35,
178.25) = 5.65, p < .01, which can be explained by higher US expectancies during CS+ than CS− at the first
extinction trial, t(79) = 3.01, p < .01. Furthermore, the three-way interaction was not significant, F(7.04, 178.25) =
1.35, p = .23. Crucially, US expectancies were similar during the last CS+ trial compared to the last CS− trial, F < 1,
which did not differ across the conditions, F(3, 76) = 1.67, p = .18. Therefore, differences between the conditions in
the renewal of US-expectancy can be attributed to the intervention that followed the extinction phase.
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Figure 1: Mean US-expectancy for CS+ and CS- during acquisition (trials A1-A4), extinction (trials E1-E6), and test
(trial T1 and T2).
Renewal of US-expectancy was examined by comparing ratings at the last extinction trial to the first test trial in a
CS type × Trial × Condition ANOVA. All main effects and two-way interaction effects were significant at p < .05,
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except for the main effect of Condition, F(3, 75) = 1.80, p= .15. Importantly, the three-way interaction was
significant, F(3, 75) = 5.94, p < .01, indicating that differential responding over time differed between conditions.
To test the hypotheses, separate CS type × Trial × Condition ANOVAs were performed that directly compared the
conditions of interest. First, an ANOVA that compared conditions AAA and ABA revealed a significant three-way
interaction, F(1, 37) = 14.70, p < .001. To break down this three-way interaction, separate CS type × Trial ANOVAs
were performed. For AAA, the interaction effect was not significant, F(1, 19) = 3.42, p = .08, meaning that change
in US-expectancy over time was similar for CS− and CS+. For ABA, there was a significant interaction effect, F(1,
18) = 12.15, p < .001. Post-hoc t-tests showed that US-expectancy increased over time for both CS−, t(19) = 7.78,
p < .001, and CS+, t(18) = 13.77, p < .001. Crucially, this increase was larger for CS+ than for CS−, t(19) = 3.49, p
< .01, serving a proof of principle for ABA renewal.
Next, to test the main hypothesis, conditions ABA and ABA-DT were compared. The ANOVA revealed a significant
three-way interaction, F(1, 37) = 3.33, p < .05, meaning that differential responding over time differed between the
conditions. To further understand ABA-DT, a separate CS type × Trial ANOVA was conducted for this condition.
This analysis revealed that the interaction effect was not significant, F(1, 19) = 1.81, p = .19, indicating that, in line
with the hypothesis, there was no renewal of US-expectancy in ABA-DT.
Finally, conditions ABA and ABA-RO were compared. The three-way interaction was not significant, F < 1, showing
that differential responding over time did not differ between these conditions. A separate CS type × Trial ANOVA
for ABA-RO yielded a significant interaction effect, F(1, 19) = 7.28, p < .05. Post-hoc t-test showed that USexpectancy increased over time for CS-, t(19) = 5.74, p < .001, and CS+, t(19) = 8.14, p < .001, and that this
increase was larger for CS+ than for CS−, t(19) = 2.70, p < .05. These analyses suggest that there was renewal of
US-expectancy in both ABA and ABA-RO. However, a direct comparison between conditions ABA-DT and ABA-RO
did not yield a three-way interaction, F(1, 38) = 1.34, p = .26.
In sum, ABA-renewal was found. Extinguished fear returned in condition ABA, but not in condition AAA. In line with
the hypothesis, fear renewal was absent in condition ABA-DT. Lastly, there was differential responding over time in
ABA-RO, but this condition did not differ significantly from either ABA-DT or ABA.

Skin conductance responses
US aversiveness
To assess whether the employed US elicited a physiological response, indicative of fear, a 3 (Stimulus: CS-, CS+,
US) × 4 (Condition) ANOVA was conducted on SCR to the first presentation of each stimulus. This analysis only
yielded a significant main effect of Stimulus, F(1.78, 126.63) = 12.63, p < .001. Post-hoc comparisons showed that
SCR was larger in response to the US (M = .027, SD = .042) than to CS− (M = .008, SD = .022), t(74) = 4.01, p <
.001, and CS+ (M = .010, SD = .023), t(78) = 3.80, p < .001, but CS+ and CS− did not differ from each other, t < 1
(cf. Dibbets et al., 2012; note that the relatively low mean values are the result of transformations).

Differential conditioning
The percentage of participants with elevated SCR (larger than .05 µS) to the CS+ was 17.0% during acquisition,
6.7% during extinction, and 7.7% during the test phase. Due to the minority of participants providing useful data we
will report but not interpret the results. A 2 (CS type) × 4 (Condition) ANOVA on average SCR was conducted, for
each experimental phase. During acquisition, SCR was higher for CS+ than for CS−, F(1, 76) = 4.71, p < .05. This
difference was absent during extinction, F < 1, and did not reach significance during test, F(1, 76) = 2.10, p = .15.
No between-group differences were present in any phase.

Change in the cognitive US representation
No differences were observed between the conditions in difficulty recalling the US-image (M = 23.02, SD = 18.63),
F < 1. Self-reported vividness and emotional intensity of the recalled US memory were analyzed for the three time
points: (1) post-acquisition, (2) pre-intervention (i.e., after extinction, but before the dual-task, recall only, or filler
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task), and (3) post-intervention. The first measurement served as baseline. In line with expectations, no group
differences were present at the baseline or pre-intervention for vividness, Fbaseline(3, 76) = 1.34, p = .27, Fpreintervention(3, 76) = 1.27, p=.29, or emotionality: Fs < 1. Notably, substantial reductions between the first two
measurements (in the course of extinction) were observed for both vividness and emotionality (see Figure 2).
To examine the effects of each intervention, two separate 2 (Time: pre-intervention vs. post-intervention) × 4
(Condition: AAA vs. ABA vs. ABA-DT vs. ABA-RO) ANOVAs were conducted. For vividness ratings, there was a
main effect of time, F(1, 76) = 7.82, p < .01, with ratings decreasing over time. There was no significant main effect
of condition, F(3, 76) = 1.89, p = .14, and no interaction effect, F < 1, meaning that the reductions over time were
similar across the four conditions. Similarly, for emotionality ratings, there was a main effect of time, F(1, 76) =
21.90, p < .001, with ratings decreasing over time, but no significant main effect of condition, F(3, 76) = 1.52, p =
.22, and no interaction effect, F < 1. Note, however, that the reductions in the course of intervention are
subordinate to the reductions in the course of extinction (Figure 2).

Decrease in vividness

30
25
AAA

20

ABA
15

ABA-DT
ABA-RO

10
5
0
In the course of extinction

In the course of intervention

Decrease in emotionality

25
20
AAA
15

ABA
ABA-DT

10

ABA-RO

5
0
In the course of extinction

In the course of intervention

Figure 2: Mean decrease in vividness and emotionality for each condition. Error bars reflect SEM.
Startle responses were analyzed for the two time points: (1) pre (i.e., after acquisition) and (2) post (i.e., after the
test phase). Figure 3 illustrates the startle responses per condition. A 2 (Time: pre vs. post) × 4 (Condition: AAA vs.
ABA vs. ABA-DT vs. ABA-RO) ANOVA on blink magnitudes revealed a main effect of time, F(1, 76) = 13.98, p <
.001, with startle responses decreasing over time. There was no significant main effect for condition, F(3, 76) =
1.49, p = .22, and no interaction effect, F < 1. To test the hypothesis that the dual-task reduced startle responses to
the recalled US memory, a planned pairwise comparison was carried out between reductions in ABA-DT (M = 3.87,
SD = 5.66) and reductions in AAA and ABA together (M = 1.86, SD = 6.26). Contrary to the hypothesis, the
analyses did not show greater reductions in arousal in ABA-DT compared to the other conditions, t(58) = 1.20, p =
.12.
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Thus, the second hypothesis was not confirmed: there was no evidence that the dual-task reduced vividness,
emotionality, or physiological responses to the US representation compared to merely recalling the US or fulfilling a
filler task.

Blink Magnitude (T-Scores)

53
52
51
Pre
Post

50
49
48
47
AAA

ABA

ABA-DT

ABA RO

Figure 3: Mean blink magnitudes at the pre-intervention and post-intervention for each condition. Error bars reflect
SEM.

Discussion
This study examined whether EM during recall of memory for an aversive US can reduce fear renewal. As
predicted, dual-tasking was shown to attenuate the renewal of US-expectancy, compared to doing a filler task.
Mere recall of the US did not attenuate fear renewal, but the renewal ratings in this condition did not significantly
differ from those in the dual-task condition. No direct evidence was found, however, that the fear renewal
attenuation effect was mediated by US-devaluation: decreases in vividness, emotionality, and startle responses
over time did not differ between the conditions.
The results corroborate the findings by Dibbets et al. (2012), who showed a decrease in renewal of US-expectancy
following IR during extinction. In the current study, the intervention (i.e., dual-task) was scheduled after extinction,
thus ruling out that differences in fear renewal could be explained by differences in extinction. Dual-tasking, like IR,
was considered to be a technique that may devaluate the US representation. However, the current study did not
provide evidence for US devaluation actually taking place. Decreases in memory vividness, emotionality and startle
potentiation were observed, but did not differ between conditions. This is inconsistent with earlier studies that
demonstrated that recall with EM relative to mere recall leads to reductions in vividness and emotionality of images
or autobiographical memories (e.g., Andrade et al., 1997; Gunter & Bodner, 2008; Maxfield et al., 2008; van den
Hout et al., 2011; van den Hout et al., 2001), as well as reductions in potentiated startle to imagery of aversive
memories (e.g., Engelhard, van Uijen et al., 2010). It seems likely that this disparity is due to methodological
differences. In earlier studies that reported beneficial effects of the dual task, participants typically recalled
distressing autobiographical memories (e.g., Engelhard et al., 2011; Gunter & Bodner, 2008; van den Hout et al.,
2011). The present study is the first to our knowledge that integrates the dual task into a fear conditioning
paradigm. As the conditioning procedure requires a-priori defined stimuli with fixed duration and exact presentation
timing, we employed an aversive picture as the US. It may be assumed that personal memories selected for their
unpleasantness are more aversive than the new, short-lived picture that was shown in the current study. Following
the first US recall phase, 20 participants (25%) rated the unpleasantness of their memory for the US below 50 (0 =
not at all unpleasant, 100 = extremely unpleasant), and 18 participants (22.5%) rated the vividness of their memory
for the US below 50 (0 = not at all vivid, 100 = extremely vivid). Lower scores leave little room for decreases after
the intervention. The present results therefore do not doubt the (clinical) efficacy of the dual task but rather the
appropriateness of the current design to test its efficacy.
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Furthermore, it cannot be ruled out that reductions in memory vividness, emotionality, and startle potentiation were
observed in all conditions because all participants underwent periods of US recall (for the assessment of memory
vividness and emotionality) and therefore were potentially subject to the effects of US devaluation. However,
habituation after such a brief exposure (144 s in the current study) may not be expected (for overview of studies,
see Marks, 1987; p. 267-273).
As devaluation of the US representation cannot be brought forward as the mediating mechanism for reduced fear
renewal, what can be? A recent study showed that EM during memory retrieval renders the memory less
accessible (van den Hout, Bartelski, & Engelhard, 2013). Participants that recalled an earlier presented image
while making EM both reproduced and recognized less details of the image later on, compared to participants in a
recall only condition (experiment 1). This finding was replicated with a reaction time task that assessed memory
accessibility (experiment 2). Possibly, dual-tasking in the present study rendered the US representation less
accessible. As a result, subsequent encounters with a CS+ may have evoked a much weaker US representation,
thereby reducing US-expectancy (cf. the availability heuristic; Kahneman, Slovic, & Tversky, 1982).
In sum, the present findings partly confirmed the hypotheses and raise important questions. First, we did not
demonstrate US devaluation. The hypothesis that US devaluation reduces fear renewal thus still awaits critical
testing. Second, we did observe reduced fear renewal. To test the hypothesis that fear renewal can be affected by
memory accessibility, future studies may employ techniques that directly target memory accessibility. Due to these
empirical questions we believe that, at present, any clinical implications are premature. If, however, corroborating
evidence suggests that changes in the US memory or its accessibility can reduce fear renewal, then it might be
possible to optimize traditional exposure-based treatment by adding techniques that directly target the US memory.
Several issues deserve further attention. First, it is unclear how the findings regarding merely recalling the US
(ABA-RO) should be interpreted. Renewal scores did not differ from ABA and ABA-RO, which suggests that recall
only did not attenuate fear renewal. At the same time, ABA-RO and ABA-DT did not differ, suggesting that dualtasking did not lead to significantly less renewal than recall only. Possibly, watching a fixed circle (ABA-RO) was
not completely effortless, and slightly interfered with US recall. This may have rendered the US memory somewhat
less accessible and may explain why renewal scores for ABA-RO were in between ABA and ABA-DT.
Next, on a physiological level, we did not observe fear acquisition, extinction or renewal, as only a minority of
participants physiologically responded to the CSs. On the one hand, this lack of responding is not in line with
studies that demonstrated differential SCR to aversive pictures (Dawson et al., 2007; Dibbets et al., 2012; Klucken
et al., 2009), and may indicate that anticipation of the US was insufficiently arousing. On the other hand, the US
actually resulted in a higher SCR than both CSs at the first presentation, suggesting that the US elicited a fear
response. This agrees with findings by Dibbets et al. (2012), who used the same US, and also showed larger SCR
to the US than to CS+ or CS− at first presentations. Furthermore, analyses on the available SCR data showed
differential responding during the acquisition phase. Yet, considering the low response rate, it may be advised to
employ a more aversive US in future studies, like a mild electric shock or loud tone (e.g., Ohman & Mineka, 2001;
Vansteenwegen et al., 2005).
Finally, Figure 1 shows a substantial increase in expectancy ratings for CS− during the first extinction trial. This
may be explained by the instructions right before the extinction phase: participants were told that possible changes
may occur in the CS-US relationship, which may have increased US-expectancy (a “better safe-than-sorry
strategy”). Nevertheless, at the first extinction trial, expectancy ratings were still higher for CS+ than for CS−, F(1,
76) = 9.58, p < .01, which did not differ across conditions, F(3, 76) = 2.48, p = .07, suggesting that conditioned
discrimination transferred well across phases and contexts.
A limitation of this study involves the low physiological responding during anticipation of the US. Future studies may
employ a US that is more typical for fear conditioning (e.g., electric shock or loud tone) or employ a design that
impedes quick habituation to the US. Furthermore, mostly undergraduate females participated in this study, and it
is unclear whether the findings may be generalized to other populations. The current findings need replication, but
may serve as a starting point for future studies exploring the role of dual-tasks in preventing fear renewal.
In conclusion, this study explored a new way to counter the return of fear after extinction. The findings suggest that
imagery of a US representation while conducting a taxing dual-task may attenuate the renewal of fear.
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