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Abstract

Background and Objectives. Maladaptive avoidance is a core characteristanaiety-related
disorders. Its reduction is often promoted usxignction with response prevention (ExRP)
procedures, but these effects are often short-liRedearch has shown that pairing a feared
stimulus with a stimulus of an incompatible valefice., counterconditioning) may be
effective in reducing fear. This laboratory studgted whether positive imagery during EXRP

(i.e., imagery counterconditioning protocol) cascateduce avoidance.

Methods. In the counterconditioning procedure, particigantagined a positive sound. There
were four phases. First, participants were preslentth squares on a computer screen of
which one (CS+) was paired with an aversive sourttamother (CS-) was not. Second, they
learned to avoid the negative sound in the presehttee CS+, via a key press. Third, they
were assigned to either tiunterconditioning (that was asked to imagine a positive sound
during EXRP) olNo Counterconditioning group (standard ExRP). Finally, they performed a
test phase that consisted of two parts: in thepiast, avoidance responses were available for

each CS and in the second part, these responsepresented.

Results. TheCounterconditioning intervention resulted in a short-lived reductiordddtress
associated with the CS+. However, groups did néerdn avoidance or distress during the

test phases.

Limitations. US-expectancy ratings were collected only atetie of the experiment.

Conclusions. The results indicate that positive imagery dulaxiRP may be effective in
reducing distress during the intervention. Expleome for the persistence of avoidance and

fear are discussed.

Keywords: anxiety disorders, exposure therapy, countercarditg.
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Enhancing Standard Extinction with Response Prememtith Positive Imagery:

Results on Conditioned Avoidance and Distress

Anxiety-related disorders affect about one-thifdh@ population during their lifetime
(Bandelow & Michaelis, 2015). A widely implementidervention for anxiety-related
disorders is exposure with response preventionglwaims to reduce excessive avoidance
and fear by diminishing threat expectancies vigadgd encounters with the feared stimulus
while avoidance responses are prevented (Hofma8mé&s, 2008; Vervliet, Craske, &
Hermans, 2013). Such exposure provides patientsimfibrmation to develop more realistic
perceptions of the likelihood or intensity of tleafed outcome (e.g., someone may laugh
during a presentation, but the entire audiencenmilllaugh). The experimental proxy of
exposure-based therapy is extinction training egponse prevention (ExRP) (see
Scheveneels, Boddez, Vervliet, & Hermans, 2016)vhich an individual is repeatedly
exposed to a fear-conditioned stimulus (CS+) inalience of a negative outcome (i.e.,
unconditioned stimulus; USneg). Presumably, theaias a ‘safety memory’ (CS+ - no
USneg) that competes with the original threat mgni@S+ - USneg) during future CS+

encounters (Craske, Treanor, Conway, Zbozinek, &N&t, 2014).

Exposure therapy is generally effective for anxiethated disorders (Cuijpers,
Cristea, Karyotaki, Reijnders, & Huibers, 2016){ #0-60% of patients do not achieve
clinical relief of symptoms (Arch & Craske, 200@esMcGuire, Lewin, & Storch, 2014) and
concerns remain regarding the long-term reductfaangiety symptomatology (van Dis et
al., 2020). Furthermore, a significant number dfgrds may refuse or drop out of exposure-

based treatment (e.g., Haby, Donnelly, Corry, & \2806; Issakidis & Andrews, 2004).

A core characteristic of anxiety-related disordsrhe maladaptive avoidance of

feared objects and/or situations (American PsydhiAissociation, 2013). Avoidance
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behaviors can prevent individuals from accessindesice that may disconfirm fear-related
beliefs (Barlow, 2002), and thus, may contributéhi® persistence of irrational fears (e.g.,
Krypotos, Effting, Kindt, & Beckers, 2015). Crudilexperimental evidence suggests that
avoidance (i) is resistant to extinction-based pdaees; (i) may persist following the
reduction of pathological fear, and that (iii) nragtivate a subsequent return of fear
(Lovibond, Chen, Mithcell, & Wiedemann, 2013; Vaindy, Leer, & Engelhard, 2018). The
mere removal of the Ugin extinction-based procedures is likely insufiti to promote a
dominant activation of the safety memory over tiveat memory and may simply promote
uncertainty regarding future threat (see DunsmBampese, Ceceli, LeDoux, & Phelps,
2015). Evidence that uncertainty can promote avameédehaviors in anxiety individuals
(Lommen, Engelhard, & van den Hout, 2010) suggstissuch responses may occur as a
precaution against anticipated threat during fuemeounters with the feared stimulus. Thus,

there remains a need to investigate how to bestadanaladaptive avoidance responses.

Recent research provides some indication that eocotditioning, which involves
pairing a CS+ with a stimulus of an incompatiblgy(epositive) valence (Bouton & Peck,
1992), may be effective in reducing both avoidasue fear (see Keller, Hennings, &
Dunsmoor, 2020; Newall, Watson, Grant, & Richardgi17). Pairing of the CS+ with a
positive stimulus can reduce negative CS+ valeaag,(Engelhard, Leer, Lange, & Olatunii,
2014; Raes & de Raedt, 2012), which is an impomaotivator of avoidance and fear
(Dirikx, Hermans, Vansteenwegen, Baeyens, & E&Q804; Zbozinek, Hermans, Pernoveau,
Liao, & Craske, 2015). Importantly, the reductidmegative CS+ valence likely does not
occur merely as a result of general positive affeah Dis, Hagenaars, Bockting, &
Engelhard, 2019). Furthermore, pairing a CS+ withSg,spresumably creates a new
memory directly linking the CS+ to a non-threabstlus, which may violate threat

expectancies and weaken CS+ associated uncer(gimgelhard et al., 2014; Kang, Vervliet,
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Engelhard, van Dis, & Hagenaars, 2018). This suggdhat counterconditioning may hold
promise in reducing avoidance via a new “safetytmagy and by reducing the accessibility
of the threat memory. Recent evidence suggestsd#fety memories formed by
counterconditioning procedures may be stronger thase of extinction, which may

facilitate its subsequent retrieval (Keller & Durnson, 2020).

Yet, the presence of a positive object during reggbaxposure to a CS+ may
reinforce ‘safety behaviors’. For example, a meghihtoken that is held during repeated
exposure to a feared stimulus may become assoaidifethe absence of a negative outcome
and may serve as a reminder of safety in future@mers. Safety behaviors are typically
performed to diminish or neutralize the threaterasgects of the feared CS+ (van den Hout,
Reininghaus, van der Stap, & Engelhard, 2012% ot uncommon for patients to engage in
such subtle behaviors during therapy (e.g., Tara e2007). Some have posited that, similar
to avoidance, safety behaviors may contribute éqoigrsistence of irrational fears by
preventing individuals from accessing fear-disaoniing evidence (Wells, Clark et al., 1995;
Salkovskis, Clark, Hackmann, Wells, & Gelder, 1993%wever, despite clinical concerns of
the impact of safety behaviors on the long-terraci¥eness of exposure-based interventions
(Meulders, van Daele, Volders, & Vlaeyen, 2016jesabehaviors may be beneficial when
used cautiously in therapy (e.g., Rachman, Radon&8hafran, 2008; van den Hout,

Engelhard, Toffolo, & van Uijen, 2011; van den Hetial., 2012).

In light of evidence that safety behaviors mayhl®as detrimental as previously
thought, counterconditioning may be useful to agsl@nxiety-related avoidance responses.
However, research demonstrating that distress radelghtened when encountering the

CS+ in absence of the safety behavior should naismunted (see Craske et al., 2008). For
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this reason, the present study investigated a meddibunterconditioning procedure that
substituted the use of a physical positive stimulith positive imagery.Imagery plays a
powerful role in maintaining anxiety-related sympto(Craske et al., 2009; Grupe &
Nitschke, 2013), and it is unsurprising that imagirstimuli may serve in place of actual
stimuli (for reviews see Dadds, Bovbjerg, Redd, éti@ore, 1997, and Mertens, Krypotos, &
Engelhard, 2020; Krypotos, Leer, Mertens, & Engelnd019). Given the interdependence
of memories of the past and anticipations of therki(Schacter & Addis, 2007), positive
imagery during exposure may be particularly usefygromoting more positive (or less
negative) future encounters with a CS+, thus asgisgie reduction of avoidance and fear.
This is in line with findings that safety behavionsly be useful in reducing the aversive

nature of exposure-based interventions (see Meskteal., 2016).

Therefore, the present study investigated whethemagery-based
counterconditioning procedure can enhance thetsftdstandard ExRP in terms of
avoidance and distress. The present study empmad ovian acquisition phase, in which
participants learnt to associate a CS with alf&S+) while another CS remained unpaired
(CS-). In a subsequehtstrumental phase, participants learnt to avoid the ki§(via a
spacebar press) during presentations of the CShhaithe CS-. In thintervention phase,
participants were assigned to either engage inahenagery of a positive sound during
EXRP (i.e.Counterconditioning) or to undergo standard ExXRP (iMdq

Counterconditioning). In the finalTest phases, each CS was presented while avoidance

! While it can be argued that the manipulation efeperant conditioning rather than countercoonlitig, it is
important to note that participants were merelyringed when to imagine the positive sound. Operant
conditioning on the other hand involves performénigehavior to influence the environment and theleg

occurs through the consequence generated by th@ement
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responses were made available to participants pheste 1) or not (Test phase 2). It was
expected that, comparedio Counterconditioning, the Counterconditioning group would
exhibit less avoidance of the CS+ during Test pAased less distress associated with the

CS+ in Test phase 1 and Test phase 2.
Method
Participants

Participants were recruited via advertisementshatden> and the <hidden>.
Participants indicating a (history of) psychiatacxiety or post-traumatic disorder, a medical
condition (i.e., epilepsy or heart condition), hegrimpairment, color-blindness, (possible)
pregnancy, use of attention, reaction or memomgrial) medication, or participation in a

similar study of the same lab were excluded.

An a-priori power analysis in G*Power (Erfelderuka& Buchner, 1996) indicated
that the study required a sample of 52 participtntdtain a mediurheffect size of .20, an
alpha level of 0.05 and a power of .80. An addaidour participants were recruited per
condition to account for potential exclusions. Bledy was approved by the local ethical
committee (FETC16-068) and was preregistered (x=)after 35 out of the total 60
participants had been tested and before the ddthd®n inspected. All study material are

available at: <link>.

Sixty students (50 females, 10 malekye= 21.48,Daqe = 2.03) participated in the
study in exchange for course credit or 8 eurosyMmere randomly assigned to the
Counterconditioning or No Counterconditioning group (counterbalanced). Fourteen
participants were excluded due to no fear conditigim the Acquisition phase (i.e., no distress

associated with the CS+ or greater distress agsdamth the CS-). An additional three were
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excluded for a lack of contingency awareness falovthe Acquisition phase (i.e., Lk

expectancy scores was not greater for the CS+ttea€S-5.
Stimuli

Two colored squares (green and orange) of 100pis were used as the CSs and
were counterbalanced across participants. A simitare square was used during the
practice rounds. Six sounds from the Internatidigdctive Digitized Sounds (IADS-2;
Bradley & Lang, 2007) were used as potential USsed unpleasant (index numbers 275,
276, and 279) and three pleasant (index numbers2PT) and 311) sounds were selected
based on valence and arousal ratings. They weramgounds that were not too similar to
each other (e.g., baby laughing and woman scregniihg sounds were presented in blocks
(unpleasant vs. pleasant), which were counterbathacross participants. The {dsand
USyes Were the sounds rated as most unpleasant ancptdaseach participant. If more than

one sound had the same rating, thedf3S,.swas selected randomly.
M easur ements

Unpleasantness of the (imagined) USs was rated) asirl1-point scale ranging from
-5 (very unpleasant) to O (eutral) to 5 (very pleasant). Vividness of the imagined sound was
rated using an 11-point scale ranging fronmd@ @t all) to 10 extremely). Mood was
indicated on a 100cm visual analogue scale (VAS) thie extreme ends labelled as

‘negative’ and ‘positive’.

Expectancy of the Ug (i.e., “How much did you expect the sound at the ef the

previous phase?”) was rated on an 11-point scalging from -5 éxpecting no sound for

2 The results of the complete data set were inahgesdirection as the results reported here.
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sure) to O uncertain) to 5 xpecting the sound for sure). Distress associated with each CS
(i.e., “How distressed or anxious do you feel atithoment?”; see Gazendam, Kamphuis, &
Kindt, 2013) was rated on an 11-point scale ranfioign O (ot at all distressed or anxious)

to 10 {rery distressed or anxious). Avoidance was measured by the cumulative nuraber

space bar presses during each phase.

The Betts’ Questionnaire Upon Mental Imagery (QBleehan, 1967) is a 35-item
guestionnaire assessing mental imagery abilityvlzet administered for exploratory
purposes. Participants indicated how vividly thegrevable to imagine various situations
(e.g.,image of a friend) on a 7-point scale (1 Perfectly clear and as vivid as the actual
experience, 7 = | think about it but cannot imagineit). A total sum imagery ability score was

calculated, with greater scores representing weiakagery ability.
Procedure

A schematic overview of the experimental desigpresented in Table 1. Participants
first read the information letter and provided venit informed consent. They were then
presented with the six sounds and rated the (wegplegness of each sound. The most
unpleasant (URy and pleasant (L&) sounds were presented once more and participants

provided each sound with a title. Participants timelicated their current mood.

Table 1

Overview of the Experimental Design

Pre- Acquisition Instrumental Intervention Test Test

Acquisition Phase Phase Phase Phase1l Phase?2

CS+(1) CS+USKy(6) CS*USed (6) CS+USes(16) CS* (4) CS+ (4)
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CS-(1) CS+ (2) CS+/USeg(2) CS- (16) CS*-(4) CS-(4)
CS+ (16)
CS- (8) CS*- (8)
CS- (16)

Note. Numbers within the parentheses indicate the nummbieials. CS+ represents the CS square that
was paired with the Ug, and the CS- represents the CS square that was paved with the Ug,
US.e¢ presentation of most unpleasant sound as rateaddy participant (Ug), US,.s imagination

of the most pleasant sound as rated by each panic{US.9, *: presentation of the lightbull,
Avoidance response availability where JJpresentation was conditional upon whether partidipa

pressed the space bar or not.

The main computer task began with a practice rounvab)ving two presentations of
the white CS square. Each trial began with a ®esentation of the CS, after which the
distress scale appeared for 7.5 s. Participants cate their distress in the first 5 s of the
scale presentation. The inter-trial-intervals wenedomized and were between 4 and 7 s
(plus an additional 6.3 s in trials where the,kd®as not presented - to control for the length
of the USegsound). The trials in all subsequent phases fatbthhe same structure (adapted

from Krypotos & Engelhard, 2018; see Figure 1).
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distress

4-7s

distress

4-7s

Figure 1. Structure of CS+ trial in the Acquisition (top)daimstrumental phases (bottom). In
trials where the Ugywas not presented, the ITI was increased by 6.8sritrol for the
length of the sound. In the Instrumental phaseptheentation of the Ugwas conditional
upon whether participants pressed the spacebarav@dance response) during the first 5 s

presentation of the CS+ with the lightbulb.

Participants then began th@bituation phase. The CS+ and CS- were each

presented once, and participants rated their dsteel during each presentation. At the end
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of the phase, they indicated kdgexpectancy for each CS. Next, the PavlovAaquisition
phase began. The CS+ and CS- were randomly presentétiteilges each. There were 6
pairings of CS+ with the Ug, (80% contingency). There were no more than tweegbent
presentations of each CS and no more than oneredgaiesentation of the CS+. At the end

of the phase, participants indicatedky®&xpectancy for each CS.

Participants were then instructed that in the foilgy phasdi.e., Instrumental
phase) they could cancel the Ws by pressing the spacebar within the first 5 fhef€S
presentation. They were instructed to only presspacebar when a lightbulb appeared on
the screen, they expected thenk}$o follow, and they wanted to avoid it. This was, firstly, to
ensure that participants would not press the spacklying CS- trials and, secondly, to
clarify that they were only to press the spaceleaabse they wanted to avoid the,bS
rather than because they simply saw the lightblitiere was first a practice round involving
two presentations of the white CS square. In tsgdmental phase, the CS+ and CS- were
presented eight times each (80% contingency). ikafghe trials, the CSs were presented
with the lightbulb, and the Ug,followed the CS+ if the spacebar was not pressedtite
other two trials, the CSs were not accompaniedbylightbulb and the Ug was presented
after the CS+, regardless of whether the spacedamwessed. This was done to demonstrate
that the U&gqstill followed the CS+ (e.g., Engelhard, van Ujjgan Seters, & Velu, 2015).

At the end of the phase, participants ratedy&pectancy for each CS.

Next, participants underwent theter vention phase. Participants in the
Counterconditioning group were asked to recall the JJsis vividly and detailed as possible
(see Appendix A), and to indicate how vivid and)fleasant the imagined sound was. They
were then instructed to imagine thekas vividly as possible after every CS+ presentatio
Participants in th&lo Counterconditioning group were simply told that “The experiment will

now continue”. The Intervention phase involved iéspntations of the CS+ and CS- each.
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At the end of the phase, participants in @oeinterconditioning group again rated vividness
and (un)pleasantness of the imaginegdJ&ll participants rated U, expectancy for each

CS.

Participants then completed two test phases, eaciiving four presentations of the
CS+ and CS- each. Thest phase 1, the CSs were presented along with the lightbitgh, (
indicating the availability of an avoidance respgnsnTest phase 2, the CSs were presented
alone to investigate group differences when avaidaasponses were prevented. Thgey/S
was not presented in either of the test phasekvAah each test phase, participants rated

US,egexpectancy for each CS.

All participants again indicated their current maodl then provided their age and
gender. Next, they answered manipulation checktounsspertaining to the intervention
phase in interview format (i.e., “Did you think thie negative sound?”; “Did you think of the
positive sound?”; “What do you think the study lmat?”) and completed the QMI

(Sheehan, 1967). Lastly, participants were deldidfeanked, and compensated.
Statistical Analyses

Between-group differences in kgunpleasantness, imagery ability and age were
tested with independent samptdssts, and sex differences with a chi-square Testest the
vividness and pleasantness of the imaginegh{)Separate repeated measures ANOVAs were

conducted on pre and post-intervention vividnesk(an)pleasantness ratings.

Separate 2 CS (CS+ vs. CS-; within-subject) x 2u@r&ounterconditioning vs. No
Counterconditioning; between-subject) repeated measures ANOVAs werdumbed on
avoidance responses. In line with previous stu@es, Krypotos & Engelhard, 2019;
Vervliet & Indekeu, 2015), avoidance data was aredyby first computing the proportion of

avoidance responses separately for each stimutufoathe Instrumental phase and Test
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phase 1. Similar ANOVAs were conducted for therdsg ratings, with Trial as an additional
within-subject factor, for each phase separatalyal Tevel was adjusted according to phase
(see Table 1). Further 2 CS (CS+ vs. CS-; withipieset) x 2 Group Counter conditioning

vs. No Counterconditioning; between-subject) repeated measures ANOVAs werdumbed

on U expectancy ratings for each phase, separatelgnBoeise-Geisser corrections were
used in the case of heterogeneity violati@ignificant interactions were further explored

with post-hoc tests using Bonferroni corrections.

In addition to the above analyses, the data walyzsthusing Bayes factors with the
BayesFactor R package (Morey & Rouder, 2015) arfeRIA ove et al., 2015). The prior
distributions had a Cauchy distribution with a meénero and scale factor of 0.707 for the
alternative hypothesis (as done in Krypotos & Ehgel, 2018). Sensitivity analyses using a
scale factor of 1 for the Cauchy distribution weoaducted. As the direction of the results
remained the same, the paper presents the resthitthe scale factor of 0.707. Bayes factors
that provides relative evidence that the data cdnoes the alternative, compared to the null,

hypothesis is denoted at Bfand BRy; for the reverse.

Exploratory analyses. To explore potential effects of mood on avoidaresponses,
distress and Ugyexpectancy ratings, 2 (CS: CS+ vs. CS-) x 2 (GrQgpnterconditioning
vs. No Counterconditioning) RM-ANOVAs with mood as a covariate were condudtad
Test Phases 1 and 2, separately. All preregisexpbbratory analyses were non-significant

(see Appendix B).
Results

Both groups perceived the klgas unpleasanM = -4.48,SD = 0.66),t(40.79) =

0.22,p =.829,d = .07, By, = 3.27. Groups did not differ in imagery abilit{40.26) = -0.28,
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p=.783,d=.09, BR:= 3.23, aget(38.07) = 0.63p = .531,d = .19, BR; = 2.83, or sexy®

(1) < 1, Bl = 2.78.

Participants in th€ounterconditioning group, perceived the Ygas significantly
less pleasant at the end of the intervention pfdse 2.94,SD = 1.87) compared to the start
(M =3.70,8D = 1.15) t(21) = 2.37p = .028,d = .51, BF, = 2.16. Similarly, the Ugswas
imagined less vividly at the end of the intervent{M = 6.30,SD = 2.38) compared to the

start M =7.31,9D =1.73),t(21) = 2.91p = .008,d = .62, BRo = 5.82.
Avoidance

Avoidance proportions in the Instrumental phase Best phase 1 are presented in

Figure 2.
1 -
2 0.9 - mCSt
%-0.8 . CS
% 0.7 -
c 0.6 -
B 0.5
o U.0 A
>
Z 04 -
o
5 0.3 -
‘é 0.2 -
© 0.1 1
o 0 - I :[ T =
Instrumental Test Phase 1 I nsrumental Test Phase 1
Counter conditioning No Counter conditioning

Figure 2. Proportion of avoidance responses for each CSaarehch group during the

Instrumental and Test phase 1. Standard errolisdi@ted by the error bars.
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Compared to the CS-, participants pressed the s@aamore often during
presentations of the CS+, 081, 41) =571.22p < .001,;72@. =.90, BF > 1000, in both

groups, CSx Group:F(1, 41) = 1.36p = .250,7% = .02, BR = 1.13.

In Test phase 1, participants still avoided the @fte than the CS-, C8&(1, 41) =
59.64,p < .001,7%c = .39, Bl > 1000, similarly across group8S x Group:F(1, 41) =
0.26,p = .614 5% = .003, Blg; = 3.03. There was only a marginally significarduetion in
avoidance responses associated with the CS+ frerimsitrumental phase to Test phase 1,
F(1, 41) = 3.86p = .056,;% = .03, BRo= 1.35, across both groupgg(1, 41) = 0.01p =
.928,57°c = .00, Blp1 = 3.45. Together this suggests that avoidang®nses persisted across

both groups, despite a small reduction in both dms.
Distressratings

Distress ratings across all phases are presentédune 3. Contrary to expectation,
the CS+ M = 2.85,SD = 2.49) was associated with significantly moreréiss than the CS-
(M =2.03,8D = 2.17),F(1, 41) = 4.62p = .038,4%, = .101, Bl = 1.75, in the Habituation
phase. The BF, however, did not provide conclusitidence for this difference. This pattern

was observed across both groupd,, 41) = 0.04p = -840,712p =.001, Bk = 3.36.
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Figure 3. Mean distress ratings for each CS and for eachpgdaung the different phases.
The trials in which the CSs were presented withitiigbulb can be identified by the asterisk

(*) in the legend of the figure. Standard errors iadicated by the error bars.

Across the Acquisition phase, participants rembgieater distress during CS+ than
CS- presentations, C8 Trial: F(2.66, 109.06) = 26.89, < .001,7%c = .06, BRo > 1000, in
both groups, C Trial x Group:F(2.66, 109.06) = 0.4Q = .729,5°; < .001, Bfg; =
90.91.

Similarly, across the Instrumental phase, partitipaeported greater distress during
CS+ than CS- presentations, @STrial: F(3.22, 132.02) = 33.6, < .001,;72@. = .08, Bkp >
1000, and this did not differ between groups, X$rial X Group:F(3.22, 132.02) = 0.8(

= .504,5°c = .002, Bfg; = 50.
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In the Intervention phase, participants reportezhtgr distress associated with the
CS+ than the CS-, C8 Trial: F(2.97, 121.77) = 19.3®,< .001,/% = .05, BFo > 1000.
However, this effect differed across groups, $rial x Group:F(2.97, 121.77) =5.1h =
.002,57°c = .01, BFo = 4.67. Further analyses revealed that distresscied with the CS-
did not differ across groupB(1, 41) = 0.22p = .640,772p = .01, Bk = 2.63, but that the
CS+ was associated with significantly less distresbe Counterconditioning (M = 1.35,3D
=1.15) compared to thBlo Counterconditioning group M = 3.42,SD = 2.32),F(1, 41) =
13.98,p< .001,;12IO = .25, BRo=50.43. In th&Counterconditioning group, the CS+ was only
associated with significantly more distress than@$- during the first triak(1, 21) = 6.07,
p=.02275% = .22, BRo = 4.41. On the other hand, the CS+ was associtadsignificantly
greater distress than the CS- in MeeCounterconditioning group for all trials, except trial
16,F(1, 20) =2.34p = .142,;12IO =.11, Bk, = 1.38. Collectively, the results suggest that,
compared to standard ExRP, positive imagery dUgxigP resulted in reduced CS distress

differentiation during the Intervention phase.

During Test phase 1, the CS+ was associated watgyr distress than the CS-, €S
Trial: F(1.89, 77.49) = 6.3 < .003,;72@ =.01, BRo = 0.61. This effect did not differ across

groups, CSx Trial x Group:F(1.89, 77.49) = 0.3% = .671,5% = .0006, Blg, = 12.5.

Similarly, in Test phase 2, the CS+ was assocmitdgreater distress than the CS-,
CS x Trial: F(2.43, 99.63) = 12.6§ < .001,7% = .01, BR = 2.12, and this did not differ
across groups, C8 Trial X Group:F(2.43, 99.63) = 0.61 = .577 5°c = .0006, B, =
14.29.

US-expectancy ratings

Expectancy ratings across all phases are summanzadure 4 below.
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Figure 4. Mean UQeqexpectancy ratings for each CS and for each gaoupss the different

phases. Standard errors are indicated by the learsr

In the Acquisition phase, participants learnt tpeot the Ui following the CS+ but
not the CS-, CSE(1, 41) = 2091.26p < .001,4°c = .97, BRo > 1000. This effect was

observed across groups, &Group:F(1, 41) = 0.33p = .569,7°c = .01, BRy; = 2.86.
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In the Instrumental phase, participants still expe¢he Ug4to follow the CS+ but
not the CS-, CSE(1, 41) = 646.04p < .001 % =.90, BRo > 1000. Again, this effect was

observed in both groups, G8Group:F(1, 41) = 0.76p = .387,7°c = .01, B, = 1.72.

At the end of the Intervention phase, participaaforted greater Ug, expectancy
for the CS+ than the CS-, CB(1, 41) = 12.04p = .001,4°c = .13, BRo = 112.76, an effect

that did not differ by group, C8 Group:F(1, 41) = 0.07p = .788 ;¢ = .0009, Bl, = 3.13.

In Test phase 1, participants still expected thg.448 follow the CS+ but not the CS-
, CS:F(1, 41) = 46.12p < .001 % = .33, BRo > 1000, in both groups, C$ Group:F(1,

41) = 1.40p = .244 5°c = .01, Blp1= 1.85.

Similarly, in Test phase 2 participants expectexlli$,.yto follow the CS+ but not
the CS-, CSF(1, 41) =25.81p< .001,n2<3 = .20, BRp > 1000, across groups, GSGroup:

F(1,41)=0.04p = .849,1]2@ = .00, BR1=1.69.
Discussion

We investigated whether positive imagery could eckahe effects of ExRP. Results
demonstrated that attenuation of CS+ avoidancaedss and U@yexpectancy did not differ
between th€ounter conditioning andNo Counterconditioning groups. In line with previous
research (e.g., Van Uijen et al., 2018; Vervlielnflekeu, 2015), avoidance of the CS+

persisted following both interventions.

The results did however reveal that participanth@Counterconditioning group
reported significantly less distress associated thié CS+ during the Intervention phase, as
compared to thslo counterconditioning group. This suggests that positive imagery may
reduce the distressing nature of extinction-basedqalures, without hampering the

attenuation of avoidance, distress, or harm expegteesponses. Two alternative
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explanations remain plausible. First, positive isrggluring standard ExRP may have served
as a distraction, which previous research suggeaysresult in greater reduction of fear
compared to only an exposure-based interventioiv€O& Page, 2003). Second, studies
have demonstrated that changes to attention mageaghxiety (e.g., Amir, Weber, Beard,
Bomyea, & Taylor, 2008). Actively engaging in tmeagery task may have functioned as a
cognitive control task that shifted attention fréfmeat and reduced distress responses. It
remains an empirical question of how exactly imgghiring an extinction with response

prevention procedure reduces distress.

The study further demonstrated that althougheySkpectancy decreased during the
Intervention phase, threat uncertainty associaiddtive CS+ persisted in the test phases for
both groups (see Figure 4), suggesting that fortinesht expectancies likely remained
prominent. Thus, it is possible that avoidance imaye persisted due to the persisting,ddS
expectancy. Previous research has demonstratemdnatiuals scoring high on neuroticism
may engage in avoidance as a ‘better safe thay strategy when experiencing threat
uncertainty (Lommen et al., 2010). The presentystiid not examine neuroticism or anxiety
sensitivity, so we cannot rule out that such a raadm motivated the persistence of
avoidance. It is worth noting that previous reskamploying similar paradigms have
demonstrated reductions in kkgexpectancy during the instrumental phase (Krypé&tos
Engelhard, 2018; Krypotos & Engelhard, 2019; Vetwé& Indekeu, 2015), which is contrary
to the high expectancy ratings observed in thegomtestudy. This may potentially be
accounted for by differences in design wherebyntleationed studies employed online
ratings of UQegexpectancy, whereas expectancy was assessedaretent study after each
phase. Such post-phase ratings may not adequaf@lsent changes in expectancy and may
reflect participants’ uncertainty of whether thérrgs should be made with consideration of

the avoidance response.
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Comparisons of the effects of extinction and cowateditioning procedures remain
scarce with mixed findings. Previous findings sisjigg the promise of counterconditioning
in reducing avoidance employed methods differemih#éb of the present study (e.g., Newall
et al., 2017; Reynolds, Field, & Askew, 2016). Teesistence of self-reported CS
differentiation in the present study could be ahteebe in line with research indicating that
compared to standard extinction-based interventidnal presentation of tasty food and
music during exposure to a feared spider did nbhén reduce fear responses in individuals
with spider phobia (De Jong, Vorage, & van den H8Q00), and providing monetary
compensation did not further reduce pain-relatad f®eulders, Karsdorp, Claes, &

Vlaeyen, 2015).

There are several plausible explanations for thsigtence of avoidance. First,
negative CS valence plays an important role invatiig avoidance behaviors (Krieglmeyer,
Deutsch, de Houwer, & de Raedt, 2010). Althoughesstadies found that
counterconditioning reduces negative CS valenceertian an extinction procedure (e.g.,
Engelhard et al., 2014; van Dis et al., 2019), iositedies found no such differences
(Meulders et al., 2015), and the benefits of cowateditioning may not depend on a
modification of negative CS valence (Kang et &1& Meulders et al., 2015). As CS
valence was not assessed in the present studyasugffiect cannot be ruled out. Second,
similar to how fear can return when encounterifigegied stimulus in a context different
from the extinction context (e.g., Bouton, 2002)pidance may have persisted as a result of
a context shift. That is, the availability of avartte responses following ExRP represents a
context that differs both from the context in whielar was initially required (i.e., no
response prevention introduced) and the contewhich extinction occurred (i.e., with

response prevention) (see Treanor & Barry, 2017).
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The present study has limitations. First, the C&s associated with significantly
greater distress during the Habituation phase.ok& dn other research (e.g., Mueller, Sperl,
& Panitz, 2019), this study may have benefittedarfiacreasing the number of habituation
trials. Given the non-threatening nature of theasgsi used as CSs, the present study instead
used a single Habituation trial. As distress intabituation phase did not differ across
groups, any potential influence should have affkbiath groups in a similar manner. Second,
as previously discussed, including online expegtaatings (or a physiological measure)
may have permitted making inferences about theedfethe interventions on threat
expectancy. However, in order for the present stadye more feasible in terms of time

duration, only distress ratings were reported @lin

It is also worth considering possible directionsftdgure research. First, the study
included a non-clinical community sample. Reseanaton-clinical samples has
demonstrated that traits such as neuroticism nfagtdear responses (e.g., Lommen et al.,
2010), suggesting that it is worth considering Wkethe findings of the present study extend
to more anxiety sensitive non-clinical samples a#i as clinical populations. These
populations generally show impaired extinction héag (e.g., Duits et al., 2015), and perhaps
the use of counterconditioning procedures may beemabust compared to unaffected
populations where extinction learning is not impdirSecond, future studies could use
physiological responses (e.g., skin conductanceMestigate whether positive imagery

during EXRP has an influence on such response&las w

The present study has potential clinical implicasioPatients who refuse or drop out
of exposure-based treatment may find confrontimg-fgovoking stimuli too challenging.
The reduced distress observed during the Intermemtnase of the present study provides
initial evidence that positive imagery during exppesmay make it easier for clinical

populations to approach such therapeutic intergantiThus, positive imagery as an adjunct
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may be viewed as a useful ‘coping tool’ that caregatients some level of agency during
exposure. This proposition is in line with the e&sed perception of control over anxiety
elicited by adjunct distraction tasks (Oliver & Rag003). Furthermore, the reduced distress
during exposure may allow an individual to recalc@unters with a feared stimulus as less
distressing, which may reduce negative anticipatmiithe future and thus motivate more
positive subsequent encounters (see Schacter &ARAD7). Despite the potential clinical
implications of our study, it is important to nakat a direct translation of our study should
be done with caution as there remains a risk af-@mm detrimental effects. As this is the
first study investigating the use of positive imgge a counterconditioning design, the

research line should be further developed pri@myptranslation to clinical populations.
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Appendix A

Instructions for th&Counterconditioning group during the Intervention phase (translated)

“The experiment will now continue. You should nawagine the “__” (title of the
positive sound) sound you’ve heard before. You@uo this as vividly and in as much
detail as possible. Try to imagine the sound asghg/ou are hearing it in the ‘*here and
now’, as if you are hearing it at this moment. \@hjibu hear the sound, imagine that you feel
happy and relaxed, and that you continue to breadhmally. Focus on the sensations that
you feel. Can you imagine the sound vividly? PENIER when you have the sound and

your reactions to it in mind as clear and as dedagls possible.”

“The experiment will now continue. The purposeasmagine the “__” (title of the
positive sound) sound as vividly and in as muclaities possible every time you see the
“ " (color of the CS+) square. As a reminder, yall see the word ‘imagine’ appear during
the first few trials. Imagine the sound in the ®@nd now’, as if you are hearing it at that
moment, and imagine the reactions that it invokegou. Hold the image vividly in mind
until you no longer see the square on the scrediyain see a ‘+' appear in the middle of the

screen.”
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Appendix B
Exploratory analyses

Mood differences was not a significant covariatawdidance responses in Test Phase
1,F(1,40)=0.21p= .650,n2p = .01, Bk = 0.26. Furthermore, it was not a significant
covariate of neither distress (Test phasg(1; 40) = 0.02p = .902,n2p =.00, BRo=0.32;

Test phase F(1, 40) = 0.03p = .854,n2p= .00, BRo = 0.33) nor expectancy ratings (Test
phase 1F(1, 40) =0.19p= .662,112IO =.01, BRo=0.34; Test phase E(1, 40) = 1.741p =

.195,1%, = .04, BRo= 0.28).

Given the repeated measures design of the stimbgsinot possible to perform the
moderation analyses using PROCESS as initially sh@cued in the preregistration. Instead,
the moderation analyses were performed using an8f8S add-on, namely MEMORE
(Montoya & Hayes, 2017). Imagery ability was natriid to predict CS differentiation in
terms of avoidance, distress (average distres€ Bgror expectancy ratings in Test phase 1,
all p's > .675. Similarly, it did not predict CS distgsesr expectancy differentiation in Test
phase 2, alp’'s > .504. Importantly, there were no significaffeets of group across

measures and test phases when controlling for inpaplity, all p's > .242

? Additional moderation analyses were performedausiistress ratings in the final trial of Test plageand 2,

separately, which revealed similar results (Imagdaiity: p's > .396; Groupp’s > .341).



Highlights
» Wetested whether positive imagery can enhance extinction effects
» Positiveimagery with extinction training reduced distress in the short-term

» Positiveimagery did not reduce avoidance more than extinction training did
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