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Abstract
Recent studies have shown that avoidance behaagh@come excessive and inflexible
(i.e., detached from its incentive value and rasisto extinction). On the other hand,
prospective intolerance of uncertainty (P-1U) hasrbdefined as a factor leading to
excessive responding in uncertain situations. Thasertain avoidance situations may be
taken as a relevant scenario to examine the ral@aérance of uncertainty as a factor that
facilitates excessive and inflexible avoidance béraln our experiment, we tested the
hypothesis that P-1U is associated with excessikiaflexible avoidance in an outcome
devaluation paradigm. Specifically, healthy papi#its learned in a free-operant
discriminative task to avoid an aversive sound, \&atk tested in extinction to measure the
sensitivity of avoidance responses to the devaloaif the sound aversiveness. The results
showed that an increase in P-1U was positively @ased to an increase in insensitivity to the
devaluation. Moreover, P-1U was also related tanarease in the frequency of avoidance
responses during the instrumental learning phagktaresistance to extinction.
Interestingly, these associations involving P-IUevstill significant when trait anxiety was
controlled for. The pattern of results suggests BhlJ may be a vulnerability factor for
excessive and inflexible avoidance, which, in tivas been found to be associated with

several mental disorders.

Keywords: avoidance, intolerance of uncertaintyfcome devaluation, generalization of

avoidance behavior, resistance to extinction.
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Excessive engagement in active avoidance behassbéen related to different
forms of anxiety disorders such as obsessive caiautlisorder (Endrass, Kloft, Kaufmann
et al., 2011Gillan, Morein-Zamir, Urcelay et al., 2014), socaalxiety disorder (Stevens,
Peters, Abraham et al., 2014), generalized anxiistyrder (Mahoney, Hobbs, Newby et al.,
2016), or post-traumatic stress disorder (Thom@gdaltz, 2010), to name a few. In many
cases, avoidance behavior is thought to play aindlee maintenance of anxiety disorders by
preventing the patient from experiencing a lackafelation between the feared stimulus
and the ensuing aversive consequences that théaaoa behavior is meant to eliminate
(Barlow, 2002; Bouton, Mineka, & Barlow, 2001; Kgtos, Effting, Kindt et al., 2015;
Lovibond, 2006; Mineka & Zinbarg, 2006). Recentis#s have demonstrated that avoidance
responses can become insensitive to changes inddetive value of their consequences
(Gillan et al., 2014). In general, being able tpuatibehavior to changes in the incentive
value of the outcome may be regarded as a prinegyinement for adaptive behavior to
changing environments. However, avoidance behanay become detached from its
incentive value and may be performed even thowgybahsequences may be
counterproductive in the long run. For example alvéearn that keeping some distance from
a threatening dog is a valuable behavior as itaeslthe likelihood of being attacked.
However, if this behavior becomes insensitive tanges in the incentive value of its
consequences, we may end up fearing any dog odiagoany place or situation related to
dogs, which may be quite disruptive. Neverthelgsgnsitivity to changes in the incentive
value is not the only form of inflexible or excassiavoidance. Unproductive high avoidance
response rates, generalization of avoidance resgorsafety cues (Lommen, Engelhard, &
van den Hout, 2010; Van Meurs, Wiggert, Wickerlgt2014), and resistance to extinction

(Vervliet & Indekeu, 2015; Xia, Dymond, Lloyd et,a2017) are other examples.
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Given the implication of excessive avoidance inghsypathology, the study of
individual differences in the sensitivity of avordz behavior to changes in its incentive
value, in the rate of avoidance, and resistanextioction may serve to explore potential
vulnerabilities to suffer from the above mentionksbrders. In this sense, laboratory work
may play an important role in bridging the gap ketw psychopathology and the underlying
processes behind individual differences in excesauwoidance (Robbins, Gillan, Smith et al.,
2012). For example, Gillan and colleagues (Gillaalg 2014 Gillan, Apergis-Schoute,
Morein-Zamir et al., 2015) have pioneered the expental study of individual differences in
the sensitivity of avoidance behavior to changesuttome value. Specifically, Gillan et al.
(2014) found that OCD patients showed reduced sehgto outcome devaluation under
overtraining conditions compared with healthy colstr These results can be interpreted as
showing OCD patients’ inflexible avoidance behawothe sense that avoidance responses
were still made despite knowing that the aversivie@ame was no longer dispensed.

The study of vulnerabilities to mental disordengoiving excessive and inflexible
avoidance behavior may also benefit from focusiogjust on clinical populations but on
personality traits in healthy people that are cd&®d transdiagnostic factors playing an
etiological role in the development of several naédtsorders such as generalized anxiety,
social anxiety, and obsessive compulsive disoffi@s approach may allow us to trace
mental disorders involving excessive avoidancestep back to their origin, improving our
knowledge of the cognitive processing styles andemgnitive candidate endophenotypes
playing a role in their development and/or maintex@a(Robbins et al., 2012; Menzies,
Achard, Chamberlain et al., 2007; Glahn, AlmasygBd et al., 2010). Additionally, this
research strategy may lead us to identify populatat risk of developing these mental
disorders, and may provide insights to improverthegvention and treatment efficacy. The

objective of the present study was to evaluatedlaionship between Intolerance of
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Uncertainty (IU) and the ease of developing exeesand inflexible avoidance behavior as
shown by the insensitivity of avoidance behavioostcome devaluation, an undue
avoidance response rate, and resistance to ertincti

One reason for studying the relationship betweeart excessive avoidance is that
uncertainty is commonly present in those situationghich an avoidance response is
acquired. The hand washing compulsion by some O&tlemts provides a clear illustration.
Touching a door handle may make someone feel wceabout the possibility of being
seriously contaminated, no matter how unlikely guent may be. On the other hand,
washing hands may not be 100% effective to getfrigerms. Of note, reduced effectiveness
does not necessarily lower the engagement in thiglance behavior, as was recently shown
in an avoidance conditioning experiment in healttdpviduals (Xia et al., 2017). Under such
levels of uncertainty, individuals scoring highlthmay be especially prone to engage in
excessive avoidance behavior trying to turn thesttam situation into a more predictable
one and to enhance the perception of control. @kigssive avoidance behavior may include
unproductive high response rates, insensitivitguttome devaluation, and resistance to
extinction. Despite their attempt to reduce theosxjpe to uncertainty by engaging in
excessive avoidance, high IU people may typicaipain anxious and still perceiving
uncertainty, which would lead them to continue cegpng excessively to associated cues.

IU has been linked to compulsive behavior in thieichl domain in areas as diverse
as problematic alcohol use (Kraemer, McLei, & Od@ry 2014), hoarding (Oglesby,
Medley, Norret al., 2013) or checking behavior in OCD (Jensdde8mberg, 2015) to name
a few. Interestingly, these behaviors become proate as their frequency increase, leading
to aversive and undesired consequences. Howeeepgotlential role of IU in the
development of excessive and inflexible avoidarefealior is yet to be evaluated.

Traditionally, IU has been linked to worry (BuhrlBugas, 2006; Dugas, Freeston, &
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Ladouceur, 1997) and anxiety (Carleton, 2012; ésults related to inflexible behavior and
trait anxiety, see Vervliet & Indekeu, 2015 or Brung, Behrens, Jocham et al., 2015
showing inflexible responses in a reversal learpagadigm) though more recently it has
been acknowledged as a more transdiagnostic digpadifactor involved in various mental
disorders, including depression, different formsuwoxiety disorders, addictions or OCD
(Birrel, Meares, Wilkinson et al., 2011). Dugas,sGelin, and Ladouceur (2001) defined 1U
as “the excessive tendency of an individual to m@rst unacceptable that a negative event
may occur, however small the probability of its meence” (p. 552).

However, there is evidence showing that IU caneotdnsidered a unified construct.
For example, Birrell and cols. (2011), using facoalysis technique on 9 previous studies
on U has distinguished two different underlyingttas as measured by the 1U scale (IUS;
Freeston, Rheaume, Letarte et al, 1994): A cogniivprospective (P-IU) and an inhibitory
factor (I-1U). Whereas the former has been defiagthe “desire for predictability and an
active engagement in seeking certainty”, the lditexy been defined as the “paralysis of
cognition and action in the face of uncertaintyir(8ll et al., 2011; p. 1198). Moreover, these
factors have been found to be associated in ogpdsections with the processing of
uncertain errors (Jackson, Nelson, & Hajcak, 2@f) with the processing of reward in
uncertain contexts (Nelson, Kessel, Jackson e2@l.6).

According to how P-1U has been characterized, @aghts scoring high in such
factor should feel distress about uncertain aversients. Consequently, these participants
should be highly motivated to engage in avoidaesponses to enhance their perception of
control and to reduce uncertainty as much as pesdihus, high P-1U participants should
engage in high response rates in the presencaraflissignaling a probable upcoming
aversive event. Additionally, these participantsidtd be more prone to show insensitivity to

outcome devaluation compared with low P-1U paraais. This increased insensitivity may
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be a consequence of the high frequency of avoideesponses or a consequence of a greater
tendency to reduce uncertainty. These forms ofssi¢e avoidance may prevent learners
from perceiving changes in cue-outcome contingendiberefore, high P-IU participants’
avoidance responses should be more resistantitwesih compared with low P-IU. To test
these hypotheses, we used a discriminated freexopavoidance learning task that was
designed to assess participants’ response frequsegyitivity to changes in outcome value,
and resistance to extinction in an uncertain emvirent (see Figure 1). According to the
arguments stated above, we hypothesized that sesea P-1U should be associated with an
increase in avoidance response frequency, an sEliaansensitivity to outcome
devaluation, and an increase in resistance toadmof avoidance behavior

Method

Participants and apparatus. One hundred and fifty-six undergraduate studerf2 (1
females, mean age 19 year-old) from the Faculfsythology at the University of Malaga
(Spain) volunteered to take part in the experinmeeixchange for course credits. Half of
them were randomly assigned tdevaluationgroup (n=78) and the other half ta@ntrol
group (n=78; see below for details).

Each participant performed the task in a semi-tedlaubicle using an IBM-
compatible PC. Each computer was equipped with Houiesoftware programmed in E-
Prime ® 2.0 (Psychology Software Tools, USA) anddiphones (Sennheiser®HD-201
model). Participants’ responses were registerealigir a standard QWERTY keyboard and
the PC mouse.

Materials. Although our study focused on intolerance of utaety, all participants
also completed a state-trait anxiety questionnasdyoth state and trait anxiety have been
frequently related to intolerance of uncertaintye@fically, we used the Spanish adaptations

of the Intolerance of Uncertainty Scale: IUS (FteesRheaume, Letarte et al., 1994;
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adaptation: Gonzalez Rodriguez, Cubas Ledn, Rogehld, 2006), and the State-Trait
Anxiety Inventory: STAI (Spielberg, Gorsuch, & Lieste, 1982; adaptation: Seisdedos,
1990). All participants gave written informed conskbefore completing the questionnaires.

The 1IUS (internal consistency of .91 and test-tet@gbility of .78; Dugas et al.,
1997) is a 27-item self-report measure that asselsedegree to which individuals find
uncertainty to be distressing and undesirable.lUi&eincludes two subscales known as
Prospective Intolerance of Uncertainty (11-itemg] &nhibitory Intolerance of Uncertainty
(16-items). Items are rated on a five point Lilsrale ranging from 1 (not at all characteristic
of me) to 5 (extremely characteristic of me).

The STAI (internal consistency ranged from .860® and test-retest reliability
coefficients ranged from .65 to .7Spielberger, Gorsuch, & Lushene, 1982; 1983) i8-a 4
item self-evaluation questionnaire that assessedefree to which individuals suffer trait or
state anxiety. Therefore, the STAI includes twossales known as Trait Anxiety (20 items)
and State Anxiety (20 items). Items are rated @wuapoint Likert scale ranging from 0
(nothing in the Trait subscale, hardly ever in $tate subscale) to 3 (a lot in the Trait
subscale, almost always in the State subscale).

Stimuli and design. Two different black—and-white fractal images segvas
conditioned stimuli (CSand C$) were used to signal a US consisting of an aversound
that could be presented either to the left or et rear, which were assigned to either US1 or
US2 according to a counterbalance procedure. Aitiaddl black-and-white fractal image
(C&) was used as a safety signal preceding the abséacs noise (see Figure 1). All
fractals had an approximate size of 9 x 8 cm ampeafed in the center of the screen. The
background of the screen was always white. Thesaxeesound was a 3-second beep of
44100 Hz. For the control group, a low-volume (23 dB) and a high-volume (97 £ 3 dB)

version of this sound were used as US1 and USRec#sely. For the devaluation group, the
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high-volume sound played the role of both USs uhe&ldevaluation phase, in which the
intensity of US1 was lowered down to 27 + 3 dB. Thetrol group was included to ensure
that the different sound intensities were motivaaity different and led to different
avoidance response frequencies in the presencgof@npared with CS Additionally, the
control group allowed us to detect possible diffiees in the sensitivity to the intensity of the
USs as a function of IUS, independent from the timteon procedure.
>>> |nsert Figure 1 about here <<<

Procedure. One week before the experiment all participantspietad the two
guestionnaires. The avoidance task was dividedfcutophases: A Pavlovian learning phase,
an instrumental learning phase, a devaluation plaexka test phase. All participants started
by wearing the headphones provided, and readinm#ftieictions concerning the first phase.
The instructions told participants that some fraicti@ges could signal an upcoming aversive
sound that could be presented either to the lefh tne right ear. Specifically, participants
were told that the left-ear sound could follow afi¢he images, whereas the right-ear sound
could follow the other image. Further, participawtye told that there was a safety image
which was not followed by any sound. On each tadixation cross appeared in the center of
the screen for 2 seconds. After that, one of theetimages (i.e., GSCS and Cg) was
displayed at the center of the screen for 20 sexdpatticipants were presented with US1 in
five out of ten Cg trials, and with US2 in five out of ten g&ials. The onset of the noise
was programmed according to a variable intervagdale of 10 seconds (from the onset of
the CS) that followed a rectangle distribution wathplitude of 4 seconds. That is, the
aversive noise could appear randomly at Second®),%r 11 from the onset of the CS
namely, the middle part of the 20-s CS time winddie time window for the onset of the
noise was independent from its duration (3 secor@s)sequently, there were two sources

of uncertainty regarding the occurrence of the &SF'he non-deterministic occurrence of the
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US given the excitatory CSs, b) the unpredictabditthe exact moment in which the US
was delivered.

Overall, the Pavlovian training phase comprised fival blocks each one including 2
CSa trials (only one reinforced), 2 G$rials (only one reinforced), and 2 €8on-reinforced
trials. The order of trials was randomized on abkland participant basis. Therefore, each
type of trial (CQ, CSs, C&) was presented ten times along this phase.

After each phase, participants gave contingenayggiconcerning the different CS-
US relationships programmed. The quesifionvhat extent do you think that this image was
followed by the noise through your left/right eawhich could be read at the upper center of
the screen, prompted these judgments. The ratadg sent from 0Very sure that this
image was not followed by the noise through thr$ a9 (Very sure that this image was
followed by the noise through this gand appeared at the bottom center of the screen
Participants used the computer keyboard to pravidie responses. As there were three
conditioned stimuli (C§ CS and Cg) and two USs (left/right-ear noise) participands o
rate a total of six contingency relationships. iegrants were allowed to confirm/modify
each judgment before assessing the next CS-U$oredhtp. Then, participants were asked to
judge the aversiveness of the souho:what extent is the noise aversive for yBa®icipants
from the devaluation group only had to judge ttghhrolume sound (no low-volume sound
was presented until the devaluation phase), artecipants from the control group had to
judge also the low-volume sound. Again, responsae\given on a ONon aversive at allto
9 (Extremely aversiyaating scale.

After the Pavlovian phase, participants read te&uictions of the instrumental
learning phase. Participants were told that thesplhwas identical to the previous phase
except that they could now avoid the sound by prgssne of two possible keys within one

second before its onset whenever it was programmedcur. To avoid the presentation of

10
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the noise to the right or to the left ear, paréits had to press ‘P’ or ‘Q’ on the computer
keyboard, respectively. Consistently with a disonated free-operant learning procedure,
participants could respond as many times as thsly along the trial. Nevertheless, they were
also informed that responding was just an opti@y thad if they wanted to avoid the sound.
No immediate feedback was provided regarding tmseguences of individual responses.
Consequently, participants could only be completelyain that they had effectively avoided
the aversive sound after the offset of the CS. Waig, the instrumental learning phase not
only had an important component of aversion, dag,a high level of uncertainty regarding
both the occurrence of the US and the consequefdedividual responses.

As in the Pavlovian learning phase, this phaseprm®d five training blocks each
one including 2 C&trials (only one reinforced, unless successfullyided), 2 C§g trials
(only one reinforced, unless successfully avoidad(l 2 non reinforced GSrials. Trial
order was randomized on a block and participansbA$ter completing this phase,
contingency judgments were required as describedeald he only exception was that
judgments were now prompted by the sentefoexhat extent do you think that this image
would be followed by the noise through your legtitiear if no key were pressed?

After the instrumental learning phase, participanthe devaluation group went
through a devaluation phase in which the soundmielassociated to G®vas substantially
reduced. Firstly, the non-devalued noise was reedrahd participants had to judge its
aversiveness as described above. Then, the devadisszl (through the other ear, 27 + 3 dB,;
counterbalanced across participants) was presemtedyarticipants also had to judge its
aversiveness. Written instructions guaranteedttigavolume of the devalued noise would be
held at a low volume until the end of the task. €hatrol group went through the same
procedure except for the fact that no change watkert@athe volume of any of the sounds

presented.

11
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The effects of the devaluation procedure were asskethrough a test phase.
Instructions informed our participants that the satimuli would be presented, and also that
they could avoid the sound, as in the previous @hidewever, no US was actually presented
during this phase. If avoidance behavior were si@adio the new motivational values
programmed, participants should respond less t€&éhat signaled the devalued noise
(CS)) than to the CS that signaled the non devaluesen@$). Alternatively, if avoidance
becomes detached from the reinforcer value, tterdiice between responses tg.@8d to
CSs should tend to disappear. The use of extincti@n, (ihe withholding of the USs) for
testing purposes ensures that devaluation effeetexalusively due to the updating of the
value of the US rather than to the exposure taléwalued outcome contingent upon
instrumental responses during this last phase.tiadilly, the use of an extinction procedure
allowed us to assess participants’ resistancettoation of avoidance behavior.

The test phase included four blocks, each one asmgrone Cg, one C§, and one
C& trial. The order of trials was randomized on ackland participant basis.

After the test phase, contingency judgments wese iequired as it has already been
described for the instrumental learning phase. #altally, participants were also asked to
make an additional judgment to assess how muchtthsted the devaluation instructions
provided. We refer to these judgments as instro@dherence judgments. For this,
participants could reatio what extent do you think that the noise presetaegour left/right
ear was of a high or low volume during the lasttpzrthe task in case it appeareBatings
were made on a rating scale frome@ttemely loy; to 9 Extremely high

Results

The data from 21 participants were excluded froeahalyses as no responses were

registered to cues G&nd CS§ in the first two trial blocks of the test phasé&us, no

devaluation effect could be computed from thoséi@pants’ responses (see below for

12
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details about the computation of this devaluatib@ct). Most of these participants did
neither respond to GSand C$§ in the last trial blocks of the previous avoidaaceguisition
phase. As a consequence, the data from 135 partisipvere analyzed (68 from the
devaluation group).

All the statistical analyses were performed usBiI ISPSS versions 15.0 and 23.0
(IBM Corp., 2006 and 2015). In all the analysesariance (ANOVAS) the sphericity was
tested and the degrees of freedom were corrected Gseenhouse-Geisser’s epsilon
whenever necessary. The effect size statisticategpare partial eta squaregf) for the
ANOVAs and Cohen’dl in the case of thetests (Cohen, 1988).
Avoidance responses

Instrumental learning phase

Avoidance responses during the instrumental legrpirase were analyzed to test if
participants acquired a good level of discriminato@tween the different CSs, and to discard
significant differences between responses tq &%l CSg in the devaluation group that could
obscure the interpretation of possible devaluagibects. Figure 2 (Panels A and C) shows
participants’ mean response frequency as a functigmoup, CS and trial block. We
conducted a mixed ANOVA, which included two wittsabject factors, Cue (G¥s CS
vs C&) and Block (1 to 5) and one between-subject fa@ooup (Devaluations Control),
on participants’ correct avoidance responses. Thé/sis yielded a significant effect of Cue,
F(1.42, 188.83) = 65.9MSE= 2753.25p < .001;;72:.33, a significant effect of Block,
F(2.12, 281.82) = 11.26/SE= 551.90p < .001;5 °=.08, a significant interaction of Cue x
Block, F(5.40, 718.43) = 4.08/SE= 163.48p = .001;7%=.03, and a significant interaction
of Cue x GroupF(1.42, 188.83) = 7.88/ISE= 2753.25p = .002;, *=.56. All remaining
effects were not significant (othEis < .81). A visual inspection of Figure 2 (Panels A and

C) clearly reveals that the Cue x Block interacticas due to the fact that responses to the

13
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safety signal, C§ remained relatively constant across trials whereaponses to the other
two cues increased across trials. It also revéalsthe Cue x Group interaction is explained
as a result of participants in the devaluation grasponding similarly to GSand CS§,
whereas, in the control group, participants’ regeoinequency on GSrials falls at an
intermediate point between €&nd Cg trials. This latter interpretation was confirmed b
post hoctests analyses in the Control group, yielding isiggnt differences for all pairwise
comparisonsNlcs:=19.05 Mcg=36.47, Mcg-=6.90;tcss=6.29,p <.001, Cohen’sl = 4.10;
tcsi=3.61,p = .001, Cohen’sl = 4.40;tc5c=7.08,p <.001, Cohen’sl = 8.63), and in the
Devaluation group, yielding no differences betwessponses to Gand Cg (Mcs:=35.03
Mcs=33.96,Mcs=9.61;tcse= 1.01,p = .316, Cohen’sl = 0.28;tcs=6.32,p < .001,
Cohen’sd = 8.36;tcs=6.14,p <.001, Cohen’'sl = 9.61) (see Figure 2). Note that the
Bonferroni correction method for multipteéestswould lead to adopt here a significance
level of p < .016. Thus, as expected, the response frequer€$ and Cg was similar in
the Devaluation group, and higher tog@&an to C& in the Control group, proving that
different sound intensities led to different aveida response frequencies.
>>> |nsert Figure 2 about here <<<
Test phase

As shown in Figure 2 (Panel B), the devaluatiorcpdure was clearly effective, as
participants in the devaluation group responde@Sg less frequently than to GS
Moreover, the difference between response frequenty trials and Cs trials in the
devaluation group seems to be of a similar magaitodhat found in the control group. To
confirm these impressions, we conducted a mixedu@(CQ vs CS vs CS) x 4 (Block) x
2 (Group: Devaluations Control) ANOVA on participants’ correct avoidan@sponses,
which yielded a significant effect of Cug(1.77, 235.06) = 69.4MSE= 2156.11p < .001,;

n?=.34, a significant effect of Block(2.13, 283.14) = 10.4MSE= 221.12p < .001; 2

14
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=.07, and a significant Cue x Block interacti&i(3.97, 528.42) = 7.6 MSE= 179.74p =
.001;72=.05. No effect involving the Group factor was sfigant (all F’s values < 1.66). A
visual inspection of Figure 2 (Panels B and D) atv¢hat the Cue x Block interaction was
due to a more pronounced decrease in respondingsatrials (i.e., extinction) to GS
compared with CSand Cg, which is likely to be a consequence of partictpdraving
noticed the absence of the aversive reinforcendugstPost hoc testsrevealed significant
differences in all pairwise comparisons involvin§.CCS and Cg in the Devaluation
(tcse=4.40,p <.001, Cohen’'sl = 3.00;tcs,c=3.72,p <.001, Cohen’'sl = 12.64;tcx=6.33,p
<.001, Cohen’sl = 6.55) and in the Controlds,e=6.03,p <.001, Cohen’sl = 6.41;
tcsn=4.20,p <.001, Cohen’'sl = 11.32;tc5:=8.23,p <.001, Cohen’sl = 12.46) groups. Note
that these statistical differences are still sigaifit even when am= .016 significance
criterion is adopted after the Bonferroni correstinethod for multiple-tests

Some readers may have expected differences betyreeps regarding the
devaluation effect. However, we did not have strogagsons to expect such differences. The
main reason to include the control group was tbftesa possible association between P-1U
and a general insensitivity of response frequeadifterences in outcome value. The results
of this analysis are reported in the next section.
Relationship between P-lU and sensitivity to outcome devaluation

A sensitivity-to-devaluation ratio (SR) was complite evaluate how sensitive
participants’ performance was to the reductiorhengound volume made in the Devaluation
group. A sensitive performance would entail lessidance responses to Cthan to Cg
after the devaluation of the aversiveness of timdsignaled by GS Note, however, that
response frequencies to the different CSs tendedrteerge across the test phase, surely due
to the use of an extinction procedure (see thdteedascribed in the previous section).

Therefore, the sensitivity to devaluation was clalad from participants’ responses in the
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first two trial blocks, as responses in these Idoskre less affected by the extinction
schedule. Specifically, the sensitivity-to-devaloatratio (SR) was calculated as the
Response frequency to the signal of the devaluseé (GS) / [Response frequency to the
signal of the devalued noise (S Response frequency to the signal of the nolded
noise (Cg)]. Ratio values well below .5 would mean a high &ty to the devaluation
procedure in the sense that responses to the soeia®d to the devalued sound were
substantially lower than those associated to tleesagnaling the still aversive sound. Ratio
values near .5 would indicate that the participeas rather insensitive to the devaluation
procedure, responding to &&nd Cg with similar frequency. An interesting advantadie o
calculating the sensitivity to devaluation withghatio measure is that it counteracts the
effect of the response-frequency baseline on tteecithe differences between responses to
CSy and CS.

We hypothesized above several ways in which indaidlifferences in 1U,
specifically in P-1U, may relate to insensitivity butcome devaluation. Consistent with these
hypotheses, increases in P-1U scores should beias=sibto increases in SR. Our statistical
analysis will focus on the results found in the Bleation group during the test phase. All the
correlation and regression analyses conductedsratticle used the nonparametric bootstrap
method relying on 5000 samplings with replacemgfiiof & Tibshirani, 1993), which is a
robust and appropriate method when the normalgyragtion of residuals is violated. Bias-
corrected and accelerated (BCa) bootstrap 95%ademde intervals (Cls) are reported in
square brackets. Decisions regarding hypothediagesere based on whether the interval
included the zero value or not: The null hypothess rejected if the zero value fell out of
the CI, and it was accepted otherwise. In all gas@s-standardized beta coefficients will be

reported.
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First, we conducted a bivariate Pearson correlaralysis including SR, P-1U, and
trait anxiety (TA). The analysis yielded the sigraint correlation between SR and P-il%
375 [.147, .564], between SR and TA; .260 [.031, .463], and between P-IU and TA,
.632 [.472, .763]. Given the significant correlasdound, we conducted a hierarchical
regression analyses to assess the associationdreRvi) and SR controlling for TA. The I-
IU factor was discarded from the analysis becatudigl inot significantly correlate with SR,
=.148 [-.126, .389]. In the first step, we onlyered the P-1U factor and, in the second step,
TA scores were added as an extra factor. As exgpeetefound that the P-IU factor
significantly predicted SR scords= 0.013 [0.005, 0.020] (see Figure 3). In the sdcstep,
the P-1U factor was still significant when contiog for TA, b =0.012 [0.002, 0.020].
However, TA scores ceased to be predictive of RevBen controlling for P-lUp = 0.001 [-
0.005, 0.007]. Therefore, the predictive relatiopsietween P-IU and SR was not explained
by the association between TA and SR.

>>> |nsert Figure 3 about here <<<

Similar analyses were conducted within the Corgrolp to discard that the
association between P-1U and SR was due to a denseasitivity to differences in the
reinforcer values. However, we did not find anyretation between P-1U and SR5 -.096
[-.344, .187]. As expected, though, P-IU and taaiiety were significantly correlated in the
Control groupy =.294 [.043, .535].
Relationship between P-IU and avoidance frequency

We also examined the relationship between P-IUtaadverall frequency of correct
avoidance responses during the avoidance acquistage within the Devaluation group.
For this, the absolute frequency of correct avoigaresponses to the three CSs throughout
the five blocks of the avoidance acquisition phaas calculated. Then, a bivariate Pearson

correlation analysis was conducted including avoecgafrequency (AF), P-IU, and TA,
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which yielded the significant correlations betweédnand P-1Uy = .412 [.156, .592], and
between AF and TA, = .375 [.142, .563]. An identical hierarchical regsion analysis to
that described in the previous section was madéefrequency of avoidance responses. In
the first step, we found that P-lIU predicted sigraifitly AF,b = 21.88 [8.271, 34.569]. In the
second step, neither P-Ib= 15.47 [-0.930, 29.042], nor TA,= 6.36 [-3.088, 15.801],
predicted significantly AF.

As these results do not allow us to disentanglevéinence explained by P-IU from
the variance explained by TA, we decided to analgpee deeply the mediational role of TA
in the relationship between P-IU and AF. This asialyvas performed using PROCESS,
version 2.16.3 (Hayes, 2013), which yielded a nignicant indirect effect of P-IU on AF
through TA,b = 6.410, BCa Cl 95% [-3.284, 16.986].

Relationship between P-lU and extinction

The analysis of the resistance to extinction is alsspecial interest to assess
excessive and inflexible avoidance. We calculatezgsstance-to-extinction ratio (i.e., RE) as
[Response frequency to S6CSs during the last block of the test phase (Blodk/4)
[Response frequency to S6CSs in block 4 + Response frequency toaGSCSs during the
first block of the test phase (BlocH,lih the Devaluation group. In this case, a higtior
means high resistance to extinction, giving usdaa iabout how persistent avoidance
responses were throughout the test phase, wheteasratio means strongly extinguished.
We started by conducting a bivariate Pearson airoel analysis focusing on the correlation
between RE and P-IU, and between RE and TA. Thafysis yielded the significant
correlation between RE and P-ItJz .266 [.089, .430], and a nonsignificant coriielat
between RE and TA,=.190 [-.068, .431]. We conducted a hierarchiegtession analyses
to assess the association between P-IU and REodorgrfor TA. In the first step, we only

entered P-1U as the independent variable and gisé¢icond step, TA scores were added as an
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extra factor. As expected, we found that the Pdttdr significantly predicted RE scores in
the first modelp = 0.009 [0.004, 0.015] (see Figure 3). Howevez,4bcond model was
rejected as it did not significantly increa®eover the first modelR? Change= .001;F(1, 65)
= 0.055;p = .815. Consequently, we did not find evidence Tramediated the relationship
between P-1U and RE.

Additional exploratory analyses

The role of avoidance frequency in the relationg@pwveen P-1U and insensitivity to

outcome devaluation

To go deeper into the mechanisms underlying tlaioaship between P-IU and the
sensitivity ratio (SR), we decided to explore tbkerof avoidance frequency in this
relationship. One possible explanation for the ession between P-1U and SR is that it has
been mediated by avoidance responses so that Higtp&rticipants tended to respond more
frequently overall (i.e., to all cues), affectirtigen, SR scores in the final test. For this, we
started by conducting a Pearson correlation arsabetween SR and AF, which yielded the
significant correlation between these variabtes,379 [.150, .560]. Then we conducted a
stepwise regression analysis with SR as the depérddable and P-IU as the independent
variable in the first step. Adding AF in the secatelp yielded a significant predictive
relationship between P-1U and Sz 0.009 [0.001, 0.016], and between AF and ISR 2 x
10“ [4 x 10°, 3 x 10"]. Consequently, P-1U significantly predicted séiniy to outcome
devaluation even when controlling for avoidancgoese frequency. However, this result
does not completely discard a possible meditatioslalof AF in the relationship between P-
IU and SR. Therefore, we decided to conduct a nieda analysis to test for this
hypothesis. As in a previous section, this analysis also performed using PROCESS. This
analysis yielded a significant indirect effect efPon SR through avoidance frequenby;

0.004, BCa CI1 95% [0.001, 0.009] (see Figure 4nseguently, our results suggest that P-1U
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and SR may be associated through two different am@sms. One of them would involve
avoidance frequency as a mediating variable wheheasther would not depend on such
variable. We will return to the implications of shnediational role of AF in the relationship
between P-1U and SR in the General Discussion@ecti

>>> |nsert Figure 4 about here <<<

Exploring the role of the insensitivity to outcomevaluation in the relationship between P-

IU and resistance to extinction

One possible explanation of the association betetth and RE is that low P-1U
participants may have had more chances to detectitbence of the devalued US during the
extinction test phase as a result of their lowedéacy to respond in G3rials compared
with high P-IU participants. Once low P-IU partiaimgs detected the absence of the US in
CS trials, they may have also posited the absent®ed)S in C§ trials, leading them to a
general decrease in avoidance response. Accomlitingst SR should play a mediational role
in the relationship between P-IU and RE. To testtfediational hypothesis, we first
conducted a Pearson correlation analyses of tagaeship between RE and the sensitivity
ratio (SR), which yielded a significant correlatior= .442 [.193, .684]. Then, we conducted
a hierarchical regression analysis including REhasdependent variable, and P-1U and SR as
the independent variables. In the second ste@rhbysis yielded a significant association
between RE and SR,= 0.41 [0.138, 0.674], and a nonsignificant asstomn between RE
and P-1Ub = 0.004 [-0.002, 0.010]. These results clearlyggsg that SR mediated the
association between P-1U and RE, which is condistéh the idea that insensitivity to
devaluation prevents people from perceiving thatGl$ is no longer followed by the US.

To corroborate this hypothesis, we conducted a atiedial analysis, again performed using
PROCESS. This analysis yielded a significant irdliedfect of P-IU on RE through

insensitivity to outcome devaluatiom= 0.005, BCa CI 95% [0.002, 0.011].
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The relationship between P-IU and generalizatioavoidance responses to the safety signal

Some studies have demonstrated that anxiety areftanty may lead to the
persistence of previously learned responses anmeakas the ability to inhibit defensive
responses toward safety signals (Grupe & NitscB@#&3; Haaker, Golkar, Hermans et al.,
2014). Therefore, the analysis of the frequencgvalidance responses to the safety signal,
C&, is of special interest to assess excessive dlexiinle avoidance. Note that this cue had
never been paired with the aversive noise and, #tugdance responses to this cue can
hardly be regarded as having any objective value st&rted with a bivariate Pearson
correlation analysis between the sum of avoidaeaspanses to GShroughout the
acquisition phase (Sumgf P-IU and TA. The analysis yielded a significaatrelation
between SumGCs&and P-IUr = .406 [.154, .581], but not between Sura@8d TA,r = .261
[-.058, .466]. Again, we conducted a hierarchiegression analyses to assess the association
between P-1U and Sum@S$ontrolling for TA. In the first step, we only emned P-1U as the
independent variable and, in the second step, DResavere added as an extra factor. As
expected, we found that the P-1U factor signifitaptedicted SumCSscoresb = 9.20
[2.120, 17.327] (see Figure 3). Interestingly, tieigtionship remained almost unaffected
when controlling for TAp = 9.08 [2.652, 16.597]. Conversely, TA was nobagged to
SumCg% after controlling for P-lUb = 0.12 [-3.202, 3.995].

Assessing therole of possible confounding factors

Further analyses suggested that the associatisreeetP-lU and excessive and
inflexible avoidance was not due to an associdtetween P-IU and differences in
contingency learning accuracy regarding.@8d C$, differences in the perception of US
aversiveness, differences in adherence to the ulvah instructions, or differences in
contingency learning accuracy regarding-:G&®e Table 1). To assess contingency learning

accuracy, an accuracy score was calculated for @ssheinforcer relationship. Remember
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that participants had to make two CS-US ratingefmh CS: One to judge the relationship
between the CS and its associated US, and thetotlestimate the relationship between the
CS and alternative US. Thus, the accuracy scogssding CR and C$ were simply the
difference between these two ratings. Therefogh Bind low scores revealed high and low
accuracy, respectively. As ¢®as not associated to any US, an average scavedethe
two ratings was computed to calculate the accusaoye. In this case, high and low scores
revealed low and high accuracy, respectively. Bess instructions adherence, an instruction
score was calculated as the difference betweemaskexpectancy ratings for the
nondevalued sound and for the devalued sound. Rberaimat participants had to estimate
the extent to which the noise was high or low isecit had occurred during the test phase
>>> |nsert Table 1 about here <<<
General discussion
The aim of the present study was to test the hgsaithat high P-IU is associated
with excessive and inflexible avoidance behavioexadenced through higher insensitivity of
avoidance response to outcome devaluation, higlmdance response rate, and higher
resistance to extinction compared with low P-1Ut #os purpose, participants in a
devaluation condition learnt to avoid two averdil&s consisting of an unpleasant sound,
either presented to the left or to the right daigugh an operant discriminated procedure in
which each US was signaled by a specific CSy(@®1 Cg). Participants’ responses to each
CS were measured in an extinction phase after datra] the aversiveness of the US
signaled by C& As expected, the regression analyses confirnsgingficant association
between P-1U and insensitivity to devaluation al a®a significant association between P-
IU and the frequency with which participants resgeohto the CSs during the avoidance
learning phase. Specifically, an increase in Pdbfes was associated with an increase in

insensitivity to the outcome devaluation and withirecrease in the frequency of avoidance
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responses to the CSs during the avoidance leaphiage. Interestingly, the association
between P-1U and insensitivity to outcome devabratvas significant even when controlling
for trait anxiety. The association between P-IU ars@&nsitivity to outcome devaluation did
not seem to be due to high P-IU individuals beingyeneral, less able to discriminate
between (or to adjust to) different outcome valagidicated by a non-significant
correlation found between insensitivity to differ@mtcome values and P-1U in a control
group who was trained with different outcome valsiege the beginning of the avoidance
learning phase. Additionally, individual differersci learning performance (as measured
through CS-US contingency ratings), in US aversigsiratings, or in adherence to
instructions do not seem to have played any roteerassociation between P-IU and
excessive and inflexible avoidance, as none ofdéfexred variables correlated significantly
with P-1U. Finally, regression analyses showedjaificant association between P-1U and
resistance to extinction of the avoidance respdnseg the test phase. Specifically, an
increase in P-IU was associated with an increasesistance to extinction (RE). Exploratory
regression and mediational analyses showed tlsaadsiociation between P-IU and RE was
significantly mediated by the sensitivity to outa®uhevaluation ratio (SR). Additional
exploratory analyses also showed a significant@agon between P-1U and generalization
to a safety signal. Specifically, an increase ilJRvas associated with an increase in
response frequency in g8&ials. This latter result is consistent with goais studies showing
similar results with different related personatitgits (with trait anxiety, see Vervliet &
Indekeu, 2015, with neuroticism, see Lommen eR8l10, with experiential avoidance, see
van Meurs, Wiggert, Wicker et al., 2014; see alswrd et al., 2015; 2016 for results
showing more generalization of conditioned feasdtety cues in high IU participants).

The most relevant contribution of our study is tiha the first time, as far as we

know, that an association between P-IU and excessid inflexible avoidance in healthy
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participants is detected through an experimentatageh. In general, the higher the
participants scored in P-1U, the greater their &gy to engage in unnecessary active
avoidance responses as evidenced through: a) Unaigance responses to avoid aversive
outcomes during the avoidance learning phase, Ibg ahfficulties to adjust avoidance
frequency to changes in outcome value, and c) p@r@stence of avoidance responses
during extinction trials. In this sense, high Pgdarticipants seemed to behave less optimally
compared with low P-IU participants.

Therefore, our results showed that people scorigig in P-IU are more insensitive to
outcome devaluation, respond more in general andhare resistant to extinction. These
results are relevant for at least two reasons.@tleem is that they provide support for a
role of P-1U either in the development or in theim@nance of anxiety disorders associated
with excessive avoidance. High P-1U may lead peapleonly to consider uncertain aversive
situations intolerable but also to engage in exeess/oidance to reduce uncertainty and/or
enhance the perception of control. This mechanisiy well explain the development of
excessive avoidance behavior in OCD sufferers.cantt also be extended to explain the
development and maintenance of excessive worrgmeigalized anxiety disorder and panic
disorder, rumination in major depression, or “miadding” or “fortune telling” in social
phobia. It has been suggested that, in all thesesc@xcessive thinking would serve an
avoidance function by reducing uncertainty, whiahuld lead, in turn, to a reduction in
anxiety (Boswell, Thompson-Hollands et al., 2013)is idea is consistent with the positive
correlation between IU and each of these mentardiess (OCD: Toffolo, van den Hout,
Engelhard et al., 2014; Generalized anxiety disoi@arleton, 2012; Panic disorder: Gorka,
Lieberman, Nelson et al., 2014; Social phobia: Héfemberg, & Turk, 2010). These
considerations suggest that recovery from the nedlemental disorders could be significantly

improved by taking IU as a crucial target for treant.
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The other reason that speaks to the relevancerdaftody is that it suggests that
healthy people scoring high in P-1U could be maskerable to anxiety disorders associated
with either excessive behavioral avoidance or wkbessive worry or thinking. Thus, U
could be a decisive construct to identify peoplasit of developing anxiety disorders. High
IU individuals could then be a target populationtfee design of prevention programs aimed
at the reduction of IU in order to prevent differanxiety disorders.

I nsensitivity to outcome devaluation and habitual vs goal-directed avoidance

Outcome devaluation experiments have been comnoomgtucted to study the
acquisition or expression of habits (Dickinson, 3.98ricomi, Balleine, & O’Doherty, 2009;
Wood & Runger, 2016). An effect of outcome devatrabn learners’ instrumental
responses may be interpreted as indicating thai@his controlled by a goal-directed
system (see Gillan, Kosinski, Whelan et al., 20@6the implications of a deficient goal-
directed control of behavior in different formspsychiatric symptoms beyond
compulsivity). The absence or the drastic reduatibthis effect could be interpreted as
evidence of habitual behavior. From a general @etsge, our results are in line with
previous findings showing outcome devaluation effé&t avoidance learning preparations
both in humans (Gillan et al., 2014) and in non-aaranimals (Fernando, Urcelay, Mar et
al., 2014). Although there are very few studiegassg outcome devaluation effects in
avoidance preparations, all of them suggest th#tast in some circumstances, avoidance
behavior may be goal-directed. This is consistatit the idea that avoidance and reward-
based learning share some mechanisms. This ide@@®rted by recent findings showing
that habitual avoidance is associated with activitigrain areas similar to those involved in
habitual rewarded behaviors (Gillan et al., 2015).

Focusing, however, on our results showing an aasonibetween P-1U and

insensitivity to outcome devaluation, there aréedént possible interpretations. Following
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the more common interpretation of outcome devalnagifects, one of them is that an
increase in P-1U is associated to an increaseardance habit acquisition or expression. An
interesting result supporting this view is thatidemce frequency during the avoidance
acquisition phase was shown to play a mediatiasialin the relationship between P-1U and
insensitivity to outcome devaluation. The role @ponse frequency in outcome devaluation
lends some support to the habit interpretatiofiadt, it is already known the relationship
between the number of response repetitions (oweiricg and the insensitivity to devaluation
(Adams, 1982; Tricomi et al., 2009). However, thigrpretation has two important
difficulties. On the one hand, the direct assograbetween P-IU and insensitivity to
outcome devaluation was significant even when thditational variable response frequency
was included in the regression analysis. On therdibnd, a significant mediational role of
response frequency does not discard other altgenatiplanations based on goal-directed
behavior. For instance, the uncertainty inheretihéprocedure used in our task may have
made high P-IU participants more prone to respegdndless of the outcome value as a
strategy to reduce uncertainty about the occurrehtee aversive outcome. The results
found in the control group do not discard this jjmbt/ because the control condition may
have been perceived as less uncertain. One reaioat ithe use of USs with different
outcome values in the control condition may hawedaliscrimination learning throughout
the different acquisition phases compared withdénaluation condition, leading to an
enhanced perception of control in the control groampared with the devaluation group.
We propose that future research would need toithgtate between these hypotheses and to
determine whether the greater insensitivity to oote devaluation in higher P-1U
participants is related to more habitual avoidamcs a goal-directed strategy to reduce
uncertainty.

Limitations of our study
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Our experimental approach has proved useful tactigtdividual differences
regarding different dependent measures of exceasmelance that have been shown to
correlate with each other such as avoidance respaits, sensitivity to outcome devaluation,
generalization of avoidance responses to safehalgand resistance of avoidance responses
to extinction. One concern, however, is to whaeeksuch individual differences may have
been promoted by the use of a low-cost responsae Swoidance responses in daily life are
low-cost responses that are easy to do and taleetithe such as some checking responses in
OCD people or some ticks. But there are also maayneles of high-cost responses such as
complex and long compulsive chains of ritualisésponses or just avoidance responses that,
when made repetitively, interfere with actionsfeaching individual goals. Excessive
avoidance in our task may have been promoted bygbef a low-cost avoidance response
that has few consequences, if any, when made tigp8ti It would be interesting to assess
whether our results can be generalized to high-aesilance responses or to responses that
interfere with goal achievement. The effect of mesge cost could be explored by
incorporating a monetary or point loss per avoiédamsponse. On the other hand, the effect
of interference with goal achievement could be stigated by using approach-avoidance
conflict scenarios. For example, participants caddh money or points by making an
alternative response incompatible with the avoidalesponse. This way, investing time in
avoidance responses would entail the loss of oppities to engage in responding to earn
positive rewards.

Another limitation is that the IU scale used in study may not be well suited to
detect domain-specific intolerance of uncertaintg there is recent evidence (Jensen &
Heimberg, 2015) showing that IU may actually be endomain-specific than normally
assumed. Thus, some people may tolerate uncertaigéyding negative social judgment but

may not tolerate uncertainty regarding moderata.g@onversely, some others may tolerate
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uncertainty regarding moderate pain but may ner&bé uncertainty regarding negative
social judgment. According to this, some of theipgrants who scored high in P-IU could
have tolerated uncertainty regarding the aversorgenquite well. As a consequence, the
association found between P-IU and inflexible agaitk in our study may have been
underestimated. A better correlation might havenldeand if, instead of an aversive noise, a
specific aversive stimulus tailored for each pgvaat had been used.

Finally, it would also be necessary to assessdleeaf desire for control in the
association between P-1U and excessive avoidarcstaded throughout the article, one
possible mechanism explaining this associatiorageld on the idea that situations
characterized by uncertainty and aversiveness aa/tb a high increase in the need for
control in high P-1U participants. The mere feelofgontrol (whether real or not) of
uncertain aversive events may reduce uncertaintygim P-1U participants. Future studies
should include additional measures of this desiredntrol such as the Desirability of

Control Scale (Burger & Cooper, 1979) to assessdleeof this personality trait.
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Table 1.
Correlations and 95% Cls between P-IU and contioggdgment accuracy regarding £S
and C$ (ContAB), contingency judgment accuracy regardd@y (ContC), US aversiveness

(Aversiv), and adherence to instructions (Instruc).

ContAB ContC Aversiv Instruc.

P-IlU  .105[-.156,.347] .239[.079,.524]  -.098 [-.341, .123]  .179 [-.062, .392]
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Figure 1.
Design and phases of the avoidance task, and imasgbas conditioned stimuli (CS).£S

C&: refer to the different CSs used across the diftgpbases of the task. Numbers represent

the different trials of each type that were presdnh each phase (see main text for further

details).
Phase 1 Phase 2 Phase 3 Phase 4
Pavlovian learning| Instrumental learning| Devaluation Test

10x 10x

10x
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Figure 2.

Means of correct response frequency in each Blbtkads to CS,, CS andC&: in the

Instrumental (Panels A and C) and Test phases (Bdahand D), in both, the Devaluation

and Control groups. Error bars are standard errdrtbe means.
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Figure 3.

Relationship between prospective intolerance otrtamty (IU) and(A) devaluation

(calculated as sensitivity-to-devaluation ratio,)Sf) avoidance frequency during the
instrumental phase (calculated as correct respdreguency taCS,, CSs andC&: collapsed),
(C) avoidance frequency to the safety cue duringribumental learning phase (calculated as

response frequency ©:) and(D) extinction (calculated as resistance-to-extinctiatio), in

the experimental group.
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Figure 4.

Model ofprospective intolerance of uncertainty (P-IU) apradictor of sensitivity to
devaluation (calculated as sensitivity-to-devaloatratio, SR), mediated by avoidance

frequency during the instrumental phase (calculaedhe summed response frequency to
CSy, CS andC&;, AF). The confidence interval for the indireckeetfis a bias corrected

and accelerated bootstrap based on 5000 samples.
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Research highlights
» Avoidance behavior may become habitual as a consequence of excessive
responding.

P Prospective intolerance of uncertainty has been defined as a factor leading to
excessive responding in uncertain situations.

P Prospective intolerance of uncertainty is associated to excessive avoidance and
inflexible behavior in an outcome devaluation paradigm.

» Avoidance responding persisted in participants with higher prospective intolerance
of uncertainty.

P Prospective intolerance of uncertainty is avulnerability factor for excessive
avoidance and inflexible behaviors-related disorders.



