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Research Paper

Avoidance behaviour performed in the context of a
novel, ambiguous movement increases threat and
pain-related fear
Christine M. van Vlieta,b,*, Ann Meuldersa,b, Linda M.G. Vancleefb, Johan W.S. Vlaeyena,b

Abstract
The fear-avoidance model of chronic pain predicts that catastrophic (mis)interpretation of pain elicits pain-related fear that in turn
may spur avoidance behaviour leading to chronic pain disability. Here, we investigated whether performing a movement to avoid a
painful stimulus in the context of a novel movement increases threat and pain-related fear towards this novel movement andwhether
avoidance behaviour persisted when given the choice between performing the acquired movement to avoid a painful stimulus or an
alternative, novel movement. Applying a robotic arm-reaching task, participants could choose between 2 movements to reach a
target location: a short, but painful movement trajectory, or a longer nonpainful movement trajectory. After avoidance acquisition, the
option to choose the painful trajectory was removed. The experimental group (N5 50) could choose between the longest trajectory
or a novel intermediate trajectory, whereas the control group (N5 50) was allowed to only perform the novel trajectory. In a final test,
participants of both groups were allowed to choose any of the 3 trajectories. After acquisition, experimental group participants
showed elevated pain expectancy and pain-related fear towards the novel trajectory, compared with the control group. During test,
the experimental group participants persisted in performing the longest pain-free (avoidance) trajectory and were less likely to
choose the novel trajectory. In addition, these participants maintained higher levels of pain-related fear for the novel trajectory
compared with the control group. These findings suggest that avoidance in the context of other neutral activities/movements may
lead to the development and maintenance of threat appraisals and irrational fears.

Keywords: Avoidance, Threat, Pain-related fear, Pain

1. Introduction

According to fear-avoidance models, pain-related fear and
avoidance behaviour have been proposed to account for the
transition of a common acute pain episode to chronic disabling
pain.15,19,34,35 Individuals avoiding aversive events may mis-
attribute the perceived safety to the just emitted avoidance
response, and therefore, they cannot challenge the veracity of the
threat that led to the avoidance response.17,26 In a pain-related
fear-conditioning experiment, Volders et al.37 demonstrated that
performing an avoidance response during a painful movement
and the subsequent removal of the avoidance response
hampered the extinction of fear of movement-related pain.
Studies by van Vliet et al.,31,32 investigating the bidirectional
relationship between avoidance behaviour and pain-related fear,

revealed that avoidance behaviour is not only the result of
pain-related fear but also that avoidance behaviour in itself may
increase fear. Several explanations can be given how a history of

avoidance behaviour leads to fear responding. First, avoidance

behaviour may be used as a source of information of the potential

threat.10,28 Therefore, avoiding more frequently could elevate

pain expectancies and pain-related fear. Second, avoiding safe

stimuli may induce cognitive dissonance. Since the emitted

behaviour is not in line with the actual threat, individuals may

resolve this dissonance by adjusting their threat attribution to fit

their behaviour.8,30 Third, the mere availability of avoiding stimuli

with an ambiguous outcome may cause increased threat

expectancies.20,30 The avoidance response itself may induce

transfer of threat and pain-related fear towards the ambiguous

stimulus. Finally, the availability of an acquired avoidance

response may function as a contextual cue indicating the

presence of a potential threat.7,33

Does emitting avoidance behaviour in an obvious situation
influence the threat value of a novel and ambiguous stimulus that is

brought into the same context? To investigate this question, we

examined whether (1) acquired avoidance behaviour in the context

of a novel ambiguous movement provoked pain expectancy and

pain-related fear towards that movement and (2) whether

avoidance behaviour persisted when given the choice to perform

either the acquired avoidance behaviour or a novel movement.
In a robotic arm-reaching task, participants learned that the

shortest movement trajectory (T1) was followed by a painful

stimulus, which they could avoid by choosing a longer trajectory

(T3). Next, we removed the option to perform T1 and introduced a
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novel, intermediate trajectory (T2). Performance of T2 was paired
with pain only the first time a participant chose this movement
trajectory. The experimental group was given the free choice to
perform either the avoidance behaviour (T3) or the novel trajectory
(T2). The control group was allowed to only perform T2. At test, all
participants were given the opportunity to freely choose any of the
3 trajectories (T1, T2, and T3). We hypothesized (1) that acquired
avoidance behaviour in the presence of a novel movement (T2)
would provoke pain expectancy and pain-related fear towards
that movement; (2) that pain expectancy and pain-related fear as
well as (3) avoidance behaviour would persist during a free-choice
test; and (4) that more frequent avoiders would report higher pain
expectancy and pain-related fear than less frequent avoiders.

2. Methods

2.1. Participants

A total of 100 healthy, pain-free volunteers participated in this
study (80 women; mean6 SD age5 226 8 years). Participants
were recruited at KU Leuven, using social media and distribution
of flyers around the campus. Psychology students received half a
course credit for participation or a monetary compensation of €4.
All participants provided written informed consent, which stated
they were allowed to decline participation at any time during the
experiment without any consequences. Participants were ex-
cluded if they reported to suffer from any cardiovascular disease,
chronic pain conditions, pain in the right forearm, impaired
uncorrected vision, medical advice to avoid stressful situations,
psychiatric disorders (current or in the past), neurological
conditions, or were pregnant. Participants were assigned to the
experimental group (n5 50, 41 women) or the control group (n5
50, 39 women) through block randomisation. The Social and
Societal Ethics Committee of KU Leuven approved the experi-
mental protocol (Reg #: G-2018 11 1397).

2.2. Apparatus and stimulus material

2.2.1. HapticMaster

The HapticMaster (HM) is a 3 degrees of freedom, force-
controlled robotic arm (Moog, Inc, FCS Robotics, East Aurora,
New York) and allows for a wide range of movements (Fig. 1). In
the current study, movements were restricted to the horizontal
planewith depth of 0.35m and a 1-m radius.20 The position of the
HM was consistently logged through a computer, such that the
coordinates could be used as input for the painful stimulus
presentation.

2.2.2. Stimulus material

An electrocutaneous stimulus of 2 milliseconds’ duration served
as the painful stimulus. The stimulus was delivered by a
commercial stimulator (DS7A, Digitimer, Welwyn Garden City,
England), using bar electrodes filled with K-Y gel that were
attached to the triceps tendon of the right arm, whichwas used to
perform the movements through the reaching task with the
robotic arm. Note that a calibration procedure was performed to
select a stimulus intensity that was painful and took some effort to
tolerate (see calibration phase).

2.2.3. Hardware and software

The experiment was run on a Windows 7 Professional (Microsoft
Corporation Redmond, WA) 64-bit Dell Latitude 6420 computer

(Dell, Inc, RoundRock, TX) with 4GBRAM,CPU: I5-2520Mat 2.5
GHz and programmed in C/C11. All data recording and
processingwas performed using a commercial software package
(MATLAB version; The MathWorks, Inc, Natick, MA, 2000).

2.3. Study protocol

The experiment was conducted during a single 30-minute
session and consisted of the following phases: preparation,
calibration, practice, avoidance acquisition, avoidance manipu-
lation (AM), and free-choice test. We used a between-subject
design including an experimental (N5 50) and control group (N5
50). After the experiment, participants completed trait question-
naires (Dutch versions) to assess fear of pain (FPQ-III-NL18,25),
trait anxiety,29 intolerance of uncertainty,12 and neuroticism.9

2.3.1. Robotic arm-reaching task

Participants performed reaching movements with their right arm
using the HM. The task consisted of bringing a “green ball” from
the starting point (left lower corner of the movement plane) to the
target location (left top corner of the movement plane; see Fig. 2).
The ball represented real-time movement, and the movement
plane was represented on a screen. Participants could freely
choose several movement trajectories to reach the target
location, and these were indicated by arches positioned in the
middle of the movement plane. The trajectories differed in
deviation towards the target location. No specific instructions
were given to the participants regarding the movements, so they
could freely discover which movements led to which outcomes.

2.3.1.1. Preparation and calibration phase

Participants received oral and written information about the
experiment and were told they could decline participation of the
experiment at any time without any consequences. After signing the
informed consent, stimulation electrodes were attached to the right
arm above the elbow and the calibration phase began. During the

Figure 1. Experimental set-up showing the position of the participant in front of
the screen, using the HapticMaster for the arm-reaching task.20
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calibration procedure of the painful stimuli, participants were re-
peatedly exposed to electrical stimulation of gradually increasing
intensity, starting at 2 mA, increasing in increments of 2 mA up to an
intensity of 8 mA and then continued in increments of 3 mA up to
an intensity of 20mA, and then continued in increments of 4mAup to
an intensity of 52 mA. Beyond 52 mA, increments were reduced
to 2 mA again. Participants selected a stimulus that was painful and
demanded some effort to tolerate. Participants were informed that if
they did not wish to receive a painful stimulus of a higher intensity, or if
they wanted the amplitude to be set back to a lower intensity, they
could notify the experimenter who then adjusted the stimulus
accordingly. This stimulus intensity was used as the painful stimulus
throughout the experiment and was not adjusted anymore after the
calibration phase. After calibration, participants read more specific
written instructions on the TV screen.

2.3.1.2. Practice phase

During this phase (12 trials), participants were familiarized with the
different movement trajectories (T1, T2, and T3). Participants
performed 1 of the 3 movements when a start signal was given (5
brief sound simultaneously with on-screen presentation of amanikin
raising a flag on the upper right corner of the screen), and
participants also practiced the use of the foot switch (USB-3FS-2;
Scythe, Tokyo, Japan) to provide ratings. A foot switch was used
instead of a manual switch to avoid interference with the arm-
reaching movements in this experiment. When participants reached
the target location, a brief sound together with an on-screen red
stop-signal was presented, which indicated that the trial ended. The
HM robotic arm then returned to its initial starting position, where it
remained fixed until the start of the next trial (intertrial interval 5 3
seconds). No painful stimuli were delivered during this phase.

2.3.1.3. Avoidance acquisition phase

Instructions remained the same as during practice, except that
movement trajectory T2 was not available anymore, giving the
participants the choice between trajectories T1 or T3. During this
phase, T1wasalwayspairedwith apainful electrocutaneousstimulus,
whereas T3was not. The painful stimulus was delivered exactly at the
point in time when the participant passed the green ball through the
arch of T1. In total, 24 trials were run, during which participants
acquiredpain-related fear formovement T1, but not formovement T3,
and could learn to avoid the painful stimulus by performing the longer
trajectory movement (T3), ie, acquisition of the avoidance behavior.

2.3.1.4. Avoidance manipulation phase

After the avoidance acquisition phase, the option to perform the
shortest trajectory T1was removed and the intermediatemovement
trajectory T2 now became available for both groups (12 trials).
Performance of T2 was paired with pain only the first time a
participant chose this movement trajectory. From the second T2
movement onwards, no painful stimuli were given anymore, but this
information was unknown to the participants. The experimental
group participants could freely choose to move either through T2 or
T3, whereas the control groupwas only allowed to perform the novel
trajectory T2. The single-trial reinforcement of T2 was applied
because earlier pilot testing had shown that in the absence of this
single-trial reinforcement, participants did not avoid anymore (ie,
choose T3) which was crucial for our manipulation.

2.3.1.5. Free-choice test phase

In the final test, all trajectories were made available for both
groups. Again, participants performed 12 trials in which they

Figure 2. Experimental design.
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could freely choose which movements they performed. Only
movement trajectory T1 was always paired with a painful
electrocutaneous stimulus, while T2 and T3 were never paired
with a painful electrocutaneous stimulus in this phase.

2.4. Outcome measures

2.4.1. Behavioural avoidance: movement choice

On each movement trial, movement choices were recorded (T1,
T2, and T3). We calculated the proportion of each selected
trajectory per group and phase.

2.4.2. Pain expectancy and pain-related fear ratings

2.4.2.1. Retrospective ratings

Retrospective ratings were obtained during all phases after each
block of 4 movements, where participants reported pain
expectancy and pain-related fear for each of the trajectories, of
which the corresponding arches were highlighted consecutively.
The questions assessing pain expectancy and pain-related fear
were the following: (1) “Towhat extent did you expect an electrical
stimulus when moving through the highlighted arch?” and (2)
“How afraid were you to move through the highlighted arch?”.
Ratings were given using the foot switch on a numerical scale
from 0 to 10 with respective labels 05 “not at all” and 105 “very
much” and 0 5 “not afraid at all” and 10 5 “extremely afraid.”

2.4.2.2. Prospective ratings

Prospective ratings of pain expectancy and pain-related fear for
each trajectory were assessed only once before the start of the
AM phase and the free-choice test phase.

2.5. Data analysis overview

First, descriptive statistics of the sample and questionnaire
scores were computed. Second, we tested whether the
experimental and control group participants successfully ac-
quired pain-related fear and avoidance behaviour during the
avoidance acquisition phase (ACQ).We performed a series of 23
3 3 6 group (experimental, control) 3 trajectory (T1, T2, and T3)
3 block (ACQ1-6) repeated-measures analyses of variance (RM
ANOVAs) on pain expectancy and pain-related fear ratings. In
addition, planned comparisons for the different trajectories were
performed to test acquisition of pain expectancy and pain-related
fear for T1 . T3 in both groups. We also performed planned
comparisons on the behavioural data during the avoidance
acquisition phase to check whether experimental and control
group participants learned to avoid the painful stimulus by
choosing trajectory T3.

In the AM phase, we tested our first hypothesis, whether
acquired avoidance behaviour in the presence of a novel
movement (T2) provokes pain expectancy and pain-related fear
towards that movement. We performed 2 3 3 3 3 group
(experimental, control) 3 trajectory (T1, T2, and T3) 3 block
(AM1-3) RM ANOVAs on the retrospective pain expectancy and
pain-related fear ratings. With planned comparisons, we
assessed whether the pain expectancy and pain-related fear
ratings of T2 for the experimental group were higher compared
with the control group at the start and end of the avoidance
phase, ie, after completion of block 1 and block 3, respectively.

To test our second hypothesis, whether elevated pain
expectancy and pain-related fear for the novel movement (T2)

are preserved for the experimental group during the free-choice
test (TEST) phase, we performed equivalence tests,14 based on
the retrospective ratings, between the last block of the AM phase
and the first block of the free-choice test phase. Furthermore, we
performed 2 3 3 3 3 group (experimental, control) 3 trajectory
(T1, T2, and T3) 3 block (TEST1-3) RM ANOVAs on pain
expectancy and pain-related fear. Planned contrasts assessed
whether the pain expectancy and pain-related fear ratings of T2
were higher than T3 for the experimental group and the control
group during the free-choice test phase.

To test our third hypothesis, whether the experimental group
participants showed proportionally more avoidance behaviour
(T3) during the free-choice test phase than the control group
participants, ie, persistence in avoidance behaviour, we used the
chi-square (x2) test statistic on the proportion of the selection of
T3 during the free-choice test.

To test our fourth hypothesis, whether persistent avoiders
(during the AM phase) from the experimental group reported
higher pain expectancy and pain-related fear during the free-
choice test phase, we performed linear regression analyses to
establish the relationship between the frequency of avoiding
(selection of movement T3 during the avoidance phase) and
the reported pain expectancy and pain-related fear. These
analyses did show the pain expectancy and pain-related fear
to be somewhat dependent on the frequency of avoiding, but
the explained variance (r2) was rather low, and we observed
bimodal data, ie, 1 group that selected T3# 6 times of 12 trials
(ie, #50% of avoidance) and 1 group that selected T3 . 6
times of 12 trials in the avoidance phase (ie, .50% of
avoidance). As a result, we then decided to divide the
experimental group in “less frequent avoiders” (n 5 14) and
“more frequent avoiders” (n 5 36). Subsequently, we
compared the prospective and retrospective pain expectancy
and pain-related fear means of both groups with an unpaired
2-sample t test, when the variances were equal between both
groups and a Welch unpaired two-sample t test when the
variances between groups were unequal. Please note the
selection of high and less frequent avoiders was post hoc and
data-driven. Table S-1 (supplementary material, available at
http://links.lww.com/PAIN/B178) includes the descriptive
statistics and unpaired 2-sample t tests for the questionnaires
scores for the less frequent avoiders and the more frequent
avoiders in the experimental group.

For each significant RM ANOVA effect, h2
g is reported. h

2
g is the

recommended effect size statistic for repeated measures
designs.1 In case of violation of sphericity, Greenhouse–Geisser
corrections were applied by correcting the degrees of freedom.
All statistical tests were considered significant at P , 0.05.
Holm–Bonferroni corrections were applied to correct for multiple
comparison testing. Statistical analyses for all dependent
measures were run with R software (RStudio, version 1.0.153).

3. Results

3.1. Descriptive statistics of the sample and questionnaires

There was no difference in the physical intensity of the painful
stimulus chosen by the experimental group (24.946 12.17 mA)
and the control group (22.54 6 12.37 mA), t(98) 5 0.99, P 5
0.33. Descriptive statistics and questionnaire scores per group
are given in Table 1. The unpaired two-sample t test revealed
that groups did not differ in their questionnaire scores regarding
fear of pain, trait anxiety, intolerance of uncertainty, and
neuroticism.
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3.2. Manipulation checks

3.2.1. Acquisition: behavioural avoidance

As expected, participants of both groups chose T3 more often
than T1 during the avoidance acquisition phase: T1exp vs T3exp:
x2(1) 5 745.94, P , 0.0001; T1ctrl vs T3ctrl: x

2(1) 5 582.14, P ,
0.0001. Please also see Figure 3A.

3.2.2. Acquisition: pain expectancy and pain-related fear

Figures 4 and 5 show the acquisition of pain expectancy and
pain-related fear, respectively. The analysis of pain expectancy
during avoidance acquisition revealed a significant main effect of
trajectory, F(2, 196) 5 484.61, P , 0.001, h2

g 5 0.71, and a
significant block 3 trajectory interaction, F(5.86, 574.53) 5
10.35, P , 0.001, h2

g 5 0.02. As expected, there was neither a
main effect of group, F(1, 98) 5 0.69, P 5 0.41, nor a significant
three-way group 3 block 3 trajectory interaction, F(10, 980) 5
0.57, P 5 0.84. Planned contrasts confirmed that both groups
expected the painful stimulus more to occur during T1 compared
with T3 at the end of avoidance acquisition (experimental group:
F(1, 98)5 538.3, P, 0.0001; control group: F(1, 98)5 359.4, P
, 0.0001).

The analysis of pain-related fear during the avoidance
acquisition phase revealed similar results: a significant main
effect of trajectory, F(2, 196)5 273.75,P, 0.001,h2

g 5 0.55, and
a significant block 3 trajectory interaction F(4.25, 416.80) 5
13.08, P , 0.001, h2

g 5 0.02. Again, as expected, there was
neither a main effect of group, F(1, 98) 5 0.25, P 5 0.62, nor a
significant three-way group3 block3 trajectory interaction, F(10,
980) 5 0.44, P 5 0.92. Planned contrasts confirmed that both
groups were more afraid when performing T1 compared with T3
at the end of avoidance acquisition (experimental group: F(1, 98)
5 271, P, 0.0001; control group: F(1, 98)5 191.4, P, 0.0001).

In conclusion, the manipulation checks confirmed that
participants in both groups learned to expect a painful stimulus
during the T1movement and feared to perform this movement by
the end of the avoidance acquisition phase. Both groups learned
to effectively avoid the painful stimulus by performing the longest
trajectory T3.

3.3. Hypothesis 1: Acquired avoidance behaviour in the
presence of a novel movement (T2) provokes pain
expectancy and pain-related fear towards that movement

3.3.1. Pain expectancy

Figure 4 shows the pain expectancy ratings for both groups. The
analysis on pain expectancy during the AM phase revealed

significantmain effects of group, F(1, 98)5 18.99,P, 0.0001,h2
g

5 0.06, trajectory, F(1.69, 165.66) 5 85.27, P , 0.0001, h2
g 5

0.33, and block, F(1.61, 157.43)5 48.06,P, 0.0001,h2
g 5 0.01.

Furthermore, the group3 block interaction reached significance,
F(1.61, 157.43) 5 6.24, P 5 0.005, h2

g 5 0.002, as well as the
group 3 trajectory interaction, F(1.69, 165.66) 5 9.79, P ,
0.001, h2

g 5 0.05, and the trajectory 3 block interaction, F(1.92,
188.14)5 10.46, P, 0.001, h2

g 5 0.008. The crucial comparison
of the pain expectancy ratings for the novel movement (T2)
between the experimental group and the control group reached
significance at both the start of the AM phase: T2exp vs T2ctrl F(1,
98) 5 17.84, P , 0.001 and the end of the AM phase: T2exp vs
T2ctrl F(1, 98) 5 40.01, P , 0.0001. In sum, participants of the
experimental group expected a painful stimulus more to occur
with the novel movement (T2) compared with the control group.

3.3.2. Pain-related fear

InFigure5, thepain-related fear ratings forbothgroupsaredisplayed.
The analysis of pain-related fear during the AM phase showed similar
results as the pain expectancy analysis. Following main effects were
significant: group, F(1, 98)5 12.18,P, 0.001,h2

g 5 0.05, trajectory,
F(1.85, 180.96)5 88.48, P, 0.0001, h2

g 5 0.32, and block, F(1.58,
154.39)5 38.99, P, 0.0001, h2

g 5 0.01. The following interactions
were significant as well: group3 block interaction, F(1.58, 154.39)5
7.59, P , 0.01, h2

g 5 0.003, group 3 trajectory interaction, F(1.85,
180.96) 5 3.50, P , 0.05, h2

g 5 0.02, and trajectory 3 block
interaction, F(2.59, 253.97) 5 10.46, P , 0.0001, h2

g 5 0.006. The
planned comparisons between the experimental group and the
control group were significant at the start of the avoidance phase:
T2exp vs T2ctrl F(1, 98) 5 4.56, P 5 0.035 and at the end of the
avoidance phase: T2exp vs T2ctrl F(1, 98)5 23.73,P, 0.0001. These
results indicate that participants of the experimental groupweremore
afraid to perform T2 compared with the control group.

3.4. Hypothesis 2: preservation of pain expectancy and pain-
related fear during the free-choice test phase

3.4.1. Pain expectancy

The analysis on pain expectancy during the free-choice test phase
revealed significant main effects of trajectory, F(1.82, 178.40) 5
364.77,P,0.0001,h2

g 50.71, andblock, F(1.42, 138.84)510.39,
P , 0.001, h2

g 5 0.003. The main effect of group failed to reach
significance, F(1, 98) 5 3.31, P 5 0.07, h2

g 5 0.009. The group 3
trajectory interaction, F(1.82, 178.40)5 9.38,P, 0.001,h2

g 5 0.06,
and the trajectory3 block interaction, F(2.62, 256.96)5 18.59, P,
0.001, h2

g 5 0.01, were significant. To test whether pain expectancy
for the T2movementwasmaintained for the experimental group,we

Table 1

Descriptive statistics and unpaired 2-sample t tests for the questionnaire scores for the experimental group (n 5 50) and the

control group (n 5 50).

Total (N 5 100) Experimental group (M [SD]) Control group (M [SD]) t(98) P

Age 21.34 (8.45) 22.64 (8.56) 0.76 0.45

Pain stimulus (in mA) 24.94 (12.17) 22.54 (12.37) 0.99 0.33

FPQ—total 74.9 (14.09) 75.04 (15.65) 20.05 0.96

STAI-T—total 39.66 (9.84) 39.42 (11.05) 0.11 0.91

IUS 30.90 (7.40) 31.42 (7.73) 20.34 0.73

EPQ-N 9.58 (4.98) 9.02 (5.52) 0.53 0.60

EPQ-N, Neuroticism scale of the Eysenck Personality Questionnaire; FPQ, Fear of Pain Questionnaire; IUS, Intolerance of Uncertainty Scale; STAI-T, Trait version of the State-Trait Anxiety Inventory.
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performed an equivalence test. The equivalence test revealed that
the pain expectancy between the last block of the avoidance phase
and first block of the free-choice test phase was not statistically
equivalent t(49)5 4.26, P5 0.99. In other words, the elevated pain
expectancy ratingswere notmaintained at the same level. However,
the experimental group still reported higher pain expectancy for T2
during the free-choice test phase compared with T3, F(1, 48) 5
16.39, P, 001, while for the control group, we did not observe this
difference in pain expectancy between T2 and T3, F(1, 48)5 0.99,P
5 0.33. In sum, experimental group participants did not report the
same level of pain expectancy for the novel movement (T2) during
test compared with during the AM phase; however, they still
expected the pain more than for trajectory T3.

3.4.2. Pain-related fear

The analysis on pain-related fear during the free-choice test
phase revealed a significant main effect of trajectory, F(2, 196)5
235.29, P , 0.0001, h2

g 5 0.55, and block, F(1.56, 152.99) 5
18.86, P , 0.0001, h2

g 5 0.006. Furthermore, the group 3
trajectory interaction, F(2, 196) 5 7.28, P , 0.001, h2

g 5 0.04,
and the trajectory3 block interaction, F(2.83, 277.09)5 11.85, P
, 0.0001, h2

g 5 0.007, reached significance. To test our
hypothesis, we compared the pain-related fear ratings of the T2
movement during the last block of the avoidance phase and the
first block of the free-choice test phase for the experimental group
and found that the pain-related fear reported by the experimental
group participants was also not statistically equivalent t(49) 5
3.99, P 5 0.99. However, experimental group participants were
more afraid to perform T2 compared with T3 during the free-
choice test phase, F(1,48) 5 19.27, P, 0.001, while the control
group participants did not report such difference, F(1,48)5 1.97,
P 5 0.17. In sum, experimental group participants did not
maintain the same level of pain-related fear to perform T2 during
the free-choice test phase. However, they did report higher pain-
related fear for T2 compared with T3.

3.5. Hypothesis 3: persistence in avoidance behaviour during
the free-choice test phase

To test whether the experimental group avoided more compared
with the control group during the free-choice test phase, we
compared the proportion of T3 choices between both groups.
Proportion T3 choices during the free-choice test phase for the
experimental group were 0.50 and for the control group were
0.32, x2(1) 5 40.31, P , 0.0001. In other words, participants of
the experimental group avoided on 50% of the trials during the
free-choice test phase, and control group participants only
avoided approximately on one-third of the trials (32%) during the
free-choice test phase (see Fig. 3C for the choice data in the free-
choice test phase).

3.6. Hypothesis 4: More frequent avoiders report higher pain
expectancy and pain-related fear than less frequent avoiders

To test the hypothesis that experimental group participants,
who avoided more during the avoidance phase, would also
report higher pain expectancy and pain-related fear during
the free-choice test phase, we divided the sample post hoc
into less frequent avoiders (n 5 14) and more frequent
avoiders (n 5 36).

3.6.1. Pain expectancy

The results of the pain expectancy ratings during the free-choice
test phase for the less frequent avoiders and more frequent
avoiders of the experimental group are shown in Figure 6. In all
cases, the more frequent avoiders group showed higher levels
of pain expectancy towards the novel movement T2 compared
with the less frequent avoiders: before the free-choice test
phase, t(48) 5 4.12, P , 0.001; block 1, t(47.92) 5 5.56, P ,
0.0001; block 2, t(41.90)5 5.63, P, 0.0001; and block 3, t(48)
5 2.12, P 5 0.039.

Figure 3. Behavioural data on avoidance with standard error bars for all trajectories (T1, T2, and T3) during the (A) avoidance acquisition, (B) avoidance
manipulation, and (C) free-choice test phase for the experimental group and the control group, **P , 0.01.
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3.6.2. Pain-related fear

The results of the pain-related fear ratings during the free-choice
test phase for the less frequent avoiders and more frequent
avoiders of the experimental group were similar to those of the
pain expectancy ratings and are shown in Figure 7. In all cases,
the more frequent avoiders group showed higher levels of pain-
related fear towards the novel movement compared with the less
frequent avoiders: before the free-choice test phase, t(48)5 3.65,
P, 0.001; block 1, t(44.55)5 4.38, P, 0.0001; block 2, t(48)5
2.03, P 5 0.04; and block 3, t(48) 5 2.11, P 5 0.04.

4. Discussion

This study addressed 2 main questions: (1) whether avoidance
behaviour performed in the context of a novel, ambiguous
movement increases threat and pain-related fear and (2) whether
avoidance behaviour persists when given the choice between
performing the knownmovement to avoid a painful stimulus or an

alternative, novel movement. We measured pain expectancies
and pain-related fear for 3 differentmovements. The experimental
group and the control group learned to avoid a pain-associated
movement (T1) by performing a longer, nonpainful movement
(T3). These findings replicated the results of previous studies of
avoidance acquisition, using a similar paradigm, albeit in the
absence of associated cost when performing the avoidance
movement.20,32

In line with our first hypothesis, acquiring avoidance behaviour
in the presence of a novel, ambiguous movement (T2) provoked
higher pain expectancy and pain-related fear ratings for that
movement, thereby extending the findings of Lovibond et al.16 In
Lovibond’s experiment, the experimental group was given the
opportunity to perform an avoidance response during extinction,
whereas the control group was not given this opportunity. In that
study, differences were observed in return of fear between both
groups when the extinguished, previously fearful stimulus was
tested without an avoidance response being available. Appar-
ently, for the experimental group, the opportunity to perform an

Figure 4. Pain expectancy ratings with standard error bars for all trajectories (T1, T2, and T3) during the avoidance acquisition, avoidance manipulation, and free-
choice test phase for the experimental group (A) and the control group (B).
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avoidance response had prevented fear extinction and main-
tained threat expectations for the fear-evoking stimulus. As a
result, only the control group showed extinction. Potential
explanations for the observed role of acquired avoidance
behaviour on the transfer of pain expectancy and pain-related
fear could be the following. First, the use of “behaviour as
information,” whereby participants used their own avoidance
behaviour to infer threat, ie, ex-consequentia reasoning.10,28 In
other words, they assumed that the novel movement had to be
unsafe/painful, just because they were avoiding, although this
was not necessarily a correct conclusion. Second, the mere
availability to avoid may cause increased threat expectancies.
After acquiring an avoidance response towards a painful
movement (T1), the avoidance response itself may induce
transfer of threat expectancies and pain-related fear towards a
similar, novel movement (T2). The availability of the acquired
avoidance response may function as a contextual cue, indicating
the potential threat of T2 that needed to be prevented by

performing an avoidance response.7 Third, earlier findings
suggested that risk perception is influenced by intuitive processes
and is not only the result of rational analysis.27 This intuitive
process may lead to misperceptions of the threat of the
ambiguous novel movement because the acquired avoidance
behaviour served as a reminder of pain expectancy and pain-
related fear.

Our results did not fully support our second hypothesis where
we anticipated elevated levels of pain expectancy and pain-
related fear for the novel movement (T2) to be maintained from
avoidance to the free-choice test phase. Experimental group
participants reported lower levels of pain expectancy and pain-
related fear for the novel movement T2 in the free-choice test
phase compared with the reported levels for T2 in the AM phase.
However, experimental group participants reported higher pain
expectancy and pain-related fear for movement T2 compared
with the avoidance movement (T3) in the free-choice test phase,
while participants of the control group did not differentiate in their

Figure 5. Pain-related fear ratings with standard error bars for all trajectories (T1, T2, and T3) during the avoidance acquisition, avoidance manipulation, and free-
choice test phase for the experimental group (A) and the control group (B).
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pain expectancy and pain-related fear between these move-
ments. Earlier research31,32 had suggested a bidirectional
relationship between avoidance and pain-related fear. Avoidance
behaviour itself may lead participants to infer danger for a newly
introduced movement, assuming this movement may be
dangerous as well, merely because it could be avoided. Similar
findings have been reported in research about the persistence of
anxiety disorders, where safety behaviours have led to excessive
and persistent fear of objectively safe stimuli.24 This could be
caused by the misattribution of safety as a result of performing a
safety/avoidance behaviour, thereby preserving excessive dan-
ger beliefs.4,23,26

The results of our current study supported our third hypothesis:
Experimental group participants were more persistent in engag-
ing in previously acquired avoidance behaviour (T3) compared
with control group participants. Although experimental group

participants explored the novel movement (T2) more during the
free-choice test phase than during the AM phase, they mostly
performed the previously acquired avoidance response (T3),
thereby preventing disconfirmation of potential threat associated
with the novel movement. This finding is in line with earlier
research by van Vliet et al.,32 where persistence of avoidancewas
observed using a similar movement-related paradigm. Taken
together, these observations regarding persisting in avoidance
behaviour are important for our understanding of the mecha-
nisms involved in the development of chronic pain. Also, control
group participants still avoided in approximately 30% of the trials
in the free-choice test phase, although the pain expectancy and
pain-related fear for movement T2 had been extinguished for the
control group in the AM phase. In other words, there was no
logical reason for the control group to avoid the safe/nonpainful
movement T2. This finding is in line with the results reported by

Figure 6.Pain expectancy ratings towards the novel movement T2 for less frequent avoiders andmore frequent avoiders of the experimental group during the free-
choice test phase, *P , 0.05; **P , 0.01.

Figure 7.Pain-related fear ratings towards the novel movement T2 for less frequent avoiders andmore frequent avoiders of the experimental group during the free-
choice test phase, *P , 0.05; **P , 0.01.
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Vervliet and Indekeu,33 who found that avoidance behaviour can
reoccur after successful fear extinction, when the avoidance
response became available again. Also, the return of the
availability to avoid may have acted as a negative occasion setter
as described by De Houwer et al.5,6

Regarding our fourth hypothesis, we found that more frequent
avoiders reported higher pain expectancies and pain-related fear
during the free-choice test phase. This result suggested that not only
acquiredavoidancebehaviourby itself can increasepain expectancy
and pain-related fear but also the frequency of performing the
avoidance behaviour has an effect on those measures. These
findings are supported by the idea of ex-consequentia reason-
ing10,28; based on their own consequent avoidance behaviour,
participants drew invalid conclusions about the outcome associated
with T2, and therefore reasoned, “I am avoiding, so it must be
dangerous and therefore I am afraid of the movement.”

One of the strengths of this study is the successful
operationalisation of movement-related avoidance, further vali-
dating a paradigm that allowed participants to perform avoidance
during an ecologically valid arm-reaching task.3,13,20 Rather than
operationalising avoidance by, eg, simply pressing a button upon
a cue, here, the participants learned to avoid painful stimuli by
performing different robotic armmovements. Other strengths are
the introduction of a novel movement, after avoidance acquisi-
tion, and the design of the free-choice test phase. Avoidance
behaviour can be considered as a decision-making process in
our paradigm (ie, choice), taking into account the benefits
(averting a painful stimulus) as well as the expected costs of
avoidance.36 An innovative aspect of our study was to investigate
the effects of avoidance behaviour in the context of a novel,
ambiguous movement, on threat expectancies and fear towards
that movement. During the free-choice test phase, we collected
data on self-reported pain expectancy and pain-related fear
acrossmultiple blocks of trials, allowing us to obtain a trend of the
self-reported measures across this phase, compared with other
studies where often the test phase consisted of only 1 trial.7,16

One of the limitations of the study is the use of a non–sex-
balanced sample for our experiment, which consisted for 80% of
female participants. Since females may have enhanced fear
acquisition17,23 and pain sensitivity during fear conditioning,21

future research may benefit from obtaining more sex-balanced
samples. Another limitation of the study is the single-trial
reinforcement of T2 to induce the avoidance behaviour for T2
because earlier pilot testing had shown experimental group
participants hardly avoided T2 in the absence of this single-trial
reinforcement. This means that transfer of pain-related fear and
pain expectancy was not only determined by the acquired
avoidance but also by the single-trial reinforcement. This could
have created some ambiguity because for a number of
participants, this might have been sufficient evidence that T2 is
a dangerousmovement, and they refrained from checking further
in subsequent trials.2 Although avoidance may not have been
affected, a potential confound in this paradigm is the placement
of T2 close to T1 (generalisation of the threat based on
perceptual/proprioceptive similarity with T1) and to the left of T3
(rule-based generalisation).11 Placing T2 to the right of T3 may
have been better to control for the potential generalisation.
Another limitation is the absence of an additional phase where
none of the movements were reinforced. Adding such a phase
would enable studying extinction of avoidance behaviour for
either the experimental group, the control group, or both groups.

To conclude, the results indicated that avoiding in the context
of a novel, ambiguous movement provoked pain expectancy and
pain-related fear towards that movement, even in the absence of

confirmation of the actual threat level of the movement. Also we
observed persistent avoidance in the presence of that novel
movement, which can be considered maladaptive and dispro-
portionate to the threat and may have prevented disconfirmation
of threat appraisals. The results from this study support the
bidirectionality hypothesis between avoidance behaviour and
fear, whereby fear leads to avoidance and, in turn, avoidance
further increases fear. These findings can potentially help to
further our understanding of how persisting in avoidance
behaviour may lead to the development and maintenance of
irrational fears and threat appraisals.
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