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Abstract

Background
Previous research has demonstrated that pain-related fear can be acquired through obser-
vation of another’s pain behaviour during an encounter with a painful stimulus. The results
of two experimental studies were presented, each with a different pain stimulus, of which
the aim was to investigate the effect of observational learning on pain expectancies, avoid-
ance behaviour, and physiological responding. Additionally, the study investigated whether
certain individuals are at heightened risk to develop pain-related fear through observation.
Finally, changes in pain-related fear and pain intensity after exposure to the feared stimulus
were examined.

Methods
During observational acquisition, healthy female participants watched a video showing col-
oured cold metal bars being placed against the neck of several models. In a differential fear
conditioning paradigm, one colour was paired with painful facial expressions, and another
colour was paired with neutral facial expressions of the video models. During exposure,
both metal bars with equal temperatures (-25° or +8° Celsius) were placed repeatedly
against participants’ own neck.

Results
Results showed that pain-related beliefs can be acquired by observing pain in others, but
do not necessarily cause behavioural changes. Additionally, dispositional empathy might
play a role in the acquisition of these beliefs. Furthermore, skin conductance responses
were higher when exposed to the pain-associated bar, but only in one of two experiments.
Differential pain-related beliefs rapidly disappeared after first-hand exposure to the stimuli.
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Conclusions
This study enhances our understanding of pain-related fear acquisition and subsequent ex-
posure to the feared stimulus, providing leads for pain prevention and
management strategies.

Introduction
Chronic pain is one of the major health problems in Western societies, with a prevalence of
19% [1,2,3]. Not only does chronic pain account for enormous health care costs and lost work-
ing productivity, it also results in substantial quality of life reduction [1,4]. An important pre-
dictor in the development as well as the continuation of pain problems is pain-related fear
[5,6]. This fear instigates catastrophic ruminations about pain and avoidance behaviour which
interfere with cognitive, physical and social functioning [7,8]. Despite its demonstrated impor-
tance, yet little is known about how pain-related fear is acquired in the first place.

In accordance with Rachman’s three pathways theory of fear acquisition, pain-related fear is
expected to be acquired through direct experience [9,10], verbal instruction [11], and observa-
tion [12]. This latter type of learning was described by Bandura (p. 49) [13] as ‘changes in cog-
nitive skills or patterns of behaviour that are a consequence of observing others’ performances’.
Behavioural responses may reflect automatic or reflexive processes, neuronal activity, or behav-
iours following deliberate control [14].

Observational learning is important in shaping an individual’s pain response and experi-
ence. Previous studies have mainly focused on the influence of modelling on pain intensity,
pain threshold, or pain tolerance. For example, Craig and Weiss [15] examined the impact of
pain tolerant and intolerant models on students’ verbal pain reports induced by electrical pain
stimulation. A significant impact was found on both pain expressions and willingness to accept
pain stimuli of increased intensity. Observing tolerant models also led to a reduction in subjec-
tive distress [16]. However, these studies about observational learning and pain did not provide
information about the development of fear of pain.

Recently, researchers have shown increased interest in the observational learning pathway
to pain-related fear [17], although empirical evidence is relatively scarce. Olsson et al. [18] sys-
tematically investigated different pathways leading to pain-related fear. Comparisons between
these learning types (operationalized by changes in skin conductance) revealed that observa-
tional and verbal fear learning can be as effective as aversive learning through first-hand experi-
ence. In a previous study using coloured cold pressor tasks (CPT) [19], evidence was found for
the acquisition of fearful expectancies through observation. Participants watched models dis-
playing painful facial expressions during immersion of the hand in a CPT with one colour
(CS+), and neutral expressions during a CPT with another colour (CS-). Despite differential
pain expectancies, no differences in avoidance behaviour were observed. After watching the
video, participants were requested to consecutively immerse their hand in each CPT. Notwith-
standing equal temperatures, more pain-related fear was expressed when exposed to the
CS+ CPT. In other words, fear of pain did not extinguish completely after one exposure to the
feared stimulus, although the difference in reported fear was much smaller after the immersion
compared to immediately after watching the observation video.

The main objective of the current study was to conceptually replicate and extend earlier
findings. The first aim was to find evidence for observational acquisition of pain-related fear.
Secondly, the study investigated whether observationally acquired pain-related fear gradually
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extinguishes after direct, repeated contact with the feared stimulus. Cold metal bars were cho-
sen as stimuli, because they can be repeatedly presented for a short period of time. Similar sti-
muli have been used successfully in a study by Arntz and Claassen [20], who investigated
whether painfulness of ambiguous stimuli depends on the meaning attached to them. If pain-
related fear can be extinguished after direct contact to the feared stimulus, exposure therapy,
during which pain patients perform feared movements despite pain, might be a promising
behavioural treatment in clinical practice. Next to measures of fear, pain expectancy and avoid-
ance behaviour, psychophysiological responding was examined with respect to these first two
aims. Finally, several observers’ characteristics were expected to influence observational learn-
ing. First, pain catastrophising, which can be defined as a negative cognitive-affective response
to anticipated or actual pain [21], is suggested to influence pain experiences and disability, pu-
tatively mediated by appraisals, such as pain-related fear beliefs [22]. Additionally, catastro-
phising has been found to enhance fear processing [23]. Second, individuals with higher trait
fear of pain may experience an aversive stimulus as more threatening, resulting in a stronger
conditioned response. In prior research, trait fear of pain was associated with increased pain in-
tensity ratings [24]. Third, trait negative affectivity (NA) is a general dimension of subjective
distress that subsumes a diversity of aversive mood states, including fear and anxiety [25]. In-
creasing evidence has been found for NA as a moderator in the acquisition of pain-related fear,
probably through attentional processes [8,26]. Evidence for the importance of these three char-
acteristics in an individual’s pain experience can be found in studies concerning the Fear-
Avoidance model of chronic pain [27,28]. Fourth, dispositional empathy has been suggested to
be a condition for observational learning to occur [29,30]. Examining these characteristics is es-
sential in the identification of individuals at risk of developing pain problems.

A differential fear conditioning paradigm was employed, during which participants watched
video models exposed to one of two coloured metal bars (briefly placed in their neck), display-
ing either a painful (CS+ colour) or a neutral (CS- colour) facial expression (observation
phase). Afterwards, participants were directly and repeatedly exposed to both metal bars,
which had equal temperatures (exposure phase).

Regarding the first aim, during the observation phase, participants were expected to experi-
ence more pain-related fear regarding the CS+, and to expect contact with this bar to be more
painful than the CS- bar, eliciting stronger avoidance behaviour. With respect to the second
aim, during the exposure phase, differences in pain-related fear, skin conductance responses
and pain intensity between the CS+ and the CS- bar were hypothesized to diminish gradually
due to equal temperature of the stimuli. Concerning the final aim, higher levels of pain cata-
strophising, trait fear of pain, negative affectivity, and dispositional empathy in the observer
were expected to facilitate observational learning.

In the current study, two experiments were conducted with different bar temperatures
(-25°C and 8°C) to eliminate the possibility that the absence of differential responding was
merely due to the temperature of the stimuli.

Experiment 1: Method
Participants
Participants were healthy female undergraduate students (N = 49), who received either a course
credit or eight Euros for their participation in the study. Exclusion criteria were the experience
of chronic pain and colour blindness. All participants were of Western European descent, with
a mean age of 20.47 years (SD = 3.76, range 15–42). They were told that the study investigated
responses to stimuli of different temperatures.
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Ethics statement
Ethical approval for Experiment 1 was obtained from the Ethics Committee of the Faculty of
Psychology and Educational Sciences of the University of Leuven, Belgium (Reg. nr. S52888).
Participants signed the informed consent form. The individuals shown in Fig. 1 are researchers
who were either a video model in the study (Observation) or pretended to be a participant (Ex-
posure), and provided written informed consent to publish these pictures.

Materials
Observation Video. An observation video clip was developed for this study, showing four

female human models being exposed to coloured metal bars (conditioned stimuli, CS) in a sim-
ilar way as in a previous study by Arntz and Claassen [20]. Models were females with a mean
age of 24.25 years (SD = 2.22, range 22–27) who were requested to mimic painful facial expres-
sions that served as the unconditioned stimuli (US). Considering that participants were also
young females, we expected identification between models and participants. One coloured bar
was always associated with painful facial expressions (CS+), the other with neutral facial ex-
pressions (CS-). Each model was shown three times, which resulted in a 12-trial video clip. The
CS+ and CS- metal bars were presented six times each, with a maximum of two consecutive

Fig 1. Graphical overview of the experimental procedure, with the measurements during the baseline, observation, and exposure phase.During
the observation phase, one colour was associated with painful facial expressions of the video models (left), while the other colour was paired with neutral
expressions (right).

doi:10.1371/journal.pone.0117236.g001
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trials of the same type. The colour of the CS+ was counterbalanced: Half of the participants
watched a video with an orange metal bar associated with the painful facial expressions; the
other half watched a video in which a pink metal bar was associated with the pain expressions.
Total duration of the video was about 5 minutes, with trial time varying from 15 to 26 seconds.

Conditioned Stimuli. The metal bars (aluminium, length 17.0 cm, diameter 2.0 cm),
which were placed against participants’ neck, were coloured with a spray (Motip Dupli, orange,
466663; pink, 470998) and cooled down in a freezer to approximately -25°C. A previous study
[20] showed that an exposure time of one second at this temperature creates an ambiguous
stimulus. The same bars were used in the observation video. During the observation video as
well as during the actual exposure to participants’ neck, not more than two consecutive trials of
the same coloured bar were presented.

Measures
Contingency Awareness. Participants’ awareness of the contingency between the colour

of the metal bars and the facial expressions of the video models (painful vs. neutral) was mea-
sured with a categorisation task. At the end of the experiment, participants were shown one
black-and-white picture of each video extract, with clearly visible facial expressions of the mod-
els being touched by the bars. They were requested to categorise these pictures into two piles:
one pile was associated with the pink, and the other with the orange metal bar. Afterwards,
they were asked which criterion they had used to categorise the pictures.

Self-reports. Numerical rating scales (NRS) regarding properties of being in contact with
the metal bars (pain-related fear and pain intensity) were presented. NRS are a common, prac-
tical and valid way to investigate pain-related outcomes [31,32,33]. The scales ranged from 0
(not fearful/painful at all) to 10 (very fearful/painful). During the baseline and observation
phase, these scales referred to participants’ expectations, while during the exposure phase, the
scales inquired about their actual experiences. At the end of each phase, self-reported beha-
vioural avoidance tendencies (BAT) were measured, with participants rating on a NRS, ranging
from 0 (not at all) to 10 (very much), their willingness to touch each metal bar.

Avoidance Behaviour: The Approach-Avoidance Task (AAT). The approach-avoidance
task, used to assess approach and avoidance tendencies regarding particular stimuli, is a cate-
gorisation task based on the compatibility principle. This means that, although the content of
the presented stimuli is irrelevant for the instruction of the task, participants’ reaction time is
affected by the compatibility between the response and the valence of the stimuli [34]. The task
used in the current experiment was adapted from Rinck and Becker [35], and compatibility
scores were used as an indirect behavioural measure for pain-related fear.

For this task, a joystick (Logitech, type Attach 3TM) was positioned between the participant
and a computer screen. Pictures of six stimuli, including the two coloured metal bars used in
the experiment, were presented on the screen, either vertically or horizontally oriented. The
pictures of the four additional stimuli (filler stimuli) represented neutral objects that one could
easily categorise as being horizontally or vertically oriented (an apple corer, a pepper mill, a
pencil, and a spoon). In order to create a zooming effect to simulate the approach or avoidance
of a particular stimulus, as was done previously by Rinck and Becker [35], every picture was
available in seven pixel sizes (99x132, 165x220, 225x300, 300x400, 360x480, 420x560,
510x680), and every picture size corresponded to one of seven imaginary regions on the com-
puter screen (10–110, 110–210, 210–310, 310–458, 458–558, 558–658, 658–758 pixels height,
respectively). There were two imaginary end regions: one at the top (0–10 pixels), and one at
the bottom (758–768 pixels) of the screen. Each trial was initiated by the participant pushing
the start button of the joystick, which was then followed by the display of the medium-sized
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picture. Picture size changed whenever the hidden cursor of the joystick entered a different re-
gion. For instance, when pushing the joystick away, the cursor entered the 310–210 pixel re-
gion, which resulted in presentation of the smaller 225x300 pixel size picture. When pushing
the joystick even further, picture size further decreased, which seemed to enlarge the distance
between the participant and the stimulus. When entering the end region, the picture disap-
peared, irrespective of the response accuracy. Similarly, when participants pulled the joystick
towards themselves, the picture size gradually increased, which gave the impression of an ap-
proaching stimulus. Movements to the left or right had no effect.

Participants were instructed to pull the joystick towards themselves whenever they saw a
picture of a vertically oriented object on the computer screen, and to push the joystick away
when a horizontally oriented object was shown, or vice versa (counterbalanced). They were re-
quested to do this as quickly and accurately as possible. The task, which comprised 88 trials,
was administered in each of the three phases (baseline, observation, and exposure). The two
pictures showing a metal bar were presented 10 times in both horizontal and vertical orienta-
tion. The four filler stimuli were presented six times in each orientation. Pictures were pre-
sented randomly with the restrictions that the first two pictures never displayed a metal bar,
and that consecutive trials did not show the same picture. During the baseline phase, a practice
phase consisting of 12 trails preceded the actual AAT: Every stimulus was randomly presented
in both orientations. Only during these practice trials, participants received feedback about the
accuracy of their answers.

Physiological arousal: Skin Conductance Responses. During the exposure phase, skin
conductance responses (SCR) to the pictures of the metal bars measured the level of partici-
pant’s arousal while they were anticipating the actual exposure to each stimulus, while SCR to
the presentations of the metal bars were measured to determine the level of participant’s arous-
al during the actual exposure.

Electrodermal activity was measured using the Coulbourn skin conductance coupler (V71–
23). Two standard Ag/AgCl electrodes (diameter 0.8 cm), with an inter-electrode distance of
2.0 cm, were filled with KY gel (Johnson & Johnson), and placed on the hypothenar eminence
of the non-dominant hand, which was scrubbed and cleaned with tap water before the start of
the experiment. The skin conductance coupler maintained a constant 0.5 V across the elec-
trodes. The analogue signal was converted with a 12-bit AD-transducer and digitised at 10 Hz.
Skin conductance was recorded using Affect 4.0 software [36] and treated offline with Psycho-
physiological Analysis software (PSPHA) [37].

Observers’ Characteristics. The Pain Catastrophizing Scale (PCS) [38,39] is a 13-item
self-report measure used in both clinical and non-clinical populations to assess catastrophic
thinking about pain. Participants were asked to indicate on a 5-point scale (0 = not at all; 4 = al-
ways) the degree to which they experienced negative thoughts and feelings during painful situ-
ations. Although three subscales can be distinguished (rumination, magnification, and
helplessness), only the total score was of interest in the current study. High internal consistency
of this sum score was found (Cronbach’s alpha = .87), which is comparable to the reliability
found in previous studies (Cronbach’s alpha = .85 – .91) [40,41].

Trait fear of pain was measured by means of the Fear of Pain Questionnaire (FPQ-III)
[42,43], which includes 31 descriptions of specific painful situations. Participants were re-
quested to rate the degree of fear they anticipated to experience in each situation (A = no fear
at all; E = extreme fear). Reliability of the total score was very good (Cronbach’s alpha = .90).
Previous studies have shown good reliability and validity of the FPQ-III in both clinical and
non-clinical populations [42,44].

In order to assess trait negative affectivity, the Trait version of the Positive And Negative Af-
fect Schedule (PANAS) [25,45] was administered. Participants reported the degree by which
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they experienced 20 different emotions in daily life (very little; very often). Half of the adverbs
described positive emotions, the other half negative emotions. In the current study, only the
Negative Affectivity subscale (PANAS-NA) was utilised, containing the sum score of the 10
negative adverbs. Internal consistency of this subscale was good (Cronbach’s alpha = .82),
which is comparable to previous research (Cronbach’s alpha = .83–.87) [25,45].

The Interpersonal Reactivity Index (IRI) [46–48] is a self-report measure to assess disposi-
tional empathy, consisting of 28 reflecting thoughts and feelings one can experience in inter-
personal contexts. Participants were asked to indicate to what extent the statements described
them (A = does not describe me well; E = describes me very well). The IRI encompasses four
subscales: Perspective Taking (PT; i.e., the tendency to adopt another’s psychological point of
view), Fantasy (FS; i.e., the tendency to identify strongly with the feelings and actions of ficti-
tious characters), Empathic Concern (EC; i.e., the tendency to experience feelings of warmth,
sympathy, and concern for unfortunate others), and Personal Distress (PD; i.e., the tendency to
experience feelings of discomfort and concern when witnessing others’ distress) [46]. Cron-
bach’s alphas for the separate subscales were .77, .81, .70, .64 (Experiment 1), and .78, .90, .76,
.81 (Experiment 2), respectively. Previous studies using the Dutch IRI have also found satisfac-
tory internal consistency (Cronbach’s alphas = .73, .83, .73, .77, respectively) [48].

Procedure
After being informed about the course of the experiment, participants signed the informed
consent form. Prior to the start of the experiment, the questionnaires (PCS, FPQ, IRI, and
PANAS) were completed. Participants were then asked to scrub the palm of the non-dominant
hand and to rinse it with tap water before the electrodes were attached to the
hypothenar eminence.

As shown in Fig. 1, the experiment consisted of three phases: (1) baseline, (2) observation,
and (3) exposure. During the baseline phase, participants were requested to report their pain-
related fear and expected pain intensity concerning being in contact with the metal bars. Next,
the AAT was administered. At the end of the baseline phase, participants rated their willingness
to touch both bars (self-reported behavioural avoidance tendency). During the observation
phase, participants watched the models in the video clip showing either painful or neutral facial
expressions when exposed to the CS+ and CS- metal bar respectively. After rating the self-
reported expectancies regarding pain-related fear and pain intensity, the AAT was performed,
and self-reported avoidance tendencies were measured. During the exposure phase, both metal
bars were placed repeatedly against participants’ neck. At the beginning of each trial, a picture
showing the upcoming bar appeared on the computer screen for five seconds. 30 seconds later,
the participant was exposed to the bar for one second. Immediately after each exposure, partici-
pants were asked to report the degree of pain-related fear and pain intensity they had experi-
enced. Skin conductance was recorded throughout this phase. Once the 12 exposure trials were
completed, participants completed the AAT, and reported avoidance tendencies regarding
both stimuli. At the end of the experiment, contingency awareness was checked, and partici-
pants were debriefed about the broader context and purpose of the study.

Data Preparation and Statistical Analyses
Concerning the AAT, median reaction times per stimulus type (CS+ vs. CS-), per response di-
rection (pulling vs. pushing the joystick), were determined for each participant, excluding reac-
tion times of incorrect responses. Subsequently, median scores in the pull condition were
subtracted from medians in the push condition for each stimulus type separately to compute
compatibility scores. As a result, the relative strength of approach and avoidance regarding the
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three stimulus types was measured, with positive scores representing stronger approach ten-
dency, and negative scores representing stronger avoidance. SCR data were determined with
respect to both the pictures of the metal bars and the actual presentations of the bars during
the exposure phase. Concerning the SCR to the pictures, the mean value in the 2-second win-
dow before presentation of the picture was compared to the maximum value of the 8-second
window after presentation of either picture. Concerning the SCR to the presentations of the
bars, the mean value in the 2-second window before presentation of each bar was compared to
the maximum value of the 4-second window after presentation of either bar. The time window
after presentation of each bar was restricted to four seconds, because numerical rating scales
were presented after five seconds. Hence, extending this time window would lead to interfer-
ence of the SCR with reactions to the presentation of novel stimuli (the scales), or movements
associated with answering these scales. A logarithmic transformation (Log10(SCR+1)) was per-
formed on the SCR data before statistical testing to reduce skewness.

Mixed model statistical analyses were conducted with stimulus type (CS+ versus CS-) and
time (baseline, observation, and exposure) as within-subject factors. For each dependent vari-
able, two models were compared: (1) stimulus type, time and stimulus type x time as fixed ef-
fects, and intercept as a random effect, (2) stimulus type, time and stimulus type x time as
fixed effects, and intercept and time as random effects. The model with the significantly lowest
(full) maximum likelihood produces the best fit. For most dependent variables, the first model
(with the random intercept and fixed slope) yielded the best fit. Hence, in order to preserve
consistency, all analyses were conducted using this model. The same model was also used in
moderation analyses, entering centred PCS, FPQ, IRI or PANAS-NA scores as covariates. Sig-
nificant statistical interactions between stimulus type and questionnaire scores denoted
moderation effects. Regression analyses were conducted separately for each stimulus type to
explore the direction of these effects according to the procedure described by Baron and
Kenny [49]. Differential effects (CS+ vs. CS-) for individuals scoring higher or lower on the
moderator variable were investigated by centring the covariates around the -1 SD (lower mod-
erator scores) or +1 SD value (higher moderator scores). Effect sizes r were computed using
the formula provided by Kenny et al. [50], with r = .10 indicating a small effect, r = .30 a medi-
um effect, and r = .50 a large effect [51].

Self-reported acquisition of pain-related fear and expected pain intensity were investigated
analysing both the baseline and observation phase. Successful acquisition would be reflected by
a significant interaction between stimulus type and time. For the six self-report measurements
during exposure, baseline scores, and the interaction between baseline score and stimulus type
were included as additional factors. Baseline effects not reaching statistical significance were
deleted from moderation analyses for the corresponding dependent variable. Throughout the
exposure phase, psychophysiological responses were investigated comparing SCR to the pictures
and actual presentations of the six CS+ and six CS- trials. With respect to the analyses of the
self-reported behavioural avoidance tendencies (BAT), and the AAT compatibility scores, all
three phases were included together in the analyses. 3-way interactions between stimulus type,
time, and scores on the questionnaires were included to examine whether the effects of the ob-
servers’ characteristics on the relationship between stimulus type and the BAT and compatibili-
ty scores varied across time. If the 3-way interaction was significant, a distinction was made
between acquisition (baseline x observation phase) and exposure to explore when the effect of
the moderator was strongest.

All analyses were conducted with an alpha! 0.05, using SPSS 19.0. Bonferroni corrections
were implemented in all pairwise comparisons. The use of mixed model analyses may result in
the report of fractionated denominator degrees of freedom, which are obtained by a Sat-
terthwaite approximation [52].
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Experiment 1: Results
Sample Characteristics
Descriptive statistics, internal consistency, and Pearson inter-correlations regarding the ques-
tionnaire total scores and subscales are summarised in Table 1. Mean scores were comparable
to what has been reported in previous research [38,43,45,48].

Contingency Awareness
All participants reported awareness of the contingency between the colour of the metal bars
and the facial expressions of the video models (painful versus neutral). Categorisation data was
available for 45 participants (91.8%), and revealed that 62.2% of these participants correctly
categorised all six CS+ pictures as painful, 28.9% made one error, 6.7% made two errors, and
2.2% made more than two errors.

Self-reported Pain-related Fear and Pain Intensity
Baseline and Observation Phase. As can be seen in Fig. 2A, concerning pain-related fear,

main effects of stimulus type and time were found, F(1;145.54) = 23.83, p< .001, effect size r =
.53; F(1;147.02) = 43.83, p< .001, r = .05, respectively. In addition, a significant interaction was
found between stimulus type and time, F(1;145.54) = 32.46, p< .001, r = .43. Participants re-
ported no difference in fear between both stimulus types during baseline, F(1;49) = 1.39, p = .24.
During the observation phase, however, more fear was reported concerning the CS+ bar com-
pared to the CS- bar, F(1;96) = 37.10, p< .001, r = .53. This difference was due to an increase in
fear regarding the CS+, F(1;97) = 71.50, p< .001, r = .65, as no difference was found between the
two phases with respect to the CS-, F(1;48.75) = 0.61, p = .44.

Furthermore, Fig. 2B illustrates the main effects of stimulus type and time that were found
on expected pain intensity, F(1;145.60) = 29.32, p< .001, r = .54; F(1;147.09) = 33.00,
p< .001, r = .02, respectively. In addition, a significant interaction was found between stimu-
lus type and time, F(1;145.60) = 37.37, p< .001, r = .44. During the baseline, participants re-
ported no difference in expected pain intensity between both stimulus types, F(1; 49) = 1.62,
p = .21, whereas during the observation phase, contact with the CS+ bar was expected to be

Table 1. Means (M), Standard Deviations (SD), Cronbach’s Alpha, and Pearson Intercorrelations of the Questionnaires.

Experiment 1 Experiment 2

M SD Cronbach’s alpha M SD Cronbach’s alpha 1 2 3 4 5 6 7

1 PCS 15.45 7.40 .87 14.12 6.50 .83 .30* -.03 -.06 -.11 .14 .34*

2 FPQ 77.21 13.90 .90 74.51 14.23 .90 .39** -.06 -.10 -.12 .24** .39**
3 IRI PT 16.84 4.60 .77 16.37 4.27 .78 -.25 -.33* .10 .37** .41** .06

4 IRI FS 18.98 4.96 .81 18.72 5.84 .90 .14 .25 .05 .40** .21 .13

5 IRI EC 18.98 3.94 .70 19.19 4.30 .76 .06 .27 .40** .30* .26 .07

6 IRI PD 14.47 3.66 .64 13.23 4.62 .81 .01 .47** .01 .19 .48** .48**
7 PANAS NA 20.12 5.32 .82 21.05 6.94 .87 .26 .39** -.26 .36* .13 .27

Note. The intercorrelation values above the diagonal represent the scores of Experiment 1, whereas the values below the diagonal show intercorrelations
of Experiment 2. PCS = Pain Catastrophising Scale, FPQ = Fear of Pain Questionnaire, IRI = Interpersonal Reactivity Index, PT = Perspective Taking,
FS = Fantasy, EC = Empathic Concern, PD = Personal distress, and PANAS-NA = Positive And Negative Affect Schedule—Negative Affectivity subscale.
* p < 0.05,
** p < 0.01.

doi:10.1371/journal.pone.0117236.t001
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more painful than the CS- bar, F(1;96) = 48.22, p< .001, r = .58. This differential effect was
caused by an increase in pain intensity expectancy regarding the CS+, F(1;49.16) = 74.27,
p< .001, r = .72, as no difference between baseline and observation was found for the CS-
bar, F(1;48.82) = 0.09, p = .76.

Influence of Observers’ Characteristics during the Baseline and Observation Phase. Pu-
tative moderating effects of pain catastrophising, trait fear of pain, dispositional empathy (PT,
FS, EC, and PD), and negative affectivity in the observer were investigated. Only statistically
significant effects are reported and explained. Perspective taking (PT) moderated the relation-
ship between stimulus type and respectively pain-related fear, F(1; 145.54) = 8.67, p< .01,
r = .27, and expected pain intensity, F(1; 145.59) = 10.18, p< .01, r = .29. Participants with
lower PT scores reported more fear, and expected greater pain intensity regarding the
CS+ compared to the CS-, F(1; 46) = 11.44, p< .001; F(1; 46) = 14.99, p< .001, respectively,

Fig 2. Self-reports: Pain-related fear and pain intensity in Experiment 1. Error bars represent standard errors. Exp = Exposure; * p< .05; ** p< .001.

doi:10.1371/journal.pone.0117236.g002
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whereas for individuals with higher PT, no difference between CS+ and CS- was observed,
F(1; 46) = 0.06, p = .81; F(1; 46) = 0.11, p = .75, respectively. With respect to the CS+, no differ-
ence on pain-related fear (β = -.09, 39) or pain intensity (β = -.11, 30) was found between par-
ticipants scoring higher or lower on PT. With respect to the CS-, however, participants scoring
higher on PT were more afraid of being touched by the CS- bar (β = .26, p = .01), and expected
it to be more intense (β = .28, p< .01) compared to participants scoring lower on PT.

Exposure Phase. With respect to pain-related fear and pain intensity, no main effects of
stimulus type (pain-related fear: F(1;570.07) = 0.21, p = .65; pain intensity: F(1;561.31) = 1.59,
p = .21) and time (pain-related fear: F(5;527.68) = 1.55, p = .17; pain intensity: F(5;527.58) =
1.52, p = .18), nor an interaction between these two variables was found (pain-related fear:
F(5;527.68) = 1.23, p = .30; pain intensity: F(5;527.58) = 0.89, p = .48). This was illustrated in
Fig. 2 (i.e., 2C and 2D).

Influence of Observers’ Characteristics during the Exposure Phase. The same putative
moderating influences were examined during the exposure phase. Only statistically significant
effects are reported. Personal distress (PD) moderated the relationship between stimulus type
and respectively pain-related fear and pain intensity, F(1;528) = 7.48, p = .01, r = .26; F(1;528) =
5.57, p = .02, r = .23. Participants with lower PD reported more pain-related fear with regard to
the CS+ compared to the CS-, F(1; 46) = 4.58, p = .04, whereas participants with higher PD re-
ported more pain-related fear with respect to the CS- relative to the CS+ F(1; 46) = 6.79, p = .01.
Regarding pain intensity, no differential effects were found for participants scoring higher (F(1;
46) = 2.89, p = .10) or lower (F(1; 46) = 0.25, p = .62) on PD. Regarding the CS+, no difference
on pain-related fear was found between lower and higher PD (β = -.05, p = .43). However, par-
ticipants with higher PD scores reported more pain after contact with the CS+ bar compared to
individuals scoring lower (β = .15, p = .01). Regarding the CS- bar, participants with lower PD
reported less fear during the exposure phase compared to participants with higher PD (β = .18,

Fig 3. Self-reported behavioural avoidance tendencies in Experiment 1.Willingness to touch the metal bars. Error bars represent standard errors.
BAT = Behavioural Avoidance Tendencies; *p< .05; **p< .01; ***p< .001.

doi:10.1371/journal.pone.0117236.g003
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p< .01). No difference was found between participants scoring lower or higher on PD with re-
spect to CS- associated pain intensity (β = -.03, p = .60). Furthermore, trait fear of pain was
found to moderate the relationship between stimulus type and pain intensity, F(1;517) = 5.02, p
= .03, r = .22. Participants with lower trait fear of pain perceived more intense pain regarding
the CS- compared to the CS+ metal bar, F(1; 45) = 10.34, p< .01. For participants with higher
trait fear of pain, no differential effects were found, F(1; 45) = 0.01, p = .94. Regarding the CS+,
participants with lower trait fear of pain reported less pain intensity than participants with
higher FPQ scores (β = .17, p< .01). No evidence for a difference on pain intensity between
lower and higher scorers was found with respect to the CS- bar (β = .001, p = .98). Finally, nega-
tive affectivity (NA) was found to moderate the relationship between stimulus type and pain-
related fear, F(1;528) = 4.70, p = .03, r = .21. No difference in pain-related fear between the CS
+ and CS- bar was found for participants with higher or lower NA, F(1; 46) = 2.73, p = .11; F(1;
46) = 1.83, p = .18. Concerning the CS+, no difference was found between lower and higher
scorers (β = -.06, p = .35), whereas for the CS-, participants with higher NA reported more
pain-related fear compared to those with lower NA (β = .12, p = .04).

Self-reported Behavioural Avoidance Tendency (BAT)
As can be seen in Fig. 3, main effects of stimulus type and time, as well as a significant interac-
tion between these two variables were found on self-reported willingness to touch the bars,
F(1;239.84) = 28.72, p< .001; F(2;241.08) = 32.94, p< .001; F(2;239.84) = 17.39, p< .001, re-
spectively. For the CS+, willingness to touch the bar was significantly lower during the observa-
tion phase, compared to the baseline, t(94.49) = 4.40, p< .001, r = .77, and exposure phase, t
(94.49) = 1.63, p< .001, r = .49. During exposure, participants were less willing to touch the
CS+ bar compared to the baseline phase, t(93.72) = 2.77, p< .01, r = .32. For the CS-, no differ-
ence was found between baseline and observation, t(97.29) = 0.86, p = .13, or between the ob-
servation and the exposure phase, t(96.56) = 0.31, p = 1.00. However, willingness to touch the
CS- was significantly lower after exposure compared to the baseline phase, t(97.29) = 1.17, p =
.02, r = .26. After watching the observation video, a differential effect was found between the
two stimulus types, F(1;96) = 41.56, p< .001, r = .52, with participants being more willing to
touch the CS- bar compared to the CS+ bar. No differences between CS+ and CS- were ob-
served during baseline, F(1;49) = 0.20, p = .65, or during exposure, F(1;48) = 2.33, p = .13.

Perspective taking (PT) was found to moderate the relationship between stimulus type and
willingness scores, F(4;239.86) = 2.75, p = .03, r = .20. When conducting separate analyses for
acquisition and exposure, we found that PT plays a moderating role on behavioural avoidance
tendencies during acquisition (baseline x observation), F(1;143.36) = 7.91; p< .01, r = .28, but
not during exposure, F(1;48) = 0.17; p = .68. Participants with lower PT were more willing to
touch the CS- bar relative to the CS+ bar, F(1; 46) = 19.39, p< .001, whereas for participants
with higher PT scores no differential effect was found, F(1; 46) = 0.68, p = .41. However, regres-
sion analyses for each stimulus type separately during acquisition did not reveal any significant
effects (CS+: β = .14, p = .19; CS-: β = -.17, p = .10).

The Approach Avoidance Task (AAT)
Error rates (inaccurate response direction) were 2% in the baseline phase and 1% in the obser-
vation and exposure phase. Corresponding reaction times were excluded from further analyses.
No main effects of stimulus type and time, nor an interaction between stimulus type and time
was found on the compatibility scores, F(1;234.92) = 0.94, p = .33; F(2;237.36) = 1.16, p = .32;
F(2;234.92) = 1.31, p = .27, respectively. None of the observers’ characteristics moderated the
relationship between stimulus type and the compatibility scores (all p> .05).
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Skin Conductance Responses (SCR). SCR during picture presentation. A main effect of
time was found, F(5;528) = 4.61, p< .001, with SCR decreasing throughout the exposure
phase. No main effect of stimulus type, nor an interaction between stimulus type and time was
found regarding SCR to the pictures, F(1;528) = 1.35, p = .25; F(5;528) = 0.40, p = .85. Hence,
no difference in physiological responding between the reactions to both pictures was observed
throughout the exposure phase. None of the observers’ characteristics moderated SCR to the
pictures (all p> .05).

SCR during bar exposure. No effect of stimulus type was found during the presentations of
the metal bars, F(1;528) = 2.08, p = .15. A main effect of time was found, F(5;528) = 19.93, p<
.001, with SCR decreasing during the exposure phase. No interaction between stimulus type
and time was found with respect to SCR, F(5;528) = 0.31, p = .91. Hence, no difference in phys-
iological responding between the two bars was observed throughout the exposure phase, and
observers’ characteristics did not influence SCR (all p> .05).

Conclusion
In line with our hypotheses (First aim), participants reported more pain-related fear after
watching the observation video with regard to the metal bar that was associated with painful
expressions of the video models. Additionally, they expected contact with this metal bar to be
more painful in comparison to the coloured bar that was paired with the neutral facial expres-
sions in the video. In contrast to our expectations, these changes in pain-related beliefs did not
result in avoidance behaviour with respect to the CS+, although participants reported signifi-
cantly less willingness to touch the CS+ bar compared to the CS- bar after watching the video
clip. No differences in pain-related beliefs between the two bars were found during repeated ex-
posure to the feared stimuli (Second aim). Nor were any differential effects found on psycho-
physiological responses throughout the exposure phase. Regarding the third aim, perspective
taking (PT) moderated the acquisition of pain-related beliefs in the current experiment. Partic-
ipants with lower PT scores reported significantly more fear and expected more pain intensity
with regard to the aversively conditioned stimulus (CS+) in comparison to the neutrally condi-
tioned stimulus (CS-), whereas participants with higher PT did not show a differential effect.

Previous research suggested that being touched by cold metal bars with a temperature of
-25°C evokes an ambiguous sensation [20]. In an ambiguous situation, participants were ex-
pected to be inclined to rely on information obtained from the environment [53,54], in this
case the models’ painful facial expressions in the video clip, to disambiguate the situation in
order to interpret their own sensations. Hence, it was hypothesised that watching the video
would result in a difference in responding concerning pain-related fear, avoidance behaviour,
and psychophysiology between the two metal bars during exposure. A possible explanation for
the absence of such a difference in responding in the current experiment could be that the sti-
muli were considered too aversive, resulting in a ceiling effect, with participants not being able
to distinguish sensations regarding both stimuli. This could also explain why self-reported
avoidance tendencies after exposure were higher compared to the baseline phase for both
CS+ and CS- bars. To exclude the possibility that the absence of different responding was
merely due to the stimuli being too aversive, a follow-up experiment (Experiment 2) was con-
ducted replicating Experiment 1, but using a higher temperature of the bars.

Experiment 2: Method
Participants
Participants were healthy female undergraduate students (N = 43), who received either a course
credit or eight Euros for their participation in the study. Exclusion criteria were chronic pain
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and colour blindness. All participants were of Western European descent, with a mean age of
20.16 years (SD = 1.65; range 18–25). They were told that the study investigated responses to
stimuli of different temperatures.

Ethics statement
Ethical approval for Experiment 2 was obtained from the Ethics Committee of the Faculty of
Psychology and Educational Sciences of the University of Leuven, Belgium (Reg. nr. S52888).
Participants signed the informed consent form.

Materials
Materials were the same as used in the first experiment, except for the coloured metal bars,
which were cooled down in a refrigerator to approximately +8°C (instead of -25°C) in order to
produce a less aversive and more ambiguous sensation.

Experiment 2: Results
Sample Characteristics
Descriptive statistics, internal consistency, and Pearson inter-correlations for the different
questionnaires and subscales in experiment 2 are summarised in Table 1. Mean scores were
comparable to what has been reported in previous research [38,43,45,48].

Contingency Awareness
All participants were aware of the contingency between the colour of the metal bars and the fa-
cial expressions of the video models (painful versus neutral). When dividing the pictures of the
video models into two piles, 88.4% of the participants correctly categorised all six CS+ pictures
as painful, and 11.6% erroneously categorised one CS+ picture as neutral.

Self-reported Pain-related Fear and Pain Intensity
Baseline and Observation Phase. Results were very similar to the results of Experiment 1.

With regard to pain-related fear, which is illustrated in Fig. 4A, main effects of stimulus type
and time were found, F(1;129) = 42.90, p< .001, effect size r = .59; F(1;129) = 58.87, p< .001,
r = .08, respectively. Additionally, a significant interaction was found between stimulus type and
time, F(1;129) = 40.49, p< .001, r = .46. No difference in fear between both stimulus types was
reported during the baseline, F(1; 43) = 0.04, p = .84. During the observation phase, however,
more fear was reported concerning the CS+ bar compared to the CS- bar, F(1; 43) = 72.38, p<
.001, r = .75. This difference was due to an increase in fear regarding the CS+, F(1;43) = 63.43, p
< .001, r = .73, as no difference was found between the two phases with respect to the CS-, F
(1;43) = 1.51, p = .23.

Furthermore, Fig. 4B presents main effects of stimulus type and time on pain intensity ex-
pectancies, F(1;129) = 62.56, p< .001, r = .69; F(1;129) = 53.21, p< .001, r = .01. In addition, a
significant interaction was found between stimulus type and time, F(1;129) = 55.81, p< .001,
r = .55. During the baseline, participants reported no difference in expected pain intensity be-
tween both stimulus types, F(1; 43) = 0.28, p = .60, whereas during the observation phase, con-
tact with the CS+ bar was expected to be more painful than the CS- bar, F(1;43) = 81.71, p<
.001, r = .81. This differential effect was caused by an increase in pain intensity expectancy re-
garding the CS+, F(1;43) = 84.09, p< .001, r = .81, as no difference between baseline and obser-
vation was found for the CS- bar, F(1;43) = 0.02, p = .88.
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Influence of Observers’ Characteristics during the Baseline and Observation Phase.
Only statistically significant effects are reported and explained. Fantasy (FS), which is the ten-
dency to identify strongly with the feelings and actions of others, moderated the relationship
between stimulus type and expected pain intensity, F(1;129) = 5.67, p = .02, r = .25. Participants
expected more pain intensity regarding the CS+ compared to the CS-, and these differential ef-
fects were even stronger for participants scoring higher on FS, F(1; 46) = 52.87, p< .001, rela-
tive to participants with lower FS, F(1; 46) = 15.73, p< .001. Regression analyses for both
stimulus types separately did not reveal any statistically significant results (CS+: β = .16, p =
.14; CS-: β = -.08, p = .47).

Exposure Phase. The results of the exposure phase were comparable to the results obtained
in Experiment 1, which is illustrated in Fig. 4. As shown in Fig. 4C, regarding pain-related fear,

Fig 4. Self-reports: Pain-related fear and pain intensity in Experiment 2. Error bars represent standard errors. Exp = Exposure; * p< .05; ** p< .001.

doi:10.1371/journal.pone.0117236.g004
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no main effect of stimulus type, nor an interaction between stimulus type and time was found,
F(1;516) = 0.20, p = .66; F(5;472) = 0.37, p = .87, respectively. However, in Experiment 2, a main
effect of time was found regarding pain-related fear, F(5;472) = 2.73, p = .02, with fear decreas-
ing throughout the exposure phase. As illustrated in Fig. 4D, no main effects of stimulus type,
F(1;516) = 0.01, p = .91, and time, F(5;516) = 0.18, p = .97, nor an interaction between these two
variables, F(5;516) = 0.56, p = .73, was found for pain intensity during the exposure phase. To
summarise, no difference between both stimuli was found throughout the exposure trials. Base-
line expectancy ratings did not influence the level of experienced pain-related fear, F(1;64.96) =
0.67, p = .42, and pain intensity, F(1;516) = 2.04, p = .15, during the exposure phase.

Influence of Observers’ Characteristics during the Exposure Phase. No statistically sig-
nificant moderation effects were found during exposure.

Self-reported Behavioural Avoidance Tendency
Results of the self-reports concerning behavioural avoidance tendencies were provided in
Fig. 5, and comparable to the results of Experiment 1. In contrast to the first experiment, will-
ingness to touch the CS+ bar after exposure did not differ from baseline level, t(86) = 0.16,
p = 1.00, although willingness to touch the CS+ bar was still significantly lower as compared to
the CS- bar, F(1;43) = 9.13, p = .004, r = .36. No moderating effects were observed.

The Approach Avoidance Task (AAT)
Error rates (inaccurate response direction) were 1% in all three phases, and corresponding re-
sponses were excluded from further analyses. No main effect of stimulus type or time, nor an
interaction between these two variables was found on the compatibility scores, F(1;215) = 1.69,
p = .20; F(2;215) = 1.03, p = .36; F(2;215) = 1.00, p = .37, respectively. This means that overall,
no differences between stimulus types were found over time.

Fig 5. Self-reported behavioural avoidance tendencies in Experiment 2.Willingness to touch the metal
bars. Error bars represent standard errors. BAT = Behavioural Avoidance Tendencies; *p< .05; **p< .01;
***p< .001.

doi:10.1371/journal.pone.0117236.g005
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Trait fear of pain (FPQ) moderated the relationship between stimulus type and compatibil-
ity scores, F(4;215) = 2.62, p = .04, r = .23. When conducting separate analyses for acquisition
and exposure, trait fear of pain was found to play a moderating role on AAT compatibility
scores during the acquisition phase (baseline x observation), F(1;129) = 5.51; p = .02, r = .27,
but not during the exposure phase, F(1;43) = 0.00, p = 1.00. Participants with higher trait fear
of pain showed more approach tendencies regarding the CS+ relative to the CS- pictures during
acquisition, F(1; 45) = 6.59, p = .01, while for participants scoring lower on the FPQ, no differ-
ential effects were found, F(1; 45) = 0.92, p = .34. Regression analyses for each stimulus type
separately during acquisition revealed that regarding the CS+ metal bar, participants scoring
lower on the FPQ showed relatively more avoidance behaviour, whereas participants scoring
higher on the FPQ displayed relatively more approach tendencies (CS+: β = .32, p< .01). With
regard to the CS- bar, no differences were found between lower and higher scorers on the FPQ
(CS-: β = .07, p = .52).

Skin Conductance Response (SCR). SCR during picture presentation. A main effect of
time was found, F(5;473) = 2.31, p = .04, with SCR decreasing over time. No main effect of
stimulus type, nor an interaction between stimulus type and time was found with respect to
SCR, F(1;473) = 0.15, p = .70; F(5;473) = 0.60, p = .70. Although physiological reactions dimin-
ished, no difference in psychophysiological responses was found between the CS+ and CS- bar.

Statistically significant moderation effects are notified. Fantasy (FS), personal distress
(PD), and negative affectivity (NA) had a moderating influence on SCR to the pictures of the
bars, F(1;473) = 12.37, p< .001, r = .40; F(1;473) = 6.38, p = .01, r = .30; F(1;473) = 7.18, p =
.01, r = .32, respectively. Participants with lower FS showed stronger physiological responses
when watching the CS+ pictures compared to the CS- pictures in anticipation of exposure to
the bars, F(1; 46) = 4.25, p = .046, while no differential effects were found for participants with
higher FS, F(1; 46) = 2.77, p = .10. For PD and NA, no differential effects were found for partic-
ipants scoring lower, F(1; 46) = 2.29, p = .14; F(1; 46) = 2.58, p = .12, or higher on these person-
ality traits, F(1; 46) = 1.28, p = .27; F(1; 46) = 1.49, p = .23. Regarding the CS+ bar, participants
scoring lower on FS, or NA showed stronger physiological reactions compared to participants
scoring higher on these questionnaires (β = -.18, p = .01; β = -.21, p = .001, respectively). With
respect to PD, no difference was found between lower and higher scorers concerning the CS+
(β = .09, p = .15). For the CS- bar, participants scoring higher on PD displayed stronger psycho-
physiological reactivity than participants scoring lower (β = .25, p< .001), while for FS and
NA, no difference in physiological responding was found (β = .06, p = .35; β = -.02, p = .73).

SCR during bar exposure. A main effect of stimulus type was found during exposure to the
metal bars, F(1;473) = 4.35, p = .04, r = .02. As expected, participants showed more SCR with
regard to the CS+ compared to the CS- bar. A main effect of time was found, F(5;473) = 12.14,
p< .001, with SCR decreasing throughout the exposure phase. No interaction between stimu-
lus type and time was found with respect to SCR, F(5;473) = 1.07, p = .38, indicating that no
difference in the reduction of the physiological responses was found between the CS+ and CS-
bar throughout the exposure phase. None of the investigated observers’ characteristics was
found to have a moderating influence on SCR to the presentation of the bars (all p> .05).

Discussion
The main objective of the current study was to examine observational acquisition of pain-relat-
ed fear (First aim) and the subsequent extinction through repeated first-hand exposure to the
feared stimuli (Second aim), focussing on (1) self-reports, (2) psychophysiological responses,
and (3) behavioural tendencies. Moreover, the study investigated which individual characteris-
tics predict observational pain-related fear acquisition (Third aim). A differential fear
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conditioning procedure was used, showing video models displaying either painful (CS+ colour)
or neutral (CS- colour) facial expressions when exposed to one of two coloured metal bars
(observation phase). Afterwards, both metal bars with equal temperatures (Experiment 1:
-25°C; Experiment 2: +8°C) were repeatedly presented to participants’ necks (exposure phase).

Regarding the first aim, in the current study, evidence was found for indirect acquisition of
pain-related fear beliefs, corroborating earlier findings [19]. After watching the observation
video, participants reported more pain-related fear regarding the coloured bar that was previ-
ously associated with models’ painful expressions. They also expected contact with this bar to
be more painful compared to the bar that was paired with the models’ neutral expressions, and
were less willing to touch it.

In contrast to earlier findings in a non-pain context [55], changes in pain-related beliefs did
not result in CS+ avoidance, which was measured implicitly using an approach-avoidance task.
A possible explanation could be the (lack of) personal relevance of the picture stimuli. Fear
conditioning takes place at different levels: The automatic associative level (emotional), and the
non-automatic cognitive contingency level [56,57]. Fear-relevant stimuli address both levels in-
dependently, while the use of fear-irrelevant stimuli leads to activation of only the cognitive
level. The laboratory setting might not have been threatening for healthy participants, whereas
for pain patients, impending pain is more salient, resulting more easily in behavioural changes,
especially when using implicit (non-cognitive) measures. In previous fear research [58,59],
avoidance behaviour was measured using a behavioural approach-avoidance paradigm, in
which participants gradually approached the feared stimulus. However, in the current study,
touching the bars after watching the video would interfere with experiences during exposure.
Comparing latency time before contact with the feared and non-feared stimulus [19] was not
an option either because participants could not control the exact moment of exposure.

Concerning the second aim, no differences between both bars were observed regarding
pain-related fear and pain intensity during repeated exposure. Nor did the study find a reduc-
tion in these measures throughout this phase, although a small overall decrease in pain-related
fear was found in the second experiment. The absence of a difference might be due to generali-
sation of the fear to the CS-, as both coloured bars share several features [60]. During acquisi-
tion, expectations were measured, whereas during exposure, actual experiences were
investigated, which complicates comparison of the different phases. Nevertheless, it seems that
not the negative appraisals regarding the CS+ have diminished after exposure, but rather the
aversive beliefs concerning the CS- were enhanced. Results regarding the self-reported avoid-
ance tendencies after exposure were not unequivocal. In the first experiment, no difference be-
tween the two stimuli was found, although willingness to touch both bars was lower compared
to the start of the experiment. These findings might indicate that a temperature of -25°C may
have been too aversive, resulting in avoidance of both bars. In the second experiment, presum-
ably using a more ambiguous temperature, willingness to touch the CS- bar was higher com-
pared to the CS+ bar, and did not differ from baseline. One could argue that these results
provide evidence for the persistence of differential fear until the end of the experiment.

In contrast to earlier findings regarding fear in general [61,62], no differences in SCR in an-
ticipation of direct contact with the bars were observed in either experiment. Only in the sec-
ond experiment, evidence was found for differential psychophysiological responding during
contact with both metal bars, and persisted throughout exposure. Higher values for both metal
bars in Experiment 1 might suggest that the temperature was too aversive. It is, however, diffi-
cult to compare these physiological findings with previous research, as in other paradigms no
real shocks [18] or enriched CO2 air [62] were administered during the test phase.

Examining putative moderators is essential in the identification of individuals at risk of de-
veloping pain problems (Third aim). In this study, none of the investigated moderators had a
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consistent influence across both experiments. Some trends can be observed, which should,
however, be interpreted cautiously. In the first experiment, participants with lower tendency to
adopt another’s viewpoint (perspective taking; PT) reported significantly more fear, and ex-
pected more pain intensity regarding contact with the CS+ compared to the CS-, whereas for
participants with higher PT no differential effects were found. Similar results were found for
self-reported behavioural avoidance tendencies. A possible explanation, in line with the find-
ings of Mailhot and colleagues [63], might be that individuals with higher PT focus on the
emotional reaction of the model in pain, possibly neglecting the information which might be
useful for their own experience. Prior studies have shown that viewing pain in others facilitates
pain-related fear responses [63]. However, observers with higher dispositional empathy dis-
played a reduction of the observational facilitation of perceptual pain responses (pain intensity,
pain unpleasantness), although the NFR (nociceptive flexion reflex) was not affected by prior
observational learning [63,64]. This was explained by the distinction between low level em-
pathic processes (e.g., emotional contagion), which occur automatically during the first stage of
a pain experience, and high level empathic processes (e.g., perspective taking and mentalising),
which are driven by higher cognitions and may lead to suppression of automatic defensive re-
sponses during the second stage of a pain experience [65]. Such down-regulation of self-
protective responses enables highly empathic individuals to remove attention from their own
discomfort, and to display prosocial behaviour. Hence, a potential explanation for the differen-
tial effects regarding PT on fear beliefs in low but not high PT might be due to an attentional
bias to others’ emotional responses in individuals with high PT. This may have distracted them
from the other stimuli presented in the video, which resulted in disturbed discrimination learn-
ing concerning the CS+ and CS- metal bar. In the second experiment, participants with higher
fantasy (FS), who strongly identify with feelings and actions of others, discriminated better be-
tween CS+ and CS- in terms of their expected pain intensity relative to participants with lower
FS. Although the current findings suggest that dispositional empathy may play a role in the ob-
servational acquisition of pain-related beliefs, none of the investigated empathy subscales had a
consistent influence across both experiments, necessitating caution in interpretation and
further investigation.

In contrast to our expectations, participants scoring higher on trait fear of pain in Experi-
ment 2 displayed relatively more approach tendencies concerning the CS+ bar after watching
the video clip than those with lower scores. This rather contradictory result might be related to
the scant threat value of the picture stimuli. The prospect of contact with the CS+ metal bar is
considered threatening by the participants. Although a picture of this threatening CS+ bar was
presented during the AAT, there was no real need to avoid actual danger or contact with the
feared stimulus at this stage, as it was just a picture on a computer screen. For participants
with lower trait fear of pain, no difference was found between compatibility scores for both
stimulus types. For participants with higher trait fear of pain, more approach tendency con-
cerning the CS+ picture was found compared to the CS- picture. There might be at least two
explanations. First, the CS+ picture might not have been threatening enough, but still may
cause some discomfort in the high fearful observer. Hence, the use of a CS+ metal bar picture
in the AAT might not have had the same threat value as the real CS+ metal bar. Second, faster
movements when a ‘pull’-movement was required resulted in quicker disappearance of this
putative discomfort caused by watching the approaching stimulus in the picture in individuals
with higher trait fear of pain. In that sense, a pull movement might also have functioned as an
active avoidance response. It was, however, difficult to apply a ‘real’ behavioural approach task
(e.g. [66]) in this experiment, as actual contact with the metal bars during the different phases
of the experiment would have interfered with the flow of the experiment. Moreover, individu-
als with higher fear of pain are likely to selectively attend to potentially threatening stimuli in
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their environment [67]. The ability to orient away from pain-related stimuli may be under
conscious control in low fearful people, whereas such a mechanism does seem absent in those
high in the fear of pain [68,69]. Another possibility might be that the optical zooming illusion
did not have the intended effect. On the other hand, participants with higher perspective tak-
ing, personal distress, and negative affectivity (NA) showed stronger fearful responses to CS-,
suggesting that they may be deficient in safety learning. This corroborates earlier findings
showing that NA is associated with poorer discrimination between safe and unsafe stimuli,
more readily considering safe stimuli as potentially unsafe [70,71]. The findings regarding em-
pathic tendencies (PT, PD) are in line with Valeriani et al. [26], who suggest that disturbed dis-
crimination learning might be due to an attentional bias to others’ emotional responses in
highly empathic individuals.

These results may yield some implications for clinical pain management. Since pain-related
fear can be more disabling than the pain itself [41], many pain patients may benefit from treat-
ment targeting pain-related fear. It might also be appropriate to implement knowledge con-
cerning observational learning in acute pain situations, because early prevention interventions
concerning pain-related fear may avert transition from acute to chronic pain. For instance,
health care professionals should be aware of their attitudes regarding pain and pain-related
fear [72,73], as patients might take over these attitudes through observation and verbal instruc-
tions. Additionally, meeting recovered pain patients suffering from similar injuries and observ-
ing them performing daily back-stressing movements and activities might reduce pain-related
fear acquisition. Furthermore, family members of pain patients can be involved in psycho-
educational treatment sessions explaining observational learning processes and possible main-
taining factors concerning pain, since these individuals often observe their family member in
pain, which may increase their own vulnerability for pain, avoidance and disability later in life
[74]. No strong evidence was found in this study regarding the implications for exposure thera-
py, although some findings might be promising. Although no differential effects in fear beliefs
were observed during the exposure phase, in the second experiment, an overall decrease of
pain-related fear was observed throughout the exposure trials. In addition, willingness to touch
the CS+ metal bar significantly increased during the exposure phase in both experiments.

There are a few limitations to this study, which need to be considered. First, participants
were healthy young females, restricting external validity. Previous research has shown that gen-
der differences exist in pain experience, possibly due to different operating pain mechanisms
[75]. Moreover, observers might learn more easily from same-gendered models or from ‘in-
group’members [76]. Both the models and the participants in our study were young females.
The models were told to be students that participated earlier in the same study, hence belong-
ing to the same in-group. The current study has only focused on females, because women are
more prone to develop chronic pain, and are also known to report having more pain models,
who are mostly female [77]. Future research is needed to examine whether our findings gener-
alise to male samples and individuals suffering from acute or chronic pain. Second, skin con-
ductance was used as a psychophysiological measure. Startle response (EMG) might be a better
measure to use in future experiments because it is more specifically related to fear, whereas
skin conductance is a measure for general arousal [78]. In addition, it has been used successful-
ly in experimental fear of pain studies [79]. Third, a different behavioural measure could be ap-
plied in future research, as there might be some difficulties concerning insufficient threat value
of the picture stimuli used in the AAT.

Despite these limitations, the findings of this study may enhance our understanding of ob-
servational pain-related fear acquisition and subsequent first-hand exposure, providing leads
for pain prevention and management strategies.

Observational Learning and Pain-Related Fear

PLOS ONE | DOI:10.1371/journal.pone.0117236 March 25, 2015 20 / 24



Acknowledgments
The authors would like to thank Fabienne Deknudt, and Jessie Bruyninckx for their assis-
tance in collecting the data. We also are grateful to Jan De Houwer and Madelon Peters for
their helpful suggestions, to Deb Vansteenwegen for her suggestions and help with the analy-
sis of the psychophysiological data, and Tom Loeys for his useful suggestions regarding the
statistical analyses.

Author Contributions
Conceived and designed the experiments: KH JV LG. Performed the experiments: KH. Ana-
lyzed the data: KH LG. Contributed reagents/materials/analysis tools: KH. Wrote the paper:
KH JV LG.

References
1. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in Europe: Preva-

lence, impact on daily life, and treatment. Eur J Pain. 2006; 10: 287–333. PMID: 16095934

2. Gatchel RG, Peng YB, Peters ML, Fuchs PN, Turk DC. The biopsychosocial approach to chronic pain:
scientific advances and future directions. Psychol Bull. 2007; 133: 581–624. PMID: 17592957

3. Von Korff M, Crane P, Lane M, Miglioretti DL, Simon G, Saunders K, et al. Chronic spinal pain and
physical–mental comorbidity in the United States: results from the national comorbidity survey replica-
tion. Pain. 2005; 113: 331–339. PMID: 15661441

4. Kronborg C, Handberg G, Axelsen F. Health care costs, work productivity and activity impairment in
non-malignant chronic pain patients. Eur J Health Econ. 2008; 10: 5–13. doi: 10.1007/s10198-008-
0096-3 PMID: 18256865

5. Asmundson GJG, Norton PJ, Vlaeyen JWS. Fear-Avoidance Models of Chronic Pain: An Overview. In:
Asmundson GJG, Vlaeyen JWS, Crombez G, editors. Understanding and Treating Fear of Pain. Ox-
ford: Oxford University Press; 2004. pp. 3–24. PMID: 15327826

6. Turk DC, Wilson HD. Fear of Pain as a Prognostic Factor in Chronic Pain: Conceptual Models, Assess-
ment, and Treatment Implications. Curr Pain Headache Rep. 2010; 14: 88–95. doi: 10.1007/s11916-
010-0094-x PMID: 20425197

7. Helsen K, LeeuwM, Vlaeyen JWS. Fear and pain. In: Schmidt RF, Gebhart GF, editors. Encyclopedia
of pain, 2nd edition: Springer-Verlag; 2013.

8. Gheldof ELM, Crombez G, Van den Bussche E, Vinck J, Van Nieuwenhuyse A, Moens G, et al. Pain-re-
lated fear predicts disability, but not pain severity: a path analythic approach of the fear-avoidance
model. Eur J Pain. 2010; 14: 871–879.

9. Rachman S. The conditioning theory of fear-acquisition: A critical examination. Behav Res Ther. 1977;
15: 375–387. PMID: 612338

10. Rachman S. Neo-conditioning and the classical theory of fear acquisition. Clin Psychol Rev. 1991; 11:
155–173.

11. Field AP, Lawson J. The verbal information pathway to fear and subsequent causal learning in children.
Cogn Emot. 2008; 22: 459–479.

12. Askew C, Field AP. The vicarious learning pathway to fear 40 years on. Clin Psychol Rev. 2008; 28:
1249–1265. doi: 10.1016/j.cpr.2008.05.003 PMID: 18614263

13. Bandura A. Social foundations of thought and action: A social-cognitive view. Englewood Cliffs, NJ:
Prentice-Hall; 1986.

14. De Houwer J. The propositional approach to associative learning as an alternative for association for-
mation models. Learn Behav. 2009; 37: 1–20. doi: 10.3758/LB.37.1.1 PMID: 19122048

15. Craig KD, Weiss SM. Vicarious influences on pain-threshold determinations. J Pers Soc Psychol.
1971; 19: 53–59. PMID: 5558340

16. Craig KD, PrKachin KM. Social modeling influences on sensory decision theory and psychophysiologi-
cal indexes of pain. J Pers Soc Psychol. 1978; 36: 805–815. PMID: 690805

17. Goubert L, Vlaeyen JWS, Crombez G, Craig KD. Learning about pain from others: An observational
learning account. J Pain. 2011; 12: 167–174. doi: 10.1016/j.jpain.2010.10.001 PMID: 21111682

18. Olsson A, Phelps EA. Learned fear of "unseen" faces after Pavlovian, Observational, and Instructed
fear. Psychol Sci. 2004; 15: 822–828. PMID: 15563327

Observational Learning and Pain-Related Fear

PLOS ONE | DOI:10.1371/journal.pone.0117236 March 25, 2015 21 / 24

http://www.ncbi.nlm.nih.gov/pubmed/16095934
http://www.ncbi.nlm.nih.gov/pubmed/17592957
http://www.ncbi.nlm.nih.gov/pubmed/15661441
http://dx.doi.org/10.1007/s10198-008-0096-3
http://dx.doi.org/10.1007/s10198-008-0096-3
http://www.ncbi.nlm.nih.gov/pubmed/18256865
http://www.ncbi.nlm.nih.gov/pubmed/15327826
http://dx.doi.org/10.1007/s11916-010-0094-x
http://dx.doi.org/10.1007/s11916-010-0094-x
http://www.ncbi.nlm.nih.gov/pubmed/20425197
http://www.ncbi.nlm.nih.gov/pubmed/612338
http://dx.doi.org/10.1016/j.cpr.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/18614263
http://dx.doi.org/10.3758/LB.37.1.1
http://www.ncbi.nlm.nih.gov/pubmed/19122048
http://www.ncbi.nlm.nih.gov/pubmed/5558340
http://www.ncbi.nlm.nih.gov/pubmed/690805
http://dx.doi.org/10.1016/j.jpain.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21111682
http://www.ncbi.nlm.nih.gov/pubmed/15563327


19. Helsen K, Goubert L, Peters ML, Vlaeyen JWS. Observational learning and pain-related fear: An exper-
imental study with colored cold pressor tasks. J Pain. 2011; 12: 1230–1239. doi: 10.1016/j.jpain.2011.
07.002 PMID: 22019133

20. Arntz A, Claassens L. The meaning of pain influences its experienced intensity. Pain. 2004; 109: 20–
25. PMID: 15082122

21. Quartana PJ, Campbell CM, Edwards RR Pain catastrophizing: a critical review. Expert Rev Neurother.
2009; 9: 745–758. doi: 10.1586/ern.09.34 PMID: 19402782

22. Sullivan MJL, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA, et al. Theoretical perspec-
tives on the relation between catastrophizing and pain. Clin J Pain. 2001; 17: 52–64. PMID: 11289089

23. Carroll EMA, Conroy L, Jones L. Facial affect processing in patients receiving opioid treatment in pallia-
tive care: Preferential processing of threat in pain catastrophizers. J Pain SymptomManage. 2011; 41:
975–985. doi: 10.1016/j.jpainsymman.2010.08.011 PMID: 21251795

24. Hirsh AT, George SZ, Bialosky JE, Robinson ME. Fear of pain, pain catastrophizing, and acute pain
perception: Relative prediction and timing of assessment. J Pain. 2008; 9: 806–812. doi: 10.1016/j.
jpain.2008.03.012 PMID: 18486557

25. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative
affect: The PANAS Scales. J Pers Soc Psychol. 1988; 54: 1063–1070. PMID: 3397865

26. Linton SJ, Buer N, Vlaeyen JWS, Hellsing AL. Are fear-avoidance beliefs related to the inception of an
episode of back pain? A prospective study. Psychol Health. 2000; 14: 1051–1059. doi: 10.1080/
08870440008407366 PMID: 22175261

27. Vlaeyen JWS, Linton SJ. Fear-avoidance model of chronic musculoskeletal pain: 12 years on. Pain.
2012; 153: 1144–1147. doi: 10.1016/j.pain.2011.12.009 PMID: 22321917

28. Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences in chronic musculoskeletal pain. Pain.
2000; 85: 317–332. PMID: 10781906

29. Goubert L, Craig KD, Vervoort T, Morley S, Sullivan MJL, de CWilliams AC, et al. Facing others in pain:
the effects of empathy. Pain. 2005; 118: 285–288. PMID: 16289804

30. Goubert L, Vervoort T, Craig KD. Empathy and pain. In: Schmidt RF, Gebhart GF, editors. Encyclope-
dia of pain. 2nd ed: Springer-Verlag; 2013.

31. Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: A comparison of six meth-
ods. Pain. 1986; 27: 117–126. PMID: 3785962

32. Williamson A, Hoggart B. Pain: A review of three commonly used pain rating scales. J Clin Nurs. 2005;
14: 798–804. PMID: 16000093

33. Helsen K, Goubert L, Vlaeyen JWS. Observational learning and pain-related fear: Exploring contingen-
cy learning in an experimental study using coloured warm water tasks. J Pain. 2013; 14: 676–688. doi:
10.1016/j.jpain.2013.01.771 PMID: 23582378

34. De Houwer J. A structural analysis of indirect measures of attitudes. In: Musch J, Klauer KC, editors.
The psychology of evaluation: Erlbaum; 2003. pp. 219–244.

35. Rinck M, Becker ES. Approach and avoidance in fear of spiders. J Behav Ther Exp Psychiatry. 2007;
38: 105–120. PMID: 17126289

36. Spruyt A, Clarysse J, Vansteenwegen D, Baeyens F, Hermans D. Affect 4.0: A free software package
for implementing psychological and psychophysiological experiments. Exp Psychol. 2010; 57: 36–45.
doi: 10.1027/1618-3169/a000005 PMID: 20178962

37. De Clercq A, Verschuere B, De Vlieger P, Crombez G. Psychophysiological Analysis (PSPHA): A mod-
ular script-based program for analyzing psychophysiological data. Behav Res Methods. 2006; 38: 504–
510. PMID: 17186761

38. Van Damme S, Crombez G, Bijttebier P, Goubert L, Van Houdenhove B. A confirmatory factor analysis
of the Pain Catastrophizing Scale: invariant factor structure across clinical and non-clinical populations.
Pain. 2002; 96: 319–324. PMID: 11973004

39. Sullivan MJL, Bishop SR, Pivik J. The Pain Catastrophizing Scale: Development and validation. Psy-
chol Assess. 1995; 7: 524–532.

40. Crombez G, Eccleston C, Baeyens F, Eelen P. When somatic information threatens, catastrophic think-
ing enhances attentional interference. Pain. 1998; 75: 187–198. PMID: 9583754

41. Crombez G, Vlaeyen JWS, Heuts PHTG, Lysens R. Pain-related fear is more disabling than pain itself:
Evidence on the role of pain-related fear in chronic low back pain disability. Pain. 1999; 80: 329–339.
PMID: 10204746

42. McNeil DW, Rainwater AJ. Development of the Fear of Pain Questionnaire-III. J Behav Med. 1998; 21:
389–410. PMID: 9789168

Observational Learning and Pain-Related Fear

PLOS ONE | DOI:10.1371/journal.pone.0117236 March 25, 2015 22 / 24

http://dx.doi.org/10.1016/j.jpain.2011.07.002
http://dx.doi.org/10.1016/j.jpain.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/22019133
http://www.ncbi.nlm.nih.gov/pubmed/15082122
http://dx.doi.org/10.1586/ern.09.34
http://www.ncbi.nlm.nih.gov/pubmed/19402782
http://www.ncbi.nlm.nih.gov/pubmed/11289089
http://dx.doi.org/10.1016/j.jpainsymman.2010.08.011
http://www.ncbi.nlm.nih.gov/pubmed/21251795
http://dx.doi.org/10.1016/j.jpain.2008.03.012
http://dx.doi.org/10.1016/j.jpain.2008.03.012
http://www.ncbi.nlm.nih.gov/pubmed/18486557
http://www.ncbi.nlm.nih.gov/pubmed/3397865
http://dx.doi.org/10.1080/08870440008407366
http://dx.doi.org/10.1080/08870440008407366
http://www.ncbi.nlm.nih.gov/pubmed/22175261
http://dx.doi.org/10.1016/j.pain.2011.12.009
http://www.ncbi.nlm.nih.gov/pubmed/22321917
http://www.ncbi.nlm.nih.gov/pubmed/10781906
http://www.ncbi.nlm.nih.gov/pubmed/16289804
http://www.ncbi.nlm.nih.gov/pubmed/3785962
http://www.ncbi.nlm.nih.gov/pubmed/16000093
http://dx.doi.org/10.1016/j.jpain.2013.01.771
http://www.ncbi.nlm.nih.gov/pubmed/23582378
http://www.ncbi.nlm.nih.gov/pubmed/17126289
http://dx.doi.org/10.1027/1618-3169/a000005
http://www.ncbi.nlm.nih.gov/pubmed/20178962
http://www.ncbi.nlm.nih.gov/pubmed/17186761
http://www.ncbi.nlm.nih.gov/pubmed/11973004
http://www.ncbi.nlm.nih.gov/pubmed/9583754
http://www.ncbi.nlm.nih.gov/pubmed/10204746
http://www.ncbi.nlm.nih.gov/pubmed/9789168


43. Roelofs J, Peters ML, Deutz J, Spijker C, Vlaeyen JWS. The Fear of Pain Questionnaire (FPQ): Further
psychometric examination in a non-clinical sample. Pain. 2005; 116: 339–346. PMID: 15979794

44. Osman A, Breitenstein JL, Barrios FX, Guttierrez PM, Kopper BA. The Fear of Pain Questionnaire-III:
Further reliability and validity with non-clinical samples. J Behav Med. 2002; 25: 155–173. PMID:
11977436

45. Peeters FPML, Ponds RWHM, Vermeeren MTG. Affectiviteit en zelfbeoordeling van depressie en
angst. Tijdschr Psychiatr. 1996; 3: 240–248.

46. Davis MH. Measuring individual differences in empathy: Evidence for a multidimensional approach.
J Pers Soc Psychol. 1983; 44: 113–126.

47. Davis MH. A multidimensional approach to individual differences in empathy. JSAS Catalog of Selected
Documents in Psychology. 1980; 10: 85.

48. De Corte K, Buysse A, Verhofstadt LL, Roeyers H, Ponnet K, Davis MH. Measuring empathic tenden-
cies: Reliability and validity of the Dutch version of the Interpersonal Reactivity Index. Psychol Belg.
2007; 47: 235–260.

49. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations. J Pers Soc Psychol. 1986; 51: 1173–1182. PMID:
3806354

50. Kenny DA, Kashy DA, CookWL. Dyadic data analysis. New York: Cambridge University Press; 2006.

51. Cohen J. Statistical power analysis for the behavioural sciences. San Diego, California: McGraw-Hill;
1988.

52. Satterthwaite FE. An approximate distribution of estimates of variance components. Biometr Bull.
1946; 2: 110–114. PMID: 20287815

53. Rosen NO, Knäuper B. A little uncertainty goes a long way: State and trait differences in uncertainty in-
teract to increase information seeking but also increase worry. Health Commun. 2009; 24: 228–238.
doi: 10.1080/10410230902804125 PMID: 19415555

54. Ashford SJ, Cummings LL. Proactive feedback seeking: The instrumental use of the information envi-
ronment. J Occup Psychol. 1985; 58: 67–79.

55. Gerull FC, Rapee RM. Mother knows best: effects of maternal modelling on the acquisition of fear and
avoidance behaviour in toddlers. Behav Res Ther. 2002; 40: 279–287. PMID: 11863238

56. Mineka S, Öhman A. Phobias and preparedness: The selective, automatic, and encapsulated nature of
fear. Biol Psychiatry. 2002; 52: 927–937. PMID: 12437934

57. Tabbert K, Merz CJ, Klucken T, Schweckendiek J, Vaitl D, Wolf OT, et al. Influence of contingency
awareness on neural, electrodermal, and evaluative responses during fear conditioning. Soc Cogn Af-
fect Neurosci. 2011; 6: 495–506. doi: 10.1093/scan/nsq070 PMID: 20693389

58. Askew C, Field AP. Vicarious learning and the development of fears in childhood. Behav Res Ther.
2007; 45: 2616–2627. PMID: 17651688

59. Egliston KA, Rapee RM. Inhibition of fear acquisition in toddlers following positive modelling by their
mothers. Behav Res Ther. 2007; 45: 1871–1882. PMID: 17448441

60. Meulders A, Vlaeyen JWS. The acquisition and generalization of cued and contextual pain-related fear:
An experimental study using a voluntary movement paradigm. Pain. 2012; 154: 272–282. doi: 10.1016/
j.pain.2012.10.025 PMID: 23211100

61. Olsson A, Nearing KI, Phelps EA. Learning fears by observing others: the neural systems of social fear.
Soc Cogn Affect Neurosci. 2007; 2: 3–11. doi: 10.1093/scan/nsm005 PMID: 18985115

62. Kelly MM, Forsyth JP. Observational fear conditioning in the acquisition and extinction of attentional
bias for threat: An experimental evaluation. Emotion. 2007; 7: 324–335. PMID: 17516811

63. Mailhot JP, Vachon-Presseau E, Jackson PL, Rainville P. Dispositional empathy modulate vicarious ef-
fects of dynamic pain expressions on spinal nociception, facial responses and acute pain. Eur J Neu-
rosci. 2012; 35: 271–278. doi: 10.1111/j.1460-9568.2011.07953.x PMID: 22250816

64. Vachon-Presseau E, Martel MO, Roy M, Caron E, Jackson PL, Rainville P. The multilevel organization
of vicarious pain responses: Effects of pain cues and empathy traits on spinal nociception and acute
pain. Pain. 2011; 152: 1525–1531. doi: 10.1016/j.pain.2011.02.039 PMID: 21439727

65. Valeriani M, Betti V, Le Pera D, De Armas L, Miliucci R, Restuccia D, et al. Seeing the pain of others
while being in pain: A laser-evoked potentials study. NeuroImage. 2008; 40: 1419–1428. doi: 10.1016/j.
neuroimage.2007.12.056 PMID: 18291679

66. Koch MD, O'Neill HK, Sawchuk CN, Connolly K. Domain-specific and generalized disgust sensitivity in
blood-injection-injury phobia: The application of behavioral approach/avoidance tasks. J Anxiety Dis-
ord. 2002; 16: 511–527. PMID: 12396209

Observational Learning and Pain-Related Fear

PLOS ONE | DOI:10.1371/journal.pone.0117236 March 25, 2015 23 / 24

http://www.ncbi.nlm.nih.gov/pubmed/15979794
http://www.ncbi.nlm.nih.gov/pubmed/11977436
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://www.ncbi.nlm.nih.gov/pubmed/20287815
http://dx.doi.org/10.1080/10410230902804125
http://www.ncbi.nlm.nih.gov/pubmed/19415555
http://www.ncbi.nlm.nih.gov/pubmed/11863238
http://www.ncbi.nlm.nih.gov/pubmed/12437934
http://dx.doi.org/10.1093/scan/nsq070
http://www.ncbi.nlm.nih.gov/pubmed/20693389
http://www.ncbi.nlm.nih.gov/pubmed/17651688
http://www.ncbi.nlm.nih.gov/pubmed/17448441
http://dx.doi.org/10.1016/j.pain.2012.10.025
http://dx.doi.org/10.1016/j.pain.2012.10.025
http://www.ncbi.nlm.nih.gov/pubmed/23211100
http://dx.doi.org/10.1093/scan/nsm005
http://www.ncbi.nlm.nih.gov/pubmed/18985115
http://www.ncbi.nlm.nih.gov/pubmed/17516811
http://dx.doi.org/10.1111/j.1460-9568.2011.07953.x
http://www.ncbi.nlm.nih.gov/pubmed/22250816
http://dx.doi.org/10.1016/j.pain.2011.02.039
http://www.ncbi.nlm.nih.gov/pubmed/21439727
http://dx.doi.org/10.1016/j.neuroimage.2007.12.056
http://dx.doi.org/10.1016/j.neuroimage.2007.12.056
http://www.ncbi.nlm.nih.gov/pubmed/18291679
http://www.ncbi.nlm.nih.gov/pubmed/12396209


67. Asmundson GJG, Hadjistavropoulos HD. Is high fear of pain associated with attentional biases for
pain-related or general threat? A categorical reanalysis. J Pain. 2007; 8: 11–18. PMID: 17207740

68. Keogh E, Ellery D, Hunt C, Hannent I. Selective attentional bias for pain-related stimuli amongst pain
fearful individuals. Pain. 2001; 91: 91–100. PMID: 11240081

69. Keogh E, Thompson T, Hannent I. Selective attentional bias, conscious awareness and the fear of
pain. Pain. 2003; 104: 85–91. PMID: 12855317

70. Britton JC, Lissek S, Grillon C, Norcross MA, Pine DS. Development of anxiety: The role of threat ap-
praisal and fear learning. DepressAnxiety. 2011; 28: 5–17.

71. Arnauvada I, Krypotos A-M, Effting M, Boddez Y, Kindt M, Beckers T. Individual differences in discrimi-
natory fear learning under conditions of ambiguity: A vulnerability factor for anxiety disorders? Front
Psychol. 2013; 4: 1–9. doi: 10.3389/fpsyg.2013.00001 PMID: 23382719

72. Darlow B, Fullen BM, Dean S, Hurley DA, Baxter GD, Dowell A. The association between health care
professionals attitudes and beliefs and the attitudes and beliefs, clinical management, and outcomes of
patients with low back pain: A systematic review. Eur J Pain. 2012; 16: 3–17. doi: 10.1016/j.ejpain.
2011.06.006 PMID: 21719329

73. Ostelo RW, Vlaeyen JWS. Attitudes and beliefs of health care providers: extending the fear-avoidance
model. Pain. 2008; 135: 3–4. doi: 10.1016/j.pain.2007.12.003 PMID: 18215467

74. Vlaeyen JWS, Crombez G. Fear of movement/(re)injury, avoidance and pain disability in chronic low
back pain patients. Man Ther. 1999; 4: 187–195. PMID: 10593107

75. Greenspan JD, Craft RM, LeResche L, Arendt-Nielsen L, Berkley KJ, Fillingim RB, et al. Studying sex
and gender differences in pain and analgesia: A consensus report. Pain. 2007; 132: S26–S45. PMID:
17964077

76. BraaksmaMAH, Rijlaarsdam G, van den Bergh H. Observational learning and the effects of model-ob-
server similarity. J Educ Psychol. 2002; 94: 405–415.

77. Koutantji M, Pearce SA, Oakley DA. The relationship between gender and family history of pain with
current pain experience and awareness of pain in others. Pain. 1998; 77: 25–31. PMID: 9755015

78. Vrana SR, Spence EL, Lang PJ. The startle probe response: A newmeasure of emotion? J Abnorm
Psychol. 1988; 97: 487–491. PMID: 3204235

79. Meulders A, Vansteenwegen D, Vlaeyen JWS. The acquisition of fear of movement-related pain and
associative learning: A novel pain-relevant human fear conditioning paradigm. Pain. 2011; 152: 2460–
2469. doi: 10.1016/j.pain.2011.05.015 PMID: 21723664

Observational Learning and Pain-Related Fear

PLOS ONE | DOI:10.1371/journal.pone.0117236 March 25, 2015 24 / 24

http://www.ncbi.nlm.nih.gov/pubmed/17207740
http://www.ncbi.nlm.nih.gov/pubmed/11240081
http://www.ncbi.nlm.nih.gov/pubmed/12855317
http://dx.doi.org/10.3389/fpsyg.2013.00001
http://www.ncbi.nlm.nih.gov/pubmed/23382719
http://dx.doi.org/10.1016/j.ejpain.2011.06.006
http://dx.doi.org/10.1016/j.ejpain.2011.06.006
http://www.ncbi.nlm.nih.gov/pubmed/21719329
http://dx.doi.org/10.1016/j.pain.2007.12.003
http://www.ncbi.nlm.nih.gov/pubmed/18215467
http://www.ncbi.nlm.nih.gov/pubmed/10593107
http://www.ncbi.nlm.nih.gov/pubmed/17964077
http://www.ncbi.nlm.nih.gov/pubmed/9755015
http://www.ncbi.nlm.nih.gov/pubmed/3204235
http://dx.doi.org/10.1016/j.pain.2011.05.015
http://www.ncbi.nlm.nih.gov/pubmed/21723664

