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Current theoretical models of pain catastrophizing have diverging predictions regarding the role of social
context and perceived threat on pain expression. The communal coping model of catastrophizing
predicts that high pain catastrophizers display more pain expression in the presence of another,
regardless of the threat value of the pain, while a cognitive appraisal model predicts high pain cata-
strophizers to express more pain when pain has increased threat value, regardless of social context.
A 2 � 2 factorial design was used to test the validity of both predictions. Healthy participants with
varying levels of pain catastrophizing were exposed to a cold pressor task, consisting of a 60 s immersion
and 60 s recovery period. Interestingly, the immersion results revealed that beyond and independent
from the effects of pain catastrophizing, the effect of threat on verbal pain report and facial expression
was dependent on social context and vice versa. In a threatening context, perceived threat of pain
mediated the inhibitory effect of social presence on pain expression, suggesting that the observer acted
as a safety signal. In the recovery period, social presence enhanced facial expression, but only when no
threat was induced. The results are discussed in terms of the dynamic interaction between social context
and threat appraisals.

� 2009 Elsevier Ltd. All rights reserved.
Introduction

Pain is a universal experience that affects human beings across
the life span, and serves an important protective function. Pain
urges to interrupt ongoing activity, to escape the source of threat to
the body, and to withdraw for healing to take place (Eccleston &
Crombez, 1999).

Over the past decade, there has been increasing interest in
questions concerning the influence of social context on the expe-
rience of pain and associated pain behavior (Keefe & Porter, 2007;
Tait, 2007). Traditionally, the role of social context was framed in
social modeling (Craig, 1978) and operant conditioning processes
(Fordyce, 1976). Indeed, important others have been shown to
influence the experience of pain and how pain is expressed (Craig,
gy, Research Group Health
00 Leuven, Belgium. Tel.: þ32

.W.S. Vlaeyen).
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1975; Hadjistavropoulos & Craig, 2002; Turkat & Guise, 1983).
These studies seem to suggest that punishing responses are asso-
ciated with inhibited expression of verbal and non-verbal pain
behavior, while empathic responses are associated with behaviors
of greater magnitude (Flor, Knost, & Birbaumer, 2002; Jolliffe &
Nicholas, 2004; Lousberg, Schmidt, & Groenman, 1992).

More recently, individual differences in the way how pain is
catastrophically interpreted have also been examined in a social
context of a refined communal coping model (CCM) (Lackner &
Gurtman, 2004; Sullivan et al., 2001; Thorn, Ward, Sullivan, &
Boothby, 2003). Pain catastrophizing has been conceptualized as
a way of eliciting empathic responses from others (Sullivan, Adams,
& Sullivan, 2004; Sullivan et al., 2001; Thorn, Keefe, & Anderson,
2004; Thorn et al., 2003). The CCM predicts that high pain cata-
strophizers will express pain in especially in the presence of others,
because they feel vulnerable and feel the need to seek support from
others through the expression of pain.

Evidence for the CCM is provided by Sullivan et al. (2004) who
showed that during a cold pressor task, healthy subjects scoring
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high on pain catastrophizing displayed more pain expression in the
presence of a neutral observer as compared those who performed
the task alone. For the low pain catastrophizers, social context did
not affect their pain expression during the pain task. Using a similar
experimental pain task, Vervoort and colleagues found children
high in pain catastrophizing displayed equal amounts of pain
behavior in the presence of both of their parent and a stranger.
Their low catastrophizing counterpart, however, were found to
express significantly less pain in the presence of a stranger as
compared to the presence of own their parent (Vervoort et al.,
2008).

Of interest, however, is that studies finding support for CCM
have not varied the threat value of the noxious stimulus. Indeed,
a number of investigations have shown that threatening informa-
tion about pain influences pain intensity and pain tolerance (Arntz
& Claassens, 2004; Jackson et al., 2005; Vlaeyen, Kole-Snijders,
Boeren, & van Eek, 1995). The central thesis of a cognitive appraisal
model (CAM) is that idiosyncratic interpretation of a stimulus
determines how strongly it is perceived, and which affect it elicits.
The CAM assumes that individuals who catastrophize about pain
habitually assign increased threat value to innocuous stimuli,
thereby experiencing increased pain-related fear. There is accu-
mulating evidence that catastrophic interpretations of pain
produce increased pain-related fear and associated escape, avoid-
ance and safety seeking behaviors, both in experimental and clin-
ical settings (Lethem, Slade, Troup, & Bentley, 1983), for a review,
see (Vlaeyen & Linton, 2000).

Although the role of the social context is not specified in the
CAM it is arguable that certain social contexts might represent
safety cues that signal to the individual that imminent threat will
be reduced (e.g. (Lohr, Olatunji, & Sawchuk, 2007; Tang et al.,
2007)). To our knowledge, no studies exist that have manipulated
both the threat value of the pain as well as the social presence
during a pain task in one single experiment. Manipulations of
threat and social presence afford an interesting opportunity to
examine competing predictions of CCM and CAM, and to elucidate
the relative contribution of the threat value of pain and the pres-
ence of a neutral observer in subjects with varying levels of pain
catastrophizing. Because both models are not specified in terms of
the dependent variable, we decided to include a verbal and non-
verbal measure of pain expression in the current study. This is also
in line with the recommendation to use both kinds of measures in
the assessment of pain because of their unique informational value
(Hadjistavropoulos & Craig, 2002). A comparison of CCM and CAM
models of pain catastrophizing is not only of theoretical impor-
tance, but also has potential clinical implications as tailored and
specific treatment of patients who score high on pain catastroph-
izing are scarce (Thorn, Boothby, & Sullivan, 2002; Thorn et al.,
2007). Additionally, current exposure-based treatments for
patients with increased pain-related fear have not explicitly
addressed the involvement of the social context (Leeuw et al., 2008;
Vlaeyen, de Jong, Geilen, Heuts, & van Breukelen, 2001).

Methods

Design

We have chosen a design that allows testing the predictions
based on the CCM as well as those based on the CAM. High and low
pain catastrophizing healthy subjects were exposed to a cold
pressor task in a 2 � 2 factorial design in which both threat of pain
(THREAT) and social context (SOCIAL) were experimentally
manipulated. Participants were exposed to the pain stimulus for
60 s, followed by a 60 s recovery period. Perceived threat of the cold
pressor task was assessed at baseline, after the THREAT
manipulation and after the immersion. Pain catastrophizing was
dichotomized for the purpose of pre-stratification in the random
assignment procedure, but kept continuous when used as covariate
in the analyses. Dependent variables were pain report using
numerical rating scales and facial expression using a standardized
observational coding system. Threat of pain was manipulated using
the verbal instruction that ‘‘Exposure to ice cold water can lead to
freezing in the long term’’ in combination with ‘‘Your blood pressure is
rather high but just within the limits to allow participation to the cold
water procedure’’. This manipulation was successfully used previ-
ously (Van Damme, Crombez, Van Nieuwenborgh-De Wever, &
Goubert, 2008).

The hypothesis based on the CCM was that high pain cata-
strophizers would report more pain and display more facial
expression of pain in the presence of an observer compared to
those who were alone during the pain procedure, irrespective of
the threat value of the pain. Hence, we expected a statistical
SOCIAL*Pain catastrophizing interaction, as previously found by
Sullivan and colleagues (Sullivan et al., 2004). In contrast, the
hypothesis based on CAM was that high pain catastrophizers would
express more pain, and that this effect is amplified when pain is
perceived as threatening, compared to high pain catastrophizers
who are faced with pain that is less threatening, irrespective of the
presence of an observer. Therefore we expected a statistical
THREAT*Pain catastrophizing interaction. As an additional test of
CAM, we also examined whether any inhibitory ‘safety’ effects of
social presence on pain expression were indeed mediated by
changes in perceived threat of pain.
Participants

From a sample of 224 students and staff who responded favor-
ably to advertisements that were posted at different campus sites of
Maastricht University, 152 met the selection criteria and agreed to
participate in the experiment. A screening procedure was used to
exclude participants who had a medical condition that might be
adversely affected by the cold pressor task procedure, and partici-
pants who were reporting current pain or a chronic pain condition.
Five participants did not complete the cold pressor task and
removed their hand before the end of the 60 s immersion time. For
three of these participants whose immersion time exceeded 40 s,
the missing 60 s pain rating was replaced by the previous (40 s)
pain rating. Two participants withdrew their hand before the 40 s
pain rating, and their data were excluded for further analyses, as
well as the data of another participant who failed to complete one
of the questionnaires. The final sample of 149 participants con-
sisted of 61 men and 88 women, with a mean age of 33.3 years
(SD ¼ 9.3) and 29.6 years (SD ¼ 11.3) respectively. It can be shown
that for the present 2� 2 between subject design this N is sufficient
to detect a medium effect (main or interaction) size d ¼ .50 with
power ¼ .80 using alpha ¼ .05 two-tailed. Participants were
randomized into one of four conditions: No threat/no observer
(N ¼ 39), no threat/observer present (N ¼ 37), threat/no observer
(N ¼ 35), threat/observer present (N ¼ 38). Pre-stratification on
pain catastrophizing and gender was used to ensure equal levels of
pain catastrophizing and gender distributions in all 4 groups.
A total score on the Pain Catastrophizing Scale of 16 was used for
stratification in high and low catastrophizers (Van Damme, Crom-
bez, Bijttebier, Goubert, & Van Houdenhove, 2002).

Apparatus

The cold pressor task consisted of a refrigerated unit (30-50-
30 cm) that maintained circulating water ranging between 2� and
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4� Celsius. Participants were requested to hold their arm in the CPT
tank for exactly 60 s. Prior to the task, participants were requested
to immerse their hand in a unit that contained water at room
temperature (20� Celsius). The immersion period was followed by
a recovery period of 60 s. A computer was available in the room for
the electronic administration of questionnaires. Each participant
was videotaped, using two digital video cameras that were placed
concealed in the room. One camera was used for a whole body
recording, while the other camera recorded facial expression only.
For the current study, only the data of the facial expression
recordings were used.

Measures

Threat manipulation check
In order to check whether our threat manipulation worked as

intended, two series of statements were developed reflecting the
perceived threat of pain (PTP), related to the cold pressor task, each
followed by an 11-point rating scale. One series was taken just
before (PTP1) and just after the threatening information (PTP2),
and the other series after the post-immersion recovery period
(PTP3). Because the reversed scored items compromised the
internal consistency they were excluded. Typical PTP1-2 items
were ‘‘I wonder whether this test can be harmful for my hand’’, and ‘‘I
worry that something serious can happen’’. For PTP3, the items were
put in the past tense. A total score was calculated as the sum of the
8 remaining items, divided by 8 (theoretical range ¼ 0-11). Cron-
bach’s Alpha was .76, .83 and .79 for the three versions respectively,
indicating good internal consistency. Correlations between PTP1
and PTP2 for each condition separately were high (Pearson rho
ranging between .87 and .93, p < .001) suggesting good stability.
The correlations between PTP3 and the other versions were lower,
but still significant (for PTP1: Pearson rho ranging between r ¼ .37
and .73, highest p¼ .02; and for PTP2: Pearson rho ranging between
r ¼ .33 and .85, highest p ¼ .04).

Pain catastrophizing
Pain-related catastrophizing was measured with the Dutch

version of the Pain Catastrophizing Scale (Van Damme et al., 2002).
The 13 items were rated on a 5-point scale to describe the
frequency with which participants experienced different thoughts
and feelings associated with pain, and each item belongs to one of
three subscale: rumination, magnification and helplessness (Sulli-
van, Bishop, & Pivik, 1995). Only PCS total scores were used in this
study (theoretical range ¼ 0–52). The PCS was administered twice,
first during the screening period for stratification purposes, and
secondly also prior to threat manipulation and the immersion.
Cronbach’s Alpha was .90 and equal for both administrations,
indicating high internal consistency. Total scores of both PCS
administrations correlated highly (Pearson r ¼ .84, p < .01).

Verbal pain report
Pain intensity was measured with an 11-point numerical rating

scale. Participants were prompted by a tape recorded tone to
verbally rate their pain intensity at 20 s, 40 s and 60 s after
immersion, and at 30 and 60 s of the 1 min recovery period. The
rating scale was placed in front of the participant in the form of
a thermometer anchored with the ‘no pain at all’ (0) and ‘worst pain
ever experienced’ (10). An average of the three ratings of pain
during the immersion, and the two ratings during recovery were
used for further analyses.

Facial expression
Video-recorded facial expressions were assessed with the Child

Facial Coding System (CFCS; (Chambers, Cassidy, McGrath, Gilbert,
& Craig, 1996)), a coding system derived from the Facial Action
Coding System (Ekman & Rosenberg, 1997). The CFCS distinguishes
13 different facial actions typical of pain expression (Brow
lowering, squint, eye squeeze, nose wrinkle, nasolabial furrow,
cheek raiser, upper lip raise, lip corner pull, vertical mouth stretch,
horizontal mouth stretch, blink, flared nostril and open lips) and
can also be used in adults. Coding was done by two independent
research assistants who were blind to the participant’s level of
experienced pain and the experimental condition for each
consecutive 10 s segments: 6 segments during immersion, 6
segments recovery. For each second, 10 facial actions were coded
for intensity (no action (0), slight action (1), distinct/maximal
action (2)), and 3 facial actions (blink, flared nostril, open lips) were
coded as absent or present (0 or 1). Inter-rater agreement was
computed by having the second rater score 20% of the video
segments of the first coder. Reliability was calculated according to
the formula given by Ekman and Friesen (1978), which assesses the
proportion of agreement on actions recorded by two coders relative
to the total number of actions coded as occurring by each coder.
Inter-rater reliability between both coders was 69% (with intensity)
and 77% (without intensity) respectively. A total score of all coded
facial action was calculated for each period (immersion and
recovery).

Procedure

Subjects who responded via e-mail to flyers and advertisements
that were disseminated around the Maastricht University campus
were sent a package including a letter providing general informa-
tion about the study, a screening questionnaire regarding demo-
graphics (age and gender) as well as their health status for selection
purposes, and a version of the PCS for stratification. Subjects who
still wanted to participate were invited to send the completed
questionnaires by mail using the pre-stamped envelope. At arrival
in the lab, participants received verbal information about the
experiment, were asked to sign the informed consent form, and to
complete the PCS for the second time, a VAS assessing their current
pain (if applicable), and the perceived threat measure (PTP1).
Subsequently, randomization over the 4 conditions took place with
pre-stratification on gender and PCS scores using total cut-off score
of 16. This cut score was selected on the basis of a previous study
which sampled from this population in which 16 was identified as
the median value (Van Damme et al., 2002). Participants were then
asked to immerse their arm in a container with water at room
temperature for the duration of 5 min, in order to establish equal
baseline skin temperatures. During this first immersion partici-
pants were told that the researcher would soon leave the room, and
that they were to listen to a tape recording with subsequent
instructions about the CPT. They were told that a brief tone would
indicate that they could report their pain intensity level by saying
out loud a number between 0 and 10, using the pain thermometer
that was placed in front of the participant. At this point the social
presence and threat manipulations took place (see below.) After
these instructions, and just before the immersion as well as
immediately after the one-minute post-immersion period, partic-
ipants were asked to complete the threat manipulation measure
again. After the recovery period, participants were debriefed,
thanked and given a traveling allowance and a gift coupon of 5 Euro
as a token of appreciation.

Social presence
Participants who were allocated to the conditions with social

presence were led to believe that a trainee from another university
was being given the opportunity to observe a CPT procedure in the
context of her masters’ thesis. During the room temperature
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immersion, the experimenter also asked the participant whether
he or she would agree to have the trainee observe the session. All
participants agreed. Once she entered the lab, the female trainee
(one of two female research assistants) introduced herself to the
participant, took place on a chair in front of the participant, and
asked the researcher a number of questions about the CPT proce-
dure. The latter was done to increase the credibility of the observer
as a trainee. During the immersion and recovery periods, the
observer did not engage in attempts to communicate with the
participants, and responded with brief yes/no answers or just
nodding in response to attempts of the participants to communi-
cate with her.

Threat manipulation
In the threat conditions, threat was induced similar to the

procedures used in previous studies (Jackson et al., 2005; Van
Damme et al., 2008). Blood pressure was measured twice, and
a false pressure value was reported, indicating that it was at
borderline acceptability for safe CPT participation. In addition,
normal CPT effects such as skin color changes and tingling sensa-
tions were labeled as the first symptoms of frostbite. In the neutral
conditions, no blood pressure was measured and participants were
told that the skin color changes and tingling sensation were normal
and benign.1

Statistical analyses
The threat manipulation check and effects of the experimental

manipulations of perceived threat were analyzed with univariate
ANCOVA. Age, Gender, Pain catastrophizing (measured with second
assessment of PCS, just before the experimental manipulations)
were always included as covariates in their centered form. Effects of
the experimental manipulations on verbal pain report and facial
expression were first analyzed with split plot repeated measures
ANCOVAs with THREAT information (yes/no), SOCIAL presence
(yes/no) as fixed between subject factors, and TIME (immersion vs.
recovery) as a within subject factor. Pain catastrophizing was
included as a continuous measure and its interactions with fixed
factors THREAT and SOCIAL presence were calculated. In case of any
significant interaction between TIME and one or both between
subject factors, analyses for immersion and recovery data were
carried out separately. For these analyses, only the three-way and
two-way interactions among Pain catastrophizing, THREAT and
SOCIAL were tested. Again, Age, Gender, and Pain catastrophizing
were always included as covariates. Non-significant interactions
(p> .05) were deleted from the model one by one, starting with the
three-way interaction, followed by the two-way interactions and
main effects. If a significant interaction between both factors was
found, ANCOVA’s were run per level of one factor to evaluate the
effect of the other factor and vice versa, with the same covariates as
before. Results of the final models are presented here. Effect sizes
for simple effects were calculated with Cohen’s d (¼mean differ-
ence divided by the root of the mean square residual of the final
model including all covariates). As a further test of CAM, the
mediating role of perceived threat (as measured after the threat
manipulation, PTP2) in the association between threat information
and social presence on the one hand and verbal pain report and
facial expression on the other were examined. Therefore, regres-
sion analyses were performed following standard procedures
(Baron & Kenny, 1986; MacKinnon, Lockwood, Hoffman, West, &
Sheets, 2002). As the Sobel test may suffer from lower power, the
criterion proposed by MacKinnon et al. (2002) was used (joint
1 Verbatim instructions can be obtained from the first or second author.
significance of paths a (independent / mediator) and b (medi-
ator / dependent)).

Results
Threat manipulation check. Table 1 reports the descriptive statistics
for the main variables by group. Means of the perceived threat
scores for the four conditions at baseline, after threat manipulation
and before immersion, and just after immersion, are displayed in
Fig. 1. ANCOVA with the perceived threat measure after the threat
induction prior to immersion (PTP2) as dependent variable,
THREAT information and SOCIAL presence as independent vari-
ables, and baseline perceived threat (PTP1), age, gender, and pain
catastrophizing as covariates revealed a significant main effect for
THREAT, F(1, 141)¼ 18.47, p< .001, baseline perceived threat of pain
F(1, 141) ¼ 402.79, p < .001, suggesting that subjects who received
the threatening information felt more concerned about imminent
cold pressor task procedure than subjects who did not receive
threatening information (mean change for threat conditions ¼ .32,
SD ¼ .65; mean change for neutral conditions ¼ . �.18, SD ¼ .62). In
addition, pain catastrophizing also independently predicted
perceived threat of the pain task, F (1, 141) ¼ 4.44, p ¼ .037.

Perceived threat. A similar analysis was performed to examine
whether the presence of an observer during the cold pressor task
affected the perceived threat of the pain stimulus. ANCOVA with
the threat manipulation measure PTP3 as the dependent variable,
and PTP1 as a covariate together with age, gender, and pain cata-
strophizing, this time revealed a significant effect of SOCIAL pres-
ence, F(1, 141) ¼ 3.885, p ¼ .051, in addition to PTP1, F(1,
141) ¼ 24.187, p < .001 and pain catastrophizing, F(1, 141) ¼ 15.826,
p < .001. None of the interaction terms reached significance and
these were removed from the model before testing the main effects
reported here. As displayed in Fig. 1, participants who performed
the cold pressor task with an observer present felt less concerned
about the pain task as compared to those who did the task alone.
Apparently, the observer acted as a safety cue, reducing their
concern about the effects of the pain stimulus, regardless of
whether threat information was provided or not.

Verbal pain ratings. Means of the pain intensity scores across the
four conditions are displayed in Fig. 2. These suggest that during
immersion, subjects in the condition with threatening information
but without an observer experienced more pain than those in the
other three conditions. There was no significant three-way
TIME*THREAT*SOCIAL interaction, F(1, 141) ¼ 1.157, NS, nor a two-
way TIME*SOCIAL, F(1, 141) ¼ 1.597, NS. A significant TIME*THREAT
interaction, F(1, 141)¼ 4.395; p¼ .038 suggests that the influence of
THREAT on pain report during the immersion was different from
that in the recovery period. Therefore, separate ANCOVA’s were
performed for each period.

Immersion. No significant three-way ‘THREAT*SOCIAL*Pain
catastrophizing’ interaction was found, F(1, 138) ¼ .02, NS, and
neither the predicted two-way interactions ‘Pain cata-
strophizing*THREAT’ F(9, 138) ¼ .003, NS, and ‘Pain cata-
strophizing*SOCIAL’, F(1, 138) ¼ .230, NS, were significant. Analysis
revealed only one significant two-way interaction, namely
‘THREAT*SOCIAL’ F(1, 138) ¼ 6.36; p ¼ .013, suggesting that the
effect of social presence is moderated by threat information. In
addition, there was a significant main effect for Gender, F(1,
138) ¼ 4.233, p ¼ .41 and pain catastrophizing, F(1, 138) ¼ 11.02;
p ¼ .001, showing that more pain was reported by female partici-
pants, and participants habitually perceive pain as threatening.
Exploring the ‘THREAT*SOCIAL’ interaction further, post-hoc anal-
yses revealed that in the absence of threat, no significant main
effect of SOCIAL was found, F(1, 70) ¼ .330, NS, d ¼ .013, suggesting



Table 1
Descriptives (Means and SD) of the main variables for the four experimental conditions.

No threat (N ¼ 76) Threat (N ¼ 73) F-value

No social presence (N ¼ 39) Social presence (N ¼ 37) No social presence (N ¼ 35) Social presence (N ¼ 38)

Mean SD Mean SD Mean SD Mean SD

Age 32.9 11.7 33.3 10.6 27.0 7.3 30.9 11.3 2.72*
PCS2 10.8 5.8 11.1 8 11.4 6.5 12.9 8.4 .6
PTP1 1.33 1.1 1.63 1.26 1.49 .9 1.59 1.5 .46
PTP2 1.19 1.02 1.39 1.44 1.78 1.2 1.93 1.8 2.22
PTP3 1.78 1.53 1.64 1.34 2.34 1.32 1.90 1.68 1.51
P IMM 4.75 2.01 4.96 1.89 5.85 1.44 4.67 2.13 2.93*
P RECOV 2.68 2.12 2.96 2.00 2.99 1.60 2.42 1.83 .73
F IMM 167.34 101.28 200.34 118.88 181.47 117.07 145.87 78.92 1.80
F RECOV 111.69 47.12 174.19 93.99 146.91 82.78 141.82 80.12 4.12**

*p < .05, **p < .01.
PCS2: Pain Catastrophizing Scale, second administration at arrival on the lab. PTP1: baseline perceived threat, PTP2 perceived threat after threat information and before
immersion, PTP3: perceived threat after immersion, P IMM: pain ratings during immersion, P RECOV: pain ratings during recovery, F IMM: facial expression during immersion,
F RECOV: facial expression during recovery. F-values refer to ANOVA testing differences of means among the four conditions.
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that social presence does not influence verbal pain report when no
threat is induced. In the presence of threat however, a significant
difference was found between conditions with and without
observer present, F(1, 70) ¼ 9.67; p ¼ .003, d ¼ 1.24, with signifi-
cantly more pain reported when the participant was alone as
compared to being with an observer. Similarly, in the absence of an
observer, there was a significant main THREAT effect, F(1,
70) ¼ 6265, p ¼ .015, d ¼ .62 with subjects who received threat
information reporting more pain than those receiving neutral
information. In contrast, when an observer was present, threat
information did not affect pain report, F(1, 70) ¼ 1.046, p ¼ .310,
d ¼ .24.

Recovery. During the recovery period, neither a significant
three-way ‘THREAT*SOCIAL*Pain catastrophizing’ interaction, F(1,
138) ¼ 3.365, p ¼ .069, nor any significant two-way interactions or
main effects for THREAT and SOCIAL were found for verbal pain
ratings (p > .106). There was however a significant main effect of
Gender, F(1, 141) ¼ 10.247, p ¼ .002 and Pain catastrophizing,
F(1,141) ¼ 12.648, p ¼ .001 suggesting that female participants, and
participants who habitually interpreted pain catastrophically
reported more pain during the recovery than male participants and
low pain catastrophizers.

Facial expression. Mean facial expression scores across the four
conditions are displayed in Fig. 3, suggesting that subjects in the
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Fig. 1. Estimated marginal means of perceived threat of pain (PTP) scores for the four
experimental conditions at baseline (PTP1), just after threat manipulation (and before
immersion, PTP2), and just after immersion (PTP3). Error bars refer to SEM.
condition with threatening information but with an observer
present showed less facial pain expression than those in the three
other conditions during immersion. In the recovery period,
a different pattern seems to emerge, with social context effects in
the no-threat conditions only. Split plot repeated measures ANOVA
revealed no TIME*THREAT*SOCIAL interaction, F(1, 141) ¼ .201, NS,
but a significant ‘TIME*THREAT’ statistical interaction F(1,
141) ¼ 6.029; p ¼ .015 and ‘TIME*SOCIAL’ interaction, F(1,
141) ¼ 5.390; p ¼ .022, suggesting that the influence of threat
information and social presence on facial expression during the
recovery was different from that during the immersion period.
Therefore, analyses were carried out for mean observer ratings
during immersion and during the recovery period separately.

Immersion. Results revealed that the three-way ‘THREAT*-
SOCIAL*Pain catastrophizing’ interaction did not reach significance,
F(1, 141)¼ 2.953, p¼ .088, and neither were the predicted two-way
‘Pain catastrophizing*SOCIAL’ and ‘Pain catastrophizing*THREAT’
interactions significant F(1, 141) ¼ .53, NS and F(1, 141) ¼ 1.646, NS
respectively. Again, only one significant two-way ‘THREAT*SOCIAL’
interaction F(1, 141) ¼ 4.76; p ¼ .031 was found, showing that also
for facial expression, the effect of social presence was moderated by
threat and vice versa. In addition, there was a significant main
effect of Pain catastrophizing, F(1, 141)¼ 14.206, p< .001, with high
catastrophizers displaying more facial expression than low cata-
strophizers. A post-hoc analysis of the two-way interaction
revealed that in the no-threat condition, no SOCIAL effect F(1,
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Fig. 2. Estimated marginal means of verbal pain report for the four experimental
conditions during cold pressor task immersion and recovery periods. Error bars refer to
SEM.
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Total effect c + a*b: ß =-.34, p =.001 

Fig. 4. Mediation model for the association between social presence and pain intensity
via perceived threat of the cold pressor pain. Standardized Beta’s and p-values of
individual paths and total effect. Data under threat only conditions during immersion.
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Path a: ß = -.20, p =.014 Path b: ß =. 33, p =.054

Path c: ß = -.17, p =.157

Total effect c + a*b: ß = -.24, p =.044

Fig. 5. Mediation model for the association between social presence and facial
expression via perceived threat of the cold pressor pain. Standardized Beta’s and
p-values of individual paths and total effect. Data under threat only conditions during
immersion.
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70) ¼ .91, NS, d ¼ .31 was found. When participants were given
threat information, however, ANCOVA revealed a main SOCIAL
effect, F(1, 70) ¼ 4.21, p ¼ .044, d ¼ .49, showing that facial
expression was significantly lower when an observer is present,
which is consistent with the verbal pain report data. In contrast
with the results for verbal pain report however, in the absence of an
observer there was no main THREAT effect, F(1, 70) ¼ .141, NS,
d ¼ .09, suggesting that threat information did not affect facial
expression. In the presence of an observer, participants who
received threat information showed significantly less facial
expression compared to those who did not receive threat infor-
mation, F(1, 70) ¼ 7.828, p ¼ .007, d ¼ .66.

Recovery. Similar to the immersion period, only a significant
two-way ‘THREAT*SOCIAL’ interaction, F(1, 141) ¼ 8.468; p ¼ .004
was found during the recovery period. However, post-hoc analysis
of threat effects per level of social presence and vice versa, revealed
that participants displayed more facial expression in the presence
of an observer than in the absence when no threat information was
provided, F(1, 70) ¼ 13.851, p < .001, d ¼ .86. In contrast to the
immersion data, there was no social context effect when threat was
induced, F(1, 70)¼ .794, NS, d¼ .21. Analyses of the threat effect per
level of presence revealed that when participants were alone, they
showed significantly more facial expression under threat, F(1,
70) ¼ 4.702, p ¼ .034, d ¼ .53 than under no threat. When an
observer was present, less facial expression was displayed under
threat than under no-threat, although this effect did not reach
significance, F(1, 70) ¼ 2.658, p ¼ .108, d ¼ .38.

Perceived threat as a mediator between social presence
and pain variables

Immersion. Given the significant ‘THREAT*SOCIAL’ interaction,
revealing that social presence had an effect on both verbal pain
report and facial expression in the threat information conditions
during immersion, and the finding that social presence reduced the
perceived threat of pain during immersion, we examined whether
perceived threat of pain measured during exposure to the pain
stimulus (PTP3) mediated the association between social presence
and the pain variables in the threat conditions. Three multiple
regression analyses were performed for both pain intensity and
facial expression as dependent variables (see Figs. 4 and 5) with
SOCIAL as the independent variable. The first analysis (producing
the total effect cþ a*b) included the covariates age, gender, baseline
perceived threat of pain (PTP2, after threat manipulation but before
immersion and social presence), pain catastrophizing (second
administration) with verbal pain ratings (or facial expression) as
the dependent variable. The second regression analysis (path a)
included the same covariates but now with perceived threat as the
dependent variable. The final and third analysis included the same
covariates but with perceived threat as an additional covariate
(paths b and c). As displayed in Figs. 4 and 5, all of the resulting
standardized b-values met the ‘joint significance of paths a and b’
criteria as suggested by McKinnon et al. (MacKinnon et al., 2002).
Consistent with previous analyses, the standardized b-values for
paths a and c were negative, corroborating the threat reducing and
pain reducing effects of social presence. Of interest is that the under
no-threat conditions (results not reported here), similar mediation
analyses revealed a significant path b only (perceived threat to pain
report and to facial expression).

Recovery. Similar mediation analyses that were carried out for
the recovery period, suggest that the effect of social presence on
verbal pain report was not mediated by perceived threat in the
conditions under threat, with a significant path a (standardized
b ¼ �.20, p ¼ .014) but no significant path b (standardized b ¼ .33,
p ¼ .054). In the recovery period, the verbal report data under no-
threat and facial expression data under threat and no-threat
conditions did not meet the joint significance criterion as proposed
by McKinnon et al., as both paths a and b did not reach statistical
significance. The conclusion is that there was no support for
mediation of perceived threat on pain expression in the recovery
phase.

Discussion
This study was designed to test whether verbal pain report and

facial expression in subjects reporting high pain catastrophizing is
enhanced by the presence of an observer, as predicted by the CCM
(Sullivan et al., 2001), or by the perceived threat value of pain as
predicted by the CAM (Arntz & Claassens, 2004; Crombez, Vlaeyen,
Heuts, & Lysens, 1999; Severeijns, Vlaeyen, & Van Den Hout, 2004).
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In a 2 � 2 factorial design, healthy subjects with varying levels of
pain catastrophizing were exposed to a CPT during which both the
threat value of the pain and the social context were experimentally
manipulated. The manipulation of threat was successful in the
sense that subjects in the threat conditions reported significantly
more concern regarding the effects of the CPT as compared to those
assigned to the no-threat conditions.

The results are not directly in line with either the CCM or the
CAM conceptualizations of pain catastrophizing, as we failed to
observe the interactions between pain catastrophizing and social
presence (CCM prediction), and between pain catastrophizing and
threat information (CAM prediction). These observations are also
not in line with earlier reports showing that the presence of an
observer elicits pain expression in high catastrophizers (Sullivan
et al., 2004). Consistent with earlier reports is the main effect of
pain catastrophizing on pain expression. Numerous studies have
indeed shown that pain catastrophizing is one of the strongest
predictors of pain-related outcomes (Turner, Jensen, & Romano,
2000), probably through bio-behavioural interactions (Campbell &
Edwards, 2009). Recent studies have shown that pain catastroph-
izing is not only associated with activation of the pain matrix under
mild pain exposure (Seminowicz & Davis, 2006), impaired execu-
tive function and inhibitory control (Weissman-Fogel, Sprecher, &
Pud, 2008), and difficulty to disengage from painful stimuli
(Crombez, Van Damme, & Eccleston, 2005; Van Damme, Crombez,
& Eccleston, 2004), but also with dysfunction of endogenous opioid
system (Vlaeyen et al., 2004) and release of pro-inflammatory
cytokines (Edwards et al., 2008).

A novel and surprising finding, however, is the systematic
emergence of a ‘THREAT*SOCIAL’ interaction, suggesting a different
role of the observer depending on whether the pain context is
perceived as threatening or not. Closer examination of the
immersion data reveals that in a threatening pain context, social
presence appears to inhibit pain expression. Following an evolu-
tionary perspective, inhibition of pain expression has survival value
in vulnerable situations. However, our findings seem to support the
idea that the observer acted as a safety cue, making the pain
stimulus less threatening, despite the fact that the observer had
minimal verbal exchange with the subjects and was a stranger.
Safety signals are conditions that indicate that an aversive stimulus
will not occur, and serve to reduce fear, anxiety and avoidance
behavior. These may be objects, features of physical environments
(Rachman, 1984), or self-generated behaviors (Tang et al., 2007),
but also persons can represent a safety signal (Carter, Hollon, Car-
son, & Shelton, 1995). The mediation analyses seem to support this
conjecture. In the conditions where participants received threat
information, social presence reduced perceived threat, which in
turn influenced the level of pain intensity and also facial expres-
sion, albeit to a somewhat lesser extent. Of interest is that predic-
tors of facial expression were almost similar to those of verbal pain
report. Of course, both self-report and non-verbal behaviors are
forms of pain behavior, although they may have separate adaptive
functions (Williams & Craig, 2006). A caution is warranted here.
From a communicative perspective, facial expression has less
function when verbal report is invited at the same time. The facial
expression results might have been different had the participants
not been asked to provide pain reports.

In the recovery period, a slightly different pattern of results was
seen. The ‘SOCIAL*THREAT’ interaction emerged for facial expres-
sion, and not for pain report which was predicted by habitual pain
catastrophizing only. Also, differences were observed in the no-
threat condition, irrespective of their level of pain catastrophizing,
in which participants with an observer present displayed more pain
expression compared to participants who were alone. One possible
explanation is that these individuals wanted to share non-verbally
their emotions and experience of this novel and painful situation
with others (Herbette & Rime, 2004), especially when the other is
considered an intimate or part of the in-group (Platow et al., 2007).
Note that in our study, the observer was introduced as a ‘trainee’,
whose age fell within the range of the participants. The findings
suggest that such a form of social sharing might occur after the
novel painful event only and not during the exposure to the pain
stimulus itself. In the threat conditions, participants may give
attentional priority to the post-immersion sensations in their hand,
thereby dismissing information from the social environment.
Indeed, there is evidence that pain draws the attention to its
location when it is perceived as threatening (Van Damme, Crombez,
& Lorenz, 2007), at the cost of visual cues in the background
environment. However, it is unclear why during the recovery
period these interactions are not seen for verbal pain report. One
explanation might be that participants may have learned that
verbal communication with the observer was discouraged, but this
possibility warrants further examination.

The findings of this study are not in line with previous studies
examining the effects of social presence upon facial expression of
pain. In a similar cold pressor task, Sullivan and colleagues (Sullivan
et al., 2004) found that high pain catastrophizers displayed
communicative behaviors for a longer duration when an observer
was present compared to high pain catastrophizers who were
alone. An alternative explanation for Sullivan’s findings is that the
presence of the observer, whose ‘ostensible purpose in the room
was to record temperature readings from the cold pressor appa-
ratus’ (p. 222) has been interpreted by the participants as if there
were a potential risk that the water temperature might become too
cold, and as a consequence may have increased the threat value of
this particular pain context. Unfortunately, the threat value of the
CPT was not measured in that study. Our findings corroborated the
findings by Jackson et al (Jackson et al., 2005) who found that cold
pressor pain tolerance was associated with induced threat through
the mediation of perceived threat, and also fit within the cognitive
model of emotional disorders (Mathews & MacLeod, 1994) and the
safety signal theory (Lohr et al., 2007; Rachman, 1984; Seligman &
Binik, 1977).

There are several limitations to this study, which may be
addressed in future studies. First, because we included a healthy
and relatively young adult sample, these findings do not necessarily
generalize to clinical samples and other age groups. The study also
did not assess other influences that may moderate the effects of
social presence on pain such as the gender of both subjects and
observer gender. Another limitation is that we were only able to
perform a subsidiary mediation analyses to further test the CAM,
but not CCM. In addition, the setting was quite artificial in that the
observer was instructed not to engage in any conversation with the
participants, which limited the possibility of examining whether
high catastrophizers were indeed eliciting support and empathy
through their pain expression as would be predicted by CCM.
Moreover, some of the explanations are rather speculative and
warrant further controlled examination. An intriguing question is
whether social context may not only act as safety cues, but also as
danger cues, thereby possibly increasing the perceived threat of
pain. Future studies might examine the effects of several charac-
teristics of the observer, for example observers that are cooperative
versus competitive, or observers who are fearful of pain themselves
versus non-fearful observers. We also note that different predic-
tions can be derived from other conceptualizations. For example, an
evolutionary perspective (Williams, 2002) suggests that the pres-
ence of a hostile stranger, or member of social out-group will
increase threat, and thus suppress pain in contrast to increase pain
expression in the presence of others as predicted by the CAM. We
are currently preparing a study examining whether social threat
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influences the threat value of pain, and under which conditions
they increase or suppress pain expression. Finally, and as in most
laboratory studies, the manipulation of threat produced relatively
weak increased in concerns about the pain stimulus. However,
despite these small effects, we were able to show the role of
perceived threat as a mediator between social presence and pain
outcomes.

In sum, this study revealed pain catastrophizing did not
moderate the effects of social presence and threat information on
pain expression, as was predicted by CCM and CAM, but was
associated with increased pain expression independently of these
situational factors. These results suggest that the dynamic inter-
actions between threat appraisals and social context variables
might be at least as important in the prediction of pain expression
as the more stable individual characteristics such as pain
catastrophizing.
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