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Pain catastrophizing has shown to predict avoidance behavior in acute and chronic pain, but the litera-
ture is inconsistent. The present study tested the hypothesis that current mood and threat context mod-
erate the relationship between pain catastrophizing and performance duration. Affective-motivational
models postulate that negative and positive moods provide information about whether an activity is
respectively threatening or safe. Moreover, it has been proposed that stable cognitive schemas about
threat influence behavior particularly in threat-relevant contexts. The present study aimed to establish
whether pain catastrophizing is related to less or greater performance duration, when participants
experience respectively negative or positive moods, particularly in a high threatening pain context.
A 2 mood � 2 threat context between-subjects factorial design was applied in 89 healthy participants
with pain catastrophizing as covariate and performance duration during a painful finger pressing task
as dependent variables. As predicted, higher pain catastrophizing was associated with less performance
duration when participants experienced negative moods. The opposite was found when participants
experienced positive moods. Moreover, these relationships were most pronounced in a high threatening
pain context. This study suggests that the relationship between pain catastrophizing and performance
duration during painful activities is moderated by situational factors such as current mood and threat
context.

� 2012 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction

A prevailing model that provides an explanation for the devel-
opment of chronic pain is the fear-avoidance model (FA) [58]. Cen-
tral to this model is the role of catastrophic (mis)interpretations of
pain. Pain catastrophizing involves an exaggerated negative orien-
tation toward pain and its possible consequences [46] and may
give rise to pain-related fear and avoidance, and eventually to
more pain and disability [58]. There is accumulating evidence in
favor of the FA model [57,58]. Moreover, cognitive behavior
treatments targeting catastrophic (mis)interpretations have been
shown to be successful in chronic pain [12]. However, the effect
sizes are relatively small [12]. Additionally, there are studies that
failed to demonstrate a catastrophizing-avoidance relationship
[16,32,33,38,43]. A possible explanation is that the FA model does
not take into account the context in which the pain is experienced.
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It has been argued that contextual factors may moderate the catas-
trophizing-avoidance relationship [16,43,59].

Affective-motivational models [31,59] postulate that moods
signal goal attainment and may influence performance duration.
Research has demonstrated that when people pursue hedonic
goals, negative moods signal that the task is unpleasant, whereas
positive moods signal that the task is pleasant, leading to respec-
tively task disengagement or continuance. When the goal is to per-
form well, the same moods have opposing effects on performance
duration [8–10,26,27,30,31,39,40,44,45,60]. Individuals who catas-
trophize about pain may primarily adopt hedonic goals aimed at
avoiding the threat of pain, rather than performing well. Research
outside the pain field has demonstrated that individuals who tend
to catastrophize infer danger on the basis of their negative moods
[2,15,61]. It could be hypothesized that individuals who catastro-
phize about pain also infer danger on the basis of their negative
moods and safety on the basis of their positive moods, leading to
respectively reduced or increased performance duration during
painful tasks.

Aside from the role of mood, the degree to which the context is
threatening also may influence the catastrophizing-avoidance
Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.pain.2012.02.026
mailto:P.Karsdorp@maastrichtuniversity.nl
http://www.elsevier.com/locate/pain


P.A. Karsdorp et al. / PAIN
�

153 (2012) 1410–1417 1411
relationship [43,59]. It has been demonstrated that stable cognitive
schemas about threat influence behavior, particularly in threat-rel-
evant contexts [4,6,17,29]. Therefore, we hypothesized that the
catastrophizing-avoidance relationship would be most pronounced
when the pain stimulus is highly threatening. The proposed theo-
retical model is illustrated schematically in Fig. 1.

The aim of the present study was to test whether mood and
threat context moderate the relationship between pain catastro-
phizing and performance duration during a painful task. It was
predicted that pain catastrophizing would be related to less perfor-
mance duration when participants experience negative moods, but
to greater performance duration when participants experience
positive moods. Moreover, it was predicted that this effect would
be most pronounced in a high threatening pain context.

2. Methods

2.1. Participants

Eighty-nine first-year students from Maastricht University (fac-
ulties of Health Science, Psychology, or Medicine) participated in
the experiment (68 women; Mage [SD] = 21.06 [2.88]). Exclusion
criteria were: 1) pain complaints in the upper extremities, neck,
or shoulder during the last week (measured with the question:
‘‘Did you have any pain complaints in the neck, shoulder, arm,
wrist, or hand during the last week?). One participant was ex-
cluded because of technical errors, and 2 participants (from the
negative mood, low threat condition and the high threat, positive
mood condition) were excluded because their task duration (28
and 39 minutes) deviated more than 3 SD (SD = 5.50) from the
mean (M = 4.33 minutes). The final sample size consisted of 86 par-
ticipants (65 women; Mage [SD] = 21.10 [2.90]). None of the partic-
ipants indicated that they were aware of the hypothesis of the
experiment. The ethical committee of Maastricht University ap-
proved the study.

Participants were randomly assigned to 1 of 2 experimental
threat conditions (low threat, high threat). Subsequently partici-
pants were rerandomized to another of 2 experimental mood con-
ditions (positive or negative mood). This resulted in 4 experimental
groups.

2.2. Performance duration

To measure performance duration during a finger pressing task,
participants performed a Martians task. This is an adapted version
of the Martians task used in previous research [1,34]. Participants
Fig. 1. Schematic representation of an affective motivational model of the
relationship between pain catastrophizing and pain behavior.
were instructed that the goal of this computer game was to save
the planet from a Martians invasion by shooting alien invaders.
Invaders appeared on the screen one by one in rows of 10 aliens
with a regular speed of 5 invaders per second. Once an alien ap-
peared on the screen, the participant was instructed to shoot the
alien by a button press. When the button press was given within
100 ms after the appearance of the alien, the alien was hit and
the picture of the alien was replaced by a picture of an explosion.
When the participant missed the alien, its picture remained on
the screen. Participants were instructed to press the button and
shoot aliens with their index finger of their dominant hand while
their wrist was attached to the table with a wristband to avoid
extensive movements with their dominant arm. A pilot study
[N = 94, 22 male, Mage (SD) = 21.35 (2.17)] demonstrated that but-
ton pressing in response to circles appearing on the screen one by
one with a speed of 5 presses per second for a fixed duration of
5 minutes resulted in painful sensations in the arm, F (1, 93) =
155.98, P < .001, g2 = .63 (with pain ratings of Mbefore [SD] = 1.43
[1.01] and Mafter [SD] = 3.47 [1.76] on a 10-point Likert scale). Par-
ticipants were instructed that there was no right or wrong time to
stop the Martians task. They decided for themselves when to end
the task by pushing the stop button. Unknown to the participant,
the maximal duration of the Martians task was 45 minutes in total.
Participants were instructed that at the end of the task they would
receive feedback on their total number of hits. Performance
duration was registered as the total time spent on the task in
minutes. Additionally, to check whether mood, threat context,
and pain catastrophizing were associated with physical load and
task performance, respectively, the number of space-bar presses
per second and proportion of hits and false positives were
registered.

2.3. Threat instruction

To create a pain-threatening context, 2 threat messages were
used. The first message was about the potential risk of getting
repetitive strain injury symptoms. To further increase the threat
value, the second message was false feedback of muscle electromy-
ography measurement (EMG) in the arm.

The first message was modeled on the threat message devel-
oped by Jackson et al. [20] and Boston and Sharpe [3]. In the pres-
ent study, those in the threat condition received information about
the Martians task as ‘‘the Repetitive Strain Injury task (RSI task),’’
whereas the low threat group received information referring to
‘‘the Martians task.’’ All information given to the participants was
accurate; however, participants in the threat group received infor-
mation that highlighted some of the physical mechanisms using
biomedical terminology and that contained examples of fear-
inducing physical responses to repetitive movements with the fin-
ger (e.g., inflamed tendon sheat). In contrast, the low threat group
received information containing common terminology and reas-
suring examples that the task was harmless (see Appendix A).

The second message was adapted from previous research in
which false blood pressure feedback was used to increase the
threat value [52,56]. In the present study, false arm muscle EMG
feedback was used as it was deemed more suitable in a context
of a painful finger pressing task (Martians task). Before starting
the Martians task, but after the first low or high threat message,
participants received a message requesting to sit still for a couple
of seconds in order to measure their arm muscle tension. After
10 seconds, those in the threat condition received false feedback
of their arm muscle EMG: ‘‘According to the electromyography
measurement, your muscle tension is rather high but just within
the limits to allow participation in the RSI task.’’ The participants
in the low threat condition did not receive any message about their
muscle tension.
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2.4. Mood induction

To induce the appropriate moods, participants were presented
with either a positive (‘‘Le Fabuleux Destin d’Amélie Poulain,’’ di-
rected by J. Jeunet, 2001; 4:12 minutes) or negative video excerpt
(‘‘Il y’a longtemps que je t’aime,’’ directed by P. Claudel, 2008;
5:05 minutes). Participants were told that the experimenter was
interested in the way people evaluate several film fragments
[30,31]. Before presentation of the positive or negative excerpt,
all participants watched a neutral excerpt. The neutral excerpt
was a Belgian weather forecast (4:29 minutes). The excerpt was
used to bring the participants in relatively neutral moods at the
start of the experiment. Moreover, the excerpt was used to draw
participants’ attention away from the overall emotional tone of
the film clips and thus lessen the chance that the subjects would
guess that the film clips were used to influence their moods [31].
After each excerpt, participants completed several questions about
the movies to mask the actual purpose of the video excerpts (mood
induction) and to give participants the impression that the exper-
iment was about rating movies. The questions were: ‘‘Have you
seen the fragment of this movie before?’’, ‘‘Can you tell what this
movie is about on the basis of this fragment?’’, ‘‘How much atten-
tion did you pay to the film fragment?’’, and ‘‘How interesting was
the film fragment?’’

All 3 excerpts were selected based on a recent study in our lab-
oratory demonstrating that participants (N = 98, 22 male, Mage

[SD] = 22.37 [5.38]) experienced more negative moods on a 9-point
Likert valence scale ranging from 1 (a smiling, happy figure) to 9 (a
frowning, unhappy figure) after watching the negative video ex-
cerpt [Mnegative (SD) = 4.33 (1.52)] than after the neutral excerpt
[Mneutral (SD) = 3.38 (1.20)], F (1, 47) = 26.59 P < .001, g2 = .36. Like-
wise, participants experienced more positive moods after watching
a positive excerpt [Mpositive (SD) = 2.72 (1.01)] than after a neutral
excerpt, F (1, 52) = 41.46, P < .001, g2 = .44.

2.5. Pain catastrophizing

The Dutch version of the Pain Catastrophizing Scale (PCS) [46,48]
was used to assess catastrophic thinking about pain in general. This
is a 13-item questionnaire consisting of 3 subscales: helplessness,
magnification, and rumination. The PCS total score, which was used
in the present research, offers a good index of the catastrophic con-
struct because the 3 subscales are highly correlated. An example of
an item is: ‘‘I become afraid that the pain will get worse.’’ Ratings are
made on a 5-point scale ranging from 0 (not at all) to 4 (always).
High mean total scores indicate high levels of pain catastrophizing.
Psychometric properties of the Dutch version of the PCS are satisfac-
tory [7,49,55]. In the present study, the internal consistency was
adequate (Cronbach alpha = .85).

2.6. Threat manipulation check

To test whether the threat manipulation was successful, cata-
strophic thinking about pain before and after the Martians task
was assessed with 2 adapted versions of the 8-item perceived
threat of pain questionnaires (PTP) [56]. One version measured
perceived threat before (PTP-A), and the other measured perceived
threat during a cold-pressor task retrospectively (PTP-B). For the
purpose of the present study, the questionnaires were adapted
such that they referred to ‘‘the Martians task’’ as opposed to ‘‘the
cold pressor task’’. Examples of the questionnaire before the Mar-
tians task were ‘‘I wonder whether this test can be harmful for
my hand,’’ and ‘‘I worry that something serious can happen.’’ For
the questionnaire after the Martians task, the items were written
in the past tense. Participants were asked to indicate to what
extent every statement applied to them on an 11-point scale
ranging from 0 (not at all) to 10 (very much). Previous research
has shown an adequate internal consistency for both versions
[56]. The internal consistency of the present study was also satis-
factory for both versions with a Cronbach alpha of .63 and .68 for
the PTP-A and PTP-B, respectively.

2.7. Mood manipulation check

The Self Assessment Manikin (SAM) [5,23] was used to measure
mood valence. The SAM is a nonverbal pictorial assessment tech-
nique measuring the 3 major affective dimensions: valence, arou-
sal, and dominance. In the present study, only the valence
dimension was used, which consists of one 9-point Likert scale
ranging from 1 (a smiling, happy figure) to 9 (a frowning, unhappy
figure). Participants were instructed to rate how they felt. The SAM
has been used effectively to measure affective reactions to a wide
variety of stimuli such as pictures, images, sounds, advertisements,
and painful stimuli [5]. In addition to the SAM valence scale,
current levels of sadness, anxiety, and happiness were rated on a
5-point scale. The possible range of scores varied between 1 (not
at all) and 5 (very much) [27].

2.8. Pain intensity and pain unpleasantness

Experienced pain and pain unpleasantness in the dominant arm
was measured before and after the Martians task. Ratings were
made on an 11-point Likert scale ranging from 0 (no pain at all)
to 10 (the most intense pain imaginable) for pain intensity, and
from 0 (not unpleasant at all) to 10 (the most unpleasant pain
imaginable) for pain unpleasantness [14,37].

2.9. Procedure

Participants were told that the experiment consisted of 2 sepa-
rate experiments. One experiment was about evaluating situations
with minimal information, and the other was about validating a
computer task, the so-called Martians task. After signing informed
consent, participants completed the PCS and some biographical
questions on the internet at home using the electronic environ-
ment EMIUM [21]. Next, they were invited to the laboratory and
seated in front of a computer. The experimenter attached 3 EMG
electrodes to the dominant arm and told participants that muscle
tension would be recorded during the second experiment. Subse-
quently, participants were told that the first experiment was about
rating movies. Participants watched a neutral film followed by the
film, the mood and pain questions. Next, participants watched 1 of
2 mood films dependent on the mood condition, followed by the
film and mood questions. During the so-called second experiment
participants received information about the Martians task, includ-
ing the first low or high threat message about the potential risk of
RSI symptoms. Next, an EMG recording took place and false feed-
back of muscle tension was provided to the participant dependent
on the threat condition. Subsequently, participants completed the
PTP-A, the pain questions, and the Martians task. After the Mar-
tians task, participants completed the pain questions, the mood
questions, and the PTP-B. All participants were debriefed about
the design and purpose of the study and the false feedback of the
EMG recordings immediately after the experiment. Participants re-
ceived course credits for their participation or €7.50.

2.10. Statistics

To check whether the mood manipulation was successful, a 2
threat (low vs high threat) � 2 mood (positive vs negative) � 3 time
(before mood film, after mood film, vs after Martians task) multi-
variate analysis of covariance (MANCOVA) was conducted with
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pain catastrophizing as (centered) covariate and the SAM valence
scale, happiness, sadness, and anxiety as dependent variables.

Next, to establish whether the threat manipulation was suc-
cessful, two 2 threat (low vs high threat) � 2 mood (positive vs
negative) analyses of covariance (ANCOVAs) were performed with
pain catastrophizing as (centered) covariate and either the PTP-A
or the PTP-B as the dependent variable.

To establish whether the task was painful, two 2 threat (low vs
high threat) � 2 mood (positive vs negative) � 2 time (before vs
after the Martians task) MANCOVAs were performed with pain
catastrophizing as (centered) covariate and with either pain inten-
sity or unpleasantness as the dependent variable.

Next, a series of 2 threat (low vs high threat) � 2 mood (positive
vs negative) ANCOVAs were performed with pain catastrophizing
as (centered) covariate. Firstly, we sought to establish whether
overall physical load (operationalized by the number of button
presses per second) and task performance (proportion of hits or
false positives) differed among the 4 experimental conditions and
were related to pain catastrophizing. Secondly, we sought to estab-
lish whether the relationship between pain catastrophizing and
performance duration on the Martians task was moderated by
mood and threat context.

Note, that the analysis of performance duration, number of but-
ton presses per second, and proportion of hits and false positives
were also conducted with the centered variable pain intensity at
baseline as covariate. These results were not reported here because
they yielded the same significant findings as the analyses without
pain intensity as a covariate. Moreover, pain intensity at baseline
was not significantly related to number of presses per minute, hits,
false positives, and performance duration (all Fs < 1.00 and all
Ps > .05).

For all analyses, pain catastrophizing was initially included as a
continuous variable and not as a dichotomized between-subjects
factor because dichotomization leads to reduced statistical power
and less accurate statistical tests [11,25]. In case of a significant
interaction between pain catastrophizing and the between-
subjects or within-subjects factors, follow-up analyses were per-
formed. Firstly, the effect of pain catastrophizing was tested at
each level of the within-subjects or between-subjects factor by
means of an ANCOVA and by calculating a Pearson product-
moment correlation between pain catastrophizing and the depen-
dent variable. Secondly, subgroups were created scoring high or
low on pain catastrophizing based on the median split of the PCS
(Me = 13). Subsequently, the (M)ANCOVAs were repeated for the
2 subgroups separately.

3. Results

3.1. Manipulation check

3.1.1. Mood manipulation
Table 1 displays mean mood scores and standard deviations for

each mood condition. A 2 threat � 2 mood � 3 time MANCOVA
with the PCS as covariate demonstrated a main effect of time, F
(8, 74) = 2.92, P = .01, g2 = .24, which was superseded by the
expected interaction time �mood, F (8, 74) = 7.15, P < .001,
g2 = .44. As expected, post hoc tests (note that the results of these
post hoc analyses are available on request from the corresponding
author) analyzing the time �mood interaction demonstrated that
participants in the positive mood condition experienced more po-
sitive moods after the mood film than at baseline (SAM valence, F
[1, 37] = 28.12, P < .001, g2 = .43; happiness, F [1, 37] = 13.95,
P < .001, g2 = .27). Participants in the negative mood condition
experienced greater negative moods after the mood film than at
baseline (SAM valence, F [1, 42] = 13.80, P < .001, g2 = .25; sadness,
F [1, 42] = 17.67, P < .001, g2 = .30). Overall no significant mood
differences emerged between baseline and the end of the Martians
task (all P > .05).

Finally, an overall main effect of pain catastrophizing was dem-
onstrated, F (4, 78) = 3.25, P = .02, g2 = .14, indicating that higher
pain catastrophizing was associated with higher negative moods
(SAM valence, F [1, 81] = 6.15, P = .02, g2 = .07, r [86] = .21; sadness,
F [1, 81] = 11.51, P = .001, g2 = .12, r [86] = .30). There were no
other significant main or interaction effects of pain catastrophiz-
ing, mood, threat, and time (all P > .05). These findings suggest that
the mood manipulation was successful and was not significantly
influenced by threat condition and pain catastrophizing.

3.1.2. Threat manipulation
In Table 1, mean threat scores and standard deviations are pre-

sented for each threat condition. As expected, a 2 threat � 2 mood
ANCOVA with the PCS as covariate demonstrated that experienced
threat directly after the threat manipulation was higher in the high
than in the low threat condition, F (1, 81) = 6.16, P = .02, g2 = .07.
Moreover, overall higher pain catastrophizing was associated with
higher perceived threat directly after the threat manipulation and
the Martians task (respectively F [1, 81] = 7.49, P < .01, g2 = .09,
r [86] = .27, and F [1, 81] = 7.96, P < .01, g2 = .09, r [86] = .29). No
other main or interaction effects were demonstrated of threat,
mood, and pain catastrophizing (all P > .05). This indicated that
the threat manipulation was successful and was not significantly
influenced by mood condition and pain catastrophizing.

3.1.3. Task manipulation
As expected, a 2 threat � 2 mood � 2 time MANCOVA with the

PCS as covariate demonstrated a significant main effect of time, F
(1, 81) = 95.45, P < .001, g2 = .54, indicating that participants
experienced more pain after the Martians task than before the
task (Fig. 2). Moreover, a significant interaction was obtained
between the PCS and time, F (1, 81) = 5.42, P = .02, g2 = .06.
Follow-up analyses of this interaction demonstrated that higher
pain catastrophizing was associated with higher pain levels after
the Martians task, but not before the Martians task (respectively F
[1, 81] = 5.64, P = .02, g2 = .07, r [86] = .25, and F [1, 81] = 0.21,
P = .65, g2 < .01, r [86] < .01).

The analysis of pain unpleasantness demonstrated, as ex-
pected, a main effect of time, F (1, 81) = 92.61, P < .001, g2 = .53,
indicating that pain was rated as more unpleasant after the
Martians task than before. Moreover, the analysis demonstrated
that higher pain catastrophizing was associated overall with high-
er pain unpleasantness ratings, F (1, 81) = 4.92, P = .03, g2 = .06, r
(86) = .17. Finally, a significant interaction effect of time �mood,
F (1, 81) = 4.01, P < .05, g2 = .05, was found. However, follow-up
tests assessing the effect of mood before and after the Martians
task separately did not yield significant mood effects (all
P > .05). No other significant main or interaction effects were ob-
tained for time, mood, threat, and pain catastrophizing on pain
intensity and unpleasantness (all P > .05). These findings indicate
that pain intensity and unpleasantness increased during the task,
and that the increase in intensity was stronger for those scoring
high on pain catastrophizing. The increase in pain was not signif-
icantly influenced by mood and threat condition.

3.2. Physical load and task performance

Means and standard deviations of number of responses per sec-
onds, hits, and false positives are presented in Table 2. As expected,
a 2 threat � 2 mood ANCOVA with the PCS as covariate did not
yield a significant effect of mood, threat, and pain catastrophizing
on number of responses per second (all P > .05). This indicated that
physical load did not differ between the mood and threat condi-
tions and was unrelated to pain catastrophizing.



Table 1
Means and standard deviation of experienced mood and threat for each mood and threat condition separately.

High threat condition Low threat condition

Positive mood condition Negative mood condition Positive mood condition Negative mood condition
M (SD) M (SD) M (SD) M (SD)

Valence scale*

Baseline 3.50 (1.10) 3.33 (1.20) 3.64 (1.36) 3.23 (1.04)
After mood induction 2.67 (0.77) 3.79 (1.32) 2.95 (1.32) 3.86 (1.11)
After task 3.89 (1.28) 3.75 (1.42) 3.64 (1.14) 3.19 (1.03)

Happiness
Baseline 4.00 (0.59) 4.29 (0.69) 4.00 (0.69) 4.00 (0.59)
After mood induction 4.56 (0.62) 4.13 (0.74) 4.18 (0.80) 4.00 (0.84)
After task 3.72 (0.89) 4.17 (0.64) 3.95 (0.95) 4.24 (0.62)

Sadness
Baseline 2.33 (0.69) 2.42 (0.72) 2.91 (1.01) 2.48 (0.87)
After mood induction 2.22 (0.55) 2.88 (0.90) 2.55 (0.80) 2.81 (0.98)
After task 2.50 (0.79) 2.54 (0.88) 2.50 (0.80) 2.48 (0.81)

Anxiety
Baseline 2.06 (0.24) 2.04 (0.20) 2.14 (0.47) 1.86 (0.36)
After mood induction 2.11 (0.76) 2.08 (0.65) 2.18 (0.73) 1.90 (0.30)
After task 2.06 (0.24) 1.96 (0.20) 2.00 (0.44) 1.90 (0.30)

Threat
After threat induction, but before task (PTP-A) 3.01 (1.00) 2.99 (1.04) 2.76 (1.10) 2.32 (0.98)
After task (PTP-B) 3.56 (1.60) 3.61 (1.36) 3.42 (1.40) 3.34 (1.31)

M = mean; PTP = perceived threat of pain questionnaire; SD = standard deviation.
* Low scores indicate positive moods; high scores indicate negative moods.

Fig. 2. Mean pain intensity for individuals with high and low pain catastrophizing
before and after the Martians task.
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When the total number of button presses was divided into hits
(button presses when an alien was presented on the screen) and
false positives (button presses without the presence of an alien),
a marginally significant larger proportion of hits was found among
participants with positive than negative moods, F (1, 78) = 3.96,
P = .05, g2 = .05. No other main or interaction effects were obtained
for mood, threat, and pain catastrophizing on proportion of hits
and false positives (all P > .05).

3.3. Performance duration

Means and standard deviations of performance duration are
presented in Table 2. As expected, a 2 threat � 2 mood ANCOVA
with the PCS as covariate demonstrated a significant 3-way
Table 2
Means and standard deviations of performance duration and task performance for the hig

High threat condition

Positive mood Negative m

Low PCS High PCS Low PCS
M (SD) M (SD) M (SD)

Performance duration (min) 1.92 (0.86) 3.32 (2.67) 7.02 (5.14
Number of button presses per second 3.94 (0.72) 3.59 (0.97) 3.41 (1.44
Proportion of hits 0.58 (0.12) 0.58 (0.17) 0.50 (0.22)
Proportion of false positives 0.25 (0.05) 0.20 (0.06) 0.24 (0.10)

M = mean; PTP = perceived threat of pain questionnaire; SD = standard deviation.
interaction between threat, mood, and pain catastrophizing, F (1,
78) = 7.81, P = .007, g2 = .09 (Fig. 3). This 3-way interaction con-
sisted of a significant 2-way interaction between mood and pain
catastrophizing in the high threat condition, F (1, 38) = 9.17,
P = .004, g2 = .19, but not in the low threat condition, F (1,
40) = 0.33, P = .57, g2 = .01. Follow-up tests of the 2-way interac-
tion in the high threat condition demonstrated that, as expected,
high pain catastrophizing was related to greater performance dura-
tion in the positive mood condition, F (1, 16) = 5.12, P = .04,
g2 = .24, r (18) = .49, but to less performance duration in the nega-
tive mood condition, F (1, 22) = 6.31, P = .02, g2 = .22, r (24) = �.47.
Additionally, unexpectedly, participants with low pain catastro-
phizing (based on median split) showed greater performance dura-
tion when in a positive than a negative mood, F (1, 23) = 11.51,
P = .003, g2 = .33. No such mood effect was demonstrated for the
participants with high pain catastrophizing, F (1, 15) = 0.40,
P = .54, g2 = .03. No other main or interaction effects were obtained
for mood, threat, and pain catastrophizing (all P > .05).

4. Discussion

The findings of the present study support the conjecture that
the relationship between pain catastrophizing and performance
duration during painful tasks is moderated by situational factors,
such as current mood and threat context. In line with the predic-
tions, the results on performance duration demonstrated that
h and low pain catastrophizers in each mood and threat condition separately.

Low threat condition

ood Positive mood Negative mood

High PCS Low PCS High PCS Low PCS High PCS
M (SD) M (SD) M (SD) M (SD) M (SD)

) 4.05 (2.04) 2.95 (1.83) 3.87 (3.48) 2.29 (1.39) 3.15 (1.69)
) 3.42 (0.94) 3.86 (0.92) 4.14 (0.56) 3.75 (1.30) 3.42 (1.25)

0.52 (0.14) 0.58 (0.15) 0.63 (0.09) 0.56 (0.20) 0.51 (0.19)
0.22 (0.07) 0.26 (0.06) 0.26 (0.05) 0.25 (0.09) 0.22 (0.08)
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higher pain catastrophizing was associated with less duration dur-
ing a painful finger pressing task when participants experienced
negative moods. In contrast, when participants experienced
positive moods, higher pain catastrophizing was associated with
greater performance duration. This corroborates research demon-
strating that mood may have opposing effects on behavior depend-
ing on goal pursuit [8–10,27,29,30,39,40,44,45,60], and supports
affective-motivational models, such as the mood-as-input and
mood-as-information models [31,42]. These models put forward
that current mood is informational on the presence of threat or
safety during the performance of a task. The present findings indi-
cate that, relative to low pain catastrophizers, individuals with
high pain catastrophizing tend to infer danger from their negative
mood and relative safety from their positive mood, which in turn
leads to respectively less or greater performance duration during
painful activities. Moreover, as predicted, the present study dem-
onstrates that the relationship between pain catastrophizing and
performance duration and the modulating effect of mood was most
pronounced when the pain stimulus was highly threatening. This
finding is in line with theories emphasizing that stable cognitive
schemas about threat influence behavior when activated by
threat-relevant contextual cues [4,13,17,28].

An unpredicted finding was that mood and threat context did
not influence performance duration within the relatively high
catastrophizing group in the present study. High catastrophizing
participants did not show less performance duration in a negative
than a positive mood, particularly in a high threatening context. A
possible explanation is that individuals with high pain catastro-
phizing developed stable cognitive schemas about pain and less
flexibly adapt to changing contexts [35], diminishing their sensitiv-
ity to situational factors, such as mood and threat manipulations. In
line with this suggestion, the present study demonstrated that high
catastrophizing individuals overall experienced higher negative
moods, threat, and pain unpleasantness than low catastrophizing
individuals, irrespective of mood and threat context. Nonetheless,
both the mood and the threat manipulations were equally success-
ful in both the low and the high catastrophizing groups. Moreover,
pain catastrophizing was measured in a pain-free sample with low-
er levels of catastrophizing as compared to patients with chronic
pain. For example, a mean PCS score of M = 12.52 (SD = 6.62, range
0 to 32) was obtained in the present study, which was similar to
other pain-free samples [43]. However, a mean PCS score of M
(SD) = 25.5 (11.3) to 33.9 (11.9) was obtained in patients with
chronic musculoskeletal pain [47]. Therefore, an alternative expla-
nation is that not stable cognitive schemas but the absence of indi-
viduals with heightened levels of pain catastrophizing resulted in
the nonsignificant mood and threat effects in the high catastrophiz-
ing group. Future research is required replicating the present study
in patients with chronic pain because these patients may have rel-
atively high levels of pain catastrophizing. Note that the present
paradigm may be particularly relevant for patients with com-
puter-related upper extremity pain because the Martians task
evokes painful sensations due to prolonged computer use.

Although no specific hypotheses were formulated with respect
to the low pain catastrophizing group, an intriguing finding was
that mood and threat context influenced performance duration
particularly in relatively low catastrophizing individuals. Individu-
als with low levels of pain catastrophizing in a high threat context
showed greater performance duration when in a negative than a
positive mood. No such mood effect was demonstrated in a low
threat context. Although to the best of our knowledge this is the
first study demonstrating a mood effect in low catastrophizing
people, there is one study that showed similar findings. Research-
ers [53] found that patients with low back pain demonstrated
greater performance duration on a physical exercise task in a neg-
ative than in a positive mood. Moreover, they found that this effect
was most pronounced in patients with low negative affect. Given
that negative affectivity is highly correlated with pain catastro-
phizing [24,36] these results [53] may be in line with the present
findings. The mood-as-input model may cautiously provide an
explanation for these findings [59]. Research has demonstrated
that participants with low pain catastrophizing are more inclined
to adopt achievement goals [22]. Therefore, a negative as opposed
to a positive mood may have informed the low catastrophizing
participants in the present study that they had not performed well
enough on the task, leading to greater performance duration. How-
ever, the reason that low and high catastrophizing individuals
adopted respectively achievement or pain-avoidance goals partic-
ularly in a high threatening context remains unknown. An explana-
tion may be that low and high catastrophizing individuals process
threatening information differently, influencing their goal activa-
tion. Research on anxiety disorders has suggested that low-anxiety
individuals tend to avoid consciously perceived threatening infor-
mation, whereas high-anxiety individuals tend to focus on threat-
ening information and show difficulty disengaging from it [13]. It is
possible that in the present study, the low catastrophizing individ-
uals drew their attention away from pain-avoidance goals elicited
by the threat instruction, and in turn focused on the opposing
achievement goals (i.e., save the planet from a Martian invasion),
whereas the high catastrophizing individuals focused on pain-
avoidance goals in response to the threat instruction (i.e., avoid
harm to the arm muscle). As a result, mood may have informed
low catastrophizing individuals about their performance and high
pain catastrophizing individuals about the possible threat of the
task. Note that no achievement goals were measured in the present
study. Therefore, we can only speculate about the possible mecha-
nisms explaining performance duration in the low pain catastro-
phizing individuals. Future research is required in which
activation of achievement goals is measured in low catastrophizing
individuals in a threatening context.

The results of the present study demonstrated that the Martians
task was a painful task. However, the task was particularly painful
for individuals with high pain catastrophizing. This finding corrob-
orates studies demonstrating that individuals with high levels of
catastrophizing selectively attend to painful sensations and inter-
pret ambiguous sensations as painful [50,51,54].

Task persistence could not be explained by physical load be-
cause pain catastrophizing, threat and mood context were unre-
lated to the number of button presses per second during the
Martians task. However, participants with a positive mood showed
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a greater proportion of hits, i.e., correct button presses in response
to the appearance of a Martian, than participants with negative
moods. Indeed, positive moods can engender more quick and effi-
cient information processing [19] than negative moods [18,41].
This suggests that a positive mood elicited faster information pro-
cessing and responding to Martian pictures in the present study,
leading to a greater number of hits when participants experienced
positive than negative moods.

Some caution is warranted about the generalization of the pres-
ent findings to patients with chronic pain because the sample con-
sisted of only pain-free students. It is possible that in the academic
context students are inclined to adopt achievement goals, which in
turn may have influenced their performance duration. In turn, pa-
tients with chronic pain may respond differentially to threat and
mood manipulations because of their acquired cognitive pain
schemes. Note, however, that the inclusion of pain-free individuals
may provide insight into the mechanisms that contribute to the
onset of chronic pain complaints.

In sum, the present study indicates that the relationship be-
tween pain catastrophizing and task persistence during painful
activities is influenced by situational factors such as mood and
threat context. In line with modern affective motivational models
of pain, these findings provide support for the assumption that sta-
ble cognitive schemas about pain and threat are activated by threat
contexts and that mood may serve as an informational source
about whether a task should be avoided or not.
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Appendix A

A.1. High threat orienting passage

Before we begin, carefully read the following information about
the repetitive strain injury (RSI) task. You will be requested to per-
form 1 similar movement with your forefinger repeatedly. Repeti-
tive movement with the same muscle in the arm, in this case the
musculus extensor digitorum, can lead to RSI. RSI is caused by a
swollen or inflamed tendon sheath, caused by longstanding rub-
bing of the tendon against bones and ligaments. RSI causes a con-
stant pain in neck, arms, and hands, and can even continue at
night. Warning signs include sensations of tingling, weakness or
loss of grab ability, a numb feeling, and sometimes turning pale.
A victim is often unaware of the development of RSI. However,
RSI can permanently damage your body tissue. Severe cases can
lead to the incapacity of loading the muscle, wearing a holding
brace permanently, and the inability to perform daily activities.
Keep this warning in mind during the RSI task.

A.2. Low threat orienting passage

Before we begin, carefully read the following information about
the Martians task. You will be requested to perform 1 similar move-
ment with your forefinger repeatedly. The Martians task is a safe
and effective experimental procedure. A review of the literature
showed that over 50 experiments have used the Martians task with
various populations, including young children, pregnant women,
elderly people, college students, and persons with chronic medical
conditions. Therefore, it turns out that this task is a popular and safe
method for scientific research. The Martians task is harmless. You
may experience short-term discomfort or tiredness in the muscles
in the arm during and shortly after the experiment. However, these
sensations will disappear soon. The procedure is safe because the
loading of the muscles is low and speed of movement is controlled.
Keep this reassurance in mind during the Martians task.
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