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Clinical evidence suggests that a persistent search for solutions for chronic pain may bring along costs at
the cognitive, affective, and behavioral level. Specifically, attempts to control pain may fuel hypervigi-
lance and prioritize attention towards pain-related information. This hypothesis was investigated in an
experiment with 41 healthy volunteers. Prioritization of attention towards a signal for pain was mea-
sured using an adaptation of a visual search paradigm in which participants had to search for a target
presented in a varying number of colored circles. One of these colors (Conditioned Stimulus) became a
signal for pain (Unconditioned Stimulus: electrocutaneous stimulus at tolerance level) using a classical
conditioning procedure. Intermixed with the visual search task, participants also performed another task.
In the pain-control group, participants were informed that correct and fast responses on trials of this sec-
ond task would result in an avoidance of the Unconditioned Stimulus. In the comparison group, perfor-
mance on the second task was not instrumental in controlling pain. Results showed that in the pain-
control group, attention was more prioritized towards the Conditioned Stimulus than in the comparison
group. The theoretical and clinical implications of these results are discussed.

� 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction

Imagine a man suffering from persistent back pain and worry-
ing about the future. He considers possible ways out, visits numer-
ous doctors, and tries several body postures to keep pain under
control. He is determined to obtain control over his pain problem.
Will he become hypervigilant to pain and pain-related
information?

Pain demands attention [12] and often interferes with the
accomplishment of valued activities [20]. Therefore it is no surprise
that individuals seek pain relief and attempt to get rid of the pain.
Initially, trying to control pain is an adaptive coping strategy, and
when this strategy is not immediately successful, individuals do
not tend to give up quickly, but simply increase effort [42]. How-
ever, persistent attempts to solve the pain problem may prove fu-
tile and even maladaptive when the pain is a largely insoluble
problem, as is often the case in chronic pain patients.

Recent theory suggests that the tenacious pursuit of pain relief
may bring along costs at the cognitive, affective, and behavioral
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levels [1,13,26]. Ironically, attempts to control pain may fuel
hypervigilance to pain and increase capture of attention by pain-
related information [13]. To date, this argument is largely based
on cross-sectional self-report data from clinical studies. For exam-
ple, persistent attempts to solve chronic pain (measured by the
Pain Solutions Questionnaire) are related to self reports of height-
ened attention to pain and affective distress [11]. Conversely, the
willingness to experience pain without the need to control it (mea-
sured by the Chronic Pain Acceptance Questionnaire [14]) is posi-
tively related to cognitive, social, and physical functioning, and
negatively related to attention to pain [25,52]. To our knowledge,
there is only one experimental study [8] showing that attempts
to remain in control over pain produce attentional costs. However,
in that study it was not possible to identify which specific atten-
tional processes [5,34,43] were involved, as only a crude measure
of attention was used (task decrement on a secondary task).

The objective of the present study was to investigate whether
attempts to control pain lead to an enhanced prioritization of sig-
nals of pain. We used an adaptation of a visual search paradigm
[31,40] that allows investigating attentional bias to and prioritiza-
tion of learned signals of pain. In this paradigm, one stimulus is a
signal for pain because it indicates that participants might receive
a painful electrocutaneous stimulus. Participants had to perform a
visual search task in which attention to signals for pain was mea-
Elsevier B.V. All rights reserved.
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sured. On a secondary task, intermixed with the visual search task,
half of the participants could attempt to control pain. Of particular
interest to the current study was whether these attempts to con-
trol pain lead to enhanced prioritization of signals of pain in the vi-
sual search task.

2. Method

2.1. Participants

Forty-five students of Ghent University participated in partial
fulfillment of course credit. After the acquisition phase, 4 partici-
pants were not able to correctly identify the pain-related color,
and were removed from further analyses. The final sample con-
sisted of 22 participants in the pain-control group (11 males, mean
age = 18.9 years, SD = 2.1) and 19 in the comparison group (6
males, mean age = 18.4 years, SD = 1.0). All had normal or cor-
rected-to-normal vision, and reported not to be color-blind. Partic-
ipants gave their informed consent, and were informed that they
could terminate the experiment at any time. No one made use of
this option. The study was approved by the ethical committee of
the Faculty of Psychology and Educational Sciences of Ghent
University.

2.2. Stimulus material and apparatus

Electrocutaneous stimuli (unconditioned stimuli or US’s) were
delivered by a constant current stimulator (DIGITIMER, model
DS7A; Digitimer Ltd, Hertfordshire, UK), and administered to the
inside of the wrist of the nondominant forearm by 2 lubricated
Fukuda standard Ag/AgCl electrodes (1 cm diameter). The electro-
cutaneous stimuli consisted of a series of 38 rectangular pulses
(2 ms in duration with an interpulse interval of 6 ms), and had a to-
tal duration of 300 ms. The intensity of the US was the maximum
intensity that participants were willing to tolerate.

The experiment was programmed using the E-Prime software
package (Psychology Software Tools Inc, Sharpsburg, PA, USA)
[37]. Participants were seated approximately 60 cm from the
screen. There were 2 types of trials, visual search trials and identi-
fication trials. The purpose of the visual search task was to measure
allocation of attention to threat; the purpose of the identification
trials was to manipulate pain control.

2.2.1. The visual search task
A graphical representation of the stimuli in the visual search

task can be found in Fig. 1. On each visual search trial, the com-
puter display consisted of a varying number of circles (2.9� diame-
ter) with a colored band (0.5� and black outlined) against a silver
background color. These colored circles were spaced equally dis-
Fig. 1. Examples of the different stimulus displays (not to scale). The red circle represent
set size 5 with horizontal target. (C) Incongruent trial of set size 7 with vertical target.
tant from the midpoint of an imaginary circle (radius of 6� visual
angle, center of the screen). The number of circles presented (3,
5, or 7) is the set size. Each colored circle in the display contained
a black line segment (extending 1�) in their center. One of the cir-
cles contained the target line, the other circles contained distractor
lines. The target was either a horizontal or a vertical line segment.
The distractors were tilted line segments (22.5� to either side of the
horizontal or vertical plane; adopted from Theeuwes [40]). All cir-
cles in the display had different colors. There were nine possible
colors: pink, blue, turquoise, yellow, green, orange, purple, red,
and grey. These colors were matched for intensity and luminance.

There were 3 types of trials (Fig. 1). (1) During congruent trials,
the target was presented in the color that was linked to the electro-
cutaneous stimulus (this color is the conditioned stimulus, or CS+);
(2) During incongruent trials, the CS+ was present but the target
was depicted in another colored circle; (3) During baseline trials,
a target, but no CS+, was present. In order for the pain-related color
(CS+) to remain threatening and predictive of the US, we chose the
following procedural aspects. First, in order to keep the CS+ threat-
ening, only half of the trials contained the CS+. Second, during each
block, 4 trials in which the CS+ was followed by the US were added
to avoid extinction [24]. To make sure that participants could not
strategically use the CS+ to localize the target, we used the 1/n pro-
cedure (where n is set size), so for each set size, the CS+ was not
predictive of the target [19]. This means that for set size 3, 1 out
of 3 trials in which a CS+ was presented was a congruent trial;
for set size 5, 1 in 5 trials was a congruent trial; and for set size
7, 1 in 7 trials was a congruent trial. This way, the target is not
more likely to appear in the CS+ than in any of the other colors.
A detailed account of the distribution of trials can be found in
Table 1. Participants were instructed to focus on the fixation cross
at the beginning of each trial. Each trial started with a fixation
cross at the center of the screen for a duration of 1000 ms, after
which the stimulus display was presented until response. Error
feedback was displayed for 500 ms. The intertrial interval was
750 ms. The speed of target identification (whether the line seg-
ment was horizontal or vertical) was measured using a 2-button
response box. Responses had to be made with the index and mid-
dle finger of the dominant hand.

2.2.2. The identification task
On each trial of the identification task, the display consisted of

one colored circle that, in contrast to the visual search trials, was
presented at fixation, at the center of the computer screen. Other
perceptual features were identical to those from a visual search
trial. A trial started with a fixation asterisk (1000 ms), after which
a stimulus was presented for a duration of 1000 ms or until a re-
sponse was made. Error feedback was given for 500 ms. All partic-
ipants were informed that after a fixation asterisk, only one
s the CS+. (A) Baseline trial of set size 3 with horizontal target. (B) Congruent trial of



Table 1
Distribution of trials in each of the 4 blocks.

Set size 3 Set size 5 Set size 7

Congruent 3 3 3
Incongruent 6 12 18
Baseline 9 15 21
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stimulus would be presented at the center of the screen, and that
they had to press the spacebar when this was the CS+. In the
pain-control group, participants were informed that they could
avoid the delivery of the US on that trial by pressing the spacebar
as quickly as possible with the nondominant hand when the CS+
was presented. They were informed that a fast response would lead
to a 90% probability of avoiding pain on that trial, and that a slow
response would lead to a 90% probability that the US would be
delivered on that trial. This probability factor was included to raise
the credibility of the instructions, because actually their reaction
had no influence on whether or not a US would be delivered. When-
ever another stimulus was presented, no response had to be made.
In the comparison group, participants were also instructed to press
the spacebar as fast as possible when the CS+ was presented. How-
ever, no information was given about the putative instrumentality
of these responses. In fact, in both the pain-control group and the
comparison group, response speed and accuracy did not influence
US probability. All participants were administered an equal number
of US’s on CS+ trials. Out of the 47 identification trials in each block,
the CS+ was presented on 7 trials, 3 of which were followed by a US
(and the error feedback ‘‘Too slow’’ was given in the pain-control
group).

2.3. Procedure

Upon arrival, the tolerance level of the electrocutaneous stimu-
lus was determined. To increase the threat value of the electrocu-
taneous stimulus, participants were incorrectly informed that even
though most of the electrocutaneous stimuli would be of the se-
lected intensity, the intensity could be increased during the exper-
iment [7]. Participants were explained that ‘‘such a strategy was
necessary to keep the intensity at tolerance level because partici-
pants often habituate towards electrocutaneous stimuli.’’

Next, participants practiced the visual search task on 15 trials.
Electrocutaneous stimuli were not applied during the practice
phase. During the subsequent acquisition phase, participants were
instructed to find out which color (Conditioned Stimulus, CS+;
counterbalanced across participants) was linked to the electrocuta-
neous stimulus (Unconditioned Stimulus, US). Participants did not
have to perform the target identification task during this phase.
Colored circles without line segments were presented. To facilitate
acquisition, this phase started with 8 trials of set size 1, followed
by 4 trials of set size 3, then 4 trials of set size 5, and then 4 trials
of set size 7. In half of the trials (that is, in 10 trials, equally distrib-
uted over all set sizes), the CS+ was presented. Half of the CS+ trials
were followed by the US (50% partial reinforcement schedule),
which was presented at CS+ offset. Each participant was adminis-
tered the same number of trials. At the end of the acquisition
phase, participants had to report which color was linked to the
US. Participants who did not answer this question correctly were
not included in the analyses.

The experiment phase consisted of 4 blocks of 141 trials and
was based on a procedure by Vogt and colleagues [51], developed
to keep a particular goal activated. In each block, there were 94 vi-
sual search trials and 47 identification trials. The order of the trials
was determined randomly except for the fact that each series of 3
consecutive trials started with 2 search trials and ended with an
identification trial.
After acquisition and at the end of the experiment, participants
were requested to report how intense, painful, and frightening the
US was (0 = Not at all, to 9 = Extremely) and how unpleasant
(0 = Very unpleasant, to 5 = Neutral, to 10 = Very pleasant) using Lik-
ert scales. At the end of the experiment, in order to assess whether
conditioning was successful, participants also reported to what ex-
tent the US was expected after presentation of the CS+ (0 = Never,
to 9 = Always), and how fearful they were during the presentation
of the CS+ (0 = Not at all, to 9 = Very). In addition, participants re-
ported how much control they felt they had over the presentation
of the US in the identification task and the visual search task
(0 = No control, to 9 = A lot of control).
3. Results

3.1. Data trimming

Trials on which a US was presented were not taken into account
for analyses because it is likely that the administration of the US
interfered with reaction times on these trials. Also, trials with re-
sponse errors (6.6%) and with outliers (2.6%, defined as reaction
times that deviated more than 3 standard deviations from the indi-
vidual mean of correct responses, calculated for every trial type
and set size separately) were removed. We calculated Cohen’s d
and its 95% confidence interval (CI) for relevant terms. For ease
of comparison with the norms of Cohen [6], we calculated effect
sizes for dependent samples using the formula of Morris and
DeShon [28] (see [3]). An effect size of approximately 0.20 is con-
sidered a small effect, around 0.50 a medium effect, and 0.80 to
infinity a large effect [6]. Standard deviations of the means are re-
ported between brackets.

3.2. Descriptive statistics and manipulation check

The mean tolerance threshold of the intensity of the US was 2.9
[1.6] mA in the comparison group, and 3.3 [4.1] mA in the pain-
control group (t < 1). Participants rated the US as rather unpleasant
(M = 4.3 [2.0]), frightening (M = 5.5 [2.1]), intense (M = 5.8 [1.3]),
and rather painful (M = 4.4 [1.9]). They reported being afraid when
the CS + was presented on screen (M = 4.8 [2.7]) and quite often ex-
pected a US to follow (M = 6.1 [2.2]). There were no differences be-
tween groups (all P > 0.09) or – regarding the US ratings – between
measurement moments (all P > 0.07).

The data pattern on the identification trials revealed that our
manipulation was successful. Participants in the pain-control
group responded significantly faster (M = 418 [121] ms) to the
CS+ on identification trials than participants in the comparison
group (M = 654 [231]; t(39) = 3.99, P < 0.001). In addition, partici-
pants in the pain-control group had a lower accuracy on identifica-
tion trials (M = 97.8 [2.4]%) than participants in the comparison
group (M = 99.3 [1.1]%; t(39) = 2.49, P < 0.05). Inspection of the er-
ror pattern revealed that the pain-control group made more false
alarms (87.2%) than misses (12.8%). In the comparison group there
were 44.0% false alarms and 56.0% misses. The McNemar test [27]
that compares 2 related proportions indicated a significant differ-
ence between error types in the pain-control group (P < 0.001)
but not in the comparison group (P > 0.4). Self reports regarding
the feeling of control over the presentation of the US in the identi-
fication trials did not reveal the same pattern as the behavioral
data, as no difference was found between the pain-control group
(M = 4.1 [2.7]) and the comparison group (M = 3.7 [2.9]; t < 1).
The same was true for self reports concerning control over the
US in the visual search task (pain-control group: M = 3.6 [3.2];
comparison group: M = 3.1 [2.5]; t < 1). Note, however, that these
self-report data were obtained after the experiment phase.



Fig. 2. Mean reaction time and standard error lines for each set size of the
congruent trials in the pain control and comparison group.
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3.3. Visual search data

In a first step, we explored whether our procedure resulted in an
attentional bias towards signals of pain. By subtracting congruent
from incongruent trials, measured across set sizes, we can see that
both groups show a large attentional bias effect: Mdiff = 434 [203]
ms in the pain-control group (t[21] = 10.01, P < 0.001, d = 1.44,
95% CI 1.04–1.84) and Mdiff = 358 [113] ms in the comparison group
(t[19]=13.78, P < 0.001, d = 1.14, 95% CI 0.93–1.34). There was no
significant difference in attentional bias between the 2 groups
(t[39] = 1.50, P > 0.1). Analyses further revealed that both groups
showed difficulty disengaging from the CS+, as indexed by slower
reaction times on incongruent trials than on baseline trials: Mdiff =
108 [92] ms in the pain-control group (t[21]=5.50, P < 0.001;
d = 0.25, 95% CI 0.16–0.34) and Mdiff = 103 [59] ms in the compari-
son group (t[18]=7.62, P < 0.001; d = 0.36, 95% CI 0.26–0.45). There
was no difference in disengagement between groups (t < 1). Analy-
ses further revealed that both groups showed facilitated engage-
ment with the CS+, as indexed by shorter reaction times on
congruent trials than on baseline trials: Mdiff = 326 [153] ms in
the pain-control group (t[21]=9.96, P < 0.001; d = 1.35, 95% CI
0.98–1.72) and Mdiff = 255 [111] ms in the comparison group
(t[18]=10.1, P < 0.001; d = 0.81, 95% CI 0.63–0.99). There was no sig-
nificant difference in engagement between groups (t[39] = 1.71,
P = 0.095).

Next, we calculated the search slopes using a linear regression
analysis. A search slope is the mean increase in reaction time per
additional item in the display [53]. The slope on congruent trials
was 51 [60] ms in the pain-control group, and 93 [62] ms in the
comparison group. Such a steep search slope is typically observed
in tasks where participants adopt a serial search strategy [53].
However, when one stimulus receives attentional priority (eg, an
angry face), attention is more often immediately directed to this
item in the display, which leads to an attenuation of the search
slope [17]. To investigate whether the CS+ is prioritized over the
other stimuli, we compared slopes on congruent and baseline tri-
als. The pain-control group showed a prioritization effect since
the slope on congruent trials (M = 51 [60] ms) was significantly
flatter than the slope on baseline trials (M = 134 [38] ms;
t[21] = 6.48, P < 0.001; d = 1.61, 95% CI 0.88–2.34). Also in the com-
parison group, the slope on congruent trials (M = 93 [62] ms) was
significantly flatter than the slope on baseline trials (151 [44] ms;
t[18] = 5.46, P < 0.001; d = 1.02, 95% CI 0.59–1.46).

Finally, and most importantly, we tested whether attention to-
wards the CS+ was more prioritized in the pain-control group than
in the comparison group. To this end, we compared the search
slope on congruent trials between the pain-control group and the
comparison group. A planned comparison revealed that the slope
on congruent trials was significantly flatter in the pain-control
group than in the comparison group (t[39] = 2.22, P < 0.05;
d = .70, 95% CI 0.06–1.33) (Fig. 2). There was no difference between
the 2 groups for the search slope on baseline trials (t[39] = 1.34,
P > 0.1) nor for the slope on incongruent trials (t < 1). A detailed ac-
count of these data can be viewed in Table 2.
4. Discussion

This study investigated the extent to which signals of pain pri-
oritize attention when people attempt to control pain. Our results
can be readily summarized. First, consistent with previous litera-
ture [43,44], attention was biased towards signals of pain. Partici-
pants in both groups showed facilitated engagement towards
signals of pain, and a difficulty directing attention away from sig-
nals of pain. Second, our paradigm allows investigating the extent
to which pain-related stimuli are prioritized by attention, because
we can assess whether attention is more quickly directed to pain-
related stimuli than to neutral stimuli. Results showed that indi-
viduals who attempt to control pain reveal stronger prioritization
of signals of pain than individuals who do not have this goal. This
crucial finding was observed even though the signals of pain in the
visual search task have no instrumental value in controlling pain.
Thus, installing a goal to control pain in one task seems sufficient
to prioritize information that is congruent with that goal, even
when this information is not instrumental for the task at hand.

The enhanced prioritization is in line with a recent neurocogni-
tive model of attention to pain [23] that may easily be extended to
signals of pain [30]. According to this model, attention is involun-
tarily captured by salient stimuli in our environment, such as new,
rare, or intense events (bottom-up selection). Because pain is
intrinsically aversive, it is an eminent candidate for a bottom-up
capture of attention [23]. As signals of pain are also salient stimuli,
they may activate similar neurophysiological structures such as
those activated by pain [33]. Further, although the bottom-up cap-
ture is involuntary, it can be modulated by top-down processes
[10,15]. When individuals are engaged in the pursuit of a particular
goal, they become more sensitive to information that is relevant for
the attainment of that goal, and they inhibit the processing of
information that interferes with goal pursuit [38]. Hereby, an
attentional set related to the pursued goal is formed. This is the
mental set of stimulus features that people use to identify goal-rel-
evant stimuli. Stimuli that contain features of this attentional set
are likely to attract attention, even when they are not immediately
task-relevant [15,51]. In our experiment, the signals of pain were
part of the attentional set in both groups, because both groups
had to perform the additional task. Thus, we argue that our find-
ings must be explained by taking into account differences in goal
characteristics [16]. We suggest that the goal to avoid pain has a
high value [45], and that, therefore, individuals in the pain-control
group are strongly committed to attain this goal. In line with this
idea are the findings that the pain-control group responded faster
and made more false alarms on identification trials than the com-
parison group. The high commitment to the goal to avoid pain then
leads to a stronger prioritization of the pain signals in the pain-
control group. This explanation is in line with findings of recent
studies showing that increasing the value of goals also increases
attending to goal-relevant information [21,50].

Our finding extends previous ideas about the origins of hyper-
vigilance and attentional bias to pain-related information. In many
clinical models [10,49], pain-related fear is considered the key pro-
cess for an emergence of hypervigilance to pain. Questionnaire
studies [9,18] and experimental studies [41] have corroborated
this view. However, this study suggests that attempts to control
or avoid pain further fuel this hypervigilance. Hence, not only what



Table 2
Mean reaction times (SD) in ms for each set size in every trial type for both groups.

Set size 3 Set size 5 Set size 7 Total Slope

Pain-control group
Congruent 898 (188) 985 (249) 1104 (346) 964 (231) 51 (60)
Baseline 953 (193) 1234 (232) 1489 (296) 1299 (248) 134 (38)
Incongruent 1076 (229) 1324 (294) 1560 (364) 1402 (318) 121 (46)

Comparison group
Congruent 977 (230) 1145 (357) 1351 (433) 1133 (320) 94 (61)
Baseline 1026 (222) 1299 (236) 1631 (356) 1394 (286) 151 (44)
Incongruent 1153 (259) 1369 (286) 1679 (306) 1493 (289) 131 (31)
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patients fear about pain, but also how they cope with pain, mat-
ters. This indicates that a persistent search for solutions for pain
may come along with attentional costs, such as hypervigilance to-
wards pain, in patients with chronic pain [13,26]. An important
avenue for further research will be to investigate the attentional
dynamics towards pain and pain-related information from a goal
perspective [45].

Although attentional bias to pain-related information is well
established, the typical effects are relatively small [32]. In our study,
the effect size of attentional bias to signals of pain (reaction times on
incongruent trials minus reaction times on congruent trials) is large.
This may be due to procedural differences with other studies. First,
whereas previous studies investigating attentional bias used com-
plex stimuli (like words [36]), we used simple visual stimuli (colors)
that may be especially effective in modifying attention [22,46]. Sec-
ond, we used a classical conditioning procedure with the threat of a
painful stimulus at tolerance level. This procedure was aimed at pre-
venting habituation to the electrocutaneous stimuli [7]. Third, the
selection of pain-related information may especially emerge in a
context of multiple, competing stimuli [10]. Indeed, in comparison
with other paradigms such as the exogenous cueing (where only
one stimulus is presented [46]) and dot probe paradigm (where 2
stimuli are presented simultaneously [2]), our visual search para-
digm displays more elements. In line with previous studies of our
laboratory, creating signals for pain using a classical conditioning
procedure results in both a facilitated engagement of attention to
the CS+ and a difficulty disengaging attention from the CS+, once de-
tected [44]. Compared to these previous findings where effect sizes
for engagement were small, we here observed a strong engagement
of attention with the CS+. Further results of our study indicate that a
facilitation of engagement with the CS+ is best revealed in a context
with several competing stimuli since the engagement effect in-
creased with increasing set size. The finding that attempts to control
pain influenced only prioritization and not attentional bias in gen-
eral, might be due to the fact that in both groups, participants se-
lected the intensity of the US at tolerance level. The ratings
showed that both groups found the US equally painful and threaten-
ing, which might explain why they showed similar facilitation and
interference effects. It is thus possible that certain variables only af-
fect prioritization and not attentional bias, and vice versa.

The finding that participants in the pain-control group made
more false alarms on identification trials than participants in the
comparison group is compatible with another study [4] and can be
explained by a ‘‘better safe than sorry’’ strategy [39]. Indeed, there
were no adverse consequences in pressing the spacebar when no
CS+ was presented. However, missing a CS+ presentation increased
the risk of receiving a US. Combined with the finding that the pain-
control group was faster on identification trials than the comparison
group, this speed-accuracy trade-off suggests that participants in the
pain-control group were indeed actively trying to avoid the US.

It is remarkable that enhanced prioritization was found even
though the pain-control group did not report feeling more in control
over the US than the comparison group. This shows that the en-
hanced prioritization cannot be explained merely by a difference
in the subjective feeling of control. In contrast, these ratings indicate
that, specifically, the goal to avoid pain produced more prioritization
of pain signals. The reason why the perceived control ratings in the
pain-control group are relatively low could be because on identifica-
tion trials, the CS+ was still followed by a US in 3 out of 7 trials. Par-
ticipants may have felt that their attempts to avoid the US were not
very successful. However, this is not necessarily problematic, since
goal frustration is known to activate a goal even stronger [29].

Our study has important clinical implications. First, adopting a
goal perspective is clearly useful in investigating how and when
attention is biased towards signals of pain. Conversely, a goal per-
spective may also prove useful in identifying how and when atten-
tion to pain-related information can be successfully inhibited
[23,45,47]. Second, although we focused upon attentional bias
and prioritization in this study, we do not argue for a slavish use
of attentional control strategies to minimize this bias. We have
shown that attentional bias to signals of pain can be acquired by
a classical conditioning procedure. It may, likewise, diminish by
using an extinction or exposure procedure [44]. Third, treatments
that focus upon accepting pain and relinquishing attempts to con-
trol uncontrollable pain may be well suited for reducing hypervig-
ilance to pain and improving daily functioning [26,35,48].

Finally, some limitations to this study must be addressed. First,
participants were instructed to show avoidance behavior. Future
research should investigate whether other avoidance strategies,
such as attentional defocusing, would lead to the same results. In
addition, because of the explicit instructions, participants were
very conscious of their avoidance behavior. It is yet unclear
whether behavior of which people are less aware produces similar
attentional effects. Second, since we tested healthy volunteers, we
have to be cautious when generalizing these results to clinical
samples. Third, there were more male participants in the pain-con-
trol group, which may explain the higher variability in the pain tol-
erance level in this group. However, it must be noted that there
was no difference between the groups in the ratings concerning
the intensity and painfulness of the US. Future research could
investigate the role of gender in attempts to control pain.
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