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Abstract  

Background and aims: Insights into the nature of cognitive bias, including attentional bias 

to threat signals, are considered pivotal to understanding (chronic) pain and related distress. It 

has been put forward that attention to pain-related threat is normally dynamic and relates to 

the motivational state of the individual. In this experiment we aimed (i) to replicate the 

finding that attentional bias for pain signals in healthy participants can be reduced when a 

non-pain goal is pursued, and (ii) to extend this finding by taking into account the outcome 

focus of the non-pain goal. We hypothesized that the reduction in attentional bias for pain 

signals by concurrent non-pain goal pursuit would be stronger with non-pain prevention goals 

than with promotion goals. 

 

Methods: Healthy university students performed an attentional bias task (i.e., spatial cueing 

task) containing visual cues that signaled the possible occurrence of a painful stimulus 

(electrocutaneous stimulus at tolerance level) or its absence, in combination with a non-pain 

goal task (i.e., digit naming task). The non-pain goal was either related to acquiring a positive 

outcome (gaining money depending on digit-naming performance; promotion goal group, 

N=31) or related to avoiding a negative outcome (losing money; prevention goal group, 

N=31). A standard attentional bias task served as the control condition (control group, 

N=31).  

 

Results: Spatial cueing effects were larger for pain cues than for no-pain cues, indicating 

attentional bias for pain signals. The pattern of results suggests that this effect was indeed 

reduced in the goal groups as compared to the control group, but there was no significant 

group difference.  
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Conclusions: We found no statistically-significant evidence for the impact of non-pain goal 

pursuit or outcome focus on pain-related attentional bias. At best, there were indications of a 

reduced attentional bias for pain signals with non-pain goal pursuit that was either promotion- 

or prevention focused. 

 

Implications: These data add to the small but growing body of literature on the assumed 

relevance of motivational context in explaining variations in attentional bias. The results 

trigger new questions on the nature and assessment of pain-related attentional bias, and more 

specifically attentional bias for fear-conditioned pain signals (versus safety signals), from a 

motivational perspective.  

 

Keywords: attention, experimental pain, fear, fear conditioning, motivation, goal pursuit 
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1. Introduction 

Learning about pain outcomes that follow a stimulus influences the extent to which 

that stimulus is attended to. Indeed, a considerable body of experimental evidence indicates 

preferentially attending towards visual stimuli that predict pain, as compared to stimuli that 

are never followed by pain [1,2,3,4,5,6,7,8,9,10,11]. These findings are in line with research 

indicating prioritized attending to stimuli with high threat value [12,13,14,15]. Excessive 

attention to pain-related information has been thought to be dysfunctional and to relate to 

more intense pain and chronic disability [15,16,17,18].  

In many previous studies, attentional bias to pain signals was assessed in a 

motivationally inert context. However, pain typically occurs in a dynamic context of 

motivations and goals [19,20,21,22]. Individuals in pain often pursue goals related to pain 

control and avoidance, but also goals not related to pain, such as achieving academic success 

or being a good partner. The motivational perspective suggests that attentional bias varies 

with the goals that people pursue [15,23]. Research has shown that when the goal of pain 

relief or avoidance is boosted, attentional bias to pain-related information is enhanced [4,24]. 

Moreover, and especially relevant for the current study, attentional bias to learned pain 

signals can be reduced when one is motivated to pursue a concurrent non-pain goal [5,25]. 

This latter finding implies that engaging in activities that promote the pursuit of valued non-

pain goals may successfully reduce attention to pain-related threat, and therefore improve 

daily functioning [5,26]. Studies have been few, however, and further research and 

replication are needed.  

It remains largely unknown what characteristics of non-pain goals are important to 

reduce attentional bias to pain signals. The present study investigates the role of one feature: 

the outcome focus of non-pain goals. A distinction can be made between promotion goals 

focusing on positive outcomes (gain vs. non-gain) and prevention goals focusing on negative 
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outcomes (loss vs. non-loss). Individuals with promotion focus differ from those with 

prevention focus in how they approach desired outcomes and avoid undesired ones [27,28]. 

Evidence suggests that individuals are more motivated to perform a task when incentive 

outcomes are negatively framed, focusing on avoiding losses, than when incentive outcomes 

are positively framed, focusing on obtaining gains [29]. Similarly, individuals may be more 

motivated to pursue non-pain prevention goals than non-pain promotion goals. If so, 

individuals may be more cognitively engaged to and allocate more attention to non-pain 

prevention goals than non-pain promotion goals. Consequently, the reduction in attentional 

bias to pain signals by concurrent non-pain goal pursuit would be stronger with prevention 

goals than with promotion goals.  

The first aim of the present study was to replicate the finding that attentional bias to 

learned pain signals is reduced with non-pain goal pursuit. The second aim was to extend this 

work by examining the differential impact of outcome focus during non-pain goal pursuit. To 

this end, we applied the innovative approach introduced in [5] but crucially with different 

goal focus instructions. We predicted that (i) attentional bias to pain signals would be reduced 

in participants who are motivated to engage in a non-pain goal task (digit naming) during 

attentional bias assessment (spatial cueing task) than in participants who only perform the 

attentional bias task; (ii) this reduction would be stronger with prevention focus (risk of 

losing money) than with promotion focus (opportunity of gaining money) during non-pain 

goal pursuit.  

 

2. Methods 

 

2.1. Participants 
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One hundred eight students from Maastricht University (24 male), recruited through 

advertisements at campus, participated in this experiment, with 36 participants assigned to 

each of the three study groups (promotion goal group, prevention goal group, and control 

group; see Section 2.2.4.). For safety reasons, pregnant women and people with an electronic 

implant such as a cardiac pacemaker were excluded as they should not be exposed to the 

electrocutaneous stimulation. Additional exclusion criteria were self-report of current pain 

complaints (acute/chronic); recent accident or surgery; (history of) psychiatric problems; 

attention deficit disorder; current use of medication for anxiety or depression; (uncorrected) 

vision impairments interfering with computer task performance; alcohol use the same day 

prior to testing. All participants were fluent in Dutch, gave written informed consent and 

received 10€ compensation for their participation, paid in the form of vouchers. 

Characteristics of the final sample included for analysis are reported in the Results Section. 

The study was approved by the Ethics Committee of the Faculty of Psychology and 

Neuroscience at Maastricht University (Reg. nr. 74_5-10-2008-2).  

 

2.2. Apparatus and task materials  

 

2.2.1. Electrocutaneous stimuli 

Electrocutaneous stimuli (300-millisecond duration; bipolar sinus waveform; 50 Hz) 

were delivered by an isolated bipolar constant current stimulator (DS5; Digitimer Ltd, 

Hertfordshire, United Kingdom). These stimuli were applied to the left ankle (external side) 

using two 8-mm stainless steel surface electrodes, vertically placed with 1-cm inter-electrode 

distance, secured to the participant's skin by adhesive collars, and filled with microlyte 

electrode gel.  
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Stimulus intensity was individually set at a level that the participant described as very 

unpleasant and demanding some effort to tolerate [5,6,9]. Each participant was exposed to 

two series of step-wise increasing intensities of electrocutaneous stimuli (1-mA steps). The 

onset of each stimulus was triggered by a key press by the experimenter, preceded by a verbal 

warning that the next stimulus was about to be delivered. The participant rated each stimulus 

on an 11-point numeric scale, with 0 indicating that they felt nothing, 1 indicating that they 

felt the stimulation but that stimulation was not unpleasant at all, 2 indicating that the 

stimulation started to become unpleasant, 9 indicating that the stimulation was very 

unpleasant but, with a certain effort, just tolerable, and 10 indicating that the stimulation was 

very unpleasant and intolerable. Stimulus intensity was increased until the participant rated 

the stimulus as a 9. Then, if the participant was willing to accept a higher intensity stimulus, a 

stimulus with a one-step higher intensity was delivered. If not so (tolerance level), or if a 

rating of 10 was given, the series was not continued. The interval between each rating and the 

next stimulus was about 8-12 seconds. The first series started with a 1-mA stimulus and the 

second series with a stimulus at detection threshold (i.e., lowest intensity associated with a 

rating of 1 during the first series). The stimulus with the highest intensity associated with a 

rating of 9 during the two series was presented during the computer task. Participants were 

not informed about these procedural details.  

 

2.2.2. Spatial cueing task 

 Spatial cueing tasks have been successfully used as a methodology to assess 

attentional bias to pain signals [5,6,7,8,9].  

In the current task design, a fixation cross (black; 7 mm x 7 mm) flanked by two rectangular 

frames (black; 6.5 cm high x 4.8 cm wide; 9.8 cm between screen centre and frame centre) 
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was displayed throughout the task on a light grey background at the centre of the computer 

screen. Participants were encouraged to maintain central fixation consistently.  

The sequence of events in a typical trial was as follows. One thousand milliseconds 

(ms) after trial onset, a spatial cue (i.e., coloured rectangle) appeared for 200 ms within either 

the left or right frame, completely filling the frame. Thirty ms after cue offset, a small target 

(‘/’or ‘\’; 4 mm) appeared at the centre of either the left or the right frame, either at the 

position previously occupied by the spatial cue (valid trials) or at the other position (invalid 

trials). Participants’ task was to press on each trial, as quickly and accurately as possible, the 

top key on a response box with the right index finger to ‘\’ and the bottom key with the left 

index finger to ‘/’. Faster responses on valid trials than on invalid trials (i.e., cue validity 

effect) were taken to reflect attending to spatial cues [30,31]. Targets remained on the screen 

until a response was made or for max. 2000 ms. Inter-trial interval randomly varied between 

1000 and 1500 ms.  

Spatial cues were either pink or green [5,6,7,8,9]. Each cue colour appeared equally 

often (at either position) and was equally often followed by each target identity. Within each 

combination of cue colour and target identity, there were an equal number of valid and 

invalid trials.   

 

2.2.3. Differential conditioning  

 A differential conditioning procedure was used to create pain cues that were 

sometimes followed by painful stimulation and no-pain cues that were never followed by 

painful stimulation [5,6,7,8,9]. In the test phase (see Section 2.3.4.), one of the cue colours 

(pink or green; counterbalanced between participants) was immediately followed by the 

unpleasant electrocutaneous stimulus on one-third of the trials in which it appeared (pain 

cue). The other colour was never followed by electrocutaneous stimulation (no-pain cue). 
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Participants were informed that one of the colours would predict electrocutaneous 

stimulation, but not which colour. Larger cue validity effects for pain cues than for no-pain 

cues were taken to reflect biases in attention to pain signals [8,32]. 

 

2.2.4. Non-pain goal task and goal focus instructions 

This study included two goal groups, who performed the same non-pain goal task but 

with a different goal focus. The non-pain goal task consisted of digit trials that were similar 

to the cueing task trials (see Section 2.2.2.), except that a random digit from 1 to 9 (black; 7 

mm) replaced the fixation cross for 50 ms during the inter-trial interval or during the trial (but 

not simultaneously with targets or responses to targets, for technical reasons). Digit trials and 

cueing task trials were intermixed. Participants' task with regard to the targets (‘/’and ‘\’) was 

the same on both trial types. The non-pain goal task was to read aloud each digit as quickly 

and accurately as possible. Because digit trials were similar to cueing task trials, digits were 

also expected on cueing task trials and so the non-pain goal task remained active throughout 

the assessment of attentional bias. 

Participants in both goal groups received 10€ at the start of the session and were led to 

believe that the monetary compensation for their participation at the end of the session would 

depend on digit naming performance (i.e., end score on the non-pain goal task, at the end of 

the test phase; see Section 2.3.4.). More specifically, the non-pain goal task started with a 

score of 0 (at the start of the baseline phase; see Section 2.3.2.). It was explained that one 

would get one point for each fast and accurate response, but lose one point for each slow, 

inaccurate, or missed response. In order to categorize digit naming responses as fast or slow, 

a criterion was used that was adjusted after each response, resulting in an equivalent 

proportion of fast and slow responses throughout the non-pain goal task. Intermediate scores 

were provided during regular task breaks (see Section 2.3.). The promotion goal group was 
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told in advance that they would receive 15€ compensation with a positive end score and 10€ 

otherwise (i.e. focus on gaining 5€ on top of the 10€ already received versus no gain). The 

prevention goal group was told that they would receive 5€ compensation with a negative end 

score and 10€ otherwise (i.e. focus on losing 5€ from the 10€ already received versus no 

loss). An end score of 0 was presented to all participants. Similar monetary task incentives 

have been successfully used in previous research on the impact of promotion focus vs. 

prevention focus in student samples [33,34]. There was also a control group that was 

presented with the same trials as the goal groups but without instruction to respond to digits. 

Digits were also presented to the control group to control for differences in perceptual load 

between groups. The control group was informed that the digits were presented as an aid to 

focus on central fixation. They were told that they would receive 10€ compensation at the end 

of the test phase independent of task performance. 

 

2.2.5. Apparatus 

Electrocutaneous stimulus delivery, task presentation, and response registration 

(latency, accuracy) were controlled by a Dell Optiplex 755 (Dell, Round Rock, TX, USA) 

computer, running Presentation software (Neurobehavioral Systems, 

http://www.neurobs.com) and connected to a response box, a QWERTY keyboard, a 

computer mouse, and two 19-inch Samsung Syncmaster 931 BF LCD (Samsung, Ridgefield 

Park, NJ, USA) monitors (one for the participant and one for the experimenter). In the goal 

groups, verbal response latency was registered via a Sennheiser HMD/HME 25-1 (Sennheiser 

Electronic Corporation, Old Lyme, CT, USA) microphone/headphone combination connected 

to a voice key. At the end of each digit trial, the experimenter manually entered the 

participant’s response to the digit through the keyboard (i.e., the corresponding digit or 0 in 

case of missing) so that it could be recorded whether the participant had responded accurately 
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or inaccurately to each digit. In order to establish comparable testing conditions for all 

groups, the control group also wore the microphone/headphone combination (allegedly as 

part of the intercom system and to attenuate distracting noise). Self-report questions and 

questionnaires were completed via a secure online survey system (EMIUM ; Research 

Institute Experimental Psychopathology, Maastricht University, the Netherlands).  

 

2.3. Procedure 

Participants were tested individually in a dimly lit, quiet testing room in the 

department of Clinical Psychological Science  at Maastricht University. They were video-

monitored and could communicate via an intercom with the experimenter who was located in 

a separate room. During the lab session, the participants did not drink or eat anything 

containing caffeine or other stimulants (e.g. coffee, tea and chocolate). They were led to 

believe that the study concerned the relationship between concentration and performance. 

Moreover, they were informed that noxious stimuli would be delivered to their ankle using 

surface electrodes; that these stimuli feel like pinpricks, stimulate pain nerves, and are 

perceived by the majority as unpleasant. They received debriefing about the actual purpose 

and procedures of the experiment after all participants had completed the study.  

 Upon arrival in the laboratory, participants were randomly assigned to either the 

promotion goal group, the prevention goal group, or the control group. Participants in all 

three groups were seated at a viewing distance of about 60 cm from the computer screen. 

They first completed demographics and rated their fatigue at that moment on an 11-point 

numeric rating scale (0 = not at all tired; 10 = extremely tired). Then they completed the 13-

item Pain Catastrophizing Scale [35], the most commonly used questionnaire measure of pain 

catastrophizing [36]. Higher total scores are associated with more catastrophizing thoughts 

and feelings about pain experiences.  
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Then, following electrocutaneous stimulus selection, they performed the computer 

task consisting of a mixture of cueing task trials and digit trials. The goal groups were 

instructed to respond manually to targets (‘/’or ‘\’) on every trial and verbally to digits that 

appeared on 25% of the trials; the control group had only to respond to targets. The goal 

groups received two 5€-vouchers before computer task performance that remained visible 

throughout the session. All task instructions appeared on the computer screen. For all three 

groups, the computer task consisted of the following phases:   

 

2.3.1. Practice phase 

The goal groups practiced first the cueing task without the digit naming task (32 

cueing task trials), then in combination with the digit naming task (16 cueing task trials 

intermixed with 16 digit trials). The control group practiced the cueing task only without the 

digit naming task (2 x [16 cueing task trials intermixed with 16 digit trials]). Participants 

received no electrocutaneous stimulation and were informed about this. Following practice, 

all participants assigned to the goal groups were able to repeat the rules for gaining/losing 

points and money.  

 

2.3.2. Baseline phase 

For all groups, the baseline phase consisted of 96 cueing task trials intermixed with 32 

digit trials. The goal groups performed the cueing task in combination with the digit naming 

task, whereas the control group performed only the cueing task. Participants received no 

electrocutaneous stimulation and were informed about this.  

 

2.3.3. Acquisition phase 
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The acquisition phase consisted of 8 cueing task trials and was immediately (no 

break) followed by the test phase. The goal groups performed the cueing task in combination 

with the digit naming task, whereas the control group performed only the cueing task. On 4 

trials, the spatial cue was a pain cue, followed by electrocutaneous stimulation; on the other 4 

trials, the spatial cue was a no-pain cue.  

 

2.3.4. Test phase  

The test phase consisted of 144 cueing task trials intermixed with 48 digit trials. The 

goal groups performed the cueing task in combination with the digit naming task, whereas the 

control group performed only the cueing task. On one-third of the trials in which a pain cue 

appeared (24 cueing task trials; 8 digit trials), participants received electrocutaneous 

stimulation. On the other trials, no electrocutaneous stimuli were delivered.  

 During all phases except the acquisition phase, cueing task trials and digit trials were 

presented in a random order, different for each participant. During all phases, incorrect and 

premature responses to targets (‘/’or ‘\’) were signalled by a short beep along with the display 

of an error message at screen centre for 500 ms (+ 1000 ms pause). Missed responses to these 

targets were also followed by a visual message lasting 500 ms (+ 1000 ms pause). Every 32 

trials, feedback about target responses (i.e., mean reaction time; number incorrect) and digit-

naming performance (i.e., intermediate score on goal task; goal groups only) was presented at 

screen centre during short breaks terminated by the participant.   

 

2.3.5. End of session 

Following computer task performance, electrodes were detached and participants were 

presented with two open questions to elicit participants' primary goals/motives during the 

computer task (i.e., responding to targets and for the goal groups also reading digits): (1) how 
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they performed the task and whether they pursued a strategy (and if so, what strategy); (2) 

whether they had a particular goal in mind during task performance (in other words, whether 

there was a particular reason why they performed the task the way they did).  

Then, participants indicated the extent to which they expected green and pink cues to 

be followed by electrocutaneous stimulation, how fearful they were when green and pink 

cues were presented, and how painful, unpleasant, and threatening they perceived the 

electrocutaneous stimulation during task performance, the extent to which they focused on 

preventing intense perception of the electrocutaneous stimulation during the task, the extent 

to which they focused on achieving good task performance, and how motivated they were to 

perform the task well. The promotion goal group also indicated the extent to which they 

focused on achieving a gain of 5€, the extent to which they focused on not getting 10€, how 

important it was for them to gain 5€, and the extent to which they worried about not gaining 

5€. The prevention goal group also indicated the extent to which they focused on preventing 

a loss of 5€, the extent to which they focused on getting 10€, how threatening they found the 

risk to lose 5€, and the extent to which they worried about losing 5€. All ratings were made 

on 11-point numeric rating scales with end points labelled 0 (not at all) and 10 (to a very 

large extent or extremely).  

Finally, all participants completed a battery of self-report questionnaires including a 

scale developed to assess the extent to which individuals are in general promotion or 

prevention oriented [37, Study 3]. This Promotion/Prevention Scale consists of 9 items 

relevant to promotion goals (e.g., I typically focus on the successes I hope to achieve in the 

future) intermixed with 9 items relevant to prevention goals (e.g., In general I am focused on 

preventing negative events in my life). The participant indicates for each item the extent to 

which the statement is true of him or her, on a 9-point numeric rating scale with endpoints 

labelled 1 (not at all true of me) and 9 (very true of me). An index of promotion goal strength 
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is created by averaging all items relevant to promotion goals; an index of prevention goal 

strength is created by averaging all items relevant to prevention goals [37]. The participants 

also completed the Fear of Pain Questionnaire [38,39], the BIS/BAS Scales [40,41], and the 

Goal Pursuit Questionnaire [42]. These Questionnaires were included for exploratory reasons 

only and are not discussed further.  

All questions and questionnaires appeared on the computer screen and participants 

answered by using a keyboard and computer mouse. The session concluded with the 

participant receiving 10€, for participants in the goal groups according to their end score of 0. 

The total duration of the session was about 1 hour.  

 

2.4. Experimental design and data analysis 

This experiment employed a 2 (valid cueing vs. invalid cueing) x 2 (pain cue vs. no-

pain cue) x 3 (promotion goal group vs. prevention goal group vs. control group) factorial 

design with reaction time (RT) to targets as main dependent variable. This design was used to 

examine group differences in attentional bias for pain cues during the test phase and to check 

for attentional bias for one of the cues as a function of its distinctive visual features rather 

than its conditioned signal value during the baseline phase (prior to differential conditioning 

in the test phase). Attentional bias would be reflected in a significant 2x2 interaction and 

group differences in attentional bias in a significant 3-way interaction.   

The reported RT analyses were based on median correct RTs to reduce the impact of 

outliers, but the same pattern of results was obtained with mean correct RTs (also when 

responses deviating more than 2.5 SDs from the mean latency per condition were discarded). 

Accuracy data (the log of percentage correct; [43]) were analyzed in the same way as was 

done for RTs. All reported p values are two-tailed. Data were analysed using SPSS (version 

24). Partial eta squared (ηp2) and dependent Cohen’s d are provided as measures of effect 
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size. Dependent Cohen’s d and associated 95% confidence intervals (CI) were calculated 

with ESCI software (www.thenewstatistics.com), with an averaged SD as the standardizer for 

d [44].  

The sample size was informed by previous findings in this field. Post-hoc power 

analyses were conducted using G*Power software (version 3.1.9.2; [45]), assuming a 

significance level α of 0.05.  

 

3. Results  

 

3.1. Group characteristics 

Six participants were excluded from the analyses: four because of incomplete 

(computer task) data; two because of meeting exclusion criteria (see Section 2.1.). Nine 

additional participants were excluded who were slow or inaccurate on cueing task trials with 

no electrocutaneous stimulation (2.5 SD or more above their group mean) during baseline 

and/or test phase. The final sample consisted of 93 participants, with 31 participants in each 

group. A total of 93 participants provides 93.8% statistical power to detect a large group 

difference (ηp2 =.14) in attentional bias, as we observed before [5].  

The final groups did not significantly differ in gender ratio, χ2 (2, N = 93) = 1.7, p = 

.4, mean age, fatigue at the start of the lab session, pain catastrophizing, or electrocutaneous 

stimulus perception (Table 1).  

Self-reported fear and expectancy of electrocutaneous stimulation indicated that 

differential conditioning had occurred. That is, and as can been seen in Table 1, 

electrocutaneous stimulation was more often expected after pain cues than after no-pain cues, 

and participants were more fearful when pain cues were presented than when no-pain cues 

were presented, with no differences between groups. This was confirmed by ANOVAs with 
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cue identity (2: pain cue vs. no-pain cue) and group (3: promotion vs. prevention vs. control) 

as factors, on fear ratings (cue identity: F(1, 90) = 211.8, p < .001, ηp2 = .70, d = 1.65; group: 

F(2, 90) = 2.1, p = .12, ηp2 = .05; cue identity x group: F(2, 90) = 2.4, p = .10, ηp2 = .05) and 

expectancy ratings (cue identity: F(1, 90) = 260.7, p < .001, ηp2 = .74, d = 1.67; group: F < 

1.0; cue identity x group: F(2, 90) = 1.2, p = .30, ηp2 = .03). Exclusion of participants who 

were not able to verbalize the contingency between cue identity (color) and electrocutaneous 

stimulation contingency (i.e., no report of higher expectation of stimulation following pain 

cue than following no-pain cue; (n=3) in control group, (n=5) in promotion goal group, (n=2) 

in prevention goal group) did not change the results. They are included in the reported 

analyses.  

 

TABLE 1 ABOUT HERE 

 

Our student sample was predominantly promotion focused in general, with no 

differences between groups (Table 2) as confirmed by an ANOVA on goal strength [37] with 

goal focus (2: promotion vs. prevention) and group (3) as factors (goal focus: F(1, 89) = 

205.0, p < .001, ηp2 = .70, d = 1.5; group: F < 1.0; goal focus x group; F < 1.0). In the lab 

situation, groups did not differ in self-reported focus or motivation (Table 2), except for 

motivation to perform the target classification task well. The control group reported slightly 

but significantly more motivation than the promotion goal group to perform the target 

classification task well, Bonferroni corrected p < .05. Post-hoc comparisons revealed no 

significant differences between either of these groups and the prevention goal group 

(Bonferroni corrected ps > .5). Self-report (Table 2) suggested that all groups were motivated 

to perform well and focused on good task performance, with average ratings of about 8 and 

higher on scales from 0 to 10. Self-report also suggested that during the goal task, the 
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promotion goal group was more focused on gain than on non-gain or prevention. The 

prevention goal group seemed equally focused on loss and non-loss or promotion.  

 

TABLE 2 ABOUT HERE 

 

3.2. Spatial cueing task: RTs 

 

3.2.1. Baseline phase  

 Median correct RTs on cueing task trials (Table 3) were subjected to an ANOVA 

with cue validity, cue identity, and group as factors. Responses were faster following 

valid cues than following invalid cues, F(1, 90) = 151.6, p < .001, ηp2 = .63, d = .75, 95% 

CI on d [.59, .91], with a mean difference of 32.5 ms (SD = 25.4; 95% CI [27.2, 37.7]). 

There were no other significant results from the ANOVA. Note that as expected cue 

validity effect did not depend on cue identity during the baseline phase (cue validity x cue 

identity: F < 1.0; cue validity x cue identity x group: F(2, 90) = 1.6, p = .2, ηp2 = .03).  

 

3.2.2. Test phase 

Median correct RTs on cueing task trials (Table 3) were subjected to an ANOVA 

with cue validity, cue identity, and group as factors. Responses were faster following 

valid cues than following invalid cues, F(1, 90) = 98.7, p < .001, ηp2 = .52, d = .65, 95% 

CI on d [.49, .81]. As expected, this cue validity effect was larger for pain cues than for 

no-pain cues (cue validity x cue identity: F(1, 90) = 7.7, p < .01, ηp2 = .08, d = .29, 95% 

CI on d [.08, .50]), with a mean difference in cue validity effect of 7.8 ms (SD = 27.1; 

95% CI [2.2, 13.4]), indicating attentional bias for pain signals. There were no other 

significant results from the ANOVA.  
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So, the ANOVA revealed no significant difference between groups in attentional 

bias (cue validity x cue identity x group: F(2, 90) = 1.4, p = .3, ηp2 = .03), although the 

pattern of results suggests a bias reduction in the goal groups as compared to the control 

group. As Figure 1 shows, the average difference between pain cues and no-pain cues in 

cue validity effect was in the same direction for all three groups, but of a different 

magnitude. Our sample of 93 provided good statistical power to detect a large-sized 

difference between the three groups in attentional bias, but the study was underpowered 

to detect a small-to-medium-sized group difference (30.0% for ηp2 = .03). So, smaller 

effects may exist that were not captured. Despite the lack of a significant three-way 

interaction, because of our a-priori hypothesis of bias reduction in the goal groups, we 

explored the attentional bias effects further.   

The control group had a significant attentional bias to pain signals, as reflected in 

a significantly larger cue validity effect for pain cues than for no-pain cues, t(30) = 2.97, 

p = .006, d = .42, 95% CI on d [.12, .72], with a mean difference of 13.8 ms (SD = 25.8; 

95% CI [4.3, 23.3]). Attentional bias was however not significant in either the promotion 

goal group, t(30) = .58, p = .6, d = 0.12, 95% CI on d [-.28, .52], or the prevention goal 

group, t(30) = 1.3, p = .2, d = .29, 95% CI on d [-.16, .74]. Mean difference between pain 

cues and no-pain cues in cue validity effect was for the promotion goal group 2.6 ms (SD 

= 24.7; 95% CI [-6.5, 11.7]) and for the prevention goal group 7.0 ms (SD = 30.2; 95% 

CI [-4.1, 18.1]).   

  

TABLE 3 ABOUT HERE 

FIGURE 1 ABOUT HERE 
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3.3. Spatial cueing task: accuracy 

Accuracy was high (>93%) in both baseline phase and test phase, across task 

conditions and groups; variability in accuracy rates was low. It is therefore advisable to 

interpret the results from accuracy analyses with caution. ANOVAs of log percentage 

correct with cue validity, cue identity, and group as factors revealed a significant cue 

validity effect (i.e., more accurate on valid than invalid trials) for the baseline phase; 

F(1,90) = 22.3, p < 0.001, ηp2 = .20, d = .67, 95% CI on d [.38, .96], and for the test 

phase; F(1,90) = 25.3, p < 0.001, ηp2 = .20, d = .56, 95% CI on d [.32, .80]. There were no 

other significant effects, except a small cue identity x group interaction in the test phase, 

F(2,90) = 3.4, p < 0.05, ηp2 = .07, suggesting more accurate responses following pain cues 

than no-pain cues in the prevention group (and no difference in the control or promotion 

group).  

 

4. Discussion  

 

The current experiment was designed to test (i) whether attentional bias to learned pain 

signals is reduced with non-pain goal pursuit and (ii) whether this reduction is stronger 

with non-pain prevention focus than with non-pain promotion focus. Toward this end, we 

assessed attentional bias to learned pain signals with a modified spatial cueing task in 

healthy participants who were at the same time also engaged in a non-pain goal task. For 

participants in the promotion goal group the possible outcome of their performance on 

the goal task was positively framed (chance of gaining money) whereas it was negatively 

framed for participants in the prevention goal group (risk of losing money). Participants 

in the control group were not motivated to engage in non-pain goal pursuit.  
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This experiment is a close replication of our previous study on the influence of 

non-pain goal pursuit on pain-related attentional bias [5] which was the first of its kind. In 

the original study, the current innovative task design was introduced. Healthy participants 

performed the same attentional bias task, either combined with the same non-pain goal 

task (goal group) or without (control group). The critical difference with the current 

experiment was that the non-pain goal was related to both losing and gaining money. So, 

the impact of different goal orientations could not be disentangled. The original study 

revealed a significantly reduced (and even reversed) attentional bias for pain cues in the 

goal group compared to the control group. 

Here, we were not able to reject the null hypothesis that the control group and goal 

groups differed in attentional bias for pain cues. Differences between groups were not 

statistically significant, and confidence intervals were rather wide and considerably 

overlapping. Future studies may seek to increase the sensitivity of the study and may 

benefit from a larger sample size.  

Although group differences were not significant, the results point in the expected 

direction of a reduced attentional bias for pain cues with non-pain goal pursuit. On 

average, the control group, but not the goal groups, showed a significant attentional bias. 

As suggested by the confidence intervals, non-pain goal pursuit lowered the plausibility 

of large attentional bias and increased the plausibility of a reduced (and even reversed) 

attentional bias. What is novel about this is that this pattern of results was found with goal 

instructions that were either specifically promotion-focused or prevention-focused. This 

crucial difference in goal focus instructions with the original study [5] might explain 

differences in findings. A possible though speculative explanation is that the current 

participants might have been less encouraged to engage in the non-pain goal task than 
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participants in the original study who faced both the risk of losing money and the chance 

of gaining money.  

We found no differences in attentional bias dependent on goal focus. An 

explanation might be found in the actual goal focus of the present sample. Participants’ 

self-report suggests that our student sample was predominantly promotion focused [cf. 

37], with no clear differences between groups. It could be argued that because the 

prevention goal group was, on average, more driven by promotion goals, they were less 

receptive to the induction of a prevention goal focus [27,37]. The main focus in our 

current investigation was on average differences between groups rather than on individual 

differences within groups. Further study in a broader and larger sample is warranted to 

elucidate individual differences in outcome focus and their role in the motivational 

control of attentional bias. Future research may include alternative manipulations of 

outcome focus (e.g., asking participants to describe goal-relevant experiences and 

strategies; [37]) in an attempt to find overall group differences between situationally 

induced promotion vs. prevention focus.  

Our hypothesis was based on observed differences in task motivation between 

positively and negatively framed incentive outcomes [29]. Our self-report data do not 

support a difference in task motivation between the goal groups. However, self-report 

data do not necessarily provide a reliable estimation of motivation. Future studies should 

consider alternative (performance-based) measures of motivation and task commitment. 

We acknowledge that different mechanisms may be at play that could affect the current 

results. Additional possible effects of the outcome focus manipulation could have 

obscured group effects and future studies might therefore benefit from a focus on 

individual levels. First, negatively and positively framed outcomes may have important 

different affective consequences. Compared to positively framed outcomes focusing on 
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potential gain (or reward), negatively framed outcomes focusing on loss (or punishment) 

may reduce task enjoyment or enhance state anxiety. Theory suggests that anxiety-related 

processes are especially enabled in contexts involving potential punishment but not 

potential reward [46]. In a similar vein, it may be suggested that attentional bias to signals 

of (threatening) pain would be more evident (or less reduced) during prevention-focused 

non-pain goal pursuit than during promotion-focused non-pain goal pursuit. Research 

outside the pain domain found no support for a stronger attentional bias for threatening 

cues when potential outcomes were framed in terms of losses rather than gains [47]. Like 

in the present study, it could not be excluded that motivational effects related to outcome 

focus manipulation were obscured by participants' general interpretation and emotional 

state during the experimental session (e.g. state anxiety due to perceived task difficulty or 

uncertainty regarding performance and outcomes) [47]. It would be valuable for future 

studies on the impact of outcome focus on attentional bias to also assess affect throughout 

the experimental session.  

Second, framing potential outcomes as positive (in terms of gains) or as negative 

(in terms of losses) may lead to counter-regulatory attention allocation to stimuli that are 

opposite in valence to the current frame [23]. The function of such a mechanism would be 

to facilitate flexible, adaptive responses to positive and negative stimuli, in order to 

down-regulate affective states. Following this principle, it may be suggested that 

attentional bias to pain signals would be more evident during promotion-focused than 

during prevention-focused non-pain goal pursuit. An interesting question for future 

research is whether this incongruence effect also applies to attentional allocation to 

valenced stimuli with a more specific content focus (e.g. pain signals and safety signals 

rather than more general negative and positive words) that differs from the focus of the 

current frame (e.g. loss or gain of money).  
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A number of other possible limitations warrant further comment. First, within the 

current paradigm, attention to goal-task-relevant digits is instrumental to goal 

achievement. Moreover, the brief presentation of digits at the screen centre may have 

enhanced attention to central fixation, especially when these digits were motivationally 

salient. Differences in central attentional focus may influence attentional bias effects for 

stimuli presented peripherally. This issue has been discussed in detail elsewhere [5]. 

Recent data show that attentional bias to pain signals is reduced in the presence of 

competing goal-information even when attention to goal-related information is not 

instrumental to goal achievement [25]. It might be valuable for future experiments on the 

impact of non-pain goal pursuit on pain-related attentional bias to avoid differences in 

attentional focus between goal conditions.  

Second, despite clear conceptualizations and careful task design, several 

interdependent processes may be going on in parallel in the current paradigm, which ask 

for further systematic inquiry. We remain for instance uncertain about how non-pain goal 

pursuit influences attention to conditioned pain signals, independent of its possible 

influence on threat conditioning.  

Third, a relatively high number of participants were excluded from the analyses. 

Exclusion was mostly due to technical problems in response registration and outlier 

performance. Importantly, all exclusion criteria were decided a priori and are in line with 

standard criteria in attentional bias research, including the work that the current study is 

built upon.  

Fourth, trait attentional control might moderate the impact of non-pain goal 

pursuit on attentional bias [25] but was not assessed.   

Fifth, findings with healthy participants cannot be readily generalized to other 

populations, including those with chronic pain problems. We anticipate for chronic pain 
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patients, within a context of multiple-goal pursuit, reduced inhibition of pain-related 

attentional bias [48,49,50]. More studies are needed, testing the predictive value of the 

observed attention effects, and their variation across context, for daily pain outcomes in 

chronic pain patients and healthy controls [11].  

Finally, we used monetary incentives to motivate participants to engage in the 

non-pain goal task. Nevertheless, money is probably not the most important source of 

motivation in everyday life. Monetary gains and losses have been successfully used in 

experimental research to provide control over incentives [e.g., 33,34,51,52], but entail a 

possible trade-off with external validity [53]. Future experiments might want to examine 

pain-related attention under motivational conditions that are more similar to real life 

situations, including incentives that are considered more important (e.g., social 

comparison, educational credits).  

In conclusion, the present project extends previous work on attentional bias for 

pain-related information, and in particular conditioned pain signals, and builds upon 

previous work on motivation and goal contexts. We found no statistically-significant 

evidence for the impact of non-pain goal pursuit and outcome focus on attentional bias. 

There were possible indications of a reduced attentional bias for pain cues with non-pain 

goal pursuit that was either promotion- or prevention-focussed, but the critical analysis 

did not reach statistical significance. Although caution is needed in interpretation, these 

data add to the small but growing literature on the assumed relevance of motivational 

context and concurrent goal pursuit in explaining variations in attentional bias. This study 

highlights the need for further investigation to define the essential aspects of the role of 

motivation and goal contexts in pain-related attention, in both acute and chronic pain 

conditions.  

 



Winning or not losing? 
 

26 
 

 

0. References   

1. Crombez, G., Van Ryckeghem, D. M., Eccleston, C., & Van Damme, S. (2013). 

Attentional bias to pain-related information: a meta-analysis. Pain, 154, 497-510. 

2. Dawson, M.E., Schell, A.M., Beers, J.R., & Kelly, A. (1982). Allocation of cognitive 

processing capacity during human autonomic classical conditioning. Journal of 

Experimental Psychology, 111, 273-294. 

3. He, C. H., Yu, F., Jiang, Z. C., Wang, J. Y., & Luo, F. (2014). Fearful thinking 

predicts hypervigilance towards pain-related stimuli in patients with chronic pain. 

PsyCh Journal, 3, 189-200. 

4. Notebaert, L., Crombez, G., Vogt, J., De Houwer, J., Van Damme, S., & Theeuwes, J. 

(2011). Attempts to control pain prioritize attention towards signals of pain: an 

experimental study. Pain, 152, 1068-1073. 

5. Schrooten, M. G., Van Damme, S., Crombez, G., Peters, M. L., Vogt, J., & Vlaeyen, 

J. W. (2012). Nonpain goal pursuit inhibits attentional bias to pain. Pain, 153, 1180-

1186. 

6. Van Damme, S., Crombez, G., & Eccleston, C. (2004). Disengagement from pain: the 

role of catastrophic thinking about pain. Pain, 107, 70-76. 

7. Van Damme, S., Crombez, G., Eccleston, C., & Koster, E. H. (2006). Hypervigilance 

to learned pain signals: a componential analysis. The Journal of Pain, 7, 346-357. 

8. Van Damme, S., Crombez, G., Hermans, D., Koster, E. H., & Eccleston, C. (2006). 

The role of extinction and reinstatement in attentional bias to threat: A conditioning 

approach. Behaviour Research and Therapy, 44, 1555-1563. 



Winning or not losing? 
 

27 
 

9. Van Damme, S., Lorenz, J., Eccleston, C., Koster, E. H., De Clercq, A., & Crombez, 

G. (2004). Fear-conditioned cues of impending pain facilitate attentional engagement. 

Neurophysiologie clinique/Clinical neurophysiology, 34, 33-39. 

10. Van Ryckeghem, D. M., Crombez, G., Van Hulle, L., & Van Damme, S. (2012). 

Attentional bias towards pain-related information diminishes the efficacy of 

distraction. Pain, 153, 2345-2351. 

11. Van Ryckeghem, D. M., Crombez, G., Goubert, L., De Houwer, J., Onraedt, T., & 

Van Damme, S. (2013). The predictive value of attentional bias towards pain-related 

information in chronic pain patients: a diary study. Pain, 154, 468-475. 

12. Asmundson, G. J. (2012). Do attentional biases for pain depend on threat value of 

pain and competing motivation toward non-pain goals?. Pain, 153, 1140-1141. 

13. Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & Van 

Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and nonanxious 

individuals: a meta-analytic study. Psychological Bulletin, 133, 1-24. 

14. Okon-Singer, H. (2018). The role of attention bias to threat in anxiety: mechanisms, 

modulators and open questions. Current Opinion in Behavioral Sciences, 26–30.  

15. Van Damme, S., Legrain, V., Vogt, J., & Crombez, G. (2010). Keeping pain in mind: 

a motivational account of attention to pain. Neuroscience & Biobehavioral Reviews, 

34, 204-213. 

16. Eccleston, C., & Crombez, G. (1999). Pain demands attention: A cognitive–affective 

model of the interruptive function of pain. Psychological Bulletin, 125, 356-366. 

17. Pincus, T. & Morley, S. (2001). Cognitive-processing bias in chronic pain: a review 

and integration. Psychological Bulletin, 127, 599-617. 

18. Vlaeyen, J. W., & Linton, S. J. (2000). Fear-avoidance and its consequences in 

chronic musculoskeletal pain: a state of the art. Pain, 85, 317-332. 



Winning or not losing? 
 

28 
 

19. Crombez, G., Eccleston, C., Van Damme, S., Vlaeyen, J. W., & Karoly, P. (2012). 

Fear-avoidance model of chronic pain: the next generation. The Clinical Journal of 

Pain, 28, 475-483. 

20. Karoly, P., Okun, M. A., Ruehlman, L. S., & Pugliese, J. A. (2008). The impact of  

goal cognition and pain severity on disability and depression in adults with chronic 

pain: An examination of direct effects and mediated effects via pain-induced fear. 

Cognitive Therapy and Research, 32, 418-433. 

21. Schrooten, M. G., & Vlaeyen, J. W. (2010). Becoming active again? Further thoughts 

on goal pursuit in chronic pain. Pain, 149, 422-423. 

22. Wiech, K., & Tracey, I. (2013). Pain, decisions, and actions: a motivational 

perspective. Frontiers in Neuroscience, 7, 1-12. 

23. Rothermund, K. (2011). Counter-regulation and control-dependency. Social 

Psychology, 42, 56-66. 

24. Durnez, W., & Van Damme, S. (2015). Trying to fix a painful problem: the impact of 

pain control attempts on the attentional prioritization of a threatened body location. 

The Journal of Pain, 16, 135-143. 

25. Karsdorp, P., Schrooten, M. G. S., & Geenen, M. J. M. (2017). Attentional control 

and the competition between nonpain goals and the threat of pain. European Journal 

of Pain.  

26. Verhoeven, K., Crombez, G., Eccleston, C., Van Ryckeghem, D. M., Morley, S., & 

Van Damme, S. (2010). The role of motivation in distracting attention away from 

pain: an experimental study. Pain, 149, 229-234. 

27. Higgins, E. T. (1998). Promotion and prevention: Regulatory focus as a motivational 

principle. In M. P. Zanna (Ed.). Advances in experimental social psychology (Vol. 30, 

pp. 1-46). New York: Academic Press. 



Winning or not losing? 
 

29 
 

28. Higgins, E. T., & Cornwell, J. F. (2016). Securing foundations and advancing 

frontiers: Prevention and promotion effects on judgment & decision making. 

Organizational Behavior and Human Decision Processes, 136, 56-67. 

29. Goldsmith, K., & Dhar, R. (2013). Negativity bias and task motivation: Testing the 

effectiveness of positively versus negatively framed incentives. Journal of 

Experimental Psychology: Applied, 19, 358-366. 

30. Posner, M. I., Snyder, C. R., & Davidson, B. J. (1980). Attention and the detection of 

signals. Journal of Experimental Psychology: General, 109, 160-174. 

31. Yantis S. (1996). Control of visual attention. In: Pashler H. (Ed.) Attention (pp. 223–

256). San Diego: Psychology Press. 

32. Fox, E., Russo, R., Bowles, R., & Dutton, K. (2001). Do threatening stimuli draw or 

hold visual attention in subclinical anxiety?. Journal of Experimental Psychology: 

General, 130, 681-700. 

33. Förster, J., Grant, H., Idson, L. C., & Higgins, E. T. (2001). Success/failure feedback, 

expectancies, and approach/avoidance motivation: How regulatory focus moderates 

classic relations. Journal of Experimental Social Psychology, 37, 253-260. 

34. Shah, J., Higgins, T., & Friedman, R. S. (1998). Performance incentives and means: 

how regulatory focus influences goal attainment. Journal of personality and social 

psychology, 74, 285. 

35. Sullivan, M. J., Bishop, S. R., and Pivik, J. (1995). The pain catastrophizing scale: 

development and validation. Psychological Assessment, 7, 524-532. 

36. Walton, D. M., Wideman, T. H., & Sullivan, M. J. (2013). A Rasch analysis of the 

pain catastrophizing scale supports its use as an interval-level measure. The Clinical 

Journal of Pain, 29, 499-506. 



Winning or not losing? 
 

30 
 

37. Lockwood, P., Jordan, C. H., & Kunda, Z. (2002). Motivation by positive or negative 

role models: regulatory focus determines who will best inspire us. Journal of 

Personality and Social Psychology, 83, 854-864. 

38. McNeil, D. W., & Rainwater, A. J. (1998). Development of the Fear of Pain 

Questionnaire — III. Journal of Behavioral Medicine, 21, 389–410. 

39. Roelofs, J., Peters, M. L., Deutz, J., Spijker, C., & Vlaeyen, J. W. S. (2005). The Fear 

of Pain Questionnaire (FPQ): Further psychometric examination in a non-clinical 

sample. Pain, 116, 339–346. 

40. Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral activation, and 

affective responses to impending reward and punishment: the BIS/BAS scales. 

Journal of Personality and Social Psychology, 67, 319-333.  

41. Franken, I. H. A., Muris, P., & Rassin, E. (2005). Psychometric properties of the 

Dutch BIS/BAS Scales. Journal of Psychopathology and Behavioral Assessment, 27, 

25-30. 

42. Karsdorp, P. A., & Vlaeyen, J. W. S. (2011). Goals matter: Both achievement and 

pain-avoidance goals are associated with pain severity and disability in patients with 

low back and upper extremity pain. Pain, 152, 1382–1390.  

43. Schweickert R. (1985). Separable effects of factors on speed and accuracy: memory 

scanning, lexical decision, and choice tasks. Psychological Bulletin, 97, 530–546. 

44. Cumming, G. (2012). Understanding the New Statistics: Effect Sizes, Confidence 

Intervals, and Meta-Analysis. New York: Routledge.  

45. Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: a flexible 

statistical power analysis program for the social, behavioural, and biomedical 

sciences. Behavior Research Methods, 39, 175-191. 

46. Gray, J. A. (1987). The psychology of fear and stress (Vol. 5). CUP Archive. 



Winning or not losing? 
 

31 
 

47. Derryberry, D., & Reed, M. A. (2002). Anxiety-related attentional biases and their 

regulation by attentional control. Journal of abnormal psychology, 111, 225-236. 

48. Christiansen, S., Oettingen, G., Dahme, B., & Klinger, R. (2010). A short goal-pursuit 

intervention to improve physical capacity: A randomized clinical trial in chronic back 

pain patients. Pain, 149, 444-452. 

49. Legrain, V., Crombez, G., Verhoeven, K., & Mouraux, A. (2011). The role of 

working memory in the attentional control of pain. Pain, 152, 453-459. 

50. Van Damme, S., Crombez, G., & Eccleston, C. (2008). Coping with pain: a 

motivational perspective. Pain, 139, 1-4.  

51. Claes, N., Crombez, G., Meulders, A., & Vlaeyen, J. W. (2016). Between the devil 

and the deep blue sea: avoidance-avoidance competition increases pain-related fear 

and slows decision-making. The Journal of Pain, 17 (4), 424-435. 

52. Talmi, D., Dayan, P., Kiebel, S. J., Frith, C. D., & Dolan, R. J. (2009). How humans 

integrate the prospects of pain and reward during choice. Journal of Neuroscience, 29 

(46), 14617-14626. 

53. Loewenstein, G. (1999). Experimental economics from the vantage-point of 

behavioural economics. The Economic Journal, 109 (453), 25-34. 

 

 

 

 

 

 

 

 



Winning or not losing? 
 

32 
 

Figure legends 

 

Figure 1. Mean cue validity effects of the promotion goal group (n=31), the prevention 

goal group (n=31), and the control group (n=31) for pain cues and no-pain cues during the 

test phase. Magnitude of cue validity effects was calculated by subtracting mean reaction 

times (RTs) on valid trials from median RTs on invalid trials. Error bars indicate the SE 

of the group average of cue validity effects in each condition. 
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Tables 

 

Table 1. Mean (SD) age, fatigue at the start of the lab session, pain catastrophizing 

(aggregate score across all 13 items of the Pain Catastrophizing Scale), and 

electrocutaneous stimulus (ES) perception per group. Ratings were made on 11-point 

numeric scales from 0 (not at all) to 10 (to a very large extent or extremely). 

 

Table 2. Mean (SD) self-reported goal focus and motivation per group. Goal strength was 

assessed with the Promotion/Prevention Scale [49]. The other ratings were made on 11-

point numeric scales from 0 (not at all) to 10 (to a very large extent or extremely). 

 

Table 3. Median correct RTs (in ms; SD in brackets) on cueing task trials during which 

no electrocutaneous stimulus was delivered, as a function of cue validity, cue identity, 

and group (baseline phase and test phase).   

RT, reaction time.  
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