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Purpose: Expectations and modification gained through critical learning influence pain perception. We tested how pain tolerability 
was influenced by the effects of orally delivered false feedback and participant status immediately prior to performing tasks.
Patients and Methods: A total of 125 healthy college students (69 females and 56 males) were randomly assigned to 3 groups 
(positive, negative, and control) to participate in two formal cold pressor tests (CPTs). Participants completed the same series of task- 
related questionnaires (perceived importance, intended effort, current affect, and self-efficacy) before each CPT. False performance 
feedback was delivered after completion of the baseline level CPT. After completion of each CPT, both pain intensity and pain 
tolerability (duration in ice water) were recorded.
Results: The results of linear mixed models revealed significant condition × time interactions on pain tolerability and task self- 
efficacy after controlling for individual variance as a random effect. Participants who received negative feedback exhibited increased 
pain tolerability without decreasing their self-efficacy, whereas participants who received positive feedback showed increased self- 
efficacy with no change in pain tolerability. A longer pain tolerance duration was also predicted by a more intentional investment of 
effort and a lower intensity of experienced pain as well as the effect of false feedback.
Conclusion: The research highlights the effect of powerful situational influences on laboratory-induced pain tolerance.
Keywords: cold pressor test, pain, false feedback, effort, self-efficacy, social norms

Introduction
Human beings, as social animals, tend to evaluate their own attitudes, intentions, abilities or behaviors with others (eg, 
social models) to gain self-knowledge and discover their individual realities in ambiguous circumstances.1 Individuals 
are expected to act in accordance with social norms (eg, in accordance with how a social model is performed), especially 
when behaviors are viewed positively in a given culture and context.2,3 Norms are cultural phenomena that prescribe and 
forbid behavior under specific circumstances.4 Despite their regulatory role, the attention given to social norms varied 
notably across a series of social and psychological experiments. Classic social modeling experiments that apply pain- 
tolerance/intolerance models using noxious stimuli found that people are more pain tolerant, report less pain, and show 
reduced physiological arousal following exposure to pain-tolerant role models.5,6 Thereafter, rather than having patients 
observe role models, a laboratory-induced cold pressor test (CPT) experiment found that participants reported less pain 
following exposure to a hand-written list of the bogus low pain ratings of confederates.7 More recently, studies have 
found that participants exhibit a greater level of pain tolerability in CPT tasks after exposure to verbal presentations 
offering positive reviews of social norms or to those offered through computer-delivered messages.8,9 However, they 
ignore the potential influence of baseline pain tolerance duration.

The abovementioned experimental studies directly present the means by which a social model is performed (ie, 
positive behavior truly being encouraged through social feedback); the situation that arises in pain studies as a result of 
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fictitious performance feedback is less studied.10–12 Initially, participants were engaged in CPT trials and received fake 
feedback (either very good or not) on former CPT trials sequentially, resulting in the finding that positive feedback causes 
better pain tolerability and negative feedback causes worse pain tolerability.10 Researchers have incorporated peer 
pressure into fake feedback, making the self-evaluation process more complex.11,12 Specifically, participants who were 
engaged in a task where they had to tolerate painful stimulation were then provided with fake feedback comparing their 
level of pain tolerance with that of peers who had completed the same task.11,12 Participants receiving low-tolerance 
feedback or high-tolerance feedback improved their pain tolerance duration more than participants receiving average- 
tolerance feedback (control condition).11 More recently, the study investigated the effects of false performance feedback 
on the basic components of cognitive control.12 They found that participants who had received low-tolerance feedback 
performed poorly at inhibiting their response in a speeded go/no-go task compared to those who had received high- 
tolerance feedback.12

Negative feedback from inner experience in a dysfunctional self-schema leads to affect-biased attention at both the 
sensory-perceptual and cognitive levels, which results in depressive symptoms.13 The maintenance of self-esteem and/or 
self-efficacy is an essential element in treating psychopathology and other physical illnesses, such as clinical pain 
conditions.14 Patients with pain conditions exhibited a stronger implicit self-illness association and higher levels of self- 
pity than those in the healthy control.15 Individuals’ beliefs concerning their capacity for pain management could be 
challenged by false feedback on task performance.10,12 However, no consistent findings were observed regarding the 
ways in which self-efficacy influences task performance.10,16 An increased level of self-efficacy and increased tolerability 
was observed, which was consistent with traditional self-efficacy theory.10 Related evidence of negative associations 
between self-efficacy and task performance was also supported through an analytic game study, in which high levels of 
self-efficacy led to overconfidence and increased the likelihood of committing logic errors during the game.16

Except for task-related self-efficacy, Bandura’s contention is that verbal persuasion and building awareness of 
physiological and affective states both before and after enacting desired activities are alternative means of influencing 
task performance.17 In addition, the importance of doing well in a given task and the level of intended investment effort 
are common psychological factors that need to be assessed in such tasks.9,18 A motivational perspective built around the 
organizing powers of goal setting and self-regulatory processes has been adopted to account for the escape behavior 
aimed at avoiding pain experiences and (re)injury.19–21 The motivational perspective may provide further insights into the 
processes of automatically raised avoidance behaviors in situations that arise from goal competition. Accumulating 
evidence supports the motivational view of pain with competing goals in laboratory-induced pain settings. For example, 
the formation of conscious intentions reduces escape-avoidance behavior during tasks that incorporate painful stimuli and 
fosters no-pain goal pursuit, turning pain into cues for goal-directed behavior.22 In summary, it is not clear how task- 
related status would be influenced by fake feedback or how it influences pain tolerability.

Social norms often arise spontaneously rather than being deliberately planned, and they are nested in cultural 
backgrounds. For example, modesty is a typical norm in China. Chinese individuals are expected to manifest low levels 
of explicit self-esteem while manifesting high levels of implicit self-esteem, whereas American participants linked 
modesty to explicit self-esteem but perceived no associations between modesty and implicit self-esteem.23 However, the 
way that social comparison information affects task performance as well as the self-evaluation process in laboratory 
settings is less addressed in the Chinese context.

In the present study, we assessed the effects of false feedback on first task performance (pain tolerance levels 
compared to peers who had completed the same task) on the upcoming performance of the second task via the CPT 
among Chinese university participants. We also measured task-related status (ie, self-efficacy, perceived task importance, 
intended effort, state affect) both before and after provisioning false feedback. To help clarify, Table 1 shows the 
definition of each essential outcome measured in the present study. We hypothesized that (1) participants in the positive 
or negative condition (ie, more or less tolerant than others) could maintain longer pain tolerance duration in ice water 
than those in the control (ie, average tolerance compared to others) and (2) those group differences remain after 
controlling for task-related measures that are significant predictors of pain tolerability.
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Methods
Participants
The final sample comprised 125 young adults (69 women, 56 men) from Southwest University, China. Participants were 
18 to 25 years of age (M = 19.61 years, SD = 1.56 years), typically in their first or second year of study (68.0%), and 
predominantly of Han ethnicity (83.2%), with others identifying as one of 10 ethnic minorities. The sample had an 
average body mass index (BMI) of 20.68 (SD = 2.76, range: 15.24 to 30.67). Four participants (1 female in the negative 
feedback condition, 2 females in the positive feedback condition, and 1 male in the positive feedback condition) chose 
the wrong manipulation check item, so their data were excluded from the analyses.

Apparatus
A cold water bath unit (Model DX-208), 25 cm wide, 25 cm long, 20 cm deep and filled with 12.5 L of circulating water 
was used to induce pain. A thermostat-controlled electric pump maintained the water temperature (± 0.1 degrees) via heat 
exchange. Previous studies have demonstrated that a cold water bath is safe and useful to assess cold pressor pain 
tolerance duration with water temperature ranges from 0 to 5 degree Celsius.27,28 For this experiment, the water 
temperature was maintained at 3 degree Celsius.

Procedure
The study was approved by the Institutional Review Board of Faculty of Psychology, Southwest University (H19015). 
This study complies with the Declaration of Helsinki. On the campus of Southwest University, potential volunteers were 
recruited via internet-based advertisements soliciting volunteers for a laboratory experiment on the factors influencing 
cold water pain. Interested participants were asked to complete a checklist of exclusion criteria. Please refer to the 
Supplementary Material for a detailed description. Appointments were made with those who remained interested, were 
available and claimed none of the exclusion criteria. The main procedure is depicted in Figure 1.

After arriving at their scheduled appointments, participants read and signed a written informed consent form that 
reiterated the general research purpose and described the main research tasks of the study (via completion of self-report 
questionnaires and CPTs), the time involved (approximately 30–40 minutes), and the compensation (20 Chinese yuan). 
Participants then completed the exclusion criteria checklist a second time. The Supplementary Material shows the 
exclusion criteria checklist and all the questionnaires used in the present study with both Chinese and English versions. 
Then, a standardized 10-s premanipulation practice CPT was undertaken to ensure that all participants (1) were 
minimally pain tolerant, (2) had passing familiarity with task-related sensations prior to potentially prolonged exposure, 
and (3) were willing to bear pain related to an actual CPT. Specifically, the experimenter asked participants to immerse 
their nonwriting hands in a container of room temperature water for approximately 30 seconds to ensure that their hand 
temperature was the same as that of other participants. Next, participants were told to keep the same hand in the cold 

Table 1 Definitions Table

Terminology Definitions

Pain tolerability We used the cold pressor test (CPT) to measure pain tolerability in the present study. Participants who persisted in ice 
water for a longer duration indicated a better pain tolerability.7–9

Pain intensity We assessed the degree of average pain, worst pain, and pain at the moment withdrawing the hand on a 0 (no pain) to 10 

(worst pain) scale.
Perceived importance The level of importance of good performance during the CPT.9,18 (eg, How important is it for you to perform well on this 

CPT compared to other people?)

Intended effort The level of difficulty and the level of effort that participants intend to apply to this CPT.18 (eg, How hard do you intend to 
try on this CPT?)

Current affect The degree of overall mood at this moment on a range between 0 (extremely negative) and 100 (extremely positive).

Self-efficacy The degree of confidence in performing on the upcoming CPT.24–26 (eg, I can continue the cold pressor test for a long 
time, even if the pain is severe.)
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water for 10s after being told that nearly everyone had been able to do so in past experiments. Indeed, all participants in 
this study successfully completed the practice CPT.

Following this task, participants completed T1 task-related measures regarding levels of self-efficacy, importance and 
intended effort in the upcoming CPT and in a general current affect item. Subsequently, they completed the T1 CPT as 
a baseline. After immersing their non-writing hand in a container of room temperature water to ensure that hand 
temperatures were similar across participants just prior to the initial immersion, participants were instructed to leave 
their hand in the cold water for as long as possible but to remove it whenever they wanted, particularly if sensations 
became too uncomfortable. Participants were instructed to face forward during the task, perform any mental activities 
they wanted to cope with their hand being immersed in cold water, and to not talk to the experimenter, who was busy 
recording their times. The timer was stopped either when the hand was withdrawn or following 3 minutes of immersion.

Immediately after completing the T1 CPT, participants provided pain intensity ratings. The experimenter noted how 
well they performed on the CPT compared to the other participants who had completed this task and were willing to 
provide feedback. Specifically, participants who had been randomly assigned to a positive performance feedback 
condition were given false feedback indicating that they had lasted longer than 94% of participants who completed 
the CPT and showed a noticeably better-than-average ability to withstand pain compared to that of others. Conversely, 
those randomly assigned to the negative performance feedback condition were given false feedback indicating that they 
had lasted for less time than 94% of participants who completed the task and showed a noticeably worse than average 
ability to withstand pain compared to that of others. Finally, participants who had been randomly assigned to the control 
group were given false feedback indicating that they had lasted for more time than just over 52% of participants who 
completed the task and showed an average ability to withstand pain compared to that of others.

During this period, participants were instructed to rest and to complete the T1 post-task measures, which included 
assessments of pain resilience, pain-related fear, and demographics.

Next, T2 task-related measures with items identical to T1 measures were re-administered. Then, participants engaged 
in the T2 CPT following instructions and parameters from the T1 CPT. The timer was stopped either when the hand was 
withdrawn or after 4 minutes of immersion. Immediately after the T2 CPT, participants completed T2 post-task measures 
(ie, pain intensity ratings). Participants were also asked to guess the specific research hypothesis. Then, a manipulation 

Figure 1 Study procedure. 
Notes: A total of 125 healthy college students were randomly assigned to 3 groups (positive, negative, and control) to participate in two formal CPTs. False performance 
feedback was delivered after completion of the baseline level CPT. Participants completed a series of task-related and post-task questionnaires before and after each CPT, 
respectively. 
Abbreviation: CPT, cold pressor test.
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check item comprising the correct answer and two “false distractors” was given, and participants were required to 
correctly identify the performance information they were given regarding the first CPT by the experimenter. Participants 
who chose the wrong answer indicated the manipulation failed and the data of these participants were excluded from 
analysis. Finally, they were debriefed on the main research focus and paid for their participation.

Measures
Pain Resilience Scale (PRS)
The 14-item PRS assesses an individual’s specific capacity to successfully manage or adapt to pain.29 Items are rated on 
a scale ranging between 0 (never) and 4 (all the time), with a higher total score indicating a higher level of pain 
resilience. The original PRS factor structure was replicated and exhibited internal consistency and a good two-week test– 
retest reliability in Chinese adults with temporomandibular disorder pain.30 In this sample, the PRS alpha was α = 0.90.

Fear of Pain Questionnaire – Chinese (FPQ-C)
The 25-item FPQ-C was derived from the 30-item FPQ-III and assesses fear of severe pain, minor pain, and medical 
pain.31,32 Each item is rated from 1 (not at all) to 5 (extreme). A higher total score indicates a higher level of fear of pain. 
The original FPQ structure was replicated in a Chinese sample, although five low- or double-loading items were 
excluded.32 In this study, the FPQ-C alpha was α = 0.91.

Task Specific Self-Efficacy Scale (SES)
A five-item SES was used to assess perceived confidence in tolerating pain during the CPT on the basis of a longer 10- 
item version.24 Selected items assessed the levels of confidence in being able to “leave your hand in the icy water for at 
least a short amount of time”, “bear mild pain for a short period of time”, “withstand a moderate amount of discomfort 
during the CPT”, “handle a moderate amount of pain from cold water for quite a long time” and “continue the CPT even 
while experiencing severe pain”. Following previously published work, the degree of confidence for each statement was 
evaluated between 0 (not at all confident) and 100 (completely confident).25,26 A higher mean score indicates a higher 
task-related self-efficacy. SES alphas were α = 0.85 and α = 0.83 for the pre- and postexposure assessments, respectively.

Cold Pressor Importance, Intended Effort, and Current Affect Scales
Three importance items, 2 intended effort items, and one single current affect item to evaluate overall mood during 
testing were adapted from Rhodewalt and Fairpjeld’s self-handicapping and effort study.18 The importance subscale 
assesses the level of importance of good performance during the CPT as “compared to other people”, “a positive way of 
maintaining a positive view of one’s strength and grit” and “displeasure of poor performance in comparison with that of 
other people”. The intended effort subscale assesses the level of difficulty and the level of effort that participants intend 
to apply to this CPT. The degree of importance and intended effort was assessed on a range between 0 (not at all) to 100 
(extremely), and the degree of state was assessed on a range between 0 (extremely negative) and 100 (extremely 
positive). Higher mean scores indicate higher levels of importance and intended effort. The importance subscale alphas 
were α = 0.82 and α = 0.89 for the pre- and postexposure assessments, respectively, and the intended effort alphas were α 
= 0.60 and α = 0.83 for the pre- and postexposure assessments, respectively.

Pain Tolerance and Pain Intensity
Pain tolerance was measured by the total time that the participant’s hand was immersed in ice water, using a 3-minute 
maximum in the first CPT (T1) and a 4-minute maximum in second CPT (T2). Pain intensity was assessed immediately 
after each CPT with a widely used three-item composite measuring the (1) average pain intensity during the CPT, (2) 
worst pain intensity during the CPT and (3) pain intensity during tolerance; each item was assessed on a 0 (no pain) to 10 
(worst pain) scale. In this sample, the pain intensity used the average scores of a three-item composite and had an alpha 
of α = 0.82 at the first CPT and an alpha of α = 0.92 at the second CPT.
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Data Analyses
The main analyses were performed with RStudio (Version 1.2.5.001; RStudio Team, 2019) in the R programming 
environment (Version 4.0.3; R Core Team, 2020). Initial univariate analyses of variance (ANOVAs) and chi-square tests 
assessed the feedback condition differences in demographics and traits (ie, pain resilience and fear of pain). 
Subsequently, the linear mixed effects model (using the “lmerTest” package in R) was employed to test the relationship 
between feedback condition (Positive vs Negative vs Control) and time (T1 vs T2) on pain tolerance (Model 1). Next, 
another linear mixed effects model (Model 2) was conducted to test whether task-related measures (ie, self-efficacy, 
importance, intended effort, and state affect) and pain intensity significantly contributed to pain tolerance. Finally, a third 
linear mixed model (Model 3) was adopted to test the relationship between feedback condition and time after controlling 
for significant covariates.

Models were represented in R as follows:
Model 1 = lmer(Tolerance~ Condition*Time+ (1 | Subject))
Model 2 = lmer(Tolerance~ Self-efficacy+Importance+Effort+Affect+Intensity + (1 | Subject))
Model 3 = lmer(Tolerance~ Condition*Time + Covariates + (1 | Subject)).

Results
Feedback Condition Differences in Background Characteristics
Feedback conditions did not differ by participant gender χ2 (2) = 0.001, p = 0.995 or ethnicity χ2 (2) = 0.42, p = 0.813. 
ANOVAs showed no feedback group differences by age, year in university, BMI, pain resilience, or fear of pain (see Table 2).

Effects of False Feedback on Pain Perception and Task-Related Measures
Descriptive statistics (mean and standard deviations) for pain tolerance and task-related measures and for the effects of 
false performance feedback on those measures are presented in Table 3. The results of linear mixed models showed 
a significant Condition*Time interaction on pain tolerance and task self-efficacy. As depicted in Figure 2, compared with 
T1 task performance, participants receiving negative feedback exhibited a higher pain tolerance duration than those 
receiving control feedback or those receiving positive feedback at the second CPT, whereas the pain tolerance levels of 
the subsequent two groups did not differ from each other at the second CPT. For task-related self-efficacy (see Figure 3), 
compared with T1 task performance, participants receiving positive feedback had improved levels of self-efficacy 
compared to those receiving negative feedback and those receiving control feedback at the second CPT, whereas the 
task self-efficacy levels of the subsequent two groups did not differ from each other at the second CPT.

The Condition*Time interaction was marginally significant on intended effort (p = 0.078), though Positive condition 
showed larger intended effort investment compared to Negative condition at the second CPT. Finally, Condition*Time 
interaction was not significant on task-related measures of importance, current affect, or pain intensity.

A Greater Investment of Effort and Less Pain Intensity Predicted Longer Pain 
Tolerance
The results of Model 2 indicate that effort and pain intensity were significant predictors of pain tolerance after controlling 
for individual variance as random effects. Participants who invested more effort (β = 0.64, t(243.78) = 2.21, p = 0.028) 

Table 2 False Feedback Condition Differences in Background Characteristics

Measures Positive (N = 42) Negative (N = 40) Control (N = 43) F p

Age 19.50 (1.47) 19.75 (1.66) 19.63 (1.59) 0.26 0.772

Years in university 2.21 (1.16) 2.30 (1.18) 2.16 (1.11) 0.15 0.861

Body mass index 20.54 (2.46) 20.78 (2.77) 20.73 (3.08) 0.09 0.914
Pain resilience 38.26 (9.10) 36.40 (9.52) 34.67 (7.62) 1.78 0.173

Fear of pain 78.10 (14.64) 76.83 (14.28) 73.44 (12.51) 1.29 0.280
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and experienced less pain intensity (β = −12.76, t(243.89) = −4.22, p < 0.001) persisted longer with their hand in ice 
water. Task-related measures of importance, current affect, and self-efficacy were not significant covariates for pain 
tolerance (|t|s < 1.25, ps >0.213).

The results of the linear mixed Model 3 with individual variance as a random effect and the addition of effort and pain 
intensity as covariates still revealed a significant Condition*Time interaction on pain tolerance (F(2, 118.29) = 8.90, p < 
0.001, partial η2 = 0.13). After controlling for variance in intentional effort investment (t(237.16) = 2.44, p = 0.015) and 
pain intensity (t(228.30) = −5.50, p < 0.001), participants receiving negative feedback showed improved pain tolerance 
duration compared to those receiving control feedback (t(118.11) = 3.31, p = 0.001) and those receiving positive 
feedback (t(119.44) = 3.96, p < 0.001) during the second CPT, whereas the level of pain tolerance of the positive 
feedback and control feedback groups did not differ at the second CPT (t(117.40) = −0.72, p = 0.476).

Discussion
The present study investigated how the fake feedback entailing false social comparison information (ie, task performance 
compared with peers who completed the same task) and delivered orally influenced the task-related status and pain 
tolerability for ice water in a sample of Chinese university students. Both pain tolerability and task-related self-efficacy 
were significantly influenced by this false feedback. A longer pain tolerance duration was also predicted by a more 
intentional investment of effort and a lower intensity of experienced pain in addition to the effect of false feedback. The 
results of the present study shed light on the situational influences on pain perception via social comparison and 
motivational perspectives with competing goals.

Consistent with past studies, pain tolerance duration in ice water was significantly impacted by fake feedback on 
former task performance.10,11 Past studies found that participants receiving high-tolerance feedback had longer pain 
tolerance duration and better speeded go/no-go task performance compared to control conditions.10–12 However, we did 
not observe the superiority of positive feedback over negative and control feedbacks in the present study. Specifically, we 
found that participants receiving negative feedback (ie, worse than average) regarding their performance in the first CPT 
had better pain tolerance duration in ice water at the second CPT than those receiving control feedback (ie, at the 
average) and those receiving positive feedback (ie, better than average). Negative feedback prompted the longest 
increased pain tolerance duration, which might be explained by the face-negotiation theory, which claims that when 
one’s face or self-image is threatened (eg, my task performance is worse than average), the person tends to strive to save 
or restore his or her face.33 To defend against the unfavorable impressions and to save face, people tend to invest more 
effort into self-improvement behaviors.18,34 This is globally true, while the degree is severe in East Asian cultures, 
particularly in China. Chinese people prefer to compare themselves to the average cultural persona and attempt to 

Table 3 Mean and Standard Deviation for Pain Tolerance and Task-Related Measures

Measure Time Positive  
(N = 42)

Negative  
(N =40)

Control  
(N = 43)

Interaction Positive>Control Negative>Control Negative>Positive

F ηp2 t d t d t d

Tolerance T1 62.57 (61.25) 59.61 (50.76) 58.24 (45.63) 6.86** 0.10 −0.73 −0.16 2.81** 0.62 3.52*** 0.75

T2 77.35 (74.27) 111.10 (93.66) 80.52 (69.98)

Self-efficacy T1 70.88 (20.96) 65.40 (21.40) 71.28 (18.64) 4.16* 0.06 2.53* 0.55 0.02 0.01 −2.46* −0.55

T2 78.24 (15.70) 64.95 (18.33) 70.77 (14.84)

Importance T1 55.87 (23.50) 43.58 (25.11) 40.46 (21.47) 0.05 0.01 0.30 0.06 0.04 0.01 −0.25 −0.06

T2 52.90 (27.67) 39.83 (26.90) 36.59 (21.76)

Effort T1 74.23 (17.48) 76.25 (14.13) 71.05 (17.34) 2.60 0.04 0.79 0.17 −1.48 −0.33 −2.25* −0.50

T2 78.27 (17.64) 73.62 (17.94) 72.79 (18.59)

Affect T1 79.50 (18.45) 74.25 (17.96) 73.02 (18.20) 0.79 0.01 0.58 0.13 −0.69 −0.15 −1.25 0.28

T2 78.57 (18.72) 69.75 (20.19) 70.47 (17.59)

Intensity T1 7.25 (1.34) 7.08 (1.14) 7.01 (1.56) 0.13 0.01 0.50 0.11 0.19 0.04 −0.30 −0.07

T2 7.48 (1.43) 7.23 (1.44) 7.11 (1.61)

Notes: *p < 0.05, **p < 0.01,***p < 0.001. T1 = first CPT, T2 = second CPT. Linear mixed effects models used Condition× Time as mixed effect and within participant 
variance as random effect.
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position themselves as slightly higher than average.35,36 Whereas in Western cultures, low-tolerance feedback or social 
models resulted in poor pain tolerability and poor performance in speeded go/no-go task.8,12

Task-related self-efficacy was significantly impacted by fake feedback, which is partially consistent with previous 
findings.10–12 More specifically, a larger increase in self-efficacy was observed in the positive feedback group than in the 
other two groups. However, participants who received negative feedback did experience a decrease in their task-related 
self-efficacy. This observation reveals that healthy participants are more sensitive to positive feedback than to negative 
feedback, while patients with clinical pain are more vulnerable to threatening information than those in healthy 
controls.15 Deficiency in the capacity to obtain, communicate, process and understand basic health information and 
services was one of the barriers to self-efficacy among patients with chronic disease experience.37 Evidence from 
neuropsychology also demonstrates that fibromyalgia patients showed significant cognitive impairment in all components 
of executive function (eg, set shifting, inhibition control) compared to age-matched healthy control groups.38

Figure 2 Interaction of feedback condition by time on pain tolerance (N = 125). 
Notes: T1 = first CPT, T2 = second CPT. Compared with T1 task performance, participants receiving negative feedback exhibited a higher pain tolerance duration than 
those receiving control feedback or those receiving positive feedback at the second CPT, whereas the pain tolerance levels of the positive and control feedback groups did 
not differ from each other at the second CPT. Error bar represents the standard error.
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Therefore, we assumed that young healthy participants educated with a university background in the present study 
had pretty healthy self-efficacy and the capacity to decenter from threatening information regarding self-image (eg, better 
than average).39

Furthermore, we found that higher pain tolerance duration in ice water was influenced by feedback manipulation, 
greater intentional effort investment, and a lower intensity of experienced pain. In addition to the effects of false feedback 
on pain tolerance, we verified the predictive role of intended effort investment in expected behavior (ie, persisting in ice 
water as long as possible), as previous studies found similar results regarding the completion of environmentally friendly 
requests and the economics of information.40,41 Naturally, when no specific instruction on how to cope with pain was 
provided, a negative association between the levels of experienced pain intensity and pain tolerability was confirmed in 
a laboratory-induced pain setting.42 However, instructions on strategies (eg, acceptance) for coping with experimentally 
induced pain lead to a reduction in pain ratings and an increase in pain tolerance among healthy participants.43,44 The 

Figure 3 Interaction of feedback condition by time on task-related self-efficacy (N = 125). 
Notes: T1 = first battery of questionnaires measured before CPT, T2 = second battery of questionnaires measured before CPT. Compared with T1 task performance, 
participants receiving positive feedback had improved levels of self-efficacy compared to those receiving negative feedback and those receiving control feedback at 
the second CPT, whereas the task self-efficacy levels of the negative and control feedback groups did not differ from each other at the second CPT. Error bar represents the 
standard error.
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results of the present study provide empirical evidence to support the planned behavior theory, which claims that 
intentions serve as predictors of goal-directed behavior.45

Lower than expected levels of perceived importance regarding upcoming tasks, the current state of affect, or task- 
related self-efficacy were not found to be predictors of pain tolerability. Self-efficacy has been identified as exerting 
a robust influence on a variety of health outcomes, including the capacity to maintain daily activities despite ongoing 
pain.14 However, Powers predicted a negative relationship between self-efficacy and performance on the basis of 
perceptual control theory.46 Consistent with perceptual control theory, Vancouver et al also found that self-efficacy 
leads to overconfidence and increases the likelihood of committing logic errors during the game.16 In the present study, 
the association between changes in self-efficacy and changes in pain tolerance was marginally significant (r = −0.15, p = 
0.091), showing the tendency to support the perceptual control theory. For the state of affect, one study also found that 
individual mood differences could not account for the observed group differences in task performance.12 Finally, the 
level of investment of intentional effort, rather than the perceived importance of the task, was found to be essential to task 
performance.18 Whether and under what conditions we can further learn from negative or positive feedback has always 
been a matter of debate.47,48

Strengths aside, this study also has some limitations. First, the fact that these results are derived from the laboratory- 
induced pain settings among pain-free university students limits their application in clinical pain samples. In clinical 
contexts, patients, compared with those who have been suffering from the same type of disease, can obtain new 
perspectives on their situation, set more realistic goals, and finally attenuate health-related dysfunctions.49,50 

Therefore, future studies should test whether orally delivered falsified feedback regarding either their disease or coping 
capacity could attenuate health-related dysfunctions in samples comprising clinical pain patients. Second, social 
comparison information involving peer pressure was tested in the Chinese context, and whether the findings of the 
present study could be replicated in other East Asian cultures (eg, Japanese, Korean) remains to be verified. East Asian 
cultures share similar social norms (eg, modesty) in such a way that individuals are sensitive to the judgments and 
evaluations of others both explicitly and implicitly.23 We adopted self-reported measures to test the effects of false 
feedback in the form of social comparison information on explicit self-evaluation (eg, self-efficacy) without measures to 
test for implicit self-evaluation, which represents the third limitation of the present study. Chinese individuals are 
expected to manifest low explicit self-esteem while manifesting high implicit self-esteem.23 The discrepancy between 
explicit and implicit measures accounts for intention‒behavior discordance.51 Third, the experimenters who executed the 
present study are females, though we intended to simplify the study design and control for possible bias caused by the 
different genders of the experimenters. Future studies could investigate how feedback given by different genders of 
experimenters influences participants’ pain tolerability. Finally, although we found that more intended effort investment 
predicted a longer pain tolerance duration, expectations and their modification impact on pain perception through 
learning should be addressed in the future research.52

Conclusion
Overall, the results of the present study suggest that orally delivered false feedback concerning pain tolerability in 
comparison with peers in similar situations provides novel insights into self-efficacy and pain tolerance duration in icy 
water. Task-related self-efficacy was significantly impacted by false feedback; however, this was not linked to pain 
tolerance duration. Changes in self-efficacy were also not linked to changes in pain tolerance, though its negative 
association was marginally significant. Instead, a stable and more intentional investment of effort and a lower level of 
perceived pain intensity improved pain tolerance. After controlling for intentional effort investment and perceived pain 
intensity, the false feedback effects on pain tolerance remained significant. Most interestingly, healthy Chinese university 
participants improved their pain tolerability without decreasing their task-related self-efficacy scores after receiving 
negative feedback (low-tolerance) than those in positive and neutral conditions. This capacity of healthy individuals to 
align their behavior with goal-directed instruction (ie, keep one hand in icy water as long as possible) and ignore any 
threatening information to self-image needs to be further investigated.
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