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Abstract 
Expectancies can shape pain and other experiences. Generally, experiences change in the 

direction of what is expected (i.e., assimilation effects), as seen with placebo effects. However, in 
case of large expectation-experience discrepancies, experiences might change away from what is 
expected (i.e., contrast effects). Previous research has demonstrated contrast effects on various 
outcomes, but not pain. We investigated the effects of strong underpredictions of pain on 
experienced pain intensity. Additionally, we assessed related outcomes including (certainty of) 
expectations, fear of pain, pain unpleasantness, autonomic responses, and trust. Healthy participants 
(Study 1: n=81, Study 2: n=123) received verbal suggestions that subsequent heat stimuli would be 
moderately or highly painful (correct prediction), mildly painful (medium underprediction; Study 2 
only), or non-painful (strong underprediction). Both studies showed that participants experienced 
less intense pain upon strong underprediction than upon correct prediction (i.e., assimilation). 
Expected pain, fear of pain, and pain unpleasantness were generally also lowered. However, strong 
underprediction simultaneously lowered certainty of expectations and trust in the experimenter. 
Study 2 indicated that the effects of strong underprediction versus medium underprediction 
generally did not differ. Moreover, Study 2 provided some indications for reduced heart rate and skin 
conductance levels, but increased skin conductance responses upon strong underprediction. In 
conclusion, even strong underpredictions of pain can reduce pain (i.e., cause assimilation), although 
not significantly more than medium underpredictions. However, strong underpredictions can cause 
uncertainty and undermine trust. These findings suggest that healthcare providers may wish to be 
cautious with providing overly positive information about painful medical procedures.  
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Introduction 

Expectancies have repeatedly been found to influence pain experiences and are considered to 
be a core mechanism of placebo and nocebo effects [5,14,25,31,32]. In line with response 
expectancy theory [31,32], predictive coding models [10], and other theoretical accounts [8,40,57], 
pain experiences are generally found to change in the direction of what one expects, referred to as 
assimilation effects [43–45,54]. As such, shaping positive expectancies may improve pain treatment 
[16]. Under certain circumstances, however, expectancies might have counteractive effects. Most 
notably, the affective expectation model [57], as other models [8,40,41], suggests that experiences 
can change away from expectations, referred to as contrast effects. Contrast effects have been 
observed in various research fields, particularly when there is a large discrepancy between 
expectations and experiences [1,7,11,18,19,33,40,41]. However, to our knowledge, currently no 
empirical evidence exists for contrast effects on pain. This may be partly due to the use of relatively 
small and hence unnoticed expectation-experience discrepancies in previous research.  

Alternatively, the ambiguous nature of pain experiences may inherently favor assimilation, 
even when expectation violations are large, but there might be limits to this. In line with earlier 
research [33], recent experiments demonstrated a tipping point at which large discrepancies 
between predicted and actual pain intensity led to less assimilation than moderate discrepancies 
[24]. Moreover, there are some indications that even when underprediction of pain leads to 
assimilation, negative effects in the form of increased autonomic responses, uncertainty, and 
disruptions on an attention task can occur [2,3]. Observational and qualitative research further 
indicates that patients commonly hold overly positive expectations of medical treatments, and 
violation of these expectations has been related to disappointment, distress, and treatment 
dissatisfaction [13,23,27,35]. Expectation violations might also undermine trust in the caregiver, 
which is core in health care [22] and in generating placebo effects [16]. Further research is required 
to obtain a more comprehensive understanding of the benefits and risks of large expectation-
experience discrepancies on pain, particularly when expectancies are overly positive. This will 
provide essential insights into how painful medical procedures and analgesic treatments can best be 
introduced to patients in clinical practice. 

In two preregistered experiments, we investigated the effects of strong underpredictions of 
pain. Our primary hypothesis was that a suggestion of no pain from a moderately or highly painful 
heat stimulus (strong underprediction) would increase experienced pain intensity (i.e., elicit a 
contrast effect) as compared to a correct prediction. In Study 2, we also compared this to a medium 
underprediction of pain to assess possibly reduced assimilation upon large versus medium 
expectation-experience discrepancies. Secondary, we hypothesized that effects on pain expectations 
upon undergoing the expectation-experience (mis)match would be comparable to effects on pain 
intensity. We additionally explored effects on expected and experienced pain during multiple trials, 
including upon repetition of the suggestions, as well as effects on expectation certainty, fear of pain, 
pain unpleasantness, heart rate, and skin conductance. Last, we explored additional psychological 
outcomes (e.g., trust, discrepancy awareness) and possible moderation by individual characteristics 
(e.g., optimism). 

 

Study 1 
The primary aim of Study 1 was to assess if strong underprediction of pain could increase 

experienced pain intensity, i.e., evoke a contrast effect. Participants were randomly assigned to one 
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of the two experimental conditions that differed only in the verbal suggestions provided: 1) Strong 
underprediction condition, in which suggestions that 2 series of 4 presentations of a heat stimulus 
would all be non-painful were given, and 2) Correct prediction condition, with suggestions that the 
stimulus would be moderately painful. The primary outcome was pain intensity experienced during 
the first post-suggestion trial given after the condition-specific suggestion to examine initial 
responses. The secondary outcome was expected pain intensity upon undergoing the expectation-
experience (mis)match. All additional outcomes were exploratory. 

 

Methods Study 1 
Participants  

In Study 1, 82 healthy adults were included. This sample size was deemed sufficient to 
observe a small to medium effects size with the planned primary analyses, i.e., an analysis of 
covariance analyzing the effect of the verbal suggestions on experienced pain intensity during the 
first post-suggestion trial, controlled for average experienced pain intensity during the 3 high 
reference trials. First, the required sample size for an independent t-test was determined in G*power 
(two-sided, d = .35, α = .05, power = .80), which was then corrected to account for a covariate that 
correlates strongly with the outcome (r = .85, [42]) with Borm and Fransen’s formula [9]. An error 
margin of 10% was added, resulting in a target total sample size of 82. Eligibility criteria were: age 18-
30 years, good understanding of written and spoken English, no severe physical or psychological 
morbidity (e.g., heart and lung diseases, or DSM-V psychiatric disorders) that could adversely affect 
study participation, no chronic (≥ 6 months) past or present pain complaints, no or low current pain 
(≤ 3 on 0-10 numerical rating scale; NRS), no current use of any medication, no pacemaker, and no 
pregnancy. In addition, participants were instructed to not use any medication, alcohol, or other 
drugs in the 24 hours prior to the lab session.  

 
Procedure  

Data collection took place in a standard psychophysiology lab at the Faculty of Social and 
Behavioural Sciences, Leiden University, Leiden, the Netherlands from March to September 2017. 
The study protocol was approved by Leiden University’s Psychology Research Ethics Committee 
(CEP17-0314_152) and preregistered at the Netherlands Trial Register (NL6228).  

Participants were recruited via the university’s online participant recruitment system, social 
media, flyers around the university, and personal communication. Potential participants were 
informed that the purpose of the study was to investigate pain sensitivity during heat stimuli. Upon 
registering, participants filled in a screening questionnaire and additional questionnaires (assessing 
demographics, optimism, general trust, pain catastrophizing, and socially desirable responding) via 
an online system (Qualtrics, Provo, UT, USA; approx. 10 min) for which they separately provided 
digital informed consent. 

Eligible participants were invited to make an appointment for the lab session. To maximize 
standardization and blinding, two female experimenters (trained bachelor and master psychology 
students) carried out the entire procedure according to a detailed protocol. Experimenter A, who 
supervised the outcome assessments, remained blinded throughout the whole procedure; 
Experimenter B was blinded until she gave the condition-specific verbal suggestion, during which 
Experimenter A briefly left the lab with an excuse. Participants were not informed about the different 
experimental conditions until debriefing.  
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 Once in the lab, after an explanation of the procedures and a brief check of the eligibility 
criteria, participants provided written informed consent. Subsequently, electrodes for the autonomic 
measurements were attached, upon which participants filled out computerized questionnaires 
(assessing trait and state anxiety and fatigue). Five to 10 minutes after electrode attachment, a 3-
minute resting measurement of heart rate and skin conductance was taken. Skin conductance and 
heart rate were recorded continuously with epochs of interest marked.  

Subsequently, warmth and pain perception thresholds were determined to familiarize 
participants with the heat stimuli. Next, a step-up heat pain calibration procedure was used to 
determine the temperature at which participants experienced moderately high pain. Participants 
received 3 presentations of a non-painful heat stimulus prior to the step-up procedure, and 3 
presentations of a moderately painful heat stimulus afterwards, which served as reference points for 
the test.  

In the subsequent manipulation and test phase, participants received either a suggestion of no 
pain (Strong underprediction condition) or a suggestion of moderately high pain (Correct prediction 
condition) depending on the condition to which they were randomized (using a randomization 
sequence generated by an independent researcher with an online random number generator, 
stratified by sex, 1:1 ratio, blocks of 4 and 6 and concealed by using sequentially numbered, opaque, 
sealed envelopes). All participants then received the moderately painful heat stimulus 4 times (after 
the thermode had been placed on a novel spot on the arm to avoid sensitization). Immediately after, 
the condition-specific verbal suggestion was repeated and 4 additional trials were given. Prior to 
each trial, participants rated expected pain intensity, certainty of the expectation, and fear of the 
upcoming stimulus. Directly after each trial, participants rated experienced pain intensity and pain 
unpleasantness. 
 The experimental session was concluded with a second assessment of state anxiety and 
several exit questions were filled in digitally, followed by an oral debriefing. All participants were 
reimbursed for their participation. The total duration of the test session was around 1.15 hours. See 
Figure 1 for an overview of the procedure. 
 

 
 
Figure 1. 
Overview procedure with all measures taken in Study 1. 
NRS = numerical rating scale; VS = verbal suggestion 
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Pain evocation and assessment 
Warmth and painful sensations were evoked by applying heat stimuli to the volar surface of 

the non-dominant forearm with a TSA-II NeuroSensory Analyzer (Medoc, Ramat Yishai, Israel) using a 
standard 30x30mm Advanced Thermal Stimulation (ATS) thermode and accompanying Medoc Main 
Station software (version 6.3.6.19.9).  

Warmth and pain thresholds. Following a practice trial, the warmth detection threshold was 
determined by administering 3 heat stimuli of ascending intensity until the participant indicated by a 
mouse click feeling warmth for the first time (1°C/sec ramp up, 8°C/sec ramp down from/to a 
baseline of 32°C). The inter stimulus interval (ISI) was set at 10 seconds. The average of these 3 
measurements was taken as the threshold in line with validated procedures [48]. The same 
procedure was used for the heat pain threshold detection when participants indicated feeling pain 
for the first time.  

Heat pain calibration step-up procedure and reference stimuli. First, 3 presentations of a 
warm, non-painful stimulus were given to serve as a reference for the strong underprediction 
suggestion (35°C; low reference stimulus). Subsequently, we used a step-up procedure in which 
stimuli of increasing temperatures were given (starting at 39°C, steps of 2°C until 43°C, then steps of 
.5 °C until max 49.5°C) until the participants reported moderately high pain. Moderately high pain 
was defined as a pain intensity rating between 6 and 7 on an NRS ranging from 0 (no pain at all) to 10 
(worst pain imaginable). Another 3 trials of this moderately high pain intensity were given to serve as 
a reference for the post-suggestion trials (M = 47.4°C, SD = 1.9°C, high reference stimulus). To 
increase focus on the low and high reference stimuli, and thereby increase chances that participants 
became aware of the (mis)match, participants were asked whether the trials felt approximately the 
same. All stimuli were set to have a duration of approximately 8 seconds (4 sec at peak, 8°C/sec ramp 
up and down from/to 32°C baseline) and were separated by an ISI of 10 seconds. Due to Medoc 
software issues, stimuli were actually at peak for 4.0 to 10.6 seconds (M = 8.2, SD = 1.1 sec). For 
autonomic analyses, post hoc corrections of epoch duration were done by hand to cover actual peak 
duration.  

Post-suggestion trials. Participants received two series of 4 trials of the same moderately high 
intensity (M = 47.4°C, SD = 1.9°C) and of the same duration as the high reference stimulus, with an ISI 
of 30 seconds.  

Pain ratings. Participants rated experienced pain intensity directly after each trial on an NRS 
ranging from 0 (no pain at all) to 10 (worst pain imaginable) with the option to answer with 1 
decimal precision. For the post-suggestion trials, participants additionally rated for each trial: 1) 
expected pain intensity, 2) certainty of pain expectation, 3) fear of upcoming pain stimulus, and 4) 
pain unpleasantness on 0-10 NRSs. The distinction between pain intensity and unpleasantness was 
explained according to previously established and frequently used instructions [47]. Participants 
provided their ratings verbally for the threshold, calibration, and reference stimuli. For the post-
suggestion trials, participants wrote the ratings down, to reduce possible response biases. 

 
Verbal suggestion regarding pain intensity 

In the Strong underprediction condition, the first 4 post-suggestion trials were suggested to be 
non-painful by the experimenter using the following suggestion “You’ll now get 4 low stimuli. These 
are the same as the low stimuli you felt before, at the beginning of the previous test. Based on the 
previous test, I expect that you will experience them as non-painful. But please rate them as you feel 
them now.” 
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In the Correct prediction condition, participants were correctly informed that the trials would 
be moderately painful using the following suggestion: “You’ll now get 4 high stimuli. These are the 
same as the high stimuli you felt before, at the end of the previous test. Based on the previous test, I 
expect that you will experience them as moderately painful. But please rate them as you feel them 
now.”  

The condition-specific suggestion was repeated before giving the 4 additional trials: “You will 
now again get 4 low stimuli, that should be non-painful.” (Strong underprediction condition), or “You 
will now again get 4 high stimuli, that should be moderately painful.” (Correct prediction condition). 
To enhance the chances that participants would notice the (mis)match between the instruction and 
the sensation, all participants were instructed to attend closely to their sensations during the tests 
and to compare those sensations to the reference stimuli.  

 
Autonomic measures 

Electrocardiography (ECG) and skin conductance were measured with an MP150 system, 
including an ECG100C amplifier (1000 Hz, gain 1000, 35 Hz low pass filter, 1 Hz high pass filter), a 
GSR100C amplifier (1000 Hz, gain 5 µmho/V, 1 Hz low pass filter), and STP100C and UIM100C 
modules, with AcqKnowledge software (version 5.0) (BIOPAC Systems Inc., Goleta, CA, USA). For ECG 
recordings, disposable electrodes (Kendall 200 Foam Electrode, Covidien, Mansfield, MA, USA) were 
placed on the sternum and the left lower rib, after abrading the skin. For skin conductance 
recordings, disposable Ag/AgCl electrodes (EL507-10, BIOPAC Systems Inc., Goleta, CA, USA) were 
placed on the medial phalanges of the index and middle finger of the non-dominant hand, after the 
skin was cleaned with water and dried. Epochs were marked from peak temperature onset to offset 
by manually sending triggers via E-prime 2.0 software (Psychology Software Tools, Inc., Sharpsburg, 
PA, USA). For skin conductance level and response measures, a latency window of 1 second after 
peak temperature onset until 4 seconds after peak temperature offset was used [12]. In addition, 
based on visual inspection and taking rise time into account, post hoc sensitivity analyses were run 
for skin conductance response with an extended latency window of 0 seconds after temperature rise 
onset until 4 seconds after peak offset. Inspection of the ECG and skin conductance data, calculation 
of the average heart rate (bpm) and skin conductance levels (μS), and detection of skin conductance 
response (μS) during rest, reference stimuli, and post-suggestion trials was done with PhysioData 
Toolbox (version 0.5.0) [51]. Skin conductance response amplitudes during these epochs were 
determined using an adjusted version of EDA toolbox [28] in Matlab (R2018b).  

 
Psychological questionnaires 

In addition to basic assessments of demographic characteristics, participants completed 
several questionnaires to assess possible moderators of the effects: 1) optimism (Life Orientation 
Test - Revised, LOT-R, Cronbach’s α in this study = 0.75) [49], 2) general trust (Generalized Trust 
Scale, GTS, α = 0.82) [58], 3) pain catastrophizing (Pain Catastrophizing Scale, PCS, α = 0.90) [53], 4) 
ability to modify self-presentation and sensitivity to expressive behaviors of others (subscales of Self-
Monitoring Scale – revised, SMS-R, α = 0.78 and α = 0.70, respectively) [36], 5) trait anxiety (State-
Trait Anxiety Inventory, Trait version, STAI-T, α = 0.89) [52], 6) state anxiety at baseline (State-Trait 
Anxiety Inventory, short State version, STAI-Ss, α = 0.76) [37], and 7) fatigue at baseline (visual 
analogue scale from 0 no fatigue at all to 10 worst fatigue imaginable).  

Exit questions re-assessed state anxiety (STAI- Ss, α = 0.76) and 0 to 10 visual analogue scales 
(VAS, with 1 decimal precision) were used to assess participants’ previous experience with heat pain 
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tests; pain intensity during previous heat pain tests; focus during the tests; confidence in their 
knowledge of the study purpose; observation of a discrepancy between actual pain intensity versus 
the low reference, high reference, expected, and instructed pain intensity; trustworthiness of the 
experimenters; and possible response bias (with 4 items: 1. concerns about what experimenter 
thought, 2. change of response to help experimenter, 3. Sense of owing it to experimenter to report 
more or less pain, 4. providing answers experimenter wanted to hear). Additional open response 
questions asked participants to report their view of the purpose and expected results of the study, as 
well as any further comments they might have. The exit questions are available via 
https://osf.io/24mu5/ (doi: 10.17605/OSF.IO/24MU5).  

 
Statistical analyses 

To test the primary hypothesis, an analysis of covariance (ANCOVA) was used with condition 
(Underprediction vs. Correct prediction) as independent variable (IV) and experienced pain intensity 
during the first post-suggestion trial as dependent variable (DV). Average experienced pain intensity 
during the 3 high reference trials was included as a covariate to reduce error variance and hence 
provide more precise estimates of the effects. In addition, we explored participants’ pain during the 
trials using a mixed-model ANCOVA with condition as between-subjects IV, trial as within-subjects IV, 
experienced pain intensity during each of the 8 trials as DV, and average experienced pain intensity 
during the 3 high reference trials as covariate.  

To test the secondary hypothesis, an analysis of variance (ANOVA) was run with condition as IV 
and expected pain intensity following the first post-suggestion trial as DV. In addition, an ANOVA 
with condition as IV and expected pain intensity prior to the first post-suggestion trial as DV was run 
as a manipulation check. We also explored participants’ expectancies regarding all trials with a 
mixed-model ANOVA.  

Certainty of expectations, fear of upcoming pain, and pain unpleasantness during all post-
suggestion trials were explored with mixed-model ANOVAs with condition and trial as IVs, and the 
relevant ratings for all 8 trials as DVs. We similarly explored effects on autonomic responses using 
ANCOVAs with condition and trial as IVs, and with heart rate, skin conductance level, and skin 
conductance response during all 8 trials as DVs, controlled for average responses of the relevant 
measure during the 3 high reference trials.  

Effects on psychological outcomes assessed in the exit questionnaire were explored with one-
way ANOVAs with condition as IV and the respective measures as DV, with the exception of effects 
on state anxiety for which an ANCOVA was used with pre-manipulation state anxiety as covariate.  

The possible moderating role of individual characteristics was explored by examining the 
interaction between each individual characteristic and condition in separate multiple regression 
analyses with experienced pain intensity during the first post-suggestion trial as DV, while controlling 
for the main effects of the relevant individual measure and condition, as well as average experienced 
pain intensity during the 3 high reference trials. 

All analyses were run in Rstudio (version 1.1.463; R version 3.5.3). Test results were reported 
with the StatTag plugin [56]. For readability, generally only statistically significant test results (α = 
.05) are reported. For AN(C)OVAs, generalized eta squared (ηG

2) was computed, with 0.01, 0.06, and 
0.14 signifying small, medium, and large effects, respectively [34]. For repeated measures analyses, a 
Greenhouse-Geisser correction was used when the sphericity assumption was violated. To evaluate 
the robustness of the results, the primary analysis (effect of condition on experienced pain intensity 
during the first post-suggestion trial) was also run: 1. with the stratification variable sex as an 

https://osf.io/24mu5/
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additional covariate, 2. with stimulus peak duration as an additional covariate, and 3. without any 
covariates.  

 
 

Results Study 1 
Data availability 

Table SDC-1 presents the descriptives (mean ± standard deviation) per condition of all 
reported measures. The data are available via https://osf.io/24mu5/ (doi: 10.17605/OSF.IO/24MU5). 
[The final analysis scripts and results files will be uploaded upon publication of the paper in a peer-
reviewed journal.] 

 
Participants 

Of the 82 participants included, one participant dropped out after the first high reference trial 
(prior to randomization) because they could no longer handle the pain. For analyses, data of the 81 
participants who completed participation was available (50.6% female; M age = 22.9, SD = 2.7; 50.6% 
Dutch nationality; median baseline pain = 0.0, interquartile range = 0.2). 

 
Effects of verbal suggestions on pain intensity 

Contrary to our primary hypothesis, the strong underprediction of pain led to significantly 
lower pain intensity than the correct prediction for the first post-suggestion trial, F(1, 78) = 19.19, p < 
0.001, ηG

2 = 0.20 (Figures 2A and SDC-1). Sensitivity analyses with the stratification variable sex or 
stimulus peak duration as an additional covariate and analyses without covariates yielded the same 
conclusions.  

An exploration of pain intensity during all post-suggestion trials indicated a main effect of 
condition, F(1, 77) = 13.48, p < 0.001, ηG

2 = 0.10, with no significant main effect of trial, nor an 
interaction effect, demonstrating that the between-group differences persisted over time, also upon 
a repetition of the verbal suggestion. 

 
A

 

B 

 
 

Figure 2. 
A. Experienced pain intensity ratings (M ± SE) upon the 3 high reference trials (average) and the 8 
post-suggestion trials, and B. Expected pain intensity ratings (M ± SE) prior to each of the 8 post-
suggestion trials, per condition, in Study 1. 
ref = average of the 3 high reference trials; VS = verbal suggestion.  

https://osf.io/24mu5/
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Expected pain intensity 

The strong underprediction led participants to expect significantly less intense pain for the first 
post-suggestion trial than the correct prediction, F(1, 79) = 82.22, p < 0.001, ηG

2 = 0.51, 
demonstrating that the verbal suggestions successfully manipulated expectations (Figure 2B). 
Contrary to our secondary hypothesis, participants in the Strong underprediction condition expected 
the trial following a violation of their initial expectation of no pain during the first post-suggestion 
trial to be less painful than participants in the Correct prediction condition, F(1, 78) = 15.72, p < 0.001, 
ηG

2 = 0.17.  
An exploration of expected pain intensity during all trials, indicated main effects of condition, 

F(1, 77) = 24.09, p < 0.001, ηG
2 = 0.17, and trial, F(4.09, 315.24) = 31.50, p < 0.001, ηG

2 = 0.12, and an 
interaction effect, F(4.09, 315.24) = 19.95, p < 0.001, ηG

2 = 0.08. In the Strong underprediction 
condition, participants’ expectations of pain increased substantially upon experiencing the first post-
suggestion trial, decreased upon repetition of the verbal suggestion, and then increased again upon 
experiencing the subsequent trial, while for participants in the Correct prediction condition their 
expectations remained stable across trials. 

 
Other pain outcomes 

Certainty of pain expectation. An exploration of certainty of pain expectations for all post-
suggestion trials indicated main effects of condition, F(1, 76) = 4.08, p = 0.047, ηG

2 = 0.03, and trial, 
F(4.62, 351.02) = 3.95, p = 0.002, ηG

2 = 0.02, and an interaction effect, F(4.62, 351.02) = 8.06, p < 
0.001, ηG

2 = 0.04 (Figure SDC-2). Participants in the Strong underprediction condition were less 
certain than participants in the Correct prediction condition following the first post-suggestion trial 
and repetition of the suggestion. 

Fear of upcoming pain. An exploration of fear of upcoming pain for all post-suggestion trials 
indicated main effects of condition, F(1, 77) = 5.44, p = 0.022, ηG

2 = 0.06, and trial, F(4.32, 332.52) = 
9.41, p < 0.001, ηG

2 = 0.02, reflecting continuously lower fear of pain in the Strong underprediction 
condition than in the Correct prediction condition (Figure SDC-3). 

Pain unpleasantness. An exploration of pain unpleasantness for all post-suggestion trials 
indicated a main effect of trial, F(3.97, 309.86) = 12.00, p < 0.001, ηG

2 = 0.02, reflecting reductions in 
pain unpleasantness after the first trial in both conditions (Figure SDC-4). 

 
Autonomic responses 

There were no significantly differential effects of the strong underprediction versus correct 
prediction on heart rate, skin conductance level, or amplitude of the first skin conductance response 
(with regular or extended latency window) during the post-suggestion trials (Figures SDC-5 - SDC-8). 
There was a significant interaction effect for skin conductance level F(3.28, 249.33) = 2.88, p = 0.032, 
ηG

2 = 0.01, but no clearly distinct patterns were observed. A main effect of trial was observed for the 
skin conductance response with an extended latency window, F(3.48, 264.72) = 5.16, p < 0.001, ηG

2 = 
0.04, reflecting a decrease over time upon an initially strong response in both conditions. 

 
Psychological outcomes  

Descriptives (Table SDC-1) and between-group differences in awareness of the (mis)match of 
actual versus expected stimulus intensity, F(1, 78) = 4.42, p = 0.039, ηG

2 = 0.05, and of actual versus 
suggested stimulus intensity, F(1, 78) = 31.34, p < 0.001, ηG

2 = 0.29, indicated that participants were 
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aware of the expectation/instruction-experience (mis)match. Notably, participants rated the 
trustworthiness of the experimenter who provided the verbal suggestion to be significantly lower in 
the Strong underprediction condition than in the Correct prediction condition, F(1, 78) = 4.96, p = 
0.029, ηG

2 = 0.06. No significantly differential effect of the suggestions on state anxiety was observed, 
nor where there significant between-group differences in the other measures (e.g., observation of 
(mis)match of the reference and post-suggestion trials, trustworthiness of the other experimenter, 
and response bias measures). 

 
Moderation by psychological characteristics 

The effect of the suggestions on experienced pain intensity during the first post-suggestion 
trial was significantly moderated by state anxiety, b = -0.08, SE = 0.03, t = -2.60, p = 0.011, reflecting 
that participants who reported lower state anxiety showed larger pain reductions upon the strong 
underprediction than those who reported higher state anxiety (pain intensity Strong underprediction 
condition at lower vs. upper quartile STAI-Ss = 5.5 vs. 6.4). None of the other psychological 
characteristics (i.e., optimism, general trust, pain catastrophizing, ability to modify behavior, 
sensitivity to others, trait anxiety, or baseline fatigue) significantly moderated the effects. 

 
 

Study 2 
To better understand the effects of strongly underpredicting pain, we replicated Study 1 while 

adding a third experimental condition in which a medium underprediction of pain was given 
(Medium underprediction condition). This comparison allowed us, amongst others, to assess possibly 
reduced assimilation of experienced pain intensity upon strong underprediction (rather than contrast 
effects) and to compare the effects on trust. Furthermore, to increase the chances of contrast effects 
and to address new regulations, several changes were made in the experimental procedure and 
manipulations (e.g., increased intensity of heat pain stimuli).  

 

Methods Study 2 
Participants  

As in Study 1, we included 41 healthy participants per condition, resulting in a total sample 
size of 123 participants. Eligibility criteria were the same as in Study 1.  
 
Procedure 

The experiment was conducted at the same location as Study 1, from March to October 2018. 
The study protocol was approved by Leiden University’s Psychology Research Ethics Committee 
(CEP18-0306_133) and preregistered at the Netherlands Trial Register (NL7033).  

The procedure was the same as for Study 1, with several exceptions. Participants now filled in 
the screening and other online questionnaires in the lab, in response to updates of European privacy 
regulations. Furthermore, the target temperature was set to now correspond to a high pain intensity 
rating of 7 to max 8 on the pain intensity NRS (M = 48.4°C, SD = 1.5°C) to increase the discrepancy 
between the predicted and actual stimulus intensity and thereby the chance of contrast effects. Also, 
the repeated presentations of the low and high stimulus were replaced by a single presentation of a 
high reference stimulus to simplify the comparison participants had to make and to minimize pre-
manipulation exposure to correct instructions about stimulus intensity as this might also influence the 
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likelihood of contrast effects. The thermode was now moved to a novel spot on the arm prior to the 
reference stimulus. Moreover, we now obtained ratings of expected pain intensity, certainty of pain 
expectation, fear of pain, and pain unpleasantness scores also for the reference stimulus to serve as 
comparators in our analyses. Medoc software issues were still present for many participants, stimuli 
were at peak for 4.0 to 10.4 seconds (M = 5.6, SD = 2.1 sec). See Figure 3 for an overview of the 
procedure. 
 

 
 

Figure 3. 
Overview procedure with all measures taken in Study 2. 
NRS = numerical ratings scale; VS = verbal suggestion.  
 
Verbal suggestions of pain intensity  

 The condition-specific verbal suggestions were slightly rephrased. Participants in the Strong 
underprediction condition were told “You’ll now get 4 low stimuli. These are a lot lower than the 
reference stimulus. Based on your responses before, it is very likely that you will experience them as 
non-painful.”  

Participants in the Medium underprediction condition were told: “You’ll now get 4 medium 
stimuli. These are noticeably lower than the reference stimulus. Based on your responses before, it is 
very likely that you will experience them as only mildly painful.”  

Participants in the Correct prediction condition were told: “You’ll now get 4 high stimuli. These 
are equally high as the reference stimulus. Based on your responses before, it is very likely that you 
will experience them as highly painful.”  

The condition-specific suggestion was repeated before giving 4 additional trials: “You will now 
again get 4 low/medium/high stimuli. It is very likely that you’ll experience them as non-painful / only 
mildly painful / highly painful.” 

 
Measures 

The same pain rating scales, autonomic measures, and questionnaires were used as in Study 1. 
In addition, participants rated how competent, sympathetic, and honest they perceived the 
experimenters to be on 0-10 VAS. The questionnaires had acceptable to good internal consistency 
(LOT-R α = 0.77; GTS α = 0.78; PCS α = 0.89; SMS-R ability to modify self-presentation α = 0.81; SMS-R 
sensitivity to others α = 0.78; STAI-T α = 0.91; baseline STAI-Ss α = 0.80; post-intervention STAI-Ss α = 
0.80). 



Peerdeman et al. – Preprint - Underpredicting Pain: Benefits and Risks 

- 12 - 

 
Statistical analyses 

The same analysis strategy was used as in Study 1, with two deviations. First, because we 
now compared three instead of two conditions, omnibus AN(C)OVAs in which condition with 3 levels 
was an independent variable were followed up by AN(C)OVAs comparing the Strong underprediction 
condition with 1) the Correct prediction condition and 2) the Medium underprediction condition. For 
readability, only results of pairwise comparisons are reported, but only in cases of significant 
omnibus effects. Second, we now included ratings for the reference stimulus as a covariate for 
analyses of all pain outcomes.  

 
 

Results Study 2 
Data availability  

Table SDC-2 presents the descriptives (M ± SD) per condition of all reported measures. The 
data are available via https://osf.io/24mu5/ (doi: 10.17605/OSF.IO/24MU5). [The final analysis 
scripts and results files will be uploaded upon publication of the paper in a peer-reviewed journal.] 

 
Participants 

Four participants were excluded during the screening in the lab. All 123 eligible participants 
completed participation (50.4% female; M age = 22.1, SD = 2.9; 38.2% Dutch nationality; median 
baseline pain = 0.0, interquartile range = 0.0). 

 
Effects of verbal suggestions on pain intensity 

Pairwise ANCOVAs indicated that the strong underprediction of pain led to significantly lower 
pain intensity of the first post-suggestion trial than the correct prediction, F(1, 79) = 48.21, p < 0.001, 
ηG

2 = 0.38, while it did not significantly differ from the medium underprediction, F(1, 79) = 3.56, p = 
0.063, ηG

2 = 0.04 (Figure 4A). Sensitivity analyses with stratification variable sex or stimulus peak 
duration as an additional covariate and without covariates yielded the same conclusions for the 
comparison of the Strong underprediction and Correct prediction conditions, but indicated 
significantly lower pain intensity after strong versus medium underprediction when stimulus peak 
duration was included as a covariate, F(1, 72) = 4.54, p = 0.037, ηG

2 = 0.06, or when no covariates 
where included, F(1, 80) = 4.02, p = 0.048, ηG

2 = 0.05. 
An exploration of pain intensity during all post-suggestion trials, indicated main effects of 

condition, F(1, 79) = 25.22, p < 0.001, ηG
2 = 0.20, and trial, F(3.34, 264.15) = 5.33, p < 0.001, ηG

2 = 
0.01, for the comparison of the Strong underprediction and Correct prediction conditions, reflecting 
continuously lower pain in the Strong underprediction condition as compared to the Correct 
prediction condition and slight sensitization in these conditions. For the comparison of the Strong and 
Medium underprediction conditions, there was an interaction effect, F(2.96, 231.14) = 3.13, p = 0.027, 
ηG

2 = 0.01, but no clearly distinct patterns were observed. 
 

https://osf.io/24mu5/
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A

 

B

 
Figure 4.  
A. Experienced pain intensity ratings (M ± SE) upon the reference stimulus and each of the 8 post-
suggestion trials, and B. Expected pain intensity ratings (M ± SE) prior to the reference stimulus and 
each of the 8 post-suggestion trials, per condition, in Study 2. 
Ref = reference stimulus; VS = verbal suggestion.  

 
Expected pain intensity 

The verbal suggestions successfully manipulated expected pain intensity. Pairwise ANCOVAs 
indicated that the strong underprediction led participants to expect significantly less pain for the first 
post-suggestion trial than the correct prediction, F(1, 79) = 243.55, p < 0.001, ηG

2 = 0.76, and the 
medium underprediction, F(1, 79) = 52.62, p < 0.001, ηG

2 = 0.40 (Figure 4B).  
Regarding trial 2, pairwise ANCOVAs indicated that participants in the Strong underprediction 

condition, who had experienced a violation of their initial expectation of low pain, also expected the 
following trial to be less painful than participants who received a correct prediction, F(1, 79) = 57.00, 
p < 0.001, ηG

2 = 0.42, but not when compared to a medium underprediction. 
An exploration of expected pain intensity during all trials, indicated a main effect of condition, 

F(1, 79) = 72.83, p < 0.001, ηG
2 = 0.37, and an interaction effect, F(3.56, 281.04) = 33.66, p < 0.001, 

ηG
2 = 0.14, for the comparison of the Strong underprediction and Correct prediction conditions. 

Participants in the Strong underprediction condition consistently expected less pain than participants 
in the Correct prediction condition, particularly directly upon the suggestions. For the comparison of 
the Strong and Medium underprediction conditions, there was an interaction effect, F(4.12, 321.31) = 
11.06, p < 0.001, ηG

2 = 0.06, reflecting differences between the conditions directly upon the 
suggestions only. 

 
Other pain outcomes 

Certainty of pain expectation. A pairwise ANCOVA comparing certainty of pain expectations for 
all post-suggestion trials in the Strong underprediction and Correct prediction conditions indicated 
main effects of condition, F(1, 79) = 26.71, p < 0.001, ηG

2 = 0.17, and trial, F(4.73, 373.61) = 3.88, p = 
0.002, ηG

2 = 0.02, and an interaction effect, F(4.73, 373.61) = 2.42, p = 0.038, ηG
2 = 0.01 (Figure SDC-

9). Participants in the Strong underprediction condition were less certain than participants in the 
Correct prediction condition of their expectations across trials, particularly upon repetition of the 
verbal suggestion. For the comparison of the Strong and Medium underprediction conditions, a main 
effect of stimulus, F(5.18, 404.27) = 6.00, p < 0.001, ηG

2 = 0.04, and an interaction effect were 
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observed, F(5.18, 404.27) = 2.58, p = 0.024, ηG
2 = 0.01, reflecting lower certainty only upon repetition 

of the strong underprediction suggestion. 
Fear of upcoming pain. A pairwise ANCOVA comparing fear of upcoming pain for all post-

suggestion trials in the Strong underprediction and Correct prediction conditions indicated a main 
effect of condition, F(1, 79) = 14.14, p < 0.001, ηG

2 = 0.10, and an interaction effect, F(4.05, 319.56) = 
13.07, p < 0.001, ηG

2 = 0.06 (Figure SDC-10). Participants in the Strong underprediction condition had 
less fear of pain for those trials closely following the suggestions than participants in the Correct 
prediction condition. For the comparison of the Strong and Medium underprediction conditions, an 
interaction effect was observed, F(3.63, 283.19) = 2.93, p = 0.025, ηG

2 = 0.01, reflecting lower fear 
upon strong underprediction for the first stimulus only.  

Pain unpleasantness. A pairwise ANCOVA comparing pain unpleasantness for all post-
suggestion trials in the Strong underprediction and Correct prediction conditions indicated main 
effects of condition, F(1, 79) = 7.42, p = 0.008, ηG

2 = 0.06, and trial, F(4.14, 327.22) = 2.75, p = 0.027, 
ηG

2 = 0.01, reflecting continuously lower pain unpleasantness in the Strong underprediction condition 
as compared to the Correct prediction condition, and a slight increase of pain unpleasantness over 
time in both groups (Figure SDC-11). For the comparison of the Strong and Medium underprediction 
conditions, an interaction effect was observed, F(3.78, 295.02) = 3.04, p = 0.020, ηG

2 = 0.01, reflecting 
slight increases in pain unpleasantness over trials in the Strong underprediction condition only. 

 
Autonomic responses 

Heart rate. A pairwise ANCOVA comparing heart rate for all post-suggestion trials in the Strong 
underprediction and Correct prediction conditions indicated an interaction effect, F(7, 483) = 5.75, p < 
0.001, ηG

2 = 0.02 (Figure SDC-12), reflecting that participants in the Strong underprediction condition 
had a lower heart rate than participants in the Correct prediction condition during the first trials. For 
the comparison of the Strong and Medium underprediction conditions, a main effect of condition was 
observed, F(1, 74) = 6.29, p = 0.014, ηG

2 = 0.06, reflecting continuously lower heart rate upon the 
strong underprediction as compared to the medium underprediction.  

Skin conductance level. A pairwise ANCOVA comparing skin conductance level for all post-
suggestion trials in the Strong underprediction and Correct prediction conditions indicated an 
interaction effect, F(3.11, 217.97) = 10.31, p < 0.001, ηG

2 = 0.02 (Figure SDC-13), reflecting that 
participants in the Strong underprediction condition had a lower skin conductance level than 
participants in the Correct prediction condition during the first trial only. For the comparison of the 
Strong and Medium underprediction conditions, no significant effects were observed.  

Skin conductance response. Pairwise ANCOVAs comparing the amplitude of the first skin 
conductance response for all post-suggestion trials indicated main effects of condition for the 
comparisons of the Strong underprediction with both the Correct prediction condition and the 
Medium underprediction condition (F(1, 71) = 5.46, p = 0.022, ηG

2 = 0.03 and F(1, 73) = 10.57, p = 
0.002, ηG

2 = 0.05, respectively), reflecting continuously higher responses in the Strong 
underprediction condition than in the other conditions (Figure SDC-14). Sensitivity analyses using the 
extended latency windows confirmed the main effect of condition for the comparison of the Strong 
and Medium underprediction conditions only, F(1, 74) = 11.42, p = 0.001, ηG

2 = 0.09, while also 
showing a main effect of trial, F(5.7, 421.49) = 2.38, p = 0.031, ηG

2 = 0.01, reflecting a slight decrease 
over time in these conditions (Figure SDC-15). 
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Psychological outcomes 
Descriptives (Table SDC-2) and pairwise ANOVAs indicated that participants were aware of the 

condition-dependent instruction-experience (mis)match (strong underprediction vs. correct 
prediction: F(1, 80) = 34.64, p < 0.001, ηG

2 = 0.30; strong vs. medium underprediction: F(1, 80) = 
13.52, p < 0.001, ηG

2 = 0.14). This was also largely supported by the perceived (mis)matches of 
expected and experienced pain, although there was no significant difference between the strong 
underprediction and correct prediction (strong underprediction vs. correct prediction: F(1, 80) = 1.33, 
p = 0.252, ηG

2 = 0.02; strong vs. medium underprediction: F(1, 80) = 6.78, p = 0.011, ηG
2 = 0.08).  

Notably, pairwise ANOVAs indicated that trustworthiness of the experimenter who provided 
the verbal suggestion was rated significantly lower upon a strong underprediction than upon a 
correct prediction, F(1, 80) = 14.96, p < 0.001, ηG

2 = 0.16, but not as compared to a medium 
underprediction. In addition, pairwise ANOVAs indicated that honesty of this experimenter was rated 
lower upon a strong underprediction than upon either a correct prediction, F(1, 80) = 32.24, p < 
0.001, ηG

2 = 0.29, or a medium underprediction, F(1, 80) = 4.86, p = 0.030, ηG
2 = 0.06.  

Last, pairwise ANOVAs indicated that participants rated a higher sense of owing it to the 
experimenter to report less pain in the Strong underprediction condition as compared to the Correct 
prediction condition, F(1, 80) = 11.44, p = 0.001, ηG

2 = 0.13. No significantly differential effect of the 
suggestions on state anxiety was observed, nor were there significant between-group differences in 
the other measures (e.g., observation of discrepancy between reference and post-suggestion trials, 
trust in the other experimenter, perception of experimenters as competent and sympathetic, and 
other response bias measures). 

 
Moderation by psychological characteristics 

Comparisons of the Strong underprediction and Correct prediction conditions, indicated that 
the effect of the suggestions on experienced pain intensity during the first post-suggestion trial was 
significantly moderated by dispositional optimism, b = -0.17, SE = 0.06, t = -2.71, p = 0.008, reflecting 
that participants who reported lower optimism showed larger pain reductions upon the strong 
underprediction than those who reported higher optimism (pain intensity Strong underprediction 
condition at lower vs. upper quartile LOT-R = 4.5 vs. 5.3). In line, a significant moderation by trait pain 
catastrophizing, b = 0.07, SE = 0.03, t = 2.28, p = 0.025, reflected that participants who reported 
higher catastrophizing showed larger pain reductions upon the strong underprediction than those 
who reported low catastrophizing (pain intensity Strong underprediction condition at lower vs. upper 
quartile PCS = 5.3 vs. 4.6). Furthermore, but in contrast to the finding of Study 1, a significant 
moderation by state anxiety, b = 0.05, SE = 0.03, t = 2.05, p = 0.043, reflected that participants who 
reported higher state anxiety showed larger pain reductions upon the strong underprediction than 
those who reported low state anxiety (pain intensity Strong underprediction condition at lower vs. 
upper quartile STAI-Ss = 5.2 vs. 4.7). No other moderations were observed. 

 

Discussion 
We investigated the effects of strong underpredictions of pain. Contrary to our hypothesis, 

results of both studies showed that strong underpredictions of pain reduced experienced pain 
intensity. In other words, despite large expectation-experience discrepancies, assimilation of pain 
experiences to expectations occurred instead of contrast effects. Notably, Study 2 indicated that pain 
intensity reductions upon strong underpredictions were not considerably larger than upon medium 
underpredictions. Also expected pain, fear of pain, and pain unpleasantness were generally found to 
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assimilate to the strong underpredictions of pain. Study 2, in which a slightly larger and more 
noticeable expectation-experience discrepancy was used than in Study 1, further provided some 
indications, though inconsistent, for reduced heart rate and skin conductance levels (i.e., 
assimilation), but increased skin conductance responses (i.e., contrast effects). Finally, aside from 
these generally positive findings, we observed important counteractive effects of strong 
underpredictions of pain, namely increased uncertainty and lowered trust in the person providing 
the instructions, though again not considerably more so than medium underpredictions. 

Participants of both studies who were given a verbal suggestion that subsequent heat stimuli 
would be non-painful, which in fact were moderately (Study 1) or highly (Study 2) painful, reported 
substantially less intense pain than participants who were correctly informed about the stimulus 
intensity. This assimilation of pain experiences to the expectation was observed for a first heat pain 
trial directly following the underprediction and was maintained for subsequent trials, also upon 
repetition of the suggestion. These findings are in line with the vast majority of literature on 
expectancy and placebo effects demonstrating expectations to generally be self-confirming 
[2,3,8,10,31,32,40,43–45,54,57]. However, they contradict our hypothesis of contrasts effects (i.e., 
increased pain), which we formulated based on the literature on the occurrence of contrast effects 
on diverse outcomes in cases of large expectation-experience discrepancies of which one is aware 
[1,7,11,18,19,33,40,41,57]. A lack of awareness of the discrepancy is unlikely to explain our current 
findings, as we intentionally drew participants’ attention to the expectation-experience (mis)match. 
Participants’ resultant awareness was indicated by how they compared their experiences with what 
they expected and were instructed. Nonetheless, it might be that their focus on their experiences 
made participants aware of the ambiguous nature of pain and thereby actually facilitated 
assimilation [10,17]. As such, it appears that assimilation of pain experiences to expectations is the 
rule.  

Notably, Study 2 showed no reliably significant differences in pain intensity upon a strong 
versus medium underprediction of pain intensity. This finding complements a study demonstrating 
smaller placebo effects of decaffeinated coffee on alertness upon suggestions of high versus 
moderate caffeine doses [33] and recent experiments demonstrating a tipping point at which large 
expectation-experience discrepancies led to less assimilation of pain experiences than moderate 
discrepancies [24]. Thus, there might be a limit to the effects of underpredicting pain intensity in 
terms of the benefits for pain relief. 

We conducted secondary and several exploratory analyses to gain a broader understanding of 
the effects of strongly underpredicting pain, beyond the effects on experienced pain intensity. Both 
studies demonstrated that also expected pain intensity, fear of pain, and pain unpleasantness 
generally reduced, i.e., assimilated, upon a strong underprediction as compared to a correct 
prediction. Again, Study 2 demonstrated that the strong underprediction generally exerted no larger 
effects than the medium underprediction. Assimilation of these pain responses is in line with the 
larger placebo literature [43], but contradicts a study in which underprediction of pain led to 
increased expectations and fear of pain [3]. Aside from these arguable positive effects of 
underpredicting pain, it should be noted that participants were also mostly less certain of their 
expectations upon strong underprediction, particularly in Study 2, but not more so than upon a 
medium underprediction. Uncertainty is an outcome that is generally overlooked (but see [3]), but 
may importantly lower the impact of future suggestions by rendering them as less convincing and 
thereby reducing their influence on future outcomes [10,30]. Note, however, that participants in our 
studies continued to assimilate their experienced pain intensity when the underprediction was 
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repeated for a second series of trials, despite apparent reduced effects of the suggestion on 
expectations.  

Examinations of autonomic responses to the heat stimuli indicated no significant effects of the 
suggestions in Study 1, but Study 2 provided some indications for lower heart rate and skin 
conductance level during few early trials upon the strong underprediction as compared to the correct 
prediction (i.e., assimilation effects). In contrast, there were some indications, though inconsistent, 
for increased skin conductance responses upon the strong underprediction as compared to the 
correct prediction and medium underprediction (i.e., contrast effects). Interpretation of these 
findings is hampered by their inconsistency, high variability, and relatively weak responses to the 
heat stimuli as compared to rest (see Tables SDC-1 and SDC-2), but they suggest that effects of the 
verbal suggestions may go beyond self-report effects. Confidence in this interpretation is 
strengthened by the general absence of evidence for between-group differences in response bias 
measures and moderation of the effects of pain underpredictions on pain intensity by participants’ 
ability to modify self-presentation and sensitivity to expressive behaviors of others. Moreover, the 
observed psychophysiological responses might indicate that different measures of autonomic 
responses can highlight different underlying processes. One might for example speculate that upon 
an initial startled response when pain is higher than expected, responses are regulated so that on 
average, even over the course of seconds, autonomic responses align with self-reported pain 
reductions, if any response is visible at all. Findings of previous research are also largely equivocal, 
with some providing evidence for placebo responses on heart rate [6,46] and skin conductance 
responses [15,21,39], while other studies showed no significant effects (heart rate: [4,20,38], skin 
conductance response: [29]). 

Further explorations of participants’ responses to the underprediction of pain led to the novel 
and potentially highly clinically relevant finding that despite assimilation of pain, even upon 
repetition of the suggestion, participants reported substantially lower trustworthiness of the 
experimenter who provided the suggestion upon strong underprediction as compared to correct 
prediction of pain, and not considerably more than upon medium underprediction. Thus, there 
appears to be a trade-off between reducing pain and fostering trust. Given that trust is critical in 
good clinical communication and is also thought to be key in placebo effects [22], one might 
advocate for providing honest, correct information about upcoming pain (e.g., during a medical 
procedure), even when short-term pain relief opportunities might then be missed. However, future 
research replicating these findings, also in clinical contexts, examining long-term consequences, and 
examining other factors that might be at play (e.g., characteristics of the interpersonal relationship 
like communicated warmth and competence), is required before conclusions can be drawn and clear-
cut advice for clinical implementation can be formulated. 

Last, we examined if individual differences in initial responses to strong underpredictions of 
pain could be explained by several trait and state personal characteristics. We found some 
indications for moderation by state anxiety, optimism, and pain catastrophizing of the effects of the 
strong underprediction versus correct prediction, but the effects were small, inconsistent, and - in 
the case of state anxiety - contradictory. Hence, adding to previous literature [25,44,55], it might be 
inferred that no consistent, readily identifiable profile of responders to suggestions exists.  

When considering the implications of the current findings for clinical practice, it should be kept 
in mind that the current studies were conducted with verbal suggestions about brief heat stimuli in 
healthy samples. This allows for stringent experimental control of stimulus intensity and participants’ 
expectations about the stimuli, but hampers translation to clinical practice. Previous findings do 
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suggest that experimental placebo studies with acute experimental pain translate well to acute 
clinical pain, but this appears less so for chronic pain outcomes [43], and this might not apply for 
salient expectation-experience mismatches. Moreover, trust in an experimenter might more readily 
be affected by a simple suggestion than trust in a healthcare provider, especially when vulnerability 
and hence the need for trust is high and/or when a long-established trusting relationship is 
established [22]. On the other hand, violations of trust might lead to particularly strong responses, 
like a sense of betrayal, when personal relevance is high. Future research should examine the studied 
effects in more clinically relevant contexts, including long-term outcomes. Moreover, the effects 
might differ depending on the ambiguity of the expectations and sensations [7,10,30], the direction 
of the mismatch (underpredicting pain may have a larger impact than overprediction [3]), attention 
and affect [19,26], and prior experiences [18]. Also, effects might differ in cases that expectations do 
not directly pertain to the intensity of the pain stimulus (i.e., stimulus expectations) but to the effects 
of (placebo) treatments on pain (i.e., treatment outcome expectations) [50].  

In conclusion, even strong underpredictions of pain can reduce pain, although not considerably 
more so than medium underpredictions. However, such overly positive instructions may cause 
uncertainty and undermine trust. Thus, underpredicting pain has both benefits and risks. Although 
further research is required, these findings suggest that healthcare providers may wish to be cautious 
with providing overly positive information about painful medical procedures, despite pain-relieving 
effects. 
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Supplemental Digital Content 
 

Table SDC-1. Means and standard deviations for all relevant measures in Study 1 
 

Condition 
Measure 

Strong 
underprediction 

Moderate 
underprediction 

 (n=40) (n=41) 
Sample characteristics   
Age 23.2 ± 2.6 22.6 ± 2.8 
Sex (N, % female) 20, 50% 21, 51% 
Nationality (N, % Dutch) 20, 50% 21, 51% 
Baseline pain 0.2 ± 0.4 0.3 ± 0.6 
Baseline fatigue 3.1 ± 2.2 3.2 ± 2.3 
   
Pain outcomes   
Temperature high & test stimuli (°C) 47.4 ± 2.1 47.4 ± 1.7 
Pain expectation a   

Prior to test stimulus 1 1.4 ± 2.1 5.6 ± 2.1 
Prior to test stimulus 2 4.9 ± 2.2 6.6 ± 1.8 
Prior to test stimulus 3 5.2 ± 1.8 6.2 ± 2.0 
Prior to test stimulus 4 5.2 ± 1.9 5.9 ± 1.9 
Prior to test stimulus 5 3.4 ± 2.1 6.3 ± 2.0 
Prior to test stimulus 6 5.1 ± 2.0 6.3 ± 1.8 
Prior to test stimulus 7 5.4 ± 1.8 6.3 ± 2.3 
Prior to test stimulus 8 5.5 ± 1.9 6.1 ± 2.3 

Certainty of expectation a   
Prior to test stimulus 1 7.4 ± 2.4 6.2 ± 2.7 
Prior to test stimulus 2 5.0 ± 2.5 6.6 ± 2.4 
Prior to test stimulus 3 5.5 ± 2.5 6.6 ± 2.4 
Prior to test stimulus 4 5.8 ± 2.7 6.2 ± 2.7 
Prior to test stimulus 5 4.4 ± 2.6 6.9 ± 2.1 
Prior to test stimulus 6 5.7 ± 2.8 6.7 ± 2.8 
Prior to test stimulus 7 6.1 ± 2.7 6.6 ± 2.3 
Prior to test stimulus 8 6.0 ± 2.8 7.0 ± 2.1 

Fear of pain a   
Prior to test stimulus 1 1.0 ± 1.6 2.7 ± 2.3 
Prior to test stimulus 2 2.6 ± 2.6 3.7 ± 2.6 
Prior to test stimulus 3 2.1 ± 2.2 3.0 ± 2.7 
Prior to test stimulus 4 2.0 ± 2.2 3.0 ± 2.8 
Prior to test stimulus 5 1.6 ± 1.9 3.3 ± 2.6 
Prior to test stimulus 6 1.9 ± 1.9 2.9 ± 2.7 
Prior to test stimulus 7 1.8 ± 1.7 2.7 ± 2.7 
Prior to test stimulus 8 1.8 ± 2.0 2.7 ± 2.8 

Pain intensity a 
  

High reference stimuli (average) 6.7 ± 0.9 6.4 ± 1.4 
Test stimulus 1 6.1 ± 1.7 7.0 ± 1.5 
Test stimulus 2 5.6 ± 1.6 6.4 ± 1.6 
Test stimulus 3 5.6 ± 1.6 6.2 ± 1.8 
Test stimulus 4 5.7 ± 1.7 6.3 ± 1.8 
Test stimulus 5 5.3 ± 1.9 6.2 ± 1.9 
Test stimulus 6 5.5 ± 1.7 6.3 ± 2.0 
Test stimulus 7 5.6 ± 1.8 6.3 ± 2.1 
Test stimulus 8 5.7 ± 1.9 6.3 ± 2.3 

Pain unpleasantness a   
Test stimulus 1 5.4 ± 2.0 6.5 ± 2.1 
Test stimulus 2 4.3 ± 1.9 5.3 ± 2.7 
Test stimulus 3 4.4 ± 2.0 5.0 ± 3.0 
Test stimulus 4 4.3 ± 2.0 5.2 ± 3.3 
Test stimulus 5 4.4 ± 2.1 5.3 ± 3.1 
Test stimulus 6 4.5 ± 2.1 5.1 ± 3.2 
Test stimulus 7 4.6 ± 2.3 5.1 ± 3.2 
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Test stimulus 8 4.7 ± 2.4 5.2 ± 3.4 
   
Autonomic responses   
Heart rate   

Rest 77.1 ± 12.4 74.3 ± 11.4 
High reference stimuli (average) 77.3 ± 12.2 74.8 ± 10.7 
Test stimulus 1 75.9 ± 12.7 74.8 ± 11.1 
Test stimulus 2 76.2 ± 11.3 73.9 ± 10.6 
Test stimulus 3 75.8 ± 12.1 73.2 ± 11.2 
Test stimulus 4 75.4 ± 11.9 74.1 ± 11.5 
Test stimulus 5 74.6 ± 12.1 73.1 ± 10.1 
Test stimulus 6 74.8 ± 11.8 74.0 ± 10.8 
Test stimulus 7 76.1 ± 11.0 74.0 ± 11.0 
Test stimulus 8 74.9 ± 11.1 73.1 ± 9.5 

Skin conductance level   
Rest 4.6 ± 2.9 4.7 ± 2.6 
High reference stimuli (average) 7.6 ± 2.9 7.7 ± 2.9 
Test stimulus 1 7.6 ± 2.8 8.1 ± 3.1 
Test stimulus 2 7.3 ± 2.8 7.5 ± 2.8 
Test stimulus 3 7.1 ± 2.8 7.1 ± 2.7 
Test stimulus 4 7.0 ± 2.8 6.9 ± 2.7 
Test stimulus 5 6.8 ± 2.6 7.2 ± 2.8 
Test stimulus 6 6.8 ± 2.6 7.0 ± 2.7 
Test stimulus 7 6.7 ± 2.6 6.8 ± 2.7 
Test stimulus 8 6.6 ± 2.6 6.8 ± 2.7 

Skin conductance response (amplitude first response)   
Rest 0.1 ± 0.2 0.2 ± 0.3 
High reference stimuli (average) 0.2 ± 0.2 0.3 ± 0.4 
Test stimulus 1 0.3 ± 0.4 0.3 ± 0.4 
Test stimulus 2 0.3 ± 0.3 0.2 ± 0.3 
Test stimulus 3 0.2 ± 0.3 0.2 ± 0.2 
Test stimulus 4 0.2 ± 0.3 0.2 ± 0.3 
Test stimulus 5 0.2 ± 0.3 0.3 ± 0.4 
Test stimulus 6 0.2 ± 0.3 0.3 ± 0.4 
Test stimulus 7 0.2 ± 0.2 0.2 ± 0.3 
Test stimulus 8 0.2 ± 0.2 0.2 ± 0.4 

Skin conductance response (amplitude first response, 
extended latency window) 

  

Rest 0.1 ± 0.2 0.2 ± 0.3 
High reference stimuli (average) 0.4 ± 0.4 0.5 ± 0.4 
Test stimulus 1 1.1 ± 0.9 1.3 ± 1.0 
Test stimulus 2 0.4 ± 0.4 0.5 ± 0.6 
Test stimulus 3 0.3 ± 0.3 0.3 ± 0.3 
Test stimulus 4 0.3 ± 0.4 0.3 ± 0.4 
Test stimulus 5 0.3 ± 0.4 0.4 ± 0.4 
Test stimulus 6 0.3 ± 0.6 0.3 ± 0.3 
Test stimulus 7 0.3 ± 0.4 0.2 ± 0.3 
Test stimulus 8 0.2 ± 0.2 0.2 ± 0.4 

   
Psychological outcomes   
STAI-Ss – state anxiety (post) 31.8 ± 8.8 31.8 ± 9.2 
Previous experience with heat pain tests 1.1 ± 0.5 1.2 ± 0.6 

Pain intensity during previous heat pain test (n = 7) 7.6 ± 1.5 4.4 ± 2.2 
Focus on sensations during tests b 8.3 ± 1.5 8.6 ± 1.5 
Idea of study purpose b 3.3 ± 2.5 3.0 ± 2.5 
Pain test vs low reference stimuli c 8.1 ± 1.4 8.1 ± 2.1 
Pain test vs high reference stimuli c 5.6 ± 1.6 5.9 ± 1.9 
Actual vs expected pain test stimuli c 6.5 ± 2.2 5.4 ± 2.2 
Actual vs instructed pain test stimuli c 7.6 ± 2.1 5.1 ± 1.8 
Trustworthiness experimenter A a 6.8 ± 2.6 7.7 ± 2.1 
Trustworthiness experimenter B a 
(who gave verbal suggestions) 

5.5 ± 3.0 6.9 ± 2.5 

Concerned what experimenter thought b 3.3 ± 3.2 2.6 ± 2.6 
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Changed responses to help experimenter b 1.4 ± 2.3 1.2 ± 1.8 
Owed it to experimenter to report less or more pain c 4.3 ± 1.6 4.7 ± 1.1 
Provided answers experimenter wanted to hear b 1.8 ± 2.6 1.6 ± 2.1 
   
Psychological characteristics   
LOT-R – optimism 16.1 ± 3.2 15.8 ± 3.4 
GTS – general trust 4.6 ± 1.0 4.5 ± 1.2 
PCS – pain catastrophizing 13.7 ± 8.7 14.3 ± 8.3 
SMS-R ability to modify self-presentation 22.8 ± 4.4 22.0 ± 4.3 
SMS-R sensitivity to others 20.3 ± 3.5 20.2 ± 3.5 
STAI-T – trait anxiety 37.9 ± 8.7 36.5 ± 6.9 
STAI-Ss– state anxiety (baseline) 32.0 ± 8.5 30.3 ± 7.8 

 
Note. Means and standard deviations (M ± SD) are presented for all available data. a = range 0 (no(t) at all) 

– 10 (most imaginable); b = range 0 (not at all) – 10 (very (much)); c = range 0 (much less) – 5 (equal) – 10 (much 
more). 
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Figure SDC-1.  
Pain intensity ratings (mean ± standard error) for the 3 low reference stimuli, 3 high reference stimuli, 
and the 8 test stimuli per condition in Study 1. 
Low = low reference stimulus; high = high reference stimulus; VS = verbal suggestion.  
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Figure SDC-2.  
Certainty of pain expectation ratings (mean ± standard error) for the 8 test stimuli per condition in 
Study 1. 
VS = verbal suggestion.   

 
 



Peerdeman et al. – Preprint - Underpredicting Pain: Benefits and Risks 

- 27 - 

Figure SDC-3.  
Fear of upcoming pain ratings (mean ± standard error) for the 8 test stimuli per condition in Study 1. 
VS = verbal suggestion.   
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Figure SDC-4.  
Pain unpleasantness ratings (mean ± standard error) for the 8 test stimuli per condition in Study 1. 
VS = verbal suggestion.   
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Figure SDC-5.  
Heart rate (mean ± standard error) for the 3 high reference stimuli (average) and the 8 test stimuli per 
condition in Study 1. 
High ref = average of the 3 high reference trials; VS = verbal suggestion.  
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Figure SDC-6.  
Skin conductance level (mean ± standard error) for the 3 high reference stimuli (average) and the 8 
test stimuli per condition in Study 1. 
High ref = average of the 3 high reference trials; VS = verbal suggestion.   
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Figure SDC-7.  
Amplitude first skin conductance response (mean ± standard error) for the 3 high reference stimuli 
(average) and the 8 test stimuli per condition in Study 1. 
High ref = average of the 3 high reference trials; VS = verbal suggestion.    
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Figure SDC-8.  
Amplitude first skin conductance response, with extended latency window (mean ± standard error) for 
the 3 high reference stimuli (average) and the 8 test stimuli per condition in Study 1. 
High ref = average of the 3 high reference trials; VS = verbal suggestion.   
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Table SDC-2. Means and standard deviations for all relevant measures in Study 2 
 

Condition 
Measure 

Strong  
underprediction  

Moderate 
underprediction  

Correct  
prediction  

 (n=41) (n=41) (n=41) 
Sample characteristics    
Age 21.6 ± 2.8 22.2 ± 2.6 22.4 ± 3.3 
Sex (N, % female) 21, 51% 21, 51% 20, 49% 
Nationality (N, % Dutch) 17, 42% 14, 34% 16, 39% 
Baseline pain 0.2 ± 0.5 0.2 ± 0.5 0.3 ± 0.7 
Baseline fatigue 3.2 ± 2.3 2.8 ± 2.3 3.5 ± 2.3 
    
     
Temperature reference & test stimuli (°C) 48.7 ± 1.2 48.3 ± 1.5 48.3 ± 1.7 
Pain expectation a    

Prior to reference stimulus 6.1 ± 1.6 6.4 ± 1.5 5.8 ± 1.9 
Prior to test stimulus 1 2.3 ± 1.7 4.6 ± 1.3 6.9 ± 1.9 
Prior to test stimulus 2 4.8 ± 1.9 5.3 ± 1.3 6.6 ± 1.8 
Prior to test stimulus 3 5.1 ± 2.0 5.6 ± 1.7 6.7 ± 1.8 
Prior to test stimulus 4 5.5 ± 2.1 5.6 ± 1.9 6.6 ± 1.9 
Prior to test stimulus 5 4.3 ± 2.3 5.4 ± 1.3 7.1 ± 1.9 
Prior to test stimulus 6 5.4 ± 2.1 5.9 ± 1.7 6.8 ± 1.9 
Prior to test stimulus 7 5.6 ± 2.0 6.0 ± 1.7 6.8 ± 1.9 
Prior to test stimulus 8 5.8 ± 2.0 5.8 ± 1.9 6.9 ± 1.9 

Certainty of expectation a    
Prior to reference stimulus 6.9 ± 2.5 7.3 ± 1.7 6.8 ± 2.0 
Prior to test stimulus 1 6.4 ± 2.3 6.2 ± 2.0 7.8 ± 1.6 
Prior to test stimulus 2 5.3 ± 2.3 5.7 ± 1.8 7.5 ± 1.8 
Prior to test stimulus 3 5.7 ± 2.5 5.9 ± 2.0 7.5 ± 1.9 
Prior to test stimulus 4 5.7 ± 2.6 6.2 ± 1.8 7.6 ± 1.7 
Prior to test stimulus 5 4.5 ± 2.6 6.0 ± 1.9 7.0 ± 2.0 
Prior to test stimulus 6 6.0 ± 2.2 6.3 ± 1.7 7.5 ± 1.6 
Prior to test stimulus 7 6.0 ± 2.4 6.4 ± 1.6 7.8 ± 1.6 
Prior to test stimulus 8 6.4 ± 2.3 6.9 ± 1.7 7.5 ± 2.2 

Fear of pain a    
Prior to reference stimulus 3.2 ± 2.5 3.3 ± 2.3 3.8 ± 2.4 
Prior to test stimulus 1 1.3 ± 1.9 2.1 ± 2.0 4.5 ± 2.5 
Prior to test stimulus 2 2.7 ± 2.3 2.5 ± 2.0 4.1 ± 2.5 
Prior to test stimulus 3 2.5 ± 2.1 2.3 ± 2.1 3.7 ± 2.5 
Prior to test stimulus 4 2.8 ± 2.4 2.6 ± 2.4 3.4 ± 2.3 
Prior to test stimulus 5 2.4 ± 2.2 2.5 ± 2.3 4.2 ± 2.4 
Prior to test stimulus 6 2.7 ± 2.5 2.6 ± 2.5 3.7 ± 2.3 
Prior to test stimulus 7 2.3 ± 2.5 2.6 ± 2.7 3.5 ± 2.2 
Prior to test stimulus 8 2.4 ± 2.3 2.3 ± 2.5 3.8 ± 2.5 

Pain intensity a    
Reference stimulus 7.0 ± 1.9 7.4 ± 1.4 6.8 ± 2.0 
Test stimulus 1 5.0 ± 2.0 5.7 ± 1.5 6.5 ± 1.8 
Test stimulus 2 5.4 ± 2.1 5.5 ± 1.6 6.6 ± 1.8 
Test stimulus 3 5.6 ± 2.1 5.6 ± 1.8 6.7 ± 1.8 
Test stimulus 4 5.8 ± 2.0 5.7 ± 1.9 6.8 ± 2.0 
Test stimulus 5 5.5 ± 2.1 5.8 ± 1.8 6.9 ± 2.0 
Test stimulus 6 5.7 ± 2.1 5.7 ± 2.0 6.9 ± 2.0 
Test stimulus 7 5.9 ± 2.0 5.6 ± 2.0 6.9 ± 2.1 
Test stimulus 8 6.0 ± 2.1 5.8 ± 2.1 7.1 ± 2.0 

Pain unpleasantness a    
Reference stimulus 6.6 ± 2.0 6.9 ± 1.8 6.5 ± 2.1 
Test stimulus 1 4.8 ± 2.4 5.5 ± 2.0 6.0 ± 2.1 
Test stimulus 2 4.9 ± 2.5 4.8 ± 2.5 5.6 ± 2.2 
Test stimulus 3 5.5 ± 2.3 4.8 ± 2.4 5.9 ± 2.0 
Test stimulus 4 5.5 ± 2.4 5.1 ± 2.6 5.8 ± 2.2 
Test stimulus 5 5.2 ± 2.4 5.3 ± 2.4 6.3 ± 1.9 
Test stimulus 6 5.2 ± 2.4 5.1 ± 2.7 6.1 ± 2.2 



Peerdeman et al. – Preprint - Underpredicting Pain: Benefits and Risks 

- 34 - 

Test stimulus 7 5.3 ± 2.6 4.8 ± 2.7 6.3 ± 2.1 
Test stimulus 8 5.5 ± 2.8 5.0 ± 2.8 6.4 ± 2.1 

    
Autonomic responses    
Heart rate    

Rest 77.5 ± 12.0 77.2 ± 12.2 78.1 ± 12.1 
Reference stimulus 80.4 ± 11.4 77.6 ± 12.0 79.1 ± 14.2 
Test stimulus 1 73.1 ± 10.3 74.1 ± 10.8 77.9 ± 13.9 
Test stimulus 2 75.7 ± 9.9 76.5 ± 11.3 78.5 ± 12.3 
Test stimulus 3 76.3 ± 10.1 75.7 ± 11.5 74.5 ± 13.3 
Test stimulus 4 75.3 ± 9.4 76.2 ± 11.9 75.2 ± 13.0 
Test stimulus 5 74.7 ± 9.9 75.4 ± 11.3 76.5 ± 12.6 
Test stimulus 6 75.7 ± 10.0 77.1 ± 12.1 77.0 ± 13.8 
Test stimulus 7 75.4 ± 10.2 77.1 ± 11.4 75.7 ± 12.5 
Test stimulus 8 76.4 ± 11.3 77.3 ± 12.3 76.0 ± 11.9 

Skin conductance level    
Rest 5.4 ± 2.6 5.1 ± 2.6 4.8 ± 2.5 
Reference stimulus 8.7 ± 3.8 8.1 ± 2.9 8.4 ± 3.5 
Test stimulus 1 7.4 ± 3.3 6.8 ± 2.6 7.8 ± 3.0 
Test stimulus 2 7.5 ± 3.4 7.0 ± 2.6 7.4 ± 2.9 
Test stimulus 3 7.4 ± 3.4 6.8 ± 2.5 7.1 ± 2.8 
Test stimulus 4 7.3 ± 3.3 6.8 ± 2.6 6.9 ± 2.7 
Test stimulus 5 7.2 ± 3.3 6.7 ± 2.5 7.1 ± 2.9 
Test stimulus 6 7.3 ± 3.5 6.7 ± 2.5 7.0 ± 2.8 
Test stimulus 7 7.2 ± 3.4 6.6 ± 2.5 6.7 ± 2.7 
Test stimulus 8 7.0 ± 3.3 6.6 ± 2.6 6.7 ± 2.7 

Skin conductance response (amplitude first response)    
Rest 0.4 ± 0.5 0.2 ± 0.2 0.1 ± 0.2 
Reference stimulus 0.2 ± 0.4 0.2 ± 0.5 0.2 ± 0.3 
Test stimulus 1 0.6 ± 0.7 0.3 ± 0.4 0.4 ± 0.7 
Test stimulus 2 0.6 ± 0.7 0.4 ± 1.0 0.2 ± 0.4 
Test stimulus 3 0.5 ± 0.6 0.3 ± 0.4 0.2 ± 0.4 
Test stimulus 4 0.4 ± 0.5 0.3 ± 0.4 0.3 ± 0.4 
Test stimulus 5 0.6 ± 0.7 0.3 ± 0.5 0.3 ± 0.7 
Test stimulus 6 0.5 ± 0.6 0.2 ± 0.3 0.4 ± 0.6 
Test stimulus 7 0.6 ± 0.6 0.3 ± 0.4 0.4 ± 0.5 
Test stimulus 8 0.5 ± 0.6 0.3 ± 0.4 0.4 ± 0.6 

Skin conductance response (amplitude first response, 
extended latency window) 

   

Rest 0.4 ± 0.5 0.1 ± 0.2 0.1 ± 0.2 
Reference stimulus 1.5 ± 1.3 1.5 ± 1.1 1.8 ± 1.9 
Test stimulus 1 1.0 ± 0.9 0.5 ± 0.6 0.9 ± 0.8 
Test stimulus 2 0.9 ± 0.9 0.5 ± 0.5 0.8 ± 0.8 
Test stimulus 3 0.9 ± 0.9 0.4 ± 0.4 0.7 ± 0.9 
Test stimulus 4 0.8 ± 0.8 0.4 ± 0.4 0.7 ± 0.9 
Test stimulus 5 0.9 ± 1.0 0.5 ± 0.4 0.9 ± 1.1 
Test stimulus 6 0.9 ± 0.9 0.4 ± 0.4 0.6 ± 0.6 
Test stimulus 7 0.7 ± 0.8 0.3 ± 0.3 0.6 ± 0.8 
Test stimulus 8 0.8 ± 0.8 0.4 ± 0.4 0.6 ± 0.8 

    
Psychological outcomes    
STAI-Ss – state anxiety (post) 35.7 ± 10.4 33.7 ± 8.1 37.3 ± 12.7 
Previous experience with heat pain tests 1.1 ± 0.4 1.0 ± 0.0 1.0 ± 0.2 
Pain intensity during previous heat pain test (n = 2) 8.1 ± 1.6 -- -- 
Focus on sensations during tests b 8.4 ± 1.5 8.5 ± 1.2 8.7 ± 1.1 
Idea of study purpose b 3.1 ± 2.4 3.6 ± 2.6 3.7 ± 2.5 
Pain test vs reference stimulus c 5.9 ± 2.1 5.1 ± 1.8 6.5 ± 2.1 
Actual vs expected pain test stimuli c 6.8 ± 2.2 5.6 ± 2.3 6.3 ± 2.2 
Actual vs instructed pain test stimuli c 7.5 ± 2.2 5.9 ± 1.9 5.0 ± 1.7 
Trustworthiness experimenter A a 7.4 ± 2.1 6.9 ± 2.1 8.0 ± 1.8 

Competent a 7.8 ± 1.8 7.6 ± 1.4 8.1 ± 1.6 
Sympathetic a 7.5 ± 1.8 6.9 ± 2.2 7.8 ± 1.9 
Honest a 7.5 ± 2.0 6.7 ± 2.2 7.8 ± 2.2 
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Trustworthiness experimenter B a 
(who gave verbal suggestions) 

5.6 ± 3.0 6.4 ± 2.2 7.8 ± 1.9 

Competent a 7.6 ± 2.0 7.6 ± 1.8 7.8 ± 2.0 
Sympathetic a 6.9 ± 2.4 6.5 ± 2.3 7.0 ± 2.5 
Honest a 4.2 ± 2.6 5.4 ± 2.3 7.4 ± 2.5 

Concerned what experimenter thought b 4.2 ± 3.0 3.0 ± 2.2 4.1 ± 2.9 
Changed responses to help experimenter b 1.7 ± 1.8 2.0 ± 2.1 1.9 ± 2.3 
Owed it to experimenter to report less or more pain c 4.2 ± 1.7 4.4 ± 2.0 5.2 ± 0.9 
Provided answers experimenter wanted to hear b 1.9 ± 2.0 1.9 ± 2.2 1.5 ± 1.9 
    
Psychological characteristics    
LOT-R – optimism 15.7 ± 3.9 16.1 ± 3.5 15.7 ± 3.8 
GTS – general trust 3.7 ± 0.5 3.4 ± 0.6 3.5 ± 0.6 
PCS – pain catastrophizing 19.0 ± 9.5 14.2 ± 8.3 16.1 ± 7.5 
SMS-R ability to modify self-presentation 23.3 ± 4.2 21.7 ± 5.0 22.8 ± 4.6 
SMS-R sensitivity to others 20.4 ± 5.0 19.9 ± 3.1 20.6 ± 3.5 
STAI-T – trait anxiety 40.7 ± 10.1 39.5 ± 8.6 41.4 ± 8.7 
STAI-Ss – state anxiety (baseline) 34.1 ± 11.7 34.0 ± 9.0 33.4 ± 8.7 

Note. Means and standard deviations (M ± SD) are presented for all available data. a = range 0 (no(t) at all) 
– 10 (most imaginable); b = range 0 (not at all) – 10 (very (much)); c = range 0 (much less) – 5 (equal) – 10 (much 
more) 
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Figure SDC-9.  
Certainty of pain expectation ratings (mean ± standard error) for the reference stimulus and the 8 test 
stimuli per condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-10.  
Fear of upcoming pain ratings (mean ± standard error) for the reference stimulus and the 8 test stimuli 
per condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-11.  
Pain unpleasantness ratings (mean ± standard error) for the reference stimulus and the 8 test stimuli 
per condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-12.  
Heart rate (mean ± standard error) for the reference stimulus and the 8 test stimuli per condition in 
Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-13.  
Skin conductance level (mean ± standard error) for the reference stimulus and the 8 test stimuli per 
condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-14.  
Amplitude first skin conductance response (mean ± standard error) for the reference stimulus and the 
8 test stimuli per condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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Figure SDC-15.  
Amplitude first skin conductance response, with extended latency window (mean ± standard error) for 
the reference stimulus and the 8 test stimuli per condition in Study 2. 
ref = reference stimulus; VS = verbal suggestion.   
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