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Abstract 

Social information can profoundly influence behavior, but its effects are often explained in terms 

of “conformity,” implying effects on decision-making and communication rather than deeper 

sensory modulation. We examined whether information about other people’s pain reports 

affected both participants’ pain experience and skin conductance responses (SCR) during pain. 

Sixty volunteers experienced painful heat stimulation preceded by two kinds of informational 

cues: (1) non-reinforced social information indicating low or high pain ratings from previous 

participants; and (2) reinforced conditioned cues (CSlow, CShigh). Both high-pain social 

information and CShigh  cues enhanced pain and SCRs relative to their respective controls, with 

particularly robust effects of social information. Effects of both manipulations on both pain and 

SCRs were mediated by trial-by-trial pain expectancies. These results demonstrate strong social 

influences on pain and autonomic responses, and suggest that expectations from multiple sources 

can influence pain physiology independent of reinforcement.  

 

 

Keywords: social influence; heat pain; placebo; personality; learning;  

 

 

 

  



SOCIAL INFLUENCE EFFECTS ON PAIN   3 

 3 

Beyond Conformity: Social Influences on Pain Reports and Physiology 

A large literature has demonstrated social influences on preferences and decision-making 

(Asch, 1951; Cialdini & Goldstein, 2004; for reviews see Wood, 2000). Individuals often change 

their judgments to be in agreement with what they perceive as group norms. Social influences are 

widely assumed to affect overt behavior and evaluative processes. Yet, it is unknown whether 

social conformity can also change the internal affective processes that give rise to experience and 

physiological responses (Cialdini & Goldstein, 2004). That is, if your friends tell you that 

jumping in an icy lake is not so painful, you might be influenced to jump in. However, it is not 

known whether your friends’ opinion also changes the painful sensation of the ice water on your 

skin and your physiological responses to the cold.  Here, we test this question in a laboratory 

setting, using experimental heat pain stimulation manipulated by non-reinforced social feedback.  

Previous studies have demonstrated that pain is strongly modulated by associations 

learned through reinforcement: Stimuli associated with intense pain subsequently become more 

painful, and those associated with less pain become less painful (Atlas, Bolger, Lindquist, & 

Wager, 2010; Colloca, Petrovic, Wager, Ingvar, & Benedetti, 2010; Price, Finniss, & Benedetti, 

2008). Recent studies have shown that observing another person experiencing pain relief is also 

sufficient to serve as a reinforcer, and shapes pain perception (Colloca & Benedetti, 2009; 

Goubert, Vlaeyen, Crombez, & Craig, 2011; Hunter, Siess, & Colloca, 2013). Another, related 

study investigated how the vicarious experiences of others’ pain ratings—presented as simple 

displays of lines—affected pain perception (Yoshida, Seymour, Koltzenburg, & Dolan, 2013). 

This study showed an increase in pain when others’ pain ratings were higher in mean and had 

higher variance across individuals (Yoshida et al., 2013). However, because the social 

information was correlated with the actual stimulus intensity, it remains unknown whether social 
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information can modulate pain ratings independent of learning, or whether social information 

may have served as a conditioned cue.  The threat value of a stimulus can be learned by 

observational learning (Olsson, Nearing, & Phelps, 2007), and even by pure instructions (e.g. 

reviewed by Olsson & Phelps, 2007; Phelps et al., 2001), but it is unknown whether implicit, 

physiological measures of pain itself, such as skin conductance responses (SCR) to painful 

events, are modulated by social influence and whether unreinforced social influences on pain can 

remain stable over time.  

A related, unresolved question concerns the role of conscious expectancies in mediating 

effects of both social influences and conditioned pain modulation. In many paradigms, 

expectancies appear to mediate the effects of conditioning and suggestion alike on pain reports 

(Kirsch, 2004). However, it is also possible that expectancies chiefly mediate effects on decision-

making processes, and that effects on primary affective responses—e.g., early pain-related 

processing in the brain (Amanzio, Benedetti, Porro, Palermo, & Cauda, 2013; Atlas et al., 2010; 

Meissner et al., 2011), and spinal cord (Geuter & Büchel, 2013)—reflect conditioned 

associations independent of conscious expectations.  

To address these questions and to disentangle the effects of experience-based learning 

from unreinforced social influences on pain, we examined the effects of both social information 

(without systematic reinforcement) and conditioned cues on two outcomes: pain ratings and SCR 

to noxious heat. Comparing pain ratings and SCRs to stimuli with medium intensity (48 ºC) 

allowed us to assess the effects of social information and conditioned cues, and their potential 

interactions, on both explicit and implicit measures of pain experience.  Expectancy ratings made 

before each painful stimulus allowed us to test whether expectancy effects mediated the effects 

of both social information and learned cues on pain and pain-evoked SCRs. 

https://www.researchgate.net/publication/8685860_Conditioning_Expectancy_and_the_Placebo_Effect_Comment_on_Stewart-Williams_and_Podd_(2004)?el=1_x_8&enrichId=rgreq-5fa3fb2a-c9ea-40a1-b350-0ee6c17bc7c0&enrichSource=Y292ZXJQYWdlOzI4MDU4MDI2MTtBUzoyNTc0MTg0NTQxMDYxMTJAMTQzODM4NDc1MDQ2NA==
https://www.researchgate.net/publication/23452371_Learning_Fears_by_Observing_Others_The_Neural_Systems_of_Social_Fear_Transmission?el=1_x_8&enrichId=rgreq-5fa3fb2a-c9ea-40a1-b350-0ee6c17bc7c0&enrichSource=Y292ZXJQYWdlOzI4MDU4MDI2MTtBUzoyNTc0MTg0NTQxMDYxMTJAMTQzODM4NDc1MDQ2NA==
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Method 

Participants 

60 healthy volunteers took part in the experiment (33 female, mean age = 23.0, age range 

18-55 years). Screening instruments indicated that all participants were free of psychiatric, 

neurologic and pain conditions. Five additional participants opted to not complete the task due to 

high pain sensitivity and were excluded from further testing. All participants provided written 

informed consent and were paid for their participation. The study was conducted according to the 

Declaration of Helsinki and approved by the Institutional Review Board at the University of 

Colorado Boulder. 

Materials and Procedures 

Stimuli. Participants experienced heat at three temperatures, preceded by two kinds of 

cues (see Fig. 1). Simple visual displays of putatively social information indicated the ratings of 

10 fictitious, previous participants, which were either low (SocialLOW) or high (SocialHIGH) on 

average (vertical lines in Fig. 1). In addition, one of two visual cues was presented, partially 

reinforced with moderately painful heat (CueLOW, followed by 47 or 48 ºC stimuli) or more 

intensely painful heat (CueHIGH, followed by 48 or 49 ºC stimuli; Gabor patches in Fig. 1). Social 

information was completely non-predictive of pain, i.e. both social cue types were succeeded 

equally often by 47, 48, or 49 ºC stimuli.  

For the social information, we generated 96 different stimuli (48 SocialLOW, 48 

SocialHIGH). Each social rating stimulus depicted 10 vertical lines (“others’ ratings”) on a 

horizontal line that closely resembled the visual analog scale used for participants’ ratings (see 

Figure 1, cf. Yoshida et al. 2013). To generate a realistic and variable social rating stimuli set, 

each stimulus was generated using custom Matlab scripts by sampling 10 random values 

https://www.researchgate.net/publication/236087533_Uncertainty_Increases_Pain_Evidence_for_a_Novel_Mechanism_of_Pain_Modulation_Involving_the_Periaqueductal_Gray?el=1_x_8&enrichId=rgreq-5fa3fb2a-c9ea-40a1-b350-0ee6c17bc7c0&enrichSource=Y292ZXJQYWdlOzI4MDU4MDI2MTtBUzoyNTc0MTg0NTQxMDYxMTJAMTQzODM4NDc1MDQ2NA==
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between 0 and 1 from one of two Gaussian distributions: N(0.3, 0.15) for SocialLOW and N(0.70, 

0.15) for SocialHIGH. This sampling procedure resulted in stimuli that had some natural variation 

in the actual mean and standard deviation, making the stimuli realistic and plausible.  

Conditioned cues (CSs) consisted of two Gabor patches with orientation angles of 35° 

and 55° (CueHIGH and CueLOW, counterbalanced across participants) and Gaussian envelopes 

(www.cogsci.nl/software/online-gabor-patch-generator).  

Heat pain stimulation was applied to six different skin sites on the left volar forearm 

using a CHEPS thermode (27mm diameter) and controlled by a Pathway system and software 

(Medoc Advanced Medical Systems, Israel). Baseline temperature was set to 32°C. Heat pain 

stimulation was delivered in short epochs with 40°C/s ramp rate and 1s plateau duration at target 

temperatures.  

Procedures. All participants first underwent a pain calibration procedure (total of 18 

trials at all 6 skin sites, temperatures between 44-50°C) to ensure appropriate pain sensitivity and 

to familiarize the participants with the heat pain stimulation. Next, they were instructed that we 

were interested in their subjective experience of pain and how well they were able to predict pain 

by seeing the pain rating of several other participants as well as ‘abstract pattern’ cues. As an 

exploratory manipulation of the effects of instructions, half of the participants (N=30) were told 

that they should pay attention to both the social information as well as the ‘abstract patterns’ 

(Gabor patches), which also would contain information about the upcoming pain, without 

providing further instructions about the meaning of the patterns. The other half (N=30) was told 

that one of the cues was associated with higher average pain, and that their task was to learn 

which cue was predictive of high vs. low pain. No substantial differences between these two 
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experimental groups were found (all between subject effect p-values > 0.1); therefore we 

collapsed across instruction types in all analyses reported here.   

Participants then performed six blocks of the learning task, corresponding to 6 different 

skin sites chosen in randomized order. Each trial in the learning task (see Fig. 1) started with the 

presentation (4s) of one of two Gabor patches (CueHIGH or CueLOW) and social ratings, depicting 

either low or high vicarious pain ratings (SocialLOW or SocialHIGH). The position of social and 

conditioning cues on the screen (top or bottom) was counterbalanced across trials. Next, 

participants rated how much pain they expected on a horizontal visual analog scale (expectancy 

rating, average individual median RT 2358 ms, range of individual median RTs 1132-4774ms), 

and were then stimulated with low (47°C, 25% of trials), medium (48°C, 50% of trials), or high 

(49°C, 25% of trials) heat pain. Note that the CueHIGH was always followed by either medium or 

high pain and the CueLOW was always followed by either low or medium heat pain, whereas the 

social cues (SocialLOW and SocialHIGH) were—unbeknown to the participants—completely 

orthogonal to those learning cues, and therefore not predictive for the actual heat stimulation. 

After a jittered 3-5s delay, they were asked to rate how much pain they actually felt, again using 

a horizontal visual analog scale (pain rating, average individual median RT 2381 ms, range of 

individual median RTs 1164-4721 ms). The inter trial interval had a jittered duration of 6.5-9s. 

Following the learning task, participants performed an additional generalization task, which will 

be described elsewhere. 

Skin conductance.  Electrodermal activity was measured at the index and middle fingers 

of the left hand and recorded using a BIOPAC MP150 system and Acknowledge software at 

500Hz sampling rate. Data was low pass filtered offline with a cutoff of 5Hz (61dB 

Butterworth).   
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Other measures. To examine which personality traits were associated with cue and social 

information effects on pain, we administered several questionnaires, which have previously been 

associated with individual differences in placebo analgesia and expectation effects (Koban, 

Ruzic, & Wager, 2013). Details regarding the measures used, the results, and their discussion are 

reported in the Supplementary Materials. 

 A debriefing questionnaire was administered to all but the first two participants (N=58) 

at the very end of the experimental session to assess subjective experiences during the task, 

asking open-ended questions about the experiences in the experiment, including what 

participants thought the purpose of the experiment was, how many different temperatures they 

perceived, and what strategies they used to make their expectation ratings. This debriefing 

questionnaire included two visual analog scales, on which participants were asked to rate the 

usefulness the social information and the cues for predicting the upcoming pain, as well as a 

forced-choice items that asked participants to pick the Gabor patch associated with higher pain 

(CueHIGH).  

 Analysis 

Behavioral ratings were acquired on visual analog scales ranging from ‘absolutely no 

pain’ to ‘worst pain possible’ (in the context of the experiment), ranging from 0 to 100 (where 

100 indicating highest pain or pain expectancy ratings).  

Trial-wise SCR was analyzed using the SCRalyze toolbox (Bach, Flandin, Friston, & 

Dolan, 2009). SCRalyze uses a general linear model approach, similar to standard event-related 

fMRI analysis, to reliably estimate SCR to rapidly presented stimulus events (Bach, Flandin, 

Friston, & Dolan, 2010). The filtered skin conductance time series data was first normalized for 

each subject. Next, regressors for pain onsets in each trial in the learning task were convolved 
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with a canonical SCR function (Bach et al., 2010) and fitted to the skin conductance time series, 

yielding estimates (in the form of beta weights) for the amplitude of pain-evoked SCRs for each 

trial. These beta weights reflect the size and direction of the SCR amplitude in each trial. As the 

conditioned cues and social information did not induce reliable positive SCR, we did not further 

analyze these events.  

We used a multi-level robust general linear model to test how social and learning cues 

affected pain expectation ratings across all trials, as well as pain ratings and SCR to pain in 

medium temperature trials (48°C, therefore controlling for temperature). Further, multi-level 

mediation analysis (Atlas et al., 2010; Kenny, Korchmaros, & Bolger, 2003; Krull & 

MacKinnon, 2001) was employed to test whether the effects of learning cues (CueHIGH versus 

CueLOW) or social information (SocialLOW versus SocialHIGH) on the outcome (pain rating, pain 

SCR) were mediated by trial-wise and subject-wise differences in pain expectancy. Trial 

numbers were added as within-person covariates of no interest order to control for sequence (i.e. 

habituation and sensitization) effects (Jepma, Jones, & Wager, 2014). Further, experimental 

group was added as a 2nd level covariate of no interest to control for possible cohort effects.  

The code for the multi-level GLM and the M3 multi-level mediation toolbox are 

available at wagerlab.colorado.edu/tools. Other statistical analyses were conducted in Matlab and 

SPSS software. A significance level of p < 0.05 was applied to all analyses unless otherwise 

stated. 

Results 

Effects of temperature 

We first confirmed that participants were able to discriminate stimulations of different 

intensities, and that increasing temperatures in the noxious range produced clear increases in 
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pain. Mean pain ratings for low (47°C), medium (48°C), and high temperature (49°C) were 41.8 

(95%-CI ± 3.6), 54.4 (95%-CI ± 3.5), 68.0 (95%-CI ± 3.7), respectively. A multi-level robust 

regression (see Methods) confirmed a significant main effect of temperature on pain ratings (β = 

13.1 (95%-CI ± 1.3), t(59) = 20.5, p < 0.0001), as shown in Figure 2A. Parallel effects of 

stimulus intensity were found on SCR (β = 0.30 (95%-CI ± 0.06), t(59) = 10.4, p < 0.0001), 

shown in Figure 2B. 

Effects of social information and learning cues on pain ratings and SCR  

Figure 2 also shows how the experimental manipulations influenced pain ratings on 

intensity-matched medium temperature trials (selected for analysis to avoid any potential 

confounds with stimulus intensity). Social information (SocialHIGH versus SocialLOW) had large 

effects on pain reports, β = 7.3 (95%-CI ± 1.3), t(59) = 11.7, p < 0.0001, Figure 2A. A 

significant, albeit smaller, effect was also found for conditioned cues (CueHIGH versus CueLOW) 

on pain, β = 1.3 (95%-CI ± 0.7), t(59) = 3.7, p = 0.0004. No significant interaction was seen for 

CUE*SOCIAL effects on pain report, β = 0.25 (95%-CI ± 0.4), t(59) = 1.3, p = 0.20.  

In parallel to the effects on behavioral pain reports, SCRs to medium-temperature painful 

events were significantly modulated by social information (SocialHIGH versus SocialLOW), β = 

0.14 (95%-CI ± 0.04), t(59) = 6.4, p < 0.0001; Figure 2B. In contrast, the effects of conditioned 

cues (CueHIGH versus CueLOW) on SCR were not significant, β = 0.02 (95%-CI ± 0.04), t(59) = 

1.2, p = 0.24. No effect was observed for the interaction between CUE*SOCIAL on SCR, β = 

0.0 (95%-CI ± 0.04), t(59) = 0.1, p = 0.90. Trial-wise pain ratings and SCR estimates were 

significantly correlated for medium temperatures, β = 2.83 (95%-CI ± 1.02), t(59) = 5.6, p < 

0.0001, indicating high consistency between self-report and physiological indices of pain. In 

addition, we tested, whether prediction errors, i.e. the difference between expected and 
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experienced pain, had an influence on SCR to pain. There was a small negative effect of 

prediction error on SCR, β = -0.01 (95%-CI ± 0.005), t(59) =-2.0 , p = 0.048, indicating that 

expected pain produces slightly higher SCRs, consistent with assimilation towards expected 

values (our main finding). When controlling for social information and CS, the effect of 

prediction error was no longer significant (p = 0.9).  

Expectancy mediates effects on pain 

We next used a multi-level meditation model (Atlas et al., 2010; Kenny et al., 2003; Krull 

& MacKinnon, 2001) to investigate whether cue and social effects on pain were mediated by 

expectations (Figure 2C). First, we tested how the two different types of information affected 

expectancy ratings (paths a1 and a2 in Figure 2C). SocialHIGH versus SocialLOW cues strongly 

increased pain expectancy ratings (path a1), β = 12.8 (95%-CI ± 1.6), t(59) = 16.1, p < 0.0001. In 

parallel, learning cues (CueHIGH versus CueLOW) also produced a highly significant, but smaller 

increase in pain expectancy (path a2), β = 2.7 (95%-CI ± 1.1), t(59) = 4.9, p < 0.0001. Further, 

expectancy strongly predicted pain ratings (path b, see Suppl. Fig. S1), β = 0.57, 95%-CI ± 0.08, 

t(59) = 14.6, p < 0.0001. Most importantly, in line with expectancy-based accounts, expectations 

completely mediated individual and trial-wise differences in social influence effects on pain, 

mediated path (a1*b) β = 6.6 (95%-CI ± 1.2), t(59) = 11.4, p = 0.0001 (see Figure 2C), as well as 

learning cue effects on pain, mediated path (a2*b)  β = 1.1 (95%-CI ± 0.4), t(59) = 5.3, p = 

0.0001 (Figure 2C). The residual direct path did not remain significant for both the social (path 

c’1), β = 0.2, (95%-CI ± 0.9), t(59) = 0.5, p = 0.65, as well as the conditioned cue effects (path 

c’2), β = -0.06 (95%-CI ± 0.7), t(59) = -0.3, p = 0.74.  

Expectancy mediates effects on SCR 
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Next, we tested whether expectation also mediated social or cue effects on SCR. As 

described above, social information and conditioned cues significantly influenced expectancy of 

pain. Further, expectancy positively correlated with SCR (path b, see also Suppl. Fig. S1), β = 

0.01 (95%-CI ± 0.0), t(59) = 3.5, p = 0.0002 (see also Suppl. Fig. S1). In parallel to the effects on 

pain reports, social information effects on SCR were fully mediated by expectations, mediated 

path (a*b) β = 0.13 (95%-CI ± 0.08), t(59) = 3.5, p < 0.0001. Even in the absence of a significant 

direct effect of learning cues on pain GSR, individual and trial-wise differences in expectancy 

had a significant mediating effect, β = 0.01 (95%-CI ± 0.0), t(59) = 3.1, p = 0.0009. In these 

models, the residual direct path c’ was not significant for both social information (path c’1), β = -

0.01 (95%-CI ± 0.10), t(59) = -0.28, p = 0.81, and learning cues (path c’1), β = -0.02 (95%-CI ± 

0.04), t(59) = -1.45 p = 0.18. This demonstrates that only when participants expected more or 

less pain based on social information or learning cues, they showed an increased autonomic 

response to painful stimulation. 

Time course of effects on expectancy and pain 

Given that participants had to learn the association between Gabor cues (CueHIGH versus 

CueLOW) and pain level by experience, we next investigated the role of TIME (trial number) and 

of interactions between TIME with CUE and SOCIAL effects (see Suppl. Fig S2). We found a 

significant TIME*CUE interaction effect on expectancy ratings, β = 0.02 (95%-CI ± 0.02), t(59) 

= 2.9, p = 0.0056, indicating that participants learned to expect more pain for the CueHIGH 

compared to the CueLOW over time. The TIME*CUE interaction effect on pain ratings also 

approached significance (β = 0.01 (95%-CI ± 0.01), t(59) = 1.92, p = 0.06).  In parallel, the 

influence of social information on expectancy ratings decreased slightly over time, β = -0.03 

(95%-CI ± 0.02), t(59) = -3.1, p = 0.0030, but remained strong across all trials (see Suppl. Fig 
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S2). The TIME*SOCIAL interaction effect on pain ratings was not significant (p = 0.16), 

indicating that pain ratings were influenced by the social information across the entire 

experiment (see Suppl. Fig. S2). 

Debriefing questionnaire 

Participants rated the usefulness of the social information as slightly higher (mean 0.46 

on VAS from 0-1) than the usefulness of the cues (mean rating 0.35), t(57) = 2.1 , p = 0.045.  

Interestingly, whereas most participants rated the social information as moderately useful, the 

usefulness ratings for the cues had a bimodal distribution (see Suppl. Fig. S5), indicating that 

most participants did not find them useful, whereas some participants (the ‘learners’) found them 

very useful.  Individual usefulness ratings of social information correlated strongly with 

individual differences in social influence effects on pain (r = 0.44 , p < 0.001), whereas 

usefulness ratings for the cues correlated very strongly with cue effects on pain (r = 0.55, p < 

0.001). In line with these findings, only 47% of the participants correctly identified the CSHIGH in 

the forced choice question, indicating that only a subset of learners explicitly learnt about the cue 

contingency (see Supplementary Materials for more results and an in depth discussion of 

individual differences).  

 

Discussion 

Social influences are effects mediated by a person’s beliefs about the mental states or 

behaviors of others on one’s own behavior and experience. Here, we tested a social influence 

paradigm that manipulated beliefs about others’ experience using simple visual displays of lines, 

which indicated putative pain ratings of other individuals (Yoshida et al., 2013), and examined 

the effects of this manipulation on subjective experience ratings and SCR responses to pain. Our 
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results show strong and persistent influences of social information on both pain reports and pain-

evoked SCRs. We tested these effects alongside classically conditioned, cue-based pain 

modulation in the same paradigm, which has been shown previously to impact subjective, 

autonomic, and brain measures related to pain, at least when accompanied by instructions about 

the cue contingency (e.g., Atlas et al., 2010; Colloca, Sigaudo, & Benedetti, 2008). Here, social 

information without conditioning produced stronger effects on pain and pain-related SCRs than 

non-instructed conditioned cues. Furthermore, the effects of both social information and cues 

were fully mediated by reported expectancies, suggesting expectation as a common mediator 

underlying both conditioned and unconditioned social influences on pain.   

These findings are informative regarding a longstanding debate; namely, whether social 

conformity effects reflect only changes in overt behavior or also internal affective processes 

(Cialdini & Goldstein, 2004; Deutsch & Gerard, 1955). The effects of both non-reinforced social 

and reinforced conditioned cues on pain report demonstrate effects on the ‘gold standard’ 

measure of pain experience in clinical and research settings. The effects on SCR demonstrate 

that social influences go beyond response biases or decision-making to directly affect processes 

mediated by descending brainstem-autonomic circuits.  

Together, these findings converge with other evidence in suggesting three broad 

conclusions.  First, the influences of non-reinforced social informational cues can originate 

purely from conceptual processes, rather than low-level plasticity or automatic, evolutionarily 

afforded responses to prepared stimuli.  Second, conditioned cue effects on physiological 

responses to pain may depend (at least in this paradigm) on explicit, conceptual learning 

processes, as only participants who learnt the cue contingency, showed these effects.  And third, 

‘information-based’ influences, which originate in socially instructed belief, can influence 
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internal affective responses, including pain-related processes critical in clinical settings and for 

avoidance learning across all areas of psychology. These ‘information-based’ social influences 

may even be more powerful in their effects on pain than the effects of purely experience-based 

learning (see, e.g., Kirsch, 2004).  

Relationships with conformity, demand characteristics, and other social instruction effects 

Many forms of social and cognitive influence are assumed to be caused by effects on 

decision-making and sociocultural display.  Conformity refers to changes in one’s behavior in 

order to match the responses of others (Cialdini & Goldstein, 2004), and is thought to be driven 

by affiliation goals (e.g. to be more similar to and liked by others) and accuracy goals (when 

others provide useful information) (Cialdini & Goldstein, 2004; see also Deutsch & Gerard, 

1955).  Demand characteristics (Nichols & Maner, 2008; Orne, 1962) are related to conformity, 

and refer to a desire on the part of research subjects to alter their reports and behavior to meet the 

expectations of experimenters or the situation—i.e., participants want to be “good subjects” and 

so report what they think they should report. All of these effects are assumed to be effects on 

decision-making and behavior independent of underlying experience and physiology.  In 

principle, any measures of self-reported subjective experience may be driven by demand 

characteristics.  However, self-reports are the gold-standard measure used to probe subjective 

experiences in the vast majority of studies of emotion, attitudes, beliefs, and pain.  Unless 

subjective ratings are collected, effects on experience cannot be inferred. The researcher is left 

with a conundrum: Subjective experience ratings are essential for demonstrating treatment 

effects on pain and emotion, but they provide limited information on how deep and 

physiologically meaningful those effects are.  They may reflect fundamental changes in 

experience, or later-stage effects on communicative behavior. 
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One solution lies in the collection of other, objective measures that can corroborate 

treatment effects on reported experience.  Our effects on SCRs are mediated by descending 

brainstem regulation of (primarily) the sympathetic nervous system, and are incompatible with 

demand characteristics as originally formulated and commonly used today. In addition, we 

conducted debriefing interviews (Suppl. Fig. S5) and administered the Marlowe Crowne social 

desirability scale to check for signs of demand characteristics, and did not find any relationships 

with social influence effects on pain (see Supplementary Materials). 

The alternative, which is most plausible here, is that social information affected the 

processing of nociceptive signals that give rise to pain, and that these changes affected pain 

experience and thus pain reports.  That does not mean that all of the very strong effects on pain 

reports we observed are mediated by changes in underlying experience, and some portion of the 

effect may still be decision- or communication-related, as we and others have found previously 

in studies of placebo effects (Martini, Lee, Valentini, & Iannetti, 2015; Wager, Matre, & Casey, 

2006).  

An effect on underlying experience is also consistent with the time course of expectation 

and pain ratings (see Suppl. Fig. S2), which indicated that the influence of social information 

remained very large throughout the experiment. In other words, despite the lack of any 

systematic reinforcement of social information with variations in actual stimulus intensity, 

participants did not learn to ignore or disbelieve the social information. This finding is in line 

with the idea that social information actually affects pain experience and the ‘teaching signals’ 

that update expectations. Similar confirmation effects on learning have been found in other 

domains (e.g. Biele, Rieskamp, & Gonzalez, 2009; Doll, Jacobs, Sanfey, & Frank, 2009) induced 

by experimenter instructions. Given the strong social influence effect on reported pain 
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experience and physiological responses, the teaching signal might have been altered, potentially 

turning the social information into a self-fulfilling prophecy.  

Relationship with placebo analgesia, learning, and other expectancy effects 

Autonomic responses have been previously shown to be influenced by several 

expectancy-related effects, including placebo effects (caused by administration of a sham drug) 

and psychological stressors. However, it has not been clear that (a) expectations themselves are a 

critical and sufficient ingredient in these effects, and (b) that pain-related autonomic responses 

can be modified by purely informational manipulations.  

For example, several recent studies have shown placebo effects on SCRs, (Eippert et al., 

2009; Geuter, Eippert, Attar, & Büchel, 2013; Nakamura et al., 2012), which might suggest 

influences of expectations.  However, a closer look at these studies suggests that reliable effects 

of placebo treatment on SCR have mainly been produced by studies that use a combination of 

classical conditioning and experimenter instructions as part of the placebo manipulation.  

Classically conditioned autonomic effects can be produced by the brainstem alone, without the 

forebrain or cortex, and likely depend on learning in cerebellar-brainstem circuits (for review see 

Berntson & Micco, 1976). Thus, it may not be ‘expectation’ or related conceptual processes that 

affect SCR in these studies.  In the present study, we independently manipulated socially 

instructed information and classical conditioning to disentangle socially transmitted instructions 

from experience-based learning. The results demonstrate that expectancies fully mediated social 

effects on both SCRs and pain reports. In addition, conditioned cue effects on SCRs were only 

apparent in participants who became consciously aware of the cue-heat contingency. Both effects 

suggest that expectation is a critical ingredient in modulating autonomic responses to pain. 
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Effects of social cues on pain physiology are similarly rare in the literature, and most of 

these may be explained in terms of basic affective responses to threatening cues. Previous studies 

have shown effects of social cues such as facial expressions on pain reports (Colloca & 

Benedetti, 2009; Reicherts, Gerdes, Pauli, & Wieser, 2013; Valentini, Martini, Lee, Aglioti, & 

Iannetti, 2014) and SCRs to threat cues (Olsson & Phelps, 2004). However, to our knowledge, no 

previous studies have shown clear effects of unreinforced social information on pain. Social cues 

like facial expressions may not be purely informational: These cues may serve as evolutionarily 

conserved, affective signals that trigger physiological responses in their own right (e.g.,Jackson, 

Meltzoff, & Decety, 2005; Singer et al., 2004). By contrast, the social information presented in 

this study consisted of simple visual displays of lines, which are abstract representations of other 

people’s pain.  Thus, in sum, we show that physiological responses to pain can be modulated by 

an informational social influence manipulation, even in the presence of more reliable conditioned 

cues. 

 The present findings are therefore important for the understanding of placebo and nocebo 

effects on pain, and other composite manipulations that influence both expectations and lower-

level learning processes. They demonstrate that both unreinforced social information as well as 

experience-based learning can modulate expectations and experience of pain, independently of 

each other. Expectations may constitute a common pathway of social and experience-based 

effects on pain (Colloca & Miller, 2011; Kirsch, 1985), yet it remains an open question whether 

the neural mechanisms driving these two types of pain modulation are common or distinct (see 

Suppl. Materials for a discussion of different personality predictors of social influence and 

learning cue effects on pain).  
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Potential brain mechanisms of social modulation of pain 

Recent brain imaging studies (Campbell-Meiklejohn, Bach, Roepstorff, Dolan, & Frith, 

2010; Izuma & Adolphs, 2013; Klucharev, Hytönen, Rijpkema, Smidts, & Fernández, 2009) 

have demonstrated that detecting mismatch between one’s own and other people’s judgments 

evokes behavioral adjustments towards the social norm, and is paralleled by activity in dorsal 

mediofrontal cortex (dMFC), insula, and dorsolateral prefrontal cortex, suggesting a domain-

general system for the detection and regulation of social conflict (Koban, Pichon, & Vuilleumier, 

2014). Moreover, social adjustment also changes stimuli-related activation in brain regions 

related to reward processing and decision-making such as the ventral striatum and orbitofrontal 

cortex (Zaki, Schirmer, & Mitchell, 2011). One recent fMRI study demonstrated brainstem 

activity related to the uncertainty of partially reinforced social information (Yoshida et al., 2013), 

but so far, no study has investigated whether pain-specific neurophysiological activity is 

modulated by unreinforced social information and how these processes differ from conditioned-

cue effects on pain. Future neuroimaging studies are needed to characterize the brain mediators 

of social compared to experience-based effects on pain report and physiology.  

Limitations 

There are several potential caveats and limitations to consider.  We note that the relative 

strength of the social influence, compared to the conditioning, effects in our findings may be 

partially due to some of the characteristics of the experimental design. Presenting learning cues 

at the same time as the social information might increase processing load and reduce 

participants’ ability to accurately track social prediction errors and the value of the two abstract 

learning cues. The social information might have been more salient or easier to process than the 

difference between the two Gabor patches serving as conditioning cues. In addition, many 
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demonstrations of conditioned pain modulation use conditioning reinforced by explicit 

instructions about which cues are associated with high vs. low pain (e.g., Atlas et al. 2010), thus 

potentially enhancing effects relative to those in the present experiment, which were learned 

solely through experience.  Thus, we make no strong claims about the relative strength of 

conditioning vs. social influence in general.   

We also note that we did not find clear SCRs in response to the presentation of the 

conditioned cues and the social information. Cue-evoked SCR might have indicated that either 

conditioned cues or social information (or both) were affectively arousing, with potential 

consequences for pain modulation. However, the absence of such effects may suggest that both 

types of cues may have had mainly informational value and that they were not highly arousing 

by themselves. In addition, they confirm that the pain-evoked SCR were evoked by the pain 

itself, and not confounded by residual cue-related SCR.  More studies are needed to test whether 

the simultaneous presentation of two types or information may have influenced the results, e.g. 

by drawing attention to the potentially more salient social information and away from the 

abstract conditioning cues.   

Further, an interesting possibility is that expectation ratings, as well as the social 

information itself, may serve as an anchor from which to adjust when performing pain ratings 

(Slovic & Lichtenstein, 1971; Tversky & Kahneman, 1974). However, high versus low social 

information also significantly predicted SCR, ruling out that the link between expectancy and 

pain ratings is purely driven by response biases. Further, a control experiment, which did not 

include expectation ratings, yielded highly similar results (see Suppl. Materials).  Future studies 

may also test the effect of social information on SCR without measuring any behavioral pain 



SOCIAL INFLUENCE EFFECTS ON PAIN   21 

 21 

ratings.  More research is needed to understand the different levels on which social information 

influences perception, emotion, and behavior. 

 

Conclusions 

This study demonstrated strong effects of unreinforced social information on pain reports 

and physiology, even in the presence of more reliable and predictive information about 

upcoming pain. In parallel, experience-based learning cues modulated pain, but only for those 

participants who were explicitly aware of the cue-pain-contingency. This demonstrates a crucial 

mediating role of conceptual processes and consciously accessible expectations on endogenous 

pain regulation. Future brain imaging studies are needed to characterize the mechanisms 

underlying social and learning-based influences on pain. 
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Figures 

Figure 1 

 

 

Figure 1 – Experimental design of the pain-learning task. Each trial started with the 

presentation of two cues. Participants were told that each of ten vertical lines on a horizontal 

visual analog scale (VAS) reflected the pain ratings of previous participants. This social 

information could either indicate low (SocialLOW) or high (SocialHIGH) others’ pain ratings. 

Unbeknown to participants, this information was actually not predictive of the actual stimulus 

temperature. Additionally, participants were presented with one of two Gabor patches with 

different orientation (35° and 55° angle). One gabor patch (CSLOW) was followed by low-to-

medium (47 or 48°C), the other Gabor patch (CSHIGH) with medium-to-high (CH, 48 or 49°C) 

heat stimulation. Following the presentation of the two cues, participants had to indicate how 
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much pain they expected and were then stimulated with short (1s) heat to the left forearm. After 

the heat stimulation, they had to rate on a VAS how much pain they actually felt. 
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Figure 2 

 

 

 

Figure 2 – Results of the learning task. A) Pain ratings showed significant effects of 

stimulus temperature, of social information, as well as cue value (CSLOW vs. CSHIGH). The bar 

plot illustrates the effects of interest for medium temperature trials. B) SCR to pain were also 

characterized by effects of temperature, as well as social information. The lower panel bar plot 

illustrates these effects for medium temperature trials. C and D) Multi-level mediation models 
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demonstrated that the effects of both social information and of CS on pain report (C) and on SCR 

(D) were fully mediated by expectancy ratings. 

 


