
Petereit et al.       Social presence and empathy 

 1

Effects of social presence on behavioural, neural and physiological aspects of 1 

empathy for pain 2 

 3 

Abbreviated title: Effects of social presence on empathy for pain 4 

 5 

Pauline Petereit1,2 *, Ronja Weiblen1,2,3, Anat Perry4, Ulrike M. Krämer1,2,5 * 6 

 7 

 8 

1 Department of Neurology, University of Lübeck, 23562 Lübeck, Germany 9 

2 Center of Brain, Behavior and Metabolism (CBBM), University of Lübeck, 23562 Lübeck, Germany 10 

3 Department of Psychiatry and Psychotherapy, University of Lübeck, 23562 Lübeck, Germany 11 

4 Psychology Department, Hebrew University of Jerusalem, Jerusalem, Israel 12 

5 Department of Psychology, University of Lübeck, 23562 Lübeck, Germany 13 

 14 

 15 

* Corresponding authors: Pauline Petereit, pauline.petereit@neuro.uni-luebeck.de; Ulrike M. Krämer, 16 

ulrike.kraemer@uni-luebeck.de 17 

Number of pages: 34 18 

Number of figures: 5 19 

Number of tables: 1 20 

Number of words in abstract: 241 21 

Number of words in introduction: 643 22 

Number of words in discussion: 1482 23 

 24 

Conflict of interest statement: “The authors declare no competing financial interests.” 25 

 26 

Acknowledgements:  27 

UMK is supported by the German Science Foundation (grant number KR3691/8-1). We thank Lou Maria 28 

Lütjohann, Celina Mävers, Marthe Mieling, Leah Reinicke, Ellyn Sänger and Jasmin Thurley for help 29 

with data collection and pre-processing, and Charlotte Petereit for help with the figures.  30 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted September 17, 2022. ; https://doi.org/10.1101/2022.09.14.507943doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.14.507943
http://creativecommons.org/licenses/by-nc-nd/4.0/


Petereit et al.       Social presence and empathy 

 2

 31 

Abstract 32 

Social interactions are rich in cues about others’ mental and emotional states, and these cues have 33 

been shown to facilitate empathy. As more and more social interactions shift from direct to mediated 34 

interactions with reduced social cues, it’s possible that empathy is affected. We tested whether 35 

behavioural, neural and physiological aspects of empathy for pain are reduced in a video-mediated 36 

interaction. To this end, 30 human participants (23 females, 7 males) observed one of 5 targets (all 37 

female) undergoing painful electric stimulation, once in a direct interaction and once in a live, video-38 

mediated interaction (within-subject design) while EEG was measured. On a behavioural level, we 39 

found that observers were as accurate in judging others’ pain via video as in a direct encounter and 40 

reported the same level of distress. On the neural and physiological levels, the theta response to others’ 41 

pain and skin conductance coupling in the dyad were reduced in the mediated condition. Other 42 

measures, including mu suppression (a common marker of pain empathy), were not affected by 43 

condition. To conclude, a video-mediated interaction did not impair the cognitive aspects of empathy 44 

for pain, i.e., understanding the other accurately. However, the reduced theta response and reduced 45 

skin conductance coupling suggest that physical proximity with its rich social cues is important for other 46 

stimulus-driven physiological responses that may be related to resonance with the other’s experience. 47 

Our results encourage more research on the role of social presence for different empathy components.  48 

 49 

Key words: social presence, pain empathy, empathic accuracy, mu suppression, physiological 50 

coupling 51 

 52 

Significance Statement 53 

In mediated interactions (e.g. video calls), less information is available about the other. However, no 54 

study so far has investigated how this affects our empathy for one another. Here we show in human 55 

dyads that while some cognitive and affective aspects of pain empathy are unchanged in a video-56 

mediated compared to direct interaction, some neural and physiological aspects of pain empathy are 57 

reduced. These results imply that there are neurocognitive consequences to remote social interactions, 58 

warranting future studies to confirm these results and to understand their behavioural significance.  59 

 60 

 61 

 62 
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Introduction 63 

Over the last decades, many social interactions in private life and at work, including medical and 64 

psychotherapeutic contexts, have shifted from personal encounters to mediated interactions such as 65 

video calls. These mediums provide less detailed social cues and information channels and limit 66 

opportunities for immediate, reciprocal interaction compared to personal interactions. These factors are 67 

sometimes referred to as intimacy and immediacy, and together they contribute to the degree of social 68 

presence offered within social interactions  (Cui et al., 2013; Short et al., 1976; see Biocca et al., 2003, 69 

for alternative accounts of social presence). Given the reduced social presence of mediated 70 

interactions, the question arises of how this changes our ability to share and understand others’ affective 71 

states, i.e., our ability to empathize (Decety & Jackson, 2004; Shamay-Tsoory, 2011). Focusing on 72 

intimacy, we asked how the reduction of social cues – using a video call versus a direct interaction – 73 

affects empathy. We used empathy for pain as a well-established model to investigate the behavioural, 74 

neural and physiological aspects of empathy (Singer & Lamm, 2009).  75 

Empathy for pain is a multifaceted process, including an affective response, feelings of distress 76 

and empathic care towards the person suffering (Goubert et al., 2009; Lamm et al., 2007; Singer & 77 

Lamm, 2009), as well as cognitive processes. The latter are sometimes measured as empathic 78 

accuracy, which is the accuracy of one’s perception of the other’s pain (Laursen et al., 2014; Zaki et al., 79 

2009b). 80 

On the neural level, empathy for pain has been associated with mu suppression in the EEG: 81 

reduced power between 8 and 13 Hz over the somatosensory cortex (Cheng et al., 2008; Gallo et al., 82 

2018; Peled-Avron et al., 2018; Peng et al., 2021; Perry et al., 2010a). Mu suppression has been linked 83 

to higher empathic accuracy (Goldstein et al., 2018) and might aid empathy by representing the other’s 84 

bodily state in one’s own somatosensory system (Riečanský & Lamm, 2019). Other studies examined 85 

mid-frontal theta activity (4–8 Hz) as a possible electrophysiological component of empathy (Mu et al., 86 

2008; Peng et al., 2021) and own pain experience (Misra et al., 2017; Peng et al., 2021; Ploner et al., 87 

2017). Mid-frontal theta is thought to indicate activity in the anterior cingulate cortex (ACC, Mitchell et 88 

al., 2008; van der Molen et al., 2017), which is often reported in fMRI studies on empathy for pain and 89 

is associated with the negative affect during own and others’ pain (Fallon et al., 2020).  90 

Finally, several studies suggest that physiological “coupling” (in cardiac activity or skin 91 

conductance), i.e., aligning to the physiological state of someone in pain, might reflect empathic sharing 92 
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and facilitate understanding of the other (Goldstein et al., 2017; Jospe et al., 2020; Reddan et al., 2020; 93 

Zerwas et al., 2021).  94 

Humans respond to social cues such as facial expressions or eye contact by sharing the other’s 95 

emotional state (Ensenberg et al., 2017; Hess, 2021; Perry et al., 2010b). Reducing the availability of 96 

social cues and thereby the intimacy of the interaction may thus reduce affective resonance and impair 97 

understanding of others. To test the effect of intimacy on empathy for pain in the current study, pairs of 98 

participants underwent an empathy-for-pain paradigm in two conditions: one direct, face-to-face 99 

interaction and one interaction mediated via real-time video transfer. In both conditions, one participant 100 

(the target) received painful electrical stimulation while the other (the observer) was watching. We 101 

measured EEG from the observer and behavioural, cardiac and skin conductance responses from both 102 

members of the dyad. We hypothesized that the reduced level of intimacy in mediated compared to 103 

direct interactions diminishes empathic accuracy (Agahi & Wanic, 2020; Jospe et al., 2020; Zaki et al., 104 

2009a) and affective empathy (Bogdanova et al., 2022; Ionta et al., 2020). We also expected it to reduce 105 

neural and physiological responses to another’s pain and physiological coupling within the dyad (Murata 106 

et al., 2020).  107 

 108 

Methods 109 

Participants 110 

Five female psychology students were recruited as targets. Only females were recruited for the targets 111 

to reduce possible gender effects over the dyads. They were on average 19.8 years old (SD = 0.75). 112 

Thirty psychology students (7 males, 23 females, mean age(SD) = 24.07(4.68) years) were recruited 113 

as observers. A priori power analyses with data simulations using the simr package (Green & MacLeod, 114 

2016) in R showed that this sample size is sufficient to detect a small effect (f2 = 0.02) of condition on 115 

empathic accuracy (measured via an interaction effect between shock intensity and direct vs. mediated 116 

condition; see below for statistical analyses) with a power of at least 0.98 (depending on exact model 117 

structure). For both targets and observers, exclusion criteria were current psychiatric or cardiovascular 118 

and past or current neurological disorders, current or chronic pain conditions or current pain-medication 119 

intake. For one observer, all physiological data from the own-pain condition had to be excluded because 120 

of missing stimulus triggers. Skin conductance and electrocardiogram (ECG) data from one target 121 

(mediated-interaction condition) were missing due to a technical error. Skin conductance data from two 122 
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observers could not be analysed due to poor data quality. These dyads were excluded from all analyses 123 

of the missing outcome variable. Targets received €10 per hour; observers received course credit or 124 

€10 per hour. All participants provided written informed consent prior to taking part in the study, 125 

including consent for video-recording them and showing the videos to other work group members, and 126 

in case of the targets, showing the videos to other participants in future studies. The experiment was 127 

carried out according to the Declaration of Helsinki and was approved by the Ethics Committee of the 128 

University of Lübeck.  129 

 130 

Experimental design 131 

Each target interacted with six different observers on six different study days. Observers came to the 132 

lab once for one session (two interactions) with one target. For the observers, there were three 133 

conditions (within-subject design, see Fig. 1A). In the “own pain” condition, the observer was alone in 134 

the laboratory and received electric shocks. This ensured that observers knew what the electric shocks 135 

felt like. In the “direct interaction” condition, observer and target sat opposite each other at a table, and 136 

the target received electric shocks while the observer watched. In the “mediated interaction” condition, 137 

target and observer sat in adjacent rooms and saw each other over a real-time video transmission. 138 

Observers watched the same target in the latter two conditions and rated the observed pain experience 139 

of the target. Targets rated their own pain experience. In all conditions, skin conductance and ECG 140 

were recorded from both participants, and EEG was recorded from the observer. The “own pain” 141 

condition was always carried out first, and the order of “direct interaction” and “mediated interaction” 142 

conditions was pseudo-randomized over participants. In the latter two conditions, targets’ and 143 

observers’ behaviour was video-recorded.  144 

 145 

Stimulus calibration 146 

Prior to the pain task, pain stimuli were calibrated to the subjective pain thresholds of the participants 147 

(the observers in the “own pain” condition, and the targets prior to the first interaction condition). To this 148 

end, participants received electric shocks starting from 0 mA, increasing in amplitude in steps of 0.5 149 

mA. They were required to rate each stimulus on a scale from 0 (“not perceivable”) to 8 (“strongest pain 150 

imaginable”). As soon as they rated a stimulus with “7” (“unbearably painful”), stimuli were decreased 151 

in amplitude (again in steps of 0.5 mA) until participants rated the stimulus as “0” or an amplitude of 0 152 
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mA was reached. The procedure was then repeated once more with increasing stimulus intensity. The 153 

stimulus intensity that was rated as 1 (“noticeable”) in this last round was used as the lower limit for the 154 

stimuli presented during the task, with the stimulus intensity rated as 6 (“extremely painful”) used as the 155 

upper limit.  156 

 157 

Pain task 158 

The pain task itself was adapted from Rutgen and colleagues (2015). Electric shocks were delivered 159 

using a DS 5 isolated bipolar constant current stimulator (Digitimer) and a bar electrode (Digitimer, two 160 

electrodes with 9-mm diameter, 30 mm apart) attached to the back of the right hand. The skin under 161 

the electrode was treated with an abrasive paste and conductive gel to reduce the electric resistance 162 

of the skin.  163 

Each trial started with an auditory cue lasting 500 ms that did not predict the shock stimulus 164 

intensity. At 1000 ms after the cue, the electric shock was delivered for 500 ms (series of 2-ms electric 165 

pulses, interspersed with approximately 20-ms breaks). After a randomly varying interval (6000–9000 166 

ms), the next trial or the rating followed. In 50% of the trials, participants were prompted to rate the 167 

stimulus by a vocal recording saying, “Please rate”. We included the rating only in 50% of the trials to 168 

keep the duration of the experiment feasible. The rating was given on a tablet computer. Targets rated 169 

how painful the electric shock was for themselves on a visual analogue scale ranging from “not at all 170 

painful” to “extremely painful”. Observers rated how painful they thought the electric shock was for the 171 

target (on the same visual analogue scale) as well as how unpleasant it was for them to watch the 172 

target receive the electric shock (on a visual analogue scale ranging from “not at all unpleasant” to 173 

“extremely unpleasant”). The latter rating served as a measure of affective empathy. Electric shocks 174 

varied in intensity in 20 steps from the intensity the targets had rated as “noticeable” (intensity level 1) 175 

to the intensity they had rated as “extremely painful” (intensity level 20) during the calibration. There 176 

were 80 trials in each condition, and each intensity occurred four times. The order of intensities was 177 

pseudo-random (with no more than four shocks with intensity level higher than 10 or lower than 11 in a 178 

row) but fixed for all participants and conditions. The order of trials that had to be rated was fixed as 179 

well. In the “own pain” condition, the task was the same except that observers rated their own pain 180 

experience on the visual analogue scale. Targets and observers were instructed not to talk or move 181 
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excessively during the task but were otherwise allowed to express their emotions freely. Observers 182 

were instructed to rate the pain of the other as accurately as possible.  183 

 184 

 185 

Figure 1. (A) Schematic overview of experimental conditions. (B) Overview of the analysed outcomes. 186 
 187 

Experimental procedure  188 

Target selection 189 

Before targets interacted with observers, they came to the laboratory alone to familiarize themselves 190 

with the procedures and the stimuli. In this first session, they did the same pain task as in the main 191 

experiment, but with no other person in the room. As in the main experiment, skin conductance and 192 

ECG were recorded. After the first session, targets decided whether they wanted to participate in the 193 

main experiment. Moreover, we used this first session for target selection, as we aimed to recruit only 194 

targets who set the intensity limits of the stimuli during stimulus calibration to a level that was actually 195 

painful. This was important to ensure that we measured actual pain empathy during the main 196 

experiment. We therefore defined the minimum upper intensity limit that targets had to reach during the 197 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted September 17, 2022. ; https://doi.org/10.1101/2022.09.14.507943doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.14.507943
http://creativecommons.org/licenses/by-nc-nd/4.0/


Petereit et al.       Social presence and empathy 

 8

first session to be eligible for the full experiment as within +/-1 standard deviation of the mean upper 198 

intensity limit of a pilot study (resulting in a minimum upper intensity limit of 2.5 mA). We invited seven 199 

potential targets to this first session. Due to the criteria, we had to exclude one target, and one 200 

participant dropped out after the first session, which left five targets for the main experiment. 201 

 202 

Main experiment 203 

For the main experiment, the observer arrived first in the laboratory. After the informed-consent form 204 

was signed, the EEG, skin conductance and ECG measurement equipment as well as the stimulus 205 

electrode were prepared. The pain-calibration procedure was carried out. After five practice trials to 206 

familiarize themselves with the ratings on the tablet computer, participants did the pain task in the “own 207 

pain” condition. Meanwhile, the target arrived in a different room, responded to questionnaires and was 208 

equipped with the electrodes for physiological measurement. As soon as the “own pain” condition was 209 

finished, the stimulus electrode was attached to the target’s right hand, and the target underwent the 210 

pain-calibration procedure. Meanwhile, the observer completed questionnaires. When both were 211 

finished, the experimental tasks started (see “pain task” above; either “direct interaction” or “mediated 212 

interaction” first). Afterwards, target and observer were seated in different rooms again and replied to 213 

post-experimental questionnaires. Finally, observers were debriefed about the aim of the study. Targets 214 

were debriefed only after completing all six sessions.  215 

 216 

Questionnaires 217 

We assessed participants’ age, gender, body weight and height, educational degree, and habits 218 

regarding smoking, caffeine consumption and physical activity. After the experiment, we obtained 219 

participants’ subjective evaluation of the experiment and observers’ evaluation of the target. They also 220 

filled out two personality questionnaires: the Interpersonal Reactivity Index (Davis, 1983; German 221 

version: Paulus, 2009) and the Emotion Regulation Questionnaire (Gross & John, 2003; German 222 

version: Abler & Kessler, 2009). These data are not further evaluated here. 223 

 224 

Physiological data acquisition 225 

Participants were asked to refrain from smoking, exercise, alcohol and caffeine for at least six hours 226 

before the experiment to prevent these factors from impacting the physiological measurements. EEG 227 
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data were recorded with 59 Ag/AgCl electrodes placed on an elastic cap according to the international 228 

10-20-system (using a BrainAmp MR plus amplifier, BrainProducts GmbH,). An online reference 229 

electrode was placed on the left earlobe, while an offline reference electrode was placed on the right 230 

earlobe. Horizontal and vertical EOG were recorded with four electrodes placed next to the outer 231 

corners of the eyes and above and below the left eye, respectively. Sampling rate was 500 Hz, and 232 

data were recorded with an online high pass filter of 0.016 Hz, a low pass filter of 48 Hz and a notch 233 

filter at 50 Hz. Impedances were kept below 5k.  234 

ECG data were recorded with bipolar Ag/AgCl recording electrodes and one reference 235 

electrode, using a 50-Hz notch filter. One of the recording electrodes was placed on the right forearm, 236 

the other one on the left lower calf of the participant (following Einthoven lead II configuration, Einthoven 237 

et al., 1950). Skin conductance was measured with two electrodes placed on the thenar and hypothenar 238 

of the left hand, using a 50-Hz notch filter. An electrode attached to the left forearm served as ground 239 

for both ECG and skin conductance, which were recorded with the same amplifier (BrainAmp ExG, 240 

BrainProducts GmbH). In the “direct interaction” and “mediated interaction” conditions, data from 241 

observer and target were recorded synchronously by connecting all amplifiers to the same USB adapter 242 

feeding the data into BrainVisionRecorder (version 1.21.0102, BrainProducts GmbH).  243 

 244 

Physiological data processing 245 

EEG data  246 

All pre-processing was done in EEGLAB, version 2020.0 (Delorme & Makeig, 2004), implemented in 247 

MATLAB R2019b (The Mathworks). Data were re-referenced to the right earlobe, and bipolar horizontal 248 

and vertical EOG channels were computed. Consistently bad channels (mean number = 2.01, range = 249 

0 to 8 channels per participant and condition) and data segments with large artefacts were removed 250 

from the data (resulting in on average 1.6% of removed trials per participant and condition in the final 251 

epoched data). A bandpass filter was applied (finite impulse response filter, lower limit: 1 Hz, upper 252 

limit: 40 Hz, filterorder: 16500). Next, independent component analysis (ICA; implemented with the 253 

runica function in EEGLAB) was used for ocular artefact correction.  Independent components that were 254 

clearly related to eye blinks or horizontal eye movements based on topography and time course were 255 

visually detected and removed (ranging from 2 to 6 components per participant). Afterwards, the 256 

weights of the remaining components were projected onto the original unfiltered data (Stropahl et al., 257 
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2018). Channels that had been removed before the ICA were interpolated (spherical interpolation); For 258 

some participants additional bad channels (mean number = 0.44, range = 0 to 3 channels per participant 259 

and condition) had to be interpolated. Data were then filtered with a bandpass filter with a lower limit of 260 

0.2 Hz and an upper limit of 40 Hz (Finite impulse response filter, filter order = 16500, hamming window). 261 

Afterwards, data were segmented into stimulus-locked epochs of 4500-ms lengths (1000 ms before 262 

and 3500 ms after stimulus onset) and baseline-corrected to 1000 ms before stimulus onset. A voltage 263 

threshold (between -70/70 V and -100/100 V) was manually set for each participant in a way that all 264 

trials with non-ocular artefacts were removed. The number of rejected trials varied from 0 to 31% per 265 

participant and condition and did not differ between conditions (M = 13% in all conditions). 266 

For the time-frequency analysis, single-trial data of all electrodes were convolved with a 267 

complex Morlet wavelet as implemented in MATLAB (function cwt with parameter specification ‘cmor1-268 

1.5’):  269 

𝜔(𝑡) = (𝜋𝑓௕)
ି଴.ହ𝑒ିଶగ௜௙೎௧𝑒

ି
௧మ

௙್ , 270 

where fb = 1 is the bandwidth parameter, and fc = 1.5 is the wavelet center frequency. Specifically, for 271 

each participant, changes in time-varying energy were computed (square of the convolution between 272 

wavelet and signal) in the frequencies (1–40 Hz, linear increase) for the 1500 ms after shock onset. 273 

Power values were converted to decibels with respect to an average baseline from 500 to 50 ms before 274 

stimulus onset (Cohen, 2014). For analyses of peak-frequency power (see next paragraph), we 275 

subtracted the averaged data from 500 to 50 ms before stimulus onset as a baseline correction. 276 

To analyse mu suppression, we determined the individual peak frequency of mu power for each 277 

participant by using the restingIAF toolbox (Corcoran et al., 2018). Frequency peaks in the range from 278 

8 to 13 Hz were detected in the baseline data from 1000 to 0 ms before shock onset in the “own pain” 279 

condition at central electrodes (C1, C2, C3, C4, C5, C6, CP1, CP2, CP3, CP4, CP5, CP6, FC1, FC2, 280 

FC3, FC4, FC5, FC6). For each detected frequency peak, the difference in average power between 281 

baseline (-1000 to 0 ms) and stimulation (0 to 1000 ms after shock onset) was calculated. The electrode 282 

and corresponding peak frequency with the strongest shock-related desynchronization for each 283 

participant was chosen for all further analyses. In 16 participants, a clear peak frequency was 284 

detectable. Peaks occurred at all possible frequencies except 9 Hz, and at the following electrodes: C1, 285 

C4, C3, CP2, CP3, C6, CP6, FC6, and FC2. The remaining 13 participants did not show a peak 286 
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frequency, and for them data from the most frequent peak frequency and electrode were used (11 Hz 287 

at C4). 288 

 289 

ECG data  290 

ECG data were loaded into EEGLAB, filtered with a bandpass filter (lower: 1 Hz, upper: 30 Hz, finite 291 

impulse response filter, filterorder = 8250) and segmented into epochs of 2 s before and 8 s after 292 

stimulus onset for the stimulus-locked analyses. The MATLAB function findpeaks was used to detect 293 

the r-peaks in the segmented as well as the continuous data (for additional analyses of physiological 294 

coupling). Afterwards, data were visually screened for wrongly assigned or missing r-peaks. Data 295 

sections containing extrasystoles or otherwise undetectable R-peaks were treated as missing values. 296 

The interbeat interval (IBI) in ms was calculated for every pair of heartbeats and used as IBI value for 297 

each original data point in between the two heartbeats. In this way, the IBI trace had the same time 298 

resolution as the original data. For the analysis of condition differences in IBI responses to shocks, the 299 

mean IBI from 2 to 5 s after cue onset (Sperl et al., 2016) was computed and baseline-corrected to the 300 

mean of the 2 s before cue onset.  301 

 302 

Skin conductance data  303 

Skin conductance responses (SCRs) were analysed using the Ledalab-Toolbox (Benedek & 304 

Kaernbach, 2010, version 3.4.8) in Matlab. Data were downsampled to 50 Hz, smoothed and visually 305 

screened for strong artefacts, which were spline-interpolated. Afterwards, a continuous deconvolution 306 

analysis was conducted to separate phasic from tonic skin conductance activity (Benedek & Kaernbach, 307 

2010). In the following, the mean phasic driver activity 1–4 s after shock onset was used for analyses 308 

(for targets’ SCR in physiological coupling). For the observer data (condition differences and 309 

physiological coupling), four different time lags (1–4 s) were considered to account for a time lag in the 310 

observer’s response to the target’s pain expression. 311 

 312 

Statistical analyses  313 

We first outline the general statistical analysis approach before specifying the details. One set of 314 

statistical analyses examined the observers’ responses to the targets’ pain (empathic accuracy, 315 

unpleasantness ratings, neural and physiological responses; see Fig. 1B, left side). In these analyses, 316 
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the predictors, shock intensity, condition (direct vs. mediated) and their interaction were tested. A 317 

significant effect of shock intensity indicates that the observer’s responses are influenced by the other’s 318 

pain and are therefore interpreted as empathic. A significant effect of condition indicates that social 319 

presence generally changes the observers’ behaviour and physiology, whereas an interaction between 320 

shock intensity and condition indicates that social presence alters the sensitivity to another’s pain. The 321 

second set of analyses examined physiological coupling between observer and target responses (see 322 

Fig. 1B, bottom). In these analyses, the targets’ responses, the condition (direct vs. mediated) and their 323 

interaction served as predictors. A significant effect of targets’ responses indicates that observers’ and 324 

targets’ responses are generally coupled, whereas an interaction with condition indicates stronger 325 

coupling in one condition compared to the other.  326 

In both sets of analyses, (generalized) linear mixed models with single trials (Level 1) nested 327 

in observers (Level 2) and observers nested in targets (Level 3) were calculated. For theta activity, 328 

responses were averaged over trials. For the peak-mu analysis, permutation tests over the whole time 329 

course were conducted, as there was no predefined time window. To test for effects of intensity, 330 

condition and their interaction beyond mu suppression, exploratory permutation tests on the whole EEG 331 

data space were conducted.  332 

To assess the robustness of the findings, the analyses of mu, IBI and SCRs were repeated with 333 

data averaged over trials. In these analyses, the factor intensity was dichotomized into low and high 334 

intensity (low: 1 to 10; high: 11 to 20). The results of these analyses are not reported, as they did not 335 

differ from the single-trial results. In the figures, data are dichotomized into low and high intensities for 336 

display purposes only. Permutation tests were carried out in MATLAB (version R2019b, The 337 

Mathworks), and all other statistical analyses were carried out in R (version 4.0.2, R core team). 338 

 339 

Behavioural data 340 

To test for condition differences in empathic accuracy, we conducted a negative binomial generalized 341 

linear mixed model (using the function glmer.nb in the lme4 package in R, Bates et al., 2020) on 342 

observers’ single-trial ratings of the other’s pain (Lawless, 1987). To find the best random slopes 343 

structure, first models with the full fixed-effects structure and different random slopes were compared 344 

using the Akaike Information Criterion (AIC, Akaike, 1998). An AIC difference greater than 2 was set as 345 

the threshold for a significant difference (Burnham & Anderson, 2004). Then one fixed predictor after 346 
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the other was added to the model with the optimized random-effects structure, and only predictors that 347 

significantly improved the model were kept. The same procedure was used to test for differences in 348 

unpleasantness ratings between the conditions.  349 

 350 

EEG data  351 

To test whether mu suppression was modulated by shock intensity (20 levels), condition (direct vs. 352 

mediated) or their interaction, permutation tests were conducted on the mu peak-frequency power 353 

within the window from -500 to 1500 ms after stimulus onset (see Cohen, 2014). To test for effects of 354 

shock intensity on mu suppression, Spearman correlations between normalized single-trial power and 355 

single-trial shock intensity were calculated for each data point and across participants. This yielded a 356 

time course of correlation coefficients between peak-frequency power and shock intensity. Correlation 357 

values were z-transformed by comparing them to a permutation-based null-hypothesis distribution 358 

(based on randomly shuffling over trials 1000 times). To correct for multiple comparisons, a maximum 359 

value correction was used (Cohen, 2014).  360 

To test for condition differences in mu suppression regardless of shock intensity, mu power 361 

was averaged over trials and compared between conditions. For the null-hypothesis distribution, the 362 

assignment of condition was randomly shuffled over participants (1000 permutations). To test for 363 

condition differences in the correlation between shock intensity and power (whether power tracked 364 

shock intensity to a larger degree in the direct condition), the condition difference between correlation 365 

coefficients was calculated for each data point and participant and compared to a random distribution 366 

(shuffled between conditions in 1000 permutations). For a comparison, we also analysed power in the 367 

traditional mu band (8–13 Hz, electrode C4, 500–1000 ms after shock onset). We chose the time 368 

window according to previous literature and to be comparable to the time window in which the response 369 

to own pain occurred (Zebarjadi et al., 2021). 370 

For the effects of condition, shock intensity and their interaction on theta responses, we 371 

analysed power in the traditional theta band (4–8 Hz, electrode Fz, 0–500 ms after shock onset). We 372 

chose the time window according to previous literature (Mu et al., 2008; Peng et al., 2021). In the latter 373 

two analyses, we used a linear mixed model with condition averages nested in observers and observers 374 

nested in targets and dichotomized shock intensities. 375 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted September 17, 2022. ; https://doi.org/10.1101/2022.09.14.507943doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.14.507943
http://creativecommons.org/licenses/by-nc-nd/4.0/


Petereit et al.       Social presence and empathy 

 14

Finally, in an exploratory analysis, using the same permutation test method as described above 376 

for peak-frequency mu, we looked for main effects of shock intensity (20 levels), condition and their 377 

interaction on power across the whole time-frequency-electrode space (1–20 Hz, all electrodes). For 378 

the effect of shock intensity, a time window from 0 to 1500 ms was used, for the other analyses a time 379 

window from -500 to 1500 ms. For the effect of shock intensity data were downsampled to 125 Hz to 380 

reduce computation time. Again, a maximum value correction and additionally a cluster size correction 381 

(Cohen, 2014) were used to correct for multiple comparisons.  382 

 383 

IBI and SCRs 384 

To test for condition and shock intensity (20 levels) effects on the observers’ IBI, linear mixed models 385 

on the single-trial IBI averages were conducted (using the lmer function in lme4 in R). The same 386 

procedure was used for the skin conductance data. Here, first the time lag with the greatest SCR over 387 

all conditions was selected for further analyses. To account for interindividual variation in SCR levels, 388 

SCR means were normalized by dividing them by participants’ individual standard deviation. As SCR 389 

data were not normally distributed, generalized linear mixed models (using the glmer function in lme4, 390 

Gamma family, log-link function) were used for these data. To assess the robustness of the findings, 391 

all analyses were also carried out with data averaged over trials (with dichotomized shock intensities). 392 

To test for coupling between targets’ and observers’ IBI and SCRs, similar (generalized) linear 393 

mixed models were used, but this time the targets’ IBI response or SCR was entered as a fixed predictor 394 

instead of the stimulus intensity. For all (generalized) linear mixed models, fitting of random- and fixed-395 

effects structure was carried out in the same way as for the single-trial behavioural data. To assess the 396 

robustness of the findings, skin conductance coupling was also analysed by calculating Spearman’s 397 

correlation coefficients between targets’ and observers’ SCRs and comparing them between conditions 398 

using a linear mixed model. Correlations were calculated for the four time lags, and the time lag with 399 

the highest correlation coefficients across both conditions was chosen for the linear mixed model. For 400 

the robustness analysis of the IBI coupling, the Spearman’s correlation between the targets’ and the 401 

observers’ continuous IBI over the whole task was calculated. For this, IBI data were smoothed with a 402 

moving average function of 2 seconds to reduce the influence of strong outliers. The correlation 403 

coefficients were calculated for 20 different time lags (steps of 0.5 s) between target and observer data. 404 

For testing condition effects, the lag with the highest correlation over all conditions was used. 405 
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Correlation coefficients were transformed using the Fisher’s z-transformation to obtain normally 406 

distributed data. They were then compared between conditions using linear mixed models with 407 

correlation coefficients from different conditions (Level 1) nested in observers (Level 2) and targets 408 

(Level 3). The results of these analyses are reported in the results section when they diverge from the 409 

results of the single-trial analyses.   410 

 411 

Control analysis of target expressivity 412 

Empathic accuracy depends on the expressivity of the other (Zaki et al., 2008), and differences between 413 

direct and mediated interactions might result from altered expressivity of the targets in either condition. 414 

To test whether the targets show systematic differences in their pain expression between the conditions, 415 

a control experiment with a different sample was conducted. Thirty-one participants (25 females, 6 416 

males, mean age(SD) = 23.51(4.70)) were shown 100 segments from the video recordings of both 417 

direct and mediated interaction without being aware of that manipulation. Video segments included four 418 

seconds before and four seconds after an electric shock and were chosen such that there was an equal 419 

number of videos from each original session, condition and target pain rating (summarized in 5 bins of 420 

20 rating points each). Videos were shown in random order. After each video the participants had 10 421 

seconds to rate how painful the stimulus was for the target in the video on a visual analogue scale 422 

ranging from “not painful at all” to “extremely painful”. If targets expressed their pain differently in the 423 

two conditions, we would expect condition differences in the mean pain ratings or in the empathic 424 

accuracy of the control participants. Mean pain ratings and mean empathic accuracy scores 425 

(Spearman’s correlations) were then compared between the conditions using t-tests.  426 

 427 

Pre-registration and data availability 428 

A pilot study using a similar design was pre-registered at OSF: https://osf.io/gcyqs. Behavioural, EEG 429 

and physiological raw data and main analysis code are available at: 430 

https://osf.io/pqmra/?view_only=df6b8e7cd19743d481d86ef7cb83cb83. Further data and code are 431 

available upon request from the first author.  432 

 433 

 434 

 435 
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Results 436 

Empathic accuracy and unpleasantness ratings 437 

Data from 30 dyads were included in these analyses. The best generalized linear mixed model for 438 

empathic accuracy had a random-effects structure containing random slopes for condition and intensity 439 

(AIC difference to the next best model during fitting of random effects: -63). Moreover, it contained a 440 

fixed effect of intensity (b(SE) = 0.07(0.01), z = 10.24, p < 0.0001, AIC difference to a model without 441 

the fixed effect of intensity: -14). This shows that the intensity of the shocks received by the targets 442 

predicted the observers’ pain ratings (Fig. 2A & B), indicating meaningful empathic accuracy. However, 443 

this effect did not differ between conditions.  444 

The best generalized linear mixed model for unpleasantness ratings had a random-effects 445 

structure containing random slopes for the interaction between condition and intensity (AIC difference 446 

to the next best model during fitting of random effects: -29). It contained a fixed effect of intensity (b(SE) 447 

= 0.07(0.01), z = 8.07, p < 0.0001) and a fixed effect of condition (b(SE) = -0.14(0.05), z = -2.63, p = 448 

0.009, AIC difference to a model without the fixed effect of condition: -4). This shows that the intensity 449 

of the shocks received by the targets predicted the observers’ unpleasantness ratings (Fig. 2C), but 450 

equally so in both conditions. However, the observers rated the pain of the target as slightly more 451 

unpleasant in the direct than in the mediated interaction (mean difference (SD) = 1.47(6.45)).  452 

 453 
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 454 

Figure 2. (A) Example pain rating data over trials from one randomly chosen sample dyad. (B) Predicted observer 455 
pain ratings for direct- and mediated-interaction conditions. The black thick line represents the fixed effect of shock 456 
intensity; single coloured lines represent predicted data from single participants. The colour shading from blue to 457 
red represents the value of the random slope for intensity of each participant, and the solid and dotted lines show 458 
predicted ratings for direct and mediated condition, respectively. (C) Predicted observer valence ratings in direct 459 
and mediated interaction. The black thick line represents the fixed effect of shock intensity; single coloured lines 460 
represent predicted data from single participants. The colour shading from blue to red represents the value of the 461 
random slope for the interaction between intensity and condition of each participant. The boxplots represent 462 
summary statistics for each condition. * = p < 0. 463 
 464 
 465 

Mu suppression 466 

Data from 29 dyads were included in these analyses. The analyses of peak mu suppression in the 467 

“direct” and “mediated interaction” conditions showed no effect of intensity or condition, nor an 468 

interaction that was significant after maximum value correction (see Fig. 3A & 3B middle and right). This 469 

shows that mu suppression was not sensitive to others’ pain intensity in either condition. Similarly, 470 

analysing averaged power over the canonical mu band (8–13 Hz) yielded no significant effect of either 471 

factor (intensity: b(SE) = 0.34(0.30), t(df) =   1.13(87), p = 0.26;  condition: b(SE) =  -0.04(0.30), t(df) =   472 

-0.14(87), p = 0.88; interaction intensity*condition: b(SE) = -0.02(0.42), t(df) = -0.04(87), p = 0.97). 473 
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However, peak mu significantly differed between pain levels when participants experienced pain 474 

themselves (Fig. 3A left). 475 

 476 

 477 
Figure 3. (A) Shown is peak mu power averaged over participants, dichotomized into low- and high-intensity 478 
shocks for display purposes only. Blue solid lines indicate time windows where the main effect of intensity reached 479 
significance (uncorrected level); blue dotted lines indicate time windows where the intensity effect survived 480 
maximum value correction. The main effect of condition and the interaction of condition x intensity did not survive 481 
maximum value correction, at any time-point. On the left side, the clear effect of pain intensity on mu power in the 482 
own-pain condition can be assessed. (B) Shown is the topography of averaged peak mu power differences between 483 
high- and low-intensity shocks in the three conditions. (C) Shown are boxplots for theta power averaged over 4–8 484 
Hz and 0–500 ms after shock onset at electrode Fz for the direct and mediated conditions. Grey lines depict means 485 
from single participants. Significance asterisks refer to post-hoc tests from linear mixed models. * = p < 0.001. (D) 486 
Shown is the time course of averaged theta power (4–8 Hz) after stimulus onset. (E) Shown is the topography of 487 
averaged theta power differences between high- and low-intensity shocks in the two conditions. 488 
 489 

 490 

 491 

 492 

 493 
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Theta band 494 

Data from 30 dyads were included in these analyses. The best-fitting linear mixed model for the power 495 

averaged over the canonical theta band (4–8 Hz) yielded a significant main effect of intensity (b(SE) = 496 

0.57(0.14), t(df) = 3.99(90), p < 0.001) and a significant interaction between condition and intensity 497 

(b(SE) = -0.46(0.20), t(df) = -2.30(90), p = 0.024, AIC difference to next best model: 2.9). Follow-up 498 

models on the interaction showed a significant effect of intensity in the direct condition (b(SE) = 499 

0.57(0.13), t(df) = 4.46(28.99), p < 0.001), but not in the mediated condition (b(SE) = 0.10(0.15), t(df) = 500 

0.70(28.99), p = 0.49). This indicated that frontal theta was more responsive to the other’s shock 501 

intensity in the direct condition than in the mediated condition (see Fig. 3C, D, E).  502 

 503 

Exploratory analyses of whole time-frequency-electrode space  504 

Data from 30 dyads were included in these analyses. During both direct and mediated interaction, 505 

others’ pain intensity was positively related to 2 to 6 Hz power between 56 and 840 ms at the frontal 506 

and central electrodes (cluster 1, maximal at F4, see Fig. 4A left, B and E top left). Others’ pain intensity 507 

was also negatively related to 12- to 20-Hz power between 680 and 1040 ms over parietal and occipital 508 

electrodes (cluster 2, maximal at P2, see Fig. 4A left, B and E bottom left).  509 

Neither the permutation test on the condition effect (mediated vs. direct) nor the interaction 510 

between condition and intensity yielded any cluster that survived the cluster size correction or the 511 

maximum value correction. However, due to the exploratory nature of the analyses, we further 512 

examined the biggest cluster, which was significant on an uncorrected level. In direct compared to 513 

mediated interactions (main effect of condition; see Fig.  4A middle, C and E middle), theta/alpha (5–514 

12 Hz) power at the frontal electrodes and lower beta (13–20 Hz) power at the frontal, central and 515 

centro-parietal electrodes was enhanced in an early time window (-256–644 ms). In a later time window 516 

(511–1500 ms), alpha/lower beta (8–20 Hz) power at the centro-parietal electrodes was enhanced 517 

during direct interactions. For the interaction between condition and intensity, the biggest uncorrected 518 

significant cluster showed a stronger positive effect of intensity in the “direct” than in the “mediated” 519 

condition. This cluster spanned 3–20 Hz between -220 and 1380 ms and included most left-hemisphere 520 

and central electrodes (see Fig. 4A right, D). Its time course is displayed separately for low (3–9 Hz, 521 
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electrode with maximal interaction: Cz, Fig. 4E top right) and high frequencies (10–20 Hz, electrode 522 

with maximal interaction: CP1, Fig. 4E bottom right).  523 

 524 

 525 
Figure 4: (A) Clusters found in the permutation tests on the correlation between shock intensity and EEG power 526 
across both conditions (left), on the main effect of condition (middle) and on the interaction between shock intensity 527 
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(dichotomized for display purposes only) and condition (right), averaged over electrodes. (B) Results of the 528 
permutation test on the correlation between shock intensity and EEG power across direct and mediated conditions. 529 
Data points that were significant after cluster size correction are displayed in colour; data points that were significant 530 
after maximum value correction are marked in white. (C) Results of the permutation tests on the condition effect. 531 
Data points of the largest cluster (uncorrected significant) are displayed in colour. (D) Results of the permutation 532 
tests on the interaction between condition and intensity (dichotomized for display purposes only). Data points of 533 
the largest cluster (uncorrected significant) are displayed in colour. (E) Power time course of cluster 1 (top left) and 534 
cluster 2 (bottom left), and power time course for the early cluster (5–20 Hz, F3, middle top) and the late cluster 535 
(8–20 Hz, TP8, middle bottom) showing a condition effect and power time course of lower frequencies (3–9 Hz; 536 
top, right), and higher frequencies (10–20 Hz; bottom, right) for interaction effects between condition and intensity. 537 
Data are dichotomized into low and high intensities for display purposes only. 538 
 539 

Condition effects on observers’ physiological responses 540 

The best single-trial linear mixed model testing the effect of “direct” vs. “mediated” condition on 541 

observers’ IBI responses to the observed shocks contained random slopes for condition and intensity 542 

but no fixed effects. These results indicate that observers’ IBI responses were not sensitive to the 543 

observed shock intensity on the sample level (see Fig. 5A).  544 

Observers’ SCRs were greatest in the time window from 2 to 5 seconds after shock onset, 545 

hence this time window was used for all further analyses. The best single-trial linear mixed model on 546 

observers’ SCR to the observed shocks contained random slopes for condition and intensity, a non-547 

significant fixed effect of condition and a fixed positive effect of intensity. These results indicate that 548 

observers’ SCRs were sensitive to the shock intensity, but equally so in direct and mediated conditions 549 

(Fig. 5C and 5D). All model parameters are listed in Table 1. Models with dichotomized intensities 550 

yielded the same results.  551 

 552 

Condition effects on physiological coupling 553 

The best single-trial linear mixed model testing effects of “direct” vs. “mediated” interaction on IBI 554 

coupling – predicting observers’ IBI responses from targets’ IBI responses – contained a random slope 555 

for condition and a fixed but not significant effect of target IBI. These results indicate that there was only 556 

minimal coupling between targets’ and observers’ IBI responses, which did not differ between 557 

conditions (Fig. 5B). Comparing the correlations between the continuous IBI traces in the two conditions 558 

showed the same results (correlations were highest for a lag of 2 seconds). 559 

The best single-trial linear mixed model on SCR coupling – predicting observers’ SCR from 560 

targets’ SCR – contained a random slope for condition and target SCR and fixed effects of target SCR, 561 

condition and their interaction  (for model parameters, see Table 1). Follow-up models on the interaction 562 

between condition and target SCR showed a significant positive effect of target SCR on observers’ SCR 563 
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in the “direct” condition (b(SE) = 0.12(0.03), t = 4.15, p < 0.0001), but not in the “mediated” condition 564 

(b(SE) = 0.03(0.02), t = 1.64, p = 0.1). When comparing the correlation coefficients of targets’ and 565 

observers’ SCRs between conditions, there was only a marginally significant effect of condition (b(SE) 566 

= -0.07(0.04), t(df) = -1.81(26), p = 0.082). These results indicate that coupling between targets’ and 567 

observers’ SCRs was greater in the direct than the mediated interaction, but the effect was rather small 568 

(see Fig. 5E).  569 

 570 

 571 
Figure 5: (A) Grand averages of observers’ IBI responses in direct and mediated interactions, dichotomized into 572 
low- and high-intensity trials for display purposes only. (B) Observer IBI responses predicted from the single-trial 573 
model on physiological coupling. The thick black line represents the fixed effect of target IBI; the thin lines represent 574 
predicted data for single participants. (C) Grand averages of observers’ SCRs in direct and mediated interactions, 575 
dichotomized into low- and high-intensity trials for display purposes only. (D) Observer SCRs predicted from shock 576 
intensity in the generalized linear mixed model. The black thick line represents the fixed effect of intensity; the 577 
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coloured lines display predicted values for single participants. The colour shading from blue to red represents the 578 
value of the random slopes of shock intensity for each participant. Solid and dotted lines show predicted values for 579 
direct and mediated conditions, respectively. (E) Observer SCRs predicted from target SCRs in the generalized 580 
linear mixed model on physiological coupling. The black thick line represents the fixed effect of targets’ SCRs; the 581 
coloured lines display predicted values for single participants. The colour shading from blue to red represents the 582 
value of the random slopes of shock intensity for each participant. 583 
 584 

Control analysis: Target expressivity 585 

The means of the pain ratings from the video control experiment did not differ significantly between 586 

conditions (mean difference = 0.79, t(30) = 1.66, p = 0.11, Cohen’s d = 0.3). The mean Spearman’s 587 

correlations between video observers’ ratings and shock intensity also did not differ between videos 588 

from direct and mediated interaction (meandirect(SD) = 0.36(0.16), meanmediated(SD) = 0.32(0.13), mean 589 

difference = 0.040, t(30) = 1.36, p = 0.18). These results indicate that the targets did not express their 590 

pain significantly differently in the direct versus mediated interaction. 591 

 592 

 593 

Discussion 594 

Although mediated social interactions through video calls are becoming the new norm, the impacts on 595 

understanding others and their feelings have not yet been researched thoroughly (Grondin et al., 2019), 596 

especially in social neuroscience. In the current study, we explored how a video-mediated interaction 597 

affects empathy for pain on behavioural, physiological and neural levels. We expected that less 598 

availability of social cues in a mediated interaction would hamper empathizing with the other. However, 599 

we found that observers were just as accurate in judging the other’s pain in the mediated interaction as 600 

in the direct interaction. Moreover, participants experienced the other’s suffering as only slightly less 601 

unpleasant in the mediated interaction. On the neural level, mu suppression over the somatosensory 602 

cortex was not sensitive to the other’s pain in either condition. However, mid-frontal theta tracked the 603 

other’s pain intensity more in the direct than in the mediated interaction. Exploratory analyses of the 604 

whole time-frequency-electrode space showed no additional differences between direct and mediated 605 

conditions after correcting for multiple comparisons. On a physiological level, observers’ SCRs were 606 

coupled to targets’ SCRs to a stronger degree in the direct compared to the mediated interaction. In 607 

sum, behavioural empathy was not reduced in the mediated interaction, whereas some neural and 608 

physiological aspects of empathy were dampened.  609 

 610 
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Effects of social presence on behavioural aspects of empathy for pain  611 

Surprisingly, among the many studies on empathy for pain, hardly any measured empathic accuracy, 612 

and none explored which type of information is necessary or sufficient to judge others’ pain accurately 613 

(Gauthier et al., 2008; Laursen et al., 2014; Leonard et al., 2013). In story-based empathy studies, 614 

empathic accuracy for emotion was reduced when auditory linguistic information was completely 615 

removed, whereas missing visual information did not impact empathic accuracy (Jospe et al., 2020; 616 

Zaki et al., 2009a). Similarly, we reveal that participants could judge the targets’ pain quite well, and 617 

this ability did not decline in the mediated interaction. In contrast to the story-based paradigm, our 618 

results imply that visual information (apparent in both the direct interaction and the video calls) is 619 

sufficient for empathic accuracy for others’ pain. As our participants did not experience severe pain 620 

(expressed by moaning or crying), auditory information might have been less important than for 621 

example in empathic responses to the pain of hospital patients (Agahi & Wanic, 2020). As our control 622 

analysis showed no condition differences in target expressivity, we can be assured that these did not 623 

mask true condition differences in empathic accuracy. 624 

Although observers showed more affective empathy in the direct than in the mediated condition, 625 

the effect size was so small that it was practically negligible. One reason for this might be that many of 626 

our participants remembered their own recent pain experience and so were empathic to the similar 627 

experience of another. This was also stated by many in the debriefing questionnaires. This strategy 628 

might have led to imagination of others’ pain independent of the medium, causing similar affective 629 

empathy (Goubert et al., 2005).  630 

 631 

Effects of social presence on neural aspects of empathy for pain 632 

As most former studies on empathy for pain used abstract cues or static pictures, we expected to find 633 

even stronger mu suppression in our paradigm using real stimuli and focusing on individual peak-mu 634 

frequency (i.e., Perry et al., 2010a; Riečanský & Lamm, 2019; Zebarjadi et al., 2021). Instead, we did 635 

not find any mu suppression in response to others’ pain. Speculatively, mu suppression is a 636 

compensatory mechanism that aids empathy for pain via somatosensory representation of others’ pain 637 

if insufficient sensory cues are available. Alternatively, it may be a weak signal that requires many 638 

repetitions – and stronger pain signals – to find a significant effect. However, if mu suppression is a 639 

general empathy mechanism, our analysis should have been sensitive enough to detect it. Therefore, 640 
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our null findings on mu suppression align with recent criticism of its robustness and validity as a 641 

mechanism underlying empathy in general (Hobson & Bishop, 2016). 642 

The mid-frontal theta/delta response constitutes another neural component of empathy for pain 643 

that has so far been rarely examined in EEG studies (but see Mu et al., 2008; Peng et al., 2021). Mid-644 

frontal theta has been related to the salience, unexpectedness and aversiveness of many different types 645 

of stimuli (Cavanagh & Shackman, 2015; González-Roldan et al., 2011; Güntekin & Başar, 2014). 646 

Therefore, the heightened sensitivity of theta to the other’s pain level might indicate that the other’s pain 647 

elicits more arousal and negative affect in the direct interaction (Balconi et al., 2009), although this did 648 

not result in measurable behavioural differences. Mid-frontal theta might stem from the ACC, which 649 

shows reliable activity to both own and others’ pain in fMRI studies (Cavanagh & Frank, 2014; Fallon 650 

et al., 2020). Confirming this assumption with source analyses was beyond the scope of this paper but 651 

could be an important step in future studies. The exploratory single-trial permutation test confirmed on 652 

a trend level the interaction between others’ pain intensity and direct versus mediated interaction.  653 

Lastly, our exploratory analysis revealed stronger parietal beta suppression relating to stronger 654 

observed pain irrespective of the condition. Parietal beta decrease has been linked to attention to 655 

affective touch (von Mohr et al., 2018). Future EEG studies should clarify its role in empathy for pain. 656 

 657 

Effects of social presence on physiological coupling 658 

Observers’ cardiac activity was not sensitive to others’ pain and showed no coupling with targets’ 659 

cardiac activity. In contrast, previous empathy studies found cardiac coupling in emotional empathy 660 

(Zerwas et al., 2021), especially when semantic and auditory information was missing (Jospe et al., 661 

2020).  One reason for these discrepancies might be that the shocks used in the current study elicited 662 

such strong cardiac responses in targets that they were not easily mimicked by observers’ cardiac 663 

activity (Goldstein et al., 2017).  664 

In contrast, we found coupling in skin conductance responses, and this was the one aspect of 665 

pain empathy that was markedly reduced in the mediated interaction. This indicates that the 666 

physiological-coupling component of empathy, specifically in SCR, might rely on physical proximity 667 

(Chatel-Goldman et al., 2014; Murata et al., 2020) and possibly olfactory cues that are missing in 668 

mediated interactions (Calvi et al., 2020; de Groot et al., 2014).  669 

 670 
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Limitations 671 

The main limitation of this study is the small sample size, which was due to the complexity of the design.  672 

This is especially prominent when reporting mostly null results, as one might argue that our small 673 

sample size prevented us from detecting subtle effects of social presence. However, as power analyses 674 

showed, by analysing single trials and using a within-subject design, we had sufficient power to detect 675 

meaningful effects of social presence. Another limitation is the comparably low standardization of our 676 

laboratory task. Using a task with real live people, we aimed to capture real-life empathy for pain in the 677 

best way possible in the EEG laboratory. At the same time, by using a standardized pain-stimulation 678 

protocol, we maintained a high degree of standardization compared to studies using unstructured 679 

interactive paradigms (i.e., Levy et al., 2017). Our study therefore answers recent calls for more 680 

interactive and contextual experimental methods for researching social interaction (Dumas, 2011; 681 

Przyrembel et al., 2012; Sonkusare et al., 2019).  682 

 683 

Conclusions and future directions 684 

Many recent studies examined direct interactions between participants, claiming that this is necessary 685 

for understanding social cognition (Fan et al., 2021; Levy et al., 2021; Redcay & Schilbach, 2019). 686 

However, few studies have explicitly compared these new paradigms to similar tasks using mediated 687 

interactions (but see e.g. Hietanen et al., 2020). Hence, it remains unclear whether the degree of social 688 

presence affects social cognition and if these effects are due to the interactivity (here called 689 

“immediacy”) or to the amount of information transferred and the shared physical space (called 690 

“intimacy”) (Cui et al., 2013; Grondin et al., 2019). Therefore, by examining the impact of social 691 

presence on empathy for the first time, we add a potentially important dimension to the study of social 692 

cognition. We show that the effects are nuanced: Only the immediate mid-frontal theta response to 693 

others’ pain, presumably relating to emotional arousal (Balconi et al., 2009), and SCR coupling were 694 

affected by the reduced intimacy. This could indicate that intimacy is especially important for more 695 

automatic, stimulus-driven empathy components. Future studies should address whether the 696 

immediacy within the interaction might have a stronger impact on all components of empathy (Hamilton 697 

& Lind, 2016; Hietanen et al., 2020).  698 

To conclude, we do not find evidence that empathy for pain is markedly impaired in video-699 

mediated interactions, although physiological and neural resonance with the other’s pain was reduced, 700 
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which implies that some level of synchronization with the other is impaired. This suggests that empathic 701 

abilities might be preserved in everyday mediated social interactions, which are becoming more 702 

common. By showing specific changes in empathy components in a mediated interaction, we start to 703 

fill the gap in knowledge about social presence in social neuroscience.  704 

 705 

 706 

 707 

 708 

 709 

 710 

  711 
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Tables 948 
 949 
Table 1: Results of the single-trial (generalized) linear mixed models on IBI responses and SCRs 950 

model 
random 
slopes 

SD 
fixed 

effects 
b(SE) t(df) p 

AIC 

Δ 

observers’ 
IBI  

      -13 

(n=29) intercept/obs 25.01 intercept 4.33(2.16) 2.00(27.6) 0.055  

 
condition 

/obs 
13.00 -     

 intensity/obs 0.80      

 intercept/targ 7.9      

 condition/targ 0.13      

 intensity/targ 0.36      

observers’ 
IBI 

(coupling 
with target 

IBI) 

      -50 

(n=29) intercept/obs 24.38 intercept 5.50 (2.22) 2.47 (31.7) <0.019  

 condition/obs 12.98 target IBI 0.03(0.02) 
1.66 

(4312.2) 
0.096  

 intercept/targ 0.000002583      

 
condition 

/targ 
0.000003744      

observers’ 
SCR  

      -6 

 intercept/obs 0.16 intercept 0.35(0.04) 8.10 <0.0001  

(n=27) condition/obs 0.21 condition -0.02(0.06) -0.32 0.74  

 intensity/obs 0.007 intensity 0.01(0.002) 3.24 0.001  

 intercept/targ 0.03      

 
condition 

/targ 
0.03      

 intensity/targ 0.0009      

observers’ 
SCR 

(coupling 
with target 

SCR) 

      -28 

 intercept/obs 0.10 intercept 0.17(0.05) 3.34 0.0008  

 
condition 

/obs 
0.19 

target 
SCR 

0.12(0.02) 5.85 <0.0001  
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(n=27) 
targ-

SCR/obs 
0.06 condition 0.18(0.07) 2.81 0.005  

 intercept/targ 0.0000 
target 
SCR * 

condition 
-0.08(0.02) -5.72 <0.0001  

 condition/targ 0.05      

 
targ 

SCR/targ 
0.02      

Notes: IBI = interbeat interval, SCR = skin conductance response, AIC Δ = difference in Akaike 951 
information criterion to the next best model. Models on IBI responses are linear mixed models, and 952 
models on SCRs are generalized linear mixed models (note that the latter do not provide degrees of 953 
freedom for fixed effects). 954 

 955 
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