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Abstract
Objective: Virtual reality (VR) has been used to treat pain for decades, but improvements in the cost and accessibility of consumer devices 
open up new opportunities for increasing its efficacy; for example, by adding a social element to virtual experiences. Previous research on the 
effects of social interaction on pain thresholds in induced pain tasks indicates that even social interaction with a stranger has the potential to 
increase the effectiveness of VR for pain. In addition, interacting with friends or family members through media can offer social support, and 
conducting these interactions in immersive virtual reality may have an additive effect.
Design: Pre-registered, within-participants experiment examining effects of 4 conditions on pain threshold.

Setting: Academic research laboratory.

Methods: Participants (N¼ 70) completed a series of induced pain tasks under four conditions: (1) connecting with a companion (friend or family 
member) in VR, (2) connecting with a companion via Zoom, (3) connecting with a stranger in VR, and (4) alone in VR.
Results: Social interaction increased participants’ pain thresholds in VR. Participants preferred interacting with their companions in social virtual reality 
to all other conditions. No statistically significant difference in pain thresholds was found between interacting with a stranger or a companion in VR.
Conclusions: These findings suggest that social interaction, especially in VR, can enhance pain thresholds, with a preference for interacting 
with companions and demonstrate the potential for social VR to improve pain management.
Keywords: virtual reality; pain threshold; social support; pain management. 

Introduction
Hospitalized patients experience pain and social isolation, 
which can lead to overuse of medication.1–3 The “buffering 
effect” theory posits that social support can lessen people’s 
pain by reducing stress-related physiological responses.4

Interacting with friends or family via media can offer social 
support, as shown by hospitalized patients using video con
ferencing during the coronavirus disease 2019 (COVID-19) 
pandemic,5 and social interactions may also positively impact 
patients’ pain thresholds and perceptions.6–11 Virtual reality 
(VR) has been used to address pain in adults12–18 and chil
dren19–21 for decades22 but to date, most virtual reality inter
ventions for pain have been solo experiences. Social virtual 
reality (SVR) allows users to interact with another person 
while in virtual reality, which may enhance presence,23 and 
encourage social participation.24 Thus, recent work has 
investigated how adding a social component to therapeutic 
virtual reality experiences can enhance their efficacy.25,26

Existing research suggests the presence of a partner offering 
social support can improve patients’ pain thresholds and per
ceptions.6–8,27 However, some studies have shown participants 
reporting equal pain when interacting with friends and strang
ers,28 or even using less pain medication when interacting with 
strangers compared to companions.29 Thus, we compared 
interactions with companions in social virtual reality to interac
tions with strangers. Social virtual reality (SVR) may enhance 
social presence,23 encourage participation,24 and be more 
engaging than other media. However, it is currently more com
mon for patients to connect with friends and family via video
conferencing. Thus, we also compared videoconferencing to 
immersive virtual reality when connecting with companions.

To understand which types of the above experiences might be 
useful for addressing pain, we conducted a preregistered,30

within-participants clinical trial (NCT05335057) comparing 
participants’ perceptions and experiences of pain in four condi
tions. Our comparator condition was experiencing virtual reality 
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alone. We compared this to an SVR experience with companions 
(friends or family members); an SVR experience with strangers; 
and video conferencing with companions. To our knowledge, 
this is the first study to compare these 4 conditions.

We hypothesized that participants would demonstrate a 
higher pain threshold in the social VR conditions compared 
to the alone condition. We also compared participants’ pref
erences for—as well as the effect on pain thresholds of— 
interacting with companions or strangers in SVR. Finally, we 
compared participants’ preferences and pain thresholds when 
interacting with companions in SVR to interacting with com
panions using videoconferencing (Zoom).

During stress, a person is more likely to have an increase in 
cortisol release and a decrease in pain threshold.31 Cortisol lev
els may also be affected by the type and quality of human 
social relationships. For example, attachment level has been 
shown to be predictive of cortisol release in partners’ social 
interactions.32 Thus, we also sampled participants’ cortisol lev
els to examine how these correlated with pain threshold and/ 
or participants’ reported social closeness with their partners.

Methods and materials
Setting
This study was conducted in a research lab at Cornell University.

Participants
We aimed to recruit 75 participants, following the power analy
sis from a previous study.25 Inclusion criteria for participants 
were: Over 18; could bring a friend or family member to the 
appointment, normal or corrected to normal vision, and could 
communicate with the research assistants in English. Following 
the Meta health and safety guidelines, exclusion criteria 
included a history of “fainting or seizures,” pregnancy, concus
sion, sensory impairments, susceptibility to “motion sickness,” 
and balance or dizziness issues, as well as injury precluding the 
use of the non-dominant hand for the induced pain task. Post- 
enrollment, we also excluded participants who did not complete 
the study, had missing data, or whose pain thresholds reached 
50 �C. In one case, we discovered halfway through the study 
that the participant had previously participated. All remaining 
participants (N¼ 70) were included in all analyses. All proce
dures were approved by Cornell University’s IRB, and all partic
ipants signed informed consent. The study was registered at 
ClinicalTrials.gov (NCT05335057).

Study design
In this within-participants study, we recruited pairs of partici
pants for each 2-hour session. Participants completed a series 
of induced thermal pain tasks, alone, or while conversing with 
“companions” (close friends or family members recruited by 
the participant) or research assistants (RAs). Participants expe
rienced four conditions in randomized order: An Alone VR 
condition, in which participants experienced a VR environ
ment solo; a Companion VR condition, where they spoke to 
their companion in VR; a Zoom with companion condition, 
where participants spoke to their companion by video confer
ence; and a Stranger VR condition, where participants inter
acted with a “stranger” (a research assistant confederate) in 
VR. We did not create a condition in which participants inter
acted with a stranger via teleconference, as we did not feel this 
was realistic. To compare pain thresholds, we used a behavio
ral measure: The temperature at which participants removed 

their hand from a thermal device, and a subjective measure: 
Pain ratings on a scale of 1 to 10. We also tested salivary corti
sol levels as a stress marker.33–37 Each session was approxi
mately 2 hours long. Participants were compensated with 
course credit or 30 US dollars.

Procedure
Upon arrival, participants and companions were directed 
into different rooms. Each was assisted in customizing their 
avatar (a virtual human), which would represent their ges
tures and behaviors. Participants and companions had five 
minutes to customize their avatars’ appearance however they 
wished.

After completing a baseline saliva sample, participants 
then underwent the first of 6 pain tasks. For the first pain 
task, participants looked at a spot on the wall with no other 
stimulus. Following avatar customization, participants com
pleted a “baseline” pain task inside a solo VR environment (a 
different environment from the one shown during the 
“Alone” condition). The first 2 pain tasks were intended to 
be “practice” tasks that allowed the participants to get used 
to the thermal stimulation.

Participants then completed pain tasks in the four experi
mental conditions in a random order (Figure 1). Participants 
were allowed to talk to their companions about whatever 
they wanted in whatever language they chose. When speaking 
to the “stranger,” the RA was instructed to maintain a neu
tral, calm conversation in English, starting with asking about 
how their previous VR experiences had gone but ultimately 
following the lead of the participant.

Virtual reality environment and hardware
For the virtual environment, we used the consumer virtual 
reality platform vTime XR.38 vTime XR offered a variety of 
pre-existing, high-quality environments (Figure 2) designed 
to be experienced while seated. The platform’s detailed but 
not photorealistic avatar customization allowed for a fairly 
diverse representation of gender, age, and body type 
(Figure 3). Due to technical errors, three participants navi
gated to different environments. We have included pictures of 
the two extraneous environments at the bottom of Figure 2
(“The Study” [2x] and “The Retreat” [1x]). Including or 
removing these participants did not make a statistically sig
nificant difference in any of our calculations; in the reported 
results below, we included them.

We used the Oculus Quest 1 and the Meta Quest 2 head
sets, as the Quest 1 developed support issues during the time 
period the study was run. Both were stand-alone headsets 
with right and left-hand controllers.

Measures
All measures collected are listed in our preregistration. In this 
article, we discuss (1) pain threshold (2) self-report measures 
collected before, during, and after the experiment on pain, 
preference for condition, social presence, environmental pres
ence, and social closeness; (3) cortisol measures derived from 
saliva swabs; and (4) the word count derived from transcripts 
of participants’ conversations in each condition.

In addition to the measures described in this paper, we also 
collected data for future exploratory analysis. This included 
personality measures, feelings of satisfaction and identifica
tion with their avatar, and engagement and feelings of nov
elty in the virtual environment. At reviewer request, we have 
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analyzed the relationship between these variables and pain 
measures, and we include the results of these analyses in 
Appendix B.

Finally, we transcribed the content of participants’ conver
sations for future analysis to identify themes that might 
inform further development of virtual environments.

Behavioral pain measures
We used the Medoc Q-sense,39 a validated measure of pain 
threshold.25 The Q-sense is a small thermal device on which 
the participants placed their non-dominant hands. The base
line temperature started at 32 �C and increased in 0–2 �C/sec 
increments until it automatically shut off at 50 �C, a tempera
ture that would not cause any lasting damage to participants’ 
skin.40 Participants were instructed to remove their hands 
when the sensation became painful or uncomfortable. We 
operationalized the behavioral pain measure as the tempera
ture at which the participant removed their hand from the 
thermode.

Cortisol sampling
Each pain task was followed by a cortisol sample taken 
between 10 and 12 minutes after the pain task, to allow time 
for the cortisol to appear in the participant’s saliva.41,42 We 
collected 7 samples: A baseline, after the first pain practice 
task, one after the second practice pain task, and then one 
after each experimental condition. The participant would 
chew on the swab for 60 seconds, then deposit it into a tube. 
All saliva samples were kept in a −80� freezer until they were 
shipped to Salimetrics’ SalivaLab (Carlsbad, California, USA) 
for analysis following the manufacturer’s protocol.

Survey measures
All survey questions were administered via Qualtrics.

Subjective Level of Pain, Participants responded to this 
prompt: “On a scale of 1 to 10, where 1 is equivalent to no 
pain and 10 is the worst pain imaginable, how would you 
rate the peak pain you experienced just then? (Peak pain 
meaning the greatest pain that triggered you to remove your 
hand from the thermal plate.).”43

Social Closeness was measured by a scale (rating from 1 to 
5) adapted from Won et al. 2020.25 Participants rated their 

attitudes toward befriending or working with their partner, 
their feelings of understanding and connection, and rated 
their conversational partner on eight positive traits: (likabil
ity, interestingness, modesty, friendliness, trustworthiness, 
sincerity, warmth, and honesty).

Social Presence questions examined how present they felt 
with their partner in the virtual experience. The questions 
focused on how much the participant felt that their partner 
was really in the virtual environment with them, and how 
real the other person felt, on a scale from 1 to 5, with 5 being 
the highest level of social presence.25

Environmental Presence measures assessed how immersive 
the virtual environment felt to the participant. We asked them 
to rate how much the environment felt like the real world, how 
surrounded they felt, and if they felt like they had really visited 
the environment on a scale of 1 to 5, with 5 being the highest.44

Preference. Finally, participants wrote an open-ended 
response to the question: “Which experience did you feel was 
the most helpful during the pain task, and why?”

Word count
We transcribed the audio of all social conditions to collect 
the total number of spoken words during each conversation.

Data analysis
All analyses were conducted in R.45 On publication, data and 
code will be archived on the Cornell Restricted Access Data 
Center with the final version of the paper.

Outcomes were assessed using the lme446 package in R for 
linear mixed effects models, which is robust to heterogene
ity.47 However, some of our measures were not normally dis
tributed, so we examined the residual plots to verify that the 
results were usable (see Appendix A for histograms of distri
butions and residuals). As this was a within-participants 
experiment, all models used participant ID as a random effect 
unless otherwise stated.

Results
Baseline characteristics
Participants were primarily undergraduate and graduate stu
dents from the authors’ affiliated institution (Table 1) and 

Figure 1. Flow chart illustrating the study design. Participants completed six pain tasks and seven cortisol samples. The first 2 conditions, “No Media” 
and “Baseline VR,” were administered sequentially, each followed by a pain test and cortisol sample. The remaining 4 conditions (Zoom with companion, 
Alone VR, Companion VR, and Stranger VR) were assigned in random order. Arrows indicate the sequence and relationship between conditions, pain 
tests, and cortisol samples.
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were enrolled and completed the study from October 19, 
2021, to May 5, 2023. While we enrolled a total of 86 partic
ipants, 16 were excluded (Figure 4).

Order effects
Order ((3207)¼ 5.135, P¼0.002) was associated with partic
ipants’ pain thresholds, with a statistically significant difference 
between the first and final pain threshold measures (β¼0.536, 

SE¼0.152, t¼3.526, P< 0.001). Order was also statistically 
significant when comparing participants’ first and final subjec
tive pain ratings (β¼ 0.886, SE¼ 0.134, t¼6.637, (3207)¼
16.154, P<0.001) such that pain thresholds were higher in the 
final task than in the first. Pain threshold temperatures and 
pain ratings correlated positively, meaning that people rated 
their pain higher when they kept their hand on the thermode to 
a higher temperature, regardless of whether we included order 

Figure 2. Visual examples of the 10 distinct virtual environments used from the commercial app vTime XR. Each environment offers a unique setting 
designed to immerse participants, ranging from urban scenes and serene natural landscapes to cozy indoor spaces and vintage interiors.
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in the model (β¼ 0.131, SE¼0.049, t¼2.668, (1267.13)¼
7.116, P¼ 0.008) or not (β¼0.190, SE¼0.051, t¼3.731, 
(1266.850)¼13.918, P< 0.001).

Virtual environments
Different virtual environments were marginally associated 
with pain threshold (F(9132.64)¼ 1.919, P¼0.054), while 
using condition as a fixed effect, with a statistically signifi
cant difference between the environments “Abandoned 
Hope” and “Under the Stars,” such that pain threshold tem
peratures were lower in “Abandoned Hope” (β¼−1.187, 
SE¼ 0.313, t¼−3.795, P¼0.008). There was no significant 
interaction between pain rating and virtual environment 
(9132.43)¼0.748, P¼0.664).

Solo compared to social interaction
First, we examined the effects of solo versus social virtual 
reality experiences. Our model included order and environ
ment as fixed effects and participant ID as a random effect. 
Experiencing a social VR condition (whether Stranger VR or 
Companion VR) was associated with higher pain thresholds 
compared to the Alone VR condition (β¼0.288, SE¼0.135, 
t¼2.138, (1127.340)¼4.572, P¼0.034) (on average 
0.310 �C). However, there were no significant differences 
between conditions on pain ratings (β¼0.072, SE¼0.133, 
t¼0.537, (1127.920)¼ 0.288, P¼0.592). When we did not 
include environment in the model, the results for pain thresh
old (β¼0.178, SE¼ 0.128, t¼ 1.396, (1136.010)¼1.950, 
P¼ 0.165) and pain rating (β¼0.019, SE¼0.124, t¼0.156, 
(1136.020)¼0.024, P¼0.877) were not statistically 
significant.

Comparing companions and strangers
Using order and environment as fixed effects, we found no 
statistically significant difference between pain threshold tem
peratures in the Stranger VR condition compared to the 

Figure 3. Examples of avatars participants could customize in vTime XR. The top row shows the default stock avatars available as starting points. The 
bottom row displays examples of avatars after participants personalized features such as appearance and clothing.

Table 1. Participant demographic characteristics and average social 
closeness to partner by condition.

Variable n %

Gender distribution
Female 48 68.6
Male 19 27.1
Preferred not to say 3 4.3

Race/Ethnicity distribution
Black 3 4.3
Caucasian/White 12 17.1
East Asian 33 47.1
Hispanic/Latinx 4 5.7
Multiracial 2 2.9
South Asian 11 15.7
South East Asian 2 2.9
Unknown/Did not report 3 4.3

Age distribution
18–22 years old 62 88.6
23 years old or more 5 7.1
I prefer not to answer 3 4.3

M
Social closeness by social condition

Companion VR 4.16
Stranger VR 3.72
Zoom with companion 4.33

Gender, race/ethnicity, and age distributions are presented as counts and 
percentages. The majority of participants identified as female (68.6%) and 
were between 18 and 22 years old (88.6%). Race/ethnicity data reflect a 
diverse sample, with the largest group identifying as East Asian (47.1%). 
Social closeness was assessed on a 5-point scale and averaged by each social 
condition: Companion VR (M¼ 4.16), Stranger VR (M¼ 3.72), and Zoom 
with companion (M¼4.33).
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Companion VR condition (β¼−0.117, SE¼0.145, 
t¼−0.807, (1,58.195)¼0.651, P¼0.423). Nor was there a 
significant effect on subjective pain rating (β¼−0.153, 
SE¼0.132, t¼−1.161, (1,58.773)¼ 1.347, P¼0.250). 
Removing environment did not change these results for pain 
threshold temperatures (β¼−0.085, SE¼0.146, t¼−0.586, 
(1,66.219)¼0.344, P¼0.560) nor pain ratings (β¼−0.098, 
SE¼0.128, t¼−0.760, (1,66.202)¼ 0.577, P¼0.450).

Comparing virtual reality to teleconferencing
Zoom does not feature virtual environments, so order was 
the only fixed effect included in this model. There were no 
statistically significant differences between Zoom and 
Companion VR conditions in either pain threshold 
(β¼−0.141, SE¼0.159, t¼−0.887, (1,66.551)¼0.787, 
P¼ 0.378), or reported pain (β¼−0.089, SE¼0.149, 
t¼−0.599, (1,66.908)¼0.358, P¼0.551) (Table 2).

Participant preference for condition
The largest number of participants (16) specified Companion 
VR as their preference (Table 3), with 23 describing this con
dition without specifically naming it. Because the answers 
were open-ended, we classified participants’ answers in 2 
ways. Sometimes, participants mentioned a specific experi
mental condition. Other times, they described a particular 
virtual environment, like “a beach resort” which mapped to 
a condition they experienced. Others stated a more general 
preference, ie, for any social condition, or any virtual reality 
condition. Participant responses categorized by description, 
with representative quotes, are shown in Table 4.

Cortisol
We used cortisol as a predictor for pain threshold and 
included order as a fixed effect. In a second analysis, we 
added gender as an additional fixed effect. There were no 
statistically significant differences in cortisol means between 
conditions, gender, or time points (all P values > 0.050). The 
same was true of pain ratings and temperatures. There was a 

rise in cortisol levels between the first 3 samples (the initial 
sample and the samples following the 2 “practice” tasks) and 
experimental conditions ((1399)¼ 41.970, P<0.001), but 
no significant differences between the experimental condi
tions themselves.

In addition, social closeness was not associated with corti
sol levels when order and condition were included as fixed 
effects (β¼0.003, SE¼0.009, t¼ 0.348, (1183.01)¼0.121, 
P¼ 0.729).

Presence
Previous studies have shown48 that presence in a virtual envi
ronment can affect pain perception. To investigate this, we 
created models predicting pain with environmental and social 
presence using order, condition, and environment as fixed 
effects and individual ID as a random effect, for the virtual 
reality environments only.

However, the more environmental presence participants 
reported feeling in virtual reality, the higher their reported 
pain (β¼0.412, SE¼0.138, t¼2.994, (1157.240)¼8.964, 
P¼ 0.003), though the effect did not persist in pain threshold 
temperatures.

Social presence was similarly associated with pain rating, 
but not pain temperature thresholds. The more socially 
present the participant felt with their partner, the higher their 

Figure 4. CONSORT chart depicting the total enrolled participant pairs (86), number who completed the study (82), and the number of usable datasets 
(70). Reasons for participant dropout or unusable data are also shown.

Table 2. Average pain threshold temperatures and pain ratings in each 
condition.

Condition Pain temp. Pain rating

Stranger VR 44.981� (SD¼ 2.890) 5.800 (SD¼2.054)
Companion VR 44.950� (SD¼ 2.783) 5.757 (SD¼2.060)
Alone VR 44.722� (SD¼ 2.755) 5.686 (SD¼2.033)
Zoom with companion 44.830� (SD¼ 2.845) 5.829 (SD¼2.014)

Values represent means with standard deviations in parentheses. Pain 
threshold temperatures were measured in degrees Celsius, and pain ratings 
were collected using a 1 (no pain) to 10 (worst pain imaginable) numeric 
rating scale.
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pain rating (β¼ 0.207, SE¼0.092, t¼2.245, (1145.360)¼
5.039, P¼0.026).

Word count
At reviewer request, we tested a model that included condi
tion and order as fixed effects. Word count did vary based on 
condition ((2,97.731)¼ 11.121, P¼<0.001), with Zoom 
featuring the highest word count and Companion VR the 
lowest (see Table 5). However, we found no significant rela
tionship between word count and pain threshold temperature 
(β ¼< 0.001, SE ¼< 0.001, t¼1.606, (1109.484)¼2.580, 
P¼ 0.111) or pain rating (β ¼< 0.001, SE. ¼< 0.001, 
t¼−1.383, (1116.403)¼1.913, P¼ 0.169).

Discussion
In this article, we examined the effects of social interactions 
with companions and strangers in virtual reality and Zoom 
on participants’ pain thresholds, self-reported pain, and pref
erences for conditions. Participants reported a strong prefer
ence for interacting with their companions in social virtual 
reality as compared to other conditions (see Table 3). 
Somewhat replicating previous work,44 we found that social 
interactions were significantly associated with higher pain 
thresholds, with higher thresholds in social VR compared to 
other conditions. However, removing environment from the 
model also removed the statistically significant difference 
between the solo and social VR conditions. While we recog
nize the impact environment can have on experience, and 
thus sampled multiple environments for stimuli to avoid 
unexpected confounds with the content of a specific environ
ment, this was an unexpected finding. One explanation could 
be that different environments could include more content to 
discuss with partners or content that interacts with the type 
of pain participants experienced (for example, cool under
water or icy scenes).

While the largest number of participants preferred interact
ing with their companions in virtual reality, individual differ
ences were notable. For example, one participant felt they 
could “tolerate the pain more if I’m alone as there are fewer 
distractions,” while another preferred the Companion VR 

condition because “we were having an engaging conversation 
and I felt the most distracted from the pain.”

Our most unexpected finding was the positive association 
between pain ratings and social and environmental presence. 
Other studies have shown that increased presence lowers 
pain ratings.48–50 We believe this highlights the special nature 
of the induced pain task, where participants kept their hands 
on the thermode until they became uncomfortable. Thus, par
ticipants who experienced higher pain thresholds actually felt 
more heat and reported more pain.

Limitations
A key limitation (shared with most induced pain studies) is 
that our participants were predominantly young and healthy 
volunteers who experienced mild, controlled, anticipated 
pain, not clinical pain. We also did not assess whether or not 
participants had pre-existing chronic pain conditions. 
Nonetheless, we believe these results are a valuable precursor, 
informing further investigation of social interactions in vir
tual reality for individuals experiencing real pain in non- 
experimental settings.

An unexpected factor that may have influenced our results 
is the social support that RAs provided to the participants. 
Despite being instructed to behave “neutrally,” participants 
actually spoke more to RAs, who were, after all, their peers, 
in the social virtual reality conditions than they did with the 
companions they brought to the lab (Table 5). Although RAs 
were reassigned to prevent direct interactions with friends, at 
least one participant specifically told the RAs they appreci
ated their support. This resembles a comment left in the sur
vey, “it was great when my questions could be answered in a 
second [by the RA].”

A potential limitation is the potential effects of human 
error arising from the fact that the time when the participant 
removes their hand from the thermode is manually recorded 
by the RA’s button press. To address this, the RAs were blind 
to the study hypotheses and thoroughly trained on the 
machine. The fact that participants’ self-report of their pain 
threshold was statistically significantly associated with the 
temperature at which they removed their hands from the 
thermode also reassures us about the reliability of these 
results.

One area in which we do not feel our results are reliable is, 
unfortunately, in the area of cortisol measurement. We feel 
that individual differences in the timing of cortisol release 
were likely not captured by our study design, meaning that 
our results do not provide useful information about the rela
tionship between cortisol and induced pain.

Next steps
As described in our pre-registration, we aim to assess how 
pain threshold may be linked to the content of the conversa
tion, for example, the number of words spoken, percentage 
of comfort words spoken, or topics of conversation (ie, pain 
vs no pain).

Another potential avenue of study could examine more 
engaging interactions, such as playing social games in VR 
rather than simply conversing.

In addition, the role of both participant and companion 
embodiment could be explored by asking both participants 
and companions about their perceptions of the resemblance 
of each other’s avatars.

Table 3. Frequency at which each condition was chosen as the most 
helpful for handling the pain task.

Condition
Frequency by 
condition

Frequency by 
description

Companion in VR 16 23
Stranger in VR 8 11
Zoom with companion 5 5
Alone in VR 3 5
Any social 8 8
Any VR 2 2
Any with companion 7 7
Any social VR 2 2
Ambiguous Answer 4 4
Environment-specific answer 12 NA

Participants were asked to indicate what they found most helpful. Some 
responses named a specific experimental condition (eg, “Companion in 
VR”), while others referred to a particular virtual environment (eg, “a 
beach resort”), which was mapped to the condition they experienced. 
Additional responses reflected general preferences (eg, “any social” or “any 
VR” condition). Frequencies are reported both by original experimental 
condition and by participants’ descriptive categorizations.
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Finally, given the advent of generative AI, one obvious area 
to explore would be the use of embodied agents to provide 
social interaction in virtual environments when friends and 
family members are not available. However, this opportunity 
should not distract researchers from the value of providing 
people a new way to support loved ones who are undergoing 
a painful experience, as this can benefit both patients and 
those who love them.

Conclusion
In this study, we found that the greatest number of partici
pants preferred interacting with companions in virtual reality 
during an induced pain task, compared to other conditions, 
although there were considerable individual differences. 
While participants’ pain thresholds and ratings were not sig
nificantly different in Zoom than virtual reality, participants’ 

strong preference for social virtual reality with companions 
suggests some useful avenues for future research. In addition, 
we partially replicate previous work demonstrating higher 
pain thresholds in induced pain tasks in social virtual reality 
experiences when compared with solo virtual reality experi
ences. However, participants also found value in interacting 
with strangers from their peer group. This adds context to 
previous findings pointing to social virtual reality as a prom
ising opportunity to improve the therapeutic applications of 
virtual reality.
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Table 4. Descriptions of and quotes from participants’ preferred conditions.

Condition Description of category Representative quote

Alone VR The participant experiences a VR environment 
solo

“I feel I could tolerate the pain more if I’m alone as there are fewer 
distractions and I could just focus on my sensations. But when 
I talk to my strangers, I couldn’t tolerate the pain and 
conversation was distracting.”

Companion in VR The participant experiences VR with their 
companion

“i feel like in a virtual reality with my friend helps moderate the 
pain because i’m put into a new environment with new stuffs to 
explore, and the environment calms me. the presence of a friend 
definitely make the environment more engaging and 
approachable.”

Stranger in VR The participant experiences a VR environment 
with a “stranger” RA

“I also feel strangely that talking to the stranger actually distracts 
more from the pain. Maybe because with my friend, I know I am 
allowed to be a little distracted from our conversation, and thus 
the pain is felt more easily; while when talking with a stranger, I 
think there’s a social norm of being focused and respect the other, 
and thus I’m focused on catching new information and respond 
promptly. So I feel more distracted from the pain.”

Zoom with companion The participant Zooms with their companion “I think the experience C when talking to my partner over Zoom 
was most helpful with the pain task. I was able to engage and talk 
to my partner easily which helped distract me from the pain.”

Any social Participant stated a preference for any 
condition in which they were speaking to 
another person

“I think the experiences with other people helped distract me. 
Also the more stimulating environment I was in, I felt more 
distracted. I would say either the stranger or the friend 
experience I probably lasted longest in.”

Any VR Participant endorsed any condition where they 
were in VR, whether solo or social

“The Vr experience because it make me understand that I can 
connect with others or relax in virtual environment.”

Any with companion Participant preferred any condition where they 
were talking to their companion

“I thought when I was talking to my friend, because we were 
having an engaging conversation and I felt the most distracted 
from the pain.”

Any social VR Any condition where the participant speaks to 
another person in VR

“I thought that the VR experiences where I was speaking to 
someone else were the most helpful for distracting me from the 
heat sensation. I felt like I was more willing to wait for longer, 
because the heat wasn’t the main thing I was focusing on.”

Ambiguous answer Answer mentions several things, or things 
irrelevant to the experimental condition

“calming VR environment, real life face contact with a familiar 
person.”

This table summarizes each response category referenced in Table 3, provides a brief description, and includes a representative quote. These qualitative 
responses illustrate participants’ reasoning and highlight the subjective nature of what made an experience “helpful” during the pain task.

Table 5. Average number of words spoken in each condition.

Condition Average word count (SD)

Companion VR 323.38 (SD¼ 129.29)
Stranger 387.18 (SD¼ 131.70)
Zoom 426.72 (SD¼ 125.53)

Values represent means with standard deviations in parentheses. 
Conditions included Companion VR, Stranger VR, and Zoom with 
companion.
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