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Virtual social interactions 
during the COVID‑19 pandemic: 
the effect of interpersonal motor 
synchrony on social interactions 
in the virtual space
Hila Gvirts *, Lya Ehrenfeld , Mini Sharma  & Moran Mizrahi 

Although the link between motor synchrony and emotional alignment has been extensively studied 
during face-to-face interaction, the question of whether this association also exists in virtual 
settings has remained unanswered. Here, we examined whether this link exists during virtual social 
interactions and whether pro-social effects will be induced during those interactions. To this end, two 
strangers shared difficulties they have experienced due to the COVID-19 pandemic during a virtual 
social interaction that included both audio and video. The findings revealed that motor synchrony 
and emotional alignment can arise spontaneously during a virtual social interaction between 
two strangers. Moreover, this interaction yielded a decrease in negative affect and an increase in 
positive affect, as well as an increase in feelings of trust, liking, cohesion, self-other overlap, and 
similarity between the strangers. Finally, a higher level of synchrony during the virtual interaction 
was specifically associated with increased positive emotional alignment and liking. It can thus be 
presumed that virtual social interactions may share similar characteristics and social effects as face-to-
face interactions. Considering the tremendous changes the COVID-19 pandemic has caused regarding 
social communication, these findings may provide grounds for developing new intervention protocols 
aimed at dealing with the consequences of social distancing.

The role of motor synchrony during social interactions.  Motor synchrony serves as an integral part 
of human social behavior1, and it can emerge both intentionally and spontaneously. Intentional motor syn-
chrony occurs when two or more people purposely synchronize their motor movements. For example, dancers 
align their movements purposefully to synchronize with one another2. Alternatively, spontaneous synchrony 
occurs when two or more people synchronize their body movements during daily interactions unintentionally 
and without awareness3. For example, walking steps and pace may spontaneously synchronize without aware-
ness while taking a walk together with another person4. The mere visual exposure between two people may 
unconsciously lead to synchronized body postures5. Similarly, it is normally difficult not to smile back at a 
person smiling at us6.

Synchrony is a basic process in human communication that takes place immediately after birth within 
mother–child interactions7. It has a crucial role in the process of forming interpersonal relationships8,9 and 
serves as an integral part of our social behavior and cognition1,10. Specifically, motor synchrony facilitates pro-
social behavior11,12 as well as enhances liking13–15, trust16, and cohesion13,17,18 between individuals interacting 
face-to-face. Likewise, participants singing together in synchrony were found to report higher levels of similarity 
to the group than participants who did not sing in synchrony19. However, some studies did not replicate this 
association between motor synchrony and pro-social effects20,21. For example, interacting with a virtual avatar 
programmed to mimic participants’ movement, did not elicit greater feelings of trust, similarity and self-other 
overlap compared to interacting with an avatar that was not programmed to mimic movement21.

Similar to the tendency to synchronize movements to one another during social interactions, people also tend 
to catch the emotions of others around them22. This tendency can occur both consciously or unconsciously and 
is referred to as emotional contagion (i.e., emotional alignment). The connection between motor synchrony and 
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emotional alignment can be attributed to a shared neural mechanism that involves a feedback loop comprising 
of three components.: (a) an error-monitoring system that reacts to misalignment, (b) an alignment system, 
and (c) a reward system that is activated when alignment is achieved23. Notably, it has been suggested that the 
activation of either motor synchrony or emotional alignment elicits the activation of the other by activating the 
feedback loop23. Supporting evidence has demonstrated that inhibition of motor synchrony between participants 
interferes with emotional alignment while listening to emotional vocalizations24. Moreover, motor synchrony 
and emotional alignment were found to adhere to similar principles. For instance, group membership affects 
both motor synchrony and emotional alignment; that is, people tend to synchronize25 and catch the emotions26 
of ingroup rather than outgroup members. Additionally, both synchrony and emotional alignment were found to 
enhance feelings of closeness27–29.While this line of evidence supports the link between synchrony and emotional 
alignment during face-to-face interaction and their association with pro-social effects, the question of whether 
these associations also exist in virtual settings has remained unanswered.

Motor synchrony and emotional alignment are two phenomena that are mediated by the mirror neuron 
system23 or the action-observation network30. This network enables individuals to anticipate the intentions of 
others by observing their actions. As a result, the same brain regions are activated when we perform the same 
movements and experience the same emotions, allowing the sharing of bodily states. Recent neuroscience stud-
ies support the idea that emotions are embodied and that bodily sensations play a significant role in emotional 
experiences31. Embodied simulations enable us to better understand others and align our behavior and emotions 
with our environment, which is essential for the development of empathy32–35. Embodied simulations may also 
blur the boundaries between oneself and others, increase perceived similarity32, encourage liking32,36, cohesion32, 
and trust37.

Modern technology has changed the way we socialize by incorporating virtual social interactions, such as text 
messaging, audio, and video calls, into our daily life38. The outbreak of the COVID-19 virus has further changed 
the way people communicate with one another by forcing them to rely much more on technology for commu-
nication than ever before. With worldwide restrictions on face-to-face interactions, virtual social interactions 
provided a substitute39. Previous studies have shown that although virtual interactions can be very beneficial, they 
still may reduce interactional engagement40 and have a cognitive cost for creative idea development collaboration 
capacity41. Thus, the COVID-19 era has stressed the need to investigate the nature of virtual social interaction; 
more specifically, whether core phenomena such as the human tendency to spontaneously synchronize body 
movements and align emotions exists in virtual settings and whether pro-social effects arise in these settings. 
In other words, could virtual social interactions satisfy our need for social connection and mitigate loneliness?

The present research.  In the present research, we examined whether virtual social interactions that 
include both audio and video provide a similar opportunity for connectedness as face-to-face social interactions 
by using the Zoom software. To examine this question, we asked two strangers to share difficulties they have 
experienced due to the COVID-19 pandemic during a virtual social interaction. These instructions were aimed 
at motivating participants to share emotional experiences. We expected that this shared experience would elicit 
both emotional alignment and spontaneous motor synchrony between the two strangers while they interacted 
with each other.

We used Motion Energy Analysis (MEA) – a computer-based tool that automatically and objectively quanti-
fies motor synchrony during natural interactions42– to measure the level of interpersonal synchrony during the 
interaction. The MEA tool allows for measuring dynamic movements between interacting partners under natural 
conditions6, thus enabling subtle examination of synchrony, such as the level of synchrony in therapist-patient 
dyads during therapy sessions43. To measure emotional alignment, we used the Positive and Negative Affect 
Schedule (PANAS)44 which lets participants report their positive and negative affect at the current moment. The 
ability to assess affect at the moment enables detecting the change in the emotional state following the interac-
tion. Further explanation of the specific calculations made to examine emotional alignment are in the results 
section. All pro-social effects were examined using self-report measures which will be described in greater detail 
in the measures section.

Our first goal was to validate the new task; that is, to demonstrate that emotional alignment and motor syn-
chrony may arise spontaneously during virtual social interactions. Furthermore, as mentioned earlier, face-to-
face interactions were previously found to promote pro-social effects such as trust, liking, cohesion, self-other 
overlap, and perceived similarity12–18. Here, we examined whether the same pro-social effects that have been 
found during face-to-face interactions will also be replicated in virtual settings.

Method
Participants.  One-hundred and ninety-six male and female Hebrew-speaking students between 19 and 
30 years old were recruited for the study. All were students at Ariel University, who received credits that are 
required for their program. Registration for the experiment was made through a computerized system at Ariel 
University. All methods were carried out after obtaining the necessary approvals from the Institutional Review 
Board at Ariel University. Additionally, all methods were carried out in accordance with relevant guidelines and 
regulations. Informed consent was obtained from all the participants in the study. Participants were randomly 
assigned into ninety-eight dyads, while ensuring all dyads were made up of two same-sex strangers without pre-
vious encounters. Each dyad conducted a virtual social interaction via the Zoom application using their personal 
computers and webcams. All participants were encouraged to sit in a calm, distraction-free environment with 
a stable internet connection. Twenty-nine dyads were excluded due to technical issues such as unstable inter-
net connection or lag in audio and video that did not allow proper MEA analysis (see full description of MEA 



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:10481  | https://doi.org/10.1038/s41598-023-37218-6

www.nature.com/scientificreports/

prerequisites: Ramseyer45). The final sample included 138 participants (22 males and 116 females) assigned in 
69 dyads.

Measures.  Motion energy analysis.  The MEA is an automated method to calculate motion synchrony be-
tween individuals. This software allows us to convert pixels from digital videos of the interaction into their 
greyscale format. Each frame has a fixed number of pixels that represent the distribution of grey-scale values 
ranging from 0 (true black) to 255 (true white)46. MEA allows to draw the region of interest manually and, there-
fore, tracks the change in “energy”, which is defined as changes from one video frame to the next and stores the 
amount of change occurring in a defined ROI into a time‐series representative of the movement that occurred in 
this ROI47(see Fig. 1 for an illustration of the software). These time-related changes are indicators of movement 
within specific ROIs. The absolute changes in greyscale values in these ROIs will be detected and separately re-
corded, thus generating two continuous time series measuring the amount of total full-body movement of each 
participant (for full description see Ramseyer, 202045).

To quantify automatically coded synchrony, we used a readily accessible and well-documented program 
designed to conduct motion energy analysis (rMEA in the R package, for details, see Ramseyer & Kleinbub48). The 
primary statistical analysis was based on a time‐lagged cross‐correlation algorithm (function MEAccf in rMEA, 
see Boker et al.49). Briefly, cross-lagged correlations were applied to quantify the synchrony of the preprocessed 
motion energy time series of the participants in each dyad. Correlations between the time series of each dyad were 
computed such that a lag zero correlation reflects simultaneous synchrony. We divided the 5-min time series into 
60 s segments overlapping by 30 s with a time lag window of 5 s (i.e., ± 5 s in both directions). Cross correlations 
were then standardized (Fisher’s Z) and their absolute values aggregated for every 60 s segment, yielding one 
global value of simultaneous synchrony. These parameters were chosen according to the guidelines suggested 
by Ramseyer45 and the nature of our data. Note that the use of absolute values, as suggested by Ramseyer and 
Tschacher43, means that both positive and negative cross-correlations contributed positively to synchrony.

In order to control for the possibility that synchrony occurred by coincidence, we ran a pseudo-synchrony 
analysis (i.e., compared the real associations found in genuine dyads with chance associations produced by 
pseudo dyads). To create the pseudo interactions, we shuffled the original time series of each dyad, then aligned 
movement segments of different interaction partners that never actually occurred at the same time (i.e., 9660 
pseudo dyads were created by pairing a participant from one dyad with a participant from another dyad). To 
calculate the level of pseudo dyadic synchrony, we used the same analysis as for real dyads, which yielded one 
global value of simultaneous synchrony for each pseudo dyad.

Self‑report measures.  Interpersonal trust.  The trust questionnaire is a 5-item measure developed by Murray 
et al.50 based on a measure developed by Holmes et al.51 It measures the degree of trust in the partner’s continu-
ing motivation to be responsive to one’s needs on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree) (e.g., “When we are dealing with an issue that is important to me, I feel confident that my partner will 
put my feelings first,” “I feel that I can trust my partner completely”). The internal consistency in our data was 
adequate before the interaction (α = 0.72) and following the interaction (α = 0.76).

Figure 1.   A snapshot of the MEA software, while analyzing one video of our collected data. The two predefined 
regions of interest (ROI) appears in two different colors, each capturing the head and shoulder area of a single 
participant.
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Liking.  The liking questionnaire is a 4-item measure developed by Mackinnon et al.52. It measures the degree 
of liking towards another person on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree) (e.g., 
“How friendly do you think the person would be if you met this person in real life?”). The internal consistency in 
our data was adequate before the interaction (α = 0.80) and following the interaction (α = 0.86).

Cohesion.  The cohesion scale is a 5-item questionnaire previously used by Wiltermuth and Heath19 and Cross 
et  al.53 It measures trust, mood, and cohesion (closeness, connectedness, and similarity). Since some of the 
items overlap with other questionnaires we used, we only included 3 items ("How similar do you feel to the 
other participant?", "How connected do you feel to the other participant?", "How much do you trust the other 
participant?"). Participants recorded their responses to each of these questions by marking the continuum. This 
response scale was used to make it more likely to detect any changes after the movement manipulation and has 
been successfully used in a similar context by Lumsden et al.9 The internal consistency in our data was adequate 
before the interaction (α = 0.87) and following the interaction (α = 0.93).

Self‑other overlap.  Self-other overlap was measured using the Inclusion of Other in Self (IOS), a single item, 
pictorially measure developed by Aron et al.54 It is intended to tap directly into people’s sense of interpersonal 
interconnectedness in a nonverbal way. In the IOS scale, respondents select the picture that best describes their 
relationship from a set of Venn-like diagrams, each representing different degrees of overlap between two circles. 
The figures were designed so that (a) the total area of each figure is constant (thus as the overlap of the circles 
increases, so does the diameter), and (b) the degree of overlap progresses linearly, creating a seven-step, interval-
level scale. The IOS is a simple, well-validated, and commonly used scale.

Positive and negative affect.  The Positive and Negative Affect Schedule (PANAS) is a 20-item measure devel-
oped by Watson et al.44 It is a reliable and valid tool for measuring the two different mood states (positive and 
negative affect) over different intervals of time (‘today’, ‘during the past few days’, ‘during the past year’, ‘in general 
on an average’, etc.). The internal consistency in our data was adequate for the PA subscale before the interaction 
(α = 0.87) and following the interaction (α = 0.86), as well as for the NA subscale before the interaction (α = 0.83) 
and following the interaction (α = 0.84).

Perceived similarity.  The perceived similarity was measured using a perceived similarity questionnaire55 which 
includes 25 items that are rated on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The 
questionnaire is divided into two sub-scales—one examines similar backgrounds and includes 10 items, and 
the second examines similar attitudes and includes 15 items. The internal consistency in our data was adequate 
before the interaction (α = 0.89) and following the interaction (α = 0.89).

Procedure.  As shown in Fig. 2, before the beginning of each session, each participant received an e-mail 
including informed consent, the subject’s number, the dyad’s number, a link to the Zoom meeting, and lastly, 
a questionnaire investigating demographic information and the positive and negative affect schedule question-
naire (PANAS), which had to be filled out before entering the Zoom meeting. In each Zoom meeting, one dyad 
and one research assistant were present. Upon joining the Zoom meeting, the research assistant instructed par-
ticipants to use the pin option to view their interaction partner on full screen and to give a short introduction of 
themselves to one another for the next two minutes. At the start of the experiment, the research assistant turned 
off their camera and microphone. After two minutes, they turned them back on and instructed the participants 
to turn off their own cameras and microphones. The purpose was to allow the participants to fill out a question-
naire measuring trust, liking, perceived similarity, self-other overlap, and cohesion. Next, the research assistant 
instructed participants to turn on cameras and microphones and instructed them to share the difficulties they 
are experiencing with COVID-19 and how it affected their personal lives for the next five minutes (see Fig. 2). 
It is worth noting that the experiment took place between April 25th and May 9th, 2021, a time in which many 
social distancing and quarantine restrictions were still enforced, such as remote learning at universities. The 
research assistant turned off the camera and microphone during the dyadic conversation. After five minutes, the 
research assistant returned the camera and microphone and asked participants to finish the talk and switch off 
the cameras and microphones while filling out the last questionnaire measuring trust, liking, perceived similar-
ity, self-other overlap, cohesion, and positive and negative affect (see Fig. 2). To further analyze the films, we 
only chose those that met the MEA’s basic criteria, such as a static background in the video, stable lighting, and a 
camera45. Due to the background noise in some videos, a few frames were manually eliminated. The resolution of 
all recorded interactions was standardized to 1920 × 1080 pixels at 30 frames per second. The virtual interaction 
was recorded via Zoom and transferred and saved to a private cloud. The video recordings were deleted after all 
analysis were completed.

Results
Task validation.  Virtual interaction induces motor synchrony.  To validate our task, that indeed motor syn-
chrony occurred during the virtual social interactions, we employed a two-tailed independent-samples t-test, 
with group (real dyads vs. pseudo dyads) as the independent variable and global value of simultaneous syn-
chrony as the dependent variable. Results showed that synchrony in real dyads (M = 0.14, SD = 0.04) was signifi-
cantly higher than synchrony in pseudo dyads (M = 0.04, SD = 0.02), (t (9727) = 39.92, p = 0.000), suggesting that 
participants spontaneously synchronized movement with each other during the virtual social interaction (see 
Fig. 3 and 4).
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Virtual social interaction induces emotional alignment.  In order to determine whether participants experienced 
emotional alignment, we calculated the difference in negative emotions by extracting the absolute values of the 
two dyad members’ negative affect scores (i.e., the difference in negative affect index) using the NA subscale of 
the PANAS questionnaire. A similar index was calculated for the positive affect scores (i.e., difference in posi-
tive affect index) using the PA subscale of the PANAS questionnaire. Note that a lower difference score in these 
indexes reflects higher similarity in emotional state (i.e., emotional alignment).

Next, to validate our task, that indeed emotional alignment occurred during the virtual social interactions, 
we employed two two-tailed paired-sample t-test. One test with time (before interaction vs. after interaction) 
as the independent variable and difference in positive affect as the dependent variable. A second test was used 
with time (before interaction vs. after interaction) as the independent variable and difference in negative affect 
as the dependent variable. The difference in the negative affect index before the interaction (M = 6.50, SD = 4.74) 
was significantly higher than the difference in the negative affect index after the interaction (M = 4.01, SD = 4.39); 
t (68) = 4.12, p = 0.000 (see Fig. 5). However, the difference in the positive affect index before the interaction 
(M = 8.67, SD = 5.80) was not significantly higher than the difference in the positive affect index after the interac-
tion (M = 7.83, SD = 6.35); t (68) = 1.12, p = 0.268 (see Fig. 5). Thus, suggesting that the virtual interaction elicited 
emotional alignment between participants in negative affect.

Figure 2.   Experimental flowchart.
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Synchrony’s pro‑social effects.  To examine whether a social virtual interaction that includes both audio and 
video induces pro-social effects, we conducted repeated measures multivariate analysis of variance (MANOVA) 
with time (before and after the interaction) as a within-subjects factor. This analysis allowed us to determine 
whether a significant difference exists between the average pro-social scores (i.e., dyad average score on posi-
tive and negative affect, trust, liking, cohesion, self-other overlap, and perceived similarity) before and after the 
interaction.

Within-subjects MANOVA results showed a significant difference between the average dyad score on positive 
affect (F (1, 68) = 32.82, p < 0.000), negative affect (F (1, 68) = 27.03, p = 0.000), trust (F (1, 68) = 45.25, p = 0.000), 
liking (F (1, 68) = 40.02, p = 0.000), cohesion (F (1, 68) = 107.4, p = 0.000), self-other overlap (F (1, 68) = 222.72, 

Figure 3.   The lag-plot comparing real dyads and pseudo dyads (colored lines: real = blue and pseudo = grey 
line): Y axis = absolute cross-correlation (= synchrony), X axis = lags.

Figure 4.   Shows a violin chart of the distribution of all dyadic synchronization levels within our data. On 
the right, we present the real data set (69 dyads) and on the left all pseduo-dyads (9660 shuffled dyads). As 
can be seen, the real data set comprises higher synchrony compared to the shuffled data, supporting the 
notion that synchrony as measured by the MEA emerged during virtual interaction. Spontaneous synchrony 
was significantly higher in real dyads than in pseudo-dyads, suggesting that synchrony is due to the dyadic 
interaction and not spurious.
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p = 0.000), and perceived similarity (F (1, 68) = 10.99, p = 0.001) before and after the virtual interaction (see 
Table 1). Taken together, the MANOVA results suggest that similarly to face-to-face interactions, virtual social 
interactions may induce pro-social effects.

After validating that motor synchrony, emotional alignment and pro-social effects indeed arise during the 
virtual social interaction, a simple linear regression analysis was conducted to examine whether emotional align-
ment and the change in pro-social effects are associated with synchrony. To examine these associations, we first 
calculated the level of emotional alignment for both negative affect and positive affect using the difference in 
affect indexes. For both affects, we subtracted the index before the interaction from the index after the interac-
tion. Next, we calculated the change that occurred in pro-social effects by subtracting the average dyad score 
after the interaction from the average dyad score before the interaction, this calculation was done separately for 
each of the pro-social effects.

In sum, the regression model included synchrony as the dependent variable and as independent variables 
were the emotional alignment indexes (negative and positive) and the changes in each of the pro-social effects 
(trust, liking, cohesion, self-other overlap, perceived similarity). The overall regression model was significant 
R2 = 0.293, F (7, 61) = 3.62, p = 0.003. Emotional alignment in positive affect (β = -−  0.394, p < 0.001) and the 
change in liking (β = 0.496, p < 0.001) were found to significantly predict the level of motor synchrony (see 
Table 2). Thus suggesting, that emotional alignment and pro-social effects were associated with the level of syn-
chrony during the virtual interactions. In particular, a higher level of synchrony during the virtual interaction 
was found to be associated with increased positive emotional alignment and liking.

Discussion
Extensive research has been conducted on the correlation between motor synchrony and emotional alignment 
during face-to-face interactions23,24,32,33. Likewise, the connection between motor synchrony and pro-social effects 
has also been extensively documented12–18. However, it remains an open question whether these associations 
also exist in virtual social interactions. To address this question, the current study examined whether motor 

Figure 5.   On the left side of the figure, the difference in positive affect index before and after the interaction 
is displayed, while on the right side, the difference in negative affect index before and after the interaction is 
shown. The composite scores were computed based on the difference between the participant’s self-report and 
their interaction partner’s report. Separate composite scores were calculated for negative affect and positive 
affect before and after the interaction. It is important to note that a lower score indicates a higher level of 
emotional alignment.

Table 1.   Descriptive statistics for composite average scores for each dyad on all questionnaires before and 
after interaction. *p < 0.01.

Before the 
interaction

After the 
interaction

M SD M SD

Positive affect* 32.39 5.64 35.8 5.08

Negative affect* 11.88 3.09 9.8 2.76

Trust* 14.57 1.95 15.67 2.17

Liking* 16.92 1.76 17.86 1.9

Cohesion* 130.2 48.36 160.8 50.84

Self-other overlap* 41.43 17.16 57.43 15.75

Perceived similarity* 55.87 7.99 58.06 8.77
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synchrony, emotional alignment, or other pro-social effects can be observed during virtual social interactions. 
Our findings reveal supporting evidence for the presence of both motor synchrony and emotional alignment 
during virtual social interactions. Moreover, we found that following the interaction participants reported a 
reduction in negative affect and an increase in positive affect, as well as greater feelings of liking, trust, perceived 
similarity, cohesiveness, and self-other overlap. Finally, our results suggest that higher level of synchrony is spe-
cifically linked to increased positive emotional alignment and liking. Thus, these results underscore the possibility 
for humans to communicate remotely, as this virtual social interaction seems to provide similar opportunity for 
connectedness as real-life social interactions.

In the current study, we instructed participants to share personal difficulties with one another during a virtual 
social interaction in order to generate a shared emotional experience. Our results indicate that while participants 
were instructed to share difficult experiences with one another, the interaction was accompanied by a reduction 
in negative affect and an upswing in positive affect. It is thus suggested that although unpleasant experiences 
were shared, the interaction itself was pleasant. A previous study has found that the mere acknowledgement 
that someone is sharing an emotional experience with us, without even communicating, makes the experience 
more pleasant56. Taken together, these results indicate the powerful effect of sharing emotional experiences with 
others, even when the interaction is virtual. Similarly, it has been suggested, that digital technology may assist 
in reducing loneliness and mitigate the negative effects of social distancing57,58. For example, recent studies have 
shown that increased virtual social interactions with close others during the pandemic were linked to higher 
levels of well-being in both younger and older adults59,60. Moreover, the Zoom platform allowed for forming and 
maintaining rapport between researcher and participant in a recent study61. Nonetheless, it is still unclear what 
causes this powerful effect of virtual social interactions.

To unravel this query and shed light on a question that is at the forefront of social psychologists today—
that is, whether virtual social interactions provide the same opportunity for connectedness as real-life social 
interactions—we will take into consideration our first goal. As expected, our first goal (i.e., to demonstrate that 
emotional alignment and motor synchrony can arise spontaneously during virtual social interactions) received 
supporting evidence from our results. Given the important role motor synchrony and emotional alignment 
play in our social lives, having found these phenomena in virtual social interactions may assist in explaining the 
powerful effect of such interactions. Moreover, we found that similarly to face-to-face interaction, virtual social 
interactions that include both audio and video may provide similar pro-social effects13,14,18,19,62–65. Specifically, 
in our novel paradigm, the level of synchrony was particularly associated with liking and positive emotional 
alignment. Altogether, it seems that many social phenomena occurring in face-to-face interactions also occur 
in virtual social interactions. Similarly, a recent study showed that virtual interactions were not different from 
face-to-face interactions in terms of trust, liking, perceived similarity, and synchrony41. Therefore, we suggest 
that these phenomena may be the underlying mechanisms that explain the connection-promoting effect social 
virtual interactions have.

However, while our study found evidence for the possibility of virtual social interactions to promote con-
nectedness, Towner et al.66 did not find this effect. It has previously been suggested that virtual social interactions 
that include audio create stronger social bonds compared to interactions including only text67. In accordance 
with this suggestion, the disparity between our study and Towner et al.’s66 study might be explained by the type 
of virtual social interactions used. Here, virtual social interactions were conducted via Zoom, therefore the 
interaction included both audio and video. In Towner et al.’s66 study, virtual social interactions were examined 
spontaneously, and participants reported using mostly messaging/texting as their primary mode of virtual social 
interaction. Thus, it could be presumed that different methods of virtual social interactions provide different 
opportunities for connectedness. This hypothesis lines up with our suggestion regarding the underlying mecha-
nism of the connection-promoting effect of virtual social interactions. That is, interactions including audio and 
video might generate more social phenomena (motor synchrony, emotional alignment, etc.) than interactions 
including text exclusively. Therefore, it could be hypothesized that different types of virtual social interactions 
provide different opportunities for social phenomena to occur. As such, the connection-promoting effect a virtual 
social interaction will have depends on the social phenomena elicited during the interaction.

Nonetheless, some studies have failed to replicate the association between motor synchrony and pro-social 
effects during a virtual interaction between human and virtual agent, that is although they included both audio 
and video20,21. Moreover, although there were no significant differences found in facial expression mimicry, 

Table 2.   Reggression coeffisionts of emotional alignment and pro-social effects on motor synchrony during 
virtual interactions. *p < 0.01.

B SE β t

Positive emotional alignment * − 0.03 0.001 0.394 − 3.484

Negative emotional alignment 0.001 0.001 0.104 0.931

Trust − 0.009 0.005 − 0.291 − 2.037

Liking* 0.018 0.005 0.496 3.650

Cohesion 0.000 0.000 − 0.093 − 0.643

Self-other overlap 0.000 0.001 0.50 -0.369

Perceived similarity − 0.001 0.001 − 0.155 − 1.302
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feelings of closeness, and trust between videoconferencing and in-person interactions, videoconferencing has 
been shown to reduce interactional engagement and hinder creative collaboration capacity41. It appears that the 
positive effects of virtual interactions cannot be solely attributed to the social phenomena that occur during the 
interaction. Many other factors come into play when evaluating the social effects of different types of interactions, 
including the setting, participants, and purpose.

Previous studies have suggested that people are more likely to synchronize movement with those they like, 
feel close to, trust, and perceive as similar to themselves13,14,18,19,62–65. Additionally, a link between synchrony and 
emotional alignment has been previously observed23,24,32,33. In line with this, we observed an increase in pro-social 
effects following synchronized virtual interaction as well as an emergence of emotional alignment. However, one 
may argue that a direct reported association between synchrony and changes in pro-social effects and emotional 
alignment should be evident in order to draw this conclusion. To address this concern, we conducted a regression 
analysis to examine whether emotional alignment and changes in pro-social effects are associated with synchrony. 
The results indicate a positive association between synchrony and alignment in positive affect and liking. Thus, 
a higher level of synchrony during virtual interaction is associated with increased positive social alignment and 
liking. We believe that this may not have been discovered had we altered even one aspect of the paradigm. It is 
safe to assume that each interaction’s unique nature produces distinct social phenomena and outcomes. As we 
still have much to learn about various types of interactions and their outcomes, further studies are essential.

Several limitations of the current study should be noted. First, this study did not have any kind of a compari-
son group, thus we cannot determine the similarities and differences between virtual settings and face-to-face 
settings. Furthermore, our study design does not allow for establishing a causal relationship between motor 
synchrony, emotional alignment, and the pro-social effects of the interaction. In addition, the demographics 
of our sample present a limitation due to a lack of diversity in age, an unequal ratio between men and women, 
and the fact that all participants attend the same university in Israel. Another limitation of the current study 
was the narrow region we recorded for motor synchrony analysis. The video recordings included only the head 
and shoulder region and it is possible that examination of the entire body would have provided different results, 
although it was not relevant for this study since during the interaction participants only viewed this part of their 
interaction partner. Finally, a research assistant was present during the interaction. Although we attempted to 
minimize their impact by turning off their camera and microphone, it is uncertain whether this was effective. As 
having an experimenter present during a dyadic interaction is a common practice in face-to-face settings68–70, it 
would be valuable to investigate the impact of their presence in future studies involving video settings. Regard-
less of these limitations, the current study provides a basis for future studies investigating social interactions in 
a virtual environment.

In conclusion, the current study suggests that both synchrony and emotional alignment may arise spontane-
ously in the virtual world. To our knowledge, this is the first study that has found evidence for the spontaneous 
emergence of both synchrony and emotional alignment during a virtual interaction. Moreover, this interaction 
induced pro-social effects. It could also be assumed that this interaction was pleasant for the participants since 
it raised their affect. Finally, a higher level of synchrony was specifically linked to positive emotional alignment 
and liking. Here, we created a specific paradigm that elicited specific social phenomena and outcomes, some of 
which are similar to previous findings, and some seem to be unique to this paradigm. Thus, emphasizing that 
each interaction’s unique nature produces distinct phenomena. Taken together, these findings may pave the way 
for developing new intervention protocols aiming at dealing with the consequences of social distancing. Using 
our findings, future research can try to design different types of virtual protocols and examine their therapeutic 
results as well as motor synchrony and emotional alignment during the interventions. Moreover, future stud-
ies may recreate our paradigm in different types of virtual social interactions and examine the different social 
phenomena each type of interaction elicits.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author upon 
reasonable request.

Received: 2 February 2023; Accepted: 18 June 2023

References
	 1.	 Reddish, P., Bulbulia, J. & Fischer, R. Does synchrony promote generalized prosociality?. Religion Brain Behav. 4, 3–19 (2014).
	 2.	 Reddish, P., Fischer, R. & Bulbulia, J. Let’s dance together: Synchrony, shared intentionality and cooperation. PLoS ONE 8, 71182 

(2013).
	 3.	 Gvirts Problovski, H. Z. et al. Impairments of interpersonal synchrony evident in attention deficit hyperactivity disorder (ADHD). 

Acta Psychol. (Amst) 212, 103210 (2021).
	 4.	 Sylos-Labini, F., d’Avella, A., Lacquaniti, F. & Ivanenko, Y. Human-human interaction forces and interlimb coordination during 

side-by-side walking with hand contact. Front. Physiol https://​doi.​org/​10.​3389/​fphys.​2018.​00179 (2018).
	 5.	 Varlet, M., Marin, L., Lagarde, J. & Bardy, B. G. Social postural coordination. J. Exp. Psychol. Hum. Percept. Perform. 37, 473–483 

(2011).
	 6.	 Paulick, J. Nonverbal synchrony in psychotherapy investigation of a new approach with the potential to better understand and 

predict therapeutic success. (2018).
	 7.	 Rauchbauer, B. & Grosbras, M. H. Developmental trajectory of interpersonal motor alignment: Positive social effects and link to 

social cognition. Neurosci. Biobehav. Rev. 118, 411–425 (2020).
	 8.	 Cheng, M., Kato, M., Saunders, J. A. & Tseng, C. H. Paired walkers with better first impression synchronize better. PLoS ONE 15, 

0227880 (2020).
	 9.	 Lumsden, J., Miles, L. K. & Neil Macrae, C. Sync or sink? Interpersonal synchrony impacts self-esteem. Front. Psychol. https://​doi.​

org/​10.​3389/​fpsyg.​2014.​01064 (2014).

https://doi.org/10.3389/fphys.2018.00179
https://doi.org/10.3389/fpsyg.2014.01064
https://doi.org/10.3389/fpsyg.2014.01064


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10481  | https://doi.org/10.1038/s41598-023-37218-6

www.nature.com/scientificreports/

	10.	 Cross, L., Atherton, G. & Sebanz, N. Intentional synchronisation affects automatic imitation and source memory. Sci. Rep https://​
doi.​org/​10.​1038/​s41598-​020-​79796-9 (2021).

	11.	 Tunçgenç, B. & Cohen, E. Interpersonal movement synchrony facilitates pro-social behavior in children’s peer-play. Dev. Sci. 21, 
e12505 (2018).

	12.	 Cross, L., Turgeon, M. & Atherton, G. How moving together binds us together: the social consequences of interpersonal entrain-
ment and group processes. Open Psychol. 1, 273–302 (2019).

	13.	 Hove, M. J. & Risen, J. L. It’s all in the timing: interpersonal synchrony increases affiliation. Soc. Cogn. 27, 949–960 (2009).
	14.	 Lang, M. et al. Lost in the rhythm: Effects of rhythm on subsequent interpersonal coordination. Cogn. Sci. 40, 1797 (2016).
	15.	 Miles, L. K., Griffiths, J. L., Richardson, M. J. & Macrae, C. N. Too late to coordinate: Contextual influences on behavioral synchrony. 

Eur. J. Soc. Psychol. 40, 52–60 (2010).
	16.	 Goldstein, P., Losin, E. A. R., Anderson, S. R., Schelkun, V. R. & Wager, T. D. Clinician-patient movement synchrony mediates 

social group effects on interpersonal trust and perceived pain. Journal of Pain 21, 1160–1174 (2020).
	17.	 Jackson, J. C. et al. Synchrony and physiological arousal increase cohesion and cooperation in large naturalistic groups. Sci. Rep. 

https://​doi.​org/​10.​1038/​s41598-​017-​18023-4 (2018).
	18.	 Sebanz, N., Bekkering, H. & Knoblich, G. Joint action: Bodies and minds moving together. Trends Cogn. Sci. 10, 70–76. https://​

doi.​org/​10.​1016/j.​tics.​2005.​12.​009 (2006).
	19.	 Wiltermuth, S. S. & Heath, C. Synchrony and cooperation. Psychol. Sci. 20, 1–5 (2009).
	20.	 Verberne, F. M., Ham, J., Ponnada, A. & Midden, C. J. Trusting digital chameleons: The effect of mimicry by a virtual social agent 

on user trust. in Persuasive Technology: 8th International Conference 234–245 (Springer Berlin Heidelberg, 2013).
	21.	 Hale, J. & Hamilton, A. F. D. C. Testing the relationship between mimicry, trust and rapport in virtual reality conversations. Sci. 

Rep. https://​doi.​org/​10.​1038/​srep3​5295 (2016).
	22.	 Smirnov, D. et al. Emotions amplify speaker–listener neural alignment. Hum. Brain Mapp. 40, 4777–4788 (2019).
	23.	 Shamay-Tsoory, S. G., Saporta, N., Marton-Alper, I. Z. & Gvirts, H. Z. Herding brains: A core neural mechanism for social align-

ment. Trends Cogn. Sci. 23, 174–186. https://​doi.​org/​10.​1016/j.​tics.​2019.​01.​002 (2019).
	24.	 Hawk, S. T., Fischer, A. H. & Van Kleef, G. A. Face the noise: Embodied responses to nonverbal vocalizations of discrete emotions. 

J. Pers. Soc. Psychol. 102, 796–814 (2012).
	25.	 Cirelli, L. K. How interpersonal synchrony facilitates early prosocial behavior. Curr. Opin. Psychol. 20, 35–39 (2018).
	26.	 Han, S. Neurocognitive basis of racial ingroup bias in empathy. Trends Cogn. Sci. 22, 400–421 (2018).
	27.	 Tarr, B., Launay, J. & Dunbar, R. I. M. Silent disco: dancing in synchrony leads to elevated pain thresholds and social closeness. 

Evol. Hum. Behav. 37, 343–349 (2016).
	28.	 Rabinowitch, T. C. & Knafo-Noam, A. Synchronous rhythmic interaction enhances children’s perceived similarity and Closeness 

towards each other. PLoS ONE 10, e0120878 (2015).
	29.	 Kühn, S. et al. Neural correlates of emotional synchrony. Soc. Cogn. Affect. Neurosci. 6, 368–374 (2011).
	30.	 Jospe, K., Flöel, A. & Lavidor, M. The interactive effect of empathy and motor cortex stimulation on hand gesture comprehension. 

Neuropsychologia 141, 107412 (2020).
	31.	 Zaki, J., Davis, J. I. & Ochsner, K. N. Overlapping activity in anterior insula during interoception and emotional experience. 

Neuroimage 62, 493–499 (2012).
	32.	 Tzanaki, P. The positive feedback loop of empathy and interpersonal synchronisation: discussing a theoretical model and its 

implications for musical and social development. Music Sci. https://​doi.​org/​10.​1177/​20592​04322​11427​15 (2022).
	33.	 Ferrari, P. F. & Coudé, G. Mirror Neurons, Embodied Emotions, and Empathy. in Neuronal Correlates of Empathy: From Rodent 

to Human 67–77 (Elsevier, 2018)
	34.	 Shamay-Tsoory, S. G. Dynamic functional integration of distinct neural empathy systems. Soc. Cogn. Affect. Neurosci. 9, 1–2 (2014).
	35.	 Perry, A. & Bentin, S. Mirror activity in the human brain while observing hand movements: A comparison between EEG desyn-

chronization in the μ-range and previous fMRI results. Brain Res. 1282, 126–132 (2009).
	36.	 Chartrand, T. L. & Bargh, J. A. The chameleon effect: The perception–behavior link and social interaction. J. Pers. Soc. Psychol. 76, 

893–910 (1999).
	37.	 Rennung, M. & Göritz, A. S. Prosocial consequences of interpersonal synchrony. Z. Psychol. 224, 168–189 (2016).
	38.	 Smith, A. & Anderson, M. Social media use in 2018. Pew Research Center: Internet, Science & Tech (2018).
	39.	 Greenhow, C. & Chapman, A. Social distancing meet social media: Digital tools for connecting students, teachers, and citizens in 

an emergency. Inf. Learn. Sci. 121, 331–342 (2020).
	40.	 Oliffe, J. L., Kelly, M. T., Gonzalez Montaner, G. & Yu Ko, W. F. Zoom Interviews: Benefits and Concessions. Int J Qual Methods 

20, 160940692110535 (2021).
	41.	 Brucks, M. S. & Levav, J. Virtual communication curbs creative idea generation. Nature 605, 108–112 (2022).
	42.	 Ramseyer, F. T. Exploring the evolution of nonverbal synchrony in psychotherapy: The idiographic perspective provides a different 

picture. Psychother. Res. 30, 622–634 (2020).
	43.	 Ramseyer, F. & Tschacher, W. Nonverbal synchrony in psychotherapy: Coordinated body movement reflects relationship quality 

and outcome. J. Consult. Clin. Psychol. 79, 284–295 (2011).
	44.	 Watson, D., Clark, L. A. & Tellegen, A. Development and validation of brief measures of positive and negative affect: The PANAS 

scales. J. Pers. Soc. Psychol. 54, 1063–1070 (1988).
	45.	 Ramseyer, F. T. Motion energy analysis (MEA): A primer on the assessment of motion from video. J. Couns. Psychol. 67, 536–549 

(2020).
	46.	 Ramseyer, F. & Tschacher, W. Synchrony in dyadic psychotherapy sessions. Simultaneity: Temporal structures and observer perspec‑

tives 329–347 (2008).
	47.	 Kupper, Z., Ramseyer, F., Hoffmann, H. & Tschacher, W. Nonverbal synchrony in social interactions of patients with schizophrenia 

indicates socio-communicative deficits. PLoS ONE 10, e0145882 (2015).
	48.	 Kleinbub, J. R. & Ramseyer, F. rMEA: Synchrony in motion energy analysis (MEA) time-series. (2018).
	49.	 Boker, S. M., Rotondo, J. L., Xu, M. & King, K. Windowed cross-correlation and peak picking for the analysis of variability in the 

association between behavioral time series. Psychol. Methods 7, 338–355 (2002).
	50.	 Murray, S. L., Holmes, J. G., Griffin, D. W. & Derrick, J. L. The equilibrium model of relationship maintenance. J. Pers. Soc. Psychol. 

108, 93–113 (2015).
	51.	 Rempel, J. K., Holmes, J. G. & Zanna, M. P. Trust in close relationships. J. Pers. Soc. Psychol. 49, 95 (1985).
	52.	 Mackinnon, S. P., Jordan, C. H. & Wilson, A. E. Birds of a feather sit together: Physical similarity predicts seating choice. Pers. Soc. 

Psychol. Bull. 37, 879–892 (2011).
	53.	 Cross, L., Wilson, A. D. & Golonka, S. How moving together brings us together: When coordinated rhythmic movement affects 

cooperation. Front. Psychol. https://​doi.​org/​10.​3389/​fpsyg.​2016.​01983 (2016).
	54.	 Aron, A., Aron, E. N. & Smollan, D. Inclusion of other in the self scale and the structure of interpersonal closeness. J. Pers. Soc. 

Psychol. 63, 596 (1992).
	55.	 McCroskey, J. C., Richmond, V. P. & Daly, J. A. the development of a measure of percieved homophily in interpersonal communica-

tion. Hum. Commun. Res. 1, 323–332 (1975).
	56.	 Wagner, U. et al. Beautiful friendship: Social sharing of emotions improves subjective feelings and activates the neural reward 

circuitry. Soc. Cogn. Affect. Neurosci. 10, 801–808 (2014).

https://doi.org/10.1038/s41598-020-79796-9
https://doi.org/10.1038/s41598-020-79796-9
https://doi.org/10.1038/s41598-017-18023-4
https://doi.org/10.1016/j.tics.2005.12.009
https://doi.org/10.1016/j.tics.2005.12.009
https://doi.org/10.1038/srep35295
https://doi.org/10.1016/j.tics.2019.01.002
https://doi.org/10.1177/20592043221142715
https://doi.org/10.3389/fpsyg.2016.01983


11

Vol.:(0123456789)

Scientific Reports |        (2023) 13:10481  | https://doi.org/10.1038/s41598-023-37218-6

www.nature.com/scientificreports/

	57.	 Galea, S., Merchant, R. M. & Lurie, N. The mental health consequences of COVID-19 and physical distancing: The need for pre-
vention and early intervention. JAMA Intern. Med. 180, 817–818. https://​doi.​org/​10.​1001/​jamai​ntern​med.​2020.​1562 (2020).

	58.	 Orben, A., Tomova, L. & Blakemore, S.-J. The effects of social deprivation on adolescent development and mental health. Lancet 
Child Adolesc. Health 4, 634–640 (2020).

	59.	 Sahi, R. S., Schwyck, M. E., Parkinson, C. & Eisenberger, N. I. Having more virtual interaction partners during COVID-19 physical 
distancing measures may benefit mental health. Sci. Rep https://​doi.​org/​10.​1038/​s41598-​021-​97421-1 (2021).

	60.	 Brown, G. & Greenfield, P. M. Staying connected during stay-at-home: Communication with family and friends and its association 
with well-being. Hum. Behav. Emerg. Technol. 3(147), 156 (2021).

	61.	 Archibald, M. M., Ambagtsheer, R. C., Casey, M. G. & Lawless, M. Using zoom videoconferencing for qualitative data collection: 
Perceptions and experiences of researchers and participants. Int. J. Qual. Methods https://​doi.​org/​10.​1177/​16094​06919​874596 
(2019).

	62.	 Miles, L. K., Griffiths, J. L., Richardson, M. J. & Macrae, C. N. Too late to coordinate: Contextual influences on behavioral synchrony. 
Eur. J. Soc. Psychol. https://​doi.​org/​10.​1002/​ejsp.​721 (2009).

	63.	 Sommerville, J. A. & Decety, J. Weaving the fabric of social interaction: Articulating developmental psychology and cognitive 
neuroscience in the domain of motor cognition. Psychon. Bull. Rev. 13, 179–200 (2006).

	64.	 Tamborini, R. et al. The effect of behavioral synchrony with black or white virtual agents on outgroup trust. Comput. Human Behav. 
83, 176–183 (2018).

	65.	 Hove, M. J. Shared circuits, shared time, and interpersonal synchrony. Behav. Brain Sci. 31, 29–30 (2008).
	66.	 Towner, E., Tomova, L., Ladensack, D., Chu, K. A. & Callaghan, B. Virtual social interaction and loneliness among emerging adults 

amid the COVID-19 pandemic. PsyArXiv (2021).
	67.	 Kumar, A. & Epley, N. It’s surprisingly nice to hear you: Misunderstanding the impact of communication media can lead to sub-

optimal choices of how to connect with others. J. Exp. Psychol. Gen. 150, 595–607 (2021).
	68.	 Ulmer-Yaniv, A., Waidergoren, S., Shaked, A., Salomon, R. & Feldman, R. Neural representation of the parent–child attachment 

from infancy to adulthood. Soc. Cogn. Affect Neurosci. 17, 609–624 (2022).
	69.	 Yirmiya, K., Motsan, S., Kanat-Maymon, Y. & Feldman, R. From mothers to children and back: Bidirectional processes in the 

cross-generational transmission of anxiety from early childhood to early adolescence. Depress Anxiety 38, 1298–1312 (2021).
	70.	 Feldman, R., Vengrober, A., Eidelman-Rothman, M. & Zagoory-Sharon, O. Stress reactivity in war-exposed young children with 

and without posttraumatic stress disorder: Relations to maternal stress hormones, parenting, and child emotionality and regula-
tion. Dev. Psychopathol. 25, 943–955 (2013).

Author contributions
H.G., M.M., and L.E. conceived and designed the study; L.E. conducted the experiments; M.S performed MEA 
analysis; H.G. and L.E. performed all other analysis; H.G., L.E., M.S., and M.M. drafted or critically revised the 
manuscript. All authors approved the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023, corrected publication 2023

https://doi.org/10.1001/jamainternmed.2020.1562
https://doi.org/10.1038/s41598-021-97421-1
https://doi.org/10.1177/1609406919874596
https://doi.org/10.1002/ejsp.721
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Virtual social interactions during the COVID-19 pandemic: the effect of interpersonal motor synchrony on social interactions in the virtual space
	The role of motor synchrony during social interactions. 
	The present research. 
	Method
	Participants. 
	Measures. 
	Motion energy analysis. 
	Self-report measures. 
	Interpersonal trust. 
	Liking. 
	Cohesion. 
	Self-other overlap. 
	Positive and negative affect. 
	Perceived similarity. 


	Procedure. 

	Results
	Task validation. 
	Virtual interaction induces motor synchrony. 
	Virtual social interaction induces emotional alignment. 
	Synchrony’s pro-social effects. 


	Discussion
	References


