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Interpersonal synchrony affects performers’ sense of agency 

We investigated if interpersonal synchrony can lead to a sense of agency over 

another’s movement (extended self-agency). In Experiment 1, we found that 

extended self-agency was greater during synchrony than asynchrony. However, 

we also found that synchrony boosted participants’ sense that the other performer 

had agency over their actions (extended other-agency). This finding may have 

been because synchrony created a sense of distributed agency. If so, then 

manipulating the degree of influence participants have over their partner’s 

behavior should boost extended self-agency when leading and extended other-

agency when following. Experiment 2 confirmed these predictions. We also 

found synchrony created a sense of joint-agency. These results show how 

interpersonal synchrony can modulate a core aspect of the self. 
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Introduction 

Interpersonal synchrony – the matching of rhythmic behavior between individuals – is a 

common component of cultural traditions such as music making, dancing, or marching 

(Ehrenreich, 2006), and also occurs informally and unintentionally in day to day life 

during dyadic interactions (Condon & Ogston, 1967; Shockley, Santana, & Fowler, 

2003; Van Ulzen, Lamoth, Daffertshofer, Semin, & Beek, 2008). Interpersonal 

synchrony has attracted considerable attention recently due to its reported positive 

social effects such as greater prosocial feelings and behavior directed towards others 

(see reviews by Mogan, Fischer, & Bulbulia, 2017; Rennung & Göritz, 2016; Vicaria & 

Dickens, 2016). One of the proposed theoretical mechanisms for synchrony’s social 

effects is that it leads to a merger of the self and other (Hove, 2008; Smith, 2008; Tarr, 

Launay, & Dunbar, 2014), with recent studies showing greater self-reported self-other 

overlap after synchrony (Fessler & Holbrook, 2014; Reddish, Fischer, & Bulbulia, 

2013; Wiltermuth, 2012a, 2012b) and with self-other overlap mediating synchrony’s 



effects on social bonding and cooperation (Lang, Bahna, Shaver, Reddish, & Xygalatas, 

2017; Reddish et al., 2013). This suggests that interpersonal synchrony not only 

influences interpersonal relationships but may also influence people at a more 

fundamental level – the sense of self. There is some anecdotal anthropological evidence 

in support of this conjecture (Hanna, 1977; McNeill, 1995; Radcliffe-Brown, 1948). For 

example, McNeill (1995), reflecting on his experience of synchronized military drilling, 

describes: “a strange sense of personal enlargement; a sort of swelling out” (p.2). 

However, as far as we are aware, research directly exploring if and how synchrony 

might affect the self has yet to be conducted. Therefore, in this paper we examined if 

interpersonal synchrony may influence the self. As the self is a complex construct with 

multiple dimensions (Baumeister, 1998), we focused on one key aspect of the self that 

might be particularly relevant to synchrony: the sense of agency – the feeling that we 

are the cause behind some action or event in the world.   

The term synchrony has been used to describe a variety of coordinated 

interpersonal behaviours (Bernieri & Rosenthal, 1991). The most striking and the most 

commonly researched in the experimental psychological literature is in-phase behavior 

matched synchrony (i.e., moving the same way at the same time). Current theories for 

how our sense of agency is generated (Pacherie, 2013; Synofzik, Vosgerau, & Newen, 

2008; Wegner & Sparrow, 2004) suggests that such in-phase synchrony may be 

particularly effective at generating the feeling that one has agency over another person’s 

actions – what we term extended self-agency (Pacherie, 2012). Firstly, when an 

environmental event is paired in time with an intentional action (temporal contiguity), 

individuals may feel as if the event was caused by them. Timing appears critical here as 

the longer the delay between the behavior and the event the more diminished feelings of 

agency over the event become (Dewey & Carr, 2013; Sato & Yasuda, 2005). Moreover, 



voluntary actions are perceived as occurring more closely in time with an event than 

involuntary actions (Haggard, Clark, & Kalogeras, 2002). The action and the event 

appear to become bound in time – a process known as intentional binding (Moore & 

Obhi, 2012). When an event and a voluntary behavior are paired in time repeatedly, 

such as two people moving rhythmically in-phase together, a particularly strong sense 

of agency over the event (the other person’s movement) may develop.  

A second possible mechanism is through visual action feedback. When people 

generate a motor command, a predictive model of the behavior  is generated that 

estimates the sensory effects of the action (Frith, Blakemore, & Wolpert, 2000). When 

the sensory feedback from the resulting behavior matches the prediction, this generates 

a sensation of agency. When the feedback does not correspond to the prediction, a 

decrease in agency can be felt, even when participants are viewing their own hand 

(Longo & Haggard, 2009). If visual feedback from another person’s actions closely 

matches the prediction from one’s own behavior – as would be the case with in-phase 

synchrony – this too may generate feelings of agency over the other person’s hands.  

Based on these two theoretical mechanisms, we might then expect a person to 

feel a sense of extended self-agency over another person’s actions when moving 

synchronously in-phase with them. Consistent with this hypothesis, two studies by 

Kalckert and Ehrsson (2012, 2014) found that intentionally moving in in-phase 

synchrony with a rubber hand led to a greater sense of extended self-agency over that 

rubber hand compared to moving out of phase. However, it has yet to be seen if 

synchronizing with another person who has their own agency (as is the case in 

interpersonal synchrony) would also produce this effect. Furthermore, in Kalckert and 

Ehrsson’s studies participants were physically connected to the rubber hand to enable it 

to move in time with them. In interpersonal synchrony, there is typically no physical 



connection between people whether in laboratory experiments or real-life rituals: people 

are not directly causing the actions of another person. Rather, synchrony is created by 

information about another’s behavior being observed through the senses (primarily 

visual or auditory) and then integrated into the other person’s motor output (Phillips-

Silver, Aktipis, & Bryant, 2010).  

If the sense of extended self-agency over a synchronized hand is produced 

primarily through the two authorship indicators described above (temporal contiguity 

and visual action feedback) then we might expect these differences (synchronizing with 

a person and having no physical connection) to have minimal impact on extended self-

agency over the synchronizing hand. Seeing a hand moving repeatedly the same way 

and at the same time as one’s own arm, irrespective of whether it is real and physically 

attached or not, may be sufficient to induce a sense of extended self-agency over the 

observed arm. Alternatively, the differences between synchronizing with a real arm and 

a rubber arm may be important. Not directly causing the movement of the other arm or 

explicit knowledge that the other arm has its own agency could override any subtle 

authorship indicators triggered by synchrony, negating or reducing any effect of 

synchrony on extended self-agency.   

Synchronizing with another person also introduces additional factors which may 

differentially affect one’s sense of agency over another. In particular, synchronizing 

with another person can be a joint action task with performers working together to 

produce a desired behavioral outcome (Reddish et al., 2013). Joint coordination can be 

of two broad types: symmetric and asymmetric (Pacherie, 2012). Symmetric 

coordination is where both performers equally adjust their behavior to each other. 

Asymmetric coordination is when behavioral adjustments are primarily made by one 

individual, for example by a follower in a leader-follower relationship. The symmetry 



of the interaction and the particular role a person plays (e.g., leader or follower) may 

impact the effect synchrony has on agency with the more control one has over the 

interaction (i.e., the more one leads) the greater the sense of extended self-agency. 

Furthermore, recent studies (Bolt & Loehr, 2017; Bolt, Poncelet, Schultz, & Loehr, 

2016) have found that certain joint action tasks can create a socially emergent kind of 

agency: joint-agency – the sense that we are acting together (Pacherie, 2013; Seemann, 

2009). Synchrony produced through joint action may also produce this sense of joint-

agency, although it is not clear how such joint-agency may relate to any sense of 

extended agency over fellow performers. Although some studies have examined the 

sense of agency during joint actions involving two individuals (Bolt et al., 2016; 

Dewey, Pacherie, & Knoblich, 2014; Obhi & Hall, 2011; Strother, House, & Obhi, 

2010; van der Wel, 2015; van der Wel, Sebanz, & Knoblich, 2012; Weiss, Herwig, & 

Schütz-Bosbach, 2011), none have yet specifically examined synchrony. Moreover, 

these studies were focused on examining the sense of agency over the outcome of an 

action (e.g., the sense of agency over the movement of a cursor on a screen) rather than 

the sense of agency over another person’s actions. 

In the present study we examined what effect perceiving another person’s hand 

moving in in-phase rhythmic synchrony has on a person’s sense of agency. In 

Experiment 1 we specifically addressed the question of whether interpersonal 

synchrony increases the sense of extended self-agency compared to asynchronous 

interaction. That is, we extended Kalckert and Ehrsson’s results from a rubber hand to a 

person. In Experiment 2, we expand upon our results from Experiment 1 by examining 

whether extended self-agency and extended other-agency are influenced by the 

symmetry of the synchronous interaction and the role the participant plays. We also 

examined whether interpersonal synchrony can create a sense of joint agency. 



Experiment 1 

In Experiment 1 we asked participants to rhythmically move their right arm whilst 

observing a purported live video stream of another participant also moving their right 

arm. Participants, therefore, had no direct connection with the observed arm and had 

knowledge that the observed arm was being moved by another individual. We used a 

video to obtain greater control over the observed movement and to reduce any possible 

extraneous social cues. Participants’ movements were either in-phase (synchrony) or at 

a different frequency (asynchrony) to the observed arm. In the in-phase synchrony 

condition, temporal contiguity and visual action feedback would be maximized as 

differences in timing are minimal and the prediction of one’s own behavior and the 

observed movement of another’s behavior would map closely onto each other. In the 

asynchrony condition, temporal contiguity and visual action feedback would be less 

involved as there is no consistent relationship in timing or with prediction and 

observation.  Adapting similar scales to Kalckert and Ehrsson (2012), participants were 

then asked how much agency they felt over the other person’s hand during this task 

(extended self-agency), and how much agency they felt the other person had over their 

hand (extended other-agency). Based on the above two authorship indicators and 

Kalckert and Ehrsson’s (2012, 2014) results, we hypothesized that there would be a 

significant interaction between the two movement conditions and the two measures of 

agency: synchrony would lead to a greater sense of extended self-agency than in the 

asynchrony condition; but synchrony would not influence the sense of extended other-

agency.  

Method 

Participants.  



Participants were 137 students recruited from the National University of Singapore. 

Participants were recruited through an advertisement placed on a student learning 

website accessible to all students and were reimbursed $5 Singapore dollars for their 

time. The sample size was based on how many participants we could recruit during the 

academic year and data collection finished when the academic year was finished. Two 

participants were excluded from the analyses for not following instructions (one from 

the synchrony condition and one from the asynchrony condition) and one participant for 

the video malfunctioning (asynchrony condition) resulting in 134 participants (56% 

female; mean age = 21.58, range: 18-26 years). For both Experiment 1 and 2 ethical 

approval was obtained from the National University of Singapore Institutional Review 

Board with all participants giving informed consent. 

 

Procedure.  

The experiment was a mixed effects design with participants randomly assigned to 

either the synchrony or asynchrony conditions (between subjects) and all participants 

answering the two agency measures (within subjects). 

Movement manipulation. Participants were told that the aim of the experiment was to 

understand how people interact over video and that they would be performing a simple 

task involving interacting with another participant over video.  

All instructions for the synchrony manipulation were presented on the computer 

and the stimuli run through Open Sesame open access experimental software (Mathôt, 

Schreij, & Theeuwes, 2012). Participants were asked to move their arms in time with a 

metronome beat whilst watching a video of a purported second participant also 

performing the same movement via a live video-feed. Participants were told that other 

participant would likewise be watching their arm movements but “may or may not hear 



the same metronome beat as you.” Although participants were told the video was live-

streamed, it was in fact a pre-recorded video of a female confederate. As previous 

research indicated that people pay less attention to others when they are moving 

asynchronously (Reddish et al., 2013), participants were told to look at a black fixation 

cross on the screen during the video to help keep attention constant. Occasionally this 

fixation cross changed to yellow and participants were asked to count the number of 

times it changed.  The arm movement involved participants moving their right arm from 

a vertical upright position to a horizontal position resting on a desk, bending at the 

elbow (see Figure 1). Participants were initially shown a short video of how to do this 

and they were then given a short practice trial.  

Participants performed the arm movements in time with eight 30 second 

metronome rhythms, each of a different frequency, with a short rest in between. The 

different rhythm frequencies were to manipulate synchrony and also helped to keep 

participants focused on the task and reduce boredom. In the synchrony condition, the 

order of the rhythms was the same between the participant and the confederate in the 

video. In the asynchrony condition, the confederate in the video had a different order of 

rhythms resulting in the participant and confederate moving at different speeds to each 

other. All participants across conditions heard the metronome rhythms in the same 

order. Four tambourine beats were played at the start of each metronome rhythm to give 

participants a feel for the speed of the beat. The metronome rhythm involved a low 

drum sound and a high tambourine sound. Participants lowered their arm so that it 

touched the desk on the first low drum sound, then they raised their hand so that it 

reached its original position on the high tambourine sound.  

 

[Figure 1 about here] 



 

Questionnaire. After the synchrony manipulation, participants filled in an online 

questionnaire about the task. They were first asked how many times they observed the 

fixation cross change to yellow as a control measure of attention. Next, participants 

were given 8 questions adapted from Kalckert and Ehrsson (2012) which were designed 

to tap into participants’ sense of extended self-agency and extended other-agency. 

These were presented one at a time on screen in random order. Participants were asked 

to rate how much they agreed with the 8 statements by using a sliding scale from -3 

(totally disagree) to 3 (totally agree) with 0 anchored by ‘uncertain’.  Four items 

measured the sense of extended self-agency (Cronbach α =. 83):   

(1) The hand on the screen moved just like I wanted it to, as if it was obeying my 

will;  

(2) I felt as if I was controlling the movements of the hand on the screen;  

(3) I felt as if I caused the movements of the hand on the screen;  

(4) Whenever I moved my hand I expected the hand on the screen to move in the 

same way.  

Four items measured the sense of extended other-agency (Cronbach α =. 88):  

(1) I felt as if the hand on the screen was controlling my will;  

(2) I felt as if the hand on the screen was controlling my movements;  

(3) I felt as if the hand on the screen caused the movement in my hand; 

(4) When I saw the hand on the screen move I expected my hand to move in the 

same way. 

The mean of each scale was used in analyses. 



As a manipulation check, the same four items used by Reddish et al. (2013) to 

measure perceived synchrony were included, for example: “did you feel the other 

participants and yourself moved in unison with each other?” (Cronbach α =. 85). The 

control variable of perceived attention was assessed with one item: “Did you pay 

attention to the other participant”. These items were presented on a sliding scale from 0 

(not at all) to 6 (very much so).  After this questionnaire participants performed another 

task examining a different issue which is not the focus of the current paper and 

answered a second questionnaire in relation to this task.  

To check that participants did not detect that the videos were pre-recorded, a 

question was included that asked about the timing in the video connection. Five options 

were given: perfect, near instantaneous, there was a short delay, there was a long delay, 

and the video did not seem like a live stream. This final option was the critical response 

to assess the believability of the videos. Analyses of this data, the manipulation check, 

and the control variable of attention can be found in the Supplementary Information. 

Finally, participants were asked demographic questions and two open ended questions 

about what they thought the purpose of the study was and if they had any further 

comments. Participants were then paid and debriefed.  

Results 

To examine the influence that our synchrony manipulation had on our measures of 

agency we conducted a mixed design ANOVA with agency direction as the within 

subject factor (extended self-agency, extended other-agency) and movement as the 

between subject factor (synchrony, asynchrony). The predicted movement by agency 

direction interaction was not significant, F(1,132) = .74, p = .391, ηp
2 = .01; neither was 

there a main effect of agency direction, F(1,132) = .23, p = .630, ηp
2 < .01. However, 

there was a main effect of condition with participants in the synchrony condition 



reporting higher scores on our agency measures (M = -0.16, SD = 1.17, n = 67) than in 

the asynchrony condition (M = -1.20, SD = 1.17, n = 67), F(1,132) = 26.86, p < .001, 

ηp
2 = .17. Independent samples t-tests confirmed that synchrony increased both 

extended self-agency, t(132) = 4.02, p < .001, d = 0.69, and extended other-agency, 

t(132) = 4.79, p < .001, d = 0.83 (see Table 1 and Figure 2). Both types of agency were 

strongly positively correlated with each other, r(132) = .52, p <.001. 

To help in the interpretation of these results we performed some further analyses 

on the agency data. In the synchrony condition, the means for extended self-agency, 

t(66) = -1.38, p =.172, and extended other-agency, t(66) = -0.42, p = .67, were not 

significantly different than zero. In the asynchrony condition, the means for extended 

self-agency, t(66) = -7.59, p <.001, and extended other-agency, t(66) = -7.37, p <.001, 

were significantly lower than zero. The proportion of participants responding positively 

to the agency questions were significantly higher in the synchrony condition than in the 

asynchrony condition for both extended self-agency, χ2(1, N = 134) = 6.54, p = .018 

(36% for synchrony versus 16% for asynchrony) and extended other-agency, χ2(1, N = 

134) = 9.67, p = .003 (46% versus 21%).  

 

[Table 1 about here] 

[Figure 2 about here] 

Discussion 

In support of our main hypothesis, we found that moving in phase-matched synchrony 

with another person influenced participants’ sense of extended self-agency compared to 

asynchrony, with participants more likely to agree with statements (or less likely to 

disagree) that they had some degree of agency over the other person’s actions. This 



suggests that compared to asynchronous movement, synchrony does influence a 

person’s sense of extended self-agency over another person.  

However, our results diverged from Kalckert and Ehrsson’s (2012, 2014) 

findings in two important ways. Firstly, in contrast to what we predicted and what 

Kalckert and Ehrsson found, synchrony also resulted in a greater sense of extended 

other-agency compared to asynchronous movement. One possibility for this result is 

that synchrony led to greater extended self-agency for some participants and greater 

extended other-agency for other participants. This could be because some participants 

may have subtly felt they led the interaction which boosted a sense of extended self-

agency, whereas other participants felt that they followed which boosted extended 

other-agency (Wegner & Sparrow, 2007). However, the strong positive correlation 

between the measures indicates that this is unlikely. Another interpretation is that it 

might reflect the perceived collaborative nature of interpersonal synchrony. In the 

synchrony condition, although the participants were not explicitly told to coordinate 

with the other participant and did not need to coordinate to complete the required task, 

they might still have interpreted the task as a joint action with both performers adjusting 

their behaviors to each other. (In reality this was not the case as the video was pre-

recorded; but as participants were led to believe that it was a live video, it may have 

created the illusion that coordination was symmetrical). Believing the interaction was 

symmetrical may have led to a sense of distributed agency: participants felt that they 

had some influence over the other participant’s behavior (so boosting extended self-

agency), but also felt that the other participant had some influence over them (so 

boosting extended-other agency). The greater extended other-agency in the synchrony 

condition may therefore reflect this sense of mutual influence. 



The second critical way our results differed from Kalckert and Ehrsson’s was 

that our mean ratings of extended self-agency ratings were lower, with the means for 

both extended self-agency and extended other-agency not being significantly different 

than zero in the synchrony condition. Although this suggests that participants, on 

average, did not explicitly feel a sense of extended self-agency or extended other-

agency when performing in synchrony, the large effect sizes we found do indicate that 

synchrony had some effect on participant’s sense of agency. How then might we 

interpret these means? Firstly, over a third of participants did respond positively to 

extended self-agency questions and nearly a half of participants responded positively to 

extended other-agency questions, with these proportions being significantly greater than 

in the asynchrony condition. This suggests that during synchrony participants were 

more likely to perceive some agency over the other arm (and vice versa), although few 

participants felt in complete control of the other arm in likely recognition that the other 

arm was still moving at the volition of another person.  Secondly, although the means 

were not significantly greater than zero they were not significantly below zero either, 

indicating that participants did not strongly disagree with statements about feeling 

agency over the other arm (or vice versa), as was the case in the asynchrony condition. 

In our study, participants’ movement had no impact at all on the observed arm; 

participants should therefore be strongly disagreeing with any claims of agency over the 

observed arm. The fact that participants in the synchrony condition did not strongly 

reject the notion of extended self-agency suggests that synchrony still subtly influences 

cues about agency. The lack of physical contact with the other arm along with 

knowledge that the other arm had its own agency may have dampened the effect, hence 

producing lower means than observed in Kalckert and Ehrsson’s (2012, 2014) studies, 

and could suggest that these factors may also be important authorship indicators for 



synchrony. Thirdly, if, as we argue, our effects are due to participants having a sense of 

distributed agency, a response of around zero may reflect participants’ feeling that each 

person’s behavior is the combination of both performers’ agencies: the participant does 

not have full control over the other person’s arm because the other person’s agency is 

also involved, hence they do not strongly agree with extended self- agency statement. 

However, participants still have some effect on the other’s agency, hence they do not 

strongly disagree. Likewise, with extended other-agency. In summary, we have 

extended previous research by providing the first evidence that synchrony does affect 

one’s sense of agency when synchronizing with a real person. However, in contrast to a 

rubber hand, synchronizing with a person increased extended other-agency as well as 

extended self-agency and the change in extended self-agency was less with a real hand. 

If the greater reported sense of extended self-agency and extended other-agency 

that we found during synchrony reflects a sense of distributed agency, then making the 

interaction more asymmetric with the participant leading the interaction should lead to a 

greater sense of extended self-agency and a lower sense of extended other-agency. 

Likewise, if a participant had to follow the movement of the other arm, this may lead to 

a greater sense of extended other-agency and a lower degree of extended self-agency. In 

symmetric coordination, the degree of extended self-agency and extended other-agency 

should be between leading and following as both the participant and the other arm hold 

some control over the interaction. To test this hypothesis, we conducted a follow-up 

study (Experiment 2) where we manipulated the symmetry of the synchronous 

interaction (symmetrical, asymmetrical) and the role participants played (leader, 

follower, joint contribution). As well as measuring extended self-agency and extended 

other-agency, we also included measures of self-agency (the degree to which 



participants feel agency over their own actions) and joint-agency to further help us 

understand how to interpret the effects we found in Experiment 1.  

In terms of self-agency, one prediction is that there should be a negative 

relationship between this construct and extended other-agency: the more a person feels 

another has agency over their movement, the less agency that person feels over their 

own action. For example, if someone tries to push you over, you might likely feel your 

behavior is due to the agency of the pusher, not your own volition. However, greater 

extended self-agency may not be related to greater self-agency. Having high control 

over an external event (like switching on a light) might give you the sense of extended 

agency over that event, but it does not make you feel more in control of your own 

movements. It is likely people generally feel a high degree of self-agency over their 

movements in everyday life. Based on this, we might expect lower self-agency when 

extended other-agency is strong (the follower condition) due to participants 

relinquishing much of their control. However, participants should still retain a high 

amount of self-agency when they are jointly coordinating or leading the interaction.  

The measure of joint-agency was included to further test whether the 

synchronous task in Experiment 1 was interpreted as a joint-action (even though no 

joint action was required or present). If so, then we would expect synchrony to generate 

a high sense of joint-agency. To further test this we also compared synchrony created 

incidentally by performers hearing the same rhythmic stimulus (as per Experiment 1) to 

a condition in which joint-action was explicitly primed by instructing participants they 

needed to cooperate during the synchrony task. If the incidental synchrony is interpreted 

as a joint action task even though no joint action is required (as we hypothesize), we 

would expect little difference in joint agency between this condition and when 

synchrony is explicitly primed as a joint-action.  



Experiment 2 

There were four experimental conditions in Experiment 2: two symmetric conditions 

and two asymmetric conditions. In the two asymmetric conditions we manipulated the 

role participants had. In the leader condition, participants dictated the speed of 

movement of the joint-action. In the follower condition, participants had to follow the 

speed of movement of their partner. In the two symmetric conditions, participants 

played an equal role in creating synchrony, but we manipulated the explicit instruction 

to cooperate through joint action. The observation condition had similar instructions to 

the synchrony condition in Experiment 1 with participants passively observing the other 

participant while keeping in time with the metronome. In the explicit cooperation 

condition participants were explicitly told that cooperation was necessary to complete 

the task.  

We hypothesized that there would be an interaction between the four 

experimental conditions and the direction of agency (extended self-agency and extended 

other-agency). Specifically, we made the following predictions: 

H1: For extended self-agency, the leader condition would have the highest mean, 

followed by the symmetric conditions, with the follower condition having the lowest 

mean (leader > symmetric > follower). A secondary hypothesis (H1b) was that the 

explicit cooperation condition and observation condition would not differ. 

H2: For extended other-agency, the follower condition would have the highest 

mean, then the symmetric conditions, with the leader condition having the lowest 

mean (follower > symmetric > leader). A secondary hypothesis (H2b) was that the 

explicit cooperation condition and observation condition would not differ. 

We hypothesized that there would be a main effect of the four experimental 

conditions on self-agency. Specifically, we predicted that: 



H3. For self-agency, the follower condition would have the lowest mean, the leader 

condition would have the highest mean, and the two symmetric conditions in 

between as the other performer has some influence over the participant (leader > 

symmetric > follower). A secondary hypothesis (H3b) was that the explicit 

cooperation condition and observation condition would not differ. 

We hypothesized that there would be a main effect of the four experimental 

conditions on joint-agency. Based on previous findings that joint-agency is greatest 

when coordination is symmetric (Bolt et al., 2016), we predicted that: 

H4. For joint-agency: the symmetric conditions would have a higher mean than the 

asymmetric condition. A secondary hypothesis (H4b) was that the explicit 

cooperation condition and observation condition would not differ. However, we had 

no a priori prediction for whether the two asymmetric conditions would differ. 

As more exploratory research, we also included measures of self-other overlap 

and prosociality. This was to be able to link our dependent measures of agency with 

previous research that has found synchrony increases self-other overlap and 

prosociality. One possibility is that synchrony’s increase in self-other overlap represents 

an expansion of both the representation of self and the other. This might map on to the 

greater extended self-agency and extended other-agency we found in Experiment 1. If 

so, then we might expect that the degree that self-agency expands over the other, 

combined with the degree other-agency expands over the self (i.e., the sum of extended 

self-agency and extended other-agency), would be positively correlated with self-other 

overlap. In terms of prosociality, as previous research has found self-other overlap 

mediates synchrony’s effects on social bonding and cooperation, if the sum of extended 

self-agency and extended other-agency is related to self-other overlap, we should expect 

it to also be positively related to social bonding. 



Method 

Participants.  

Participants were 101 students recruited through the same method as Experiment 1 and 

were reimbursed $5 Singapore dollars for their time. We aimed to collect 100 

participants based on the time frame we had to complete data collection and the rate of 

recruitment from Experiment 1. Due to an error one extra participant was recruited. 

Three participants were excluded from analyses as they did not complete the 

questionnaire (one each from the leader, explicit cooperation, and observation 

conditions) leaving 98 participants that were analyzed (58.2% female; mean age = 

22.58, range: 18-28 years).  

 

Procedure.  

The experiment was a mixed effects design. Participants were randomly allocated to one 

of the four conditions (between-subjects), with all participants responding to the four 

agency scales (within-subjects). 

Rather than having participants synchronize with a video, we had a confederate 

synchronize with the participant in the same room. This allowed for us to better model 

both symmetric synchrony (where both performers equally adjust their behavior to each 

other) and asymmetric synchrony (where the adjustments are primarily made by one 

individual) which we could not do with a pre-recorded video as per Experiment 1. 

Furthermore, intentionally following someone asynchronously was not possible in this 

study: moving at a different frequency to another requires actively trying not to follow 

their movement. This is supported by studies that show people get pulled into the 

rhythms of others when performing a similar behavior (Issartel, Marin, & Cadopi, 2007; 

Richardson, Marsh, & Schmidt, 2005). For this reason, and because the aim of 



Experiment 2 was to examine the effect of role and symmetry on agency, we did not 

manipulate synchrony.  

A screen was erected between the confederate and the participant such that they 

could only see each other’s right arm which was outstretched on a table in front of them. 

This set-up was to help reduce any confounding social factors but allowed the 

confederate and participant to observe each other’s arm movements. As a further 

improvement from the first experiment, two different confederates were used: a male 

confederate for male participants and a female confederate for female participants to 

increase the perceived similarity of their arms. 

Participants were told that the aim of the experiment was to understand how 

people coordinate their actions. When participants arrived at the laboratory they were 

seated in a cubicle with a sliding door. They were asked to read the participant 

information sheet while the experimenter waited for the other ‘participant’ outside. The 

experimenter then exited the laboratory and about 30 seconds later re-entered and 

brought the confederate to an adjacent cubicle. Because of potential sound leakage 

between cubicles, all instructions were repeated to the confederate as per the participant. 

The experimenter re-entered the participant’s cubicle and asked the participant to read 

through the experimental instructions that were presented on the computer. This was 

repeated with the confederate. In the observation condition participants were given the 

same instruction as in Experiment 1: that the aim of the task was to move their arm in-

time with a metronome rhythm. In the other three conditions, participants were 

explicitly told that the aim of the task was “for you and the other participants to move 

your arms in-time with each other”. In the explicit cooperation condition participants 

were also told that “to move in time, you and the other participant will need to work 

together”. In the leader condition participants were informed that “only you will hear 



the metronome rhythm … therefore, to move in time, the other participant will need to 

follow your movement”. In the follower condition participants were told that “only the 

other participants will hear the metronome rhythm … therefore, to move in time, you 

will need to follow the other participant’s movement”. 

Once the participant had read through the instructions, the experimenter 

observed the participant practicing the arm movements to make sure the instructions 

were understood. After repeating this with the confederate, the experimenter then led 

the participant to the cubicle where the confederate was seated. The confederate and 

participant then completed the synchrony task together. Afterwards, the participant was 

led back to their original cubicle where they completed an on-line questionnaire. 

Participants were then thanked and paid. A delayed debriefing was emailed to 

participants after data completion to prevent knowledge that the other participant was a 

confederate being made known to future participants.  

 

Synchrony task. Participants performed the same arm movement as in Experiment 1 

with the same metronome stimulus. As previous research had found that the degree of 

coordination impacted joint-agency (Bolt et al., 2016) we included an objective measure 

of synchrony. A foam pad was positioned such that the side of the participants’ and 

confederates’ hands pressed it when it reached its horizontal nadir. This sent a trigger 

through a USB connection to record a time stamp of each press of the foam pad. 

Analysis of this data can be found in the Supplementary Information.  

 

Questionnaire. Participants first completed the same agency questions as in Experiment 

1 using the same scale, but with the phrase “the hand on the screen” replaced by “the 



other arm” (extended self-agency Cronbach α =. 85; extended other-agency Cronbach α 

=. 85). Three questions were designed to tap into ‘self-agency’ (Cronbach α =. 87): 

(1) My arm moved just like I wanted it to, it was obeying my will. 

(2) I felt as if I was in full control of the movements of my arm. 

(3) I felt as if I caused the movements of my arm. 

In terms of joint-agency, Bolt et al.(2016) is the only other study thus far to use an 

explicit measure for this construct. However, they measured joint-agency on a single 

dimension ranging from independent control to shared control. As we wanted to 

measure joint-agency as a separate construct from self-agency we created our own 

measure which also mirrored the items asked for our other agency measures (Cronbach 

α =. 78): 

(1) Our arms moved just like we wanted them to, they were obeying our will. 

(2) I felt as if we were controlling the movements of our arms. 

(3) I felt as if we caused the movements of our arms. 

(4) I felt like my arm and the other arm had become ‘our’ arms. 

The mean of each agency scale was used in analyses. 

To measure self-other overlap we used the Dynamic Identity Fusion Index 

(DIFI; Jiménez et al., 2016), which involves participants moving a circle representing 

their self to overlap with another circle representing the other participant. Participants 

were asked to move the circle “to the position that best captures your relationship with 

the other participant”. This produced two measures: the degree to which the circles 

overlap, and the distance between the centers of the circles. However, as we were 

specifically interested in overlap and as previous research has found the overlap metric 



was a better indicator of self-other fusion (Jiménez et al., 2016), we only examined this 

measure. 

We included two measures of social bonding – attraction and entitativity. 

Attraction was measured with two items on sliding scales from 0 (not at all) to 6 (very 

much so): “Would you like to meet the other participant?” and “Do you think the other 

participant is friendly?”. For entitativity, we used the 5 item scale as used by Reddish, 

Tong, Jong, Lanman, and Whitehouse (2016), (e.g., “Did you feel you were on the same 

team with the other participant?”) with the same sliding scale as for attraction. As these 

two constructs were strongly correlated, r(96) = .43, p < .001, we averaged them 

together into a combined social bonding scale (Cronbach α =. 87).  

As a manipulation check we asked participants: “Do you feel you led the 

movement of the other participant?” and “Do you feel you followed the movement of 

the other participant?” on a sliding scale from 0 (not at all) to 6 (very much so). We 

included a number of control variables using this same sliding scale to check the 

conditions did not vary in other unexpected ways: cooperation (“Did you feel you and 

the other participant cooperated?’); prediction (“Were you able to predict the other 

participant’s movements?”); and attention (“Did you pay attention to the other 

participant's movements?”). Other control variables we included were: participants’ 

perceived success of their own performance (“How successful do you feel you were at 

your task?”), their partner’s performance (“How successful do you feel the other 

participant was at their task?”), and the joint performance (“How successfully do you 

feel you and the other participant worked together?” ), asked on a sliding scale from 0 

(not successful at all) to 6 (very successful); if the movement task was enjoyable and if 

it was difficult using a scale from -3(totally disagree) to 3(totally agree);  participants’ 

preference “for one hand over another on common tasks such as writing, holding a 



spoon, and throwing” from -10 (left dominant) to 10 (right dominant); participants’ 

mood assessed with the 5-point self-assessment manikin (Bradley & Lang, 1994) with a 

sliding scale to measure both valence (-2 to 2) and arousal (0 to 4); and perceived 

synchrony assessed with the same measure as in experiment 1 (Cronbach α =. 79). 

Finally, participants were asked demographic questions and two open ended questions 

about what they thought the purpose of the study was and if they had any further 

comments. 

As the manipulation check and control variables were not a key focus for this 

study, results for these variables are reported in the Supplementary Information.  

Results 

To examine the effect of our manipulation on extended self-agency and extended other-

agency we ran a mixed design ANOVA with agency direction (extended self-agency, 

extended other-agency) as the within subject factor and the four experimental conditions 

as the between subject factor1. We found a main effect of agency direction, F(1,94) = 

14.94, p < .001, ηp
2 = .14, with extended self-agency (M = 0.12, SD = 1.47) higher than 

extended other-agency (M = -0.46, SD = 1.45) . However, this was qualified by a 

significant interaction with experimental condition, F(3,94) = 20.39, p < .001, ηp
2 = .39.  

 

[Table 2 about here]. 

 

To examine the simple effects of this interaction, we compared conditions for 

extended self-agency and extended other-agency separately using contrast analysis with 

Bonferroni corrections (see Table 2 for descriptive statistics). Initially we compared the 

leader versus the follower condition, then we compared each of these conditions to the 

combined symmetric conditions, and lastly, we compared the two symmetric conditions. 



As can be seen in Figure 3, extended self-agency was higher in the leader condition 

compared to the follower condition (p < .001, d = 1.32) and the symmetric conditions (p 

= .048, d = 0.65), and the follower condition was marginally lower than the symmetric 

conditions (p = .052, d = 0.63). For extended other-agency, the follower condition was 

higher than the leader condition (p < .001, d = 1.25) and the symmetric conditions (p < 

.001, d = 0.96), but the leader condition did not differ from the symmetric conditions (p 

= .610, d = 0.36). The observation condition did not differ from the explicit cooperation 

condition for both extended self-agency (p = 1.00, d = 0.13) and extended other-agency 

(p = 1.00, d = 0.15).  Extended self-agency was significantly greater than zero in the 

leader condition, t(23) = 3.75, p =.001, and extended other-agency was significantly 

greater than zero in the follower condition, t(25) = 2.14, p =.042.    

A one-way ANOVA revealed a main effect of experimental condition on self-

agency, F(3,94) = 9.10, p <.001, ηp
2 = .23. Performing the same contrast analyses as 

above, we found that self-agency scores were lower in the follower condition than in the 

leader condition (p <. 001, d = 1.19) and the symmetric conditions (p <. 001, d = 0.96); 

but the leader condition did not differ from the symmetric conditions (p = 1.00, d = 

0.07) nor did the symmetric conditions differ (p = 1.00, d = 0.30). Self-agency was 

significantly greater than zero for all condition except for the follower condition: t(24) = 

10.04, p <.001 (observation); t(22) = 6.16, p <. 001 (explicit cooperation); t(23) = 

12.92, p <. 001 (leader); t(25) = 1.44, p = .162 (follower). 

 

[Figure 3 about here] 

 

A one-way ANOVA found no significant main effect of condition on joint-

agency, F(3,94) = 0.26, p = .856, ηp
2 = .01. Joint agency was significantly greater than 



zero across all four conditions: t(24) = 3.36, p =.003 (observation); t(22) = 4.25, p <. 

001 (explicit cooperation); t(23) = 3.69, p =. 001 (leader); t(25) = 2.01, p = .046 

(follower). As we specifically predicted a difference in joint agency between the 

symmetric conditions and the asymmetric conditions we conducted a t-test on this 

pairwise comparison, but found no effect, t(96) = 0.36, p = .720, d = 0.07. Notably, 

joint-agency did correlate with perceived joint success, r(96) = .54, p < .001 and 

perceived synchrony, r(96) = .59, p < .001, but not with our objective measure of 

synchrony, r(64) = -.04, p = .728. Correlations between all four agency measures can be 

found in the Supplementary Information. 

As predicted, there was a significant positive relationship between the sum of 

extended self-agency and extended other agency and our measures of self-other overlap, 

r(96) = .38, p <. 001, and social bonding, r(96) = .41, p <. 001. Self-other overlap and 

social bonding were also strongly positively related, r(96) = .48, p <. 001. 

Discussion 

Our key novel finding from Experiment 2 was that the symmetry of the interaction and 

the role the participant played in creating synchrony are also important factors in 

influencing participants’ sense of agency. As predicted, the leader condition resulted in 

higher extended self-agency than the follower condition and the symmetric conditions 

(H1). Also, as predicted, the follower condition had the highest mean extended other-

agency (H2). Together, these results support our interpretation of Experiment 1 that the 

greater extended self-agency and extended other-agency observed in the synchrony 

condition was expressive of a perceived distribution of agency due to the task being 

interpreted as a joint action. The more one influences the other participant’s 

movements, as in the leader condition, the greater one feels agency over them; 

conversely the more one is influenced by the other person, as in the follower condition, 



the more one feels the other has agency over them. When participants both contribute to 

the synchrony as in the symmetric conditions, agency is more equally distributed across 

the actors. 

Mean extended self-agency was significantly greater than zero in the leader 

condition. Therefore, this is the first data we know of to show that interpersonal 

synchrony can create a strong explicit sense of extended self-agency. However, one 

must be leading the interaction. Likewise, the novel finding that mean extended other-

agency was significantly greater than zero in the follower condition shows that 

interpersonal synchrony can also create a strong explicit sense of extended other-

agency.   

Mean joint-agency was positive and significantly greater than zero across all 

conditions indicating that synchrony did create a sense of joint-agency. The finding that 

the observation condition created a sense of joint-agency and that the explicit 

cooperation and observation conditions did not significantly differ across any of our 

agency measures (H1b, H2b, H3b, H4b) suggests that even when joint-action is not 

explicitly required to create synchrony, participants may still be regarding the task as a 

collaborative one. This is further evidence in support of our proposal that the greater 

extended self-agency and extended other-agency observed in the synchrony condition in 

Experiment 1 was due to the synchrony being perceived as collaborative.   

Interestingly, joint-agency did not differ significantly across any of the four 

conditions (H4). This is in contrast to extended self-agency and extended other-agency 

which were affected by role and symmetry, suggesting joint-agency is not simply a 

product of extended self-agency and extended other-agency. Instead, as also found by 

Bolt et al. (2016) and theorized by Pacherie (2012), joint-agency appears more 

reflective of the perceived success of the cooperative task – as shown by the strong 



positive correlations between joint agency and perceived joint success and perceived 

synchrony. If this is a general property of joint agency across joint action tasks and not 

just restricted to synchrony, an implication is individuals who may have little impact on 

a group’s performance may still feel a strong sense of joint agency if the group is 

successful. For example, a supporter of a sports team should feel a greater sense of 

joint-agency with the actual athletes after a victory as opposed to a loss, even though 

their actual impact on the result was negligible.  

The reduction of self-agency in the follower condition (H3) implies that when 

participants followed another in a synchronous action, they felt less in control over their 

own actions. Although previous research has found that agency can be extended over 

other objects or people (e.g., Pronin et al., 2006; Wegner et al., 2004), this is the first 

result we know of where a simple synchronous interaction has resulted in a reduction of 

one’s sense of self-agency.  

The leader condition did not have significantly different self-agency than the 

symmetric conditions. As all three of these conditions had high levels of agreement for 

the self-agency questions with means significantly greater than zero, this indicates that 

participants retained a high level of agency over their own movement when contributing 

equally to the joint action (as in the symmetric conditions) or leading. It also suggests 

that being a leader does not boost the sense of self-agency above symmetric joint-

action. Our data suggest that it is only possible to reduce the sense of self-agency when 

one follows a partner. 

Self-other overlap was positively correlated with the sum of extended self-

agency and extended other-agency. This is consistent with our idea that synchrony’s 

boost in self-reported self-other overlap as found in previous research may, in part, be 

generated by the expansion of one’s sense of self-agency and/or one’s sense of other-



agency. Both measures were also strongly positively correlated with our social bonding 

measure. This could suggest that one possible mechanism through which synchrony 

boosts prosociality is by influencing one’s sense of agency, which in turn generates a 

feeling of self-other overlap, which leads one to feel ‘as one’ with their fellow 

performer and hence more likely to help them. However, as this analysis is correlational 

future experimental research is needed to examine if manipulating agency does cause 

greater self-other overlap and prosociality. 

One potential critique of our findings is the effects may be a product of demand 

characteristics. As some participants were instructed to lead or follow, they may have 

responded to the agency questions in ways that they thought leaders and followers 

should respond rather than due to the manipulation per se. There are a few reasons why 

this is unlikely to be the case. Firstly, none of the key words that are used in the agency 

measures such as ‘will’, ‘caused’, ‘control’ were used in the instructions. Likewise, 

there is no mention of leading or following in the dependent variable. Therefore, there is 

no simple relationship between the instructions and the agency dependent variable, 

reducing the likelihood of a simple priming by the instructions. Secondly, when 

participants were asked in the questionnaire what the purpose of the study was, only 

eight participants mentioned anything about leading or following (4 in the leader 

condition, 2 in the follower condition). Of these, only one participant mentioned 

anything about what it “feels like” to lead or follow. The rest of these participants 

focused on the actual process of synchronizing or the social effects (e.g., “if people will 

follow one another when doing a task”). This would suggest that leading or following 

was not very salient in participants’ minds nor did participants explicitly link it with 

agency. Thirdly, participants in the explicit cooperation conditions were told that the 

aim of the task was for them to “work together”. If the instructions were priming 



participants to respond to agency questions in a certain way rather than the experience 

of the interaction, then we might expect this explicit instruction to also be affected by 

demand characteristics, thus boosting joint agency. However, joint agency was not 

significantly different across the conditions.     

General discussion 

In this paper we explored how interpersonal synchrony influences a person’s sense of 

agency. We originally predicted that moving in phase-matched synchrony with another 

person would heighten the sense of agency over that person’s behavior. In Experiment 1 

we found data consistent with this hypothesis, but we also found evidence of a 

heightened sense that the other person has agency over the participant’s behavior 

compared to asynchronous movement. We hypothesized that this may have been due to 

the movement task being perceived as a joint one, and hence participants felt that 

agency was distributed across both individuals. Experiment 2 provided evidence in 

support of this conjecture by manipulating the role and symmetry of the synchronous 

interaction. If a participant felt they had some influence over the timing of another’s 

actions – whether by leading the synchronous interaction or through mutual influence – 

this boosted the feeling that they had agency over the other person. Likewise, if a 

participant felt the other person had some influence over the timing of their actions – 

whether this was because they followed or were mutually influenced by the other person 

– this boosted the feeling that the other person had agency over their actions, and when 

following, led to a reduction of their sense of self.  

The increase in extended self-agency in Experiment 1 suggests that the 

authorship indicators of temporal contiguity between an action and an event and visual 

action feedback may play a role in influencing the sense of agency in synchronous tasks 

when compared to asynchronous tasks. This could imply that in-phase behavior 



matched synchrony would lead to a greater change in one’s sense of agency than other 

types of coordinated behavior that is not closely matched in form and timing. However, 

the differences between our data and Kalckert and Ehrsson’s data suggests that 

knowledge that the object one is coordinated with has its own agency and the presence 

or absence of direct physical contact with this object are also important agency cues. In 

Experiment 2, the outcome of the participants’ interaction was the same across 

conditions: participants moved in-time, the same number of times, and at the same 

speed as the confederate. The finding that the role the participant played modulated 

participants’ sense of agency suggests that how synchrony is created and the particular 

coordination dynamics are also important agency cues. Therefore, the degree that any 

particular type of interpersonal coordination may impact one’s sense of agency will 

likely be dependent on these factors and possibly other agency indicators (see Wegner 

& Sparrow, 2004) meaning whether synchrony influences one’s sense of agency more 

than other types of interpersonal coordination remains an open empirical question. 

A further consideration is that the authorship indicators of temporal contiguity 

and visual action feedback may exert a greater influence on the implicit, non-

conceptual, feeling of agency; whereas higher order cognitive factors such as 

knowledge that the co-actor has his or her own agency and the perceived role in the 

interaction may have more of an impact on explicit judgements of agency as employed 

in our study (Synofzik et al., 2008; Weiss, Tsakiris, Haggard, & Schütz-Bosbach, 2014). 

Future studies could use implicit measures of agency such as sensory attenuation (Weiss 

et al., 2011) or the intentional binding effect (Haggard et al., 2002) to examine 

synchrony’s effect on one’s feeling of agency. Notably implicit and explicit measures of 

agency appear to tap into different aspects of agency and hence may produce divergent 



results from what we obtained here (Dewey & Knoblich, 2014; Moore, Middleton, 

Haggard, & Fletcher, 2012). 

The modulation of agency with the role a performer plays in a synchronous 

performance may have some interesting implications outside of the laboratory. For 

instance, in partner dancing, there is often a ‘lead’ and a ‘follow’ synchronously 

working together. After such a dance the lead may feel greater agency over the follow, 

with the follow even feeling a decreased sense of self-agency. Another relevant area 

could be with religious rituals. Rhythmic synchrony is common during religious rituals, 

and following others or an external beat during such performances (which based on our 

results may lower one’s sense of self-agency) may help facilitate ideas that external 

powers (such as spirits or gods) may be controlling one’s movements. As an example, 

Whitehouse (1996) describes a ritual where teams of males synchronously move large 

sections of bamboo, passively following where the group movement leads them. The 

dramatic movements of the bamboo are in turn attributed to external spirits. The impact 

of role on agency may also be important to investigate in synchronous military 

marching. Previous research has found that synchrony decreases the perceived 

formidability of enemies (Fessler & Holbrook, 2014; cf., Hagen & Bryant, 2003). This 

could be due to an expanded sense of self-agency manifested during symmetric 

collective marching that leads individuals to feel they are more powerful and hence 

have more confidence and less fear going into difficult situations such as warfare. 

However, if cadets perceive themselves as following the marching orders of an officer, 

our results above suggest that this may in fact lead to a reduced sense of self-agency 

and, in turn, a decreased sense of power. Future research examining cadets’ sense of 

agency, power, and perceived role may help to clarify this. 



In the two studies reported here we varied multiple aspects of synchronous 

interactions: relative timing, symmetry, role, explicit instructions to cooperate, and 

videotaped versus in-person interaction. Nevertheless, there are other aspects of 

synchronous interactions as seen in the real world that may impact the effect it has on 

individuals’ sense of agency (see Pacherie, 2012). One potentially important dimension 

is group size (Mogan et al., 2017). We only examined dyadic interactions. Yet 

synchronous performances can grow to tens of thousands (and potentially many more) 

as commonly seen in sports stadiums around the world. In large group synchronous 

performances an individual may indeed lose their sense of self in the collective rather 

than feel an extended sense of agency over the whole group, potentially through an 

increase in the salience of the group’s identity (Turner, Oakes, Haslam, & McGarty, 

1994). However, recent research has shown that individuals can also fuse with a group 

(identity fusion) such that their personal self becomes functionally equivalent to their 

group identity (Swann, Gomez, Seyle, Morales, & Huici, 2009). Such fused individuals 

appear to retain a strong sense of personal agency in group contexts (Swann & 

Buhrmester, 2015).  This could suggest that when such fused individuals perform 

synchronously with their group they may still feel a sense of extended agency over the 

group.  

In conclusion, in this paper we provide the first direct evidence we know of that 

that simple synchronizing with another person can modify a fundamental aspect of the 

self – one's explicit sense of agency. However, how synchrony influences one’s sense of 

agency appears to depend in part on how the synchrony is created, the role the 

performer plays in the synchronous interaction, the interaction symmetry, and in the 

case of the sense of joint-action, the perceived success of the synchronous interaction. 

This means synchrony can potentially lead to a sense of extended self-agency over 



another, a sense of extended other-agency over the self, a reduction in self-agency, and 

a sense of joint-agency depending on the dynamics of the interaction and how it is 

interpreted by performers.  
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Footnotes 

1 We repeated all analyses with sex as an additional factor to check that the fact we 

varied the confederate with the sex of the participant did not affect our results. The only 

significant interaction with sex we found was a marginally significant agency direction 

by sex interaction, F(1,90) = 3.43, p = .067, ηp
2 = .037 for this ANOVA; however, the 

more critical three-way interaction of agency direction by sex by condition was not 

significant, F(3,90) = 0.48, p = .700, ηp
2 = .016 .  



Table 1. 

Summary statistics for Experiment 1. 

 

Condition 

Synchrony Asynchrony 

n 67 67 

Extended self-agency -0.24 (1.43) -1.18 (1.27) 

Extended other-agency -0.07 (1.42) -1.23 (1.36) 

Note. Reported is the mean with standard deviation in parentheses.  

 

Table 2. 

Summary statistics of key variables for Experiment 2. 

 

  Condition   

Leader Follower 

Explicit 

Cooperation 

Observation Symmetric 

n 24 26 23 25 48 

Extended self-

agency 

1.00 (1.31) -0.70 (1.26) 0.23 (1.53) 0.04 (1.32) 0.13 (1.41) 

Extended other-

agency 

-1.16 (1.37) 0.62 (1.46) -0.60 (1.28) -0.78 (1.05) -.069 (1.16) 

Self-agency 1.80 (0.68) 0.43 (1.51) 1.57 (1.22) 1.90 (0.94) 1.74 (1.09) 

Joint-agency 0.85 (1.12) 0.64 (1.56) 0.93 (1.05) 0.73 (1.09) .83 (1.07) 

Note. Reported is the mean with standard deviation in parentheses. ‘Symmetric’ is the 

combined observation and explicit cooperation conditions.  

  



Figure 1. Video stills of the stimuli used in the movement manipulation for Experiment 

1. ‘A’ shows the arm at the start of the movement in a vertical position. ‘B’ is the arm in 

a horizontal position. 

 

 

Figure 2. Boxplot of extended self-agency and extended other-agency scores by 

movement condition for Experiment 1.  



 

Figure 3. Mean reported agency scores by condition for Experiment 2. Error bars are 

+/- standard error. 

  



Supplementary information for 

 Interpersonal synchrony affects performers’ sense of agency 

 

Experiment 1 supplementary results 

Manipulation check 

Participants in the synchrony condition perceived their movements with the 

other participant as more synchronous (M = 3.93, SD = 1.16) than in the asynchrony 

condition (M = 1.66, SD = 0.95), t(132) = 12.34, p < .001, d = 2.13. 

 

Control variables  

Participants in the synchrony condition reported paying more attention to the 

other participant during the synchrony manipulation video (M = 3.80, SD = 1.44) than 

in the asynchrony condition (M = 2.96, SD = 1.50), t(132) = 3.32, p = .001, d = 0.57. 

Although this highlights a potential confound in the experiment, there was no difference 

between conditions in the reported number of times the cross changed colour, t(132) = 

0.60, p = .552, d = 0.10 – an arguably more objective measure of attention. To check 

that self-reported attention did not significantly impact our results we conducted 

regression analysis with either extended self-agency or extended other-agency as the 

dependent variable, and the synchrony manipulation (dummy coded) and self-reported 

attention as the independent variables. In both cases, the synchrony manipulation 

remained highly significant (p < .001) and the attention variable was not significant 

(tmax=0.79, p =.433). 

Twenty-five participants (19%) selected “the video did not seem like a live 

stream” in response to the question on connection timing. A further 16 participants 

indicated some suspicion about the videos being pre-recorded in the open-ended 



questions at the end of the questionnaire. Therefore, a total of 31% of participants were 

suspicious about the purported live-stream. Although this might suggest our procedure 

was not effective at creating the illusion of a live-stream, for those participants’ who 

mentioned a reason for why they thought the video may not be live-stream their reasons 

did not seem plausible or relevant. For example, one participant wrote: “I think the 

video was probably not live since the table and room in the video was different from the 

one that I was in”. As the supposed other participant would be in another room it surely 

would not be surprising that the table and room were different. Instead, it may be 

participants were primed by the question to think that the video may not be a live stream 

or it could reflect general suspiciousness about psychology experiments. As one 

participant mentioned: “I know that the video is not live streaming cos [sic] experiments 

usually don’t do it anyway”. To make sure that those participants who were suspicious 

did not skew the results, we repeated all analysis with just those participants who did 

not display any suspicion. This did not considerably change any of our results with our 

main effect of synchrony still highly significant, F(1,91) = 19.02, p < .001, ηp
2 = .17. 

 

Experiment 2 supplementary results 

Manipulation checks 

A one-way ANOVA found a main-effect of experimental condition for the 

degree to which participants felt they led the other participant, F(3,94) = 23.29, p < 

.001, ηp
2 = .43. Games-Howell post-hoc tests1 found that the mean of the leader 

condition was significantly higher than all other conditions (ps < .005) and the mean of 

                                                 

1 Due to unequal sample size, Games-Howell tests are used when variance is unequal 

and Gabriel tests when variance is equal as indicated by Levene’s test. 



the follower condition was significantly lower than all other conditions (ps < .005), (see 

Table S1). A one-way ANOVA also found a main effect of experimental condition for 

the degree participants felt they followed the other participant, F(3,94) = 21.01, p < 

.001, ηp
2 = .40. Critically, Gabriel post-hoc tests showed all group means were lower 

than the mean for the follower condition (ps <.01). The mean for the leader condition 

was also lower than the explicit cooperation condition (p = .002), but not the 

observation condition (p = .807). The explicit cooperation condition was marginally 

higher than the observation condition (p = .052). 

 

Table S1.  

Summary statistics of the manipulation checks for Experiment 2. 

 Observation Exp. Coop Leader Follower 

Led 2.30 (1.63) 2.23 (1.83) 4.10 (1.43) 0.68 (0.70) 

Followed 2.15 (1.61) 3.23 (1.40) 1.68 (1.36) 4.55 (1.17) 

Note. Reported is the mean with standard deviation in parentheses. 

 

Relationships between agency measures 

We examined the correlations between the different measures of agency to 

explore how they may be related. We first examined the symmetric and asymmetric 

conditions separately (Table S2) and then examined the leader and follower conditions 

separately as these conditions were predicted to have divergent effects (Table S3). 

Notable findings were that extended self-agency was only weakly and negatively 

correlated with self-agency for the symmetric conditions. This was surprising as 

logically it might be expected that an expanded sense of self-agency might also entail 

more certainty over one’s own agency. However, there was a strong negative 



correlation between self-agency and extended other-agency for both symmetric and 

asymmetric conditions.  Joint-agency was moderately and significantly correlated with 

extended self-agency for both the symmetric and asymmetric conditions, but was not 

significantly correlated with extended other-agency and self-agency. Looking at the two 

asymmetric conditions separately, joint agency was strongly positively correlated with 

extended self-agency in the leader condition but not in the follower condition.  

 

Table S2.  

Correlation coefficients between the different agency measures for the symmetric 

conditions (bottom left cells) and asymmetric conditions (top right cells).  

 1 2 3 4 

1. Extended self-agency  -.17 .29* .30* 

2. Extended other-agency .38**  -.47** .16 

3. Self-agency -.27 -.60**  .24 

4. Joint-agency .33* .13 -.00  

Note. *p < .05, **p <.01 

 

Table S3.  

Correlation coefficients between the different agency measures for the leader condition 

(bottom left cells) and the follower condition (top right cells).  

 1 2 3 4 

1. Extended self-agency  0.23 -0.06 0.13 

2. Extended other-agency 0.15  -.22 0.24 

3. Self-agency 0.15 -.46*  0.3 

4. Joint-agency .59** 0.25 0.04  



Note. *p < .05, **p <.01 

 

 

 

Self-other overlap and social bonding measures 

A one-way ANOVA found that there were no significant differences in self-

other overlap across conditions, F(3,94) = 1.17, p = .325, ηp
2 = .036. However, given 

that all four conditions involved synchrony this was not too surprising. 

A one-way ANOVA found a marginally significant main-effect of condition 

with the combined social bonding measure, F(3,94) = 2.51, p = .063, ηp
2 = .07. Gabriel 

post-hoc tests found that the only marginal difference was that the explicit cooperation 

condition had a higher mean (M = 4.00, SD = 1.42) than the observation condition (M = 

3.10, SD = 1.28), p =.054, d = 0.66. The only variables for which these two conditions 

differed were in perceived cooperation (see ‘control measures’ below) and the degree to 

which they felt they followed the other participant (see ‘manipulation check’ above). 

Cooperation was strongly positively correlated with social bonding for these two 

conditions, r(46) = .63, p < .001, whereas perceived following was not, r(46) = .20, p = 

.166, possibly indicating that differences in perceived cooperation may play a role in 

this effect. Social bonding was significantly correlated with extended self-agency, r(96) 

= .42, p < .001, and joint-agency, r(96) = .50, p < .001, but not with extended other-

agency, r(96) = .17, p = .090,  or self-agency, r(96) = -.04, p = .669. 

 

Control measures 

There was no significant difference across conditions in perceived synchrony, 

F(3,94) = 0.14, p = .935, ηp
2 < .01, which was expected as all conditions involved 



synchrony. For the foam pad data we were only able to gather sufficient data from 66 

participants due to the malfunctioning of the equipment or participants not pressing hard 

enough on the foam pad to generate a trigger. To measure synchrony, we calculated the 

time difference (asynchronies) between consecutive triggers when the triggers were 

from different pads (i.e., the participant’s pad and the confederate’s pad). Asynchronies 

over 1000msec were ignored as these would have been from different beats (e.g., the 

participant pressed the foam pad last for the previous beat, and the confederate pressed 

the foam pad first for the next beat). Asynchronies between 500msec-1000msec were 

retained or deleted on a case by case basis depending on whether they appeared to be 

due to the participant and the confederate synchronising to the same beat or different 

beats. We then calculated the mean absolute asynchrony for each participant across 

conditions. Two participants had extreme scores (over 3SDs from the mean) so were 

removed (final sample size for each condition was observation = 16, explicit 

cooperation = 14, leader = 14, follower = 20). There were no significant differences 

across conditions, F(3,60) = 0.23, p = .875, , ηp
2 = .01, with an overall mean absolute 

asynchrony of 77.74msec (SD = 18.07). This provides objective data that participants 

were generally highly synchronised with each other. We also examined the direction of 

the difference in asynchronies across condition by coding the asynchronies negative 

when the confederate pressed the pad first and positive when the participant pressed the 

pad first. There were again no significant differences across conditions, F(3,60) = 0.98, 

p = .406, , ηp
2 = .05.  

One-way ANOVAs revealed no significant differences across conditions with 

the control variables of mood valence (p =.127, ηp
2 = .06), mood arousal (p = .272, ηp

2 = 

.04), how enjoyable the task was (p = .204, ηp
2 = .05), perceived success of one’s own 

performance (p = .837, ηp
2 = .01), perceived success of the other participant’s 



performance (p = .338, ηp
2 = .04), perceived success at working together (p = .113, ηp

2 = 

.06), and prediction (p = .223, ηp
2 = .05). There was a significant difference across 

conditions in handedness, F(3,93) = 3.50, p = .018, ηp
2 = .10. This was primarily due to 

three predominantly left-handed participants in the leader condition. Removal of these 

participants and one participant who did not answer the question did influence some of 

the marginally significant differences, in-part due to the loss of power. For example, the 

difference in extended self-agency between the leader condition and the symmetric 

conditions became no longer significant (p = .129, with Bonferroni correction). 

However, other key highly significant findings were not affected. We did find 

significant differences with attention, F(3,94) = 4.60, p = .005, ηp
2 = .13, with Games-

Howell post-hoc test showing the follower condition had a higher mean than the leader 

condition (p = .008, d = 0.96) and the observation condition (p = .003, d = 1.04). The 

conditions differed in perceived cooperation, F(3,94) = 4.22, p = .008, ηp
2 = .12, but 

Gabriel post-hoc test showed that the only difference was the explicit cooperation 

condition was higher than the observation condition (p = .007, d = 1.01). There was also 

significant differences with perceived difficulty, F(3,94) = 3.80, p = .013, ηp
2 = .11, 

although Games-Howell post-hoc tests only showed marginal differences, with the 

follower condition having a higher mean than the observation condition (p = .062, d = 

0.73) and the explicit cooperation condition (p = .061, d = 0.74).  

We conducted multiple regressions to check that it was our manipulation of role 

that produced the effects we found on extended self-agency, extended other-agency, and 

self-agency, and not these confounding factors. Because our significant differences in 

extended self-agency, extended other-agency, and self-agency occurred with the leader 

and follower conditions, we only included a dummy variable comparing these two 

conditions and we only focused on the control variables of attention and difficulty as a 



significant difference was only found between the observation and explicit cooperation 

condition for cooperation. A regression with extended self-agency as the dependent 

variable found that neither attention nor difficulty were significant, only the dummy 

variable of follower or leader condition (see Table S4); likewise with extended other-

agency. For self-agency, perceived difficulty was a significant predictor, but it was not 

as strong a predictor as the condition dummy variable. In summary, although self-

reported attention, cooperation, and difficulty, also varied between conditions 

suggesting that these variables may have impacted our results, our manipulation was 

still the best predictor of the differences in our agency measures. 

 

Table S4. 

Regression coefficients for the predictors of condition, attention, and difficulty, for three 

regressions with the dependent variables of extended self-agency, extended other-

agency, and self-agency. 

 

   

95% Confidence 

interval 

 Standardised 

coefficient 

t p 

Lower 

limit 

Upper 

limit 

Extended self-agency      

Condition -0.46 -3.47 .001 -2.24 -0.59 

Attention -0.14 -1.09 .283 -0.46 0.14 

Difficulty -0.21 -1.75 .088 -0.53 0.04 

Extended other-agency      

Condition  0.51 3.63 .001 0.75 2.63 

Attention 0.06 0.46 .648 -0.27 0.42 



Difficulty -0.02 -0.18 .858 -0.35 0.30 

Self-agency      

Condition  -0.41 -2.99 .004 -1.85 -0.36 

Attention -0.13 -0.97 .336 -0.41 0.14 

Difficulty -0.26 -2.17 .036 -0.53 -0.02 

Note. Condition is leader (dummy code = 0) versus follower (dummy code = 1). 

 


