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Musical behaviours such as dancing, singing and music production, which

require the ability to entrain to a rhythmic beat, encourage high levels of inter-

personal coordination. Such coordination has been associated with increased

group cohesion and social bonding between group members. Previously, we

demonstrated that this association influences even the social behaviour of

14-month-old infants. Infants were significantly more likely to display help-

fulness towards an adult experimenter following synchronous bouncing

compared with asynchronous bouncing to music. The present experiment

was designed to determine whether interpersonal synchrony acts as a cue

for 14-month-olds to direct their prosocial behaviours to specific individuals

with whom they have experienced synchronous movement, or whether it

acts as a social prime, increasing prosocial behaviour in general. Consistent

with the previous results, infants were significantly more likely to help

an experimenter following synchronous versus asynchronous movement

with this person. Furthermore, this manipulation did not affect infant’s

behaviour towards a neutral stranger, who was not involved in any move-

ment experience. This indicates that synchronous bouncing acts as a social

cue for directing prosociality. These results have implications for how musical

engagement and rhythmic synchrony affect social behaviour very early

in development.
1. Introduction
Musical engagement is an important social experience throughout our lives [1,2].

Even during childhood, engaging in musical activities often occurs in a social

context. Infants are rocked to sleep to their mother’s lullaby, and preschoolers

chant nursery rhymes with schoolmates while jumping rope [3,4]. Across

cultures, musical engagement such as singing, dancing or playing musical instru-

ments is almost always present at celebrations and religious ceremonies where in-

group social affiliation is emphasized [1,5].

When we engage in musical activities with others, our movements become

temporally aligned with our group members as each individual entrains to

the underlying beat of the music [6]. This type of interpersonal synchrony

encourages prosocial behaviour among those involved [7–14], even in infants

[13]. However, it is still not clear whether interpersonal synchrony encourages

prosocial behaviour indiscriminately or whether it is specific to those with

whom temporal synchrony has been previously established. The assumptions

of the social cohesion model of musical behaviour suggest that interpersonal syn-

chrony should act as a cue to specifically direct prosociality towards individuals

with whom the interpersonal synchrony was experienced [2]. Alternatively, it

may act as a social prime [15,16], which would enhance prosociality even towards

individuals with whom interpersonal synchrony was not experienced. This study

investigates this distinction in 14-month-old infants, the youngest age group in

which an effect of synchronous movement on prosocial behaviour has been

measured to date [13].
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(a) Auditory – motor interactions and rhythmic
entrainment

Rhythmic entrainment relies on our ability to extract the

underlying beat from a piece of music. Even neonates seem

capable of perceiving the beat [17] and people become

quite adept at this task by adulthood [6,18,19]. Coordinating

movements to an auditory beat requires the ability to predict

the onset times of future beats in order for the motor system

to plan and execute movements at the appropriate times.

Infants cannot control their movements well enough to syn-

chronize to a beat, but at 5 months of age, infants engage

in more rhythmic movements when listening to music or

drumbeats compared with when listening to speech [20].

Rhythmic entrainment improves over childhood [18] such

that adults are able to accurately tap along to a beat when

it is in a musically relevant tempo (approx. 300–1800 ms

inter-onset intervals) [19,21,22].

While perceiving auditory rhythms primes the motor

system for movement [23–25], the way we move also influences

how we perceive the beat. For example, adults are better at

detecting when a drumbeat in a sequence occurs earlier or

later than expected if they are tapping along as opposed to

simply listening [26,27]. Movement can also affect the percep-

tion of ambiguous metrical patterns (without physical

accents) in which accented beats could be perceived to be on

either every second beat (as in a march) or on every third

beat (as in a waltz). In seven-month-old infants as well as

adults, moving on every second versus on every third beat of

such metrically ambiguous patterns encourages participants

to perceive illusory auditory accents that are congruent with

their movement [28,29]. Perhaps because of this complicated

interplay between the auditory and motor systems, humans

are one of the few species that can successfully synchronize

movements to a musical beat [30,31]. The ability to align move-

ments with the timing of musical beats makes music a

powerful tool for facilitating interpersonal synchrony and

accompanying social effects.

(b) Interpersonal synchrony encourages prosocial
behaviour

A growing body of literature suggests that moving in syn-

chrony with others promotes prosocial behaviour. In musical

contexts, for example, individuals instructed to sing or drum

together are later more likely to help one another [32] or

cooperate when presented with an economic dilemma [7,11].

Additionally, children who incorporate joint music making in

their play have a higher propensity to spontaneously help

each other and collaboratively solve a task compared with chil-

dren who engage in non-musical play [9]. These findings

support the social cohesion model of musical behaviour,

which suggests that musical behaviour is evolutionarily adap-

tive as it enhances prosociality among group members. Such

increased group cohesion would be adaptive for individuals

if it maintained high in-group reciprocity [2,33].

Increased prosocial behaviour following interpersonal

synchrony has been noted also in non-musical settings. For

example, when participants rated the similarity of two

experimenters who waved together, the degree of temporal

coordination predicted ratings of inter-experimenter simila-

rity [34]. Comparably, experimenter–participant synchrony

during a tapping task predicted participants’ compassion
responses [14] and reported affiliation ratings toward the

experimenter [8]. Also, adults have a greater expectation that

their group members will cooperate with them after walking

in-step versus out-of-step with one another [7]. Interpersonal

synchrony may also facilitate aspects of social interaction

other than cooperation and trust, such as the refining of

motor skills required to react appropriately during a joint

action task [12].

Interpersonal rhythmic synchrony is considered to be

a social experience even by young infants. In a previous

study, we investigated whether the prosocial behaviour of

14-month-old infants could be influenced by interpersonal

rhythmic synchrony [13]. Infants were held by an assistant

in a child carrier facing forwards and bounced gently to the

beat of a song for 2.5 min. At the same time, the experi-

menter faced the infant and also bounced, either in- or out-of-

synchrony with the way the infant was bounced by the assistant.

Subsequently, we used instrumental helping tasks to measure

infants’ willingness to aid the experimenter after she accidently

dropped the objects needed to complete an intended goal. The

number of objects that the infant handed back to the exper-

imenter indexed the degree of prosociality. Infants were

significantly more likely to hand back the objects if they had

been bounced synchronously compared to if they had been

bounced asynchronously with the experimenter [13]. Thus,

the effect of synchrony on prosocial behaviour can be measured

early in development.

Various theories attempt to explain why interpersonal

synchrony promotes prosocial behaviour. One idea is that

non-musical temporal coordination of movement is linked

with the establishment of a social unit. When a person’s

movements are temporally aligned with those of another,

the perception of self and other might closely overlap,

interfering with the ability to differentiate between goals

involving the self and the other [8,35]. Expanding this

hypothesis is the argument that the main function

of synchrony involves increasing perceived similarity or enti-

tativity [14,36]. A second idea is that prosocial behaviour

resulting from synchronous activities arises from greater

mutual attentiveness [10,37]. For example, dance partners

who coordinate their movements to the same song are

more likely to remember visual details about each other after-

wards [10]. In this case, increased cooperation following

synchrony may simply be a product of increased communi-

cation among the participants [11]. A third idea is that the

association between synchrony and reward may explain the

link between increased cooperativeness and synchrony.

Brain activity in the caudate, a region associated with

reward, increases when participants are asked to engage in

coordinated activities [32]. These hypotheses are not

mutually exclusive, and a number of factors may drive the

prosocial effects of interpersonal synchrony.

However, all of these hypotheses rest on the assumption

that interpersonal synchrony generates feelings of prosociality

that are directed towards the group members with whom

synchrony was experienced. An alternative explanation is

that interpersonal synchrony primes prosocial behaviour in

general. In other words, individuals may be more likely to

behave prosocially following interpersonally synchronous

movement, even towards a person with whom they have not

experienced synchronous movements. Such social priming

using visual or linguistic cues alters the general social behav-

iour of both adults and young infants [15,38]. Additionally,
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mimicry (which is similar to synchrony) enhances general as

well as specifically directed prosociality in adults [39] and

infants [16], therefore working as a social prime rather than a

social cue. If this alternative hypothesis were supported, it

would imply that interpersonal synchrony works more as a

social prime than a social cue, and does not lead to differen-

tiation between in-group and out-group individuals. One

recent study investigating this question using groups of adult

participants did not find differences in helpfulness following

synchronous movement between group and non-group mem-

bers [40]. However, ‘prosociality’ was measured as the amount

of time spent helping an experimenter by completing a ques-

tionnaire, which may not be a sensitive measure. Indeed,

with this measure, the difference in prosocial behaviour follow-

ing synchronous and asynchronous movement experience was

not significant [40].
.B
369:20130400
(c) Purpose
The goal of the present experiment was to investigate

whether interpersonal synchrony acts as a cue or a prime

for the prosocial behaviour of 14-month-old infants. Instru-

mental helping behaviours can be reliably measured in a

laboratory setting with infants as young as 14 months,

because they can typically walk independently to retrieve

dropped items, and they understand joint collaborative activi-

ties and goal-directed behaviours [41–43]. If interpersonal

synchrony acts as a cue for 14-month-olds, then we expected

infants to selectively direct their prosocial behaviours only

towards the person with whom they experienced interperso-

nal synchrony, and not towards a neutral stranger who is

present throughout the experiment but has no involvement

in the movement manipulation. According to the assump-

tions of the social cohesion model of musical behaviour, we

hypothesized that the boost in helpfulness by the 14-month-

olds following interpersonal synchrony would be specifically

directed towards the person with whom they moved syn-

chronously, thereby supporting the social cue hypothesis.

Alternatively, if interpersonal synchrony primes infants to be

generally prosocial, then we expected participants to display

prosocial behaviour towards not only the person with whom

they experienced interpersonal synchrony but also an

uninvolved neutral stranger.

To investigate this question, 14-month-old infants partici-

pated in two phases of the experiment. The interpersonal

movement phase involved exposing infants to either synchro-

nous or asynchronous interpersonal bouncing based on

random between-subject assignment. This was followed by

the prosocial test phase, during which the infants’ prosocial

behaviours were measured. Three researchers were involved:

(i) the assistant, who held and bounced the infant in an infant

carrier during the interpersonal movement phase; (ii) the

experimenter, who faced the infant and bounced either

in- or out-of-synchrony with the infant during the interperso-

nal movement phase, and then later performed half of the

prosocial test phase tasks; and (iii) the neutral stranger,

who sat quietly in the corner reading a book during the inter-

personal movement phase, and then later performed half of

the prosocial test phase tasks. The roles of experimenter

and neutral stranger were counterbalanced between two

female researchers. One of these women wore a blue t-shirt

while the other wore a yellow t-shirt to help the infant

remember their identities.
2. Material and methods
(a) Participants
Thirty 14-month-old infants (15 girls and 15 boys; M age ¼ 14.5

months; s.d. ¼ 0.3 months) were recruited from the Developmen-

tal Studies Database at McMaster University. These infants were

raised in English-speaking homes and were able to walk unassis-

ted. Ten additional infants who participated in the experiment

were excluded due to excessive fussiness.

(b) Stimuli and apparatus
Each infant heard a 140-s musical instrument digital interface

version of the Beatle’s Twist and Shout. The song was played at

100 beats per minute (BPM) by a Macintosh computer (OSX)

through a Denon amplifier (PMA-480R) connected to an audiolo-

gical loudspeaker (GSI) 6.5 ft. away from the right side of the infant

(same stimulus as in Cirelli et al. [13]). Both the infant and the

assistant holding the infant heard this song stimulus over the loud-

speaker. Through Denon AH-D501 headphones, the experimenter

(who bounced either in- or out-of synchrony while facing the

infant) listened to the ‘bounce instruction track’ containing wood-

block sounds placed at every second downbeat, overlaid on pink

noise. The assistant and infant always heard the song track at

100 BPM. In the synchronous condition, the experimenter also

heard the bounce instruction track at 100 BPM, whereas in the

asynchronous condition the experimenter heard the bounce

instruction track at 140 BPM. Even though the bouncing of the

assistant and experimenter lined up every 6 s, for the most part

they were not synchronized. This was confirmed in movement

analyses from Wii data (see below).

(c) Procedure
(i) Phase 1: interpersonal movement phase
When the infant and parent arrived at the laboratory, the assistant

interacted with the infant and exposed him or her to the objects

that would later be used during the prosocial test phase. The exper-

imenter obtained parental consent and the parent completed a

demographics questionnaire as well as three scales (activity,

approach and smiling) of the Infant Behaviour Questionnaire (IBQ)

[44]. The neutral stranger waited in the sound-attenuating chamber

(Industrial Acoustics Co.) where the experiment took place. Thus,

neither the experimenter nor the neutral stranger interacted directly

with the infant prior to the start of the experiment.

Once the infant was brought into the sound-attenuating

chamber, the interpersonal movement phase began. The parent

placed their child, facing forwards, in a child carrier worn by the

assistant (Infantino Flip 2012 Infantino LLC). The parent then sat

in a chair behind the assistant and listened to masking music

over headphones. The experimenter stood 4.5 ft. from the assistant,

directly facing her and the infant. Both the experimenter and the

assistant bounced in a standing position. The neutral stranger

did not interact with anyone during this phase, sitting quietly

behind the experimenter within the line of sight of the infant and

reading a book (see figure 1 for a picture of this set-up). The assist-

ant bounced up and down at the knees (keeping her feet on the

floor), reaching the lowest part of her trajectory at the time of

every second downbeat in the song played over loudspeakers.

If the infant was randomly assigned to the synchronous bounc-

ing condition, the experimenter bounced in a similar manner to

the 100 BPM bounce instruction track, and the infant and exper-

imenter bounced synchronously. If the infant was randomly

assigned to the asynchronous condition, the experimenter

bounced to the incongruent 140 BPM bounce instruction track,

and the infant and experimenter bounced asynchronously at

different tempos. In the asynchronous movement condition, the

assistant holding the infant was instructed to avert her gaze so



Figure 1. Experimental set-up for the interpersonal movement phase. The
assistant holds the infant facing forwards towards the experimenter, while
the neutral stranger sits within the line of the infant’s sight, reading silently.
(Online version in colour.)
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that the movement of the experimenter did not influence her ability

to bounce to the underlying beats in the song played over loud-

speakers [45]. The interpersonal movement phase began when

the song files started playing and ended when they stopped and

was therefore 140 s in duration.

The assistant and the experimenter both wore Nintendo Wii

remotes at their waist while they bounced together, so that their

vertical motion over time could be recorded with the internal accel-

erometers using WiiDataCapture_v2.1 (University of Jyväskylä,

Toiviainen & Burger [46]). These remotes are often used to measure

movement to music, either in individual or group settings (e.g.

[47–49]). Cirelli et al. [13] also used this equipment to verify that

the bouncing was indeed appropriately synchronous and asynchro-

nous depending on the condition. If two people are bouncing in

synchrony with one another, their vertical accelerations over time

should be highly correlated (they will be accelerating downwards

at a similar rate, changing directions at the same time, accelerating

upwards at a similar rate, etc.), whereas if they are bouncing asyn-

chronously, their vertical accelerations over time should not be

highly correlated.
(ii) Phase 2: prosocial test phase
During the prosocial test phase, the experimenter and neutral

stranger each performed two different instrumental helping

tasks and one sharing task with the infant (therefore, four help-

ing tasks in total were required). Half of the infants interacted

with the experimenter first and then with the neutral stranger,

and half interacted first with the neutral stranger. The order of

the tasks themselves was held constant: the clothespin task,

paper ball task and sharing task were followed by the marker

task, block task and sharing task. Each of the instrumental help-

ing tasks were comprised of three trials during which the

experimenter or neutral stranger pretended to accidently drop

the object that was required to complete the task. During these

tasks, the infant could move freely around the soundbooth and

was placed on the floor in the main space by their parent

before the tasks began. The infant had a 30 s trial window

during which he or she had the opportunity to assist the exper-

imenter by picking up the object and handing it back. During the

first 10 s of the trial, the experimenter or neutral stranger reached

for the object, eye gaze focused on the object. For the next 10 s,

the experimenter or neutral stranger alternated gaze between

the infant and object. For the final 10 s, the experimenter or neu-

tral stranger vocalized about the object (i.e. ‘My marker!’ or ‘My

clothespin!’). The trial terminated either when the infant handed

the object back or when 30 s had elapsed. These tasks were based

on the instrumental helping tasks developed by Warneken &

Tomasello [42,43].
(1) Clothespin task. In this task, the experimenter or neutral

stranger showed the infant a dishcloth, and then clipped one

corner of the dishcloth to a clothesline with a plastic clothespin.

The first trial was initiated when she attempted to clip up the

next corner of the dishcloth, but fumbled and dropped the clothe-

spin to the floor. If the infant handed the clothespin back, the

experimenter used it to successfully clip up that corner. If the

infant did not hand the clothespin back before the end of the 30 s

trial, a new clothespin was used to successfully clip up that

corner before the next trial began.

(2) Paper ball task. The experimenter or neutral stranger placed

a translucent plastic bucket on a 2.5-ft high table, and held a jar

containing six paper balls. She stood behind the table and suc-

cessfully tossed one of the paper balls into the bucket, cheered

and showed the infant. The trial began when she attempted to

toss the next paper ball into the bucket, and overshot. If the

infant handed the paper ball back, she successfully tossed it in

the bucket. If the infant did not hand the paper ball back, she

took a new paper ball from the jar and successfully tossed it

into the bucket before initiating the next trial.

(3) Marker task. The experimenter or neutral stranger placed a

sheet of white paper and four coloured markers on the same

table. Kneeling behind the table, the experimenter began to

draw a flower with the markers, showing the infant her progress

along the way. A trial was initiated when she ‘accidently’

bumped one of the capped markers off the table. If the infant

handed the marker back, she used this marker to continue the

picture. If the infant did not hand the marker back, she picked

up a new marker and used it to continue the picture before initi-

ating the next trial.

(4) Block task. The experimenter or neutral stranger placed

two soft baby blocks on the same table beside each other. Stand-

ing behind the table, she then grabbed a third block and stacked

it on top of this base. The trial was initiated when she attempted

to place another block on top of this block, but fumbled the block

and dropped it to the ground in front of the table. If the infant

handed back the block, she successfully stacked it on the

others. If the infant did not hand back the block, a new block

was successfully stacked on the others before the next trial was

initiated.

(5) Sharing task. The sharing task was based on the request

phase of the sharing task used by Schmidt & Sommerville [50].

During each of the sharing tasks (one with the experimenter

and one with the neutral stranger), the assistant reentered the

sound booth holding a bucket containing two plastic animal

toys. She placed the bucket in front of the infant. If the infant

did not immediately pick up one of the toys, she attempted to

place one in their hand. Once the infant had at least one of the

toys in hand, the experimenter or neutral stranger, sitting on

the ground in front of the infant, reached out her hand, palm

up, towards the infant asking ‘Can I have one? Can I have one

please?’ She repeated these questions for 30 s, or until the

infant handed her a toy, at which point she looked at her hand

and exclaimed pleasantly ‘Alright!’.

(6) Data coding. Two mounted video cameras (a Canon

PowerShot SD1000 and a Samsung 65X Intelli-zoom) were

used to capture the infant and experimenter behaviour through-

out the two phases. Two adult raters blind to the conditions used

this video footage to code infant prosocial behaviour. During

each trial of the instrumental helping tasks, infants were given

one point if they handed back the object. If they attempted but

failed to hand the object back, or handed it back after the 30-s

trial window had elapsed, they received 0.5 points. For each

instrumental helping task, the per trial points were used to

assign a total helping score out of 3 to each infant. Inter-rater

reliability was extremely high, r ¼ 0.997, p , 0.001. Raters calcu-

lated a total score for experimenter-directed helping out of six by

adding the total helping scores, each out of three, for each of the



80

60

40

synchronous movement
asynchronous movement

f 
he

lp
in

g 
(%

)

rstb.royalsocietyp

5
two instrumental helping tasks performed by this person. Raters

calculated a total score for neutral stranger-directed helping in

a similar fashion. For each of these conditions (helping towards

the experimenter versus the neutral stranger), the percent helping
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Figure 2. Infant helpfulness towards the experimenter and the neutral stran-
ger by infants in the synchronous compared with the asynchronous condition.
Error bars represent standard error of the mean. (Online version in colour.)
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3. Results
One infant (a female in the synchrony condition) was excluded

from the analysis owing to missing data (parents did not com-

plete the required IBQ). Using a z-score cut-off of +2, an

additional infant (a male in the asynchrony condition) was

removed from the analysis as an outlier.

(a) Helping
Consistent with the hypothesis that increased helpfulness is

directed toward the person with whom synchronous move-

ment was experienced, infants who experienced synchronous

movement were significantly more likely to help the exper-

imenter (mean¼ 61.3%, s.e.m. ¼ 9.4%) than the neutral

stranger (mean ¼ 38.6%, s.e.m.¼ 8.9%), t13¼ 2.39, p , 0.05.

Helping rates in the asynchronous condition were low and

not significantly different toward the experimenter (mean¼

17.4%, s.e.m. ¼ 5.9%) and the neutral stranger (mean ¼ 26.8%,

s.e.m. ¼ 9.4%), t13¼ 20.93, p ¼ 0.37.

Significant Pearson correlations were found between

infants’ rates of helping the neutral stranger and parent rat-

ings (as per the IBQ) for ‘smiling’ (r ¼ 0.68, p , 0.01) and

‘approach’ (r ¼ 20.45, p , 0.05). Specifically, infants who

were rated by parents as having a more positive disposition

and being less likely to shy away from novelty were more

likely to display helpfulness towards the neutral stranger.

These correlations were not significant experimenter-directed

helping rates (smiling: r ¼ 0.30, p ¼ 0.12; approach:

r ¼ 20.27, p ¼ 0.16).

An analysis of covariance was conducted with condition

(synchronous, asynchronous) as a between-subjects factor and

person (experimenter, neutral stranger) as a within-subjects

factor, with parent IBQ ratings of ‘smiling’ and ‘approach’ as

covariates in the analysis. Results revealed a significant inter-

action between movement condition and researcher role,

F1,24¼ 8.23, p , 0.01, h2
p ¼ 0:26. As seen in figure 2, infants in

the synchronous condition were significantly more likely to dis-

play helpfulness towards the experimenter than infants from

the asynchronous condition (mean¼ 61.3%, s.e.m. ¼ 9.4%;

mean¼ 17.4%, s.e.m. ¼ 5.9%, respectively), t21.8¼ 3.94, p ,

0.001, replicating the results of Cirelli et al. [13]. However, the

difference between synchronous and asynchronous conditions

was not significant in the case of the neutral stranger, t26¼

0.92, p ¼ 0.37. Together, these results show that infants in the

synchronous condition were more helpful towards the exper-

imenter than infants in the asynchronous condition, but that

this helpfulness did not generalize to the neutral stranger

(figure 2).

(b) Sharing
Two independent sample t-tests were used to investigate

the effect of interpersonal synchrony on experimenter- and

neutral-stranger-directed sharing. Infants from the synchro-

nous and asynchronous conditions were not significantly
different in their sharing rates towards either the experimenter

(t26 ¼ 20.82, p ¼ 0.42) or the neutral stranger (t26 ¼ 20.82, p ¼
0.42). Overall sharing rates were quite high (25 of the 28 infants

in the analysis shared with at least one of the researchers),

suggesting that a ceiling effect may have reduced the ability

to detect differences between conditions.

(c) Experimenter/assistant movement synchrony
analysis

Wii remote data were available for 19 of the 28 sessions. With

these data, correlations between the assistant and the experimen-

ter’s vertical acceleration over time during the interpersonal

movement phase were calculated as a measure of interpersonal

synchrony (for rationale, see §2c(i)). A 30-s long window of

data was selected for 30 s into the interpersonal movement

phase. This analysis revealed that the vertical accelerations of

the experimenter and assistant were significantly and strongly

correlated in the synchrony conditions (mean r ¼ 0.75, s.e.m.¼

0.04) and were weak and non-significantly correlated in the

asynchrony conditions (mean r ¼ 0.01, s.e.m. ¼ 0.003), as

expected. An independent-samples t-test was used to verify

that the assistant and experimenter’s vertical acceleration was

significantly more correlated in the synchronous conditions

than in the asynchronous conditions, t17 ¼ 15.50, p , 0.001.

(d) Experimenter consistency
As two researchers took turns playing the role of experimenter

and neutral stranger, we wanted to ensure that one researcher

was not driving the synchrony effect. An ANOVA with con-

dition (synchronous, asynchronous) and researcher role

(Researcher A playing the experimenter, Researcher B playing

the experimenter) as two between-subjects factors revealed

that, as predicted, there was no main effect of researcher role,

F1,24¼ 0.42, p ¼ 0.84, or interaction between the two variables,

F1,24¼ 0.27, p ¼ 0.61. This validates the assumption that it

was not a single researcher driving the effect of synchrony on

experimenter-directed helping.

(e) Post hoc video rating
Adult raters naive to the hypotheses of the experiment (n ¼ 8)

watched eight pairs of videos. Each video displayed the exper-

imenter or neutral stranger’s behaviours during one trial of the
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prosocial test phase (the second trial of the second task). Videos

were paired so that one researcher’s behaviour with an infant

from the synchronous condition and an infant from the asyn-

chronous condition were always compared. The videos were

also matched so that (i) the two videos always showed the

same researcher, (ii) the researcher always played the same

role (experimenter or neutral stranger) and (iii) both infants

either helped or did not help. After watching both videos

from one of the eight pairs, raters responded to the question:

‘Which baby does the experimenter seem to prefer?’ Support-

ing our assumption that the researchers behaved consistently

between conditions (synchronous and asynchronous), for

both researchers, the raters showed no evidence that the

researcher preferred the infants in either the synchronous or

asynchronous condition, t7 ¼ 0.11, p ¼ 0.91 for Researcher A

and t7 ¼ 21.80, p ¼ 0.11 for Researcher B.
.B
369:20130400
4. Discussion
The results support the hypothesis that interpersonal rhyth-

mic synchrony acts as a social cue, as opposed to a social

prime. Infants who were bounced synchronously with the

experimenter were more likely to help that experimenter

than a neutral stranger with whom they did not experience

synchronous movement. Furthermore, infants in the synchro-

nous bouncing condition were significantly more likely to

help the experimenter than infants in the asynchronous boun-

cing condition, but this was not the case for helping directed

toward the neutral stranger. Interestingly, socially relevant

personality measures from the parent report IBQ (smiling

and approach) correlated significantly with helping directed

at the neutral stranger but not helping directed at the exper-

imenter, which was driven instead by the experimental

manipulation. This suggests that experiencing synchrony

with an adult overrides infants’ intrinsic tendencies to be

more or less helpful in general. The results indicate that inter-

personal rhythmic synchrony affects the affiliation between

those directly involved in the movement experience. This sup-

ports assumptions of the social cohesion model of musical

behaviour by suggesting that in-group affiliation is enhanced

by interpersonal synchrony, which is facilitated by mutual

musical engagement.

These findings appear to be in conflict with those of

Reddish et al. [40], who concluded from their results that

interpersonal synchrony may lead to generalized prosociality.

However, Reddish et al. [40] tested adults, whereas infants

were tested in this study, so it is possible that the effect is

person-specific early in development but becomes general-

ized by adulthood. On the other hand, the conflicting

conclusions may be due to other factors such as differences

in the sensitivity of the measures of prosocial behaviour

across the two studies. This study used several tasks, all of

which had previously been validated with infants [42,43].

Redding et al. [40] used a single measure, the time partici-

pants spent filling out forms for the experimenter, which

might not have optimally captured participants’ prosocial

feelings. A further difference between the studies is whether

the synchrony was experienced between dyads or within

a group. It is possible that prosocial outcomes directed at

individuals are strongest when the synchrony is experienced

as a dyad. In any case, further studies with adults should be

conducted in order to clarify these discrepancies.
In this study, only instrumental helping and not sharing

behaviours were influenced by the experimental manipula-

tions. This might be due to a ceiling effect for the sharing

measure. However, there is evidence that helping and shar-

ing represent different types of social engagement and do

not necessarily correlate with one another [51,52]. One clear

difference between sharing and instrumental helping is in

the goal-directed nature of such behaviours. While sharing

typically targets the understanding of even distribution of

goods, instrumental helping targets the understanding

of goal-directed behaviours [51]. Perhaps the joint activity

inherent in interpersonal synchrony specifically encourages

prosocial behaviours that rely on the perception of joint

action, as would be expected in instrumental helping beha-

viours. In addition, this sharing measure may have been

inappropriate for the age group in question. In the first year

after birth, infants tend to share resources indiscriminately.

By 2 years of age, children become more selective about

whom they share with and start sharing at a cost to them-

selves [53]. It is possible that our ceiling effect represents

this indiscriminate sharing behaviour that is typical of this

younger age group [54]. The differential effects of synchrony

on sharing and instrumental helping measures in this study

highlight the fact that the way prosociality is measured

must be clearly defined in studies of interpersonal synchrony.

It is interesting to note that the movement experience by the

infants was passively generated. The infants were not moving

to the music on their own; rather, the assistant was passively

bouncing them. In older age groups, the effect of synchrony

on prosociality has been measured when participants engage

in self-generated active movements that align temporally

with the movement of others [7–12]. In the present experiment

and in our previous investigation [13], the effect was measured

in 14-month-olds who experienced passive movement while

being held in a carrier and bounced by an adult. Passive move-

ments have been shown to influence beat and meter perception

in adults and infants [28,55], so it would be interesting to inves-

tigate in future research if passive movements can encourage

prosociality in adulthood as they do in infancy.

The present results are also of interest when considering the

differences between the social implications of mimicry and

interpersonal synchrony. While mimicry and synchrony are

similar concepts and both can drive prosociality [8,39], they

are different phenomena. Unlike in synchrony, in mimicry

actions are not synchronous in time, but follow each other

[38,56,57]. In addition, while synchrony is quite often con-

scious and intentional, mimicry encourages prosocial effects

only if it is undetected by the mimicked individual, and most

often happens unconsciously [12,14,58]. Specifically relevant

to the above findings, 18-month-old infants who are mimicked

by an experimenter are later more likely to display helpfulness

towards either that experimenter or a neutral experimenter [16].

In light of these findings, it could be argued that while mimicry

acts as an unconscious social prime, interpersonal synchrony is

instead an overt and intentional cue for self-other similarity.

One question for future research concerns the generalizabil-

ity of interpersonal synchrony as a social cue. The present

results suggest that interpersonal synchrony does not lead to

generalized prosociality with strangers, and is therefore not

simply a social prime. However, as a social cue providing infor-

mation about a specific individual, interpersonal synchrony

might still encourage a more restricted kind of generalization.

More specifically, the present study investigated the role of
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synchrony towards an experimenter and a neutral stranger,

individuals who did not interact with each other. If the neutral

stranger was not completely neutral, but was instead perceived

to be a member of the same group as the bouncing exper-

imenter, prosociality may generalize; infants bounced in

synchrony with an experimenter may be more helpful to

other members of the experimenter’s group, even if they did

not bounce with them. The social cohesion model of musical

behaviour speaks about group behaviour, and as such, the

social cue provided by interpersonal synchrony might also be

a cue containing information about a person’s group. This is

an interesting question for future research.
 il.Trans.R.Soc.B
369:201
5. Conclusion
The present findings replicate the previous report that inter-

personal synchrony increases prosocial behaviour in infants

[13]. They additionally support the hypothesis that interper-

sonal synchrony acts as a cue to direct prosocial behaviour
toward individuals rather than as a prime for generalized

prosocial behaviour. Future research could benefit from a

focus on the role of music in synchronized movements and

on the development of methodologies for determining

whether experiencing synchronous movement affects social

behaviour in infants younger than 14 months of age.
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