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Abstract

Humans are the only primates that make music. But the evolutionary origins and functions of music are unclear. Given that in traditional
cultures music making and dancing are often integral parts of important group ceremonies such as initiation rites, weddings or preparations
for battle, one hypothesis is that music evolved into a tool that fosters social bonding and group cohesion, ultimately increasing prosocial in-
group behavior and cooperation. Here we provide support for this hypothesis by showing that joint music making among 4-year-old children
increases subsequent spontaneous cooperative and helpful behavior, relative to a carefully matched control condition with the same level of
social and linguistic interaction but no music. Among other functional mechanisms, we propose that music making, including joint singing
and dancing, encourages the participants to keep a constant audiovisual representation of the collective intention and shared goal of
vocalizing and moving together in time — thereby effectively satisfying the intrinsic human desire to share emotions, experiences and
activities with others.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

The evolutionary origins of music are a puzzle, since
music lacks any obvious adaptive function (Darwin, 1871;
Wallin, Merker, & Brown, 2000). Some theorists have
speculated that it actually has no adaptive function, but rather
music was invented as a pure pleasure stimulant and all
components of human musicality originally evolved for non-
musical purposes, like for language, fine motor-control or
emotional communication (James, 1890; Pinker, 1997). This
by-product hypothesis provides a plausible theoretical
rationale for the initial step in music evolution at the point
where human ancestors produced the first music-like

behaviors, but it does not preclude the possibility that
music could have later acquired some adaptive function(s),
either biological or cultural.

As music is an omnipresent behavior across all cultures
(Merriam, 1964), with deep roots in human ontogeny
(Trehub, 2001), an ancient history of at least 40,000 years
(Conard, Malina, & Munzel, 2009) and powerful psycho-
logical effects on mood and emotions (Sloboda & Juslin,
2001), other theorists have proposed various adaptive
functions of music-like behaviors — at least at some stage
of human biological and cultural evolution. Such adaptive
theories are not necessarily mutually exclusive, since each
may account for certain aspects of human music today which
could have evolved at different evolutionary periods. In
addition, it is important to be clear about whether music in its
biological or cultural dimension is at issue: particular forms
of music are products of cultural evolution, whereas the
innate and universal components of human musicality are
products of biological evolution.

Darwin (1871) proposed that musical behaviors once had
an adaptive function that they no longer have (i.e., music is
an evolutionary vestige). In this view, the major components
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of human musicality originated in an ancient, pre-linguistic,
songlike communication system comprising learned and
complex acoustic signals (Brown, 2000b; Mithen, 2005;
Richman, 1993). At a later stage in human evolution, this
communication system was upgraded by a more efficient one
— human language — leaving our species with the innate
predisposition to create today's music. Analogous to bird
song during courtship, Darwin suggested that music-like
behaviors first evolved by means of sexual selection, as
individuals advertised for mates (for an extended argument
see Miller, 2000).

The idea that music originally evolved as a display signal
was also put forward by Merker (2000), who proposed that
synchronous chorusing by hominid males served as an
indicator of coalition strength, helping to defend territory and
at the same time attract migrating females. Similarly, Hagen
and Bryant (2003) suggested that group music making and
dancing evolved as between-group displays signaling
internal stability and the group's ability to act collectively,
thereby establishing meaningful relationships — whether
cooperative or hostile — between groups. These group
display theories, however, have a hard time explaining how
such a signaling system could be invented and stabilized in
the first place within large groups of often non-related
individuals, since it appears vulnerable to cheating. For
example, individuals might participate in the musical group
performance, but only pretend to share the group's coalition
agreement, later taking personal advantage of the others'
commitment. Furthermore, these signal theories are sup-
ported by rather sparse ethnomusicological evidence and do
not account for the majority of musical encounters observed
across cultures today where music is part of peaceful within-
group ceremonies outside any sexual or competitive context
(Clayton, 2009).

Another group of theories treat music not as a signal but
as a tool — thereby circumventing the problem of cheating.
For example, Dissanayake (2000) and Falk (2004) have
advocated a kin-selected function for an ancient musical
communication system in mother–infant bonding: prosodic
utterances might have served to keep mothers and their
infants in psychological contact when they were physically
separated: e.g., while mothers prepared food or manufac-
tured tools. Indeed, the use of lullabies to soothe infants is
considered a human universal (Trehub, 2001) and when it
comes to communicating emotion through infant-directed
speech, “the melody is the message” (Fernald, 1989).

Another related hypothesis is that music and dance, once
invented, turned out to be effective tools to establish and
maintain social bonds and prosocial commitment among the
members of social groups, ultimately increasing cooperation
and prosocial in-group behavior (Huron, 2001; McNeill,
1995; Roederer, 1984). Unlike the many modern Western
examples of individual music consumption (e.g., via iPod or
car radio), in traditional small-scale societies music is
typically performed for pragmatic reasons (Bohlman,
2000), integrated into ritual ceremonies such as worship,

weddings, funerals or preparations for hunt or combat
(Clayton, 2009; Dissanayake, 2006). These ceremonies are
usually considered to be essential for the maintenance of the
group's identity, with the music being an indispensable part
of it. On the proximate level, several universal features of
human music (Fitch, 2006; Stevens & Byron, 2009) — like
its ritualized context, periodic pulse (beat), discrete pitches
and a highly repetitive repertoire — may contribute to
solving the proposed adaptive problem of maintaining group
cohesion. Specifically, they all make music more predictable
than, for example, language and thus enable coordination
between multiple individuals at once via synchronization of
body movements and blending of voices.

This hypothesis of music as a tool for supporting group
cohesion predicts that joint music making ultimately
increases prosocial commitment and fosters subsequent
cooperation among the performers. Indeed, Anshel and
Kipper (1988) found that adult Israeli males cooperate better
in a prisoner's dilemma game and score higher on a
questionnaire on trust after a group singing lesson, compared
to passive music listening, active poetry reading or just
watching a film together. Likewise, Wiltermuth and Heath
(2009) showed that US students scored higher on a weak-
link coordination-exercise and a public-goods game after
joint singing along with a song played from headphones,
compared to no singing or forced “asynchronous” singing
(via playing the same stimulus at individual tempi). Adding
synchronous movement (by moving plastic cups from side to
side on a table) to the synchronous singing condition did not
improve the scores in the subsequent economic games.

However, for the evolutionary argument, much stronger
evidence would be provided if similar prosocial effects could
be shown in young children. Kindergarten children are
presumably not engaged in sexual advertising, nor do they
have to form coalitions in fear of encountering rival
neighboring groups. In terms of the group cohesion
hypothesis, kindergarten children are a better test than adults
because children this young, especially in Western cultures,
have had few experiences of institutionalized music
occurring for external pragmatic reasons. Therefore, we
can probably neglect normative knowledge as a source for
their interpretation of the manipulation phase and for their
decision making during the dependent measures (Olson &
Spelke, 2008). But since all human children have musical
predispositions and skills (Trehub & Hannon, 2006; Zentner
& Eerola, 2010), it would be very telling if involvement in
joint music making and dancing somehow influences
children's spontaneous altruistic and cooperative tendencies.

In the current study, therefore, we had pairs of 4-year-old
children participate in a 3-min episode of interactive play.
Using the same setup, procedure and cover story, children
either interacted with one another (and an adult) in the
context of traditional music — that is, with dancing, singing
and playing percussion instruments to a novel, but easy-to-
learn, children's song (Musical condition) — or they
interacted with one another (and an adult) during basically
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the same joint activity but without singing, dancing or
playing instruments (Non-musical condition). Immediately
after this manipulation phase, each pair participated in two
social interactions designed to test their willingness to (1)
help their partner and (2) cooperate on a problem-solving
task. We predicted that prior engagement in joint music
making should make children behave more prosocial, i.e.,
spontaneously help each other more and solve a task rather
jointly instead of alone.

2. Methods

2.1. Participants

A final sample of 96 four-year-old children were included
in the study (48 males and 48 females, mean=4 years and 6
months, range=4.0 to 5.0 years). Children were recruited
from 16 different German urban day-care centers and came
from mixed socioeconomic backgrounds. The two children
in a pair were always recruited from the same kindergarten
group. This way we could assume that the peers knew each
other from frequent previous interactions. In addition, both
children were asked whether they knew the other peer, and
they had to agree to play the new game together before the
experimenter brought them to the testing room. Children in a
pair were familiar with each other in order to create a
situation analogous to those present in traditional small-scale
societies. However, to ensure that each pair was randomly
assigned to one of the two conditions, the order of conditions
was defined prior to testing. Importantly, we ensured that the
children in our study were not aware of participating in a
scientific study; instead, they joined the experimenter in the
belief they would play some novel games he had brought
along. Another 15 pairs took part in the study but were not
included in the final sample, either because they did not pass
the warm-up task (three pairs), because they did not pass the
cooperation test (two pairs) or they did not pass the helping
test (10 pairs). The exclusion criteria for each test are
detailed below.

2.2. General study design

In addition to the musical vs. non-musical manipulation,
our study had gender as an independent variable. For
simplification, we only paired children of the same gender.
As a result, our study had a between-participants, 2×2
design, with two independent variables (condition and
gender) and two dependent variables (voluntary helping
and spontaneous cooperative problem solving). The final
sample size was 48 pairs with 12 pairs for each condition–
gender combination. The whole session lasted about 20 min
and consisted of four main episodes: (1) experimental
manipulation phase, (2) dependent measure one, (3)
manipulation phase repeated and (4) dependent measure
two. Our reason for running the manipulation phase again
before the second dependent measure was to reinforce any

prosocial effects of music in case they were transient and
faded while the children were concerned with the tasks to
follow. During data acquisition, we alternated the condition
from session to session and counterbalanced the order of
dependent measurements within sessions (either helping test
first or cooperation test first).

2.3. Experimenter

All testing was done by the same experimenter (first
author). He recruited the participants in the kindergarten
groups and administered the whole session. A technical
assistant was present in the testing room, but only spoke
during a short introduction to the children and briefly as part
of a demonstration of the cooperation test (see below). In
order to avoid any third-party/authority biases or bystander
effects, the experimenter and the technical assistant were not
present during both dependent measures so that the two
children had to solve both tasks on their own.

2.4. Manipulation phase

We designed both conditions such that the tasks were
equally difficult, plausible and motivating for the children;
that the children had to follow exactly the same sequence of
actions in order to reach the same joint goal; and that the
amount of movement, gestural and verbal interaction was
leveled across conditions. To do so, the experimenter strictly
followed the same script to demonstrate the consecutive
actions and instruct the children, either embedded as dance
and sung phrases during the Musical condition or as “non-
dancing” movement and spoken phrases during the Non-
musical condition.

We developed a detailed background story to keep the
children motivated throughout the whole session and to
cover each condition as experimenter-guided pretend play.
For a detailed protocol of the setup and procedure, please
refer to the Supplementary Material online. The cover story
of the manipulation phase included a “garden pond” (an oval
blanket) inhabited by nine colored frogs, sitting in trios on
three lily pads at the pond's rim (Fig. 1). Each frog could be
used — according to condition — either as a normal toy by
letting it hop up and down the floor, or as a musical
instrument by scraping its back with an additional stick. At
the beginning of the first manipulation phase, the experi-
menter introduced one extra frog to the children and — as a
warm-up task— asked each child to hold the frog by herself
and copy the experimenter's action according to condition.
In order to pass the warm-up task, each child had to
voluntarily pick up the frog at least once and imitate the
experimenter's action. After the warm-up, the experimenter
pretended that the nine frogs in the pond were still asleep and
needed to be woken up either by a “morning song” (Musical
condition) or by some “morning exercise” (Non-musical
condition). After one round of demonstration, where the
children only had to watch the experimenter, he invited the
children to pick up a frog by themselves in order to help
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waking them up. Then again, he demonstrated the task
sequence according to condition, this time asking the
children to “do as I do”. During the next 3 min of semi-
guided play, the children voluntarily imitated the experi-
menter's actions and copied his utterances.

In the Musical condition, children had the opportunity to
follow the experimenter in walking around the pond while
synchronizing their steps to the pulse of the music and
singing a novel, but easy-to-learn, song (see Supplementary
Material for details on the song) along with guitar chords
(pre-recorded) using the frogs as instruments in synchrony
with the song's lyrics. In the Non-musical condition,
everybody walked and crawled around the pond while
letting the frogs jump in non-synchronized intervals with
accompanying utterances. The whole group song/exercise
was performed three times during one manipulation phase
until all frog trios were “awake”.

The experimenter followed basically the same script as
listed in the Supplementary Material during both conditions
such that the order and timing of events were identical
during the whole manipulation phase. Furthermore, in order
to constantly control the level of joint activity during the
play, we repetitively integrated short tasks that required the
joint action of all three participants: (1) picking up the frogs

from one lily pad at exactly the same moment, (2) putting
them back simultaneously or (3) tapping the frogs together
to pretend three “kisses” once every round (see Supple-
mentary Material for details). All of these joint action tasks
were triggered by certain key words in the experimenter's
sung/spoken instructions and could only be accomplished
in time if both children constantly paid attention to the play
partner's behavior and coordinated their actions according-
ly. Finally, the experimenter's verbal instructions during
the Non-musical play had exactly the same content and
were as frequent as those instructions embedded in the
lyrics of the song during the Musical play. In order to sound
natural during both conditions, the instructing phrases
were highly repetitive and did rhyme (to be applied as
lyrics in the song of the Musical condition), but at the same
time had a straightforward grammatical structure (to be
applied as “ordinary” verbal instructions in the Non-
musical condition).

The only difference between the two conditions was that
the musical manipulation phase included some distinct
features of music which are — in this combination — not
shared with speech and other forms of social interaction
(Fitch, 2006; Nettl, 2005). First, a periodic pulse underlying
the children's song functioned as a shared reference for the
children to synchronize their body movements: i.e., (1) the
scraping of the frogs with the sticks and (2) the footsteps
while “dancing” around the pond. Therefore we played the
song at a tempo of 115 beats per minute, which is close to the
spontaneous tempo of human locomotion (MacDougall &
Moore, 2005). Second, the use of discrete pitches and a
highly repetitive melodic structure allowed the children to
reproduce the song easily and sing in chorus with the
experimenter. Third, the discretization of time and pitch in
music made the children's actions and utterances more
predictable and ritualized in the Musical condition, creating a
joint performative context. Finally, the integration of music
into the interactive game created an additional expressive
mode that lies beyond the referential and propositional use of
words in language. This a-referential expressiveness of
music (Fitch, 2006) has been shown to effectively
communicate mood, affect and distinct emotions between
performer and listener (Juslin & Västfjäll, 2008; Sloboda &
Juslin, 2001).

2.5. Dependent measure one: spontaneous helping

In the helping test, one child had a sudden accident which
presented the partner with the choice to help or to continue
pursuing her own play activity (van Baaren, Holland,
Kawakami, & Knippenberg, 2004). We designed this test
to elicit spontaneous behavior in the children's familiar
environment and to create actual costs for helping. The cover
story of the helping test was to “prepare some food in order
to feed the fish in the pond”. For this task, each child had to
carry six out of 24 marbles at a time in a tube towards a novel
apparatus, where they could be used in a fun game (“grind

Fig. 1.Manipulation phase. During the Musical condition, children in a pair
danced around a pond (blue blanket) together with the experimenter, while
singing a novel children's song and playing percussion instruments (wooden
bullfrogs) in time with their singing and additional background music. The
Non-musical condition was based on exactly the same setup, procedure and
cover story. However, we omitted any musical features while moving
around the pond: the frogs were introduced as simple toys and only spoken
language was used for communication.
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the fish food”) independent of the other peer (Fig. 2A). After
the experimenter gave a demonstration of the task to each
child by following a fixed script (Supplementary Material),
he (and the assistant) left the room for 2 min, allowing both
children to “go and grind” their remaining marbles on their
own. However, the tube of one child (“victim” in Fig. 2A)
was prepared so that the bottom fell out at the moment both
children lifted the tubes and all six marbles spilled out onto
the floor. At that stage, the novel apparatus served as a
distracter to create explicit costs for the responding child
(“responder” in Fig. 2A) because she had to postpone her
private goals in order to wait for or help the victim.
Importantly, we only assessed the responder's behavior
between the moment she observed the accident and the
moment she ground her own yellow marbles (38 out of 48
trials), or— in case she did not grind her own marbles within

2 min — the moment the experimenter returned and solved
the victim's problem (10 trials).

2.6. Dependent measure two: spontaneous cooperative
problem solving

In the cooperation test, children from a pair played a novel
game comprising a task that could be solved either
individually or cooperatively (Azmitia, 1988). The cover
story of this test was to “feed the baby fishes living in two
small aquariums”. The task comprised the use of 12 marbles
(six red and six yellow) in two connected “slides” that were
functionally identical, but differed in color (again, one red
and one yellow; Fig. 3A). At each slide, one could drop a
marble into one end (action X in Fig. 3A) and then, from the
other end, pull a string to bring it out into a container (the

Fig. 2. Dependent measure one: spontaneous helping. We created a situation where one child (victim) had a sudden accident, which presented the other child
(responder) with the free choice to either help actively, wait or continue pursuing her own play activity. Both children were instructed to carry tubes filled with
colored marbles from a rack towards a novel apparatus, where each tube could be applied in an attractive game (Panel A). During the actual test, this apparatus
served as a distracter, creating costs for the responder, because she had to postpone her own goals in order to wait for and/or help the victim. The accident
happened when both children lifted their last tubes: the victim's tube's bottom lid fell off such that all marbles spilled over the floor. We only coded the
responder's behavior between the moment she noticed the accident and the moment she continued using her tube with the distracter. We categorized her response
according to the effort she made to fix the victim's tube and/or collect the marbles (Panel B).
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“aquarium”) of appropriate color (action Y in Fig. 3A). The
two slides were installed in parallel fashion into a single
apparatus but in opposite orientations. The individual
solution to this task was to “split” the apparatus, claim one
color side and only feed those six marbles of appropriate
color by performing both actions alone by walking around to

each end in turn. However, the overall task could also be
solved cooperatively if the children stayed at either end of
the apparatus and successfully coordinated their actions.
This way, one child could easily pull “her” string and also
load marbles for the other child. After the experimenter
demonstrated both individual use of the apparatus (again, by
following a fixed script, as detailed in the Supplementary
Material) and the joint use (by asking the assistant for help),
he and the assistant left the room and let the children decide
how to solve the task.

2.7. Coding and reliability

All coding was done from short video clips that had been
extracted from the original videotapes. To ensure condition-
blind coding, all clips were labeled with an arbitrary index
number to conceal the condition from the coders. To assess
inter-rater agreement, 25% of the trials were independently
coded by a hypothesis-blind research assistant. For the helping
test, we reached an inter-observer agreement of κ=0.99 and
for the cooperation test the agreement was κ=0.85.

In the helping test, we coded the responder's reaction to
the accident according to the effort she made to fix the peer's
tube and/or collect the marbles. The highest rank of
helpfulness was ascribed to children who actively contrib-
uted to the solution of the peer's problem plus waited until it
was finally solved (Category A in Fig. 2B). Such “active
helping” could have been picking up marbles, picking up the
lid, trying to reattach the lid to the tube, suggesting strategies
to fix the tube or holding the tube while the victim
recollected the marbles. We defined the problem as “being
solved”, as soon as all red marbles were back in the red tube
and the victim could proceed with grinding. The lowest rank
of helpfulness was ascribed to those children who saw the
peer's accident, but instantly turned away without any verbal
leave-taking or excuses. Instead, they walked over to the
distracter and immediately poured all of their own marbles
into the apparatus (Category C in Fig. 2B).

Intermediate ranks were coded for those trials where the
responder (1) did not actively contribute to the solution of the
victim's problem, but withheld from grinding until the
problem was solved (Category B1); (2) started to actively
help, but then decided to abort helping although the problem
was not solved yet and proceeded grinding (Category B2); or
(3) withheld from grinding without getting involved actively,
but then also decided to leave the peer before the problem was
solved and start grinding alone (Category B3). Importantly, in
all trials coded as Category B2 or B3, the responder used
verbal leave-taking or excuses for refusing to help or wait
any longer (all utterances are listed in Supplementary Table
1). For the rank-based ANOVA, we grouped Categories B1,
B2 and B3 together, resulting in three ranks of helpfulness:
high (A), intermediate (B1–B3) and low (C).

Another 10 trials had to be excluded from the final sample
because the responder did not notice the accident and, thus,
was not aware of the victim's need for help. In seven cases,

Fig. 3. Dependent measure two: spontaneous cooperative problem solving.
To test the children's willingness to cooperate with each other spontane-
ously, we designed a game that could be played either individually or
cooperatively (Panel A). The task was to transport red and yellow marbles
into their appropriate containers via two functionally independent slides.
Both slides were installed in the same apparatus, but working in opposite
directions. The marbles needed to be placed one by one into the proper slide
(action X), before pulling a string on the opposite end of the apparatus
(action Y). The individual solution to this task was that both children only
used the marbles of one color, performing both actions X and Y on one slide
only, while walking around the apparatus. However, during cooperative play
mode each child could stay at one end of the apparatus, easily pull “her”
string and also load marbles for the partner. After the experimenter
demonstrated both play versions, he let the children decide to solve the task
either cooperatively or individually. During five trials, children from a pair
switched between play modes (Panel B).

359S. Kirschner, M. Tomasello / Evolution and Human Behavior 31 (2010) 354–364



this happened because the responder disobeyed the experi-
menter's order to wait until he gives the signal to lift the
tubes simultaneously (see Supplementary Material), instead
immediately ran towards the distracter before the experi-
menter had left the room. In another three cases, the
responder picked up her tube much faster than the victim and
ran off. As a consequence of both circumstances, the victim's
tube broke when the responder was already half way at the
distracter, with her back turned towards the accident scene.
Because the application of the distracter only took about 2
sec, all of the 10 excluded children had finished their task
before they even noticed that their partner was still at the rack
trying to repair her own tube.

In the cooperation test, we only coded the children's
behavior between the moment the experimenter handed the
bucket of marbles over to the children and the moment all 12
marbles were used. We categorized the task as being solved
either through cooperative play (Category A in Fig. 3B) or
individual play (Category C) based on the frequency of slide
switches, shared actions and communicative utterances. A
“slide switch” occurred when one child or both children
switched from using the red to using the yellow slide or vice
versa. We coded as “shared actions” when both children
intentionally contributed to the processing of one marble on
the same slide, i.e., one child refilled the slide and the other
child pulled it towards the appropriate container. Finally, we
recorded the frequency of those utterances that communi-
cated actions, intentions and strategies that were directly
relevant to the joint solution of the task (examples are listed
in Supplementary Table 2).

For a trial to be coded as cooperative play mode, both
children had to switch slides at least once and also share
actions X and Y on the same slide at least once. In addition,
at least two communicative utterances had to accompany the
joint solution of the task. During those trials coded as
individual play mode, such slide switches or shared actions
never occurred because each child stuck to one slide only—
nor did the children use any communicative utterances to
assist a joint task solution. However, five out of 48 trials
could not be clearly categorized as either cooperative or
individual play because the children switched between play
modes at a later point of the game. Therefore we put those
trials into a third, intermediate category. For the ANOVA,
we ranked all three categories according to the level of
cooperativeness: high (A), intermediate (B) and low (C).

Another two trials had to be excluded from the final
sample because a child used the apparatus improperly,
either attempting to put two marbles at a time into one slide
and blocking the apparatus, or pulling the string only
halfway such that the marble never fell into the corres-
ponding container.

2.8. Statistical methods

We ranked all coding categories from the helping and
cooperation test according to three levels of prosociality:

high (A), intermediate (B) and low (C). Therefore, we
applied a non-parametric, rank-based two-way ANOVA
(Meddis, 1984) with two crossed factors: condition and
gender. With increasing sample size the distribution of the
test statistic of this test (‘H’) asymptotically approaches a
chi-square distribution and can be approximated using the
latter. Since our response variables represent ranked scores
rather than interval scale measures, we refrained from
indicating effect sizes, which would be hard to interpret and
potentially unreliable. Instead, we present each individual
response from all 48 trials in Figs. 2B and 3B. For all tests,
we considered p values ≤.05 as significant.

3. Results

3.1. Spontaneous helping

Results from the helping test are shown in Fig. 2B.
Children of both genders helped one another more after
joint music making [χ2 (1)=9.92; pb.01]. Girls were more
helpful than boys overall [χ2 (1)=4.46; p=.03], but the
magnitude of the difference between conditions was
similar for both genders [test of the interaction: χ2 (1)b
0.01; p=.97]. Interestingly, looking more closely at those
trials in which children decided not to help or stay until
the peer's problem was solved, the children in the Musical
condition more frequently offered verbal excuses (70% of
trials) than children in the Non-musical condition (33%).
These excuses suggest that, even when they did not help,
children in the Musical condition still showed greater
empathy or greater social commitment than children in the
Non-musical condition (all utterances are listed in
Supplementary Table 1).

3.2. Spontaneous cooperative problem solving

Results from the cooperation test are presented in Fig.
3B. Consistent with the results from the helping test,
children of both genders chose the cooperative solution to
the task more often after joint music making [χ2 (1)=6.04;
p=.01]. Again, girls were more cooperative than boys [χ2

(1)=9.87; pb.01], but the magnitude of the difference
between conditions was similar for both genders [test of the
interaction: χ2 (1)=0.07; p=.78]. During cooperative play,
various types of verbal utterances were used to communi-
cate strategies (“Let's try to pull together!”), to coordinate
alternating actions (“Now it's your turn!”) or to announce
the joint completing of the task (“We have finished!”)
(more examples are listed in Supplementary Table 2) —
whereas during individual play such communicative
utterances never occurred. Consequently, the mean fre-
quency of communicative utterances per trial was higher in
the Musical condition (mean=6.38, S.D.=5.11) than in the
Non-musical condition (mean=3.38, S.D.=5.27; Mann–
Whitney U test, U=178.5, p=.02).
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4. Discussion

4.1. Summary of results

Our results show that, when performed in a manner akin
to that typical in traditional small-scale societies, joint music
making enhances prosocial behavior in 4-year-old children.
Since children in the Non-musical condition interacted with
one another in the same way as those in the Musical
condition— shared the same goals, coordinated their actions
in time, even imitated each other's movements and verbal
comments, only without music and dance — our study
isolates the specific effect of music over and above social
and linguistic interaction in general (van Baaren et al., 2004).

The fact that music making has a positive effect on
prosociality in addition to its entertaining effects can be
interpreted as evidence against the hypothesis that today's
music and dance are completely non-adaptive byproducts of
the human mind. However, the byproduct hypothesis may
provide a plausible starting point for the evolution of musical
behaviors which only later became exapted to serve a range
of adaptive functions. One of these functions could have
been the maintenance of social bonds and prosocial
commitment among the members of individual social
groups, ultimately increasing cooperation and prosocial in-
group behavior (Huron, 2001; McNeill, 1995; Roederer,
1984). This theory treats music and dance as effective tools
for creating a positive collective experience among many
people at the same time, thereby generating an intuitive
feeling of community and bonding among the performers.

In contrast, theories that see the adaptive function of
music and dance as being display signals rather than as
social tools (Hagen & Bryant, 2003; Merker, 2000) are not
as well supported by our data. For example, regarding the
helping test, it is unlikely that children at the age of 4
made any rational choice like “because we just played
music together, I will help you now”. More likely, the
children in our study made an intuitive decision to help the
other child because they felt immediate empathic concern
with the peer's misfortune the moment they saw the
accident happening and felt committed to give support
somehow. This interpretation of increased commitment
after joint music making is supported by the finding that
the amount of verbal excuses among those children who
decided not to help or wait any longer was higher in the
Musical condition.

Likewise, the cooperation test in our study was not
designed to measure any kind of rational choice of whether
collaborating with someone will or will not create higher
personal profits as in a classic public goods game for
example (as used by Wiltermuth & Heath, 2009). Instead,
this test confronted children with a task that could be solved
efficiently either individually or jointly. Right after the
demonstration, the children had to decide quickly how to
play the game, so this test measured the children's intuitive
feeling of connectedness and affiliation which influenced
their spontaneous choice of playing it either alone or

together. Consequently, the fact that in the Musical condition
more children solved the task as a team, instead of everyone
on her own, provides clear evidence for music and dance
functioning as behavioral tools for mutual social bonding.

Interestingly, we found robust gender differences in
prosocial behavior: girls helped and cooperated more than
boys. However, this effect was independent of condition but
replicated similar findings from other studies (Maccoby,
2002). By 3 to 4 years of age, the majority of both boys' and
girls' social interactions in preschool settings are with
members of the same sex (Fabes, Shepard, Guthrie, &
Martin, 1997). Consequently, girls and boys grow up in two
adjacent subcultures with different play types and commu-
nication forms. Girls' play generally reinforces interpersonal
closeness, nurturance, talking and social sensitivity, whereas
boys' play emphasizes independence, task orientation,
dominance and competition. It seems likely that the gender
effects we found in our helping and cooperation test are a
reflection of such gender differences in play behavior.

Our findings do not rule out display-signal theories and
other hypotheses for the adaptive function of music since
they may all account for different aspects of human music
and musicality today which were shaped by different
selective pressures during different time periods in biological
and cultural evolution. They do, however, present serious
problems for any theory claiming that music today has no
adaptive function. Although Western cultures use music for
social bonding much less frequently than some other
cultures, it is still used as a matter of course at many public
occasions, such as sporting events, worship and weddings,
presumably at least partly to enhance the group experience.

4.2. Proximate mechanisms

It may be possible that the enhanced prosocial behavior in
the Musical condition was due to some music-specific
evolved psychological mechanism. However, it may also be
possible that the observed effects were caused by one or a
mix of psychological mechanisms that all evolved for other,
non-musical purposes and are just triggered very effectively
by the evolutionary more recent cultural product called
music. The cheerful song we used in our Musical condition,
for example, may have, among other effects, simply induced
a positive mood in each listener (Thompson, Schellenberg, &
Husain, 2001), by means of psychological mechanisms that
originally evolved for the vocal communication of emotions
in general (Juslin & Laukka, 2003). Long before our
ancestors invented any form of peer group music, kin
selection may have played a large part in creating our strong
and unreflective emotional reaction (Juslin & Västfjäll,
2008) to humanly organized sound (Blacking, 1976), since
emotional contagion mediated by vocalizations could have
been highly adaptive for hominid mothers and their infants in
the scenarios described by Dissanayake (2000) and Falk
(2004). And so in our study, if the children retained a music-
induced positive mood throughout the dependent measures,
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it could indeed have caused additional prosocial behaviors as
it has been previously shown in adults (Fried & Berkowitz,
1979; North, Tarrant, & Hargreaves, 2004). Likewise, using
resonating objects as instruments to create sounds— like the
toy frogs in our study— could have created additional “fun”,
thereby inducing an even more positive mood in each
individual. The human disposition to create sounds by
slapping and stomping on resonating objects is apparently
much older than music itself, as it is shared by many non-
human primates, including gorillas and chimpanzees
(Arcadi, Robert, & Boesch, 1998; Pika, Liebal, & Toma-
sello, 2003).

Another domain-general psychological mechanism that
might be responsible for the social bonding effect of joint
music making could be the so-called chameleon effect
(Chartrand & Bargh, 1999) which refers to a type of non-
conscious behavioral mimicry often observed among com-
municating human partners. It has been shown in experi-
mental settings that such mimicking behavior can increase
affiliation and induce later prosocial behavior (van Baaren et
al., 2004), suggesting an underlying adaptive function in
fostering relationships among interacting partners (Lakin,
Jefferis, Cheng, & Chartrand, 2003). In human music, the
ritualized context and highly repetitive repertoire may create
particular condensed sequences of matched behavior, thereby
effectively triggering this bonding mechanism.

While strong repetition of gestures and utterances is a
general feature of human rituals, the integration of a periodic
pulse and discrete pitches are unique features of human
music. As observed in our study, the use of discrete pitches
in culture-specific scales helped to harmonically blend the
children's voices along with the experimenter's singing and
the playback music. This joint singing experience alone
might have created the stronger commitment and cooperative
attitude we observed during the dependent measures as
shown in preceding studies with adults (Anshel & Kipper,
1988; Wiltermuth & Heath, 2009). Likewise, the periodic
pulse in music is essential to allow synchronization of the
performer's body movements during dancing and instrument
play. The resulting interpersonal synchrony alone has been
argued to produce positive emotions that weaken the
boundaries between the self and the group, leading to
feelings of collective delight that enable groups to remain
cohesive (Hove & Risen, 2009; Wiltermuth & Heath, 2009).

Our own favorite candidate for an underlying proximate
mechanism (not exclusive of the other hypotheses) is shared
intentionality. Thus, we hypothesize that joint music making,
as in our study, not only creates a higher level of
coordination compared to other non-musical group activities,
but also encourages the participants to maintain a constant
audiovisual representation of the collective intention and
shared goal of vocalizing and moving together in time,
thereby strengthening their sense of acting together as a unit.
The intrinsic desire to share emotions, experiences and
activities with others clearly separates humans from other
primates. It appears very early in human ontogeny and

enables children to participate in cooperative activities
involving joint intentions and joint attention from early
infancy onwards (Tomasello, Carpenter, Call, Behne, &
Moll, 2005). Understanding music as a collectively intended
activity — with specially designed features that satisfy this
human desire to share emotions, experiences and activities
with others — might explain why the children in our study
felt a stronger commitment after joint music making and so
spontaneously helped or cooperated with each other.
Compared to language which is most effective in mobilizing
joint intentionality for goal-directed behavior, music might
be more efficacious in mobilizing joint intentionality per se
— in the sense of feeling a “we” unit, thus getting people to
experience each other as co-active, similar and cooperative
members of a group (cf. Cross, 2007). The next step will be
to design follow-up studies with additional conditions that
disentangle the components of traditional music making —
as they were integrated into the current manipulation phase
— in order to test precisely which of the proximate
mechanisms proposed above might cause the prosocial
effects and in which particular ways.

4.3. Music as a biocultural phenomenon

Again granting that most, if not all, “technical”
components of human musicality first arose as byproducts
of other adaptations (like human speech, bipedalism or
social cognition), we think that to explain the manifestation
of music and dance as promoters for group cohesion one
must posit some later stage of evolution involving cultural
group selection (Brown, 2000a). Here, distinct cultural
groups, rather than individuals, are the unit of selection,
with normative behaviors, rather than genes, changing
during the process of adaptation (Wilson & Sober, 1994). In
the case of music, cultural groups that sang and danced
together during certain rituals would have experienced a
stronger group cohesion which could have led to many
different types of group beneficial behaviors in competition
with other groups. However, selection of behaviors at the
level of the cultural group can, over many generations, lead
to some innate predispositions that shape behaviors which
may be individually costly — and so disadvantageous for
within-group competition among individuals — but that are
at the same time beneficial to the group in its competition
with other groups (Gintis, Smith, & Bowles, 2001). Such
gene-culture co-evolution (Richerson & Boyd, 2005)
might have led not only to musical behaviors that are
especially effective in creating the cohesive effect but also
to an innate proclivity for exactly these kinds of behaviors
(cf. Trehub & Hannon, 2006).

Contemporary humans are thus born with this innate
proclivity for music, with the desire to learn the musical
practices of the surrounding culture (Trehub, 2001) even if
the latter largely abandoned traditional forms of music
application. For example, already 5- to 24-month-old Swiss
and Finnish infants move and adjust their body rhythmically
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to playback music and other periodic sound patterns (Zentner
& Eerola, 2010). The inherently social nature of the human
sense of rhythm is suggested by the finding that young
German children's motivation to spontaneously synchronize
to an external beat increases when that beat is created by
another human in a social context (Kirschner & Tomasello,
2009). In the modern Western world, such an innate
proclivity for music may be no longer as adaptive as in
small-scale societies, but would explain the perpetual
existence of song, music and dance — notably in social
settings — even if practicing and specializing in certain
techniques consume a lot of time and energy (e.g., learn a
dance choreography, study an instrument, sing in a choir,
play in an orchestra, go clubbing). Likewise, playing or
listening to music on one's own may provide a kind of
substitute feeling of sociality (Cross, 2007).

In conclusion, the best explanation for our results is that
human children today have an innate proclivity to produce
and to enjoy musical behaviors like the ones used in our
study. This proclivity together with music's efficiency in
coordinating voice and action — thereby highlighting the
shared intention of acting together as a “we” unit —
encouraged the children in our study to behave more
cooperatively and pro-socially towards each other.
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