The sound of many hands clapping

Tumultuous applause can transform itself into waves of synchronized clapping.

n audience expresses appreciation for
Aa good performance by the strength

and nature of its applause. The thun-
der of applause at the start often turns quite
suddenly into synchronized clapping, and
this synchronization can disappear and
reappear several times during the applause.
The phenomenon is a delightful expression
of social self-organization that provides an
example on a human scale of the synchro-
nization processes that occur in numerous
natural systems, ranging from flashing
Asian fireflies to oscillating chemical reac-
tions'”. Here we explain the dynamics of
this rhythmic applause.

We investigated the mechanism and
development of synchronized clapping by
making a series of measurements focusing
on the collective aspects of the self-organi-
zation process as well as on the behaviour of
the individuals in the audience. We record-
ed several theatre and opera performances
in Romania and Hungary by using a micro-
phone placed on the ceiling of the hall (Fig.
la). Typically, after a few seconds of inco-
herent random clapping, a periodic signal
developed (a sign of synchronized clap-
ping), visible in Fig. la as pronounced
spikes. The transition is also captured by
the order parameter (Fig. lc), which
increases as the periodic signal develops,
and decreases as it disappears.

Although synchronization increases the
strength of the signal at the moment of the
clapping, it leads to a decrease in the aver-
age noise intensity in the room (Fig. 1d).
This is surprising, as the driving force for
synchronization would be expected to
reflect the desire of the audience to express
its enthusiasm by increasing the average
noise intensity.

The origin of this conflict between the
average noise and synchronization can be
understood by correlating the global signal
with the behaviour of an individual in the
audience. We demonstrated this by record-
ing the local sound intensity in the vicinity
of a group of oblivious individuals (Fig.
1b). In the incoherent phase, the local signal
was periodic, with a short period corre-
sponding to the fast clapping of an individ-
ual in the audience. However, the clapping
period suddenly doubled at the start of the
synchronized phase (at about 12 seconds in
Fig. 1a,b), and slowly decreased as synchro-
nization was lost (Fig. le).

The decrease in the average noise inten-
sity is therefore a consequence of the period
doubling, because there is less clapping per
unit time. An increase in the average noise
intensity is possible only by decreasing the
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Figure 1 Emergence of synchronization in clapping. a, Global noise intensity () as a function of time. The digitized data were squared
and the moving average was determined over a window of size 0.2 s, several times shorter than the clapping period. A characteristic
region indicates the appearance and disappearance of the synchronized clapping. Over several performances, we recorded 50 similar
sequences of synchronized clapping (for additional data sets and audio recordings, see http://www.nd.edu/~networks/clap). b, Local noise
intensity (/), measured by a hidden microphone in the vicinity of a spectator. ¢, Order parameter, r, defined as the maximum of the nor-
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malized correlation between the signal ¢(f) and a harmonic function, r= [max,, | 1 o(t) sin@a/ T+ ¢)di)/[[1+] c(t)dt], where ¢ and T
span all possible values. d, Average noise intensity, obtained by taking a moving average over a 3-s window of the global noise intensity
shown in a. e, The clapping period, 7, defined as the intervals between the clearly distinguishable maxima. f, The normalized histogram
of clapping frequencies measured for 73 high-school students (isolated from each other) for mode | (black) and mode Il (red) clapping. @,
Normalized histogram for mode | and Il clapping obtained for a single student, sampled 100 times over a one-week period.

clapping period, which can indeed occur
(Fig. le). However, the decreasing clapping
period gradually brings the synchronized
clapping back to the fast clapping heard
in the early asynchronous phase, and syn-
chronization disappears. Apparently, this
conflicting desire of the audience simul-
taneously to increase the average noise
intensity and to maintain synchronization
leads to the sequence of appearing and dis-
appearing synchronized regimes.

These results indicate that the transition
from random to synchronized clapping is
accompanied by a period-doubling process.
To determine whether period doubling is in
fact a necessary condition for synchroniza-
tion, we investigated the internal frequency
of clapping by several individuals in con-
trolled clapping experiments. Individual
students, isolated in a room, were instruct-
ed to clap as they would immediately after a
good performance (mode I clapping) or
during the rhythmic applause (mode II
clapping).

The frequencies of the two modes of
clapping are clearly separated and the aver-
age period doubles from mode I to mode II
clapping (Fig. 1f). Most important, howev-
er, is that the width of the frequency distrib-
ution and the relative dispersion of mode II
clapping is considerably smaller, a result

that is reproducible for a single individual
as well (Fig. 1g).

Our results indicate that after an initial
asynchronous phase, characterized by high-
frequency clapping (mode I), individuals
synchronize by eliminating every second
beat, suddenly shifting to a clapping mode
with a double period (mode II) where dis-
persion is smaller. For a group of globally
coupled oscillators, the condition for syn-
chronization is that dispersion must be
smaller than a critical value*’. Consequently,
period doubling emerges as a condition for
synchronization, because it leads to slower
clapping modes during which significantly
smaller dispersion can be maintained.

Our measurements offer an insight into
the mechanism of synchronized clapping:
during fast clapping, synchronization is not
possible owing to the large dispersion in the
clapping frequencies. After period dou-
bling, as mode II clapping with small dis-
persion appears, synchronization can be
and is achieved. However, as the audience
gradually decreases the period to enhance
the average noise intensity, it slips back to
the fast clapping mode with larger disper-
sion, destroying synchronization.

In summary, the individuals in the audi-
ence have to be aware that by doubling their
clapping period they can achieve synchro-




nization. This perhaps explains why in the
smaller and culturally more homogeneous
eastern European communities, synchro-
nized clapping is a daily event, whereas it
happens only sporadically in western Euro-
pean and North American audiences. In
general, our results offer evidence of a novel
route to synchronization, not yet observed
in physical or biological systems™>*,
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