Bishop, L., Cancino-Chacén, C., & Goebl, W. (2021). Beyond synchronization: Body gestures and gaze direction in duo
performance. In Timmers, R., Bailes, F., and Daffern, H. (Eds.), Together in Music: Participation, Co-Ordination, and

Creativity in Ensembles. Oxford: Oxford University. This version is a preprint of the chapter prepared by the authors.

Beyond synchronization: Body gestures and gaze direction in duo
performance

Laura Bishop!'?, Carlos Cancino-Chacén!, and Werner Goebl?

!Austrian Research Institute for Artificial Intelligence (OFAI), Vienna, Austria
2RITMO Centre for Interdisciplinary Studies in Rhythm, Time and Motion, University
of Oslo, Norway
3Dept. of Music Acoustics—Wiener Klanstil, University of Music and Performing Arts
Vienna, Austria

Successful coordination during music ensemble performance is supported by dynamic, multi-
modal interactions among ensemble members. Most critical is the musicians’ attention to each
other’s audio signals: this alone is sufficient for an ensemble to maintain synchronization much of
the time (see chapter 17). Visual interaction is largely peripheral to successful synchronization,
though performers may choose to exchange visual signals when timing of the music is uncertain.

While successful synchronization provides a foundation for a high-quality performance, coor-
dination of other parameters is important as well. In the Western classical music tradition,
expressive parameters such as dynamics and phrasing must be carefully aligned. Coordinated
manipulation of such parameters — which are imprecisely specified (or omitted) in the score, is
important for ensembles who want to establish an interpretation of the piece that distinguishes
their unique group playing style.

What role visual interaction plays in coordinating an expressive performance remains unclear.
To date, few studies have considered the possibility that its contribution may be social, rather
than related to the basic mechanics of synchronization. We propose that visual interactions
among ensemble performers may help with achieving complex expressive goals, and more specif-
ically, may serve as a social motivator that allows performers to confirm and guide each other’s
attention. Ultimately, this may promote creative risk-taking.

In this chapter, we focus on two main categories of visual interaction: body gestures and gaze
direction. Our focus on body gestures is motivated by research showing that gesture patterns
often change during joint action tasks to become more predictable (van der Wel et al., 2016; see
also chapter 14). Moreover, coordination sometimes emerges between musicians at the level of
body sway (Chang et al., 2017). Our focus on gaze direction was motivated by the fact that gaze
can serve simultaneously as a means of obtaining information about the world and as a means
of communicating one’s own attention and intent.

We carried out a study with musical duos to test two broad, competing hypotheses. On one
hand, we considered the possibility that visual interaction supports basic coordination as a
supplement to auditory interactions, resulting in musicians being more visually interactive during
difficult-to-coordinate parts of a performance and during the early stages of rehearsal, when they
are unsure of how each other might play. The competing hypothesis is that visual interaction
supports engagement and creativity among co-performers, resulting in musicians being more
visually interactive during the later stages of rehearsal, when performers are more sure of the
notes and more confident about experimenting with new interpretive ideas. Our methods and



results are presented in detail elsewhere; see Bishop et al. (2019a, 2019b). The current chapter
draws our results together into a discussion of how visual interaction may enhance performers’
experience of playing together and audiences’ perceptions of performance quality.
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(b) Piano duo recording session
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(e) Partner-directed eye gaze
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Figure 1. Illustration of research methods. (a) The experimental setup. (b) Pianists are shown
performing with motion capture and eye tracking. (c) Video captured by the eye tracking glasses
is shown for two pianists; blue circles indicate gaze position. (d) The strength of primo-secondo
head coordination, measured using a rolling-window cross-correlation method and averaged
across pianists, for the 1st (upper plot) and 3rd (lower plot) performances; blue areas indi-
cate negative correlations and red areas indicate positive correlations. (e) The percentage of
performance time that pianists spent watching their partner in the 1st (upper plot) and 3rd
(lower plot) performances; grey dotted lines indicate metrical boundaries, the beginning and
ending piece sections are in blue and yellow, and the unmetered section is in pink. Note that
beats were counted differently for plots in (d) and (e), resulting in different total beat numbers.
(Images were published previously in Bishop et al., 2019a, Bishop et al., 2019b).

Methods and Results

Ten clarinet duos and ten piano duos, all comprising highly-trained professional or semi-professional
musicians, participated in the study. Each duo spent one hour rehearsing a new piece, and
recorded four complete performances of the piece during the course of the rehearsal period.



At the start of the session, musicians were instructed to practice together rather than indepen-
dently, and to focus on preparing an expressive interpretation of the piece. We pointed out that
some elements of the score were deliberately ambiguous (e.g., there were no tempo ranges given),
and told the musicians to make their own decisions about how the piece should sound. They
were told that the purpose of the study was to look at how musicians interact during rehearsal,
and were not given any specific instructions regarding where to look or how to move.

The piece was specially composed for the purpose of the study, and contained a number of
potential challenges for coordination, including a section with no notated meter. Motion capture
recordings were collected using a 10-camera OptiTrack system, and SMI wireless eye tracking
glasses were used to collect gaze data. Audio and (for pianists) MIDI data were also recorded.

Duos were arranged face-to-face, a short distance apart, and were allowed to use the score
throughout the session (Figure la—c). Duos performed the piece once at the start of the session
(i.e., while sight-reading), once halfway through a free joint rehearsal period, and twice at the
end of the session. The fourth performance was given under no-visual-contact conditions (i.e.,
performers were blocked from seeing each other); all other performances were given under normal
visual contact conditions.

Effects of musical structure

We investigated the effects of musical structure on eye gaze patterns and head kinematics. Of
primary interest was the comparison between the unmetered section of the piece, where timing
was fairly irregular, and the metrical, more regularly-timed sections. The unmetered section
allowed for greater freedom of interpretation, and was likely more difficult for duos to coordinate.

Coordination of head motion between performers was stronger during the unmetered section than
elsewhere in the piece. In Figure 1d, this is shown by the uptake in red and yellow colouring that
occurs in the unmetered section around lag 0, and is particularly visible in the 3rd performance
(lower plot). Also notable in the 3rd performance is the increase in coordination strength (i.e.,
red uptake) that occurs immediately prior to the unmetered section, which likely indicates
a coordinated transition between sections or preparation for the less-predictable unmetered
section.

Performers were also found to exchange cueing gestures (exaggerated head nods) during the
unmetered section. Drawing on some previous studies of ours, which showed that beats are
primarily communicated through gesture acceleration (Bishop & Goebl, 2018), we conducted a
search for cueing gestures by comparing head acceleration curves at each beat of the piece to head
acceleration curves given just prior to piece onset (at the moment where cueing-in gestures were
exchanged). Acceleration curves more closely replicated those associated with cueing-in gestures
at fermatas, suggesting that performers exchanged visual signals to help align the chords that
followed these pauses.

Musicians spent a larger percentage of performance time watching their partner during the
unmetered section than during the regularly-timed sections, though most musicians did occa-
sionally look at their partner during regularly-timed sections as well (Figure le). There was also
an uptake in partner-directed gaze at the very start of the piece (which started with a syn-
chronized chord) and in the final beats of the piece (where most duos introduced a ritardando).
Also, importantly, we found no evidence that the “leader” (i.e., the partner playing the melody)
looked less at the “follower” (i.e., the partner playing the accompaniment) than the follower
spent looking at the leader. This suggests that visual information travelled both ways, rather
than exclusively from leader to follower.



Effects of rehearsal

The effects of rehearsal on eye gaze and head kinematics were also assessed. Our analyses of
head gestures revealed that quantity of movement and the strength of coordination between
performers were higher at the end of the session than at the start (Figure 1d). The percentage
of time that musicians spent watching their partner also increased from the start to the end of
the session (Figure le).

Effects of visual contact

A comparison between the final two performances was made for gesture kinematics, to test
whether head movements were more communicative when musicians could see each other than
when visual contact between performers was occluded. We found that quantity of movement
and the strength of coordination between performers’ head movements were both greater when
musicians could see each other than when they could not.

The quality of synchronization that musicians achieved during their final two performances was
also assessed, by looking at the magnitude of primo-secondo note onset asynchronies. Synchro-
nization did not differ between performances, indicating that visual contact — and the strength-
ened gestural coordination that occurred during the third performance — had no noticeable
effects on synchrony.

Discussion

Our findings show how duo musicians’ use of visual interaction techniques changes across dif-
ferent performance conditions. When predictability of timing is low (as during our unmetered
section), performers seem motivated to supplement their auditory interactions with visual sig-
nals. Cueing gestures were exchanged as performers tried to re-synchronize following fermatas.
Performers also spent more time watching each other during the unmetered section. These find-
ings suggest that visual signals may sometimes be used to facilitate coordination. On the other
hand, we observed no difference in synchronization success between the final two performances
(with vs. without visual contact). Thus, we might predict that performers’ use of visual sig-
nals during the unmetered section does more to raise their confidence than it does to affect
coordination.

Performers moved more, and their movements were more coordinated after rehearsing than be-
fore; likewise, the time they spent watching each other increased. Performers were therefore more
visually interactive when they were more familiar with the music (and their partner). Musicians’
expectations for how the piece should sound may be more concrete after some rehearsal, and
their visual interaction may reflect a more driven attempt to ensure successful coordination. A
second (not mutually exclusive) explanation is that once musicians are more comfortable with
the notes, their focus shifts more towards their partner, with whom they become more engaged,
making both partners more willing to experiment with alternate interpretations. In this respect,
visual interaction may come to serve a social-motivational function.

Our hypothesis that visual interaction among ensemble members may serve a primarily social
function is motivated by recent research on group flow, a state characterized by a shared sense
of absorption, intrinsic reward, and effortlessness (Hart & Di Blasi, 2015). Musicians associate a
lack of self-consciousness and individuality with the experience of group flow, but also require a
clear understanding of their role in the collaboration. The possibility for dynamic, fine-grained
interaction between musicians is thought to be critical for establishing a sense of “shared social
presence”. We propose that visual interaction may encourage an external (partner/task-directed)
rather than internal (self-reflective) focus and strengthen the resonance that emerges between



co-performers.

We also propose that visual interaction may benefit performance quality from the audience’s
perspective. Some research has shown that viewers are sensitive to the social dynamics portrayed
by interacting musicians (e.g., dominance or insolence); however, further study is needed to
determine which types of (audio and visual) cues are meaningful to audiences.

During public performance, the audience’s overt response can feed back to the performer, shap-
ing their performance as it unfolds. Performer-audience interaction is present during Western
classical concerts, though perhaps less obvious than in some other musical scenes. We would
argue that musicians trained in the Western classical tradition (where public performance is
typically the goal) are even in rehearsal influenced by the response of a hypothetical audience.
Thus, musicians may “play for” this hypothetical audience during rehearsal, as they anticipate
potential audience responses. We would therefore hypothesize that our participants’ recorded
performances included a similar, if not underestimated (due to lowered arousal) degree of visual
interaction than would occur among duo musicians during public performance.

The current study was designed to maximize ecological validity within a laboratory setting, but
the question remains: how generalizable are our results to real-world performances? Musicians
encounter variability in performance conditions on a regular basis (e.g., in acoustic conditions,
lighting conditions, positioning and spacing on a stage, the presence/absence of an audience,
etc.). Skilled musicians are expected to adapt to these variable conditions, and indeed, tend
to do so successfully. This means, of course, that researchers run the risk of capturing musi-
cians’ abilities to adapt to a new but artificial set of constraints, rather than their “real-world”
behaviour. We would encourage other researchers to test the replicability of our findings with
musicians of different traditions, playing different instruments, and positioned relative to each
other in different ways.

Conclusions

This study tested two potentially-complimentary functions of visual interaction in a duo perfor-
mance setting. Our results suggest that skilled musicians draw on visual signalling when trying
to coordinate irregularly timed music. More generally, visual interaction seems to serve a social-
motivational function, as musicians seem eager to engage visually with each other, despite this
offering no benefit to synchronization. Future research should consider how visual interaction
affects performance quality beyond the level of synchronization, and in particular, how it shapes
the subjective experiences of performers and audience members.
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