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Figure 1: Body Sample Player performers. A and B on the left, and C and D on the right

Abstract
Kinesthetic empathy is a term used in performance and kines-
thetic interaction, defined as the ability of participants to “read,
decode and react to each other’s input”. In prior studies, perform-
ers of interactive music self-reported sensing the presence of
other musicians. The purpose of this exploratory study was to
identify kinesthetic empathy between two individuals in a live
electronic performance reported as perceived interactivity. Par-
ticipants viewed eight videos, both real duets, and spliced solos
appearing as real duets, rating each video. The questions guid-
ing this study were: (a) is there a difference in perceived inter-
activity between the live and spliced duets, (b) is there a rela-
tionship between performance rating and perceived interactiv-
ity. Results showed a significant difference in the perceived in-
teractivity of the video conditions. Further, the results showed
a significant relationship between performance rating and per-
ceived interactivity of the performers. The results suggest that
perceived interactivity between performers could be a metric to
measure kinesthetic empathy between performers facilitated by
an interactive performance system that could be used to objec-
tively measure the effectiveness of design and pedagogical inter-
ventions for new interfaces for musical expression.

Keywords
kinesthetic interaction, kinesthetic empathy, interactive electronic
music performance, kinesthetic interaction design

1 Introduction
Kinesthetic empathy is a term used inmany contexts in the fields
of live performance and kinesthetic interaction design.The term
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kinesthesia is defined as awareness of the position and move-
ment of the parts of the body and is a combination of propri-
oception (stimuli from inside the organism) and exteroception
(stimulation from outside the organism)[31]. Empathy is gener-
ally defined as a sympathetic response held in the muscles or
body [30]. In live performance, kinesthetic empathy describes
the empathetic response an audience feels while experiencing
live performance, often referred to as “vicarious performance”
[2, 14], “muscular sympathy”, “metakinesis”, “contagion”, and
“innermimicry” [31]. In kinesthetic interaction design, Fogtmann
et al define kinesthetic empathy as a situation where multiple
users can encode and decode or sense one another’s input [23].
In interactive performance, Fogtman’s definition has been used
to describe a situation where multiple performers sense one an-
other’s movement via technologically mediated sonic feedback
[26].

Despite several ethnographic studies, where musicians self-
reported a sense of connection to one another during technolog-
ically mediated performances [2, 25, 26, 28], only a few studies
have utilized a quantitative approach to measure this sense of
presence [20, 21]. Further, there is no commonly accepted metric
to measure this perception. Studies on entrainment in live musi-
cal performance suggest that two performers playing the same
piece together will have a correlation in their postural sway that
is beyond chance [20]. They also suggest that people listening to
the musical performance will have an above chance correlation
of postural sway with the performer, even when listening to a
recording, and that this correlation increases with a higher over-
all performance rating. These studies have focused on notated
pieces of music where both players are performing the same part
[20]. As most interactive music systems are improvised, these
methods would not be adequate to measure performance corre-
lation. Though much research has been done in the DMI (Dig-
ital Musical Instrument) community, it focuses mainly on the
effectiveness of design interventions that increase the sense of
connection to the instrument know commonly as ”familiarity”.
These interventions often focus on visual cues such as size of
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gesture or added visual feedback rather than the auditory sense.
Less research has been done on the kinesthetic connection be-
tween performers, or audience perception of this connection.
Further, it seems there is no established metric with which to
measure this connection.

In the current study, we investigate whether a metric to mea-
sure perceived kinesthetic empathy between performers exists
in interactive performance. To do this, we asked whether or not
observers would notice a difference between real and manufac-
tured duet performances reported by overall performance rat-
ing, perceived expressivity of the performance, or perceived in-
teractivity of performers. By finding a difference in response to
“real” and “fake” duets for any of these parameters, we can es-
tablish that this would be a reliable metric for future studies.
To determine this, we created eight videos of a short electronic
performance using an interactive performance system known as
the Body Sample Player that can track eight discrete joint posi-
tions of up to four bodies to control the volume of eight looping
samples for each body. In this experiment, two performers were
separated by a thick black curtain in order to inhibit any visual
or haptic feedback. They then performed a series of duet and
solo performances resulting in eight videos that were shown to
participants. Two of the videos were real duets, while the rest
were manufactured by splicing solo performances together so
they appeared to be live duets. Participants then rated the per-
formance by answering five survey questions about each of the
eight videos. The data led us to focus on two primary research
questions with two additional question to help rule out possi-
ble confounding factors: (a) is there a difference in perceived
interactivity between the live and spliced duets, (b) is there a
relationship between performance rating and perceived inter-
activity of performers, (c) is there a relationship between pre-
existing knowledge of electronic music and perceived interac-
tivity of performers, and (d) do observers perceive one or the
other performer as a ”leader” while viewing the real and spliced
performances. In addition to these questions, we also tracked
the motion of each performer to see if there were any beyond
chance correlations between the performers postural sway that
related to higher performance rating. Our results showed no sig-
nificant correlations running a Pierson correlation. The results
did show a significant difference between real and fake videos
in perceived interactivity and further, showed a relationship be-
tween perceived interactivity and overall performance rating.

2 Background
2.1 Theoretical Background
Traditional musical performance relies on sound cues as well
as haptic vibrations and room location to engender a sense of
connection between performers [11, 13]. In addition, the tactile
nature of traditional instruments helps facilitate a connection be-
tween the auditory and sensorimotor system, here referred to as
”auditory Kinesthesia” [25, 28]. Research suggests that there is a
correlation in movement between musicians during live perfor-
mance and that this extends to audience members, even when
they are listening to a recording of a performance [20]. Further,
this correlation is higher when an audience member rates the
performance as more expressive [20]. This suggests a kind of
kinesthetic empathy between performers as well as performers
and observers as defined in the literature on kinesthetic empa-
thy in performance and kinesthetic interaction design as facili-
tated by the auditory system [2, 14, 23, 31]. Ethnographic studies

have shown that musicians self-report feeling the presence and
input of other musicians when performing with interactive mu-
sic systems, even when those systems are networked so that the
performers are physically separated [28]. Though this suggests
that these systems facilitate kinesthetic empathy between per-
formers, no quantitative study has been done to find a metric
for measuring such connections.

2.2 Musical Background: The Body Sample
Player

The Body Sample Player is an interactive music system that uses
motion tracking to capture eight discrete joint positions to con-
trol the volume of eight looping samples that can be changed
over the course of a piece of music or dance. The system was
first developed in 2012 for an interactive movement and dance
opera entitled 3 Singers1 [40] and went through several itera-
tions resulting in three different “generations” of technical and
artistic design used in a number of different works includingAnd
She Will Sound the Alarm2 (2015) featuring the first generation
system as well as Mycelial: Street Parliament3 [26] (2016-18) for
which both the second and third generation systems were devel-
oped. The development and use of these three generations are
detailed in other papers cited here [26, 28].

Figure 2: Body Sample Player generation 1, 2 and 3

The second generation design was more recently revisited
with a series of usability and structural revisions [25, 28]. This
generation originally used touchdesigner to interpret joint data
from a Kinect 2 camera, sending that data to MAX/MSP to con-
trol the volume of the eight looping samples. This design was
later revised for usability and used in case studies to investigate
electronic music performance pedagogy [25] and most recently
uses a combination of Touchdesigner and Ableton Live with the
TD Ableton environment for ease of sample management.

Figure 3: Revised second generation systems

This refinement of the system has resulted in a new work en-
titled Rag: A Panhandle Sampler4 as well as several works by
student composers and performers.5 6

1https://youtu.be/HSy8gOgtVXQ
2https://youtu.be/2866WrhIWGY
3https://youtu.be/2866WrhIWGY
4https://youtu.be/iFykJ0DN-vg
5https://youtu.be/TtFsTSKk_wQ
6https://youtu.be/TtFsTSKk_wQ?si=lnTy1uLTU31PL_mU&t=1885
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2.3 Existing Literature on Audience
Perception of Interactive Music
Performance

There is a significant amount of literature investigating audience
perception of interactive music performance and understanding
of kinesthetic empathy in the performance of Digital Musical
Instruments (DMI’s). This research is heavily concentrated in
the NIME (New Interfaces for Musical Expression) community
[1, 5, 7, 32, 39], but can also be found in other CHI (Computer Hu-
man Interaction) communities such as TEI (Tangible, Embedded,
and Embodied Interaction) [17, 26, 28], MOCO (Movement Com-
puting) [16], MA (Mostly Audio) [15] and SEAMUS (Society for
Electro-actoustic Music in the US) [27]. This literature falls into
three broad categories. First, the development of strategies to en-
hance the audiences “familiarity” with the connection between
gesture and sonic result [5, 6, 9, 10, 15, 16, 35, 39]. Second, the
development and implementation of systems to track audience
perception of laptop or digital performance [1, 4–7, 35, 36, 39];
and third, methods of gauging performer experience using a mix
of real/time motion tracking and interview methods in order to
give a clearer picture of moment to moment performer experi-
ence and correlations in body movement [25, 27, 32].

The first category focuses on ways that the design of inter-
faces can be used to accentuate the audience’s sense of connec-
tion or increase their sense of familiarity with the mode of inter-
action. These designs include factors like size of gesture [5] and
multi-modal feedback [9, 10] to create instruments that instill fa-
miliarity by design rather than relying on a pre-concert demon-
stration [6]. In the second category, there are many promising
proposals of systems that track real-time responses by observers
in order to gain more detailed information in the moment. This
work focuses mostly on technological designs and methodolo-
gies [4, 10]. In a similar way, some approaches in the third cat-
egory involve methods such as micro-phenomenology or post
performance interviews to help performers connect with the ex-
perience of performing from moment to moment [25, 32]. This
and other more ethnographic approaches are often mixed with
some method of motion tracking to investigate moments of sig-
nificance in performer experience and particular gestural bench-
marks during the performance. Though all of these methods use
some parametric prompt such as overall performance rating or
perceived expressivity for participants, they rely on relative com-
parison between different performance conditions, making the
assumption that a better rating in one condition or the other
has some intrinsic meaning. Such methods would not be suffi-
cient to answer the question of whether an observer will notice
the presence of kinesthetic empathy between two performers, or
whether there is some above chance correlation in their move-
ment that would suggest such a connection.

2.4 Prior Research into Kinesthetic Empathy
Between Performers of Interactive Music
Systems

Prior research on Kinesthetic Empathy between performers has
relied largely on ethnographic data obtained through interviews
with a limited number of performers communicating their expe-
riences before and after certain interventions. In several stud-
ies, musicians have self-reported feeling the presence of other
musicians using interactive music systems [25, 28]. This report-
ing happened even when separated or facing away from each

other as well as in telematic performance. This sense of connec-
tion was also shown to increase when performers were given
specific training exercises that helped develop a connection be-
tween their auditory and sensorimotor system that we refer to
here as ”auditory kinesthesia” [25]. In all of these cases, the ex-
periences the musicians reported could be described in terms
of kinesthetic empathy given the aforementioned definitions in
music, dance, and kinesthetic interaction design.

2.4.1 Kinesthetic Empathy in Performance Systems for Dance.
The development of the Body Sample Player system was insti-
gated by two main artistic desires. The first was to increase an
embodied connection between performers, driven purely by sonic
cues.The second was to make the connection between the move-
ments and soundmore apparent to audiencemembers [26].These
desires were later aligned with an unrealized desire to achieve
kinesthetic empathy in the field of kinesthetic interaction design
[23]. It was shown that through a series of technical and sound
design interventions, performers were better able to sense the
presence and movement of their fellow dancers based on the
sonic response. It was also shown that by allowing audience
members to interact with the performance system as a kind of
sound installation before the performance, their appreciation for
the dance performance was heightened by their embodied expe-
rience with the instrument itself [26].

2.4.2 Kinesthetic Empathy in Remote Performance Systems. Dur-
ing the 2020 pandemic, manymodes of human contact were facil-
itated by online communication. However, standard internet la-
tency inhibited the instantaneous bi-directional communication
necessary for traditional forms of music [22, 29]. In the summer
of 2020, systems were developed that allowed musicians to have
meaningful musical interactions [28]. These systems minimized
latency by using small packets of control data rather than au-
dio streaming. Indirect improvisational performance modes also
minimized the effects of latency during performance. In three
different case studies, musicians performing with these systems
reported a sense of musical connection that they had not felt
since the start of the pandemic. Using the remote version of the
Body Sample Player, two experienced performers reported feel-
ing the same sense of musical connection they felt when engag-
ing with the instrument in the same space [28].

2.4.3 Pedagogical Interventions With the Body Sample Player. A
series of exercises or “etudes” were developed for the Body Sam-
ple Player system, designed to help performers form a greater
sense of embodied connection to the instrument or “auditory
kinesthesia” [25]. A training intervention involving these exer-
cises was the basis of a case study in which experienced elec-
tronic performers were asked to work with the instrument for a
number of weeks, both before and after the exercises. After each
session they engaged in short performances with the system fol-
lowed by a series of interview questions and survey responses
to gauge their experience. The performers both self-reported a
greater sense of connection after the exercises as well as a per-
ception that there were higher levels of virtuosity that could be
achieved with the instruments through continued practice.

3 Experiment
3.1 Method
3.1.1 Musicians. Two pairs of electronic performers (A and B,
C and D as pictured in figure one) engaged in a live duet and solo
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performances using the Body Sample Player. The first pair con-
sisted of an electronic performance duo that included one com-
poser/performer and one classically trained pianist. Both per-
formers had been trained on the performance system and had
performed with it in the past. The second pair consisted of a
dancer who had worked with the system since its inception in
2016 and the composer and instrument builder who created the
system. All performances were video recorded.

3.1.2 Participants. Forty-three participants watched the videos
and rated the performances by answering a series of survey ques-
tions.The questionswere delivered in aQualtrics survey inwhich
each of the eight videos was shown immediately followed by
a series of questions rating various aspects of the performance.
The participants weremostly drawn from a pool of students ages
eighteen through twenty-five with a small number of older per-
formers or faculty members taking the survey. Participants were
asked a single demographic question regarding their familiar-
ity with interactive musical performances. Fifteen of them ex-
pressed little to no familiarity, eleven expressed a general fa-
miliarity, and sixteen expressed a high level of familiarity. One
participant indicated they were an electronic or interactive per-
former themselves.

3.1.3 Musical Instrument. Theexperimentwas designed around
duet and solo performances of the Body Sample Player instru-
ment. This instrument was chosen because of the direct and sim-
ple nature of the interaction as well as it’s overt visual element.
We felt it was important to present video performances rather
than just recordings since the connection between movement
and sound is essential to the perception of interactivity and ex-
pression.

3.1.4 Musical Materials. The performances were each around
ninety seconds long. All performances utilized consistent musi-
cal material where each joint played a different note sung by
a human voice that outlined a particular chord referencing a
particular human emotion. For example, joy outlined a C major
chord while fear outlined an F minor seventh chord. Each player
had a different chord and their movements created various har-
monic combinations.The performerswere all familiar with these
sonic materials from previous performances and studies.

3.1.5 Performance andDocumentation Apparatus. The two pairs
of performers were situated on either side of a thick black cur-
tain to inhibit visual and haptic cues, then surrounded by four
speakers in a standard quadrophonic (Left/Right Front and Left/Right
Rear) configuration. They then delivered both duet and solo per-
formances that were audio and video recorded. Motion capture
data for each performer was also recorded in real-time.

The videos were shot with a built-in camera on a Motorola
MOTO g-powered 2022 phone (Motorola, Chicago, IL). Audio in
all four channels was recorded in Ableton Live and later mixed
in a binaural rendering with the original room sound. This was
done to emulate the quadraphonic sound the performers would
have heard in the room. Finally, the spliced solo videos were
edited together usingClipchamp (Clipchamp, Brisbane, Australia)
to create videos that gave the illusion that two separate perfor-
mances, given at different times, were actually performed to-
gether at the same time. Joint position data of both bodies from
the Kinect camera was captured using MAX/MSP. This data in-
cluded the cardinal position of all of the join positions control-
ling audio (left and right hand X and Z coordinates, left and right
elbow X coordinates, and left and right knee Y coordinates) as

well as X, Y, and Z coordinates for both left and right shoulders,
hips, and head. Qualtrics (Silver Lake, Seattle WA) was used to
deliver an online survey with eight videos with five survey ques-
tions per video.

Figure 4: Survey questions

3.1.6 Procedure. Each pair of performers developed three duet
performances using the Body Sample Player instrument. The
performers were separated by a black curtain so they could not
see one another’s movement, however they could hear the re-
sults of each other’s performance. Each performer then did three
solo performances on the same side of the curtain as they were
in during the duets. One live duet from each pair was selected
to be shown to viewer participants. The solo videos were then
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spliced together in combinations so that it appeared that each
combination had performed two duets (A/B X2, C/D X2, A/D
X2, B/C X2). The end result was eight videos, two of which were
real (A/B 1 and C/D 1) with the rest being spliced solos.7 All
eight videos were then shown to a group of general participants
who answered a series of questions about each video.The survey
questions are pictured in figure four.

The first three questions were rated using a Likert scale of one
to seven.The circles in question five were derived from previous
research studies in cognitive psychology where musicians self
reported how ”in sync” they felt they were with other musicians
[21]. We felt this added visual element would help facilitate a
better understanding of the question.

3.1.7 Measure. An initial look at the results demonstrated that
there was no significant difference between any of the videos
for questions one through four. Statistical tests were run to an-
swer the three primary questions in the study. First, a Friedman
one-way repeated measure analysis of variance of ranks (Fried-
man test) was used to test for the differences in rating of per-
ceived interactivity (question five) between the video duet com-
binations. An alpha level of .05 was established a priori. To de-
termine the video combinations that had a significant difference,
the Wilcoxon signed-ranks test was used for post-hoc analysis.
Finally, a Spearman’s correlation was run to assess the relation-
ship between overall performance rating and the rating of per-
ceived interactivity as well as a correlation between familiarity
with electronic music and perceived interactivity.

3.2 Results
For this study, we focused on three primary research questions.

3.2.1 Research Question One: Is there a difference in perceived
interactivity when performers are live and together and when per-
formers are performing solo and then spliced together? A Fried-
man one-way repeated measure analysis of variance of ranks
showed a significant difference between the eight video duet
combinations of real and spliced videos, Fr (7, 23) = 38.84, p <.001.
Further, post hoc analysis was run using a Wilcoxon signed-
ranks test for each video combination.

The post-hoc analysis in Table 2 below shows that the first
real duet video (video one, performer A and B) had a signifi-
cant difference between all spliced video combinations, except
for video seven, which was a spliced video of performer C and
performer B, as shown in Table 2. There was no significant dif-
ference between the real duet videos (video one and video two).
Additionally, the second real video (video two, performer C and
D) also had a significant difference between all spliced videos, ex-
cept for video seven. It is also of interest that video seven had a
significant difference with all but two of the other spliced videos.

Table 1: Key for videos that participants watched showing
which combination of performers appear in which video

7https://www.youtube.com/playlist?list=PLNbP6Og3P-
_CoQUsV8BFQ1wWCFM6H511-

Table 2: Wilcoxon signed-ranks posthoc analysis of Fried-
man test

3.2.2 ResearchQuestion Two: Is there a relationship between per-
formance rating and perceived interactivity of performers? Aa Spear-
man’s correlation was run to assess the relationship between the
overall performance rating and the rating of perceived interac-
tivity between performers. A positive correlation was found be-
tween performance rating and perceived interactivity score, rₛ =
.487, p = <.001.

3.2.3 Research Question Three: is there a relationship between
preexisting knowledge of electronic music and the perceived inter-
activity of performers? A Spearman’s correlation using repeated
rankswas run to assess the relationship between familiaritywith
electronic music and perceived interactivity. No significant cor-
relations were found for any video combination Rₛ = 0.01, p =
0.96

3.2.4 Other Survey Questions. Leader and follower: A compari-
son was made to determine if there was a perceived leader and
follower relationship, or no leader present in each duet video. A
Chi-Square test was calculated with a significance level (α) of .05
established a priori. A significant difference was found between
the three videos with regard to perceived leader-follower rela-
tionships. Video 1, χ² (3) = 45.57, p = <0.001, with performer A
being listed more often as the leader. Video 4, χ² (3) = 27.24, p
= <0.001, again with performer A being listed more often as the
leader through the performance. The final video that contained
significance was video 7, χ² (3) = 20.21, p = <0.01, with the most
frequent response being the perception of the leader switching
throughout the video between performers B and C. No other sig-
nificance was found for other video conditions.

When asked which performances had a higher expressivity
rating (survey question one), the videos expressivity appeared
to diverge from the reported interactivity. Video one was re-
ported to be the third least expressive (M = 4.72), video seven
was the second most expressive (M = 5.53), and the second live
duet was rated as the third most expressive (M = 5.17). The re-
maining videos were rated as follows: video three (M = 5.56),
four (M = 5.00), five (M = 4.38), six (M = 4.71), and eight (M =
5.06).

4 Discussion
4.1 Implications
The results suggest that a general audience can sense a greater
level of interactivity when two performers are actually perform-
ing together. Given the definitions of kinesthetic empathy used
in kinesthetic interaction design, prior ethnographic research
has suggested that modern digital musical instruments such as
the Body Sample Player help facilitate kinesthetic empathy in a

https://www.youtube.com/playlist?list=PLNbP6Og3P-_CoQUsV8BFQ1wWCFM6H511-
https://www.youtube.com/playlist?list=PLNbP6Og3P-_CoQUsV8BFQ1wWCFM6H511-
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way that was un-realized in the examples used by Fogtman et
al. [23, 26, 28]. The results in the current study suggest that in a
real performance, where performers self-report the presence of
their fellow performers purely through the auditory sense, this
sense of connection (or kinesthetic empathy) is observable by a
general audience.This is the most important finding in our study
as it suggests that perceived interactivity is a reliable metric to
measure kinesthetic empathy between two performers.

When analyzing the data, expressivity appeared to have no
impact on interactivity, nor did it seem to impact the overall per-
formance rating. The correlation between overall performance
rating and interactivity rating implies a relationship between
these two metrics that could be further investigated in future
studies.The lack of correlation between the familiarity of the par-
ticipant with the performance of electronic music and the inter-
activity rating poses an interesting difference from the findings
of previous research in which familiarity appears to increase the
overall performance rating of interactive musical performance
[5, 6, 9, 10, 15, 16, 35, 39]. In this case, we were comparing ob-
server familiaritywith the perception of interactivity rather than
the overall performance rating or expressivity. The lack of cor-
relation between perceived interactivity and familiarity would
seem to strengthen our findings, as observers of all backgrounds
might rate the performance at the same level.

Although the two real videos each reported a significant dif-
ference with five out of the six spliced videos, the one spliced
video that did not report a difference with the two real videos
(video seven) only had a significant difference with three of the
other spliced videos, suggesting a much weaker difference than
the real videos. This helps to reinforce the importance of the sig-
nificant differences found between the real and spliced perfor-
mance videos.

The final question that was investigated involved the leader-
follower relationship. Previous research on leader-follower re-
lationships in musical performance uses motion or brainwave
tracking [12, 18] or audience observation of orchestras with and
without conductors [3, 37]. Of these, only one uses observer-
interview to determine their enjoyment of the music based on
the perception of this leader-follower relationship [3]. No study
in the literature attempts to correlate the perceived leader/follower
relationship with interactivity using a qualitative approach. To
account for possible confounding variables in the current study,
it was important to determine if the participants perceived the
presence of a leader-follower relationship, which might corre-
late to higher performance or interactivity ratings [3]. As videos
one and four were the only ones found to have a significant
leader-follower relationship, while having only the second and
second to last highest interactivity scores respectively, there does
not appear to be a clear link between interactivity rating and the
presence of a leader-follower relationship.

4.2 Limitations
It is of interest that in video seven, being the only fake video that
showed no significant difference with the two real videos, both
performers were wearing red shirts whereas in all but one of the
other spliced videos, either one or both performerswerewearing
dark clothing. In the real videos, performerswere eachwearing a
distinctly different color to avoid any bias based on color. Several
studies have suggested that there is a bias toward the color red
in ratings and other judgment calls in social interactions and
sporting events [24, 33]. In contrast, the other fake video that

featured the same two performers both wearing red shirts (video
three) did show a significant difference with videos one and two.

Another aspect that may have led to a higher performance
rating of video seven could be the amount of overall movement
present in this video. It has been noted in prior studies of music
performance that higher levels of movement correlate to higher
performance ratings [8, 19, 34]. In either case, we feel these possi-
ble confounding factors on perceived expressivity do not dimin-
ish the significant differences found in the interactivity score.

Finally, as addressed in a previous section, the performers
were motion tracked in eight individual joint positions as well
as five additional body parts across all relevant dimensions in-
cluding the head, left and right hips, and left and right shoulders
for a total of twenty four data points. In a preliminary version of
the study, a Pierson correlation gave no clear findings that could
correspond to the responses of the study participants or beyond
chance correlations between data points for each performer.

4.3 Future Research
The findings in this study set a groundwork by demonstrating a
consistent metric to measure the presence of kinesthetic empa-
thy in musical performance. More studies should be conducted
to replicate and strengthen these findings. For future studies, we
propose using real-time response systems to track observer re-
sponse to each question throughout the performance. We also
hope to investigate other methods to successfully measure any
significant correlation of body movement or postural sway such
as “cross wavelet analysis” in which multiple correlations are
run using various windows of time throughout the performance
[18, 38].

We also hope to use this metric in future to reinforce the find-
ings in ethnographic studies that attempt to gauge the effective-
ness of pedagogical and design interventions for interactive mu-
sical instruments. By comparing performers’ rating of the feel-
ing of kinesthetic empathy with their fellow performers to ob-
servers’ ratings of perceived interactivity, we can reinforce the
connection between the two metrics. As the ultimate goal of our
research is to broadly improve the design of new interfaces for
musical expression as well as developing pedagogical methods
for the performance of these instruments, we feel that this line
of inquiry represents a significant contribution to the discussion
in the the field of interactive and digital musical instrument per-
formance.
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