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1. INTRODUCTION 
This deliverable D2.3 describes the experiments conduced mainly by the SIEMPRE-INCO partners in 
collaboration with all other partners. In particular, two main experimental scenarios are considered and 
integrated: (i) Shadow Media experiments and (ii) co-creation using mobile technologies.  
 
The number of techniques by which humans are able to communicate remotely has grown 
exponentially in a surprisingly short period of time. Remote communication and collaboration has 
grown from a completely asynchronous activity only a few decades ago to one in which we can now 
collaborate through real-time, bi-directional video communication of exceptional fidelity. Not only has 
fidelity improved, the number of levels of granularity of communication has grown in parallel. Only 
twenty years ago, for all but the technologically elite remote messaging was limited to sending a 
telephone number to one’s pager. Similarly coarse levels of granularity still remain (consider Twitter 
messages, for instance), but now the capacity for incredibly fine levels are possible, and have been for 
quite some time—for example, shared remote visualization and exploration of big data sets [1]. 
In addition, the importance of non-verbal cues in communication has been well-researched [2]. In 
response, means for integrating many of these paralinguistic aspects of communication into remote 
interaction have been developed: for instance, spatial auditory cues and indication of ones direction of 
gaze [3]. While a number of methods of increasing social presence continue to become available 
[4],[5], the fact remains that support for the communication and sharing of affect remains relatively 
rudimentary. 
Over the last several years, Miwa Lab in the School of Creative Science and Engineering at Waseda 
University has been developing a ‘shadow media’ system aimed at not only enhancing social presence, 
but also enabling shared experience and co-creation. The need for a sense of “shared space” is a 
critical element of remote interaction. The shadow media system, which we describe below, affords 
just such a shared space as demonstrated by anecdotal evidence from a number of uses of the system 
[6]. 
Alongside the development of the shadow media project, the SIEMPRE partners have been examining 
new methods of fostering and measuring interpersonal creative interaction. We specifically note the 
aim of SIEMPRE to develop novel research around theoretical and methodological frameworks, 
computational models, and algorithms for the analysis of creative communication within groups of 
people. An aspect of interpersonal creative interaction that is of particular interest to the project and 
partners is the idea of emotional contagion—simply put, the creation of emotional bonds between two 
or more people engaged in an interaction. In researching this phenomenon, the authors are using a 
number of physiological measures for quantitative estimation of emotional state. Thus, the goal of 
exploring means of more meaningful social interaction between people is one aligned with the 
objectives of SIEMPRE. To this end, it is interesting to consider if the use of shadow media enables 
remote social interaction on a psychophysiological level that is similar to that in interaction in a 
physically shared space. 
This deliverable describes a pilot study that was designed and executed to begin to explore this 
question. Can changes in emotional state caused by physical proximity of two individuals be replicated 
by the use of shadow media? In the next section, we give a brief overview of related work in this area, 
and follow with a deeper look at the construction of the shadow media system. Following this, we 
describe the pilot study performed in November 2012 and provide our preliminary results and analysis. 
In light of these results, we provide our thoughts on future directions of this research. 
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2. RELATED WORK 
There are a number of previous and current works that successfully use participants’ shadows in the 
context of interaction and collaboration. Some of these include Lozano-Hemmer’s outdoor 
installations in which a participant’s shadow is used as a media for the encapsulation of other media 
[7]. In this system, although participants are co-located, the shadow proves a successful intermediary 
for interaction amongst participants. Dance companies have used shadows to augment and enhance the 
message of dance through the projection of shadow [8]. With specific regard to remote 
communication, Bitton’s Passages creates a similar shared space through which participants interact 
“intimately” directly through their projected shadows [8]. 
While these and other works demonstrate the potential for the use of shadow in co-located and remote 
communication, we are not aware of any research that addresses the efficacy of such systems for 
communicating presence in a shared space other than the previous works of the authors mentioned 
herein. Specifically, to our knowledge this study represents a first attempt at quantifying similar 
changes in emotional state between a real and a virtual shared space. 
 
3. SHADOW MEDIA 
Research on communication systems through which space can be shared between remote actual fields 
is necessary to support the creation of a feeling of co-existence and mutual trust—a requirement for 
co-creation. To achieve this, the developers of the shadow media system noticed the following unique 
characteristics associated with a person’s shadow [9]. 

1. A person and her shadow are absolutely inseparable. 
2. The existence of a person can be evoked by her  shadow.  
3. A shadow has the function of expanding a body  image.  
4. A shadow changes its movement or location proportionally in response to the bodily movement 

or position of the shadow’s owner.  
Hence, it is expected that a shadow can inseparably connect the self and actual fields, and it is from 
this expectation that the hypothesis of the present study was derived. Although the amount of the 
explicit information concerning shadow is very small when compared to that regarding video images, 
shadow can play an important role in integrating all detailed body actions and thus modeling this will 
be an important part of distributed social interaction. Furthermore, it is important to note that while 
there are current developments toward shared virtual spaces in remote communication [4], current 
traditional remote communication (i.e., video chat) does not allow for this concept of a shared space. 
What is most interesting in the present study is that while a video chat may afford impeccable fidelity, 
we are not aware of any means of creating such a shared space by these technologies. Moreover, 
shadow media affords a such a shared space through the transmission of an image with far less fidelity. 

 
Figure 1. An example configuration of the Waseda Shadow Communication System. 
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As shown in Figure 1, the Waseda shadow communication system (WSCS) [10] creates a shared 
space by connecting two rooms, a local room and a remote room, by projecting of the shadow of the 
participant in the remote space into the local space and vice versa. Various styles of projected shadows 
and configurations are possible, as well. For instance, a participant may see his partner’s projected 
shadow and only his own cast shadow (non-projected), he may see both shadows projected in an 
abstracted fashion (as stick figures, for instance), or he may see both shadows projected as avatars (as, 
say, artistic characters), among other options. 
 
4. CO-CREATION USING MOBILE TECHNOLOGIES 
Stanford University’s Center for Computer Research in Music and Acoustics (CCRMA) has pursued a 
number of research efforts leveraging mobile technology for musical co-creation. Ocarina is a novel 
wind instrument, developed for the Apple iPhone, in which a performer blows into the microphone to 
generate tones, controlling pitch with four tone-holes on the device’s touchscreen [14]. As performers 
play melodies in Ocarina, their musical renditions are uploaded to a central server and then 
broadcasted to other Ocarina users around the world. This broadcast is accessible via Ocarina’s 
“World Listener” mode, in which performances are played back for listeners alongside a rough 
indication of each performer’s location in the world.  

 
Figure 2. Ocarina Instrument mode (left) and World Listener mode (right) 
 
Further studies into musical co-creation led to development of World Stage, a platform for shared 
music performance, appreciation, and experience [15]. In World Stage, musical performances on a 
mobile phone musical instrument are submitted to a panel of three judges, who are randomly chosen 
from the application’s user base. Using a set of predefined emoticons and, optionally, textual feedback, 
judges assess a performance in real-time. Both the performer and the judges see these responses 
simultaneously, allowing not only a hermetic appraisal of the music being heard, but potentially also a 
collaborative, dialectical assessment.  
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Figure 3. A World Stage session in action. 
 
The Stanford Mobile Phone Orchestra (MoPhO) has explored the possibilities of using mobile 
technologies in a musical ensemble setting [16]. Using custom mobile application software running on 
a variety of mobile phone platforms, MoPhO has developed a repertoire of musical works exploring 
the links between music, mobile technology, and identity. One such work is Heart, by Jieun Oh, in 
which listeners self-report their level of arousal, valence, and heart rate (by tapping the screen in 
synchrony with their observed heart rate) via a smartphone-accessible website [17]. This data is 
aggregated and displayed for the whole audience to view as the musical work progresses.  
 
5. PILOT STUDY 
The hypothesis of the pilot study was that changes in emotional state caused by physical proximity of 
two individuals can be approximated by the use of shadow media. To explore this hypothesis, a new 
version of the Waseda shadow communication system [10], was used. This system creates a shared 
space by connecting two rooms, a local room and a remote room, through projection of the shadow of 
the participant in the remote space into the local space and vice versa. The new version uses a slit 
screen in each room, and affords interaction on both sides of the screen. This version is described in 
detail in [9]. 
The study explored two conditions: 

1. Emotional reaction to physical proximity in a common space. 
2. Emotional reaction to “virtual proximity” using shadow media.  

 
5.1 Setup 

We performed five trials of each of the above two conditions with two subjects participating in each 
trial. As shown in Figure 4, the participants were separated by approximately 5 meters and then asked 
to “slowly, naturally” walk toward each other. Then, the participants were asked to “explore placing 
their hands in proximity of the other person’s hands (including touching fingers) over the course of 
approximately 2–3 minutes”. 
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Figure 4. The first experimental condition asked the two participants to “slowly, naturally” walk 
toward each other until they were standing close and then to eventually “touch” hands. 
 

 
Figure 5. In the second experimental condition, the subjects “touched hands” with the projected 
shadow of the other person who was actually in a room next door. 
. 
Electrodermal activity (EDA) is well-established as a correlate of arousal, and thereby of emotional 
state. Because of this, EDA was selected as the primary measure of psycho-physiological state during 
each condition of the study. In each trial, one subject was fitted with a Senstream sensor, developed by 
the authors and Senstream, Inc. This sensor, described in detail in [11], is capable of measuring both 
tonic and phasic EDA, blood volume pulse (BVP), skin temperature, as well as tri-axial accelerometry. 
In this study, using the ShEMP system [12], phasic EDA and BVP were recorded. (BVP data are not 
included in the present analysis, but are being introduced into the analysis presently.) 
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Figure 6. Prototype of the Senstream MobileMuse sensor. 
 
Once fitted with a sensor, a sequence of five tones at one second intervals were played. The subject 
was asked to apply pressure to the EDA sensor pads in time with each tone. This process was used for 
synchronization of video and physiological signals—clear spikes are visible in the recorded data with 
each squeeze, and the same tones are clearly audible in the video recordings. While a crude method of 
synchronization is not optimal, given our method of discretization of video events (described below) 
and the fact that the latency from stimulus to electrodermal response can vary from one to as much as 
five seconds [13], this does not introduce spurious results into the analysis we give below. 
The subjects were then free to approach one another in their own time, and proceed with the 
interaction as outlined in each condition. 
 
5.2 ShEMP 

To explore the hypothesis under examination in this study as well as other the other research questions 
being considered in SIEMPRE, we have built ShEMP (Shared Emotion, Music and Physiology), a 
software framework upon which we can construct a range of experimental apparatuses. A great deal of 
the partners’ previous work has served to determine the efficacy of a range of measures of audience 
(interactor) response mechanisms, including self-report questionnaires, input based around the GEMS 
scale, and dynamic judgment. ShEMP’s flexibility allows us to collect voluntary feedback using any or 
a combination of these models with ease. Coupled with this, the Senstream sensor provides ShEMP 
participant physiological data—pulse oximetry, electrodermal activity, motion, and skin temperature. 
This section discusses the software and hardware design and implementation of ShEMP. 
 
5.2.1 Software 

For ShEMP’s mobile software foundation, we heavily leverage the Mobile Music Toolkit [14]. MoMu 
provides a number of facilities for rapid creation of multimedia mobile applications, integrating touch, 
real-time audio synthesis and analysis, real-time graphics, and geospatial sensing in a single 
framework. Using MoMu we can quickly develop mobile applications suitable for both this study and 
the variety of other research scenarios we envision with ShEMP. 
MoMu offers relatively basic network support, requiring us to develop original software for our 
network model. As in previous mobile research, we intend to develop both real-time and non-real-time 
networked musical interactions; these require distinct technical approaches. Furthermore, the nature of 
research software demands a certain level of flexibility; as such, we anticipate the need to periodically 
reassess what interactions should or should not occur in real-time. Non-real-time network applications 
can be easily developed using REST [15] or REST-like services over HTTP, using common web 
framework software. Real-time network interactions are somewhat more difficult to orchestrate, 
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usually requiring custom implementation of ad-hoc network protocols and a server-side management 
of per-interaction state. Both types of interactions use Node.js, a web frame- work designed both for 
custom server implementations (ideal for real-time situations) and generalized HTTP/REST web 
services (for non-real-time situations). We find that Node.js adequately addresses both scenarios 
without pinning the application specifically to one or the other. 
 
5.2.2 Digital Signal Processing 

In order to allow the hardware to interface with a variety of devices, physiological signal data from the 
Senstream sensor is passed over a standard 1/8” (3.5mm) TRRS audio plug, as the 1/8” TRRS audio 
jack has become all but the standard on consumer mobile devices. However, as standard wiring uses 
only the sleeve of the TRRS plug for input, it was necessary to devise a way to receive multiple input 
signals over a single channel. On the mobile device (currently, iOS devices are supported), the signal 
is received as an audio input stream. Within Apple’s AudioUnit framework, the signal passes through 
a DSP chain in order to split the multiplexed signal back into its original constituent signals. 
To achieve this, a standard time-division multiplexing process is used. The signal is first lowpass-
filtered (Fc = 7.5kHz) in order to remove noise introduced by pulse-width modulation from the sensor 
hardware. The RMS amplitude of each component signal is then taken as the signal value for the 
respective Senstream sensor. In order to address frequency and phase jitter introduced by pulse-width 
modulation and timer imprecision in the sensor micro-controller unit, a phase-lock loop is established 
between the filtered incoming signal and software oscillators controlled by the demodulation routine. 
These demodulated outputs are then exposed to other components of the framework for recording, 
streaming to an external server, sharing with other devices, or visualization within the user interface. 
5.2.3 Hardware 

As noted previously, ShEMP leverages the Senstream sensor for all physiological data input. Heart 
rate is measured using standard pulse oximetry techniques rather than a full electrocardiogram. The 
Senstream board houses four discrete sensors. Upon further consideration, and because of the ease of 
design, a temperature sensor was also added to the interface. Skin temperature change (in relationship 
to the environment) has been shown to be indicative of long-term mood, and it is thought that this 
might prove beneficial in assessment of emotional state [16]. A tri-axial accelerometer was also added 
to the circuit for gestural control. While this might seem redundant, independent hand gesture 
introduces interesting options not presently available with a mobile device’s onboard accelerometer or 
gyroscope. At a minimum this enables two-handed gestural control. Furthermore, an independent 
accelerometer provides a means of minimizing motion artifacts, an issue to which EDA sensors are 
particularly susceptible. 
All of the sensor signals are amplified, processed, conditioned and then fed into the ADCs of an 
ATmega328-PU processor. This choice of processor enables use of the Senstream unit as a custom 
Arduino3 board with all of the advantages this creates—most importantly, ubiquitous software 
availability. The ATmega processor firmware converts the multiplexed signals to an analog stream 
using the pulse-width modulation (PWM) output of the processor fed through an onboard DAC. 
Finally, magnetic isolation is used to remove any shock risks and to eliminate line noise. 
Initial development of the Senstream units is now complete. At the completion of the SIEMPRE 
project, ShEMP will be distributed for public use. 
 
 
5.3 Methods 

The first question on which we focused was the effect of contact on the EDA of the study subjects. In 
condition 1, this means direct physical contact between the subject and the partner. In condition 2, this 
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means contact between subject’s shadow and their partner’s shadow. We were interested in whether or 
not contact under the different situations would produce different physiological responses. 
We assessed the effect of contact using two different data sources. The first source of data is the EDA 
readings from all of the subjects in the study. The second source is a table of important events and the 
times they occurred in each of the videos. This was created by reviewing the recorded videos of the 
interactions and marking the times of the various events. For example, we coded whenever the lights 
went on or off, when the subjects began approaching each other and, most importantly, when the 
subjects made and broke contact. 
After coding, we used the times when contact was made and broken to code the video into three states. 
The first state is before the first contact was made and after the last contact was broken, the second 
state is when contact was made, and the third state is when contact was broken. The first state was not 
included in the analysis so as to remove motion artifacts that would impair our ability to estimate the 
effect of contact. An example of the EDA data and the codings we used is presented in Figure 7. 
 
5.4 Analysis 

Since coding was done manually by three different people, there was concern that each person would 
code differently. To quantify the effect of these differences we selected a video from each condition 
and had each coder code the video individually. For the video in condition 1, all coders agreed on the 
number of significant events. The times that the events were flagged differed by at most 1.5 seconds 
and on average 0.6 seconds. For the video in condition 2 there was less agreement. One coder detected 
32 contact events while the other two detected 19 and 20. Total time in contact was tallied at 51, 63 
and 77 seconds for each of the three coders. These differences were controlled by randomizing each 
coder to several videos in each condition. 
The EDA signal was processed using a low-pass filter and was then screened for artifacts. We 
estimated the effects of contact on the amplitude of the EDA signal in the different experimental 
conditions for individual subjects using the R software package.1 
We wanted to investigate the patterns of EDA activity across individual subjects who were tested in 
each setting. In order to do this we ran a three factor ANOVA model using the EDA signal as the 
response. The first factor was experimental condition which had levels 1 and 2. The second factor was 
the presence or absence of contact, coded as 1 when the subject is in contact with their partner and 0 
otherwise. The third factor was the subject. The model processed the amplitude of the EDA signal at 
each time and categorizes it based on whether or not it was in the touching state, in which 
experimental condition the measurement was made, and on whom the measurement was made. It then 
produced an estimate of the average values of the EDA signal one would expect based on the touching 
state, experimental condition and person. 
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Figure 7. Example plot of EDA vs. time. 
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The model was run allowing for all factor interactions. Every model term had a p-value of essentially 
zero (2·1016, the smallest number R can report). The model had an adjusted R2 of 0.5062, indicating a 
very good level of explanatory power, especially for a pilot study. The residuals of the model were 
mostly normal with a somewhat pronounced right skew. The deviation from normality is not a cause 
for concern, however, due to the very high level of significance for the model terms. Nor is the 
between-coder variance mentioned above a cause for concern, again due to the high significance level. 
 
5.5 Results and Discussion 

The interaction plots above show the average change in EDA signal when going from touching to not 
touching for each of the experimental conditions. There is a mostly uniform increase in EDA as the 
subjects break contact, especially in condition 2. It is not possible to make strong inferences about the 
effect of touching overall due to the small sample size, but the results suggest that there is fruitful 
research to be performed in this direction. Another interesting result these graphs show is the case of 
subject five. While the other four subjects are clustered together, subject five stands alone having both 
a lower overall EDA signal and a much larger change from going to touching to not touching. We 
hypothesize that this is due to the age of the subject (subject five is much older than the other four 
subjects) and suggests that age might be a significant factor in future research. 
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Figure 8. Interaction plots for touching states for the subjects for each condition. The vertical 
axis is the average of the EDA signal for each treatment. 
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This pilot study suggests new experimental procedures and factors for future research. Our methods 
are sensitive enough to detect effects from more subtle changes in condition such as advancing and 
retreating during the middle part of the encounters. However, we need to find ways to increase 
uniformity across coders or even find a way to automate the process. We also want to combine the 
EDA and coding data with survey data to improve the accuracy and predictive power of the results. 
The pilot study has shown that age has serious potential to be a significant factor. We also suspect 
simple demographic data such as sex and ethnicity might be important factors to consider. 
 
6. CONCLUSION 
Here we have described results of a pilot study that suggest that the emotional reaction to proximity 
can be created by the projection of a participants’ shadows in a shared virtual space. This pilot study 
points the way to an entirely new technique for remote interaction that preserves the emotional 
changes that occur in face-to-face collaboration. The high statistical significance of the results suggest 
that future research in this area is worthwhile. Specifically, next steps will include the following: 

1. Larger sample size with broader demographic distribution. This experiment will include a post-
experiment questionnaire to gather feedback from participants in order to augment results with 
qualitative data. 

2. Inclusion of additional physiological features. In particular, blood volume pulse was also 
recorded alongside EDA, and results from this data may prove beneficial to further analysis. 

3. Further experimentation with more complex interaction. The present study explored only 
touch. However, previously cited works using the shadow media system have explored other 
uses—notably among them artistic performance with audiences in co-located and remote 
locations. Exploring audience response to such interactions may prove equally interesting. 
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1. INTRODUCTION 
A body’s shadow is in an inseparable relationship with the body. Paying attention to the nature of 

this relationship, in previous studies, we have developed a shadow media system that promotes the 
generation of awareness and images through the body, supporting the creation of bodily expressions by 
creating a gap between the body and the shadow through an artificially transformed shadow (shadow 
media) [1]. We have also demonstrated that shadow media naturally creates co-creative connections 
between participants in group bodily expressions [2]. 

Moreover, to continuously create and develop expressions, it is important to connect performers on 
stage, as well as the stage itself, to the audience and environment surrounding them. However, 
conventional media spaces concentrate on the limited relationship between performer and media, while 
neglecting the relationship between the performers, their audience, and the environment. Thus, to 
incorporate the effects of the audience and environment into the media space, we developed a shadow 
media system using a slit screen, which opened the media space to the outside of the stage [3]. 

This study builds upon previous work and aims to integrate media spaces open to audiences that are 
separated geographically, in order to support the co- creation of bodily expressions between remote 
locations. This required a fundamental overhaul of the system we developed (WSCS) [4] to enable 
communication accompanying a co-existing feeling between performers in separate locations by 
sending shadows, inseparable from the body, between remote locations. In this study, we develop a 
new system for the remote communications of shadow media utilizing slit screens and attempt the co-
emergence of a stage space between remote locations that includes not only the performers but also 
their audience and the environment. This is the first attempt of its kind in the world. We report the 
details and the experiments in Sections 2 and 3. 
 
2. SHADOW MEDIA SYSTEM 

2.1 Slit Screen 

To open the media space to the audience and the surrounding environment, we previously developed 
a slit screen composed of reed-shaped screens arranged in a line [3]. Through this slit screen, 
performers could create a stage though the shadow media while being watched by an audience, and the 
audience could catch the bodily movements of the performers through the shadow media stage, as 
shown in Figure 1(a). Furthermore, the projection mechanism of the shadow media was configured to 
be bilaterally symmetrical along the slit screen, allowing for the simultaneous projection of shadow 
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media from both sides. As a result, performers could pass through the slit screen and could perform 
bodily expressions through shadow media on the audience-side stage as well. The audience could also 
enter the stage where performers created bodily expressions (the shadow media space) through their 
own shadows (Figure 1(b)). In addition, it allowed for performances that projected images across the 
entire theatre space, including the walls and the ceiling, enclosing both the stage and the audience seats 
(Figure 1(b)). It also allowed for overlapping a normal (unprocessed) shadow with shadow media (as 
shown in Figure 1(c)) and superimposing projections of different shadow media from two projectors 
(Figure 1(d)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Shadow Media Telecommunication System 

In this study, a communications system that integrates the open media spaces described in Section 
2.1 across geographically separated locations was developed. Specifically, shadow media systems 
using slit screens were installed at two locations, and software was developed to share the shadow 
media of the people on the audience stage and performer stage in separate locations, and consistently 
adjust the positions (participant standing positions), shapes, and sizes of shadow media (Figure 2). In 
addition to screen projections, background media as described in Section 2.3 was also projected on 
walls surrounding the stage, thus integrating and enclosing the separate stages. To accomplish this, we 
developed software and hardware to consistently project background media on the slit screen, walls, 
and ceiling using projection-mapping methods, and integrated these into the shadow media system. 

 
 
 
 
 
 

 
 
 
 

Figure 1: Slit screen and the project mapping of the shadow media 
Both-sided projection on the slit screen allows various ways of the shadow media projection and projection of images 
on the entire theatre space. 
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2.3 Type of Shadow Media 

In previous work, we developed a shadow media system that promoted the generation of awareness 
and images, and supported the creation of bodily expressions by adding gaps between bodies and 
shadows using artificially modified shadows [1][5] (Figure 3). Especially in dual residual shadow, by 
compounding two residual shadows generated through differing processing methods, the dual gap 
between two residual shadows changes spatiotemporally with bodily movement, and a variety of 
expressions could be created. In particular, we found that by adding autonomous fluctuations to the 
boundary of the inner and outer residual shadows using a cellular automaton, an inner sense of living 
time and space was generated. This suggests that in the design of shadow media to promote the 
creation of expressions, continuous generation of gap that make boundary of the performer‘s body 
unstable by the interaction between the performer and media becomes necessary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Configuration of the remote communication system 
Shadow media images are mutually shared by the UDP communication through servers installed in each location. 

Figure 3: Types of the shadow media 
Body shadows are deformable. They can be shown in various shapes. 
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And, if it is possible to generate interaction between the on-stage background and the body, we also 
expect that a co-existing feeling could be generated that performers could be enclosed by the entire 
stage space, along with the bodies of others. It is also possible that this would enable the integration of 
separate stages in different locations into a shared stage. Therefore, we decided to develop background 
media in which the images displayed as the background were connected with bodily movements and 
changed, integrating the bodily expressions with background. As a first step, we created background 
particle media in which large particles moved on a fluid vector field F varying due to time change of 
body images obtained through thermal cameras. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 shows skilled dancers performing bodily expressions using this media. As a result, we 

received comments such as “I felt as though I became the background,” “I felt a sensation of being in 
nature, and I felt as though my movements were creating a breeze,” and “I felt as though I was both 
moving and being moved, and various expressions were created.” These show that background media 
could promote the creation of a variety of bodily expressions. 
 
3. UTILIZING SHADOW MEDIA FOR 

TELECOMMUNICATION 

3.1 Telecommunication between Performers 

Using this system, we installed slit screens (2.3 m high, 6.5 m wide) at geographically separate 
locations and conducted an experiment in which bodily expressions were jointly created by performers 
at the separate locations using shadow media. The experiment is shown in Figure 5. The performers in 
this experiment consisted of six adult males and three adult skilled female dancers. 

As a result of this experiment, we received comments from the performers such as “I did not feel as 
though we were in remote locations,” “I felt as though I became one with my partner and that we were 
creating something else,” and “I felt that I merged and became one with my partner.” These comments 
suggest that through this system, we can support the co-creation of bodily expressions between 
performers at remote locations. 
 
 
 
 
 
 

Figure 4: Background media 
Images of particles projected on the background move in response to the fluid vector field that changes according to 
the bodily movements of performers. 
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3.2 Telecommunication between Performers and Audience 

We installed the system at two remote locations and performed bodily expressions using two adult 
skilled female dancers as performers and two adult males as the audience. We examined whether the 
performers could create bodily expressions while feeling the existence of the audience members, who 
were at a separate location. The experiment is shown in Figure 6. 

Performers provided comments such as “When the audience entered the theatre, I suddenly felt as 
though I was being watched,” and “When we made throwing movements towards the audience, it was 
interesting when they reacted.” The performers naturally passed through the slit, and their movement 
was seen on the audience-side stage. An audience member noted feeling “As though the performers 
had come here.” In addition, during this series of bodily expressions, we saw the performers 
interacting with the shadows of the audience members sitting in chairs, the audience standing at the 
urging of the performers, and the audience dancing with the performers. These results show that this 
system could support the emergence of co-creative bodily expressions that incorporate audience 
members at a remote location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Remote communication between performers and audience 
This is a scene observed from both sides of the slit screen: from the side of a performer and that of the audience at each 
location (location A and location B). The performer on the performer’s side at location A and the audience on the 
audience side at location B are getting interacted through the shadow media. 

Figure 5: Remote communication between performers 
Sending the shadow media to each other allows performers to position mutual existence at their own location, and co-
creation of improvisational bodily expression is realized. 
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3.3 Integrating Stage Spaces Using the Background Media 

In addition, we performed an experiment in which background media and shadow media were both 
displayed and performers at the remote locations performed co-creative bodily expressions by 
transmitting the shadow media and background media between the systems installed at two remote 
locations. The performers in this experiment were two adult skilled female dancers and two adult 
males. The experiment can be seen in Figure 7. 

As a result, we received comments such as “I felt as though my partner at the remote location was 
always with me, regardless of where they were or whether or not they were moving,” “I felt that my 
partner was in the same space, and that the movement of the background expanded our images,” and “I 
felt that we shared the atmosphere, and that we could create a world with depth.” These comments 
show that the performers in remote locations could create a shared background media space through 
their bodily expressions, and that by sharing that media space at their respective locations, they could 
integrate different stage spaces. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. SUMMARY 

In this study, we developed a telecommunication system for integrating open media spaces 
separated by distance through shadow media. As a result, we found that this system could allow 
performers to create expressions by incorporating the effects of audience members separated by remote 
locations. In addition, we developed new visual media for backgrounds, and found that it is possible to 
integrate different stages into a shared stage by enclosing the stage with a background media. In 
October 2012, researchers at the Waseda University Miwa Laboratory attempted to integrate the stages 
of a bodily expression performance between Tokyo and Sendai, which are 200 km apart, to investigate 
the effectiveness of the developed system. This experiment can be seen in Figure 8. As a result, 
performers in Sendai encountered performers in Tokyo on a shared stage, and could create improvised 
and coherent expressions. Therefore, through the subsequent improvement of this system and 
experimental results, we have achieved our goals for the SIEMPRE Project. In future work, we will 
work toward using this system to connect the countries of our collaborative researchers and share 
stages through bodily expression. 
 
 
 

Figure 7: Integration of the stage spaces using background images 
Stage spaces at remote locations become integrated when the background particle media projected on the floor or on the wall 
move in response to the movement of the performer A at the location A and the performer B at the location B. What is shown 
here is the way the background images change according to performer’s movement with respect only to one of the two locations. 
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Figure 8: Public performance of the shadow media remote communication 
One common stage was created through sending the shadow media to each other between a theatre space in Sendai and Waseda 
University in Tokyo. This opened the way to the remote support of the co-creative bodily expression for the first time. 


