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ABSTRACT
This paper introduces the idea of actualizing theory in the context 
of artistic practice. We describe the project BodyDaemon  and its 
function as a technology-based artwork that is  an example of an 
actualized, physically manifested theoretical experiment. We label 
this  theory as action. BodyDaemon  is a techno-conceptual art 
project. It  includes a server that is powered and configured by a 
participantÕs physiological  states and a protocol  for exchanging 
bio/server data across the Internet. Noting that a body network 
cannot operate without a body, we seek to explore the bodyÕs role 
with respect to information technologies and networks in 
particular. Our approach is to construct a form of tangible 
theoretical knowledge using networks, protocols, code and 
physiological monitoring as artistic materials.
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1. INTRODUCTION
Network protocols establish structure and control. Although  
usually invisible to the common user and even the software 
developer (when they execute properly), they are nonetheless the 
dominant method of governing relationships within networks. The 
logic of protocol distinguishes itself from previous forms of 
organization and control  (hierarchies, bureaucracies, etc) both in 
its decentralized form and its goals and behaviors, which include 
flexibility, autonomy and interconnectedness. Networks are 
everywhere, quickly becoming the dominant organizing principle 
of industry  and society at  large. As the fields of health and 
medicine continue to merge with the fields of computer science 
and engineering (as evidenced by the rapidly growing field of 
biotechology), the bodyÕs relationship to networks and network 
protocols needs to be examined more fully. Our project, 
BodyDaemon, is  an alternate way of looking at body networks. It 
is  a form of artisitic inquiry which focuses on the context and 
meaning of the body within this emerging paradigm, a paradigm 
which we believe has the potential to fundamentally reconfigure 
our lived embodied human experience as well as our social and 
cultural lives.

Issues of embodiment are being considered more and more within 
the HCI community [1, 5, 19]. This has largely been examined as 
a theoretical  issue, discussed in terms of what is lacking from 
computer systems design and how the body or the environment 
can be better accounted for. We are taking a slightly different 
approach. BodyDaemon is a form of artistic inquiry that focuses 
on constructing tangible systems as a form of theoretical 
knowledge - what we call theory as action. Through this 
construction and enaction, we seek to examine the effects of 

information and network technologies on bodily experience. We 
believe a better accounting for this experience can shape and 
influence the design of technological  systems, offering a better 
understanding of our place within this technological milieu. We do 
this  by utilizing networks, protocols, code and physiological 
monitoring as artistic materials. This project is part  of larger 
investigations focusing on the development of protocols for the 
transfer of live physiological and biological information across the 
Internet - all  within an artistic context. But in a broader sense, it 
represents the early stages of inquiry into the viability of systems 
that alter their states based on a person's changing physiological 
data patterns, with the ultimate goal of accommodating the 
development of emergent states of mutual influence between 
human and machine in a network ecosystem.

It is  worth noting that we consider the theoretical exposition to be 
part of the project and of these investigations. However, the 
construction of the system described in the next section is not 
merely inspired by the theory but is manifestly  a part of it; a 
tangible instantiation of it. We regard it as something that  can only   
be fully theorized by making or by action. In this case, the action 
is computational, resulting in an Òembodied network protocol.Ó

The remainder of this paper is as follows: Section 2 discusses the 
implementation of the BodyDaemon  project, which includes a 
general system overview and descriptions of our data mapping 
strategy. Section 3 briefly discuss related work within the medical, 
computational and artistic fields. Section 4 discusses the idea of 
art as research and the BodyDaemon methodology. In section 5 we 
introduce our theoretical framework and discuss the idea of theory 
as action. We conclude with a discussion of future directions and 
ideas related to our theoretical framework.

2. BODYDAEMON
BodyDaemon is a bio-responsive Internet server. Readings taken 
from a participant's physical states, as measured by custom 
biofeedback sensors, are used to launch and configure a fully-
functional Internet server. For example, more or fewer socket 
connections are made available based on heart rate, changes in 
galvanic skin response (GSR) can abruptly  close sockets, and 
respiration amplitude can affect the rate at which data is sent to 
clients. The BodyDaemon  server is implemented in the Java 
programming language [11]. A brief overview of the system is 
provided below.

2.1 System Overview
Aside from the physiological monitoring, BodyDaemon follows a 
standard client/server model. Communication takes place over a 
persistent socket. Clients can thus use the data to continuously 
visualize, sonify or otherwise render the live bio-data. The system 
consists of four different custom bio-sensors connected to a 
standard microcontroller. These include a heart rate monitor, a 



respiration sensor, a GSR sensor and an EMG sensor. The signals 
from these sensors are then sent to the microcontroller which is 
connected to a desktop computer via a standard RS-232 
connection. This computer runs the BodyDaemon server 
application. Rather than measuring data in a scientific context, all 
data mappings strategies are arrived at intuitively. Figure 1 shows 
a basic system diagram.
The BodyDaemon server (as the name implies) runs as a daemon 
process, waiting for the appropriate conditions in which to spawn. 
In this case the Òappropriate conditionsÓ are not only client 
requests but bio-signals  from a participantÕs body. When these 
signals collectively reach their selected thresholds, the server 
process is spawned, and the system is ready to accept requests. 
The server itself is  essentially an XML socket server, with 
messages between client and server taking the form of continuous 
XML streams.

2.1.1 Data Mappings
Once the server is running, it is configured in part  by the 
participant's physiological readings. It  does this by mapping the 
incoming physiological data to various server properties. Thus, 
instead of a standard configuration file, the system uses 
physiological data as its method of configuration. The basic data 
mapping strategy is as follows:

Heart rate = maxSockets. A participantÕs heart rate is used to set 
the maximum number of simultaneous socket connections the 
server can accept. Given the range of human heart rate, the 
number of simultaneous connections typically ranges between 2 
and 18 but can go as low as 1 and as high as 20. The concept 
underlying this mapping was to establish a parallel between the 
frequency of heart beats with the number of potential connections 
or lines of communication for the server; higher levels of both 
being indicators of greater activity.

Respiration amplitude = data transfer rate. Respiration 
represents a flow of air to and from a living organism and its 
environment. This mapping represents a correlation of this flow of 
oxygen and carbon dioxide in  a participant  to the flow of 
information from the server. Respiration amplitude directly 
influences the rate at which data is sent to clients. Data is  sent  out 
more slowly when a participant inhales and more quickly  when 
she exhales. This is accomplished by a simple call to JavaÕs 
Thread.sleep(dataRate) method where dataRate is  the amount of 
time in milliseconds that the client socket thread  ÒsleepsÓ or halts 
execution. Data transfer rates can vary widely depending on the 
participant, but typically range between 100 and 5000 
milliseconds.

GSR = socket timeout. GSR is  a measure of the electrical 
resistance of the skin and is quite sensitive to changes in 

emotional states. The concept underlying this mapping was to 
correlate a change in the bodyÕs emotional  state to change in 
server state. In order to achieve this, GSR levels are used to set 
the serverÕs socket timeout property. This property  determines 
how long a socket input stream will block for when it is 
attempting to read data. It is implemented via JavaÕs 
setSoTimeout() method, located in the java.net.Socket  class (of the 
Java Standard Edition). The system does not consider overall GSR 
levels but instead looks for spikes in these levels. Flat  or steady 
GSR readings will keep the socket timeout property  high, while 
sudden surges (which often occur when someone is excited or 
frightened) can reduce it to near zero. Thus, if a participant 
becomes too excited, client connections could drop.

EMG = overall Òpower levelÓ
An active, moving body increases vitality. In order to correlate 
movement and activity with the notion of the server being awake 
and active, we have introduced the concepts of server Òpower 
levelÓ and Òpower drainÓ.  Power level is a floating point number 
between 0 and 1 that is attained by taking all  four physiological 
readings and averaging them. All  sensor values are mapped from 
their respective ranges to a floating point value between 0 and 1 
beforehand. The power level must be above a predetermined 
threshold for the server thread to even spawn (currently the 
threshold is set at 0.15). Furthermore, if the power level reading 
falls below this threshold, the server will close all client 
connections and shut down. It will then return to waiting for the 
Òappropriate conditionsÓ in which to spawn again. These 
conditions entail reaching above the predetermined threshold and 
staying there for a predetermined amount of time (time enough to 
allow the server to Òpower upÓ again).

Power drain  is simply a small  reduction in the overall  power level 
value. While the server is running there is always a small amount 
of power being lost simply by the fact  that it is on. To compensate 
for this power drain effect, EMG readings are used boost the 
power level. We only measure if a muscle contraction has 
occurred. Thus, EMG levels are read as a simple on/off trigger. 
Simply  moving the muscle where the EMG sensor is attached 
increases the power level by a fixed amount (currently 0.0001). 
The power drain is currently set at 0.0000001 per thread execution 
cycle.

2.1.2 The BodyDaemon Protocol
BodyDaemon also establishes a protocol for the transmission and 
retrieval of bio/server data from bio-responsive servers across the 
Internet (see Figure 2). It takes the form of an XML schema which 
defines bodydml, or BodyDaemon Markup Language. Client 
applications need only  to implement this protocol by sending 
properly formatted xml messages to  the server. Details on the 
protocol as well source code and examples of client applications 
can be can be accessed online at the BodyDaemon project  web site 
[2].

3. RELATED WORK
Many artists have utilized physiological monitoring in their work. 
One example is Obsession, a cinematic installation piece by Pia 
Tikka, Rasmus Vuori and Joonas Juutilainen [23]. This piece maps 
the spectatorÕs physiological states to various cinematic elements 
such as soundscape and narrative organization. Another example 
is  Biomorphic Typography by Diane Gromala [9]. This piece 
features a set of typographic fonts that continuously morph and 
evolve in real-time based on a participantÕs physiological states. 
FontÕs ÒthrobÓ in response to heart rate and expand and contract as 
the participant breathes. Whisper[s] is a collaborative project  led 

Figure 1. BodyDaemon system diagram.
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by Thecla Schiphorst where physiological data is mapped to 
collective network visualization and sonification and 
physiological data is exchanged between participants [18].

BodyDaemon can also be considered a form of Internet  art 
(sometimes called net  art) [8], as it was created with the Internet 
specifically in mind and does not function outside of a network 
context. The Internet is also central to the viewing or experiencing 
of the artwork. It also has connections to bio-art, a form of art 
which uses biological material or focuses on biological and/or 
physiological processes [13]. In both genres, many of the works 
tend to cast critical eyes on contemporary culture, while others 
simply strive to make us aware of processes that are normally 
hidden. BodyDaemon is positioned between these two forms of 
contemporary art.

BodyDaemon also has connections to  emerging technologies  
being developed commercially for the health and medical industry 
that transmit physiological data in real-time over the Internet [14]. 
More broadly, it  could be seen as a system that critically explores 
the body and its role in political agency and as a communications 
medium [27]. It is this in this blurry  boundary between biology 
and technology that we seek to insert BodyDaemon’s  critical, 
artistic approach.

4. ART AS RESEARCH
In recent years, there has been a growth in the validation of arts-
based practices as research [15]. However, the idea that art is a 
legitimate form of knowledge goes back farther. In Art as 
Experience [4], philosopher John Dewey argues that true art does 
not exist  in the art object itself but in the experience of making or 
encountering the object. Instead of merely viewing a work of art 
as an expression of emotion and experiencing it as such, Dewey 
believed that critical judgment was essential to the art experience. 
For Dewey, true art provides a heightened, intensified experience 
of meaning. Thus, if one wants to understand experience in its 
purest form, one must understand art.

Following this line of thought, others have called on artists to 
become involved in techno-scientific research and have 
questioned the modern day relevancy of segregating art from 
science [26]. Others from fields such as AI and HCI have argued 
for an approach to technological  design that brings in elements of 
critical reflection and cultural theory [1, 19]. The primary goal of 
all these approaches is to reveal the biases and hidden 
assumptions that undergird the design of technological systems. 
Collectively, these approaches can be considered alternative 
research methodologies.

4.1 The BodyDameon Methodology
With BodyDaemon  we take a similar approach to those outlined 
above. We view our artistic practice as functioning within a free 
space or autonomous zone of research that can lead to new 
knowledge by offering unique perspectives from the fields of art 
and critical design practice. Following Dewey, and in the tradition 
of conceptual art [21], we have de-emphasized the art  object and 
put our focus on the artistic concept and experience. We create 
within  the moment, within our theoretical framework (outlined in 
the next section); an active intuitive process that Donald Schšn 
calls Òreflection-in-actionÓ [20]. From a practical standpoint, our 
circuits, code, and technical experiments function as the method 
by which we work out the key concepts within this framework. It 
is  this explication or re-articulation of materials that is at the heart 
of our process. We seek knowledge that is constructed (at least in 
part) through action and experience. Emphasizing critical 
reflection rather than expression, we act from our theoretical 
position, which is borne in response to the increasing integration 
of bodies and computer networks.

5. THEORY AS ACTION
The concept of enaction, introduced by Varela, Thompson and 
Rosch [25] places an organismÕs active engagement with its 
environment as the cornerstone of its cognitive development. 
Enaction describes an embodied cognition where the nervous 
system links with the sensory and motor capabilities of the 
organism to connect  that organism to its environment. The mind is 
viewed as an emergent autonomous network whose existence and 
knowledge generation is inseparable from the body. Our capacity 
for understanding is thus rooted in our biological embodiment. 
Knowledge and meaning come to us through the embodied 
experience of the world, with which it is inextricably linked. In 
other words, thought is a physical act. Others have posed similar 
arguments, attempting to discredit the idea, so prevalent in 
Western culture, that the mind and reason are separate from our 
bodily nature [12, 17].

It is  in this context that we are proposing that the technical  design 
and implementation of the BodyDaemon system be viewed as a 
tangible actualization of a theoretical  framework that places it 
within  the context of technologyÕs relationship to contemporary 
culture and lived human experience. This is what we are calling 
theory as action.

5.1 Body as Protocological Agent
BodyDaemon is based on a simple but often obscured idea: 
current views of culture are heavily  influenced by technology, to 
the point where technological and computational paradigms are 
the prism through which we all view and understand ourselves. 
One of our goals is too look for alternatives to this techno-centric 
view. The body currently occupies a contested space in this 
problem - effaced and under-represented in the world of 
traditional computer science and engineering research while 
simultaneously being engaged and made acquiescent in the world 
of biotechnology research. Although this has been gradually 
evolving over recent years, no coherent theoretical  framework 
currently exists within technological design to deal with these 
issues. Our approach to filling this gap is through our particular 
form of technology-based artistic inquiry. Our system attempts to 
shift  our perspectives in these matters by positing that our 
technologies can be shaped or informed by our physiology, 
physical experiences and consciousness, rather than just  the other 
way around. BodyDaemon attempts such an endeavor by engaging 
the body with the world of computer networks and protocols, 

Figure 2. Example scenario of BodyDaemon servers and 
clients exchanging data.
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where the body itself functions as what we call a Òprotocological 
agentÓ, and the computer (in this case a server) is informed and 
influenced by it. With BodyDaemon the body is represented as 
information patterns, and the computer system is reconfigured by 
the physiological processes that generate the patterns.

It is also important to understand that computer networks function 
on both a technical and social-cultural level. Alexander Galloway, 
inspired by Gilles DeleuzeÕs concept of the Òcontrol societyÓ [3], 
has sought  to flesh out just how networks and network protocols 
affect society and its historical trajectory [7]. Along with Eugene 
Thacker, he claims that network protocols constitute a Òtotalizing 
control apparatusÓ that reconfigure power relations and societal 
control structures in fundamental  ways [6]. These control 
structures affect the functioning of bodies in various ways. A body 
network represents the merging of computer science and medical 
research, two disciplines with traditionally different views about 
the body. While computer science has not directly addressed 
bodily  experience, modern medical research seeks to leverage the 
capacities of information systems to make the body amenable to 
current paradigms of health and medical  practice [22]. As the 
ultimate target of biotechnology research, the body currently 
occupies this unsettled boundary zone between the biological and 
the informatic. Thus, it becomes subsumed by the world of 
protocol. BodyDaemon is situated in this boundary zone and 
exploits it in order to provoke questions about the bodyÕs 
relationship to technological systems. What is a bodyÕs 
relationship to a network? Is the body in fact a protocological 
agent? Will the traditional distinctions and boundaries of the body 
remain the same? These are the overarching questions that drive 
our inquiry and form the basis for BodyDaemon’s  exploratory 
approach.

A body network cannot exist without a body. Although self-
evident, this runs contrary to the historical view of information as 
a disembodied entity that can pass through different material 
substrates unaltered [10]. At  the heart of most computer science 
research, this has historically acted as a potent force to continually 
efface the body and eliminate embodiment from digital 
technologies. The information of a body network is by its very 
nature embodied, and thus tends to complicate this paradigm. We 
do not believe that technology can erase the body. But it does 
present us with an altered one, or at  least an altered relationship to 
it. Thus, the focus of BodyDaemon is in examining this 
relationship.

6. CONCLUSIONS AND FUTURE WORK
Several areas are currently being investigated, which include  
technical, critical and qualitative aspects of our research. An 
updated version of the XML schema is currently being tested that 
will  allow for greater flexibility in attaining live physiological 
data. Additionally, as the current implementation of BodyDaemon 
requires that a participant be tethered to a computer for the system 
to operate, future work will be geared toward the development of 
a mobile and wireless implementation. This will allow participants 
to  go about their Òeveryday lifeÓ while still connected to the 
BodyDaemon server and should result in a greater diversity of 
physiological data. Additionally, in developing both our 
computational and artistic strategies we are looking at ways of 
reconsidering usability in terms of its effects on lived experience. 
Rather than focusing on Òmaking technology betterÓ for humans 
(although that would be a welcomed side benefit), our focus is on 
critiquing the idea of ÒusefulnessÓ itself by raising unrevealed 
biases and assumptions. Finally, as one of the primary concerns of 
this  project revolves around bodily experience, future work will 

involve the development of research methodologies to account for  
the subjective, bodily experience of BodyDaemon. We are looking 
at various first-person methodologies to achieve this goal [24].

The collision of information processing technology with 
traditional notions relating to the body, and to life itself, require a 
reexamination of the role of each in society. We must begin by 
establishing a more balanced cultural  understanding of the 
evolving relationships between our increasingly complex and 
intelligent information processing machines and the much more 
complex and intelligent information processing properties of the 
human body. We feel that by constructing a concrete form of 
theoretical knowledge, one that  is physicalized within technology, 
we can understand how reconfigurations of bodily experience 
shape our understanding of knowledge and what constitutes 
meaning.
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