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Abstract
Micro Lux Chants is a multi-disciplinary art-science project, in collaboration with the ArtSciLab
and the Gassensmith Lab, where we seek to understand the life cycle of bioluminescent
bacterium - Aliivibrio Fischeri through the medium of sound. The team has conducted significant
studies through time lapse photography of these bacteria over two years, to understand the
growth and decay of these bacteria through visualization.This paper documents the translation of
data between visualization and sonification, which finds its application in the non-intrusive
observation of the bacterial life cycle and the diagnosis of the phases in the life cycle. A method
in sonification is proposed using principles of Frequency Modulation and Blob-tracking in
PureData, a visual programming language. The significance of these findings is twofold. Firstly,
the biotechnological applications of bioluminescent bacteria extend to cell tracking in cancer
research, gene control and to test the effectiveness of antibiotics. Secondly, this research has
applications in art-science communication, phenomenological studies of bioluminescence and
data translation.
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Towards Auditory Perception
Auditory perception forms a significant chunk of our everyday lives. When our cars overheat or
undergo an engine breakdown, the mechanic first asks us to switch on the engine, and he intently
'listens' to the engine. He diagnoses the problem by listening to the texture of the sounds and
pointing the location of the problem. Similarly, knowingly or unknowingly we entrust certain
aspects of technology and objects with our own interpretations or experience of sounds. We may
have our personal sound-banks or archives where we deposit memories of sounds and their
associated experience, marked in place and time. We refer to these experiences when we come
across situations which ask us to resolve certain problems, anomalies and descriptions.
We absorb a lot of information and knowledge through sound and this aspect has been
disregarded since the inception of visualized data.

Don Ihde (2007) poignantly describes this delicate link between vision, silence and voice as
follows,

'Subtly, the extension of vision not only transformed but reduced humankind's experience
of its newly found domains. If today we know that this silence was not a part of the
intended but reduced world of early modern science, it is in part due to the later
development of another means of embodiment through electronic instruments. What was
first seen was later given a voice.' (p. 6)

Extending data interpretation techniques into the domain of sound can have a significant impact
on the efficiency with which we observe events being described in the data. This calls for us to
describe the experience of what we hear, listen to or speak, which forms the core for
phenomenological studies. Phenomenology could be understood as a detailed insight into our
experiential references and the ways in which we experience things around us. In other words,
phenomenology explores the ‘how’ in any phenomena. In search of answers to this question, it
develops multiple ways of observing and a synthesis of such varied observations can offer some
substantial answer to the ‘how’ of our experiences. The person who pursues the phenomenology
of a particular subject or question, tries to make, merge, seize and observe every possible aspect
of that question through a detailed observational approach, exploring every possibility of trying
to answer that question. Theories of phenomenology have been propounded by various
philosophers, widely read amongst whom is Edmund Husserl in the context of continental
philosophy and notions of noema. In the context of the phenomenology of sound, authors like
Don Ihde are most prominent in contemporary scholarship.
There are also different ways of accounting for these experiences. For instance, we can use
simple scientific concepts in sound and explore it through a description of our experience with
the same concept in our real life. When we hear songs or the daily weather updates on the radio,
we are, in fact, also experiencing the principles of amplitude and frequency modulation. This
particular way of quantifying our experiences into objective data and re-assimilating its is
something that has wide applications in the discipline of art-science communication and
particularly sonification.

Listening to Data: Sonification
Data is usually facts or statistics that are collected together after a particular research or analysis
in a project. They can be in the form of numbers or they can be written words or statements. The
moment we hear the word 'data' we are thrust into usually believing that it is an array of numbers
in a table or collection of words under different parameters. For example, when we see data from
a stock market we usually will see a series of positive or negative floating-point numbers. Our
mind conceives a huge LED board having these series of numbers, say for instance, in Wall
Street, New York City. This is data which is visually represented through numbers and people
have developed their own techniques of interpretation to predict outcomes. Another example is
of filling out a registration form for an organization where we feed them our data - our names,
phone numbers, our age/ gender. This is a textual form of sending and receiving data to achieve a
specific purpose.
However, data can also be represented in multimodal ways to build a closer relationship between
the researcher’s perception of the data and his/her experience. Restricting ourselves to just
'seeing' and interpreting data has its own disadvantages. Firstly, the user might get exhausted
going through and analyzing each batch of data. Secondly, the experience of interpretation is not
enjoyable due to the monotony of the language and the medium of representation of data.
According to Don Ihde (2007), perception familiarizes the strangest of things too quickly and it
is difficult for us to rid ourselves of this familiarized world that we get too comfortable with. In
other words, we give each form of perception a name and 'domesticate' our experiences.
Since the beginning of the visualist traditions, seeing data through visualization has been
overused to a large extent. In this context, a turn towards auditory perception is necessary in
understanding data and phenomena in new and efficient ways.

A direct comparison is also imminent when we are thrust into a world of sounds. When we
walked out of our first Star Wars movie, we heard the sounds of the light sabre swords clashing
during the fight scenes. There is a complex set of phenomena that allows us to memorize these
sounds. When we face situations later in our lives after this first experience, we might come
across textures of sounds which will resemble the same light sabre sword sounds that we heard
years back. The 'never-before-heard' aspect of the sound is lost regardless of the uniqueness of
the situation or experience. This is because of our tendency to bring the ‘song’ or ‘sound’ into
the familiarity of metaphor, and then of name (Ihde, 2007, p. 186). We then try to describe the
situation to someone else in ways such as, 'The whole experience was like listening to the light
sabre swords clashing in Star Wars. It also sounded like the pattering of rain drops'. According to
Don Ihde (2007), "in doing so, the strangeness becomes domesticated".
This is the biggest challenge of using sound as a medium of conveying the characteristics of a
phenomenon accurately. In this process, the metaphor becomes an important trope or method to
overcome such a challenge. As Don Ihde (2007) puts it, ‘the silence of the invisible comes to life
in sound’(p. 3). Voices encapsulate emotion and meaning in our holistic way of living and
thinking. The sound of a bird chirping and echoing through a valley instills peace in our minds.
The sound of rain drops invoke comfort in an indoor setting and make us want to sip on a hot cup
of coffee. The voice of Frank Sinatra from an old radio set will make us want to sip on some
wine and enjoy the evening with a loved one. Even the sound of a mouse click could be
considered a tale of voices. These are cultural assimilations of the qualities of sound.
Sometimes it also involves 'invoking' or giving voice to objects or material things around us.
This is usually metaphorical or a direct comparison to some of the experiences of sounds we
have formed in our memories. When we hear a sound for the first time, we try to answer several

questions about the origin of the sound: where does it come from? Is it moving and if so, in what
direction? What kind of movement? And several other such provocations. The metaphorical
viewpoint is rather that there is a "meta" information to any perceived phenomenon, suggesting
that the perceived phenomenon belongs to a set of manifestations of this information. The
metaphor, in this case, is the intention to access this set of manifestations and not just the
perceived phenomenon.
In this paper, we try to ‘listen’ to the ‘voice’ of a certain bioluminescent organism - Aliivibrio
Fischeri - which on face value does not seem to have any voice or sound but so seem to
communicate through their light emissions. Before understanding the nature of these organisms,
a brief background to the project would set the context for readers.

Project Background: Micro Lux Chants
Jeremiah Gassensmith, an assistant professor of Chemistry and Biochemistry, runs the
Gassensmith Lab at the University of Texas at Dallas. The lab conducts research in
nanomedicine, stimuli responsive behaviour and self-assembly of bio-dielectrics. Significant
studies are also being done in drug delivery systems, the use of proteins, DNA applications and
the use of biologically inspired viral capsids in improving the performance of new materials.
During his research, Jeremiah wanted to conduct interesting research on the phenomenon of
bioluminescence. The application of bioluminescent bacteria in drug delivery systems and testing
antibiotics has seen an evolution in the past years. Roger Malina runs the ArtSciLab at the Arts
and Technology Department, which carries out multidisciplinary collaborations between artists,
engineers and scientists to seek new answers and experiments in the world of art-science.
Significant research is being done in sonification and listening to data changes through several
projects at the ArtSciLab. Jeremiah met with Roger and suggested an interest in the idea of
'listening' to bioluminescent bacteria grow and live their life instead of visualizing their life
cycle. This was a way to circumvent a practical problem - that monitoring the growth of several
batches of bacteria through constant observation, seeing and physical presence had its own
disadvantages. Sometimes there can be experiments which require monitoring of a very large
number of batches and it could get very tedious to monitor the individual growth of each petri
dish. Also, contamination is very imminent in the physical observation and inspection of such
petri dishes when diagnosing the phase of their life cycle. In discussion with Roger, the project
was executed with a team under my leadership (2016 - 2018) along with undergraduate biology
students Victoria Nguyen and Anna-Lynn Edwards. The project evolved over the four semesters
of my MA programme and the subsequent goal was to sonify the life cycle of bioluminescent

bacterium Aliivibrio Fischeri and to be able to listen to the rate of change of the population
growth and decay of these bacteria. During the classes on STEM to STEAM with Roger Malina,
this project was named 'Micro Lux Chants' alluding to an imagined a colony of small creatures
singing or 'chanting' during their life as a 'micro'-collective of different bacteria expressing the
'lux' gene.
Having had this brief insight into the history of the project and its collaborators, let us now try
and understand the subject of this paper - the bioluminescent bacteria.

Bioluminescence in nature.
There are organisms present in this world which produce and emit natural light due to
biochemical reactions. This phenomenon is known as bioluminescence. Bioluminescence is
present all over the world in various kinds of environments and different forms. There are several
theories about its discovery. There were instances of bioluminescence on decaying dead
vegetable matter, wood, potatoes and beef (Harvey, 1952, p. 1). It was observed that
bioluminescent fungi were dependent on dead matter for their nutrition. The light emission was
due to a parasitic relationship with the host. There have been instances of bioluminescence in
many beaches around the world including Okayama in Japan, San Diego in California, Vieques
in Puerto Rico, Maldive Islands in the Indian Ocean and Primrose Islands in Tasmania.
Luminous species are found to be present in the deep interiors of the ocean. They do not thrive in
the depths of inland lakes or the fresh water of caves (Harvey, 1952, p. x, xi). Most of these
bioluminescent bacteria have a parasitic or symbiotic relationship with various animals which
makes the host emit light while living and performing its daily activities.

Aliivibrio Fischeri
John Woodland Hastings (2013), a pioneer in the field of photobiology and one of the founders
of the field of Circadian Biology, observed that in the two bacteria, Aliivibrio Fischeri and
Vibrio Harveyi. Both of these thrived in the ocean and there was a peculiarity to the property of
its light emission. They emitted light only when they had a high cell density. At a low cell
density, these bacteria did not make any light. When they grew to a certain cell number, all of
them made light together. The bacteria were able to tell the difference between the times that
they are alone and when their population had increased. Bonnie Bassler1, an accomplished
molecular biologist and professor at Princeton University who runs the Bassler Lab, studied
bioluminescence in the Hawaiian Bobtail Squid and discovered a form of chemical
communication which exists within the symbiotic bacteria living in the squid's light organs. She
explained that bacteria can communicate to each other and behave as individuals to make
decisions based on their population. Aliivibrio Fischeri lives as a symbiont in the squid. While
Bassler’s quorum sensing was one of the inspirations to Micro Lux Chants, the focus of our
project was not only to listen to these bacteria but also creatively translate and communicate
what the bacteria are trying to communicate. In other words, Micro Lux Chants was not just a
science - communication endeavour but an art- science endeavour where the art component was
taken up sound experimentation and application on the otherwise scientifically observed data.

1

Bonnies Bassler's concept of Quorum Sensing was inspirational to a great extent in this project, to study genes in
depth and to understand how bioluminescence, which plays such an important role in gene control and population
behavior, can become a source of a new kind of information and data through processes of sonification. Quorum
sensing is the ability of cells to detect and react to variations of density of other cells. See Bassler (2010)

Phases of the project.
The whole project can be divided into six phases:
Phase 1 - Ideation (September 2016)
Phase 2 - Data Capture (October 2016)
Phase 3 - Test Sonification on MAX/msp (November - December 2016)
Phase 4 - Advanced Data capture (January - February 2017)
Phase 5 - Time Lapse photography (March - April 2017)
Phase 6 - Sonification Prototype on Pure Data (June - December 2017)

Please refer to figures 1 to 8 for photographic documentation of the process.

Recommendations for further research.
As each batch of bioluminescent bacteria tends to have a different life cycle, it is very tricky to
say for certain when each of the phases begin or end. These are just regions within a graph. As
suggested by Brian Merlo, studying the population characteristics of the bacterial population in
depth and mathematical modelling of the rate of change will give us more certainty as to how we
can isolate each phase and build a sonification system specific to that phase. Quorum sensing is
one such concept used to explain the behavior of these bioluminescent bacteria. This concept
explains the mechanism of light formation in Aliivibrio Fischeri.
Sonification or using sound to understand the population characteristics can give us new insights
on understanding the mechanism of quorum sensing and when these bacteria actually decide to
generate light. Noticing the minutest of changes in the graphs of the life cycle is a difficult task
to the naked eye. This can be made to stand out using sound and the activity of listening instead
of seeing these changes. The ear can be a powerful tool in capturing the most minute changes
than our eyes. Tapping into this form of research in sound is the key to understanding data in a
more intimate manner. This project can progress into further research with a lot of usability tests
for prototypes with people having a variety of characteristics. Every human ear is different and
so is our perception of listening. We can never find an average of our listening characteristics,
but we can strive to find some basic universal cues in our listening techniques through training
and using experiential sound in our prototypes. Phenomenological studies in sound should,
therefore,be done on a variety of subject cases to understand how we can use experiential sound
in our sonification techniques.

Learnings and Findings from Micro Lux Chants

During the course of Micro Lux Chants, we came across many interesting discoveries and as a
team, we ended up studying a lot about bioluminescence and the behavior of Aliivibrio Fischeri.
Art-science collaborations have a lot of value in the fact that we are introduced to new challenges
during the course of the project, which make us want to revise our whole structure of thinking
and work process. There is much experimentation involved in the process of an artist's mind and
this can have its own perks. On one hand there was Jeremiah Gassensmith's research question of
whether we could diagnose the phase of the life cycle of bioluminescent bacteria just by listening
and on the other hand there were many creative possibilities involved within the collaboration by
virtue of sonification as a process. We set out on a journey of capturing bioluminescence on
camera in the beginning phases of the project. This ended up as a learning process for us in the
time lapse photography techniques of bioluminescence and how it can be documented
efficiently. In the initial months of the project, I spent a significant portion of time observing the
growth and decay of these bioluminescent bacteria in petri dishes. As time went by, I developed
a relationship with these bacteria and it even reached a point where I was keen to experiment in
communicating with these bacteria through techniques of meditation, deep listening and
invoking their voices through phenomenological research methods. It is fascinating to watch
them come alive through the generation of their own form of biochemical light and then die,
fading into darkness.
Further research in sonification should develop auditory metaphors of this sensing: harmony,
resonance, counterpoint, polyphony etc. to design new ways of observing. The goal should be to
imagine by what ways the cells are sensing and how do they hear? Then the sonification will

consist in 'translating' this form of listening into ours. This inter-medial translation of data, from
light to sound, holds promising clues and way forward for future investigations in pushing the
frontiers of art-science methodologies for analyzing data and converting them into experiences.
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