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Introduction
This year’s ICAD Student Think Tank brought together
scholars from across the world to work on shared experiences of carrying out sonification research. Having run
Think Tanks at ICAD 2006, 2008, and 2010 I was very
happy to reprise my role as panel chair. I gratefully acknowledge Ephraim Glinert at the US National Science Foundation for providing the grant to run the Think Tank and Bruce
Walker of Georgia Tech. for applying for and managing the
budget. Their assistance and support were invaluable.
The panel contained established and early career academics from the UK, the USA, Austria, and Australia each
of whom brought a unique insight and experience to the
day. Their commitment to helping the next generation of
researchers was much appreciated and made the running of
the day much smoother. The panel members were:
• Dr Carrie Bruce – Georgia Institute of Technology, USA
• Univ.-Prof. Dr. Robert Höldrich – Kunstuniversität Graz,
Austria
• Dr Camille Peres – Texas A&M Health Science Center, USA
• Dr Kelly Snook – It’s Not Rocket Science Studios, UK
• Dr Paul Vickers [Chair] – Northumbria University, UK
• Dr Bruce Walker – Georgia Institute of Technology, USA
• Dr David Worrall – Fraunhofer IIS, Germany
(David is Australian).

The Think Tank students came from around the globe (in
terms of both their university and their country of origin)
and represented all stages of postgraduate research from
advanced Masters projects all the way through to final-year
PhDs.

The students were:
•
•
•
•
•
•
•
•
•

Holger Ballweg – Northumbria University, UK
Balandino Di Donato – Birmingham City University, UK
Steven Landry – Michigan Technological University, USA
Doon MacDonald – Queen Mary University of London, UK
Bălan Oana – University POLITEHNICA of Bucharest,
Romania
Takahiko Tsuchiya – Georgia Institute of Technology, USA
Daniel Verona – Texas A&M University, USA
R. Michael Winters – Georgia Institute of Technology, USA
KatieAnna Wolf – Princeton University, USA

Topics studied by the students also covered a broad range of
sonification practice which shows what a broad and interdisciplinary community we live in. The topics being studied
by this year’s students were: audio and haptic interfaces in
spatial environments, sonification for medical image diagnostics, gestural control and musical sound spatialisation, affective interactive dancer sonification, applying sound track
composition techniques to sonification design, dynamic musical structure models for data sonification, sonification of
electromyography data, sonification theory and its relation
to traditional social and culturally oriented constructs of listening, and the end-user design of sonifications using soundscapes.
The day was organised as a series of activities designed
to help understand the place of sonification research, to develop skills in explaining our research (including to a nonspecialist audience) and listening to others, to explore key
issues that the students themselves wanted to discuss, and
sharing top research tips. I hope it was beneficial to students and panel members alike and that the students return
home with some clearer vision and further ideas about how
to carry out their research and communicate their results. I
certainly enjoyed organising and running the event and hope
everyone else enjoyed it as much as I did.
Paul Vickers (Panel Chair) – Northumbria University,
Newcastle upon Tyne, United Kingdom.
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3D AUDIO AND HAPTIC INTERFACES FOR TRAINING THE SPATIAL ACOUSTIC
RESOLUTION IN VIRTUAL AUDITORY ENVIRONMENTS
Oana Bălan, Alin Moldoveanu, Florica Moldoveanu
University POLITEHNICA of Bucharest,
Faculty of Automatic Control and Computers,
060042, Bucharest, Romania
oanab_2005@yahoo.com

ABSTRACT
In order to design an effective audio-based assistive device,
we have to consider the users’ sound localization
performance and spatial auditory resolution. As most of the
virtual auditory displays employ 3D binaural sounds
synthesized from non-individualized Head Related Transfer
Functions (HRTF) which offer an ambiguous spatial auditory
perception, we identified the need of training the visually
impaired subjects’ sound localization abilities through a
perceptual feedback based learning approach. This research is
oriented towards the study of binaural sounds, audio games
and virtual auditory displays as rehabilitative tools for the
visually impaired people. In particular, we are focused on
developing effective methods for training the sound
localization accuracy and spatial auditory perception of the
blind people, based on perceptual feedback training and
multimodal sensorial interaction.
1.

INTRODUCTION

Training plays an important role in improving the sound
localization abilities of the blind listeners. The subjects who
received intensive auditory training were able to better
process the spatial information and to assess the visual
principles of navigation and orientation [1], [2], [3].
We performed two experiments with the sighted and visually
impaired people in order to study and compare the level of
spatial auditory performance they can achieve as a result of
training. The theoretical and practical results obtained in our
research will be used for creating an effective strategy aimed
at improving the sound localization accuracy of the visually
impaired people and for designing 3D audio games that are
targeted for both the blind community and for the sighted
players.
2.

THE SOUND LOCALIZATION EXPERIMENTS

2.1. Overview
9 sighted and 9 visually impaired people took part in our
experiments. We obtained written consent from each person
before participating in this research.
The target sounds consisted of a combination of continuous
Gaussian white and pink noises that were perceived
simultaneously, in varying proportions, according to the
direction of the sound source in space [4]. We designed a
method aimed at reducing the high rates of front-back
confusions in virtual auditory environments that is based on
the spectral coloration of the sound.

Another sound cue that we used was a repetitive (with short
breaks) “ding” type signal. Both the white-pink noise
combination signals and the “ding” sounds were convolved
in real-time with the generic HRTFs from the CSound HRTF
database [5]. All the 3D sounds have been generated in the
horizontal plane, with 0 degrees elevation in the vertical
plane.
2.2. The pre-test and post-test sessions
In the pre-test session of the experiments, we tested the
sound localization accuracy and navigational skills of our
subjects by using a virtual auditory application called
Binaural Navigation Test. The Binaural Navigation Test is a
graphical interface that requires the subjects to move freely
(using the mouse cursor movement as the main method of
interaction) from the starting position (randomly generated
on the margin of a circle of 150 pixels radius) to the sound
target (located in the center of the circle). Each block of trials
consisted of 20 rounds (for the rounds numbered from 1 to 5
and from 11 to 15 we used the combination of white and
pink noise and for the rounds numbered from 6 to 10 and
from 16 to 20 we employed the “ding” sound as the main
auditory navigation cue). The sound localization approach
was based on 3D binaural sounds that have been delivered to
the listeners through stereophonic headphones and on the
inverse proportional sound intensity encoding of distance (as
the listeners got nearer to the sound source, the sound
intensity increased and as they got farther, the perceived
amplitude decreased until total silence).
2.3. The training session
The training session offered multimodal perceptual feedback
(auditory, haptic and visual – for the subjects with a higher
percent of residual vision) about the correct direction of the
sound source in the horizontal plane. The training session
had the following three modules:
a). A free listening module in which the subjects were
required to move the mouse cursor inside a circle and could
hear at the same time the sound that corresponded to the
pointed direction (available in both experiments).
b). A sound discrimination procedure with increasing levels
of difficulty, with four virtual sources in the first round and
eight in the second round, for both types of sounds. In the
first round, the four sound sources have been randomly
disposed in space (in each of the four quadrants of the
auditory space – upper-right, bottom-right, bottom-left and
upper-left). In the second round, the number of targets
extended to eight (two sound sources in each quadrant). The
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auditory targets have been encoded as small circles of 5
pixels radius. The listeners were sequentially presented the
3D binaural sounds corresponding to the virtual sound
targets and asked to indicate the perceived direction by
clicking on the small circles assigned to each of them. When
the listeners succeeded to identify the correct location of the
sound sources, the small circles disappeared, reducing thus
the searching range for the next targets (available in the
experiment with sighted subjects).
c). A set of sound localization trials, in which the subjects
were required to listen to various 3D binaural sounds and to
point inside a circle the perceived direction of the incoming
stimuli. Each block of trials consisted of 10 consecutive
rounds, having as target stimuli the white-pink noise
combination and 10 rounds in which the main auditory cue
was the “ding” sound. The users were asked to listen
carefully to the target sounds in order to recognize their
spectral characteristics (especially in the case of the
white/pink noise) and directionality and consequently click
inside the circle to indicate their perceived location. The
users were offered instant audio-visual feedback - the correct
direction of sound was pointed on the screen (colored in
green), together with the subject’s choice (colored in red). In
order to recalibrate the hearing and visual senses, the subjects
were offered auditory feedback, as they could hear the target
sound again in the headphones (available in the experiment
with sighted subjects).
d). A sound localization session in which the subjects were
required to listen to different sound stimuli (corresponding to
the directions 0, 30, 60, 90, 120, 150, 180, 210, 240, 270,
300 and 330 degrees) and to indicate their apparent direction
using the conventional hour hand of the clock (for example,
12 o’clock for 0 degrees to the front, 3 o’clock for 90 degrees
to the right or 6 o’clock for 180 degrees to the back). After
the subjects indicated the response, they were offered
perceptual feedback about the correct direction of the sound.
Thus, they felt a series of vibrations on the haptic belt they
were required to wear on the head, corresponding to the
direction of the 3D binaural sound that has been emulated
over the headphones. The subjects who had some degree of
residual vision received simultaneous visual feedback - the
correct direction of the sound source was presented
graphically on the screen (colored in green), at the same time
with the listener’s choice (colored in red). Auditory feedback
has been provided in order to build an effective association
between the 3D sounds and their direction. Each block of
trials consisted of 12 rounds that used the white/pink noise
and another 12 rounds that used the “ding” sound as the main
auditory stimulus (available in the experiment with visually
impaired subjects).
3.

RESULTS

The results of our experiments demonstrated a rapid
adjustment of the auditory system to the perception of 3D
sounds synthesized from non-individualized HRTFs. We
reported significant improvements in the sound localization
accuracy and general spatial auditory resolution of our
subjects, which is reflected in a lower rate of front-back
confusions and in a decrease in the angular localization error.
The perceptual learning process that took place during the
training session enabled the subjects to focus on the spectral
characteristics of the sound and to associate the perceived
acoustic stimuli with their corresponding direction in space
that was provided through haptic/visual feedback. The
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adaptation and recalibration process was rapid,
demonstrating that other cognitive mechanisms, such as
attention and focus have been used during perceptual
learning. The improvements are more significant for the
white-pink noise combination, due to their wider spectral
profile and higher level of externalization. Nonetheless, we
have demonstrated that other types of sounds (with a
narrower spectral profile, such as the “ding” sound) can be
localized effectively and present a significant potential for
sound localization enhancement as a result of perceptual
feedback based training.
4.

CONCLUSIONS

Our studies demonstrated that both the visually impaired and
sighted individuals are able to adapt to altered hearing
conditions, such as the use of 3D sounds generated from nonindividualized HRTFs in virtual auditory environments. They
improved their spatial auditory resolution, sound localization
accuracy, orientation and mobility skills and directional
decision-making abilities. In conclusion, the proposed
approach can be considered a useful training and
rehabilitation tool for the future development of audio-only
games or for the design of an assistive device for the blind
people. Our research will continue by designing a
navigational audio game, using the same sonification method
as in the previous applications. The results that will be
obtained will be integrated into a training procedure aimed to
help the visually impaired people learn how to use a sensory
substitution device.
5.
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6.
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SONIFICATION TO SUPPORT IMAGE ANALYSIS AND DIAGNOSTIC IMAGING
Holger Ballweg
Northumbria University
Department of Computer Science and Digital Technologies
Ellison Place, Newcastle upon Tyne, NE1 8ST, United Kingdom
holger.ballweg@northumbria.ac.uk
ABSTRACT
The analysis of tissue samples of colorectal cancer is still not automatable by means of medical image analysis as current methods
lack accuracy. Pathologists are confronted with high workloads
and high pressure. In this paper we explore existing methods for
medical image sonification and describe ongoing work on the sonification of colorectal cancer tissue samples. By sonifying extracted
image features we enable the pathologists to analyse the samples
in an audiovisual way. Model-based interactive sonification will
form the basis of the application. By providing a multisensual display, it is hoped that this method will improve diagnostic accuracy
or speed.
1. INTRODUCTION AND PROBLEM DESCRIPTION
Pathologists have to examine many tissue samples during their
working day. Automatic classification systems are in development
or in some areas already in use, but in many cases, e.g., in colorectal cancer diagnosis, don’t possess the accuracy that a potentially
life-altering diagnosis demands.
Assistive systems can help narrow down the area to examine
by finding regions of interests (ROIs) in the tissue sample. Another
research group at my department is looking into ways to use multispectral imagery to detect ROIs and classify them. That still leaves
the pathologist with the final diagnosis and the problem of fatigue
and heavy workload. How can sonification support the pathologist
in this task?
2. BRIEF BACKGROUND AND OVERVIEW OF THE
EXISTING LITERATURE
Medical practice is traditionally a multi-modal skill, involving not
just vision, but also touch, smell, and hearing, as in the use of the
stethoscope [1]. Though recent developments in medical imaging
make it necessary for medical personnel to spend a lot of time at
screens, the auditory display community has presented many approaches to (re-)introduce hearing, e.g., auditory display for physiological data [2], or immersive sonification for the analysis of
three-dimensional medical image data [3].
Sonification of 2D images has a broad application in aids for
the visually impaired [4, 5]. Relevant sonifications of 2D medical
images include:
This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

Nattkemper et al. presented a visualisation and sonification
of multiparameter images of immunofluorescently labeled lymphocytes. Their experimental data showed that sonification and
visualisation were equally as effective in supporting the analysis
of cellular patterns, concluding that they can be combined. On
the other hand they observed that their combined approach didn’t
yield higher performance [6].
Cassidy et al. built a sonification based on a model of the
human vocal tract to analyse hyperspectral colon tissue images.
The output sounds were varied by mapping the data to the radii
of the tube sections in the model. They argued that the use of
human vowel sounds create an intuitive and easily-learned representation. No formal evaluation was conducted [7, 8]. Yeo et al.
noted that they have ”demonstrated the ability to distinguish between benign and malignant cell structures with auditory display”,
but didn’t provide any details [9].
In the field of cervical cancer diagnosis, Edwards et al. worked
on the segmentation of biological cell images for sonification [10]
. The resulting auditory display relied on a ’badness’ scale of ten
steps, comprised of samples of cows mooing to indicate ”normality” to a woman screaming on the other end of the scale. Participants in a study found the mapping to be baffling and not very
universal [1].
Kagawa et al. tried to improve CT and MRT image diagnosis
with sonification. They argued that imaging supporting methods,
such as emphasised images, strain radiologists visually. Therefore
they wanted to lighten the burden of the visual modality by using
sounds. They used beeps, background music and earcons. In a
study they didn’t find a shortening in time for the operation of the
user interface with sonification enabled [11].
On a related note, Pelling et al. positioned the probe of an
Atomic Force Microscope on the cell wall of yeast cells. They
found that the cell walls vibrated in the range of human hearing.
After amplifying the signal, they observed that the frequency of the
vibration shifted depending on the temperature and the vibrations
would cease when the cells were exposed to an anti-metabolic
agent. They called this analysis of cells by listening “sonocytology” [12]. Further research showed that they could differentiate
between cancerous and non-cancerous cells according to these vibrations [13].
3. PROPOSED DESIGN
The design of the software will be guided by the working habits
of pathologists. Tissue samples will be displayed on a big screen.
Users will be able to interact with them by using a secondary touch
screen displaying the same image. Regions of interest (ROIs) ex-
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tracted by analysing image features will be marked and the user
will be able to zoom in and out of the image. They will be presented with an auditory overview of the currently displayed image on change of viewpoint. They will be able to explore the displayed image, probing specific subregions by stroking or tapping
the displayed image. The auditory overview will essentially be an
automation of a probing curve through the subregion, in order to
provide consistency between the different elements of the sonification.
A yet to be determined subset of extracted features will be
used in a model-based interactive sonification. Different sonification models to represent the data and different feature subsets will
be examined. Finding a meaningful mapping between the image
data, the extracted features, conclusions gained from these features
and sound is non-trivial. Taking inspiration from sonocytology,
one approach will be to extract the shapes of the celss and use
these to build a physical modelling-based interactive sonification.
Another angle will be focused on the translation of higher level
features into a model-based sonification context.
4. CONCLUSION
The research will demonstrate if and how sonification can support
diagnostic imaging in a very narrow domain, that of the analysis and diagnosis of tissue samples of colorectal cancer. As the
project just started in 2014, the development of prototypes is still
under way and no concrete results were obtained yet. Through user
studies with medical practitioners the research will provide a valid
starting point for further research into auditory display of medical
images and potential commercial applications. If successful, commercial applications of the research could lead to improved accuracy or speed of diagnostics, resulting in shorter waiting times for
patients and doctors and fewer misdiagnoses.
5. FURTHER RESEARCH
A survey will be conducted with pathologists to gain insight into
their working habits. Based on those insights, several prototypes
will be created, the most promising will be tested in a user study
with pathologists, accompanied by a questionnaire and a usability
study. The final product will be built taking into account the results of the studies. This product will be evaluated similar to the
prototype.
If time allows, regression testing based on methods from the
field of music information retrieval (MIR) will be explored, e.g.,
ensuring similar user interaction results in sufficiently similar audio output after changes in the implementation.
6. REFERENCES
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GSPAT: LIVE SOUND SPATIALISATION USING GESTURAL CONTROL
Balandino Di Donato

Jamie Bullock

Integra Lab
Birmingham City University
Birmingham, United Kingdom
balandino.didonato@mail.bcu.ac.uk

Integra Lab
Birmingham City University
Birmingham, United Kingdom
jamie.bullock@bcu.ac.uk

ABSTRACT
Sound spatialisation is an important component in interactive performances as well as in game audio and virtual or mixed reality
systems. HCI practices are increasingly focused on creating a
natural user experience and embodied interaction through gestural control. Body movements that coincide with sounds consist
of both performed ‘sound producing‘ gestures, and ancillary and
communicative movements. Thus, different gestural typologies
may relate to the same audio source. Furthermore, gestures may
depend on the context in which they have been expressed; in other
words, they can carry different semantic or semiotic meanings in
relationship to the situation and environment or reality in which
they have been enacted. In order to explore these research themes,
we are developing gSPAT: a software and hardware system able
to drive live sound spatialisation for interactive audio performance
using gestural control based on human-meaningful gesture-sound
relationships. The ultimate aim is to provide a highly natural and
musically expressive sound spatialisation experience for the performer. Here we describe three experiments conducted to explore
the possible directions for the future of gSPAT’s development. The
tests employ a range of practice-based and ethnographic research
methods to establish applicability, naturalness and usability across
a range of approaches to the interaction design of the system.

larly in the domain of traditional western concert music, not all
performers have the technical knowledge to set-up and use such
powerful tools.
The objective of our work, is to find ways in which gestural
data can be mapped and interpreted as spatialisation parameters
using a standard commercial gestural controller; such that the results are musically meaningful to both performer and audience.
To achieve these results, it is extremely important to find out the
relationship between the meaning carried by the gestures and the
sound spatialisation.
2. EXPERIMENTS
gSPAT is currently at an experimental stage, and we are engaged
in an exploratory research process incorporating interactive audio
programming environments, gestural recognition systems and possible applications in interactive performances. Three experiments
have been conducted employing a practice-based methodology, the
Myo armband as gestural controller, a MIDI4 and OSC5 bridge developed in Processing, Integra Live6 and Pure Data as audio software.
2.1. Sound spatialisation through gestural mapping using
Myo gesture recognition system

1. BACKGROUND
Gestural control for live electronic music is widely used by performers, composers and researchers in their artistic and academic
works. Mapping strategies have already been utilised by Tanaka
[1] and Wanderley [2]. The constant development of tools for interactive performance, for instance MuBU [3] and Harmonic Motion [4], gestural recognition and machine learning systems for audio interactive programming environment like ml-lib [6] and devices such as Kinect1 , Leap Motion2 and Myo3 , confirm that the
research community and the industry is likely to exploit technology, which allows users to engage with seamless experiences between the physical and the virtual worlds. [7] However, particu1 https://www.microsoft.com/en-us/
kinectforwindows/
2 https://www.leapmotion.com
3 https://www.thalmic.com/en/myo/

This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

The first experiment7 (Fig. 1a) entailed the evaluation of sound
signal elaboration and its spatialisation using mapping strategies
based on the user’s gestures as captured by the Myo Gesture
Recognition system and processed in Integra Live. The performer
was able to process an audio file by making a ‘hand pose‘ of a fist
and moving his arm. A pitch transposition was controlled by the
pitch value from the Myo’s IMU sensor and a stereo panning was
controlled by the yaw value. By changing hand pose to a ‘fingers
spread‘ position, the pitch value and yaw value were switched to
drive the relative speed and the stereo pan of a second audio file.
Thus the pose of the hand (spread vs clenched) was used to change
the operating mode of the system.
4 https://github.com/balandinodidonato/
myo-processing/tree/dev/examples/e6_IMUemg_data_
MIDI
5 https://github.com/balandinodidonato/
myo-processing/tree/dev/examples/e5_IMUemg_data_
OSC
6 http://integra.io/
7 https://vimeo.com/119328623
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2.2. Sound spatialisation through gestural recognition
Whilst the Myo controller provides a rich set of IMU and EMG
data, it is only configured to recognise a limited set of gestures.
The second experiment8 (Fig. 1b) therefore looks at possibilities
to expand the Myo’s gestural palette through the implementation
of machine learning system within the Pure Data interactive environment. Raw gestural data was captured from the Myo and used
to train a Support Vector Machine (SVM) classifier system implemented in Pd using ml-lib9 . The system parameters were derived
through an experimental process of testing and refinement working in close collaboration with a professional singer. Following
the training of the model, the developed system was utilised for
VoicErutseG v0.1. An interactive performance where the singer
spatialised her own voice through an octophonic audio system. 10
(Fig. 1c).

(a) Experiment 1

(b) Experiment 2

(c) VoicErutseG v0.1

(d) Experiment 3

2.3. Mixed reality trough EMG and IMU data mapping
The third experiment11 (Fig. 1d) was based upon the usability of
Myo’s EMG data in applying mapping strategies to control the
amplitude of eight sinusoidal oscillators. Following this initial test,
the EMG data were used to drive the amplitude modulation on
a pre-recorded sound of crumpled paper12 in order to construct
an audio-based mixed reality system where the user can crumple
paper through a natural hand movement and then ‘throw‘ it into an
imaginary ‘bin‘.
3. CONCLUSIONS
Findings gathered from these experiments reflect positively on the
usability of the Myo armband as gestural controller for the development of a gesturally-controlled sound spatialisation system.
In particular, the experiments revealed an immediate usability of
the Myo data in Integra Live through direct mapping (Experiment
1); incorporating a machine learning layer resulted in a powerful tool to smooth out discrepancies between human gestures and
computer interpretation (Experiment 2). EMG data gathered from
sound producing gestures enacted on imaginary physical objects
used to process the pre-recorded sound associated with the gesture (Experiment 3) can be a simple and engaging solution for the
development of an interactive audio system usable for interactive
performance and more widely in mixed reality environments.
Future work wil entail the collection of gestural, audio, video
and ethnographic data, which will be fundamental to gaining
knowledge regarding the relationship between human gesture and
sound spatialisation. Next steps include implementing machine
learning within Integra Live to improve ease-of-use and ease-ofsetup, and the use of Dolby Digital audio system and and K-Array
KW8 speaker for the sound spatialisation.
4. ACKNOWLEDGMENT
The performance VoiceErutseG v0.1 has been performed by Vittoriana De Amicis (Fig. 1c) during the Frontiers Festival 2015.
8 https://vimeo.com/128388288

9 https://github.com/cmuartfab/ml-lib

10 http://www.balandinodidonato.com/research/

voicerutseg-v0-1/
11 https://vimeo.com/127913259
12 https://vimeo.com/128395577

Figure 1: Screenshots and pictures realised during the experimental stage.
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Affective Interactive Dancer Sonification
Steven Landry
Michigan Technological University,
Mind Music Machine Lab,
1400 Townsend drive, Houghton, MI, 49331
sglandry@mtu.edu
ABSTRACT
Capturing dance gestures via motion tracking cameras can
provide many opportunities for sonification. Considerable
interest in the sonification community has been focused on
exploring and validating novel sonification techniques for
mapping parameters of movement data to music generation.
However, more efforts could still be made to develop a fully
interactive system that generates music in real-time based on
gesture and affective input of a dancer. This paper will focus
on two important aspects of dancer sonification that have
been overlooked in previous systems: affective information
(both of the dancer and the music), and real-time generative
music algorithms modeled from expert human composers.
Attempts at tackling these problems with Michigan Tech’s
immersive Interactive Sonification Platform (iISoP) will be
proposed and discussed.

generates multiple but related messages based on one
particular input is a research topic that requires a
multidisciplinary approach.
Incorporating affective data in the sonification
process comprise two problems: detection and display. One
of the promising methods of extracting affective content from
gesture is through Laban Movement Analysis. First, factor
analysis methods are used to extract the relevant cues used by
humans to assess affective content of movement (Shikanai,
Sawada, & Ishii, 2013). The next step is creating and testing
computational algorithms that perform the same task in a
similar manner to humans. Some of the most simple and
effective strategies used for affective classification of
gestures (including dancing) are body shape/size and
movement effort (Crane & Gross, 2013), especially for
discriminating among anger, happiness, and sadness.
2.

1.

AFFECT CLASSIFCATION

INTRODUCTION

“Since the invention of the Theremin, composers and
choreographers’ imaginations have been piqued by the
possibility of turning dancer's movements into sound”
(Winkler, 1997). As computer vision technologies improve
and become more accessible, the total number of possible
parameter mappings between movement and sound increases
exponentially. Previous dancer sonification systems such as
Dave Rokeby’s “A Very Nervous System” (Winkler, 1997)
make use of a pre-composed song or separate tracks that are
controlled by various gesture inputs. This type of system
would be considered “reactive” in Rafaeli’s “contingency
view" of interactivity (Rafaeli, 1988), because information
flows only in one direction: from user to system. To develop
a truly interactive system, the sonification must also add to
the conversation between user and system. To accomplish
this, generative algorithms that spontaneously create new
musical “messages” based on current and previous gesture
input are necessary (but not sufficient). These novel
messages must then influence future messages sent by both
the user and the system. By biasing the sonic feedback with
affective content, the system will contribute to the
conversation beyond that of a reactive or fully controllable
instrument, and closer to a collaborative human agent. This
aspect of interactivity is especially relevant for dancer
sonification. For instance, a human composer can generate an
unlimited number of related musical messages in response to
one particular input. Training a computer system to use
similar creative heuristics just as a human composer
This work is licensed under Creative Commons
Attribution – Non Commercial 4.0 International License.
The full terms of the License are available at
http://creativecommons.org/licenses/by-nc/4.0/

For the purposes of affect classification, Michigan Tech’s
iISoP dancer sonification system will estimate body shape
and movement effort in the following ways: Valence
(positive or negative) will be determined by body size (mean
distance between tracked objects on the dancer’s hands and
feet). Movement effort (low or high) will be determined by
mean acceleration of the tracked objects.
Low Valence
High Valence
High Arousal
Angry
Happy
Low Arousal
Sad
Content
Table 1: Affect classification based on body size (valence)
and movement effort (arousal).
3.

CURRENT STATUS

We are exploring all possible parameter mappings between
the motion capture data and music. Simple 1:1 mappings
have been achieved (e.g., hand height -> pitch, acceleration > arpeggiator rate). Two separate methods are in place for
data translation/manipulation: (1) Max/msp patches and (2)
custom software that provides an easy to use “GUI” for
partitioning off sections of the room, and the creation of
if/then conditionals that translate the motion capture data to
pitches, instruments, melody lines, and effects.
Expert dancers were initially recruited to provide
short dance video clips expressing the aforementioned four
basic emotions. Semi-structured interviews with the dancers
assessed their needs and perceptions of how this type of
system should work. To address the second concern of
integrating affective data into sonifications (the “display”
issue), the following study is currently being carried out:
Expert composers have been recruited to sonify the (muted)
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video clips of dancers. The composers were instructed to
create original compositions that capture both the “mood”
and motion of the dancer’s performance. Participants (nonmusic experts) will be recruited to view the muted dancer
videos, audio only of the new compositions, and mixed and
matched dancer videos with congruent or incongruent
compositions. Participants will be instructed to rate the 1)
video only 2) audio only stimuli for affective content, and 3)
video + composition combinations for affective and motionto-sound synchronicity. The compositions will be further
analyzed via a specialized task analysis for both motion and
affective sonification strategies. Once common themes or
heuristics are extracted, we can begin implementing the same
musical logic into the iISoP dancer sonification system.
Strategies will be grouped and mixed together to create
multiple sonification scenarios. Expert and non-expert
dancers will be recruited to test these scenarios, ranking them
by multiple factors, such as amount of control, transparency
of gesture
to
sound mappings, expressiveness,
motion/emotion-to-sound synchronicity, novelty of sound,
and overall enjoyment. Based on user feedback, sonification
scenarios will be iteratively redesigned and updated.
4.

PRELIMINARY RESULTS

Subjective data collection for these validation studies is
ongoing. Participants are generally biased towards assuming
more gesture-to-music synchronicity than is actually present.
For example, participants are likely to attribute the dancer’s
gestures as the source of the music even if there is little to no
synchronicity. This bias may be due to participant awareness
of the purpose of the study; humans are pattern-seeking
machines and are prone to seeing connections that do not
actually exist (but are expected to exist).
6.

OPEN ISSUES FOR DISCUSSION

The following are questions I wish to propose to experts in
the field of sonification. How can we use what we know
about how humans perceive affective content through motion
to train computer software to mimic what comes so naturally
to human observers? How can we use what we know about
how expert composers generate music to train computer
software to pass a “DJ Turing Test”? How can we
incorporate multiple streams of data to generate and
manipulate pleasant sounding music? How can we bias our
sonifications to reflect specific affective states? What makes
a sound or melody sound angry, sad, or happy? What are
appropriate methods to measure and quantify this type of
exploratory “artistic” research? How can we know if we have
accomplished our goals and reached a certain level of
“interactivity” between the dancer and system?

8.

REFERENCES

GOAL

The overall goal of the iISoP’s dancer sonification system is
to provide a platform for gesture based sonification research.
It will also allow researchers to model human composer
strategies for gesture and affective sonification, and develop
and test computer algorithms that will hopefully pass a “DJ
Turing Test”.
5.

7.
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BROADER IMPACT OF RESEARCH

Beyond artistic performances, prototypes of the dancer
sonification system can be applied in many domains. For
instance, BMW is currently working on implementing invehicle driver sonification to provide additional auditory
feedback to promote safer driving behaviors (Parkinson &
Tanaka, 2013). Incorporating intuitive data-to-sound
mapping strategies will be critical for developing effective
sonification feedback. Introducing affective detection
systems and affective sonification logic will be extremely
important in the field of driving, as “road rage” and fatigue
are two of the leading causes of traffic accidents (Joint,
1995). Outside of the vehicle, athletic training and physical
rehabilitation are other promising domains for motioncapture sonification techniques (Schaffert, Mattes, &
Effenberg, 2009) due to the ability of auditory displays to
capture temporal aspects of data, and the intuitive
relationship between sound and movement (Kramer et al.,
2010).

[1] Crane, E. A., & Gross, M. M. (2013). Effort-shape
characteristics of emotion-related body movement.
Journal of Nonverbal Behavior, 37(2), 91-105.
[2] Joint, M. (1995). Road rage.
[3] Kramer, G., Walker, B., Bonebright, T., Cook, P.,
Flowers, J. H., Miner, N., & Neuhoff, J. (2010).
Sonification report: Status of the field and research
agenda.
[4] Parkinson, A., & Tanaka, A. (2013). Composing for
cars. Paper presented at the Proceedings of the Sound
Music Computing Conference, Stockholm.
[5] Rafaeli, S. (1988). Interactivity: From new media to
communication. Sage annual review of communication
research: Advancing communication science, 16(CA),
110-134.
[6] Schaffert, N., Mattes, K., & Effenberg, A. O. (2009). A
sound design for the purposes of movement optimisation
in elite sport (using the example of rowing). Paper
presented at the Proceedings of the 15th International
Conference on Auditory Display, Copenhagen,
Denmark.
[7] Shikanai, N., Sawada, M., & Ishii, M. (2013).
Development of the movements impressions emotions
model: Evaluation of movements and impressions
related to the perception of emotions in dance. Journal of
Nonverbal Behavior, 37(2), 107-121.
[8] Winkler, T. (1997). Creating interactive dance with the
very nervous system. Proceedings of the 1997
Connecticut college symposium on art and technology,
New London, Connecticut.
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THE OVERVIEW OF A METHOD AND SUPPORTING TOOLKIT FOR CREATING
AUDITORY INTERFACES, BASED ON PRINCIPLES OF SOUNDTRACK COMPOSITION
Doon MacDonald and Tony Stockman
Interactional Sound and Music
Centre For Digital Music
School of Electronic Engineering and Computer Science
Queen Mary University of London
E1 4NS
d.macdonald@qmul.ac.uk
ABSTRACT

2. BACKGROUND

This paper outlines the steps of a method for creating audio interfaces and auditory displays that aims to be suitable for novice designers. The method, based on ideas from soundtrack composition,
was developed iteratively as part of the PhD and has been subject
to a final evaluation. As well as outlining the steps of the method,
this paper outlines the stages of the research, the approaches taken
and accounts the design for a final study of the usability and usefulness of the method and supporting toolkit.

It was observed by [6] that sounds in the arts could inform the use
of sound and image for computer- based design. Directly, Cooley
refers and draws parallels to Chions insight into the role of sound
in film and its use within computer interface design [1]. These
include the ability that sound has to denote both physical and nonphysical space and how this, for example, could be used to inspire
the use of sound within remote-collaborative workspaces.
Similarly, Cohen [7] proposed that interaction and workflow
in multimedia settings could benefit from the capability that sound
has to provide continuity over shots and film edits.
Cohen also observed that music functions by increasing brain
activity and so could be employed in the workplace in order to
increase concentration and the ability to focus and filter unwanted
distractions.
Recently [8] argued that lacking was any conceptual or theoretical offering on how to use sounds for computerized instructional environments. As a result the authors proposed four ways
in which film sound can inform the process of designing sound
for these contexts. These included the importance of considering
sound from the start of the design process and exploring the storytelling aspects of film sound to help users ‘acquire, organize and
synthesize’ the material. Specifically, the importance of identifying storytelling elements within the learning environment by listening out for ‘objects, actions, environments, emotions and physical or dramatic tensions’, which in turn can be supported and enhanced through audio.

1. INTRODUCTION
The soundtrack of a film has many functions. These include representing on and off-screen action; developing themes and narrative;
smoothing edits and providing continuity between shots; enhancing the audience emotional reaction and supporting perceptions of
realism to sounding objects as they are interacted with. The practice of soundtrack composition is established and the composer/
sound designer is supported due to an abundance of existing theoretical guidelines [1], suggested techniques [2, 3] software and
hardware-based tools 1 2 and sample sound libraries 3
An auditory display (AD) also employs audio to represent actions; develop themes and narrative; represent both visual and nonvisual processes; enhance user reaction and aid perceptions of reality of virtual objects as they are interacted with. However, it is
argued that the quality of many AD’s lack an aesthetic [4] and that
information to sound mappings are ad-hoc and lack transferable
rationale [5]. Additionally, the authors argued that methods for
creating ADs and auditory interfaces are somewhat non-accessible
for a novice designer.
In order to address some of the above issues, a method has
been developed that is based on soundtrack composition. A
method that hopefully engages and supports a novice designer of
auditory interfaces and auditory displays.
1 https://www.apple.com/logic-pro/

2 http://www.avid.com/US/products/family/pro-tools
3 http://www.soundsonline.com/Hollywood-Strings

This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

3. THE METHOD
The aim of the method is to draw on aspects of soundtrack composition in order to create an approach that lowers the barriers
to creating auditory interfaces and displays, demystify the use of
sound in the interface, encourage creativity and potentially lead
to the production of more engaging and interesting interfaces and
displays. The method has several steps, and to-date, early stage
prototypes of tools to support the designer in implementing these
method steps. These are outlined below.
3.1. Method Step 1: Requirements Gathering
This step involves analysing a scenario that involves someone using audio to interact with a piece of technology specifically, us-
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ing audio to interact with and receive information about different
events within the scenario. This analysis therefore involves gathering requirements from the scenario by applying an event ontology,
in order to identify what types of events the scenario is made up of
as well as describing any features, behaviours and values that are
central to the different events.
3.1.1. Tool Support: A Cue Sheet
Inspired by a specific tool used for mapping out Foley tracks for
a soundtrack 4 , a Cue Sheet has been designed to support this
method step. The Cue sheet allows for the mapping out of these
different events alongside the information about their content, values and behaviours. In turn this supports the potential of working
with and keeping track of multiple events within the scenario.
3.2. The second step of the method: Mapping
The second step involves viewing a suggested mapping between
the individual events to sound parameters, sound structures and
audio dimensions. The sound suggestion is shaped by the type of
event they are and their features, behaviours and values (as identified in step 1). The sound design ideas are inspired from ways
that sound is used in soundtrack composition. Some examples include the use of environmental sounds or musical underscore to
help build atmosphere, Foley (Sound effects) or isomorphic musical patterns to represent action, Key and melody to represent
themes and enhance emotional response and the use of musical
motifs to represent characters and thematic development.
3.2.1. Tool support: A Database
A database is being designed to support and automate this method
step. The database makes suggestions for sound design principles
and loads sound files that can be used to map to the event. The
database helps in the comprehension of how the sound design ideas
and audio files relate to form a bigger compositional structure.
3.3. The third step of the method: Auditioning
The 3rd step involves being able to work with the suggested sounds
with the events mapped out on a timeline of the scenario. The step
specifically involves being able to move and audition the sounds
in order to consider aesthetics, further mappings, and check for
masking (whereby one sound might affect the perception of another), etcetera. In relation to soundtrack composition this step
and tool is inspired, in particular, by composition for game audio
whereby the audio has to be designed to function effectively despite the the potential non-linear structure of the game-play.
3.3.1. Tool support: A Timeline
An interactive timeline has been designed to support this method
step. The timeline is presented as a simple rectangular interface
and the different events as colour-related cubes. Each separate type
of event has its own track. The mouse and the left and right buttons
can be used to lengthen, play and move the events horizontally
back and forth across the timeline.
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4. EVALUATION
User-based studies have been carried out order to support the iterative design approach taken to creating the method and the tool
support. The method has been developed and evaluated using basic
paper and software prototyping techniques [9]. A final workshopbased study is currently being carried out that aims to add insight
into whether the method and tools are both useful and usable to a
novice designer.
5. CONCLUSION
This paper has outlined a method and supporting toolkit for creating auditory displays and auditory interfaces that draws on elements of soundtrack composition, in order to lower the barriers
for their design and hopefully encourage creativity in the designer.
The paper has also briefly touched upon the methodological approach taken to developing and evaluating the method.
6. ACKNOWLEDGMENT
This work is supported by the Media Arts Technology Programme,
an RCUK Doctoral Training Centre in the Digital Economy.
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DATA-TO-MUSIC API: REAL-TIME DATA-AGNOSTIC SONIFICATION WITH MUSICAL
STRUCTURE MODELS
Takahiko Tsuchiya
Georgia Institute of Technology
Center For Music Technology
840 McMillan St., Atlanta, GA 30318
takahiko@gatech.edu
ABSTRACT
Sonification is a unique research field where many applications
for scientific as well as artistic purposes coexist. Attempts to define the boundaries and terminologies have been made [1, 2, 3],
with widely varying conclusions. Scientific applications for sonification have generally been hesitant to use approaches guided by
artistic aesthetics and musical expressivity. Hermann argues that
data sonification is to be separated from a musical approach and
expressions, as an artistic painting cannot be regarded as a scientific visualization of data [2]. However, all sonifications may
have musical effects on listeners. For example, the use of a continuous or “chromatic” scale of pitch to represent the data points
may sometimes accidentally produce harmonically consonant sequences, typically with small integer multiple relationships, or dissonant harmonies with more distant relationships. This perceived
rationality may or may not correspond to the characteristics of the
original data if we do not consider the differences of perception
with linearly and logarithmically scaled value-to-pitch mappings.
Similar concepts may apply to musical “tension” and “release”,
rhythmic alignment, symmetries in phrases, or timbral balance.
With daily exposure to music, it is difficult to assume that the listeners’ trained ears are free from such musical perceptions.
There are also common issues in artistic sonifications in order
to be usable in scientific and data-agnostic contexts. For instance,
the effects of data mapping may sometimes be not transparent because of the developer’s artistic decisions or the complex multidimensional structure of musical expressions. The original data
may also be distorted through musical abstractions, such as pitch
or rhythm quantization. Perhaps more importantly, the techniques
and mappings in artistic sonifications tend to be not generalizable
and not reusable for different data sources, types and dimensionalities. In order to observe the complex behaviors of musical effects
in different contexts, which may help increase the transparency
in data-to-sound transformation, it is important for the designs of
musical effects as well as the code implementations to be reusable.
Despite these challenges, music, as a long-established form
of “organized sound” [4], has an ability to convey a multitude
of information to listeners in a quick and intuitive manner with
its melodic, rhythmic, and timbral layers. This study proposes to
take advantage of the musical effects of sonification in a systematic manner, while addressing the issues of reusability and gen-

eralizability. With musical structures that modulate, for instance,
the rhythmic pattern of a melody according to the change of the
note density, data may be mapped to high-level musical parameters rather than to one-to-one low-level parameters, such as onset
intervals. An approach to create models that encapsulate modulatable musical structures is proposed in the context of the new
DataToMusic (DTM) JavaScript API.
The design of the API has been inspired by existing sonification frameworks such as Parameter Mapping Sonification [5] and
Model-Based Sonification [6], various music theories [7, 8, 9, 10]
and dynamic models for music generation [11], as well as modern visualization frameworks such as Protovis [12] and D3JS
[13]. It provides a large collection of transformation and analysis tools as musical building blocks, and also aims to provide
a generic abstract structure which may potentially integrate the
above-mentioned different frameworks and models, and experiment with new model designs.
DTM API was chosen to be a non-GUI-based JavaScript webbrowser API for several reasons: It offers a near-zero-cost deployment for the end user, as long as modern web-browsers such as
Google Chrome or FireFox are installed. It also makes the application cross-platform including mobile devices. Developing a
browser-based application also makes it easier to integrate to a
server application, which may provide streaming data from another web service or host a central database collecting multiple
data inputs. It also makes it possible to easily integrate with welldeveloped visualization libraries for web browsers, such as D3JS.
In addition, text-based tools can be more flexible in code abstraction compared to GUI-based development environments such as
Max/MSP1 that are more based on “visible” objects.
In terms of the programming interface, DTM aims to provide a
low-floor and simple syntax for casual users and non-expert developers in the audio or music domain. It allows rapid prototyping of
sonification applications using the provided general-purpose musical models. With as few as three lines of code, the user can load
data, instantiate a musical instrument (the “default” model), and
map a part of the data set to modulate the musical output.
dtm.load(’sample.csv’, function (data) {
var firstCol = data.get(’col’, 0);
dtm.instr().pitch(firstCol).play();
});

Example 1: DTM Hello World
This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

1 https://cycling74.com/
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DTM also offers an environment for trained developers, musicians and researchers for experimenting with new musical structure models. It contains a set of data analysis tools, including statistical, nominal, list and iterative operators, and transformation
and generation tools such as scalers, unit converters, arithmetic,
nominal and list-based operators. They work as building blocks
for musical structures from low-level, such as waveform control, to
high-level, such as melodic harmony and counterpoint. With these
data-handling tools, and also several automated mapping schemes
that the API provides, a model can be created or expanded on the
fly during an application development, and instantiated as needed
in the application.
The mapping of data to the parameters of a musical object
is also made simple but flexible. With the default adaptive mapping mode, the user can feed an arbitrary data format to a musical
model, with unknown data size, range, and type, then the model
analyzes, rescales and maps the input data to the full range for effective musical expressions. This system is somewhat similar to
UrMus, a mobile audio programming environment developed by
Essl [14], which enables a simple ad hoc connection between different function “blocks” without a concern of manual scaling. The
automatic scaling to the full input range can be, however, undesirable when a selected part of data needs to be compared with another, or there is uncertainty for the incoming data stream. For this,
one may pre-normalize the data according to the known domain
value ranges before mapping (pre-normalized or range-preserved
mapping), or choose to do a literal mapping by manually handling
the data type and transforming the array.
DTM is a real-time system which uses custom sub-millisecond
clocks for data processing, navigation, audio rendering, and other
formats of musical output such as Guido musical notation2 and
MIDI through OSC3 . The clocks also allow musical models to be
synchronized to each other and the singleton master clock. The
real-time system enables a high degree of interactivity in application development that on-the-fly reconfiguration of the system is
possible as the developer listens to the data, which may be similar
to the “livecoding” paradigm of musical and multimedia performance [15].
Currently, DTM API is in the beta state with user studies being conducted. A demo application with an interactive web editor
and the API documentation has been deployed online4 . An application of the API was presented at the Atlanta Science Festival5 ,
2015. In this project, the environmental and traffic data of the city
of Decatur, Georgia, were collected using custom wireless sensor
boxes6 , and converted into MIDI and musical scores in real-time,
as the author reprogrammed various aspects of the data mapping
according to the behavior of the data stream. The score was sightread and performed by the musicians from Sonic Generator7 . This
project showcased that, using the API, real-time reconfiguration of
mapping and data-driven composition were possible, even involving human musicians and score generation.

2 http://guidolib.sourceforge.net/
3 http://opensoundcontrol.org/

4 https://dtmdemo.herokuapp.com/

5 http://atlantasciencefestival.org/events/event/1095
6 http://configlab.gatech.edu/

7 http://www.sonicgenerator.gatech.edu/
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ABSTRACT
Parameter-mapping sonification has shown potential for
medical diagnostics, stroke rehabilitation, and athletic
training. This warrants further investigation into the subject,
however the parameter-mapping sonifications that are used in
many studies tend to give rise to what is known as The
Mapping Problem (TMP), a phenomenon in which auditory
parameters become entangled. This results from the fact that
human do not perceive sound parameters in isolation, and
sometimes a change in one parameter (e.g. loudness) can be
perceived as a change in another parameter (e.g. pitch). It is
believed that investigating the aesthetics of sonification could
provide a way to circumvent TMP.
1.

INTRODUCTION

Parameter-mapping sonification (PMSon) has shown potential
for medical diagnostics [1], stroke rehabilitation [2,3], and
athletic training [4,5].
According to a study performed by Pauletto and
Hunt [1], EMG sonification shows potential as a clinical
diagnostic tool and as a comparative tool, giving the listener a
sense of the differences in osteoarthritis between patients.
The findings of this study also showed that there is a need to
work on the actual sounds that are used, since only 35% of the
participants indicated that they could have kept listening to
the sonifications after 20 minutes.
According to Scholz et al. [2], sonification has
shown potential as a means for rehabilitating motor function
after a stroke. The authors developed a computer program
called “SonicPointer” that sonified patients’ mouse movement
in real time. The goal of the authors in this study was to
optimize a movement to sound mapping involving musical
stimuli, with the ultimate goal being to enable stroke patients
to perform simple folk melodies using their arm movements.
In the follow-up study [3], Scholz et al. tested their
sonification system on 4 stroke patients: 2 in a sonification
group and 2 in a control group. They found that those in the
sonification group improved in their motor control and
reported that they felt less impaired, while the control group
did not experience the same gains.
For athletes, sonification has been shown to
improve motivation during training [4] and to improve
movement velocity and effort [5]. However, there still needs
to be improvements made to the actual sound of the
sonifications [5].
2.

THE MAPPING PROBLEM

While PMSon has shown potential for several different
applications, it is not perfect and has one primary drawback.

The problem with PMSon is that it can lead to what is known
as The Mapping Problem (TMP) [6,7]. TMP is the result of
the human inability to perceive all sound parameters
independently.
Auditory parameters tend to become
entangled within each other, such that a change in one
parameter (e.g. attack time) might be perceived as a change in
a different parameter (e.g. pitch or tempo). This can cause
sonifications to become confusing or misinformative.
3.

AESTHETICS

It is thought that leveraging knowledge from the field of
embodied cognition and applying it to sonification aesthetics
could provide a means for circumventing TMP. Rather than
looking for new sound parameters to map to, researchers
could look to embodied schemata as new dimensions along
which to map their sonifications. Embodied schemata are
gestalt-like frameworks that compose the basic units of
cognition. For example, everyone is familiar with a how
something (e.g. a car) sounds when it is far away versus how
it sounds when it is very close. This near-far relationship is
an example of a schema, a dimension along which
sonifications could be mapped [6]. An advantage of these
kinds of schemata is that they are intuitive and would require
less training to learn.
It must be noted that while the aesthetics of sound
can relate to the “niceness” or “pleasantness” of a sound,
aesthetics is about much more than just “niceness.” Aesthetics
has to do with meaning-making, and it is understood by
Roddy and Furlong to be the medium through which meaning
unfolds [6]. As such, aesthetics cannot be ignored when
designing an auditory display whose purpose is to facilitate
meaningful communication about a data set.
4.

CURRENT RESEARCH

A research study is currently underway that will explore
various combinations of parameters in PMSon of sEMG data.
The purpose of this study is to identify parameter
combinations that are useful for listening to EMG data and to
address preliminary issues relating to the “niceness” of
PMSon. Four parameters of sound and their relations to each
other are being investigated: pitch, loudness, attack time, and
spatial location. This study will also be used to inform future
exploration into the realm of aesthetics.
5.

FUTURE RESEARCH

As previously mentioned, embodied schemata could provide
new dimensions along which to sonify data that may allow
researchers to circumvent TMP. The near-far relationship is
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one example of such a schema that could be explored,
however there are others as well.
It is the opinion of this author that other
relationships which may be worth exploring include on-off
relationships, open-closed relationships, question-answer
relationships (many memorable melodies operate on this
basis, with an “A” section essentially “asking a question”
which is then “answered” in the “B” section), and,
specifically for EMG data, some type of stretching-loosening
relationship that could serve as a sonic metaphor for a muscle
contracting and relaxing. It seems that samplers and complex
audio samples could be used to explore these relationships.
Additionally, since the human ear is very good at
detecting sounds that resemble the human voice, it may be
worth exploring the use of formant filters in sonification.
These filters could be configured to emulate different vowel
sounds. The relationships between these different vowel
sounds (such as “a” and “o”) could be explored as further
possible dimensions along which to sonify data.
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MUSIC AND THE MASSES: UNPACKING NEW PATHS TO MUTUAL ADVANCE
R. Michael Winters
Music Tech Sonification Group
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Georgia Institute of Technology, Atlanta GA
mikewinters@gatech.edu
ABSTRACT
Occurring in hundreds, thousands or millions of listens, many
“successful” sonifications have emerged that were not designed
to be listened to for scientific purposes or with a strictly objective
intent. Sonification of the Tohoku Earthquake is one example, and
for the present volume, I have examined this work from a multidisciplinary perspective centered upon a theory of so-called ”sublime listening experiences.” Though words like ”sublime” [1] or
even ”mystical” [2] may be loathsome as the foundation for a scientific mission, they do more for unpacking the wishes and experiences of a scientifically-minded public than “science” may have
words for. This extended abstract links the subject of sonification
popularization with research agendas originating in contemporary
music research and artistic practice. After providing introduction
and background, specific research goals are presented as well as
the current status and further avenues for research. The attraction
of the public to certain sonifications and the profound experiences
these works can provide signal capacities for the field to engage
humanistically, which is not at all incompatible with objectivity.
1. INTRODUCTION & PROBLEM DESCRIPTION
Over the past quarter century, auditory displays have developed a
diverse audience. Many listeners now encounter auditory icons,
earcons, warnings, and alerts on a daily basis. Specialists use
sound to assist in coordination, to monitor large amounts of dynamic data, and to discover new insights through listening. In addition to these “objective” intentions, scientists use sonification to
attract non-specialist audiences to their research, and musicians
work through aesthetic meanings in compositions, installations,
and and other artistic enterprises.
A noted problem arises when engaging non-specialist listeners [3]. On the one hand, the so-called “Killer App” of sonification would seem to require an experience of sound that advances
notions of objectivity and scientific legitimacy of sonification in
a large public. On the other hand, experiences that derive their
power from affective, aesthetic, or “subjective” listening may do
more to counteract these pursuits than further them.
How can the “theory of sonification” [4] navigate through traditional social relations and culturally-oriented constructs of listening [5], while still capitalizing on the wealth of knowledge and
applications available within?

This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

2. BRIEF BACKGROUND & OVERVIEW OF EXISTING
LITERATURE
Perhaps the most trying case for social and culturally-oriented
meaning has been the appropriation of the term ‘sonification’ to
describe musical endeavors. These practices often engage a listener affectively or aesthetically and would not normally be describable as scientific method [6]. To embrace these practices, researchers have presented alternatives to broaden or transcend an
otherwise rigid receptive field [7, 8].
Approaching music from another route, past research has
demonstrated how sonification can be used as an objective, scientific method in music research [9]. Interactive sonification can
benefit the presentation of expressive gesture [10], and should distinguished itself from the more functional or goal-oriented movements that might be found in sports or rehabilitation [11]. Interactive sonification might also be used to rapidly explore, find patterns, and distinguish large databases of musical data itself [12].
Lastly and perhaps most successfully, sonification can be used to
instantiate the underlying acoustic features in computational models such as might be found in music emotion [13]. As an unembodied medium for affective communication, sonification has much to
profit from the application of musical frameworks [14].
The issues surrounding sonification popularization has recently taken root due to the seminal work of Supper [15]. A “public fascination” with sonification has been documented through its
application to scientific data types of great power and scale. The
advertisement of these “sublime listening experiences” typically
draws upon traditional conceptions of sound as a immersive, subjective, and affective medium (e.g. as music). Prior to my submitted work [16], these experiences have been deemed incompatible
with sonification’s “scientific mission” [1].
3. RESEARCH GOALS
Several research goals arise in this context. First and foremost,
there is a need to better understand how listening to data attracts
and affects listeners in an informal, non-specialist way. These
experiences may draw heavily upon social relations and cultural
knowledge. Questions arise relating to the value and types of experiences listeners have, and whether or not these examples further or
stymie the public’s understanding of sonification’s use and objectivity. Using these insights, applications and sound design choices
can be identified that are likely to attract or engage a broader listening culture.
Another goal of this research is to culminate what might be
termed a ‘music vs. sonification’ struggle that has ossified around
a certain influential definition [6]. To find more satisfying accounts
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of sonification’s ontology, aesthetically mindful scholars and practitioners have waded through the murky waters of culture, subjectivity, and experience while artists and musicians have appropriated the term in their work, with or without care for scholarly rigor
and abstraction.
This work also seeks to continue development of a mutually
advantageous relationship of sonification and music [9]—a relationship that encompasses the bilateral appropriation of applications, tools and techniques by each. For example, music coding
languages such as Max/MSP, Pure Data, and Supercollider have
formed the technical background of many sonification applications
[17]. The appropriation of the ”sonification” to produce aesthetically centered works in music is another, though this is not the only
way that sonification can be used [10, 13, 12].
Most generally, this work seeks to expose difficulties arising
in the traditional separation of objectivity and subjectivity, art and
science, functionality and aesthetics. It may be fitting to transcend
these low-level boundaries in favor of a more encompassing perspective on knowledge, meaning-making, and experience. This research might contribute examples that challenge distinctions while
simultaneously revealing new methods for research and discovery.
4. CURRENT STATUS, RESULTS & FUTURE WORK
The current research investigates the attractions and experiences
of non-specialist listeners in public-facing examples of sonification. In the presented paper [16], a theory of “sublime listening
experiences” was coupled with an in-depth analysis using a musical score. Previous work had focused upon the advertisement
of sublime experiences—this work delves into the the subject of
the experience itself. Previously, so-called “sublime listening” has
been criticized as unsupportive of sonification’s “scientific mission.” This work challenges that proposition, demonstrating how a
display can provide a profound experience while maintaining objectivity and communicating the advantages of listening.
These results further a discussion of the success of sonifications that reside outside of strictly “scientific” or “expert” listening
practices. A sonification that engages a listener socially, culturally
or affectively can still advance the underlying theory. Furthermore,
sonification can adopt frameworks developed in artistic disciplines
(i.e. music) to analyze form and higher-level aesthetic experiences.
In combination with previous work in expressive gesture and emotion sonification, these new results suggest an expanded space for
music application. Future work considers music as an avenue to
successful sonification design of other data-types such as mental
states (e.g. self-reflection, consciousness, memory, prospection)
and disorders (e.g. depression, ADHD, autism, anxiety, pain).
Music might also be coupled with sonification for enhanced performance in sports and exercise as well as calmer, safer driving.
5. BROADER IMPACT
The broader impact of this research is two-fold. First, this research
presents a framework for the analysis of non-specialist listening
experiences beyond the promises of advertisers. Understanding
these experiences may signal a place for sonification as a powerful cultural and social medium that can change the way the public
engages with both science and listening. Secondly, this research
continues to work through a challenging art and science dialog as
it relates to listening cultures. The research suggests that “subjective,” “affective,” or “aesthetic” qualities of a sonification contribute to a broader humanistic mission, and qualify its power to
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represent experience-based data types.
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ABSTRACT
The goal of this work is to make sonification design easier for end
users. To accomplish this – and to evaluate the success of our efforts – I bring together ideas from the fields of Human-Computer
Interaction (HCI) and auditory displays. We consider design principles from related work in auditory displays and techniques in
HCI to assist users in the design process. I hope to gather feedback
on these methods and the approach I present during the student
consortium and incorporate it into my research going forward.
1. INTRODUCTION
My dissertation research aims to make sonification design available to end users who have little or no sound or sonification design
experience. My goal is to assist them as they iteratively design
their own sonifications and explore the space of possible sonification designs. Currently, I have published research that focuses on
using environmental soundscapes (e.g. sounds of animal vocalizations and the weather) as a way to define and structure sounds in
the creation of sonifications [1]. I have presented a novel approach
to sonification design that includes models for defining and structuring components of a sonification system and have developed a
prototype system that incorporates user interaction to influence the
automatic and semi-automatic creation of designs [2]. These design creation methods use known principles for sonification and
auditory display design as well as novice design techniques from
the field of HCI. For instance, expert knowledge has been found
useful in the automatic generation of designs for magazine covers
[3], web designs [4], and user interfaces [5]. I seek to utilize expert
knowledge from past research in auditory displays to assist us in
the automatic creation of sonification designs.
The next steps of my work involve an evaluation of these automatic sonification design methods and my ESCaper prototype
application via user studies. I will explore whether these methods
really create sonifications that do what we have proposed, and investigate the usability and usefulness of the ESCaper application’s
interactive process, as well as the consequence of this process on
end-user understanding and satisfaction.
This abstract discuses the auditory display design principles
from related work that I use in the automatic design creation methods. While these design principles were presented in our earlier

This work is licensed under Creative Commons Attribution Non
Commercial 4.0 International License. The full terms of the License are
available at http://creativecommons.org/licenses/by-nc/4.0

work [2], we present them again (along with a new sonification
configuration) and propose our evaluation plans.
2. PRINCIPLES AND EVALUATIONS
Each end user of a sonification system has their own sound preferences and perceptual abilities as well as their own intentions for
how they will use the sonification. Therefore the system should
take into account how the user will utilize the sonification and the
information it contains. For instance, some data is urgent, and
users need to be able to recognize the information and act on it
quickly (e.g. real-time process monitoring, the security of networks being one example [6]). While some data is used as purely
compositional (e.g. the names of 9/11 victims [7]), and the understanding of the data may or may not be important. As a part of my
approach, I want the user to be able to communicate their specific
preferences to the system so that it can adapt to each user.
In our recent work [2], the ESCaper application allows users
to choose between creating sonifications where the output sonification is as similar to the input soundscape as possible, or conveys
the data as accurately as possible. Another possible configuration
I hope to explore in the future is creating sonifications that match
a user’s sound preferences.
In the following sections I discuss the design principles from
past sonification work that I use as constraints in our optimization
problem to find the best data-to-sound mappings for the different
configurations of sonifications. For each of these configurations I
will also present my plan of evaluation that I will conduct in the
near future.
2.1. Sonification by Example
Previous work has recognized the importance of using examples
in the creative design process [8]. Prior research has developed
algorithms that assist users in creative tasks by allowing them to
use examples to convey their design ideas [4]. We seek to apply
a similar method to end-user sonification design, allowing users
to provide an example soundscape (groupings of sounds) and algorithmically generate mappings from the data to sounds in the
soundscape to create an output that is similar to the input example.
To structure and algorithmically solve the mapping design
problem (i.e. find a mapping where the output sound groupings
are as similar to the input as possible), I make assumptions about
how the individual sounds fit into the groups of sounds. Our initial implementation simply uses measures that reflect the density
of the individual sound groups and the overlap of sounds from the
same sound groups, but I hope to explore more complex analysis
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techniques in the future such as some sort of clustering or nearest
neighbor approach.
I plan to evaluate the example-driven sonifications by conducting user studies to assess the aesthetic similarity between the example input and the sonification output. Using Mechanical Turk,
I will present the user with two different sound groups, and have
them rank the similarity between them on a Likert scale. I will
also have them rank whether they are similar in an aesthetically
pleasing way to determine whether this similarity configuration is
useful. The usability and usefulness of the ESCaper application’s
interactive process will also be investigated, as well as the the consequence of this process on end-user understanding and satisfaction.
2.2. Sonification for Data Conveyance
We focus on three main principles for creating sonifications where
the goal is create a sonification that best conveys the data:
1. Restricting the amount of data to convey and the number of
sound streams through which to convey it;
2. Using sounds that have a minimal overlap in frequency; and
3. Using sounds that have diverse timbres.
Motivated by Schuett et al. [9] who found that listeners are
able to accurately identify five concurrent variables presented together in a single sonification, principle (1) was created to restrict
the number of data streams that can be sonified in the system. For
principles (2) and (3), we are motivated by early work done by
Gregory Kramer who mentions these as a part of his work on organizing principles for representing data with ”real voice“ sounds
(i.e. recordings of real-world sounds) [10].
We plan to explore various combinations of these principles
and compare how accurately users can identify the data while conducting various other tasks (similar to the reading comprehension
tasks used in [11]). Again, we plan use Mechanical Turk to conduct user studies where we give the users tasks to identify data
while tracking their reaction time and accuracy. We will use different datasets, and sonify each one in varying ways using different
combinations of these principles as well as randomized data-tosound mappings, and those that were created using our exampledriven approach.
2.3. Sonification by User Preferences
While I have not yet implemented a method for automatically creating sonifications based upon a user’s aesthetic preferences, I have
some preliminary methods for how to gather a user’s preference
“profile” and use that to assist in the automatic generation of sonifications.
1. When first using the system, the user is asked to listen and
rank various sounds. Those rankings and the similarity of
the ranked sounds to other sounds will be used to develop
a users sound profile, which will be used in the creation of
the sonification.
2. While the user interacts with the ESCaper system, it keeps
track of the sounds the user selects and deselects in order to
learn which sounds the users prefer in their design.
3. After each iteration of sonification creation, the system collects rankings from the user on their preference for the design in order to incorporate that feedback into future designs.
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Once implemented I will evaluate and compare these different
methods on both the user input process and how well each method
produces sonifications that the user prefers. To determine which
process creates sonifications that match a user’s preference best, I
will do similar studies to that of the example-driven sonifications.
The users will first interact with the system to gather their user
preference “profile” based on the methods above. Then sonifications can be created base on that profile, which they can evaluate
using rankings based on how pleasing they find the varying sonifications.
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