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Abstract

Personal fitness trackergpresent a multibillion-dollar industry, predicated on devices for assisting
users in achieving their health goat®wever,mostcurrent productsonly offer activity tracking and
measurement of performance metricsvhich do not ultimately address the need for technique
related assistive feedback in a cagfective way Addressing this gap in the design space for assistive
run training interfaces is also crucial in combating the negative effects of Forward HeadrR@sitio
conditionresulting from mobile device useiith a rapid growth of incidence in the population. As
such, Auditory Displays (ADffer an innovativeset oftools for creating such a device for runners.
ADs present the opportunity to design interfacevhich allow natural unencumbered motion,
detached from the mobile or smartwatch screethius making them ideal fgoroviding reaitime
assistive feedback for correcting head postdreing running However, issues with AD design have
centred around overdlusability and useexperience, therefore, in this thesis an ecological and
embodied approach to AD design is presented as a vehicle for designing an assistive auditory interface

for runners, which integrates seamlessly into their everyday environments.
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1.1 Motivation

With the increasingminiaturizationand powerof sensingand processing tehnologynow included as
standard on mossmartphones newtools such as augmentéedirtual reality, wearable technology
and locationbased applicationsra now feasiblewith manyfunctionaland commercially successful
products now availableThese dvanced processing capabilities mean datansve applications like
computer visiomandreaktime multi-channelsignal processingan be used tincreasingly interface
our digital technologies witthe physical worldllowing us tdoetter measure, recat andunderstand

phenomena around utroughdata analysis

As such, data has becorae assetind driving force in many aspects of our déihgs. The reliance

of our global society on connected devices has spearheaded rapid development in many gkctors
industry and society, bringing both radical innovations, as well as disrujptithe form ofnew and
complex problemsWith this evergrowing need to efficiently use and process the vast amounts of
data we interact with, échnologies like auditory intéaces have presentedinovatve opportunities

for assistingwith the analysis and practical use of the vast range of data types that are now possible
to collect. However, despite their promise in a number of applications, auditory displays still face
issues aroundisabilitythat have stifled their path towards ubiquity in our everyday environments
(Ballora, 2014; Hermann et al., 2011)

The struggle of auditory display research to addness-experience has been well documented by

an evergrowing list of publications concernetth the discussion ofhe role d aesthetics, design

and usabilityaskey areas for developmenas well as in metanalyses of the field self (Katz and
Marentakis, 2016)In this body of researchit has been suggested by Mark Ballora and other
prominent AD researchers, that the prevalence ofjmitivist andutilitarian approaches has led to
applications that although functional, are limited in scope and ignore critical issues in design such as
the aesthetic, environmental and emotional sensibilities of -esdrs (Ballora, 2014) This has
resulted inauditory displays, that yieldositive results in shodived and controlled settings, but do

not translate well to realvorld scenariosdue to poor usabilityBarras and Vickers, 2011; Clarke,
2005)
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Despte the importance of usability in auditory display destbe field hasyet to form a consensus

on how to address these issu@erry and Osaka, 2002)hedisparitybetween scientifi@ndartistic
approaches to sonificationas seen the research community struggle tarfalise sonification design

into congruent and replicable theories sonification(Hermann et al., 2011Furthermore, due to

the interdisciplhary nature of auditory display the prospect of developing aeatlompassing set of
guidelines that are applicable to all possible contexts of auditory display applicatianseslistic
(Goudarzi, 2016As a result, the field is at a crucial point of its existence, as it aims to transition from
a nascent,loosely defined practice into a foralised theory of research. Thusotaddress these
concernsstudies haveéurnedtheir focus towardsnethodologiesand techniques such asercentric
design more commonly associated with Hum&omputer Interaction and Design Reseggarrass,

2015, 2012)These recent developments have the potential of providing reseaschigh better tools

for informing auditory interfacedesign by enabling better understanding otiza SNE Q Sy JA NP
and experience¢Grond and Hermann, 2014)hus, within this thesis exists a motivation to further
explore the potential impact of desigthinking approaches to sonification through the synthesis of a
flexible desigrirameworkthat will aidand informfuture researchn the developmentof usable user
centric auditory interfaces Furthermore, through the development of a desiffamework this
project seeks to aid in the formalisation of design practice in AD through the creation of a sustained,

adaptable,and replicableset of tools for aiding in the desigri new interfaces.

To test the research questiomgidingthis project we will explore the role of auditory interfaces for
wearable technology, specifically run training interfaces, of which n@mmercially available
examplesalready make use of sound on some level to communicate informakanthermore,
techological developments in the ewvgrowing fitness tracker market haveenedthe possibility

to explore new methods of data representation to aid runners in improving their running technique.
As such, new approaches to interface design present an inivevdésign space for exploring the use

of auditory display design as a tool for creating more effective assistive interfaces.

12



1.2 Research Questions

Giventhe outlook laid out by the previous discussion it is thusgherogaive of this thesis to explore

the following research questions:

RQ1. What is the usexperience of listening tauditory biofeedback while
running?

Rationale- RQ1 experience onceaved as the physicagmotional,andcognitve reactions produced

by the user when attempting taerive meaning from data codified in sound within a particular
environment.¢ KNP dzZ3K GKS fSya 2F S02t23A0Ft IyR SYo2
physical, affective, and culturahvironmeri to inform usercentricdesigrsand facilitate user testig,

a focuscharacteristically lacking in sonification research.

RQ2. What sound designs/interactions influepositve behaviour change

(improved kinematics) in the user

Rationale- Thisproject will investigate how sonification might guide behaviour change for improving
running kinematics. Through survey study cultural probe,participatory workshop discussign
auditory perceptual testsand prototype sonification testingpecific sord design requirements will

be identifiedto produce optimum display efficiencyhisresearch questiomlsoaims to address key
AdadzSa 2F WRSAaAA3AY LINRPOS&aaQ Ay &az2yATAOkcankiey N&E
sonic interactiondesign pra@ess. This relates to RQ1 as influence of user experience on behaviour

change is intrinsic

RQ3. What are the kagcenivesfor users to adopt auditory interfaces within the

context of run training interfaces?

Rationale- While RQ1 and RQ2 relate to theta@alisation of sonification design goals, it is crucial the
project also identifies why sonification is a valid and potentially more efficient tool for improving
motor skill training over othealternativessuch as haptic feedback or current scrdesedsolutions.

This is a key issue in sonification research, where novel designs are proposed for applications without
evaluating if sonification is even worth pursuing in that area ikitess efficient and unable to

outperform other interface designs.
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RQ4 What are thecontributionsto the auditory display research fielcesulting
from adopting a ecological and embodied cognition approacihe designof an

auditory interfacé@

Rationale- As the sonification research community moves towards a more formalised definition of
designtheory, we have observed a recontextualizationaoiditory display researchs a branch of
design theoryand humancomputer intgaction. As such, it is important to explore the application of
established design tools and methods witib research to identify any potential lessons or direct
transference of theory that may be applied to future sonification desigms poject is novel in
applying and adapting specific tools developed within the design and HCI communities to guide the
process of development of a sonification system for run trainingorder to inform better design
practice by querying processes employed specific application that has historically been explored

by the field

1.3 Ethics

Given the usecentric nature of this research project, several elements of each seqlyined careful
ethical considerations. Of particular concern were the use of methods which would result in data that
could be used to identify useend theiridentities orlocations compromisng their anonymity. Such
methods as photographsiandwritten text, video and audio recordings posed a particular threat to
privacy Therefore mechanisms to ensurelata protection were employed, such as, quick
transcription and digitisation of data, and destruction of identifiabkeginal material. Participant
consent was necessary for each stage and documentation was formulated and provided to each
participant ensuring full transparenayn the expectations placed on their contributions to this

project

Additional ethical concerns revolved around the useady-6 2 N}y a4 Sy a2 NBR F2NJ | £ (¢
kinematics and listening to music whilst running in public places. This posed important health and
safety questions, as injury to participants was of great camceither as a direct result of the
technology leing tested, obecause ofiza SsNifie@attention and focus whilst running in transited

street settings. As such, each study which required participant interactiont@stinology, music or
exercising, was constructed so that users were not asked tg catractivities that deviatetar from

their normal exercise routines. This ensured no additional pressure was placed on participants in

14



prioritising the datacollectionover their personal safety, and where participants carried out activities

in publicspaces, they were notified of potential risks in the consent documents, ensuring participants
were fully aware of the hazards involved undertaking these activitie€sach of the methods
employedand the ethical requirements around them were reviewed byyL Ol & 1 SNJ | Yy A @S NZX
panel on two separate occasions, giving their recommendations and consequently full approval for

the implementation of the research methods described throughout this thesis.
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2 BackgroundResearch
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2.1 Introduction

Over the course of the existence of auditory displays, considerable effort has gone into classifying
different sonification strategies into categories and techniques, such as: audification, parameter
based, and moddbased sonification, with the aim of ceerging and standardising knowledge in the

field (Grond and Hermann, 2012jowever, a similar classification ofsign strategies has not been
possible to standardise due to the ambiguous and complex nature of this interdisciplinary paradigm.
Therefore, AD designers continue to face great challenges in designing sound palettes to represent
data within structured thee&2 RNA @Sy RSaA3dyad bSSa ownmpv &dz3a:
has languished, because the requirements of a theory of sonification have not been clearly
articulated. As a design science, sonification deals with artifaatsficially created sonds and the

tools for creating the sounds. Design fields require theoretical approaches that are different from
theory-0 dzA £ RAYy 3 Ay Yy I (dzNT € A0ASyO0SadQ ¢KAa O2yO0S
important, in that it provides a more struated path towards the development of a theory of

sonification through the weléstablished lens of design practice.

Thus, to address the challenge of producing auditory displays that tackle the issues of usability they
have long suffered from, it has becemecessary to adopt design approaches that place greater
SYLKIaAra 2y GKS dzaSNI I'yR GKSANI SELISNASKOEPHA YA
strategies, which have been suggested as possible means for improving usability and user experienc
in technology design applicatiorfgvolf et al., 2015) These approaches may help break away from

the polarising and hierarchical dichotomy of scientific versus artistic representation and instead
frame AD design as a dynamic and adap interdisciplinary design exercise, requiring active

engagement with endisers on a more human and ecological I€ibus, 2012)

In the following sections the background research undamipg this thesis is presented; delineating
design spaces in which such usentric methodologies could be employed to further contribute to

the building of design theory and tools for auditory display research. By enacting this design approach
in the dewelopment of an auditory display for runners, a participatory usentric study is proposed,
which focuses on leveraging ecological and embodied design approaches towards exploring the
physical and cultural environments of this group of arsérs. This thas is presented in the hope of

addressing key design gaps in auditory display research by exemplifying the rich outcomes that can
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be expounded from this type of approach and encourage future multidisciplinary-ceseric

research in the field.

2.2 WearableTecmology andrheQuantified SelfThe State of the Art

Alongside the technological advances of connected deyviwehave seerarapid expansion in the
development of wearable technology and lifelogging applicatipredongside its arresponding

cultural movement commonly]l Y26y | & (1 K&IQWRdece 2043) Quaniifiedself
technologies integrate tracking fadiverse activities such as exercise, health and nutrition, sleep
patterns, mood, dailyasks,F YR a2 OAlf AYGSNY OGA2ya |Yz2y3a 20K
these technologies aspire to provide users with insights into fhass, helping to identifytrends and

patterns in behaviour that could be modifieéd improve their health and welbeing.

Until recently, this level of personséd data collection had only been accessible to specialists in fields
such as professional sport, medicadhabilitation and scientific research however, as these
technologies have become cheapesmaller, and more powerful they have permeated the
mainstream consumer market. Statistics published by leading market research firms on the number
of health and fitness trackeusersshowed an expected increase from 15 million users in 2013, to
almost100 millionby 2018(GfK, 2015and global revenues from fitness trackers to increase from
over $2 billion in 2014 to $5.4 billion by 20Qprague, 2015 he astounding exponential growth of
wearables has been in part influenced by a greater consumer awarehédmsalbh and wetbeing,
which has resulted in fads around new technologfesd, and lifestyle choices. As a result, we have
also seen the popularity of running asz@ampetitive and recreational sport surge in recent years, as
shown by the growing numbepof marathon runners per yeafAndersen, 2015; Fox, 2015;
Harshbarger and Jacobsen, 204B)l the increased popularity of health and fitness tracking software

and wearable devicecurrently on the marketSiddique, 2015)

The current field of wearables can be broken down into thteese categories although the
boundaries blur with each negeneration of devices
1 Smartwatches; These warablesform an extension to the mobile communication device

ecosystem. As such, theyffer functions primarily relatedo communications andocial
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media, with a lesser emphasis general fithesdracking Examples include Apple Watch,
Samsung Gear, Huawei GT.

1 Fitness trackergfor amateur/casual use) These devices are often smallexith simple
displaysand offer reduced commodity features. Primary focus is on basic fitness tracking such
as stepscalories,and sleep pterns. Examples include the FitBit

1 Specialise&port watchesensors; Professional level fithess trackirtgrough multiple body
worn sensors foa wider range and accuracy wietrics in activities such as running, cycling,

swimming. Examplesclude Garmin Forerunner 620, Polar Vantage V.

This study wilplace somdocus on the third of thecategoriesof wearablesdue to their advanced
sensing capabilitie®kun training technologies have become increasingly popularmwithers of all

skill levels, generating millions of downloads and saldke last few yearddowever, the majority of

these run training technologies, and consequently those with the largest number of users, have so
far been designed with the intentionfanotivating nonrunners to run through designs centred
around extrinsicgamified motivators such asreward systems (goals, achievements, milestones,
badges and pointsfDeterding, 2012; McGonigal, 2011)ikewise, companiesmploy targeted
marketing and features totouchdn K S KSI f 6§ K 02y OS mllmatalyflead reimS y G A
to buy into the wearable and fitness software mark8itddique, 2015)n addition, these designs have
often sacrificed sensor accuraagd concrete data representation favour of prowling the user with
asimplerr Yy R P kA Sayfferietc®

An example othe vague data representation common in commercial applicatisribe Niket+ Fuel
points/reward system (part of theNiket Running app suite), whereby everyday activities are
monitored by either a wearable device or a smartphone, and using a proprietary algorithm, the
activity data recorded is translated intdike+ Fuel, an abstract concept used Nike to quantify
activity (Nike 2016) This type of run training system has been dsad for inaccuraciesn data
logging andits outcome ofunintentionally rewaréhg usersfor inconsequential activitysuch as
jostling about while sat dowrthat does not substitute the benefits of a regular exercise regime
(Feehan et al., 2018; Fuller et al., 2020; Siddique, 2&¥s¢nsve user reviews oNiket Running and
FitBit have even reported that vibrations from a car journey or flailing their arrtigiair can count
towards ther daily activity measurements and ultimately skew the accuracy of the(&eddit, 2015;

Reece, 2013)Additionally, studies have shown that for people already motivated and committed to
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running, such as advanced runners and professionals, these extrinsic motivation desigmsoven
ultimately ineffective, and new designdor this particular target audience must take into
consideration the different levels of motivation for this type of user gr¢ipaving et al., 2015)
Conversely, those applications that are far more accurate and more suited to advanced ramers,
top of higher price pointspffer a much more technical and less udgendly interface designwith
detailed graphs and statistic§ocussedon tracking detailed performance metrics that can be

overwhelming or difficult to understand for an inexperienced ugtutchison, 2016)

Running Technique

Kinematic running Alert
analysis tools systems

State-of-the-art running watches

Assistive
Feedback

Representative
Feedback

Running watches

Smart phone running applications

Running Performance

Figurel - Run training technology desigpace (Jensen and Mueller, 2014)

Yet another insight on the current state of the art in run training interfaces can be found in M. M.
WSy aSy I vy Rco@pkehenaeStudy 6f 8hR design space for fitness trackers and other run
training technology (Figure {Jensen and Mueller, 2014Jhe study highlights how tHfecusof run
training technologies has up until recentdgen solely on trackingace, distance, route, heart rate

and calories burned, which are metrics used to assess the overall performance of a run. Performance
metrics are particularly useful for more experienced runners whbo example, know what their
target pace or heart ratshould be and how to maintain it during a particular type of run; but they
do not provide insight into specific actions a runner can take during an activity to improve their
performance. This paradigm is covered by the continuum of tagig in the graplsi shown in Figure

1. To address this issue, staibthe-art devices have started to incorporate running technique
metrics into their interfaces to varying degrees, such as: vertical oscillation, cadence, stride length,

foot strike and ground contact timeéRunning technique (which is described by the kinematics of
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running) indicates the overall efficiency of a run and by tracking this data, a user can feasibly identify
opportunities for improving their overall run performance and even prevent injury. Thes&es
have so far been limited to advanced running watches and compleeapensve in situ camera

systems for kinematic motion analysis.

Another issue presented by Jensen and Mueller relates to how the data measured by fitness trackers
and wearable deices is fed back to the runner, this is plotted along tkexis of Figurelin this case
representatve feedback refers to data presented to the runner pogh, in the form ofcomparatve
analysis graphs and visualizations used for identifying trendsrderring correlations in the patterns

of the measured data, so that the user may gain insight into areas of improveAssisive feedback

refers to inrun feedback designed to update the user of the current progress of an activity. This type
of feedback is usually presented as metrics and statistics displayed on the screen of the wearable
device or smartphone and can sometimes include periodic verbal feedback informing the user of the

progress after given set of time or distance covered.

In the deggn space plotted out by Jensen and Mueller we can see that there is a gap pertaining to
running technigue metrics represented througissisive feedback. So far, most technique training
technologies have been limited to displaying their data as complegmatic analysis graphs
presented to the runner after the exercise activity. A recent example, and one of the most
comprehensve devices for measuring running kinematics is the RunScribearable Gait Analysis
Systemp KA OK Ada O2YLRASKI2DPKI G2 BULIDOKE @ FiKIKE NHzyy S
accelerometers that cameasure a complex set of running kinematics dateh as foot strike, impact
angles and cadencédhis data is recorded during a randis madeavailable to usersither as irrun
YSGNARO& 2y | &AYFNIgl GOK dzaAy3a DI N¥YAY Qaaspatyy S O
run kinematic analysis graplmm a PQFigure 2) This presents aommunicaive challenge for run
training interface degn in that,to effectively use running technique data a user must be able to
adjust their techniqueintuitively and in reakttime, something that is not possible with pestn
information. Of those technologies thalo include in-run assisive feedback fortechnique related

data, such as the Garmin Forerunner 6#0ich makes use of accelerometers and interfacing with
other sensors tajive it the ability to measure a large set of kinematic datse problem is further
exacerbated as the number of data streatosbe displayed increases. Screlemsed displays suffer
FTNRY | fAYAGSR I-F2iyiiS @F YHAIONSS yA INSRXAX FFA Odzf G
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information. This is particularly an issue when the information is required in a dynamic andattent
demanding context such as running, where screased displays have the effect of distracting focus
away from the activity at hand and require the user to constantly break torgiance at the device

screen.

Purisima Creek ~ Pumpkin 10k

Figure2 - Example of postun kinematics analysis graph (RunScribe, 2016)

Jensen and Mueller therefore state thafo meet thecommunicaive challenges of displaying this
information during the dynamic context of running, there is a neeihvestigatealternative feedback
methods and mechanisms that differ from conventional scrbased information interfacé€$Jensen

and Mueller, 2014) This can be understood as a problem of data representation, where current
interfaces assuméhat by simply providing the runner with the information on the current state of a
particular metric the runner will know how to modify their behaviour to correct their movements. It
Is therefore important to considealternative modes @ feedback that allow for the representation of
discrete multimodal data, in a way that can assist a runner in modifying their technique. Of particular
interest as potentiablternatives to screenbased feedback; haptic, auditory and a combination of
different feedback modalities are proposed as viableernatives that have shown evidence in

supporting the learning of complex and discrete body moveméSigrist et al., 2012)

With recent advancements in sensing technolgipe latest generation of run training wearalslare
beginning to include capabilities for measuriagd recordng running kinematicsThis is gositive
developmentin the field in order toaddress the important issue atinning technique whichis
essential for improving overall running performance and far prevention of injuries related to the
sport (Dallam et al., 2005; Mechelen, 2012owever,to effectively utilise these types of data,

runners must be able to monitor and react to theeffectively in real time This presentseveral
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communicaive challenges for the primarily scredrmased interfaces that currently dominate the
product sphere. The problem stems from the dynamic visually demamdinigxt of running and the
limited screen space available to a beagrn device for displaying the increasingly multimodal

streams of running data.

We have seen therefore thathé limitations of screeibased interfaceshave called for the
investigation ofalternative feedback methods, such as soubdsed interfaces known as auditory
RAALI I @&ad ! dZRAG2NE RA&LX F&&a SELX2A0 GKS KdzYl
changes of multiple individual sound soes over timgHermann et al., 2011jand have shown great
promise in areas such as rehabilitation and in applications for learning discreterhodements

(Basta et al., 2008; Large, 2000; Lee et al., 2012; Sigrist e082;, 200 and Park, 2015)hese
features make auditory displays a suitable candidate for relaying running kinematics data to a user in
real time. In the following sections we widive a background to auditory displays and explore the

state-of-the-art of auditory interfaces designed specifically for running.

2.3 On Auditory Displays and Data Sonification

The field of Auditory Display is concerned with examining how the human auditory system can be
used as the primary interface channel for communicating tadsmitting information(Hermann et

al., 2011) Auditory displays were developed to represent data or information by mapping it to sound
parameers by process of filtering and scaling it into useable values for sound manipulation; the
purpose of which is to display and highlight relationships, discrete temporal changes and interactions
in a system or data set. Of particular interest in this fisddthe concept of Data Sonification.
Sonification is a branch of Auditory Displays that specifically refers to the systematic, objective and
reproducible method of mapping data to sound generation parametdesmann, 2010)Despite the
concept of sonification and simple applications of auditory displays existing as far back as 1908, with
devices such as the Geigaunter, or more recently SONAR and heart rate monitors (Kramer, 1994);
international research efforts to understand all aspects of auditory display only began relatively
recently, with the foundation of the International Community for Auditory Displa)Cin 1992.
Auditory Displays have been largely unexplored as an alternative to visual displays, which is
a8YLIW2YFHGAO 2F K2¢g az20AS0é& Tl @2dzNA DAradzZ £ FSSH
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of greater research efforts toward vision thaudition, and a concentration on a single modality
NF GKSNJ 0KFYy 2y K2g¢g @AaAiAz2y FyR FdzRAGAZ2ZY AYydSNI

The motivation to use auditory feedback to represent and understand data can be found in the ability
of the human auditory ystem to understand far more complex and detailed temporal and
multidimensional information than our eyes. The human auditory system counts with exceptional
pattern recognition abilities that allow it to identify and differentiate between discrete sountices

and complex timbral transformations over time, even under noisy condifjBlesmann et al., 2011)
Likewise, Auditory Displays are designeddduce the information load for scredrased interfaces

and other forms of visual feedback, this allows auditory displays to work in conjunction with the visual
faculties in activities that require high levels of visual attention. Given the flexibibtitee auditory
system in reinforcing visual information, auditory displays designs have encompassed a vast range of
applications across the spectrum of humemmputer interfaces (see Tablg. This has led to the
fruition of an intricate and furtive resech field; however, the broadness of applications has led to
difficulties in formalising theories and methodologies with replicable results in auditory display design

(Barras and Vickers, 2011; Barrass, 2015)

Categories Entries

Analysis Multivariate time series
Seismic data
EEG data

High dimension scientific data
Statistics

Data mining

Data analysis

Data perceptualisation
Simulations

Human physiological functions
Professional Internet

Medical

Transport systems

Air traffic control
Control engineering
Broadcasting

Mobile Orientation

Mobile computing
Usability

Information displays for blind and visually
impaired users

Public Exhibition

Museum

Fair

Entertainment
Domestic Furniture

Household machines
Telephone

Home

Design Interaction design
Product design
Industrial design
Architecture

Alarms Warnings

Alarms

Tablel - Auditory Display application design spdEeauenberger and Barrass, 2009)

24



One of the biggest concerns in auditory display design isgtent to which listeners can derive
information from the sounds and codification choices made by designers, as this ultimately impacts
on both the level of user engagement and efficacy of a particular system. This in turn is affected by
the aesthetic andlesign choices embedded into auditory display desfgvalker and Kramer, 2005)

If an auditory display is too akin to a musical experience, the information and meaning embedded in
the sounds can become too abstract or unclear for the listener to interpret corrédipgg and
Vickers, 2006)This vagueness camise from the way humans engage with listening to music as
opposed to engaging in critical listenjnghichis a substantially differentstate of consciousness
Critical listening is a specialised skill that must be refined through extensive trainingtanahty and

IS not often easyor everyday listenerso employ. Secondly, in the cognitively complex and emotive
nature of music, codified data can be obscured if it is not systematically and accurately represented.
This also means listeners must receseene form of training in order to know what they are listening

for in the sonificationWinters and Wanderley, 20140 contrast auditory displays can also suffer
from a lack of musicality and result in the phenomenon known as display fatguemonly
associated with monotonous, repetitive or displeasing sounds, leading to disengagement from the
auditory experiencéHenkelmann, 2007)This is of particular interest to this study given the design
implementations of leveraging the ergogenic effects of preferred music to create a sonic interaction
that is musically pleasing to participants. Ensgrisers are engaged with the application whilst being
immersed in their environment without obstruction, is paramount for a successful design
implementation.In the following sections we describe key design issues in the field of AD research,

and how thedevelopment of design thinking as a practice is of interest to recent AD research trends.

2.4 Key issues ofudlitory DisplayDesign/Aesthetics and)serexperience

Auditory displays have their origin in scientific and engineering disciplines such as, computing,
medicine and aviatio(Barras and Vickers, 201Barly AD research consisted mostly of experiments
exploring sund as a medium for codifying and communicating information for utilitarian purposes
(i.e.,medical applications, sonar, etc.). The results of these early experiments and applications in AD
are characteised by very functionasonificationsof little or poor aesthetic quality (for example, the

Geiger counter). These sound signals, allédrmative and appropriate within theigiven context,
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are monotonous and induce display fatigue over long periods of exposndering them inadequate

for long period nenitoring (Carlile et al., 2011)

However, as the concepts of sonification and AD have become more widely known in other fields,
experimentation with these data analysis techniques outside traditional scientific disciplines has
flourished. Thigs particularly the case with the sonic arts. Sonic artists and sound designers began
experimenting very early on with dat@riven audio for producingnnovatve artistic works(Barras

and Vickers, 2011 Datadriven sonic art presented an opportunity to affect and captivate listeners
by presenting novel, tangible and engaging experiences of d#&tkiyama, 2014) This
experimentation, alongside a desire to improve the poor wmgoerience in edy sonification
applications, brought about the consideration of aesthetics and interdisciplinarity to the forefront of
the discussion on auditory interfaces, as seen at the 2002 edition of the ICAD conf@Bengeand

Osaka, 2002)

The interest in AD by disciplinesognded in the arts and humanities, gave rise to tensions within this
historically scientific field, where practitioners have struggled to value or incorporate the
contributions of aesthetic approaches to AD resedfhmowicz, 2014)The dichotomous discussion

of science vs. aestheticsanditory displayhas been the domirting approach, mainly centred around

the ambiguity introduced to data streams when codified using a heavily aesthetic approach. In
contrast, the more functional and unambiguous signals produced for scieotiinted sonifications,

have been valued due @ preference in the field for quantifiable unambiguous déallora, 2014)

With the emergence of this discussion, some insights into the rolehatiss plays in the user
experience of auditory displays Yabeen gained. HoweveBarras and Vicker@011) argued that

this also presented a barrier slowing progressiothe field by preventing the true interdisciplinary
collaboration which is needed for addressing thigéical issues of usability and usekperience in AD
design. Despite this stagnation, it is clear the important role aesthetics play in the design of a
successful auditory interface, from how it impacts the communication of the codified data, to the
overd f SELISNASYyOS 2F (KS daASNXW . dzi 6KIFG | NB w3z

does a designer achieve usability?

Over time, considerable effort has gone into classifying different strategies in AD into categories and

techniques, such aswudification, parametetbased, and moddbased sonification, with the aim of
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converging and standardizing knowledge in tieddf{Grond and Hermann, 2012lowever, a similar
classification of design strategies and technighes not been possible to standarde due to the
ambiguous and complex nature of this paradigm, and therefore AD designers continue to faaé a gr
challenge when choosing a sound palette suitable fordatsetthey wish to sonifyNees suggests

i K IInipartYsonification theory has languished, because the requirements of a theory of sonification
have not been clearly articulateds a designa@ence, sonification deals with artifactsrtificially

created sounds and the tools for creating the sounds. Design fields require theoretical approaches that
are different from theonpuilding in natural scienc€fNees, 2019) This conceptualisation of
sonification and auditory display as design fields is important, in that it provides a more structured

path towards a theory of sonification through the weBtablished lens of dggn practice.

Thus to address the challenge of producing auditory displays that tackle the issues of usability
highlighted above, it has become necessary to adopt approaches that place greater emphasis on the
user and their experience. CarS j dzSy G f € 3 G KSNBE KIKA yqa3§FAQF | NFLINE |
have been suggested as possible means for improving usability and user experience in technology
design (Wolf et al., 2015) These approaches break away from tpelarising and hierarchical
dichotomy of scientific versus artistic representation and instead frame AD design as a dynamic and
adapive interdisciplinarydesignexercise, requiringctive engagement with endisers on a more
human and ecological levéDubus, 2012)In the followingsectionhistoricalexamples of auditory
interfacesfor run training arepresentedandkeyareas of interest identified to delineate thaesign

spacefor this project.

2.5 Auditory Interfaces for Run Traininghe Sta¢ of the Art

Most current run training technologies incorporate some level of auditory feedback into their designs.
wdzy GNFAYAY3I |LIJA fA1TS | yNKSNRunNig2nblié vervadnpdatssSohS NJ
stats and metrics such as pace, distance, heart etie, at periodic interval§Nield, 2015) These
updates serve the purpose of notifying the user of progress and act as a reference to what stage of
their work out they are in. Smartwatches incorporate haptic vibrations beeps as a means of
communicating to the user in a crude and kevel manner when some metric has changed. Far from
providing any sort of corrective or assistive feedback of 4eglel multimodal data, these forms of

auditory feedback are merely used tommunicate information on the screen of the device to the
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within the field of run training interfaces is not uncommon, however there is a clear gap pedaini
to assistive auditory feedback in running techniepesed interfaces as will be discussed in the

following passages.

Like most current run training technology, as discussed so far, applications of auditory displays that
provide assistive feedback inisharea have primarily focused on using sound and music as a means
of motivation, and for providing assistive feedback of running performance metrics, particularly of
LI OS yYyR KSIFNI NI}GSod 9EIYLX S&a 2F GKA& 2005y oS
RunBuddy smartphone system for running rhythm monitoring, which use rhythmic auditory impulses
to guide the user towards a consistent running rhythm and cadence for maintaining pace. Other
SEIYLX S& Oly ©6S F2dzyR Ay ¢ @indsk deedbabkiatzamidrainiyigh Q
target pace. This project involved an interactive system that provides rhythmic stimuli, derived from
6KS oSG 2F | az2y3ax FyR FRIFILGAa (2 GKS dzaSNDa
The system can alsuggest different paces for the user to adapt to and provides a stepped increase

or decrease towards the new tempo to act as a guide for the ruf@elnuurmans, 2006)n a similar
FlLrakKAz2y GKS ADNR2GAy3a LINR2SO0 o6& 5¢ [ SLISNBI yO
steps are tracked and used as sound triggers for atmospheric drum samples. The prethise of
LINE2SOG A& GKIFIG o0& LINPOARAY3I 0A2FSSRolF O] 27F O
I YSRAGIGA@GS adriSsy GKS AYRAQGARdZ f Oy AyidSt
themselves with the feeling of thapace. This projec however falls short of testing an
implementation of the system design and instead only provides a theoretical and conceptual
backdrop to potential sonification biofeedback desighspervanche, 2013Yhe iGrooving project

builds upon interesting concepts of motivation ianners, that address the issues of current run
training interfaces that focus on extrinsic motivators as outlined by Knaving et al. (2015), however,

does not address technique biofeedback.

So far, we have discussed the prevalence of auditory feedbaekfanes with a focus on running
performance, however, there are a few more recent examples that address the area of running
technique training as outlined by the design space mapped oféysen and Mueller, 2014gen
iNFigNBE M® ad® 9INAR1Edaz2y YR wod . NBaAyQa LINR2SO0 1

sonification involves a system for improving running posture based on auditory feedback, provided
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by accelerometer data of a sensor placed around the waistsyseem used preecorded audio files
stored on a smartphone, made to trigger in response to sensor data thresholds being crossed. Due to
limited processing power available at the time, rale sound synthesis was not possible and
therefore the system m@e use of audio files. The auditory feedback was provided in the modality of
an alarm system, aimed at warning the user if posture was incorrect for more than a certain period
of time, the researchers acknowledge however that while the system is abledb#ek that running
technique is incorrect, it is incapable of suggesting to the user how to adapt to correct it, and that
this proves an important area of researndriksson and Bresin, 2010he results for this project were
derived from a single user case study as a proof of concept for the prototype system. The study
showed that one test person was found to successfully adapt their running technique based on a
simple sound model. However, the authors proceed to acknowledgeW@iNE ¥ 2y S (S &
of course impossible to draw any conclusion about the behagfdhe population at large. However,

S KI @S fIFAR (GKS TF2dzy Rl A 2(Friks$od Ndd Brdshili2R1ENie & U dzR
recently, in response to successful studies for reducing tibial peak positive acceleration in runners
with visual biofeedback, the work by Wood and Kipp (2014) explores the asmlivdry biofeedback

to provide realtime information to runners in the field as opposed to arsitu treadmiltbased
system typically used in other studies thus far. Results for their studies suggestédfhdrd 2 S O (i a
able to significantly reduce Ple®ositive Amplitudes (PPAs) during exposure to audio biofeedback. In
addition, two rounds of biofeedback were sufficient for subjects to retain a reduction in PPAs without
biofeedback. PRgenerated audio biofeedback therefore appears to be a feasibléadedf gait
NBOGNFAYyAy3 (2 NBWaelaSd Kipp, 2044) Ay NHzy Y SNE ¢ Q

Auditory displays are a very useful tool for addressing the issues of representing multimodal data
AUNBFYad ¢KSe SELX 2AG UKt of Krdekrg ymultlpldzBound 220&Bts & @
simultaneously and detecting discrete changes in auditory signals over time. The studies discussed in
this section underline the importance of further investigation into auditory displays as running
technique trainingaids and have mapped the design space for new technologies, modes of feedback
and sonic interaction models. In the following section we introduce the focus defined for the assistive
AYGSNFI OS RSGSt2LISR F2N KA & (KSlAR aLIDRG d3NEBL.G 3 A
misalignment of the neck and head resulting from prolonged incorrect posture in common
contemporary scenarios such as sitting at an office desk and using mobile phones. Forward head

posture is also present in poor running technicared has been demonstrated to impact efficiency of
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movement and injury development of several musculoskeletal compor(dotyy et al., 2020; Koseki
et al.,2019)

2.5.1 Background on Forward Head Posture Research
With the advent and growth of the service industry and rapid global urbanisation, the physiological

effects of office work and technology use have become of greater concern. Prolonged sedentary
periods,inadequate furniture, and bad technology use habits, have contributed to the development
of chronic fatigue, mental health issues, and exacerbation of musculoskeletal and respiratory
conditions in the workforc¢Jacukowicz and Meredot, 2020; Koseki et al., 2019; Sui et al., 2019)

As such, a growing body of work has focussed on probing this environment and exploring design
applications to improve worker experience. In addition to the workspace, the widespread use of
smartphones has led to users spending long periods in unhealthy postures, leading to chronic
straining of neck and back muscles that can lead to diseases such as osyeicgid(Lee et al., 2013)

In conjunction, these two areas represent the bulk of reskanto issues causing incorrect posture

in everyday technology focussed environments.

Neutral head posture Forward head posture
(NHP) (FHP)

Figure3 - Example of Forward Head Post{ieseki et al., 2019)

One such issue of prominent concern is Forward Head Posture (FHP). FHP is defined by the
hyperexension of the upper cervical vertebrae and forward translation of the cervical vertebrae,
which results in a posture combination of sloucHedward shoulders and rounded upper back (see
Figure3) (Koseki et al., 2019FHP can ultimately lead to a painful shortening of thescles of the

back of the neck, as well as compression of the uppermost portion of the spine that supports the
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head and protects the spinal cord, as well as causing issues with respiratory efficiency and mental
health and anxietyAnsari and Kondamudi, 2026HP incidence has rapidtgreased in the decades
leading up to 2016, with this attributed to the fapaced adoption of laptops, mobile phones, and
tablets. This has led the condition to be colloquially referred to as the iHunch, in reference to Apple
products like the iPhonéCuddy2015) Hence, FHP is of significant concern for a large portion of the
global population as global sales estimates for 20026 are expected to range from &4.5 billion

units (Figure ¥(ODea, 2021)

Number of smartphone subscriptions worldwide from 2016 to 2026 (in millions)
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Figure4 - WorldwideSmartphone Subscriptions Projection 2Q026¢ Ericssor{ODea, 2021)

FHP is of particular interest to this study as A) FHP impacts mobility and kinematic efficiency, resulting
in inefficient locomotion and increased strainttee musculoskeletal structures that support the head
(Dallam et al., 2005; Strohrmann et al., 20B})A gap exists in the design space for run training
interfaces related to assistive technique intervemiso(Jensen and Mueller, 2014; Yoo and Park,
2015) this isFT dzZNIIKSNJ NBFf SOGSR o0& LI NIAOALIYGAQ Oy
performance. C) A solid foundation of research exists relating to the physiological effects of FHP to
inform the design process for this project.

Key studies relating to auditprassistive feedback for FHP prevention can be found in the work of Lee

et al., (2013). Here, the authors propose using 8A & | OOSt SNRYSGSNA T2NJ Y

and neck tilt angle during smartphone use. The user is warned via haptic vibraticaams if the
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incorrect posture has been maintained for an abnormal range and needs corr@otiegt al., 2013)

This study presents a useful insight into the use of IMUs for FHP prevention, however, the feedback
only alerts the user of incorrect posture, but does not assist with information on how much
adjustment must be made to correitt Similarly, the work by Yoo and Park (2015), presents an FHP
intervention using surface electromyography sensors to detect contraction of the spinal and neck
muscles, and prompt the user at intervals of 300 seconds if posture is incorrect. Like théwptuele

et al., (2013) auditory feedback is basic and does not provide assistive information. Thus, a motivation
to further explore mechanisms for FHP mitigation using-tmst solutions is evidentKim et al.,

2011) In the following section a background on FHP research relating to running kinematics is
presented to further explore the design space for an assistive run training interface for FHP

mitigation.

2.5.2 Forward Head Posture and Running Kinematics

Figure5 - Example of Forward Head Posture while runifidgnne, 2015)

Running is an intrinsic form of locomotion for humans, as well as an increasingly popular form of
recreation, and most ubiquitous movement across sports disciplines. Furthermore, running is a high
impactfulltb ody acti vity, maki nrgusculeskeletal structuees; this edultstnh e
running being a high injury risk activity, due to the vast range of motion invga&oud et al., 2012)

These complex full body motions make achieving optmrunning technique difficult, particularly if

there are any prexisting conditiongFolland et al., 2017)hus a motivation for designing assistive

interfaces for raning technique improvement exists in the research and private sectors.
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As discussed in the previous section, FHP is an increasingly common issue amongst smartphone user:
and as such, its effects are present during exercise actifAti€sduring runnig can be observed in

the angle tilt of the head and neck while running (Figgransl as such its effects can be exacerbated

by high impact resulting from poor running technique. Whilst much of the body of work relating to
FHP has focussed on sedentary correction of pogungari and Kondamudi, 2020; Kim et al., 2011,

Lee et al., 20Z; Triangto et al., 2020}here is little evidence of FHP assistive feedback for running.
Furthermore, as discussed in the opening sections of this chapter, current auditory display research ha
focussed on applications that target running performdeaeing a clear gap for creating an assistive

run training interface for FHP mitigation.

2.6 Designrhinking

Design thinking is characterised as the consideration of cognitive processes that lead to design action
and arise from the use of ethnographic tools to understand users and their environments in their
natural state(Cross et al., 1992; Tim Brown, 200Bhe evolution of the philosophical aspects of
RSaA3dy GKAY1AYy3a 06S0G6SSYy GKS mpncnQa GKNRBAZAK G
the role of the designed KA ¥ i SR T NER Y- yiX4& Aiy 32 ¥S EFLYS N®IQf i 2 G K|
practitioner (Scln, 2017% ¢ KS LR AAGA2yAy3a 2F (GKS RSaA3IYySNI
away from the characterisation of the designer as a practitioner relying solely on their training, and
consequently their preconceived knowledge of theory amchnique to produce designs. This new
conceptualisation of the role of the designer embraces uncertainty, serendipity and dialogue with
users, to construct ad hoc theories and methodologies that target specific design scéBSasasnd

Dix, 2009) Thus, the informatiohJNRE OSa &a Ay 3 O2y OSLJG d& Z tAdzd Ay BNI
F2NJ RSaArAdy o6 a NB2SOGSR Ay -siubtidzuzNd NB TY RISGSA AQ2 V-
ideation of the design space opened up sensitivities to human and environmental factors more
commonly associated with the social scienf@susbaci, 2008)n this new design paradigm, qualities
designers musembrace are experimentalism, collaboration, empathy and-ifléction to better

understand the complex and nuanced interactions between users, their environments and the

designs produced to respond to specific scenaf®ass and Zhang, 2010)

Design thinking spurred the prolif&tion of usercentric methodologies aiming to improve usability

through empathic design conscious of user environments, experiences and sensibilities. As such user
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centred design has become a central tenet of disciplines concerned with technology dasigass

HCI, which have recognised the potential in engaging users to produce more meaningful and

impactful designs. HCI practitioners have been successful in spearheading the adoption of design
GKAY1AYy3 AY I FASER LINE JDgageningup BepoRRibilles todett&thA 3 2
explore and understand the ambiguous nature of data produced by désigad research in the field,

ultimately enabling actionable paths for desi@@®aver, 2012; Koskinen et al., 2011)

A key focus of incorporating design thinking into HCI has been to embrace innovative frameworks and
methods, while consistently aiming to produce stable &ransferable tools formalised into the body

of research. This ability to formalise experimental tools has been central to the success -of user
centred design adoption within HCI and has spurred a shift away from positivist frameworks towards
usercentricapproaches in related fields which employ desi@sed approaches for the generation

of new knowledge. A recent example of a field that has begun a transition from positivist and
information-processing philosophies is auditory display research. As explotied previous chapter,
traditionally the field of auditory display research has struggled with adopting ambiguous qualitative
data and favoured quantitative scientific methods, whilst the argument over scientific sonifications
over aesthetic approachelBas dominated the majority of discussion in the fiéBhllora, 2014,
Filimowicz, 2014)This has resulted in a difficulty in formalising design theory of auditory displays as
the nature of this field ofesearch encompasses a vast range of disciplines, much like HCI, and thus
new approaches to critiquing evaluating design methodologies in auditory display research has

pushed the field towards more useentric philosophies.

2.6.1 Towards a formalization of ABeory
Despite its close relation to HCI research, auditory display research has been slower in adopting user

centric methods, however as of recent publications wsentric methodologies have begun to
become more prominen{Landry and Jeon, 2017; Metatlaat, 2015) In these recent examples a
clear shift in vocabulary and techniques has become evident, reflecting the influence of design
thinking by showcasing theories and approaches to design more common in HCI and the social
sciences. This convergenbetween the fields of AD and HCI research present an opportunity to
homogenise the approaches employed in AD research and produce a more formalised theory for

sonification and auditory display design.
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Clear examples of this shift in philosophy amongstabditory display community can be seen in the
work of prominent AD researcher Stephen Barras, where he describes the introduction of aesthetic
considerations to the field of AD research as a consequence of the explosion in popularity of what he
terms the Wl Sa G KSGA O ( dzNBarragsy2019)Rhis drbsthetic turdl h Figullisation is
understood as the revolution of data visualisation through the skills and perspectives of artists and
designers, who were able mpenthe field to innovative ways of experiencing the nuances of complex
data sets. Barrass describes sonification and auditory display as the auditory counterpart to data
GAradzZ- £t Aal GA2y theyeRensoy @ thadstBeScRurnitdsbnificatidn could transform

this field from a scientific curiosity and engineering instrument into a popular mass ni@anass,

2012) Further examples of the vision proped by Barrass, can be seen in the work of Wolf et al.
where a decentralised approach to AD design is presented. In their paper, users are given control over
a semiautonomous sonification system that implements established sonification techniques, to
produce a soundscape which users are able to affect and modify the mapping parameters to sulit their
preferencegWolf et al., 2015)The authors of this study expressly use techniques adapted from HCI
to develop a usecentred approach t&AD design and test the applications of this techniques within

this field, as such, the researchers acknowledge further investigation of this methodologies is needed.

As observed in key examples from prominent researched in AD design, an amalgamatsigof d
thinking activities and tools has begun to appear in AD research, as such, the motivation to further
explore these technigues present an opportunity for the field to produce more cohesive tools and
theories of sonification, leading to a more sustdl@ecology which pushes knowledge in the field
forward. Of particular interest to this project are two approaches well established in HCI research
which have found their way into more recent sonification research, ecological and embodied design.
These twaotions, grounded in psychology and cognitive science, offer fresh perspectives on how to
better understand user experience, perception, and behaviour by focussing thecestic lens on

the relationships users have with their environments, their camssness and their mental states. In

the following section an account and background of ecological and embodied design to frame current
UCD approaches within HCI research and how they relate to current approaches in AD design and

research.
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2.6.2 Ecological andrebodied approaches to AD Design
5dzNAyYy 3 GKS mMopcnQa | aKATAO Ay (GKS 02y OSLJidz £ A &

cognitivist informatiorprocessing philosophy began to be rejected in favour of more huosetric
interpretations to cogriion. One such theory was proposed by James Gibson in 1966, known as the
ecological perceptual theory, which moved away from an interpretation of the world as a chaotic
source of random sensory stimuli, onto which organisms capable of perceiving supeximpos
structures of meaning, derived from mental representations of the world stored in their cognitive
apparatus (Gibson, 1968) DA 0 a2y Qa UGUKS2NER LINRPLRAaSR | ofNI RA
perception for the cognitive sciences at the time. Here cognition was understood to be derived from
the situatedness of the perceiver in a naturally structured environment controlled by the laws of
physics, in which ambient information permeates andwad the perceiver to aqWilson and Foglia,
2017) In this framework, perception is an actisad exploratory state which the perceiver uses to
orient itself through actions within its environment. Perception is considered as aadagiting
process of decoding ambient information by the sensory organs, which then in turn reinforce and
optimise the perceptual system, allowing it to become more sensitive to the subtle invariance of an

evolving yet stable environmeiiClarke, 2005)

hyS 2F (GKS Y2aid AYLERZNUIFIydG dGF1Skglrea FNRBY D
understanding the synergies between the environment and perceiver is the concéffiooflances.

I TF2NRIFyO0Sa N8B daASR (2 SELXIAY K26 (GKS Aydll
perceiver with cues on how to regulate its behaviour in response to a particular context of events
within the environment. These affordances are what pernmitaganism to react appropriately to

what occurs without any prior knowledge or cognitive procédgose, 2002)Furthermore, it is
important to note that the ecological theory of perception does not distinguish between the physical
natural environment, and the more abstract cultural environment of human experience. Thus,
perception is not limited to physical objectaind interactions, allowing the extraction of actionable
meaning from abstract phenomena like language, emotional expression, sound and graphical symbols
(Clarke, 2005)This new understanding of cognition as a percep#otion cycle stemming from the
situatedness of the perceiver in a sensoigh environment, not only revealed the intrinsic
relationship to the environment, but cast the spotlighn the perceiver as a primary actor, which

dzf GAYlFGSte FT2a0SNBR (KS y20A2y 2F WSY02RAYSy

the body of a perceiving organism as peripheral to cognition, however, the notion of embodiment
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recontextualisé this perception(Hirose, 2002) Cognition was now viewed as intrinsically tied to
FALISOGa 27 (RS 2IEMPNA BENRAGRKE ONI AyS a | Oy
ability to sense and decode the affordances which @rishe environment it inhabit§Wilson and

Foglia, 2017)In the current scope of technology design, the body has become of central concern for
design as we seek to expand its capabilities. Thus, embodied design aimgagéetre situatedness

of the body within the ecologies it inhabits to inform desiyiilde et al., 2017) Theaffordances
designers are presented through embodied design have allowed the development efargec
frameworks, particularly useful in perceptual research disciplines like auditory display design, by
providing tools to adequately scrutinise the retatship between users, environment, body and

product(Sas and Chopra, 2015)

While the specific language and theory of embodied design is relatively new to AD research, notions
of ecological and embodied perspectives to auditory perception are present throughout related
KAaUG2NROIf &2dzNOS&a O2yGSYLIZNINE $gAGK DAOGAZY QA
O2YSa FTNRY (GKS WiAaGSyAy3a Y2 R@tuson By $@relChiadSIR 0 &
their work Schaeffer and consequently Chion, aimed to formalise ideas on the situatedness of the
listener and the listening state of mind experienced in varying contexts, by creating a taxonomy of
the different modes of listeimg (Chion and Murch, 1994; Schaeffer, 1968he categasations
presented in these taxonomies laid the groundwork for an embodied approach to musicological
NBEaSFNOK AydG2 GKS tAa0SyAy3a FyR LISNOSLIA2Yy 27
to fit more modern perspectives on music perceptiduuri and Eerola, 2012As the philosophy of

' 5 NBXaSIFINOK KlFa aKAFTISR (2 SYLX 2eAy3d GSOKYAI
listening, the effect on perception of the different listening modes has become of great relevance to
the field and used a source for defining design parame{(@sond and Hermann, 2014%imilarly,

other ecological approaches have come frame application of Gestalt Theory, used for describing
processes for designing auditory displays that integrate discreetly into their intended ecologies and
are designed by considering the environment they sit in as a wiitilenberg et al., 2016)More

recently, the work of Dermot Furlong and Steven Roddy has been exemplary in championing the
application of embodied design in A8searchandpresents the most coprehensive and explicit use

of embodied design in the fielk y GKSANJ g2NJ] X Cdz2Nf 2y3 | yR w2RF
GKAY1AY3IQ d 1S@ oFNNASNR (2 RS@OSt2LIYSyd 27F !
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as a framework to address tHeey issues in theory formalisation and lack of cognitive research in

auditory display desig(Furlong and Roddy, 2020)

From these instances and throughout the discussion in this thesis, it can be observed that the AD
communityhas been shifting towards more useentric approaches in recent times. However, while
much attention has been given to understanding the listener in the domain of music and organized
sound, the same cannot be said of AD and HCI rese@fdikers, 2012) This is of particular
importance as greater emphasis on usaperience has become paramount to current AD design.
Given this, it is a key priority of this project to explore the application of ecological and embodied
design as a tool for producing rich and innovative studies within the fiekDoésearch, thus in the
following the cultural probe methodologys analysed as a valuable tool for developamgauditory

interfacein line with the discussion presentedtinis chapter.

2.7 TheCulturalProbe Method

Cultural Probes are a desigd approach, which emerged from the work cadrieut by Bill Gaver,
Tony Dunne, and Elena Pacenti, as part ofEhkePresencroject Their research aimed to explore
how to better integrate elderly people into their communities, the results of which, were outlined in
the articleCultural Probepublished ininteractionsmagazingGaver et al., 1999)n this article Gaver

and his team discussed how they developed cultural probes as a method to provoke inspirational
responses from their participants, with the intention to better understand the commesithey

would be designing for and to open possibilities for new design spaces.

WeKS LINPO6Sa XIRRNBaa | 02YY2y RAfTSYYl Ay
groups. Understanding the local cultures was necessary so that our designs
g2dzZ Ry Qi &aSSY A NXEBEfeSedl. vap9)2 NJ | NNB I y { X

Taking an artistiesigner perspective as opped to a scientist (or engineedgsigner approach,
Gaver et al. (1999), envisaged the cultural probes as a tool, not for gathering user requirements, but
for uncovering and developing new spaces for design in user experience, pleasure, and sodmbility.

such, Gaver et al. (1999), did not prioritize precise analysis or controlled methodologies as in
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traditional ethnographic studies, but instead attempted to create a dialogue between researchers
and subjects for the consideration of the cultural implioas their designs could potentially have.
Inspired by the Situationist, Dada and Surrealist movements, the probes were designed as a set of
fun, abstract and opeended tasks that would provide inspirational information to stimulate the

RS & A 3y S N, rakth¥tlthanipsbvidé data for defining user requirements.

Wrying to establish a role as provocateurs, we shaped the probes as interventions that would affect
the elders while eliciting informativel & LJ2 y & S & (GadtBt ¥l., 10IQFhis @pproach allowed
for the consideration of broader information such as beliefs, desires, emotions, aesthetic preferences

and the cultural concerns of the participants.

In the work of Gaver et al. (1999), as well as in the mgjaitother cultural probe examples that
KIS F2tt26SR>X GKS LINRPoSa Gl 1S GKS F2N¥ 2F LXK
for completing a set of opeended, provocative and abstract tasks set by the desigfiwehner et

al., 2007) The materials proved traditionally consist of maps, disposable cameras, journals or
sketchbooks, media diaries, postcards and basic craft matéa®er et al., 1999; McDougall and

Fels, 201Q)

The contents of these probe kits were designed and chosen in response to a variety of perceived
obstacles the researchers had to overcome to initiate a conversation with the elderly communities
they would bedesigning for. The playful nature of the probes aimed to mediate the tensions created
0SGsSSy (GKS NBaSIFNOKSNkadzowaSOG RAOK2G2YeZX I
LI NIAOALNI yiaQ LISNBLSOGAGSa®

W aAy3a 2FFAOALE 221 aefings sfedeidikely B gast UsAinNB & 2 NJ
GKS NRtS 2F R20U0U2NEXZ RAFIYy2&aAy 3 dza SNJ LINR O |
(Gaver et al., 1999)

Secondly, their compact form allowed for geographical barriers to be overcome,
allowing participants to post theprobes back to the researcheiie largely
visual nature of the probe materials likewise served to mediate problems relating
to language barrier¢Gaver et al., 1999)

39



In recent years, research in HCI has shifted its focus towards trying to betterstioeéthe user and

the influence design has on everyday life. Consequently, this has led tcersteed methods such

as cultural probes to be explored as alternatmeans of engagement with target user groups. This
wide adoption of the use of cultural pbes, however, has attracted some criticism within the HCI
community, largely stemming from tendencies to replace traditional ethnographic studies with the
probe method and trying to analyse the results from a scientific standploitthe following sectins

we will detail how the probe method has been adapted and interpreted in HCI in order to shed light

on the issues mentioned previously.

2.7.1 Cultural Probes in HCI
In the work carried out by Boehner et al., (2007), a review of approximately 90 paperkentptake

2F Odzf GdzNF £ LINRPO6S& SAGKAY 1/ LY NBOBSIHESR | RAQ
order to characterize this diversity Boehner uses the umbrella 1 Q  I(B&hiGeSed al., 2007)
¢KS GSNNY WEQ LINRB6Sa Sy 02 YLlnkthods thatdrclids TeskdnofogyS 2

Probes, Urban Probes, Empathy Probes, among other variations of the original probe method.

.8 O2YLI NRY3I G(GKS €AGSNI GdzNBE O2y OSNyYyAy3d GKSaSs
attributes of the original probenethod that have been incorporated, adapted, and discarded by

different research groups, and comments on the implications of these decisions.

Probes as Data Collection:

Boehner et al., identify that the most prominent feature found in the papers restews the
approach of using probes as a form of data collection. This method sees the original probe method
being used for user requirements gathering, as well as a supplement to, or in some cases a
replacement for ethnographic studies. Likewise, someaaaghes suggest following up probe studies

with ethnographic methods, such as interviews, to help validate the probe results. This has been
ONRGAOAT SR F2NJ IFRIFILIGAY3 G(GKS LINRP6S YSGiK2R Aydz2
to capture whattrue ethnographic studies capture due to a lack of analytic and methodological
concerngDourish, 2006)

Probes as Packet:
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Another prominent feature amongst the literature has been the adoption of the original form of the
WILIINRPOGS (A0QY gAGK az2YS aGdzRASa K24SOShded2yf &
postcards, or the photo diary, instead of the whole package. lteappthat in many cases this
approach has been adopted as a form of readgde kit to quickly gather data without the need for
in-depth analysis, particularly useful within industry where design periods are short due to budgetary

concerngBoehner et al., 2007; Gaver et,&004)

Probes as Participatory:

A less prominent, but still commonly cited attribute is the participatory nature of cultural probes.
Participants often cite the level of participation afforded by the probes as more enjoyable than
traditional approacles such as interviews. They allow participants to control the information they
provide and are therefore favourable when dealing with participants in sensitive contexts, where
privacy is necessary. Similarly, probes are associated with emotional aspdeisigri and HCI, due

to the playful, creative and abstract nature of the tasks involved, this has become an increasing

motivation for probe use in recent yeafBernhaupt et al.2007; Vetere et al., 2009)

Probes as Sensibility:

Far less common in the literature are works that cite the provocative nature of probes as inspiration
for the development of new methods. These works usually abandon the traditional probe kit, and
instead appropriate the attitude behind the cultural probe method. That is, the designed artifacts,

I LI AOIF GA2ya 2NJ AyadadlttlrdAazya aSNBS | a I F2NX
new technology or devic@Boehner et al., 2007; Lundberg et al., 2002)

The work provided by Boehner et al. (2007), highlights the trends observed in HCI literature regarding
cultural probe uptakedd A& 2F y2GS GKFIG GKS 2NRAIAYLFE F2NY
along with their use to stimulate design conversations with-esdrs through play and participation.
Meanwhile it is less common to find approaches that have been inspyethe provocative and

subversive nature of probes.

I NBGOASG 2F fAGSNY GdzNB Lzt AAKSR | FGSNI . 2SKyS
highlighted in their work, where the probe kit and probe for data collection approaches stikiprev

Examples of this can be observediscovering Madeira: A Case for Cultural Pr¢besuwen, 2011)
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where the authors advocate validation of their results obtained from their probe study through
subsequent supporting interews with participants. Likewise thAWN project (Jeng et al., 201])
takes the form of a probes as method for data collection, with a strong emphasis on trying to
rationalize results. Further examples can be foun¢Hntdinson et al., 2003; McDougall and Fels,
2010; Thoring et al., 2014)

2.7.2 Evaluating the Cultural Probe Method
The way in which cultural probes have been incorporated into HCI studies, as outlined in the previous

sections, has created tensions within th&CHcommunity, attractingseveralcriticisms over this
YSGK2RQa @It ARAGE Ay ThiShasledlon floyi 8 deRadiagn frdnyfthe prigigad t S

intentions behind cultural probe studies that the original authors foresaw.

In a followup articleto their original cultural probe study, Gaver et al., caution against the continuing
tendency in research, to rationalize and summarize probe results, in an attempt to produce user
requirements analyses from the data they collé@aver et al., 2004)

By appropriatingi KS LINP6S YSUiUK2R Ayd2 GKA&A WaOASYGATAO!
the true insights cultural probe studies can provide. Throughout the literature reviewed, many
researchers acknowledge that despite the cultural probes being designedspiration, they were
adapted in some way to provide information that could be used to validate and rationalize the results
(Boehner et al., 2007)These approaches commonly place less emphasis on the provocative aspects

of cultural probes, in fear that the data retued might be too abstract or unclear.

Gaver et al., 2004, point out this ultimately has the consequence of leading to probe studies which:
1 Ask unambiguous questions that lead to predictable and unsurprising results, only reinforcing
what the researcherleeady knows.
91 Due to the abstract nature of the method, this may lead to poor interpretations of individual
subjects when trying to rationalize and summarize the results.
1 Constrain the imaginative element for storytelling that can inform design and iy adqect

of the cultural probe method.

¢ KS OdzZ GdzNIF f LINPO6S YSGOK2R KIF a | f@ahnerstdly 20074 1 Sy

Dourish, 2006) This comparison stems frothe similar emphasis the cultural probe method and
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ethnographic studies place on the interaction between researchers and research subjects. Likewise,
both approaches focus on the similar domains of inquiry of everydayHibevever, due to the
scientific prspective pervasive in HCI, these research methods have been adapted to elicit
information that can then be used to produce usequirements. Where ethnography is a valuable
method for generating this type of data through interpretative analysis, cultprabes were never
intended to generate any data at all. To attempt to interpret them as such distances them from being
meaningful conversations between designers and participants, to an impersonal analysis

independent of both(Boehner et al., 2007; Gaver et al., 2004)

Our Probe results are impossible to analyse or even interpret clearly because they
NBEFffSOG G22 Ylyeée tF@8SNA 2F AyTFtdzsSyOS | yR
between the volunteers and ourselves: On the one hand, the returns are
inescapably the prodis of people different from us, constantly confronting us
with other physical, conceptual, and emotional realif@sver et al., 2004)

The continuing prevalence of using probes as data collection methods is evidence of a larger and
systematic misunderstanding of the probe method, resulting from the tensions created by scientific
oriented perspectives in HCI, rather than an attribute of timethod itself. Similarly, the
LISNII aA@dSySaa 2F GKS WLINRPOS Fa LIO1SGQ YSGK2R
from their original work; where they acknowledge the potential to adapt the probe method to
different areas, but state that!l ISy SNA O I LILINRF OK G2 GKS LINROG
AYaAyOSNEs tA1S 2F7FAOA LI (Gavar 2t Hly E099%his prébe packet Snkis S NJ
consisting of a camera, postcards, diary, maps, and tasks are often enough for &hgsaeer to

cite probes as central to their research methods. In cases such as these, what is adopted is the probe
method but not the methodologyBoehner et al., 2007)Nithout this methodological approach the
probes merely become the packets of objects that they are mdule) @ithaut tHé epistemic
ANRdzy RAYy3 GKFEG YI 1S ( BBechredetdb 2007) a G NHz & YSI yA

2.7.3 Probology
Arising from the previous sections, a fundamental issue that attracts criticism of the cultural probe

method is the appropriation of the method without themresponding methodology. Gaver et al.
FOly26f SRAS (KAAZ AY UGKSANI RAAGAY OlProbofog@@kBell 6 S S

probological approach uses Probes to encourage subjective engagement, empathetic interpretation,
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and a pervasive see of uncertainty as positive values for des{@uaver et al., 2004)While the
authors proceed to acknowledge the probe technique may be adapted towards different needs,
Gaver et al., encourage the adoption of a methodological approach and place emphasis on the design

process of cultural probes.

The real strength of the method was that we had designed and produced the
materials specifically for this project, for those people, and for their environments.
The probes were our personal communication to the elders, andpteal the
elders to communicate personally in rettaver et al., 1999)

A key aspect of the original probes that has been overlooked and usually omitted, as outlined in the
work by Boehneket al., is the detailing of the process by which the probes are designed, as well as
the acknowledgement of the subjective nuances and biases of the designers throughout the design
process (Boehner et al., 2007)In the original cultural probe study, a substantial amount of
consideration went into the design of the probes, focused through the lens of functional aesthetics
(Gaver et al., 1999). This consisted of viewing aesthetic and conceptual pleasure as an integral part of
functionality, thus allowing the probes to be dgsed so as to be delightful, but not childish or
condescending, designed but not intimidating and personally reflective for both the participants and
the designergBoehner et al., 2007; Gaver et al., 2Q0d)timately the success and appeal of the
probe method lies noonly in its potential for yielding unexpected insights, but also in promoting
active engagement of participants with the research tool through embedded and designed
playfulness. Through play participants interact more honestly and with greater disregatbefo
scrutinizing academic eye, allowing us to pear into the unconscious emotional and personal

environments of users in their everyday li@sernhaupt et al., 2007)

This chapter has thus far detailed the development and evaluation of the cultural probe method in
relevant fields of research to the scope of this project. In tiiWing section an adaptation of the
cultural probe method employed to generate valuable design knowledge and understanding of the
emotional connection between runners, running technology and their everyday environments is
described. As the initial aim ahe project is to focus on usaentred design and the emotional
context of user experience of runners, the cultural probe framework that has seen widespread use in

design and Hdeéd practices presented an interesting way to understand the research xbatel
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create a dialogue between the researcher and the rational/emotional actors within it. Furthermore,
cultural probes have seen previous and successful application in the research and design of assistive
technologies(Brown et al., 2014)such as the one this project is concerned wilb. address the
tensions and limitations of thimethodwithin the HCI realm, careful attention was paid to the design

of all the features of the probes. As a resalffewinteresting points arose concerning the value and
effectiveness of adapting the cultural probe method as a tool for generating designdduevfor
creating auditory displays for runneis. the following section, a background on participatory design
methods ispresentedto underpin the value ofttultural probes in iterativelydesignedtechnical

solutions.

2.8 Participatory Design

ParticipatoryDesign (PD) is an innovative approach to computer systems design in which the users
ultimately destined to use a particular system play a crucial role in the design(®thuler and
Namioka, 2017) Any technology system development process faces the problem of defining
parameters of design. This has traditionally taken the form of user requirements gathering, whereby
methods are employed to elidrom users what it is they want the technology being designed to do

for them. Such methods include paid focus groups, model users and operability tests, which are used
Fa WadlyR AyaQ FT2NJ GKS | Oldz f (ldedeStNp 2046)t isgug f £
with traditional methods of requirement gathering is the displaced context in which they occur,
where design decisions and implementations are made away from the specific site or environment in
which the technology willltimately be used. Issues that PD researchers are particularly faced with

in conducting design activities through this framework, are influenced by the relations between
researchers and users, and ultimately the power dynamics that the role of the exmethe layman

are usually associated with. Researchers hold power over research design, resources and specific skills
for mediating, influencing and decision making in any given project, and traditionally users were seen
as unable to contribute to the dgn process due to their lack of formal training. Given the goals of
PD, researchers and designers must find a balanced approach in diversifying and decentralising these
power dynamics through appropriate PD methods, in order to leverage the knowledgremntly and
intrinsically available in users experiences of their own environni®taguire, 1987; Vio Grossi,

1981)
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approaches has been previously discussed in chapter 2 as the rejection of positivist information
processing perspectives, and is an intedeakture of PD and other similar methodologigsoleman

et al., 2007; Norman and Draper, 1987; \&rdurg et al., 2002)As such, PD does not reject or
disparage the value of formalised training and expertise, but rather aims to leverage it in conjunction
with knowledge derived by the stakeholders ultimately affected by any design application.Phus,
demands active participation and engagement between users and expert designers to generate
LI NI YSGSNB FT2N) RSaA3Iyd tFNIAOALI 2N 5SardyQa
and can be understood as a shift in perspective of the rok@idesigner in three meaningful ways

(Bjogvinsson et al., 2012; Tim Brown, 2008)

1. Designersshouldmode g &8 FNRBY GKS WwWOdz §Q 2F (KS LINBR
socially innovative design that transcends capitalist motivations.

2. Design should be a collaborative process giving voice to participating stakeholders

3. Ideas and designs should be prototgheested, and refined in a hands way, early in the

design process, with a distinct humaantric, empathic, and optimistic lens.
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MAKING TANGIBLE
THINGS

b
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2-D collages using visual and
verbal triggers on backgrounds
with timelines, circles, etc.

2-D mappings using visual and X X X
verbal components on patterned
backgrounds

3-D mock-ups using e.g. foam, X X
clay, Legos or Velcro-modeling
TALKING, TELLING AND
EXPLAINING

Diaries and daily logs through X X X

writing, drawing, blogs, photos,
video, etc.

Cards to organize, categorize X X
and prioritize ideas. The cards
may contain video snippets,
incidents, signs, traces, moments,
photos, domains, technologies,
templates and what if
provocations.

ACTING, ENACTING AND

PLAYING

Game boards and game pieces X X X
and rules for playing

Props and black boxes X X
Participatory envisioning and X

enactment by setting users in
future situations

Improvisation X
Acting out, skits and play X X
acting

Table2 ¢ Table of example PD methoffshoudhary, 2019)

PD presents designers with a set of tools to probe, communigadecollaborate with stakeholders.
Such examples of current methods employed in PD studies can be found irRTelide this table

of methods is not exhaustive, it is also important to bear in mind that PD methods should be
constructed and tailored accdingly to the specific design space looking to be expldfdth and

Park, 2007; Choudhary, 2019s such, PD presents opportunities to produce experimental and
innovative mixed methods approaches to design by tangethe situatedness of users within their
environment, and thus is a useful tool for achieving the goals of ecological design presented
throughout this thesis thus far. In the following section, the specific application of PD principles in AD
research igpresented as a background to contextualise the use of participatory workshops for the

further development of prototypes for assistive sodbdsed run training interfaces.
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2.8.1 Participatory Design in Auditory Display
In the previous chapters of this thesibe development of usecentric principles in AD research has

been expounded, capturing a broad view of the current philosophical perspective, use of research
methods and applications in contemporary and historical AD studies. In this section a focussed
analysis of explicit use of PD methods in AD research is presented, culminating in the research design
decision to make use of participatory workshops for the next stage of technology development

presented in this project.

The development of UCD and designnking in AD research has presented opportunities to
homogenise and formalise tools for AD design in the field. However;sagsgric methodologies and
frameworks encompass a great range of tools and techniques generated through the foci of different
approaches to humastentric design, examples of which include Participatory Design, Contextual
Design, Participatory Action Research. Methodologies derived from these different approaches have
begun to permeate AD research in an attempt to resolve the isbumsght about by the cognitivist
mentality that dominates the fieldBarrass, 2016)As such, in the interest of this project, exploring
these developments is important to informing tools atethniques that enable ecological and
embodied approaches to design. Participatory Design presents a particularly interesting methodology
in that research is focussed on empowering users to influence design through action and dialogue
and makes use of toglthat probe and emphasis the situatedness of the user and their embodied
experience of their environment. Examples of PD are present in contemporary AD literature in the
work of Visda Goudarzi. In their paper, the author employs the HCI derived methale of
participatory workshop to create a dynamic interaction between users and designers to create user
centric sonificationgGoudarzi, 2016)These dialogues we used to bring to light common threads

and barriers between designers and users and provide a basis for the creation of a synergetic
relationship with overall onus lying with users. Despite the challenges in communication and
interpretation presented by G G SYLIGAYy3 G2 F2NX RAFf23dzS 06Si36S
suggest the participatory workshop method provided a useful tool for mediation and for fostering an

F LILINBOALF GA2Y F2NJ S OK 20KSNNA LISNBLISOIAGSE |y
Further convergence betven the tools and techniques developed in participatory design disciplines
with AD research can be observed in the work of prominent AD and sonification researchers Steven

Landry and Myounghoon Jeon. In their paper authors employ a PD methodology to place d
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as a source of design knowledfleandry and Jeon, 2017 this work, the authors aim to address
issues with previous methodologies employed in developing sonifications of dancer movements.
Namely, the lack of clear and stated methods for identifying, selecting and testing the most
appropriate movemensound mappings for dancer sonifications. The authors propose PD as a
mechanism to eliminate to®2 6y RSaA3dya ¢gKSNBoe RSaAIySNEBRQ d
decision making and instead focus on the embodied experience of dancers to guide the pragect. Th
authors highlight the complexity and unfamiliarity of employing such methods in the quest for
designing an auditory interface but encourage further study of the methodology due to its ability to
generate rich source data in collaboration with easkers.Thus, a clear motivation for employing
participatory methods in AD research is present, and as such a crucial tool for the development of
this thesis.In the following sectiona critical reflection of the background research is presented in

order to jointhe narrative that has guided this thesis project.

2.9 Reflectiorand Outcomes

With the body of workoutlined by the background researohChapter 2, a defined path to this thesis
was synthesised. Looking to further explore thet untapped potential ofauditory displays,
identifyingkey developments of design practice in the figltbrmed the research design proces§s.

line withthe shift towards HCI derived processes and methHodsgesignwithin AD research, a design
philosophy roted in ecological and embodied desigras embraced for this thesisThisdesign
perspectivelaid the groundwork for enabling research decisions to be derived directly from end
dza S NE& Qy fdcyssiddgdirectly otheir environments and consequently onein emotional and
embodied experiencesin order to exploresaid experiencesit was determined experimental
methods such as Cultural Probes (Chapter 4) and Participatory Workshops (Chapter F)ecould
leveraged toprovide rich qualitative andbstract data often overlooked in the AD field good
example of the benefits of such approaches can be observtitensions in AD research created

by information processing perspectives with a resistance to ambiguous data and the need to embrace
abstact emotional data in order to better understand user experiences; thus, the Cultural Probe
method, which embraces ambiguity in datatesented an interesting opportunity to query these
tensions in the field. Additionallfhese more experimental approaebwere employedo build upon

preliminary data captured by a survey study, which allowed a far greater reach of users with the
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limited resources availabl®® a PhD projectThus, dawing knowledge directlfrom users at each
stage of this thesipresentedan opportunity to approach AD design from an innovative perspective

for the field.

In order to test out a participatory approach to ABsearch it was imperative identifying an
application in whicha historical body of research in the fieddready existedin whichtraditional
methods of AD desighave been employedFurthermore, this application required to have users
enthusiastic about using the technology and benefit from exploring AD as an innovative mechanism
to address user experiencAs such, run training interfacegere identified as an interesting area for
design as they presented interesting design challenges both from the AD design perspective as well
asfrom the wearabléguantified-selfdesign spacéAs identified in section.3, run training interfaces

have long been of interest to AD research and a broad body of work exists exploring their application,
however, within this research few examples have approached design from purelgergeic design
approaches and have often t#8gi SR &aAYAf I NJ I NSFa (2 GNIRAGAZY
address the gap for assistive interfaces illustrated in Figuaedlexpounded in section 2.Zhus,a

clear focus of developing an assistive run training auditory interface via acas@ic methodology
became the primary focus of this theswith a further explorationof potential assistive feedback
streams, Forward Head Posture was identified as a viable application as no commercial applications
have yet incorporated such a metric intorrtraining interfaces. Additionally, the prevalence of FHP

in the overall population provided further motivation to explore design solutions to address this issue.
Given the mechanisms for measuring FHP using Inertial Measurement Units (IMUs), thinaliigitio
presented design opportunities as such units can be inbuilt into head mounted gear such as

headbands or headphones, which runners already often use in theitaddgy activities.

In the following sections, the design process anglementation of an assistive interface employing

the methodologies outlined so far is presented; beginning with a preliminary survey for gathering a
ONRI R NIYy3asS 2F RFEGI NBtlGAYy3a G2 NizyySNBQ SELS
selies of participatory workshops for outlining key design personas to inspire further design ideas,
and concluding with a prototype implementation derived from the outcomes of the preceding

studies.
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3 Preliminary Stuyl
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3.1 Abstract

Asan initial approach t@mployingthe philosophies, theories and associated techniques developed

in designthinking disciplines as tools for auditory display desamexplored in the previous chapter

the targeteddesign spacef run training products andza S N& Q S E LIS Nas Blshtiiéd agaf Y d.
viable medium to apply these methodologidss sucha survey study was deployed as an iaigive

form to capture initial dataof the environment for which this proje@imsto design an auditory
interface for and served as the basis to begin envisioning potential strategies for désigoncrete

application of an assistive auditory interface for run training

3.2 Introductionand ResearcbBesign

Fom the literature analysed in the previouhapter, the aim of fostering a userentric design
strategy for this project has been established as essetatiaValuate the effect of this approach on
developing a more usable sonification system. While there have been many examples of sonification
studies looking at auditory feedback for runners, these have been characterised-dpwpdesign
approaches that ddom explore their theories and applications outside controlled testing conditions.
Thus, with these aims in mind a thrpart study was developed that would incorporate methods and
techniques for generating initial data, which have been addgtem wellestablished usecentric

design ideation and requirements gathering approaches developed within design and HCI fields.

As the particular focus of this study is to understand the user within the context of their environment,
adefiniionorund NB G F YRAY 3 2F GKS WSYGBANRYYSYGQ Ydzaid ¢
embodied design, the environment is understood as an interrelation between the physical world and
the inner spiritual/cultural world of the user. The aimtbé initialstage of the project is to specifically
understand how runners interact with given technology within their specific environment, so that
yed ARSI&a RS@St2LISR I NB A ¥ipetianges. ATiykhe first métdd | G S|
employed was a suey study aimed at reaching a large audience to gather a broad picture of the
potential users this project would be designing.fBnissurveystudyfocussed omroviding qualitative

data ofdza Sexjeiences, emotions and sglérceptions relating to thie exercise routines, use of

running technology and experience with music
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The secongbhase of this thesi@Chapter 4employed the use of a cultural probe in the form of a set
ofopenSY RSR ' OGAGAGASE (2 Sdeptithengs theipeSpeadvieandhyiild A N2 y
on the broader overview provided by the survey resultse cultural prob@pproach has been widely
SyLit 2SR Ay /L & | G222t F2N SELJX 2eNdentrteadt S NI
reflection. The choice of this tool to explore tltisntextstems from its ability to provide insight into

the aspects of user expience users may not elicit consciously or willingly due to the personal nature

of a research tool being used to scrutinise their behaviour. Cultural probes are not intended to gather
hard data to action directly into design, but rather as an ethnograjgacused by researchers to get

to know the environment they wish to design for. Finally, the thuhdise(Chapter 5) comprisesvo

stagesof data captureHrstly, two participantled workshopsvere heldto elicit discussion between
usersand designersibout their experiences of the technologies that exist already within the desired
design space. Through listening activities, open ended questions, discussion, body storming and
prototype testing, these workshopE dzZNIi KSNJ SELI yR (y26f SR3IS | 62 dz
aims to generatajualitative data upon which to reflect when designing the initial prototy@nce

the design queues were identified from the workshop data, the development of aaesgric
prototype was made possible, allowing for a deploymeytleto test the derived design decisions in

an active settingThus, through the methods described above, an overarching participatory design
methodology was employed from initial data gathering, to theafidleployment of a working

prototype, providing insight into targeted HCI design principles in the design of an audispigy.

3.3 SurveyDeployment

¢KS FANRUG &aiddzRé RSLI 2SR ¢l a | adNWSe aidzRe
motivations for running, interaction with current technology and their relationship to music for
SESNDA&AAYIP ¢KS adNBSeQa TFo Dalziserséhisiprojdct woddhbe | A y
designing for and served as a way of reachimany users with minimal resources. The survey was
designed with ajualtative focuson user experience and emotion, as such some questions are more
open ended andeflective Some resultsre presented vigraditionally quantitative data visualisation
F2NNIFGAT K28SOSNE GKSaS RI (gerceptidordlsf themabilRiesfic? NJ 3
proficiency, and therefore are not used for any quantitative analysis. Additiomadlgl cloudswere
employedfor more openended questions to identify freqncy of conceptsThe final deployed

survey can be viewed in Appendix 1.
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The survey was deployed across running forums such as Runnersworld.coseardlrunning
enthusiast clubs and pages on social media sites, as well as to students at Lancastanahestér
University and received114 responses, of which a few were invalid due to duplicate or nonsense
entries from nonserious responders. The survey was open to any participant with no requirements

of regularly engaging with running technology or neushile exercising.
3.4 Survey Results

Presented below are the results to each individual question of the survey. Quantifiable data is
presented as pie charts and bar graphs displaying distribution of answers across multiple choice and
Likert scale style quésns; while results to opeended questions are presented as word clouds
showcasing frequency of terms used by participants to resp&agh question is accompanied &y

summaryand analysis on the insights gathered.

1. What is your age?

@ 181024
® 251034
35t0 44
® 451054
@ 551064
@®65t074
@ 75 or older

Figure6 - Survey participant age distribution

A total of 117 responses wereceived comprised oparticipants aged 8-24 (14.5%), 234 (37.6%),
3544 (29.1%), 454 (12.8%), 5% 64 (5.1%) and 75+ (08 (Figure6). Gven the method of
participant recruitment via social media and online forums for students, technology enthusiasts and
runners, it was expected most participants would represent a middied demographic as observed
above. While an effort was made to includeparticipants of upper and lower bands of age
demographicsit is out of the scope of this study to explore the differentiation between engagement

and interest with the topic of research amongst the different age groups.
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2. What is your Gender?

® Male
@ Female

Figure? - Survey participant gender distribution

While gendemvas of no bearing to the outcome of the project, the question of what gender
participants identified withwas poised to ensure a balancpdrspectivek ONR & & LJ NI A OA LJ

identitiesand to minimise any gender bias shown in Figureé.

3. In atypical week, how many days do you exercise?

@ | don't regularly exercise
46.2% ® Once a week

@ 2to 4 days a week

@ 5to 7 days a week

Figure8 - Survey participant frequency of exercise

Of the 114 responses collected, approximately half stated they exercised a moderate amount
between 14 days whereas the other half identified as exercising regularly frgnd&ys a weekSee

Figure8). Themediaof online running forums, Facebook groups addaversity societiesby which
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participants were recruitedprovided a good means of obtainimgdividuals witha broad range of

skillsets, that would have had exposurertmning and the technology associated with it.

4. What do you feel is your level of experience with exercise?

60

50 (42.7%)

40
39 (33.3%)

20

0,
2 (1.7%) 12 (10.3%) 14 (12%)

1 2 3 4 5

Figure9 - Survey participant perceived level of expertise

Participants were asked to rate theperceivedlevel of expertise with running/exercise on a Likert
scalewith data shown in Figur@. 78%of participants rated themselves across thd 8vel indicating

a moderate to high experience with exercidgkewisegiven the targeted audience of amateur
runners and use of running forums to collect it was anticipateast responses would come from
more experienced individualdt is important to note thatognitivebiasesby which people evaluate
their skill levels may result in embellished evaluations as described by theorerBsihikengKruger
effect or illusory superiority biagDunning, 2011; Hornsey, 2003jowever,given the targeted
audienceand urces where they were recruited frotese results reflect an expected level of

engagement with exercise activities.
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5. What is your main goal or motivation for exercising?

FigurelO- Survey participant motivation for exercise word cloud

Participants were asked to describe their main motivation for exercising, wilimitaon word count.
Results are presented in the world cloud above, with the large font words in blue represéming

mMost common answers.

It can be observedh the world cloud in Figur&0 that the most common words are indeed the
concepts mostly associated with motivation for exercisisgch as health, weight loss and fitness
(Teixeira et al., 20120f note howeverwas the number of times compeitvie running (marathons,
triathlons etc.) appearel T2 NJ 62 G K WSELISNA Sy OS R QThibreflécts tHa y S E L
consistentlyincreasing popularity of marathon everdssocial gatherings, activism, and fundragi

that have attracted nofrunners into the sport for reasons beyond personal he@fibx, 2015)

Of further interest, mental health/wellbeing appeared as another major category in the word cloud.
This is of particular interest to this study, as an ecological approach to dgsdgfinition, must take
into consideration the usergxternal and internalenvironments as interelated and crucial to

harnessing embodied intrinsic motivati@tirose, 2002; Wilson and Foglia, 2Q17)
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