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Abstract

Ubiquitous computing aims to make human-computeraction as naturalistic and
functionally invisible as possible through embeddiomputing potential within a
particular context to support human activity. Hoeewmuch of ubiquitous computing
research is focussed on technical innovation dualee@hallenges involved with
deploying embedded computing, thereby reducingdmemitment to the
philosophical ideals of ubiquitous computing ing&xh. This dissertation describes
the investigation of a participatory approach thtecally-complex research in order
to understand how our view of the engineering amddm challenges changes when
the two are approached hand-in-hand.

The domain chosen for this system was a dentaksyr®entistry involves a
complex workspace with computer interaction comsé@ by surgery hygiene.
Ubiquitous computing offers a compelling interantedternative to the keyboard and

mouse paradigm in such an environment.

Vi



A multi-method approach that employed ethnograpgsearch and design
prototyping was undertaken with dentists from sal@ifferent private practices. A
series of field studies used ethnographic methods as observation and interview.
Design events explored prototypes with activitieshsas design games, contextual
interviews, role-playing and contextual prototypiAgtivities were devised with the
aim of providing a level playing field, whereby hatesigners and participants feel
they can contribute equally, with their respectivgiplinary knowledge. It was
found that methods needed to be carefully chosanseld and managed, in order to
communicate complex concepts with participantstanmbnstrain the design to

technically feasible options.

The thesis examines the design problem from theppetives of a variety of different
stakeholders within a participatory design framewoeflected upon by means of
human-centred action research. Data was gatheraaigth design speculations and
observation, and explored using methods such agitle® Card Game and Video
Interaction Analysis. Fieldwork was analysed usangulti-stage qualitative analysis

process which informed further design collaboratigtih participants.

The analysis of data gathered during design stwidithsdentists also contributed to
the development of a prototype system to validagtéhodological contributions. The
resulting prototype utilised off-the-shelf hardwared software which allowed for
innovative customisation and development. In-siatqiyping (defined by the author
as “participatory bootstrapping”) and a comprehem&nowledge of the domain
afforded the creative application of technology.

In addition to contributing to the prototype desitire interpretive understandings
drawn from analysis identified how technical idesse presented and utilised by
participants of the studies, and how best to enbagg professionals. The final
outcomes of the research were a multimodal ubigaitmmputing system for
interacting within a dental surgery; the developt@m implementation of a variety
of methods aimed at communicating technical corscapd eliciting user motivations,
practices and concerns; and a set of design plascipr engineers engaging in design

of systems for human use.
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The research presented within this thesis is priynpart of the field of human-
computer interaction, but provides evidence of lemgineering development can be
influenced by a user-centred participatory approdtle benefits that derive from
inclusive methods of design are demonstrated bgvakiation of a prototype that
employed such methods. The contribution of thisighis to demonstrate and
delineate methods for developing ubiquitous cormgutechnologies for the context
of human use. This led to a set of design prinsifibe the engineering of systems for

human use:

1. Technology needs to be robust and simple to apiateprThis allows users to
give insights on technology developments and asalow users to discover for
themselves how they would use the technology.

2. An evolving and carefully considered set of methasneeded to elicit
communication between practitioners and acrossptiises. The gaps in
understandings and the different representaticatsatiise across the disciplines
provide essential clues to next steps in desigasé&lyaps and differences form

tensions that can be exploited productively.

3. Context is important for determining which desigeps to take. Rather than
abstracting a problem in order to solve it, assigallin engineering design, the
problem should remain grounded in the context ef usreveals what the real
problems are that need to be solved rather thaimthgined ones. This requires
an appreciation of the situated nature of actiaharthe variability of work. In
turn it also requires an appreciation of what thman can and does do and what

the machine should support.

4. Accountability in design is required. There is adamental tension between
trying to make something work and seeing what yedles work; specifically it is
necessary to understand when automation is womhhiztman machine systems.
While engaged in the design process, engineerddghsk how much technology
should reconfigure human practices because offalum#&come, rather than
attempting to automate and converge devices fawis sake. A clear

understanding of the constraints and workings efwbrk space needs to be

viii



balanced with the understandings of the limitatiohthe technology in order to

design a system that improves work practice andograps the practitioner.
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1 Introduction

1.1 A personal background

For almost my entire life, I've been fascinated doynputers. One of my earliest
memories is of playing with Excel and BASIC in DQS, which seemed to have
unlimited possibilities.  Unlike a regular toy whichad a limited range of
functionality, | could program a computer to doimifless amount of new things.
From early dabbling in BASIC, my interest continuem grow throughout high
school, where | became a member of a computer ahib competed in several
national programming competitions. | imagine tlss how a lot of computer
engineers find their calling - a hobby and sourtergertainment and enjoyment for

themselves which then evolves into providing aiserfor others.

However, therein lays the problem - these programas writing, while useful to
others, were obvious and usable in their functibngdrimarily to myself. | wrote
them to be something that was user friendly — bubrily one person. Few others
could interact with the applications | developedaimsable fashion. It is a difficult
but honest admission that engineers develop fanské/es primarily, and perhaps
other engineers. From my first program as a ctoldny final year thesis as an
undergraduate student, | never seriously considesadother people would perceive,
utilise or interact with these programs. So losgley made sense to me, they were
great applications. It was only when | started thiesis, as a computer engineer, that
the concepts of usability and user-centred andggaatory design were introduced to

me.

This is a startling thing to reflect upon at thetimg of this thesis. According to
much of the literature and commercial practicer4eatred design and usability are
now thought to be a common and necessary practiser-centred and participatory
design is employed in a variety of contexts for yndiiferent types of applications,
and is recognised as an important, even esserdegdign methodology, with
quintessential engineering companies advocatingu#éis. My education was, |
believe, a fairly typical engineering education ex@nce, studying computer systems



engineering for my undergraduate degree. Thetlf@ttsomeone so immersed in the
field of software engineering hadn't heard abowr4«entred design (or considered
the user perspective in his own time) speaks vodurfo ‘traditional’ design
processes and how engineers are trained and educageneral.

The education and viewpoint of engineers has raatitins for how user-centred and
participatory design is employed within commerdakign practice. It would seem
(based on my personal education) that the way emgimg is taught currently means
that there is a strong technical (or rather, pnobkolving) focus. And why not?
Engineering is all about solving hard problems. giBeers are given a requirement
and derive satisfaction in finding the best fit far Engineers also tend to hold a
strong personal interest in their field and in deg optimal solutions for it. In
adhering to the design specification given, whether then in turn usable to others,
is not a primary consideration. When supposing peaple might use their software,
from my own experience software engineers eitheater a solution that works for
them, or it is passed to user interface desigrereftne methods of interaction and
react to their later specifications. A greatergmion of design now attempts to
design better interfaces as the first step in #sgh process, but in many projects it is
not until after several iterative cycles with desigs that a user-friendly interface
takes shape. This is not a damning statement armibeers, but rather a reflection
upon the integration of engineers into the desigocgss with an emphasis on
usability. What I've found during my education amdearch is that a gap between

technical solutions and usable systems can anddbewaddressed.

To further explain my background it is worth refieag on my transition from
engineering as an art of ‘pure’ technical problaivisg to that of a holistic view of a

system and solving both technical and human-commiteraction problems.

Upon completing my computer engineering degreepliegh to undertake a PhD in
the field of human-computer interaction. My rolasvof the computer engineer to
implement technical solutions for innovative meahsnultimodal interaction, and |

would be working closely a multi-disciplinary tearhdesigners, with backgrounds in
design, engineering and computer science, all afthnterest in exploring different

forms of design practice. In another frank adnoissiwhen | began this research, |



did so without realising that human-computer intdoan was a well established field.
The project was described as requiring a reseatot@rvestigate and design ways of
interacting with the information infrastructure thanaintain natural social
interactions, take advantage of physical space w@ite our extensive human
abilities and recognize and manipulate physicagctsj” My primary interest was the
use of ubiquitous computing to provide alternativedalities for computer input in an
as-yet-unspecified context. | wanted to developetded devices that afforded new
interaction modalities. While this was what attegcme initially, | soon found that
this required considerations of problems, hintedinathis description, that went

beyond recognition algorithms and new hardware.

| credit my advisor Margot Brereton and colleagaeed Donovan for fostering a new
appreciation of what design truly entails. It waamtil | became part of a multi-

disciplinary team that reflected upon the difficest of interaction that the even more
complex problem of providing an open and usabldiegon became apparent to me.
| was involved in new methods and ideas, suchtasography and user participation,
which seemed quite foreign to me. | initially lackthe foresight to see their benefit
and felt we were “wasting our time” and should pres the problem at hand (to

recognise gestures!).

It is in making that point | should also note thihough there is a view that engineers
“don't play well with others” and tend to excludenatechnical designers (as seen by
my aforementioned reaction), there can also beicdiffes in accommodating
technical members to a team well-versed with catah¢ design practices.
Throughout the research, | tended to retain a deepbnical focus than other team
members | collaborated with. New and unfamiliana@pts that | did not agree with
meant there was occasional friction during desighiviies or when contributing to
academic papers, and although the purpose of seanmeh for all participants was to
integrate technical and contextual understandingstechnical inclination affected
integration within the design team. It is in urstending and accommodating these
different perspectives on design that it becamesiptes for me as a ‘classically’
trained engineer to rethink my contribution andolrement in the design process.



1.2 Motivation and aims

The research presented in this thesis aimed tdafeumovative means of interaction
to support ubiquitous computing systems in autlietiork contexts, which

considered a mix of physical, informational andigbmteraction. The aim was to
develop a system which improved work practice f@ractitioner by respecting and
utilising their existing skills and tacit knowled@eather than requiring learning new
methods or complex new technologies). | was jgninteam which had already
outlined the methodological approach to the depiglem. The initial investigation
was to derive an “empirically derived, experimelytabalidated framework for

interactions in information environments”. My rasgh scope was to find a way of
supporting a range of interactions in a ubiquitcosnputing environment, and an
expected outcome of the research was a theorétamakwork which described the
possible interactions that mediate information leetm the physical and virtual
worlds. A prototype would demonstrate and validai&uralistic information

transactions identified in the framework.

Given my lack of experience with ubiquitous compgtisystems and more
specifically, the methodological approach employeady first year was spent
exploring existing research, identifying a domaamd reflecting on my research
guestion. My initiation to both methodological atethnical considerations was a
workshop by Jacob Buur. Reflecting on the outcoofeakis workshop | realise now
that this was an important process for evolving viegv of design research. As an
engineer, | previously thought of design as thelamgntation of a system to solve a
specific problem. My view was that in creating Isua system, the problem’s
requirements would be defined both abstractly,(as.| came to realise, without a
holistic consideration of the context of use) anbjsctively by engineers, who then
set about solving the problem. Buur's workshopresped upon me the importance
of user engagement and expanding the design reegits based on a detailed
consideration of the context of use. Indeed, inowyn experience, when reviewing
videos of design studies, | critiqued the produlbtsng presented, while Buur

critigued the design process taking place.



As an example of this transition from engineer ®&signer (although such hard
distinctions are a simplification), my undergragudahesis was based upon the
technical idea of facilitating wireless electrortransactions. My motivation for
developing such a system was thus: there was aemasechnology becoming
widespread (personal digital assistants, and fatertphones) and | wanted to find a
way of utilising its newfound ubiquity and wirelesagpabilities. At the same time, the
first “Internet bubble” was peaking and there wageat deal of hype about electronic
payments. The system | set about designing wastiise both these technical

breakthroughs into a system that combined themantseful service.

Apart from some extremely general use cases (fam@ke, renting a video and
paying using an electronic wallet), the focus wasroplementing the technology to
facilitate wireless secure transactions. Time watsspent reflecting upohow the
product would be used, but ratheit could be used. This is how I learnt to apptoac
design and solve problems. Therefore, this isathg | initially approached research
presented in this thesis.

When beginning my research, work had already beerpteted by colleagues within

the engineering school towards a gesture recognifigstem which afforded a

wearable ring to be used as a gestural interfatiee ring used accelerometers to
measure movement, while using an embedded proce#sich had a pre-trained

neural network system that determined the likelthobd a particular gesture. When
discussing this system with the engineer who cdetite system, all our discussions
centred on how the technology worked, never wimyight be needed or useful.

While | am placing emphasis on my lack of user aeration, it is important to note
that | am not advocating against research focueset@chnical contributions. Such
research provides technical advancement that pdaysnvaluable part of design,

however it is the implementation of new technoltiugt is problematic.

My initial efforts were to appropriate and improtiee gesture ring technology.
However my advisor in the meantime was encouragime to explore different
domains for potential use case scenarios. Evethistpoint | still had a strong

disconnect between the technology and its appticati saw ethnographic studies as



something | merely “had to do as part of the red®ar | initially did not consider

ethnography as part of tldesignprocess.

1.3 A shiftin focus

The first eighteen months of this thesis were spestning about neural networks,
methods of pattern recognition, and how to intexfaensors to learning networks. It
became clear to me during this time that the safpéeveloping a more accurate
system would require me to focus on technical hreakighs and exploring the field

of artificial intelligence. However, from my earltudies with handwriting and

speech recognition on personal digital assistamtknew embedded pattern

recognition was already a mattifeld. | had seen firsthand what was possibléwit
existing technology, and observed recognition sgstevhich worked with a high rate

of recognition in the laboratory which had not beeplemented for a variety of

reasons. Knowing this, | changed tack and focussst@ad on why these existing
systems were not being used and to investigate sneaiintegrating them into a

system in a manner that made them both usable sefililu Instead of technical

development, | began to focus on what the usernmedjand how their needs could be
met with adapting off-the-shelf technology.

While gesture recognition is still a developingldi€with the exception being the
relatively mature touch-screen, or two-dimensiogedtures, for example the Apple
iPhone), handwriting and speech recognition aré lhaitly mature in their content
and application. While handwriting recognition wast directly useful based on the
domain studied and its requirements, | hoped torpmrate the technical lessons

learned for two-dimensional space to three-dimearadispace.

Speech is used in tandem with gesture by peopléewoimmunicating, offering a
further avenue of recognition for new systems. e8peaecognition may be deployed
to support interaction in an ambient fashion, amd iwell studied and technically
advanced field of research. Based on its pods#isi)imy intent became to develop

! By ‘mature’, | mean technically mature. Handwnrifirecognition systems were technically very
good, but lacked an appropriate level of efficieaog error correction. This means that although th
technical process of pattern recognition is matilre technology still faces difficulty.



gesture recognition systems combined with the suppb off-the-shelf speech
recognition. The focus of the research therefaas te create a ubiquitous computing
system to support work practice, while focussingusability and limiting the time
required for technical development. Indeed, a mimehnically comprehensive

system would necessitate its own dissertation.

Through my exposure to and understanding of ppetory and user-centred design, |
also aimed to develop a system that satisfied #ex trom a personal and social
perspective. The system prototyped needed to tegrated with the practitioner’s
work context, while supporting ready appropriatibg an individual user; for
example, supporting accent, word choice and funaticexpectations of such a
system. | needed to consider localisation of ty&tesn, the context it was to be
deployed to (to accommodate both the unique chgdierof the environment it was
used in and the expected interaction paradigmyiditian to the technical challenges
faced. | began to realise that while engineersdmsigners may restrict themselves to
a particular field, there was potential for overtsgiween the two.

Human-centred

Engineering and participatory
approaches

Figure 1: Where engineering and design meet

Engineering can be seen as the devising and asalf/siystems of technical systems
to solve problems, while design is the speculatimd synthetic process to develop

new products and services. Where these meethsrman-centred and participatory



approaches which focus on human-experience andoat#dge human agency in

human-computer systems.

Having to consider such a comprehensive range o$taaints affected the design
process. | realised it was not merely enough twigde a more technically advanced
method of pattern recognition that afforded neverattion paradigms, | also needed
to adapt and configure such a system for its coreéxuse. The outcomes of my
prototyping and design methodology are examinedhiwitthis thesis. The

culmination of these concerns led to my thesis tij@s how may engineers,

designers and practitioners be better involvednith served by a design process for

complex information systems that adequately addeedge needs of the practitioner?

Ultimately, during my research, | came to realisdad redefined my personal

manifesto of design. Previously my manifesto wchdde read:

“I aim to do my best as an engineer to find solnsioto a given
problem that most adequately satisfy its specificat

Given my new understandings from undertaking thegieresearch within this thesis,

my revised manifesto reads:

“In order to create both usable and useful designsinecessary to
respect the tacit knowledge of the user, while gigdarticipatory
design techniques to tailor a system to be its nedf&ctive for a
particular work context.”

With this in mind, the contribution of this thesssthe exploration of the gap between
engineering design and human use, and identifyrirgiples for allowing engineers
to connect this gap. These principles allowed ifoproving the integration of
engineers in a design process which emphasisesilitysand participant
empowerment, and this thesis reflected on the tiegybrocess through the evaluation
of a functional prototype. A more precise defmmtiof my contribution to the existing

corpus of research is defined within the discussiuapter.

1.4 Structure and argument of this dissertation



This thesis is structured in the following way: ptex 1 is this introduction and has
defined my personal background and motivations el ag set the stage for the rest

of the research discussed within.

Chapter 2 gives a survey of the state of literatarahe fields relevant to this thesis.
It begins with a discussion of participatory designcluding its origins and
philosophy. After a cursory analysis of the roleo engineer in participatory design,
the case is made for greater integration of a tealiy-competent individual to a
participatory design process in the field of ubiqus computing. The history and
current state of research for ubiquitous computs@xplored. The dichotomy of
approaches to ubiquitous computing systems desigmeisented, with a comparison
of a philosophical or technical approach to desighe benefits and shortfalls of each
are compared and examples from the field are exainin General design
considerations for ubiquitous computing and the efiesn for employing a
participatory design approach are analysed. Téle of participatory design and
engineering design are explored and the researc¢hifothesis is situated within these
fields.

Chapter 3 discusses the methods available to supperresearch, and describes
those used for design and reflection. Attentiorpasd to methods of collection,
representation, analysis and nature of the datde dhapter discusses both the
methods required for developing a prototype sysfiem supporting innovative
ubiquitous computing systems in information envinemts and those for reflecting

and improving the process.

Chapter 4 describes the participants in detailJenddiso providing the motivation and

background as well as the minutiae of the actiwittemselves. The outcomes of the
studies and how they fit within the framework o€ tbonclusions of this thesis are
discussed and provide the necessary backgrourtdddessons for design. Particular
issues relevant to this thesis exposed by the mdseare presented, and the

contribution of the participant is summarised.

Chapter 5 presents a case study of participatasigdedescribing a series of design

events held in New Zealand towards the later stafjgse ongoing studies performed



for this research. The justification for how thestedies were organised and run is
described and a reflection upon the reaction optiaetitioners and how the feedback

further informed the research is made.

Chapter 6 presents lessons for design and grotweds Wwith examples from the case
study presented in chapter 5. These lessons asteanpt to generalise the research
findings in the context of a broader sense of destgdies, and draw methodological
conclusions based on the qualitative research ctethl

Chapter 7 concludes this thesis and discussesotitalmtions made by this research
and the implications for ubiquitous computing sgsdeand participatory design.
Suggestions for further research and design aetvdare suggested and concluding

statements made.
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2 Research Review

This chapter first outlines the considerationsha& body of research relevant to this
thesis, and how my research relates to existirgjesu

For this thesis, there are three relevant fieldsotwsider. The position of this research
is then presented in relation to these fields. sTHissertation describes my
participation as a technical consultant in the gsscof using participatory design to
create usable ubiquitous computing systems. Te there have been few projects
that consider the implications of combining theethfields of ubiquitous computing,

participatory design and engineering design workherefore it is necessary to

consider each of them separately and also theibswton for systems design.

The first field to consider is that of engineeridgsign. When | use the term
‘engineer’ in this thesis, | am generally referring a “technically proficient
designer”. Essentially, this is a designer whosee ccurriculum has been that of
problem solving and understanding technical details this way, “engineering
design” refers to the approach used by designexgsged on technical problems.
There have been difficulties in reaching implemdntg commercial systems for
research projects that make use of current appesachparticipatory design (Nilsson
et al, 2000), likely due to the reduced technieabtution. While many participatory
design projects have been technically finished a#ole, the engineering profession
is still largely unaware of participatory designpegaches, particularly for leading-
edge technologies, such as ubiquitous computinghypothesis explored by this
thesis is that these difficulties in completing agypropriate design may be managed
by incorporating technical knowledge into a pap#atory design approach. In
addition, practitioners’ requirements should be aggma according to the technical
capabilities of the potential system.

While there are alternative design processes pmbdibethe traditional waterfall

approach (Bauer, 1972), such as agile developnvartifi, 2002) (Beck), they do not
address the core problem of finding a suitable ogktfor evolving practitioner

11



requirements whilst remaining resource approprigteth in terms of time and

expense).

The second field of consideration is ubiquitous pating. This thesis considers that
by employing ubiquitous computing, practitionersvdaghe ability to dramatically
change how they utilise computers in their workplady allowing a more
naturalistié, versatile and efficient means of human-computaraction. However,
while the application of ubiquitous computing hasrementally increased over the
years, it has yet to find widespread acceptance daployment as envisioned by
Weiser (1991), in which computing fades into thekggound. It has been argued by
Bell and Dourish (2006) that the ubiquity of mobifghones and screens is
demonstration itself that ubiquitous computing basved. Still one can argue the
extent to which these technologies fade into thekdpaund. Weiser’s definition and

its appropriateness will be further consideredars @f this chapter.

The final field is that of participatory design.arBcipatory design has been adopted
as a philosophy for design increasingly in pasty,eas witnessed by the popularity of
events such as the Participatory Design Conferé@amputer Professionals for
Social Responsibility, 2007). Originally partictpey design emerged from
Scandinavia in 1960s. Discussions about the oglship between work and
democratic values led to an industrial democracgg@am in Norway for the
empowerment of workers, creating a strong politatahate for participatory design.
Scandinavian research also continues to be abtie&dnt of the field. Participatory
design is not about designing more sophisticatetint@ogy per se, but instead
focuses on empowering the practitioner. While thizy be deemed unsuitable for
many types of technical design, | believe it suite philosophical ideals behind
ubiquitous computing. To date, apart from Good892) early efforts in Presence (a
synonym for ubiquitous computing), there have bbenha few attempts to employ
participatory design for the design of ubiquitowsnputing systems, such as recent
research such as Bgdker and Buur's (2002) and Biaxé Warren’s (2003). The

disconnect between participatory design and ulbgsitcomputing is explored in

2 By ‘naturalistic’, | am referring to when a measfsnteraction is practiced or is easy to adophsuc
that it becomes natural to the user. It is suggkstat by definition, designing for naturalistic
interactions allows for easier adoption by a ptacter.
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greater detail within this chapter and the relaglop to the research is considered in

the discussion chapter.

Potential new ubiquitous computing systems carabenbre complex and error prone
than previous systems. It is necessary to desigh systems so that the practitioner
understands the technology to a point where thaytrcaubleshoot it themselves, and
have the ability to self-configure and adapt thstems as required. Many systems
(ubiquitous computing or not) have workarounds agans of personalisation and
configuration in place so that the practitioner ealjust them to work in a way that

suits them. Understanding, supporting and extendims existing knowledge

becomes a priority for new design methods.

Furthermore, given the subtleties of human-compumégraction, divorcing the
practitioner and the engineer means that when afsgiecifications are presented to
an engineer, what is produced may not be whattisattlg required from a holistic
view of the system, yet still meet the specificatio For example, while a speech
recognition system might suitably recognise enagjgech to complete a task, it may
not provide appropriate error correction and fee#lbaufficient to maintain the

system’s usefulness and usability.

A common perception is that engineers can be ditfto work with when taking into
account holistic considerations and using inexa@nobiguous specifications. Given
current engineering education, engineers are tlaaseproblem solvers. They gather
resources and apply them the best way they know hbwe difficulty for engineers
in improving knowledge flow with outside sourcesinsunderstanding the problem
context and communicating the technical possiegiti There may be trust and
communication issues with those from outside tdemain of expertise. These stem
from different disciplines producing different diskets, vocabularies and priorities.
Particularly in the corporate world, there needhéonew ways to account for this and
to incorporate engineers and their skill sets uer-centred research and marketing

functions in order to increase design quality affeiciveness.
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Engineer and Engagement
designer of
collaboration practitioner

\ lterative /
reflection and

ongoing
feedback

Figure2: An iterative participatory design process

This thesis explores how technical and use cemtppdoaches can be better integrated
in order to improve these processes and the regulisability and usefuness of the
product. It is posited that engineers can contelia educating the practitioner, and
also help to more closely understand the enviromnodénuse by being suitably
informed of the idiosyncrasies of the domain andkwpractice. Through action
research and participatory design, undertakingptbeess illustrated in Figure 1, this
thesis investigates the challenges and charaatsrat such a process leading to a set

of underlying principles for the engineering destgrsystems for human use.
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2.1 Engineering design

“And so it is that the new utopians retain theinafness from human

and social problems presented by the fact or threftmachined

systems and automation. They are concerned withemesouls nor

stomachs. People problems are left to the afterfétet efforts of the

social scientists.” (Boguslaw, 1965 p. 3 from Greanm and Kyng,

1991)
| view engineering design (as an engineer mysslfjraditional’ design. A common
view held, even by those who subscribe to the pbphies of participatory design, is
that traditional design involves supplying userdseé@hrough whatever is the most
efficient and effective method) to the designersiose resulting design is then
supplied to the engineers, who then manufactur@tbeauct, as discussed by Reich et
al (1996). This final outcome is then passed backhe user, with mainly their
ongoing use of the product informing further desaranges. This is a method of
design that | have witnessed on numerous occaa®asprofessional engineer, and it
is a method of design instilled within me as a etud Emphasis is placed upon
technical problem solving — dictate a set of patanseand create a system that
satisfies them so that the problem is solved. déeelopment of customer needs in a
traditional process is illustrated in Figure 3, l&ha generic development process is

illustrated in Figure 4.

Mission
Statement Identify Establish Generate Select a Refine
—>1 Customer Target Product Product  pF—>| Suceificalons
Needs Spemﬁcanon Concepts Concept pecificati
’ Y Devel
evelopment
Analyze Perform R Plan | Plan
Competitive Economic emaining |
Product: Analysi Development
i aysis Project
l CONCEPT DEVELOPMENT

EXHIBIT 2 The customer-needs activity in relation to other concept development activities.

Figure 3: Customer needs development (Ulrich and Eppinger, 1995)
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Mission
Statement

D

Concept System-Level Delail Design Testing and Production
Development Design Refinement Ramp-Up
Marketing
+ Define market « Develop plan for » Develop e Develop promotion  Place early
segments. product opticns marketing plan. and launch production with key
» Identity lead users and extended malerials. customers.
= Identify compelitive product family o Facilitate field
producls testing.
Design
B in\;estiga(e feasibility = Generate « Define part » Do reliability testing, « Evaluate early

alternative product
architectures.

of product concepts
Develop industrial

geomelry.
Choose materials.

life testing, and production output.

performance testing.

design concepls. o Define major sub- ¢ Assign lolerances. = Obtain regulatory
» Build and test syslems and « Complete approvals. )
experimental interfaces. industrial design o Implement design
prototypes. « Refine industrial control changes.
design. documentation
Manufacturing _ 7
» Estimate o Identify suppliers for » Define piece-part ¢ Facilitate supplier e Begin operal:c_m of
manufacturing cost key components. production ramp-up. enlire production
= Assess production s Perform make-buy processes. « Refine fabrication system,
feasibility. analysis. » Design tooling. and assembly
+ Define final » Define quality processes.
assembly scheme assurance « Train work force.
processes « Refine quality
= Begin procurement assurance |
ol long-lead tooling processes.

Product
Launch

Other Functions

+ Finance: Facilitate .
aconomic analysis

» Legal Investigate .
patent issues

Sales: Develop
sales plan.

Finance: Facilitate
make-buy analysis.
Service: ldentify
Service issues.

Figure 4: A generic development process (Ulrich and Eppinger, 1995)

The philosophy behind this approach is describe€bspbett (1992) as hard-systems
thinking. Hard-systems thinking regards problem<laarly defined and solvable in
a linear fashion. As it can be seen in from Figdiresuch a design flow allows for
comprehensive planning and segmented design teahhswever, such isolation

means that considerations of the practitioner eftetd the judgement of the engineer,
Edwards et al (2003), in

analysing how software infrastructure can be betigpropriated to user-centred

with the technical solution being the overridinghcern.

design noted that many features in design are rdeted largely by “designer’s

experience and intuition”.
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Darses and Wolff (2006) noted that this approachsters is partly education and the
culture of traditional design:

“Another fact that mitigates against the designeregrating the user

as a full dimension of design is that their profesal training does

not promote user-centred approaches.” (Darses amdf\\2006)
Kuhn (1996) is one of several researchers to rasegthe problems for systems
resulting from this type of design. She descrithes need instead for a “human-
centred design”, whereby the end users are viewedeatral to the system, with
technology recognising and making the best use wham skills. Kuhn also
advocates the use of participatory design to alfowwworkplace democracy, but

recognises the tension between worker satisfaatmoihworker efficiency.

There has been little accounting for when innovatechnical development through
hard-systems design is both appropriate and beéalefifrandt, 2001). Sometimes it
is necessary to allow for a combination of bothlgduphies, and to negotiate a
compromise that satisfies productivity (and usedal) and usability. A common
difficulty in the world of professional design iset need to ‘satisfice’ (Klein, 1998) to

achieve this.

Another difficulty with traditional design is that can, and in many cases, does,
restrict user involvement and contribution to otilg time before and after the design
process takes place. Apple engineers who desitireetirst Macintosh PC describe
driving to various computer dealers after releasingp watch how people used the
new machine (Horn, 2004) - it was after viewingsthehaviour that the first bug fixes

and operating system modifications took place.

As represented by this example, the methodologiesngineering design are
dominated by scenic fieldwork (Button, 2000) wherdnture improvements are
based on post-deployment observations. In this, vgagnic fieldwork aims to
produce a strong description of what occurs withigiven context. Engineering
designers consider the results of the scenic fiefdvand solve problems as they are
presented to them. While there are a variety dcfmes for revealing this
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information to the engineers, the engineer typychhs little or no contact with the

user and learns of their needs and requiremerdaagdhrthird parties.

Button (2000) also describes analytic fieldworkpast of traditional design which
attempts to resolve the deeper meaning behindreciod events within a context.
Unforeseen consequences always emerge from desigwever this can be
exacerbated without the detailed analysis of suethads. Participatory design is a
means of helping engineers interpret and contriboitanalytic research. Both the

methodology and discussion chapter of this thesthér explore how this can occur.

It is worth noting that one of the best known eeginng design frameworks,
presented by Pahl and Beitz (1995) in their boolsystematic approaches to design
fails to refer to the end-user at any time as aatliconcern in the design process. The
same trend is observed in recent research in ezrgmgedesign as presented at the
International Conference on Engineering Design.t @uthe 200 papers presented
during the 14th edition of this conference (Follkess2003), only six mention the

term ‘user’ in their title.

Terry Winograd and Fernando Flores (1986 from Kyargl Greenbaum, 1992)
describe the three steps which can be thought ah &nhgineer’s design process:

1. Characterise the situation in terms of identifiablgects with well-defined
properties.

2. Find general rules that apply to situations in terof those objects and
properties.

3. Apply the rules logically to the situation of comee drawing conclusions

about what should be done.

In other words, the problem is usually broken domveuch a way as the engineer can
relate it to themselves. Then, as trained, thealgout the process of solving the
problem, as they understand, ituntil it is ‘fixed’. This was how | personally
completed my work, both academically and commdiciat a computer engineer.
Ehn (1989) describes his view of the engineer'sk lacknowledge for the context

being designed for:
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“The prototypical Cartesian scientist of system igeer is an

observer. He does not participate in the worldshstudying, but goes

home to find the truth about it by deduction frobfeative facts that he

has gathered.” (Ehn, 1989)
The contrast between participatory design (or Siceavehn design) and engineering
design was explored by Floyd et al (1989), whordglted the approaches as shown

in Figure 5. This representation supports the gggn empirically by myself and
other researchers.

systems designed in order to...
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strengths weaknesses
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Figure5: Design approaches (Floyd et al, 1989)

Although there appears to be a gap between metbbdage is beginning to emerge
within the field. McGarry notes that engineeringsdn research is shifting from
“think-aloud protocol analysis, and contrived, talksed studies of individuals
conducted within artificial settings, towards qtetive gathering and reflection.”
(McGarry, 2005). However, companies that coulgdie to be on the cutting edge of

innovation, such as Google (2007) and Apple (2086l), rely on these traditional
methods.

This reliance may be because most engineers tegtdmploy are not educated to
consider the users of their products as part ofdémgn process. Indeed, this only
removes time spent satisfying a specification anbduces ambiguity to a product.

It may be difficult to shift such a culture — thesea natural tendency to associate
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understanding of human activity with the other honsaiences of psychology and
sociology. As a result, expansion of investigatidruse practices by companies has
led to hiring people from the human sciences t@w@dte user needs and test user
interfaces. This is an encouraging progressionowéver a need remains for
synthesis and design skills to move toward and thi user exploration space.
Human scientists and anthropologists aim to undedstand articulate, but a
fundamental tenet is not to intervene and chandgethropologists come from
traditions that analyse people, rather than intangeand synthesising with them. A
combination of design skills should be reached @nckalise this, it is necessary to

consider the integration of engineers into a pigdtory design process.

2.2 Ubiquitous computing

“The most profound technologies are those that mliear. They
weave themselves into the fabric of everyday lifdil uhey are
indistinguishable from it.” (Weiser, 1991)

2.2.1 History

Ubiquitous computing had its beginnings in 1987 (&&eet al, 1999), when members
of the Xerox Palo Alto Research Center Electromiocd Imaging Laboratory (Xerox
PARC) proposed creating large, wall-sized, flatgdacomputer displays. These
displays were also planned to function as inputiadsy with the ability to interact
with digital pens and the ability to scan documeritdie research vision behind this,
to create a computing system as simple to usewasitaboard with computational
power and networking ability, was a radical departirom the then current “one
person-one desktop computer” paradigm. This pyptotvas the foundation for the
concept of deploying computing potential ubiquilgufiroughout different contexts

of use.

At the same time, anthropologists such as Suchh@®7) were observing the way
people really used technology, going beyond howpfeeself-reported their use of
technology. While people do not mean to falselgresent their use of technical

artefacts, retrospective summaries from a praogtic perspective offer a different
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level of granularity from the details of interactimbserved directly. Suchman’s
research spurred researchers such as Mark Wem®ar PARC (Weiser, 1993) to

think beyond the technical requirements of commguéind towards the situational use
of technology within the complex social framewofkdaily activity.

Ubiquitous computing as a research field could dd & have begun with Weiser’s
(1991) seminal paper entitled “The Computer for 248 Century”, which defined a
new paradigm for interaction with computers. Tpeper both coined the term
“ubiquitous computing” and defined the philosophydaimplications for such a

dramatic shift in interaction.

Research towards new computing modalities in ttee1880s and early 1990s trended
towards the paradigm of virtual reality. Regardle$ the enthusiasm for what was
touted as a naturalistic and efficient means arattion, by the late 1980s there was
already discontent with the required infrastructasewell as what was found to be a
highly restrictive and formalised means of intei@tt

Virtual reality was described by some researchersmarely “a gadget for rich

countries” (Ditlea, 1989). Virtual reality requitdhe user to be immersed in the
world of the computer, often in hooded or enclospdces, using large headsets,
goggles and gloves, all tethered by wires. Whileré was recognition for the

potential of computer transparency in virtual rgalithe excessive overhead and
infrastructure required for this means of interactultimately defined and propelled

the direction of Weiser’s vision of invisible contmg.

Weiser attempted to shift research from the conoépiirtual reality” to that of

“embodied virtuality” (Weiser, 1991). Rather thanrsue the paradigm of users
immersing themselves into the world of computesswas one of the first to posit
that perhaps it would be better for human-compimteraction to shift computers into

our everyday world, by embedding and distributinghputing potential within.

During the late 1990s, other visions of human-cot@pinteraction were put forward,
such as Ishii's (1997) Tangible Bits. However, Hshii’'s tangible user interfaces

are novel and have provided different ways of timgkabout interaction, Ishii's
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research has not sought to deploy new forms ofaot®n into real work practice
contexts with real users. In my investigation loé field, this has been a recurring

theme in ubiquitous computing research.

Weiser’s initial descriptions of ubiquitous commgi defined it as a logical
progression in computing, which he compared totthsesition of the written word
from a privileged few to the masses (Weiser, 1990hrough an exponential growth
of new means of accessing and manipulating knovegellke those afforded by the
printing press, Weiser believed that ubiquitous potimg offers a similar movement

forward from the existing computing paradigm.

It is clear when watching the difficulties faced &yerson when using a computer for
complicated tasks, or in an environment that damssnit the keyboard and mouse
paradigm that there are deficiencies in the curpeatlominant means of interaction.
By embedding technology where it is needed and ighoy more naturalistic

interfaces, the cognitive load for the practitioney be reduced and for the computer
to become ‘invisible’. From the practitioner’s ppective, they do not have to adjust
and tailor their thinking, work practice and bodpwement around the conventional

interface.

One of the primary aims of ubiquitous computingpiprovide a more naturalistic and
efficient means of interaction, divorced from theestrictions of the
keyboard/mouse/monitor paradigm (Weiser, 1991). iquitbus computing should
instead draw upon the physical world and peopleitunal skills as a means of
presenting and interacting with the interface. &afe from the field of ubiquitous
computing, this multimodal interaction (utilising uftiple physical interaction
techniqgues) has been recognised as offering sevwmakfits in a variety of
applications in computing, particularly greaten@éncy and usability (Oviatt, 1999).
However the efficiency brought by such interactioathods is not always tempered
with respect for people’s existing skills and al@k, which is in contrast to the aims
of participatory design in empowering practitionesad supporting their tacit
knowledge.
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Early attempts to define and develop the field ri@enaaproduct of their time. Weiser
and his colleagues at Xerox PARC (Want et al, 199@w upon up-and-coming
technologies which would result in defining the tabte digital assistant (PDA). In
this way they defined a hardware based descriifombiquitous computing, which
by Weiser's own admission did not fit the idealstloé invisible computer (Weiser,
1993). The technical capabilities Want et al ()9®8emed to provide the ubiquitous
computing paradigm (i.e., touch screen display, eadbd microchips, numerous
displays), while useful for exploring the field &s identify potential technical
grounding points, do not automatically furnish theisible computer” due to a lack

of consideration for social requirements.

The emphasis of the technical push for ubiquitaemuting was evident throughout
Weiser’s (1991) work, with such systems initiallgsgribing and prototyping (Want
et al, 1999) ubiquitous computing as being by tloet; yard and inch” and made up
primarily of different sized displays. This visiaf ubiquitous computing continues
to heavily influence research in the field. Basadhe existing computing paradigm,
this has been an attractive goal, however suchesysthave ultimately proved
unsatisfactory (a topic more closely examined irs tbhapter) for significantly
improving the interaction paradigm. This influengeon ubiquitous computing has
proved to be problematic in satisfying practitiomequirements and thus supporting
its uptake. Therefore as the field has maturgdhil@sophical definition of ubiquitous

computing has slowly evolved with a less technitinition of invisible computing.

However, the desire to continue to define the figith new technology has remained.
Research in ubiquitous computing tends to fall onie of two camps; either the focus
is to create a computing paradigm that subscribeke philosophical underpinnings
of ubiquitous computing, or instead the effortsu®®on technical advances based on
an abstract concept of what might be useful for ftekel. Although some of the
technical approaches provide important new direstifor ubiquitous computing,
many tend to reconsider existing applications oht®logy and find a new problem
for the solution (Weiser, 1993; Langheinrich, 206lightower and Borriello, 2001).
Others still merely describe new methods of embegldiomputing with only a

superficial consideration of the philosophy of ubiqus computing.
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In some ways it could be said that ubiquitous catmgunfrastructure is “finding its
course” without significant intervention from resd@ers. The world of computers
has naturally progressed towards wireless, interected devices taking advantage of
embedded computing (such as laptops, PDAs, taldlst Robile phones), without a
stated goal of ubiquitous computing. Although sormesearchers (Schmidt, 2002)
believe this alone is enough to achieve a paradifrfdisappearing computing”,
others such as Sokoler (2004) feel that not ale¢heew technologies take us towards
a more balanced relationship between humans angwtens. Sokoler argues that
“going beyond the desktop computer” is still aevaint as it was when first posited

by Weiser.

Based on such concerns (which are expanded upihie idiscussion chapter), it is my
opinion that that research in the field would ddtdreto apply these popularly
accepted technologies towards achieving the piploies of ubiquitous computing
rather than attempting to create new hardware strirature from scratch. Without
these first steps at philosophically achieving ulimus computing, realisation
remains merely a technical problem and the sooiasiderations remain unaddressed.
It is therefore necessary to consider the benafitkshortfalls of a technical approach
to ubiquitous computing, in order to conclude lesséor design and apply them

towards achieving a new paradigm of computing.

2.2.2 Technically driven ubiquitous computing

“Can you imagine putting your address book and phalbbum on in

the morning along with your socks?” (Marks, 2005)
Much of the initial and ongoing research into uliigus computing has been focussed
on technical achievements, in particular, usinggéeeric “office environment” as a
use scenario. The issue of such a limited cortEuse is noted by other researchers
such as Binder and Warren (2003). Weiser, thedeunf the ubiquitous computing

movement has on occasion revealed his own biash@sigpadded):

“We believe that people live through their praciceand tacit
knowledge so that the most powerful things are ehtisat are
effectively invisible in use. This is a challentpat affects all of
computer science. Our preliminary approach: Adivdahe world.
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Provide hundreds of wireless computing devices person per

office.” (Weiser, 1994)
With this generic assumption of a problem spacsgarchers may focus design work
on innovative technologies. Partly because of, tthere are many examples of
ubiquitous computing systems that demonstrate patgnuseful technologies but
that lack a sense of practitioner involvement aadehnot generally explored how
such technologies will actually be embedded intacpce (Abowd et al, 2002).
While these projects have strong technical contidlpg, their use scenarios are often
impoverished, and the emphasis is on solving teehnchallenges, rather than
integrating technology successfully. These prgjecay exhibit technology in search

of a problem. This is best explored with some cigdies.

Mannings and Pearson (2003) researched the usetliing as a means of supporting
ubiquitous computing, and envisioned individualickes as becoming part of a
“personal area network”. In the research the perlsarea network was a “digital
bubble”, in which personal electronics embeddedlathes can communicate with
devices such as mobile phones, personal digitédtasss, or other people’s bubbles.
While such technology would be useful in certairergrios, its motivation and

implementation is problematic Mannings and Peastate:

“You could have a wireless data exchange betwedables, perhaps
between people’s intelligent jewellery in a barouYmight transmit
info on your likes and dislikes to help find a catiple date all the
quicker.” (Mannings and Pearson, 2003)
While such research may allow explorations of tebbay, it is not a useful attempt
to stimulate the acceptance and ubiquity of embedaenputing. There may be a
group of people who would indeed appreciate usioghputing embedded in
jewellery to network in social situations, but vath adequately exploring this
scenario, and instead positing it as something ‘tmaght be useful”, it does not

adequately address the social complexities of austenario.

An example based in an office context is the redeamdertaken by the Xerox
Research Centre Europe, which explored what adudtirce may be like (Andreoli et
al, 2003). The aim presented was the creation rof “@fordable enabling

infrastructure” for ubiquitous computing (a goalastd with myself), with a basic
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assumption that technology in the imagined scesawiould be both inexpensive and
readily available. While this assumption may yeltdhtrue, the paper does not
consider the scenario from the point of view of tphectitioner within their
“Augmented Office”.

The office imagined would have been based aroundew technology (Xerox

DocuShare™), which uses RFID tags embedded intatepripaper. An example
scenario given by the researchers describes aitpmaet attempting to print a

document. RFID tags embedded into the paper walldav the practitioner to locate
their document faster and more efficiently. If egditioner attempted to print a
document when a large file was already being pdintiee option to negotiate printer
priority would be available. The printer wouldtiate a phone call to the owner of

the large print job to facilitate this.

What is lacking from the scenario presented by rémearch is an exploration of
business practitioners’ impressions and experieimcksating a job by RFID tags, or
an examination of what level of expense for suchystem might be considered
worthwhile. While application of the RFID tagsdsscribed, a more detailed design
approach may reveal things such as alternative osetil applications for RFID tags
(or other technology), the difficulty of logisticé tagging each piece of paper with an
RFID tag, practitioner privacy issues, under whatuwnstances office workers would
be happy to be interrupted from their work to negettime on the printer and so on.
By focussing on the technology, design possibditieat can arise from practitioner

knowledge and context remain unexplored.

Given the aims of ubiquitous computing for suppatmultiple different means of
manipulating computing potential, many projectsufo@n achieving a particular
technical contribution. For example, a recurrilgnhe in ubiquitous computing
research is the idea of networked surfaces (eifignLet al, 2002) for devices to
communicate with each other to allow distributechpating. Research into this field
has investigated using the surface of everydaytiiesuch as desks and note-boards
as a means of communicating between sensors aed mtichines. This allows the
devices to both receive power and to communicatéhowt requiring bulky

components within their own package to facilitdiis independently.
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Conceptually, this fits nicely with ubiquitous coutmg’s ideals, by integrating the
technology in such a way that it is invisible tee tpractitioner, while providing a
cheap and reliable means of communication betwegites. However examples of
networked surfaces research in the field tend mebnhsider what level of technology
is required to be useful in a particular contexid anstead focus on solving a
“technically sweet” challenge. Focussing on a gjetechnical problem may also
reduce the potential of such interfaces. The RiR&ay project (Laerhoven, 2002)
made use of the surface only as a source of powdrnat for communication
between devices. Lifton and Paradiso's (2002) ploshmeanwhile are limited by

their range of only ten centimetres.

While the effect of these technical concerns magnay not affect their integration to
a work place, the technical focus leaves practisal by a practitioner unconsidered.
In these examples, there are several factors tbatdcbe explored through
participatory design. By engaging participantsyauld be possible to examine the
context in which such surfaces would be used amgsider issues such as: which
items use the surface for communication, which §imged it for power, how other
technologies such as wireless technologies compare communication range issues
affect usability, other imagined use of the surfa@nd costs. It may be that such
technical limitations do not affect the usability potential of the products, but

ultimately this possibility is not explored in thesearch.

Another area of development for ubiquitous commutis the aim to imbue entire
rooms with computing abilities. By embedding cotipy potential into furniture and
walls, computing abilities are argued to be readlgaand. This allows a complete
ubiquitous computing system from scratch, ratheantraugmentation (and its
associated limitations) of existing infrastructuréhe i-LAND project (Streitz et al.,
1999) makes use of tables as scanners, desks laborative spaces and walls as
computer screens. While this system did make taesition to a commercially
available ubiquitous computing product, it représdna significant potential cost.
Having been built as a specific technological jlatf and product for a generic, yet
subjectively chosen use, its adopters must eitimer $pecific problems that fit the

technological product or adapt the technology tetuser practices and contexts. In
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order to accommodate a specific technology condiiom that is not designed with
their work practice in mind, users typically needundertake large shifts in work
practice. While this may be considered desiratble,alternative work practices are

untried and unknown.

In contrast to expensive and generic systems ssidhLAND, Binder and Warren
(2003) describe the Atelier Project that explorechhology adaptation and adoption.
The Atelier Project is noteworthy in that it utdd simple and off-the-shelf
technology, which allowed rapid and widespread appation and integration. As
part of the research, architectural students wevengboth barcodes and RFID
transceivers to use as design tools and as patheofinteractive artefact being
designed (Ehn, 2004). These technologies were pisetrily for interacting with
animated design artefacts connected with multiméldia. The project made use of
participatory design approaches not just in thegaesrocess but also for developing

the design tools.

During the project, Binder and Warren (ibid) nothdt barcodes and their associated
readers were more easily appropriated as toolsferaction than RFID transceivers
and readers. The suggested cause was that whiledes and barcode readers have a
place in everyday public lives (and therefore a iwmn understanding of their use),
the technology of RFID does not have common exasnpieise that contextualise its
interactions, and thereby provide vehicles for imeng new uses. Put simply, RFID
does not readily afford its interaction potentidlhe lack of familiarity restricted its
use, highlighting the need for effective communaratof technological ideas to the

designers in order to extend design possibilities.

Conversely, another difficulty in designing new auotous computing systems may
occur when a project attempts to make use of knawd familiar paradigms to
support the integration of such systems. Welli®98) created a digital desk in an
attempt to create a complete ubiquitous computystesn. The digital desk described
is a standard office desk which uses a video pra@jeand camera to provide a
computing interface on the surface of the desk.wéi@r Wellner's configuration

made use of equipment that was bulky, expensiwkpavprietary.
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With technical developments, such as large LCD ldisp and digital cameras
becoming affordable and widely available, Wellnedssk is certainly easier to
implement commercially now than when first protagp However, similar projects

remain in the realm of research, or used as teoggalemonstrations.

While such a setup may afford a more natural amdfadable work space than using
a keyboard, mouse and monitor for some scenatios being designed as a generic
interface replacement. It appears there is noifgp@aeraction difficulty it is trying

to improve upon, other than to move the interactimethods from a screen with a
keyboard and mouse to a physical interface on &s& durface. The motivation was
that a physical interface has more natural affacdanthan a digital one. For
ubiquitous computing projects such as this to becessful, there should be an
incentive to the practitioner to appropriate thehteology. An examination of how

desks are actually used in specific work contextd the types of tasks that are
difficult due to constraints from existing configtions would be likely to give a

keener insight into how to configure a new kindiesk.

Indeed, as Weiser (1991) himself discussed, theculties of designing ubiquitous
computing are not due to technical challenges alouk also the “very difficult

integration of human factors, computer sciencejregging, and social sciences.” As
seen by examples in this section, these problemg manifest themselves in
infrastructure costs, deployment difficulties, pgidaner training needs and the

difficulties from systems being designed from atecal vision.

In learning from the issues encountered in othejepts, it is necessary to consider
both the practitioner interactions, practices aagabilities (such as the ability of
practitioners to integrate devices into their ps), and the characteristics of
technology and its underlying infrastructure. Téiggests that rather than develop a
complete concept for a ubiquitous computing envitent and then build a research
prototype that is removed from a work practice eahta participatory bootstrapping
approach is needed (Cederman-Haysom, 2004). ipatbcy bootstrapping at its
core is in-situ prototyping with the practitionecpmbining design studies and
execution. How this was applied in my own reseascturther discussed in section
6.1.
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In using a participatory bootstrapping approachghess reveal the capabilities and
characteristics of technology and technical infratture to practitioners in intelligible
ways by continuing prototype and development in phectitioner’'s work space. It
facilitates immediate feedback, allowing the desigio inform andtrial system
design in an immediate fashion, while the praatigiocan observe how new systems
are created. Practitioners can often find theildetd infrastructure both mundane
and baffling. By allowing practitioners to obsertke development of such
technologies, as well as trial and explore the ipddg®es, they are able to enhance
their work practices immediately in the contexttléir actual work environments.
Designers ensure the technology is intelligible bgking core concept prototypes
appropriate to the context, and immediately testabl'he technology can then be
interrogated in reasonably short timeframes, ast mpactitioners are busy people.
The emphasis then shifts from the technical cajpiasil of the system to the

effectiveness of the philosophy behind the design.

Ultimately, what these examples show is that whelehnical research is useful for
testing new technology, it does not necessarilyipgenew perspectives on design or
push the boundaries of how we conceive of the piigs for these systems. In my
previous research (Cederman-Haysom, 2004), it wggested that these boundaries
should be explored through conversations with fracers about ubiquitous
technology in the context of use. This was faaliéitl by “Wizard of Oz” techniques
(Dahlback et al, 1993), and low-fidelity prototypésat represented key interaction
abilities or core technologies. New perspectivesd anderstandings were explored by
finding a common currency of language and undedstgnbetween practitioners,
designers and engineers. Holistic requirementsiésigning ubiquitous computing
should be addressed through considerations suckthesse, shifting the design
emphasis to the philosophical ideals of ubiquitcasiputing.

2.2.3 Philosophically driven ubiquitous computing

In Weiser's later research of ubiquitous computsygtems (Weiser and Brown,

1995), he defines ubiquitous computing in a marthat transcends a technically
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defined paradigm. Given the far-reaching ambitiafsthe field, a technology-
independent definition is required to establishHatsy-term direction. Weiser (1994)
successfully put aside the initial point of focus, inadequacies with existing
interaction paradigms, described as the “graphusar interface (GUI) problem”.
Instead he examined the “relationship problem” wltomputers and people relate to
each other. ltis this greater emphasis on treiogiships between people, their work,

and computing that defines philosophically drivéanquitous computing.

In later research, Weiser referred to the goallafuitous computing as being “calm
computing” (Weiser and Brown, 1995). Calm compgteattempts to remove the
practitioner’s focus from direct interaction withcamputer, instead using the centre
and periphery of their attention. Weiser descrittedproblem of supporting the tasks

of the practitioner as being of balance:

“We must also find the balance between control asnehplicity,

between unlimited power and understandable stréogivardness,

between the seduction of smooth digital mediatioth e immediacy

of those complex fellow workers called humans. iBuhe end, it is

hard to imagine a more important task for twentgtficentury

technologists.” (Weiser and Brown, 1995)
What is notable in the ongoing research in thisasethe consistent emphasis for
making use of ethnography or ethnographically4respfieldwork (see section 3.1.7
for details of these methods) in order to suitaglore and understand the context of
use to find this balance. While a typical desigqpraach may be to identify use
scenarios for a new technology, an alternative @gugr is to reflect more generally
how ubiquitous computing may improve a particulaontext. By using
ethnographically-inspired fieldwork to gather infaation and reflect on the
complexities of the interaction taking place, atsysthat supports the tacit skills and

knowledge of the practitioners can be created.

An example of how these methods are used for uoigsiicomputing design is
Tolmie and Pycock et al (2002), who specificallyfided the goal of their
Unremarkable Computing project as making technoltmyisible in use”, focussing
on the philosophy of ubiquitous computing. To do they studied a variety of
everyday people in the aspects of their lives ugtimmographic techniques. They
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noted that it was in the mundane features of thidies that the most interesting

design opportunities presented themselves.

Specifically, Tolmie et al (2002) looked at how guntous computing may benefit
domestic environments. In one study, the mothea diousehold would appear to
ignore a clock-radio alarm going off. Later actorevealed that the event was a
significant, but not externalised, placeholderhia toutine of her life. If this situation
was viewed from a more simplistic viewpoint, thenclosion may be drawn that the
alarm was simply superfluous and thus is duly igdomjiven the lack of reaction;
however it is important to understand the reasomy whis failed to elicit an
externalised action. The alarm was actually mentadted by the mother, but she
acted upon it (by waking up her children) whentiappropriately in her routine.

This type of hidden meaning was something that weasaled within the research
presented in this thesis. As further discussechapter 5, it is by understanding the
entire context, including things such as a persoogine and tacit knowledge, that

motivations for a person’s activities are revealed.

Calde (2003) gives the example of designing agation management tool for golf
course superintendents. The superintendents egptirey took many notes on their
laptops as they travelled around the golf coursksecking for problems. In reality,
the laptop remained stored in the back of theirf galrt throughout the entire
inspection process. If a problem was found, it waker fixed on the spot or the
superintendent radioed for someone else to filNibtes were completed at the end of
the inspections. The gap between what practit®orsary they do and what they
actually do remains an important problem to addrdsss difficult to identify these
gaps through mere questioning — many actions evgpantaneously and must be
discovered through intense observation.

Ultimately existing literature rightly identifies hat when employing an
ethnographically-inspired field study utilising peipatory design, there is a need to
properly understand the context of deployment (aadpractitioners). It is then
appropriate to adjust the technical expressionh@fdesign to suit the human needs

and practices.
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2.2.4 Considerations for research in ubiquitous com puting

Given the problems with existing approaches to giésg ubiquitous computing
systems, it is important to reflect upon what thestmmportant areas of consideration

for design really are. In my opinion, these condeur specific areas.

The first is attempting to achieve the goal of givie computing. Doing so satisfies
the philosophical requirements of ubiquitous cormmytand provides an interface

that does not distract the user, and adequatebnaoodates the context of use.

The second is appropriately making use of contex ubiquitous computing system.
It is necessary to draw upon and react to the gbwtfiea situation in order to satisfy
the social effects of new systems. These effefes to how a system may alter work
practice or communication. For example, speeclogmition systems must be
carefully designed so they do not interfere witlgutar communication while

completing normal work practice, and such thatdtwetext of use does not interfere

with this method of interaction.

The third consideration is the use of multimodakiaction in such a system to
support the desired means of interaction. Howpteetitioner physically uses the
ubiquitous computing system has far-reaching effeoh work practice, and
assumptions should not be made as to what apptepn@ans of input are.

The final consideration is the commercial suitapilof the design. An often
overlooked aspect of ubiquitous computing is whethes economically useful, and
for a design to be successful it must make findrsgase to support its uptake. The
following sections discuss each of these concemd laow they are currently

addressed by research relevant to the field.

2.2.4.1 Theinvisible computer

“A good tool is an invisible tool. By invisible,rhean that the tool
does not intrude on your consciousness; you foauthe task, not the
tool.” (Weiser, 1994b)
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Weiser (1994) explains that the invisible computees not refer to the visual
invisibility of a computer, although this may beuaeful property of a ubiquitous
computing system. Instead, the invisibility reféosthe practitioner perceiving that
they are accomplishing the task themselves, rath@n focussing on driving the

interface to have the computer accomplish the t&gkiser states:

“Whereas the intimate computer does your biddirigge tibiquitous

computer leaves you feeling as though you did utrsalf.” (Weiser,

1993)
Tolmie et al (2002) refer to this as thmmremarkable rather than thenvisible
computer to help differentiate the alternative liptetations of invisible ubiquitous
computing. The Equator project (ibid) outcomesgasg that it should be the actions,
not the artefacts, that should be augmented wiiquitbus computing to support
unremarkable computing. Emphasis should be plagesh existing interactions

rather than designing devices to allow new intéoadiechniques.

The ideal invisible computer is fairly loosely dedd. Weiser has given several
revised definitions on what invisible computing atgt which can be summarised to
two different viewpoints. The technical definitioof invisible and ubiquitous
computing defines it as extensive embedded micogssnrs. Weiser compares this
to the use of solenoids in cars, a technology ihatidely used, but a component of
the system that is not obvious to the user. Indeisnition, the computing is both
physically and functionally invisible, whereby tbemputing is not done with a direct
interface, and the embedded processors are irifibin sight. A later and more
mature definition refers to the socially invisildemputer. In using this definition
scenario, the person making use of ubiquitous caimgpis aware of only of the task
at hand. These definitions actually complemenhexdber; however it is an important
distinction. One places emphasis on hiding the pder, while the other places
emphasis simply on the user being unaware of thgater. Within both definitions,
Weiser is consistent in his reference to the reguént of human agency (as also
discussed by Campbell, 2004), which keeps the ctingppotential within the

control of the practitioner to reduce their frustra.
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An example of agency and invisible computing isuke of anti-lock braking systems
(ABS) in cars. This is a technology that takesnagpte command (hard braking) and
applies a complex yet well defined response (initéemt braking depending on the

conditions) to provide the driver with the requiraction automatically. The driver

does not have to bring up a display to turn onAB& control, nor do they need to

adjust any settings for it. It “just works”, and the driver they merely braked.

Although this is a relatively simple (and nicheaeyle, it provides a description of
invisible computing with an appropriate level ofeagy. By augmenting a situation
to the controls of a device without focusing ati@mton the computer, invisible

computing is attained. However, as the situatiecomes more complex, there is a
need for increased agency and further feedbacks dalancing these properties that
become a key consideration in designing usableuitioigs computing systems.

In one such attempt to achieve this balance, Chalmed Galani (2004) created a
mixed reality system with the aim of creating amskss mix of technology to support
invisible computing. They suggest that designdrsukl reveal differences and
limitations of systems to assist the user’'s undeding, and thus the transparency, of
an interface. However this concept is suggestechgoily for supporting social
interaction (such as friends sharing an interestmgseum experience) rather than
supporting work practice. What is useful about idhalmers and Galani showed in
a social context is that exploring the boundaried deficiencies of a system with a
practitioner provides them with a complete expaatabf how the system will work.
Simultaneously, it provides insight into potentlméans of appropriating the system
into existing work practice: the feedback from ra@irgg the limitations gives insight

into better means of integrating new systems froenpractitioner feedback.

Most importantly however, when the user understdmis the system functions from
a technical viewpoint, they are able to better techow it will behave.
Paradoxically, by adapting to system deficiendies,system becomes more invisible.
As explored in the discussion chapter of this themppropriate feedback mechanisms
are necessary to continue informing the practitiasfesystem limitations to allow
them to further adapt.

35



Also discussed by Chalmers and Galani (2004), esittiportance that the interface
behaves predictably to avoid breaks in attentionl &m aid the practitioner’s

understanding of the system. If the system beharrasically, the practitioner cannot
predict behaviour, leaving them unable to adapgtysiem deficiencies. For example,
if software is imbued with “common sense” (as deieed by the developer) whose
workings are unknown to the user, it may incorseaiterpret what a practitioner is
attempting to do. This results in the system bgtgawnpredictably, making it

difficult to think ahead when time is spent contity checking that it does what is

expected.

When attempting to integrate basic context recagmior dentists, | encountered this
reaction to unpredictability in my own studies (€sdan-Haysom and Brereton,
2006). During design studies it was found tha iEharting program tried to guess
where the dentist would like to chart next, thetd¢rbegan spending all their time
checking that the chart was where it should beyirgwy the contextual detection to
be tweaked in some areas and removed in othersoud@h understanding what the
system was attempting to do, the practitioners vabite to adapt to it and advise on
adjustments that improved the system’s abilitynhpriove their work practice. The
issue of a ubiquitous computing system respondppyapriately to context is one
faced by many researchers.

2.2.4.2 Context recognition

To achieve usable ubiquitous computing, contexbgaition is likely to be required,
and much has been made of the use of context meteiltt augment ubiquitous
computing systems. However, in considering thpeasof ubiquitous computing, the
first difficulty is the conflicting definitions oftontext. Dourish (2004) delineates
them into two approaches. The first definitiothis representational problem, or how

context can be encoded or displayed. Dourish dgfinthus:

“Context is something that can be known (and heeweoded and
represented much as other information is encodetirapresented in
software systems)
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Context is delineable. We can define what coustsha context of
activities that the application supports, and darsadvance.

Context is stable. The precise elements of a gbdie not vary from
instance to instance of an activity or an event.

Context and activity are separable. Activity happ€ewithin’ a

context. The context describes features of theéramaent within

which the activity takes place, but which are sepafrom the activity

itself.” (Dourish, 2004)
Dourish here describes what context is for the gsrpof considering its use within a
system. Such a definition makes it a more tangibdperty of the design space and
something which can be utilised. The second viewoaotext is that of context as an

interaction problem:

“Rather than considering context to be informaticontextuality is a
relational property that holds between objects atiaties. It is not
simply the case that something is or is not contether, it may or
may not be contextually relevant to some particaletivity.

Rather than considering that context can be detegand defined in
advance, the alternative view argues that the scopeontextual
features is defined dynamically.

It argues that context is particular to each ococasiof activity or
action. Context is an occasioned property, relévamn particular
settings, particular instances of action, and pautar parties to that
action.

Context arises from the activity. Context isn’stjuthere,” but is

actively produced, maintained and enacted in thes® of the activity

at hand.” (Dourish, 2004)
What is also important to consider here is theceftd context recognition, and the
associated automation on user agency. Much has ieele of the potential of
ubiquitous computing devices to converse with eattler and make decisions based
on contextual input (Langheinrich et al, 2000), &mel benefits show a lot of potential
for assisting task automation. While such autoomatan improve efficiency and
usability, and reduce the need for complex systenfiguration, the concern is that
too much may complicate or impede the predictabiit a system, degrading the

practitioner’s experience.
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Predictability for systems was discussed by Such(f87) who concluded that it is
not possible to know with complete certainty whetian is best to take at all times,
particularly when making use of incomplete knowlkedyg the circumstances. One
infamous failed example of a system attemptinglém phe best course of action by
system context is ‘Clippy’, the virtual user asatthat supported the Microsoft
Office suite of products (Settings, 2007). Clippgs an animated paperclip which
attempted to automate tasks for the user, oftehér consternation, and was
subsequently removed from future versions of Micfo©Office. One suggested
means of obviating such user frustration is tovaltbe practitioner a level of agency
appropriate to the task at hand (Campbell and Brer2004). Campbell (ibid), in
research that studied the same group of dentistisigslissertation, notes that many
difficulties with existing systems could be improviey a greater sense of agency for
the practitioner. While designing a context-awaatient charting system for dentists
he achieved this through close consultation andiphelldesign studies with dentists,

creating an instrument table attached to the pidiehair aware of the task at hand.

In-roads have been made into designing other ctrdabx aware ubiquitous
computing that allows suitable agency, such assBets (2001) “social ubiquitous
computing”, which aims to reveal the context awassnto users and reduce the
artificial intelligence of said devices to an ‘appriate’ level. It is in identifying and
achieving the level that is appropriate for a pattr context which is difficult.

Campbell (ibid) noted the large number of desigivaies required to do this.

Indeed, attempts to integrate context detectionairsocially useful manner to
ubiquitous computing projects have had many diffies. Persson describes
GeoNotes, a system that allows people to leavesrfoteother people based on GPS
co-ordinates. Such a system has potential, buiders to participate socially in such
a system, all must have the technology requiredotlder concern is that leaving the
actual deployment and consequences of such tetlrajgabilities unexamined leaves
the system open to potential abuse and user diftsu While the technical
capability would certainly be usefuh the right circumstancesthe approach is
essentially of a technological function seekingugopse, and also requires almost no
contextual decisions to be made. Further desigwitaes would help to address these

concerns.
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Persson’s (2001) Family Link project uses positi@mperature, altitude, biometrics,
writing activities, calendar entries, social proxyrand contextually aware objects to
create “family awareness”. The scenarios toutedsfich contextual information are
shopping lists and family safety. In comparisomilev Persson describes social
ubiquitous computing as a minimally configurablduson to mobile computing,
Family Link requires complex alarm configuratiorflf it is Thursday and John
passes the door of the house, send him the folpp®MS: ‘Don’t forget your trumpet
for your music school, honey!” (Persson, 2001). hi&/ configuration and
customisation of complex systems is important, liog a system that requires
ground-up, highly detailed programming (althougihegpects user agency) does not

fit the tenets ubiquitous computing.

It is the requirement of complicated input and délguaomplicated information
displays that are problematic. Successful recentab Web 2.0 applications that
transcend the web (Flickr, 2007; Google, 2007b;.idelus, 2007) have
straightforward and streamlined interfaces thabmatically derive context from the
content and usage and successfully create sociateaess through sophisticated
extraction algorithms which respect user agencyor €&xample, sites such as
Flickr.com make extensive use of embedded meta-fag® photos, allowing
spontaneous grouping of photos, and self sortitgyafemages based on their details
(such as location of photo, camera type, commemi®ad group, etc). The number
of views, as well as an algorithmically-derived tarestingness’, allow social
exploration and a unique insight into the receptdrphotos by other users. This
provides the tools for the user to better intenaith their photos, while still not

mandating a particular means of interaction or use.

By recognising the difficulties in incorporatingragext, particularly the need to allow
the practitioner a level of agency, it is possibdeminimise their frustration and

maximise the design by adhering to invisible cormguideals.

The next concern relates to interaction technidassuit a particular context. Given
that ubiquitous computing systems allow computiotgptial in many devices as part

of supporting invisible computing, there are mangrenoptions for interaction than
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the simple keyboard/mouse/monitor paradigm. Cansid the focus of study for this
research in the dental surgery and the limitatiofsinteraction within (further
discussed in chapter 4), design explorations fqurawing interaction focussed on
multimodal interfaces that allow hands-free computgeraction, with particular

emphasis on speech recognition.

2.2.4.3 Multimodal interaction

Speech recognition has been a well-known modaligrraative for many years now,
yet it has not achieved widespread adoption. Bkalkes(2001) claimed in 2001 that
“this is the year” for medical and dental voiceaguition solutions to gain maturity,
however to date this has not been realised. Téms e attributed due to several
design issues. The first design limitation for sideration is accuracy of word

recognition (Mullins, 2005):

“...the North American market for speech-recognitsoftware will

grow by more than 25 per cent each year betwee® 200 2008 yet
commercially available programs, such as IBM's \b&é or

ScanSoft's Dragon NaturallySpeaking, fail to redsgna significant
proportion of words. Manufacturers claim they massund 2 percent
of all words, outside experts say it is nearer fcpat. In contrast a
person can expect to recognise all but 0.05 peroéntords.”

However, accuracy will continue to improve with &nfDeng and Huang, 2004), and
importantly, has not restricted the deployment pketh recognition to niche
applications. The more important, and often owkéal, issue with speech
recognition and other types of multimodal interatis error correction. Brown et al
(2001) found that users of speech recognition softvepend two-thirds of their time
correcting errors and that efficient error handlilgy one of the key design

considerations for successful speech recognitiglarat and Halverson (1999) also
claim that poor uptake for speech recognition sgstes due primarily to error

correction rather than initial entry of text inteetsystems.

One difficulty with overcoming this limitation ikt it is recommended by Karat et al

(2000) is to not use speech as a correction mesman¥While this may be a good rule

of thumb for some contexts, in the dental surgehgiomodality options are limited
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due to existing interaction (such as foot control®) infection control (such as
keyboards and mice). It was also found that gestfor error correction were too
disruptive to allow multimodal correction technigugiven the existing usage of
hands and feet for completing tasks. As explorethe discussion chapter of this
thesis, the resulting multimodal system used ia thsearch used speech recognition.
As recommended by Karat, commands for correcti@hearor feedback needed to be
carefully managed such that the users understoad the error reporting and

correction systems worked and could adjust appeitgiyi.

How multimodal interfaces are integrated can bebl@rmatic. Aside from when

speech is the only available modality (for exampiden a disability precludes
alternative interaction), many systems that maleafsspeech recognition do so for
improving productivity rather than interaction (laaret al, 2000). In this context,
productivity is defined as the amount of data pssee as part of work practice. In
reality, the actual productivity of a person (itag amount of work they can complete
in a given amount of time) will decrease with thee wf speech recognition. The
benefits are usually gained through reduction @& deanslation. When considering
numbers alone for improving usability, user frutna and integration difficulties

may frustrate attempts at introducing new systdfasgt, 2000).

One example of the complexities of successful atiégn is presented by Lai and
Vergo’s (1997) investigation of the productivityrnsdits of multimodal interaction in

health care. They created a continuous speeclymiiom system called MedSpeak
which allowed application navigation and reporttaiion. The system was sought
after because in addition to removing the taskraridcription for patient reports, the
doctors that it was developed for, radiologists, @aid per report produced. As such,
report creation is streamlined to minimise the timeolved since it is the most

expensive aspect of radiology.

What was found in implementing the new system wes & cut-off point exists,
where a system’s difficulties outweigh its usefsifie This cut-off is reached sooner
when there are alternatives that do not frustfaepractitioner and are just as viable
at producing a system that is both usable andiefficand are well-known to the

practitioner.
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What differs with Lai and Vergo’s project to thaepented in this thesis is that the
radiologists involved did not directly benefit frotine system being introduced. The
radiologist already dictated the results which ween transcribed by a staff typist, a
process that they were satisfied with, and thatadt them to complete their work in
an efficient manner. The primary benefit was realyiche cost of requiring a hired

transcriber, but in turn this created new diffi@gtin adopting an unfamiliar system
to the practitioner. When designing a new system ifiteraction, requiring the

practitioner to detrimentally alter their work ptige is a problematic approach. In
this case, it required the development of new aherwise non-applicable skills in

addition to changes in procedure and additionglamsibilities such as proofreading

reports.

While the MedSpeak project also addressed othdiilitgaconcerns, including minor
issues such as icon colours and toolbar organmsatiai and Vergo also recognised
the greater importance of error correction in ttsahility of such a system. A
complex on-the-fly error correction ability was ated and tested with the
radiologists, who ultimately rejected it due to thereased task complexity, cognitive
load and interruption it introduced to their wonkagtice. Lai and Vergo noted these
concerns and instead shifted error correction ke falace at the end of the report
using a simpler system. However, it was repored ¢éven with high accuracy levels
for the speech recognition, practitioners werel gtifsatisfied with the lack of

predictability in accuracy and correction with thedified application.

The lesson from the MedSpeak project is that afedining the goal of the software,
the design team focussed on fixing technical proklerather than redefining what is
required to allow the system to be appropriated thg practitioners. While
guestionnaires were used to gauge user satisfattiep were not used to adjust the
software functionality, nor was there any attentphadium fidelity usability testing.

One concern with the methodology of the projecthis use of quantitative data to
support its outcomes. While it is claimed suchysteam reduced the transcription
time by 99.6% (i.e., if a set of transcriptions dise take 100 hours, they would now
only take 24 minutes), this calculation is inclesf the time that used to be taken to

send the dictation to transcribers. The concurrgains (or losses) were not
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considered by the authors, although it is showhtti®system took on average twice
as long to generate a report in MedSpeak comparatictation. This extra time
agreed with Karat (2000), who found users were lasgluctive with automatic
speech recognition than with a keyboard and mowusa wariety of tasks — taking

almost twice as long to complete the same task.

As reported by the authors, MedSpeak was not cdeiplesuccessful in its
implementation of continuous speech recognitionréport dictation, however Lai
and Vergo did have more success with discrete Bpesognition for application
navigation. Practitioners reported being satisfieth the command recognition and
found it useful to adhere to a single modality péech alone rather than speech and
keyboard.

One difficulty that Lai and Vergo suggested imprayiin future work was the
implementation of alternative phrases for command#&ppropriate alternative
grammar is a necessary practice for commerciaraotee voice response (IVR)
development. Therefore within my research, in @aldito error avoidance and
correction, | attempted to allow a suitable variety recognition for alternative
command phrasing. Once implemented, this methddces the amount of time
required by the practitioner to learn commands, enturn reduces errors due to
pausing or incorrect words much faster than fortedning with a restricted

command-set.

Ultimately, systems implemented in a way similaMedSpeak would be sought after
by managers and administrators hoping to improfieiefcy, rather than sought by
the practitioners themselves. While the stated gwaMedSpeak was to create a
highly usable system, instead it focussed on gaigfthe requirements for removing
the need for transcription, rather than how to imwprand augment the radiologists’

work practice.

Another consideration for research into multimod#krfaces is the use of well
established approaches to design in the field. v&eet al (2004) published a list of
guidelines for creating natural and intuitive muldidal interfaces. Many of these

guidelines are appropriate in almost all circumstan such as consistency in the
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interface, ensuring privacy and security, maxingsiuman cognitive and physical
abilities and suitably handling and preventing exroHowever, it is also advocated
that interfaces are designed for the “broadesteavfgusers and contexts of use”.
Kraal (2003) noted this is a common theme in mudal literature. My own

experience with using commercial speech interfasdbat they allow the broadest

approach possible in an attempt to improve usgbilit

This approach is contrary to what other researcligraal and Collings, 2004)
advocate for improving the adoption and usefulnéess multimodal interfaces.
Instead, user acceptance and satisfaction increasmeyh appropriating the interface
to their particular work context. Almost countettiitively, by restricting the
recognition parameters, practitioners become maraistomed to the limitations,

while the system itself is better able to catea twetter defined scenario for use.

An example of a successful speech interface isuse of speech recognition for
grammatically-constrained phone queries, callegrattive voice recognition systems
(IVRs). These are usually designed for a spetafiget audience, with an information
architect outlining the flow of the speech appligatwhile the speech input is derived
from both system specifications and user interviewEhe requirements for this
interface are well known (a fairly consistent sgeegut of a known quality and a
context-specific enquiry), which in turn allows thailoring of a speech engine
specific to the application. A Gartner study (2p@8ind that speech was preferred
by respondents to the study over touch-tone intedfdy a factor of six to one. While
the study did not examine potential frustrationgseal by such an interface, the study
did record that the deciding factors for succeseevilee accuracy, convenience and
speed of the interface. The IVRs examined wetertd for a particular market and a
specific product, allowing appropriate constrainpon the system that improved the
accuracy and speed. It could be concluded thgtlpesse content to adapt practices

for a robust interface.

Karat et al (2000) concluded from their researck fbllowing regarding the
successful achievement of an “all purpose” autarregieech recognition interface:
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“For the existing human-computer interaction parguai of
workstation interaction, we do not expect to seemass user
declaration of keyboard obsolescence in the netardu’ (Karat et al,
2000)
An appropriate design guideline for a generic pobauoight be to offer customisation
to specific requirements. There is a constantidg@nsr ubiquitous computing of

designing for the generic use case and for thafgpscenario.

Finally, it could be questioned as to whether tbeliaation of speech recognition can
be defined as a type of ubiquitous computing.el feat better design may take place
by striving to match the philosophical underpinmsim ubiquitous computing, even if

this means reapplying existing technology. Welsarself states:

“Like the personal computer, ubiquitous computingll venable

nothing fundamentally new, but by making everytffiarsger and easier

to do, with less strain and mental gymnastics,ilitwansform what is

apparently possible ... ease of use makes an enornditfasence.”

(Weiser, 1991)
Therefore given the appropriate considerations emegration of such a speech
recognition system, it adheres to the ubiquitoummating ideals and can be said to
be at least a part of a complete ubiquitous comgusystem. Further, by paying
attention to how to achieve a useful and speaifieraction, lessons can be learnt for

broader application.

2.2.4.4 Commercial viability

An issue often unconsidered in research in thel faél ubiquitous computing is the
commercial viability of implementing new systemBor a system to be useful to a
business, it must make fiscal sense, and for relsetw shift to commercial

endeavours, or to be useful to budget-minded pi@agrs, it must remain within the

realm of affordability.
Designing complete ubiquitous computing systems lev@liso be easier if unique

components within the system were commercially peced and readily available, so
that designers could experiment with configuragod integration for contexts of use.
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While it is not always possible to create an ensgstem using off-the-shelf

equipment, avoiding “reinvention of the wheel” slibbe encouraged.

Because of the new technology involved and the aafstintroducing new
infrastructure and software, it is a debateable exreether ubiquitous computing can

ever achieve commercial success outside of unigdeastomised systems.

Regardless, there have been efforts by several e to release commercially
viable ubiquitous computing which adheres to theaidof computing embedded at
hand. What has been lacking so far is the releAsmhesive products that allow
complex inter-coupling. Many standalone embeddachpruiting devices exist that
allow distributed computing, but without standarti&t support appropriation by
practitioners, they do not support ubiquitous cotimguas it is defined. Weiser

recognised this difficulty, and explained why ubtqus computing is not a PDA:

“Unlike PDAs, ubiquitous computing envisions a wdorbf fully

connected devices, with cheap wireless networksywhiere; unlike

PDAs, it postulates that you need not carry anyghwith you, since

information will be accessible everywhere.” (WejsE393)
Siemens (Tsakiridou, 2002) and Philips (2007) am® tcompanies that are
representative of the current commercial approaalbtquitous computing. Siemens
aim to utilise PDAs and large displays to faciétatbiquitous computing to support
communication in a corporate environment. Philypgpes to incorporate ambient
contextual information in the home with productattikan communicate with each
other. In this way, they are both providing sysetimat are tailored for a particular
context. This is a necessary stepping stone tquitbus computing gaining a
foothold as an accepted paradigm of computing, t#edapproach taken for my

research.

Embedded computing as it is currently designed dumsadequately support the
ideals of ubiquitous computing. Ubiquitous compgtisystems need devices to be
designed so that they are usable on their own #isawen a ubiquitous computing

context. For example, a digital pen should alltself to be used in tandem with a
variety of devices - such as writing a note to &et ¥ia a mobile phone, annotating a

document on a computer, or for writing in a notdbtwat then allows for searching
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from a desktop later. Many devices, such as thgiteoh iO digital pen (Logitech,

2007), support only a wired, USB interface, or pieary wireless communications
(or at best, customised Bluetooth interfaces) whach not support inter-device
communication. This means they must be tethered #C to achieve any data
communication and tasks involving more than ondagegannot be accomplished in

real time.

Furthermore the data sent must be received by rdrpedtware, meaning that
manipulation of the data is usually restricted tbatvthe official software can
accomplish. One particular difficulty hamperingnmooercial success, as alluded to
previously, is the lack of open communication stadd. While USB has made great
inroads to allowing devices to be interoperablejquibous computing requires
devices to be independent. With wireless standée®luetooth, this is achievable,

although rarely pursued.

The all-encompassing uses (indeed, many considenacessary paradigm shift from
computing as it is currently perceived) that ubigus computing is intended for
means that there will never be a single system ithatalised and establishes a
universal new system for computing. Like other @mibs, pervasive projects, such
as the Internet, it will require a set of open dtads that are reproducible by
everyone yet are designed to be flexible enougdupport growth and extended use.

How this will be implemented and take place rem#inise seen.

One thing that can be established with surety a$ tibiquitous computing must go
beyond “smart displays” and “smart coffee cups” dodus on solving difficult

interaction problems that will allow the practitemto simply accomplish work. To
do so, it is necessary to reassess the approadhdoitous computing design, with an
emphasis on both reusing existing technology anderstanding the context of

deployment.
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2.2.5 Rethinking ubiquitous computing design

Ubiquitous computing requires new directions anidrahtive methods for design
instead of more traditional design methods in otdeachieve its philosophical ideals.
For this reason, Abowd and Mynatt (2000) advodageliving laboratory” approach.

They state that ubiquitous computing should be @s®tlitested as it is designed by
the researcher. Weiser and his colleagues alsw ting® approach (Weiser, 1991,
Weiser, 1993). While this may provide a seed foteptial use scenarios, it either
results in testing the system in a context radrcaiiferent from its intended use (the
researcher’s laboratory instead of the practitisnevork context) or finding a

problem (within the researcher’s laboratory) foe tholution. This approach also
encourages engineering design, where the engins&smises a system according to
the problems that they see. There are some bertefisuch an approach, with

Schmidt (2002) arguing that the living laboratayaiuseful setup in that it allows:

* Regular prototype testing
* Thorough exploration of the design space
* Further understanding and inspiration for technitealelopment

* Managing and documenting limitations

However, if the goal of a researcher is to creatsable system (in Schmidt’'s (2002)
words “a system that is usable without manualsteaiding”), then it is problematic
to believe that customising the prototype for thgearcher will allow the system to be
deployed without the same stumbling blocks in ottmntexts. Furthermore, such a
goal ignores the fact that often times complexeystrequire a degree of practitioner
experience and skill for effective use. Abowd dhghatt (2000) state that a living
laboratory approach must eventually progress tdogapent in the context of use.
However, appropriation by the practitioner in theimtext of use happens after the
main exploration of the design space, and onceléisegn is finished by the designer

(Suchman, 1987), limiting its effectiveness.
As already argued, ubiquitous computing design aéspires a shift in emphasis

from solely seeking new technical directions tovgartorporating existing hardware

and software, and then successfully combining ataptng these to the use that is
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required. In this way, more time can be spent esgfclly appropriating a system to
satisfy the philosophical requirements of ubigut@@mputing and creating a system

that appropriately addresses the practitioner'sisee

Edwards et al (2003) talk of using software infrastiure as a means of supporting
user-centred design. Software infrastructure igxnting set of code libraries and
runtime processes that support generic functidg providing a common and well-
used set of functions, systems that utilise it lsarmore adaptable and rapidly adopt
changes according to user requirements. Hardwénastructure may also be viewed
in the same way, with different sensors and deyicesgiding a functional equivalent.
While individual toolkits (Sutton et al, 2002) seiekachieve hardware infrastructure,
hardware reusability remains immature compared tdtware patterns and
frameworks. This is ultimately because hardwayeit$ nature, is less flexible than
software. While inroads have been made at makiagivare reusable and

reconfigurable, it remains far more difficult tcadapt than software.

While Edwards (2003) focussed on better ways tagdesoftware infrastructure,
many of the lessons derived from their experienee applicable to appropriating
hardware and software for ubiquitous computing.rti®@dar emphasis should be
placed on finding hardware solutions that do nofune proprietary solutions that

mandate design virtually start from scratch.

The most relevant lesson for design from Edwardal & that it is best to build a
minimal system first to test core design ideascé&deas are validated, user feedback
is then elicited to progress the system functidpal\WWhen creating complex systems
it is important to get the basic functionality apdtential correct. By building a
simple yet testable system it is possible to deatemearly in the prototype
development whether a design contribution has palenEdwards et al also found
simple scenarios in the context of the practitimmexork place were best for

determining this.

Edwards’ approach is one that applied to the pypiog presented in the
methodology and discussion chapters. However dulsh be mentioned that by

employing design games and role-playing, lightweigtototype explorations in the

49



context of the practitioner's workplace were poksifor my own research.
Interesting, albeit flawed, ideas could be quiattiycarded and the most relevant and
useful areas for design intervention could be ifiedt By doing this in the
practitioner’s workplace, it is possible to quiclkdiscover contextual difficulties that
preclude the prototype which is preferential tdirig missing problems by ‘faking’
data about the context in scenarios. The useobihtques such as “Wizard of Oz”
means that even when the technology for particagiication is not available it can
at least be auditioned in the context of use.

Ultimately, Edwards et al found that the more sepbtated prototypes they created
provided “less return on investment” (ibid). Ligltight prototypes based on
software infrastructure maximised the developméitiency and allowed shaping by

the practitioners early in the design process.

Sumner and Stolze (1997) also note the benefitgssofg a software infrastructure
approach, but with a participatory, rather thanr«sastred design approach (see
section 2.3.2.2 for the distinction). They refethe use of ‘toolbelts’ — collections of
off-the-shelf software tools in a type of partidipy design called “participatory

evolutionary development”.

The main concerns for participatory evolutionarywelepment are similar to issues
found within my own research. While much of Sunsand Stolze’s work relates to
creating effective toolbelts, they refer to the ortpnce of empowering the
practitioner. This is done through communicatihg tlesign to the stakeholders: its
constraints, abilities, how it works, and ways o$tomising and adapting it. For this

they primarily used flow charts and tables to comroate the information.

Techniques for communicating the necessary infaomawill vary depending upon
the design context and what is most interpretablde practitioner. However, while
communication methods such as flow charts and $adrke important for documenting
and visualising a design, this should not be a amghent for in-context
communication. Not all practitioners benefit frarging to visualise a design based
on a flow chart or a quantitative representatiom@gign, and if a practitioner is able

to actually use a prototype and speak directlyh® designer and engineer who
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created it, the subtleties of the design can bealed as required. This is further

addressed in the discussion chapter of this thesis.

The effective application of participatory desigechniqgues can assist the
communication required to suitably inform the pitember. However, “participatory

design” encompasses a wide range of philosophigsesmhniques, and it is necessary
to consider the field as a whole to determine th&t lapproach. In the next section |
discuss what participatory design is, the variowethwodologies it encompasses and

how it relates to ubiquitous computing design.

2.3 Participatory design

“The audience itself must understand the power as Ho shape,

develop, and share in our society’s creations.”H®ssberg, 1998)
Participatory design has its roots in the Scandamatradition (Schuler and Namioka,
1993; Greenbaum and Kyng, 1992), which sought tpaswer the worker and allow
for democratic expression in the design procedse dssence of participatory design
is to develop mutual trust and respect and effeatmmunication and collaboration
between all parties involved in and or affectedttry design efforts, so that resulting
designs best support users and use. This secigendinates the motivation and
history of participatory design and how it inforrtise research presented by this
dissertation.

2.3.1 History

The starting point for user participation in systdevelopment was in Scandinavia
circa 1960 (Gustavsen, 1986). A large action @mwoygfor industrial democracy, with
the aim of improving working life and empowering nkers, was conducted by the
Norwegian Federation of Trade Unions. The outcavas the “Worker Protection

and Working Environment Act”, which stated:

“...workers and their representatives shall be kepfoimed about
systems used for planning and performing work, abdut planned
changes in such system.” (Levity, 1998)
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It has been said that participatory design is amhproduct of Scandinavian culture,

and is often called “the Scandinavian approachdyélet al, 1989).

“An essential feature in Scandinavia is, above alhat appears to
outsiders as a far-reaching and widely supportatdamental concern
with the building and development of a society ihiclw each
individual may live in dignity and in conditionsrmucive to personal
development.” (Floyd et al, 1989)
Given the strong and well organised associationsngbloyers and trade unions, the
ties between trade unions and the social democpatites (Gunzberg, 1974), in
addition to the early emphasis by the unions onsgtisfaction and workplace design
(Floyd et al, 1989), the historical situation ina8dinavia provided the ideal origins

for participatory design.

Participatory design as it is used today foundratsts in the “Collective Resource
Approach” (CRA) (Ehn, 1992 from Kuhn, 1996), origily developed in the early
1970s in Norway. The CRA is a means of system ldpweent that recognises the
importance of multiple expertise viewpoints, whifgomoting democracy and
collaboration between designers and users. ltgreases that a multidisciplinary
approach allows for a more collaborative understandf a particular context, while
recognising the issue of democracy in design redufrom concerns over the
consequences of computer systems for work conditiofhe outcome was that
workers were able to assert control of the designesv technology and decisions

regarding the workplace.

One of the first modern examples of participatogsign involving information
systems was Ehn’s (1983) work on the UTOPIA projddT OPIA used role-playing
and low-fidelity prototypes to engage workers froine Nordic Graphic Workers’
Union to design a system for assisting in imagecgssing and page layout for
newspapers. UTOPIA was developed into a commepc@luct called TIPS which
was used by several different newspapers, shovagparticipatory design could be

adopted commercially for creating new computeresyst
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Research has since progressed from Scandinaviee teest of the world, albeit with
varying degrees of success (Bjerknes and Brattett9§5). In the process its
intentions and practices have become diverse ame& sonfusion has emerged as to
what actually entails participatory design and htmwemploy it properly. 1t is
therefore necessary to examine the different waysgpatory design is approached

and the alternatives.

2.3.2 Defining patrticipatory design

“You could imagine a future in which companies gped their

[research and development] departments entirely sintply proposed

questions for the global collective intelligencenwll.” (Grossman,

2005)
Participatory design is a diverse, multidisciplyndield and as such it is difficult to
pin down a single theory or approach to practic th ‘best’ (Slater, 1998). There
are a wide range of methods that may be used fticipatory design activities, with
the choice depending on the type of project, exper of the researcher, and context
of the design. What one person deems a necesgagygtaof participatory design may
be disregarded by another. While participatoryigiepractices are diverse, what is
important is that there is consistency in the resgéeven to the practitioner and the
understanding the context of work practice. Theaee been attempts to define the
essential tenets of participatory design across nadithodological approaches
(Greenbaum and Kyng, 1992; Schuler and Namioka3)19%he description of ideals
that is most closely followed by this researchhese as defined by the Computer

Professionals for Social Responsibility (Brighar@032):

* Respect of practitioners, regardless of workplae&us, technical abilities or
financial influence. Every participant must bewgsl as an expert in what
they do and a stakeholder to be listened to.

* Providing a way of addressing more than the teehrggstem. Participatory
design considers people, practices and technototheir context.

* Recognition of the importance of the system’s cantdédeally systems should

be tested in the workplace of the practitioner.
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 The use of practitioners as a valuable resourceugr collaboration to
address systems requirements and innovate.

* The discovery and resolution to problems within pinactitioner’'s domain as
identified by the practitioner themselves rathemanthproblems ‘seen’
externally.

* Recognition of the designer’s role and experiemcéhe participatory design

process.

This thesis does not aim to prescribe a partiadieology to follow for participatory
design, nor establish an all-encompassing bestipeadut instead the intent is to
respect the core tenets of participatory desigamexe how they have been applied

and suggest improvements for their interpretation.

2.3.2.1 Diversity of participatory design

As mentioned, the field of participatory design laadiverse range of methodologies
and draws upon many disciplines. Muller et al @)98ttempted to provide a brief
guide to the range and suitability of different huets and provided guidance as to the

suitability for particular circumstances, as ilkagéd in Figure 6.

54



Customization™®
Low-tech Prototyping® s Buttons project [14]
® /con Deslgn Game [10,17] @ Spreadsheets [6]

Low-tech Prototyping®
Co-devefapment[gls"'” . mcmga [1.1?.14.15.171
Mock-ups® » TelePICTIVE [9
o UTOPIA (37 12.15] § DrainDaw (9]
 ACE 5] Prole¢tSl | ow-tech Prototyping®
*® Lunchbox project 3] ® Database Buckets Game [17]

Theatre for Work Impact ?

# Forum Theatre [4] in B
® Scripts for action (6] tﬂﬁ:ﬁ;ec:?.;a?f:['%r: 7
Video Prototyping [1)”

Storyboard Prototyping She
» CisP [g]

Participatory Ergonomics [13] >

Card Games ™5 . . rs
ooperative Prototypins

® Organization and Layout kits [6,15] C. g%?: 9] YRng

® C.ARD &B8.0ARD.[17]

® Metaphors games [6.10,17]

Users directly F'articipa'ta in Design Activitie

5 Cooperative Evaluation (18"
Translators |9]

: : o TE
(Semi) Structured Conferences ™7 C.G '};ﬂ‘gf {fé'_f? E]r dieyrng-for ecian

& Starting conferences [15] - . T8?
® Fulure workshops [3,6,1215]  Collaborative Prototyping ™
® Graphical facilitation [12] ® Parlicipatory requirements
’ specitication [2,15] Participatory Analysis of Usability Data’®
» CISP (9]

Who Participates with Whom in What

Envisioning Future Solutions "7

® Future workshops [3,6,15]
® Lunchbox profect (3]

Contextual Inquiry (2.7,15 75"7

T.EM?

Assessment of appropriate group size for
each practice e

Ethnographic Methods [16,7,15,16)

T R T

Position of Activity in the Development Cycle or Iteration

Designers Participate in Users’ World(s)

Figure 6: Taxonomy of participatory design (Muller et al, 1992)

The sheer variety of participatory design can bentdag for researchers unfamiliar
with the field hoping to utilise its philosophieadabenefits for research purposes,
leading to the view by some that participatory gess an “all or nothing” approach.
Reich et al's (1996) work goes as far as descripaugicipatory design simply as the
“antithesis of traditional design”, traditional dgs being the “engineering design”
described in section 2.1. This is due to the stdifkerences in approaches,
particularly with how the practitioner is involvemh the methods. However,
participatory design, depending on the approachthef designer, can either

complement or replace traditional design.

Although participatory design can describe a methmgly that mandates user
participation from start to finish, its applicatishould be approached philosophically
rather than a prescribed set of methods. Whileptmicularities of methods may

vary, what is of overriding importance is the e#thiconsideration of the practitioner
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and the knowledge that grounding design in useest®improves the design process

from a humanistic viewpoint.

Technically complex systems can be designed wille io no user participation (for
example when designing a type of computer procgsand in many projects, given
the resources available there is little-to-no akéive (Brandt, 2001), other than
employing a more contextually sensitive and halistiethodology. However it is
possible to then use participatory design to allbevappropriation of the technology

by the practitioner regardless of the original teéchl design process.

A designer who carries participatory design temetthe back of their mind should
know when they are “watering down” the process paténtially compromising it.
Given the concerns such as time and cost, the risigust make choices and the
process ultimately reveals these priorities legitiely. How participatory design
influenced this research and the benefits and felisrof the methods used are more
closely examined in the methodology section of thesis, and further reflected upon

in the discussion section.

But first, the distinction should be made as to wMbatails participatory design as
opposed to user-centred design. At first glanicey tmay appear similar, if not the
same; however user-centred design offers its owmefiie and shortcomings, as

discussed in the following section.

2.3.2.2 User-centred design

User-centred design is a popular method for consigehe needs of users in the
design process. While user-centred design is soregetconfused with participatory
design due to similar goals of empowering the gsavle in the design process, a
simplistic delineation is that user-centred desigald be said to create a more usable
design through user consideration, but not necggsaticipation (Preece et al, 1994).
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The concept of user-centred design became well knihwough Norman’s (1988)
book “Psychology of Everyday Things”, and is nowdespread in commercial

employment. Norman defined the seven principlesm@sal to user-centred design:

» Use both internal and external knowledge — takeaathge of both the user’s
knowledge and the context of use.

» Simplify the structure of tasks — remove the load short and long term
memory.

* Make things visible — the user should be able ® their actions having an
effect.

» Get the mappings right — the actions being perfarsteould relate to the task
at hand.

» Use constraints — help guide the user towards cifgpgoal.

» Design for error — people (and programmers) makstakés, so allow for
these in the design.

» Standardise the design — if people are used totylar way of doing things,

stick to it.

These have been updated and improved upon by Slemnm&nn (1987) and Nielsen

(1993; 2001), but essentially remain consistenthil®these may be useful rules to
follow to improve usability during design, they dot address whether the system
will help the practitioner achieve what they wanf’he emphasis remains upon
whether an existing solution maps to the user requents, and does not include early

practitioner involvement or empowerment in appraggla solution.

To summarise, and reiterate, while user-centredydesnd participatory design may
seem to be fairly similar approaches to design gtbasn the emphasis on the
practitioner in the design process), there is a@nstr philosophical difference.
Participatory design is focussed empoweringthe worker, and finding a better fit
between design and work practice in doing so, whaer-centred design aims to
improve usability primarily by focussing on the human aspects ddigle The

emphasis however remains on the users’ “needs esided” (Norman, 1988) rather

than abrokered desigr(one that is mutually informed by the practitiorserd the
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designer) that accounts for the designer's knowdedgd the practitioner's work

practice.

Indeed, there is another subtle difference betwenicipatory and user-centred
design that relates to their terms of ‘practitiormerd ‘user’. Participatory design aims
to design for a practitioner. The use of the tgractitioner’ implies tacit knowledge
and skill, which reflects the tenets and aims atipi@atory design. This contrasts
with what Kyng and Greenbaum (1992) think of theadgtion ‘user’. They describe
it as a rough term which fails to adequately adgltbe inherent skill in that person.
Therefore in participatory design, the distinctiam made between users and
practitioners and how these descriptions affectddsign methodologies. Whereas
‘user’ implies the only skill to recognise in thesign process is that of using and
interacting with the system, ‘practitioner’ bettecognises a person’s competence in
their field and how that competence may be incafsat into the resulting design. It
also identifies the need for acknowledging the aloaspects of design, for instance
that users do not just have human factors to a¢dounbut are humaactorsin the
process.  Such a distinction means that whileetreme aspects unique to the
practitioner that affect the system, the holistiew of the system means that the
practitioner is an actor within such a system, #ms system as a whole must be
considered.

2.3.2.3 Usability testing

Usability testing is closely related to user-cetitdesign, and by definition is seen to
be a subset of it since it focuses on how the uneracts with the design. Usability
testing is commonly employed, particularly by comored organisations. The
general approach for usability testing offers salvbenefits (primarily being that it
identifies difficulties encountered by the userdmectly involving them), however its
application differs significantly from participatodesign. There are five goals that

describe the aims of usability testing (Dumas aadigh, 1993)

* Improve the usability of the design

* Involve users in product testing
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» Use real tasks for testing
* Observe and record the participants’ actions

* Analyse the resulting data and design accordirigdee actions

The primary purpose of usability testing is to h&hd usability problems; not to

solve them, merely to account for them (Ehn, 1988)addition there is an emphasis
on laboratory work that does not completely repoadthe richness of true work
context, while time restrictions further limit exping the long term effects of the
design (Schneidermann, 1998)

Therefore while usability testing is a necessamngonent of both user-centred and
participatory design, commercial efforts usuallgds on identifying problems and
fixing them rather than learning from how the desigay better suit the practitioner.
While efforts are made to make the product mordlesalesign changes tend to be
made without the sense of democratising the chaoiidbe changes. The focus is of
making the product more usable “as it stands” rathan facilitating the two-way

flow of ideas. Changes to the design at this stageusually minimal and are unable
to accommodate complex social and physical intenast contingent on the

practitioner’s work context.

User-centred design also advocates objective dédiigh is reflected in how usability
testing takes place, with neutral usability reskears to be kept a distance. This may
be accomplished using methods such as an isolaiatth with one-way mirrors and
guantitative data recording. This contrasts wahtipipatory design, where the design
is brokered between the designer and user, allotiiagn to combine their respective

knowledge.

Buur and Bgdker (2000) are critical of the usert@hdesign process and traditional
usability testing for these very reasons, and atstadvocate the use of a “design
collaboratorium”. This is an alternative to a uBgblaboratory, while still being

suitable for larger companies that do not wish $e participatory design due to
internal reasons such as politics or budgets. ti®mdesign collaboratorium, instead
of a testing laboratory, a dedicated room is s@gplthat houses the usability
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evaluation sessions. Usability professionals, giess, engineers and the users all

meet in the room which acts as a work space fod#sggn team.

As opposed to the comparatively sterile environnodrd usability laboratory, Buur
suggests that the design collaboratorium shoulteatefthe use context and the
evolving design, and should act as a source ofiratspn for design ideas and

discussion forums.

While the design collaboratorium is a useful aléire for companies running long
term design projects in-house, or for external disalconsultants, it is less useful for
companies who are unable to provide a permaneavem semi-permanent space for
a collaboratorium. Furthermore it requires thersise leave their work context and

participate in an approximate context.

While there are many benefits to a dedicated spacey own studies, creating a
temporary design environment within the design spaemoved the need for
stakeholders to provide expensive or simply unabéel facilities. By shifting the

design collaboration to the context of the pramtiéir's workplace, it allowed busy
professionals to engage in the design process wmiitiegjuiring otherwise unnecessary

commitments.

Such trade-offs often occur within the participgtdesign process, and it is important
to anticipate and accommodate compromises. Theseeton addresses some of the
primary concerns for undertaking participatory dasi

2.3.3 Participatory design caveats

One concern raised consistently for participatoggign is that by considering only
the needs and desires as described by the usersnnevative technologies may be
unintentionally ignored (Agostini, 1998). Trying satisfy the user using only their
understanding of technology and design potentialy it new methods of
interaction. This was the first personal concehad with employing a participatory
design approach, and when beginning my designesgudlifelt it was difficult to be
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true to the philosophy of participatory design apgropriately respect the user, while
still designing innovative and usable methods d¢ériction. Concessions must be
made within the process, a concern analysed irdigwission chapter as to the true
nature of participatory design.

Stemming from attempts to obviate this, there imnes where there may be confusion
as to what participatory design actual entails.siderstandings of the philosophies
behind participatory design may restrict its useetiectiveness. Axup (2006) is
representative of the concerns researchers maywidvgoarticipatory design, and it
is worth addressing these concerns individuallgroter to explore the limitations and

potential of participatory design.

Axup (2006b) states that participatory design iBaanework that “advocates user
involvement and a political stance advocating workghts”. While somewhat true,

this description is misleading. Participatory desrecognises that workers have
skills and attempts to utilise these skills as péithe design process. While there is
some research that uses participatory design pasegn agenda to champion worker
rights above all else, much does not. Good ppeiory design empowers the
practitioner and recognises their knowledge, ushese to create a more suitable
design. The support of worker rights is somethhrg spawned participatory design
methodologies, and if in utilising such a procdss possible to continue improving

the workplace rights of a practitioner then itimsaalded bonus.

The tenets of participatory design may be constrbgdsome as asking the

practitioner to design the interface themselvelse "practitioner as designer” mindset
has been problematically employed by inexperiemtasigners who believe that since
the practitioner is using the product and know hbey would like to use it, they

should design it. Another more subtle problemnisdopting the stance that if the
practitioner advocates an addition to the desigen it should be included, since the
“practitioner knows their work practice best”. Whnaust be remembered is that the
designers are called designers for a reason anthene as more than just mediators

for laymen to communicate their wishes to engineers
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By involving participants with both engineering addsign skills, and thus with a
larger corpus of design knowledge than the pracid, it is possible to identify
potential problems the practitioner is unable ithe “user as designer” paradigm is
also flawed due to the designers having a broadewledge of what does and
doesn’t work based on experience in other contefarticipatory design advocates
practitioner involvement and respect, but does exqiect the design to be solely

driven by the practitioner.

Axup argues that new technologies cannot be explior@ participatory design. He

states that in most cases participants are unabdedurately imagine their use, but
can through known technologies. While it is impattto use existing technology as a
building block to creating new systems, this does mean it is necessary to use a

technical system that is already known to the [iracer.

Following this, while it is not possible to havel@signer (without technical expertise)
trying to engage the user as a sounding boardefdmical direction, this does not
preclude the involvement of an engineer that cadersiand the difficulties and
capabilities of different types of technology whanchelp constrain and propel the
design using their knowledge. The need for tediregperts is a recurring theme in
some participatory design literature (Bgdker andurBw®002), and is addressed

directly in the discussion chapter.

Another concern that Axup raises is that practérsnshould not be relied upon to
predict the usage of a new system. While it ispustsible to predict future behaviour
with certain accuracy, role-playing and future-gsenarios are good approximates,
and give participants a voice as to how new systerase and affect work practice.

The problem of understanding future use must be agph regardless of the

methodology.

Furthermore, many participatory design projectsuiBand Bgdker, 2000) advocate
testing prototypes in-situ as they are develof@gdeveloping the prototype in a real
context with continual testing, the future useasealed continuously throughout the
design process. It is not possible to say wittaiety how a new system will be used,

and it is inevitable that use will shift over timeHowever, the aforementioned
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methods allow the closest approximation, and amaany ways superior to usability

testing, which simplifies the context being desijf@ even further.

Another consideration that Axup discusses is ithabhany applications participatory
design requires the practitioner to consider theigte “from scratch”, without

direction from the designer. Early design actestin a participatory design process
may use blue-sky brainstorming and the like inmafteto re-imagine how a particular
scenario may be improved, however it is importdnatt tthe designer and engineer
provide input and direction at this stage. It ligetthat a participant may need
assistance in both drawing upon and attemptingutoagide their experience and
knowledge of existing systems. This suggests a teg@rovide scaffolding to help

the practitioner engage in the design process. ARAgp states, discussion and

brainstorming is more effective when centred u@ogible ideas.

A difficulty raised for employing participatory dgs is the expectation that
participantswant to contribute. Participatory design does reqskil in engaging
participants and it would be unrealistic for a daesr to expect participation without
taking significant trouble to articulate the valfeengaging in the process. The type
of design required and the complexity of the prbjeffects the ease in which
participants are engaged. There are methods foyueaging contribution (such as
creating a sense of ownership in the design), tehould not be expected to receive

equal contributions from all participants in thegess.

However, using different techniques, it may be piesto entice disinterested
participants to become involved and offer usefuhtdbutions through effective
design activities that encourage ownership, resfiextpractitioner’s existing work
practice and draw upon their skill-set. The isstigaining participation is a primary
consideration for the participatory design procasd one that must be effectively
managed. Ultimately, it may not always be posstblegain effective practitioner

participation, in which case one reverts to othesigh skills.

A valid concern is small numbers of users greatipacting design. Attempting to
involve all people potentially affected by a desigatcome is an acknowledged

problem in participatory design (Reich et al, 1996urthermore, when designing for
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particular workplaces or stakeholders, participants/ become alienated if they do
not feel they have contributed to the design (Wh$@91). Participatory design is
more suited to a finite group of practitioners that well-established but not
excessively large. Certainly, participatory desmgeds to be well managed, possibly
with a clear consultation process established mbererise level deployment in large

organisations. Methods of managing this are beybadcope of this thesis.

Axup also considers design where focus is placeduat participants design instead
of what they need. If the tenets of participatogsign are held above all else,
inexperienced or idealistic designers may feelrtbed to centre design only on what
practitioners help define. As previously discusdéére is need for the designer to
maintain their role as such, given their experient® my own research there were
occasions where practitioners made unrealistic a@rappropriate design
recommendations. A design professional is respt:$or the design outcome and
employs participatory design processes to realisdesign they feel suits the
practitioners’ needs.

Axup states that the participatory design equales ability to create successful
systems with suitably educating participants on howcontribute to the design
process. While practitioners do need to learnutjnothe design process, it should be
in areas where they are able to help rather theatah-all education of design. For
example, if a participant is better able to underdt limitations of a particular
technology, then they are likely to be able to madare realistic design suggestions.
Again, this difficulty rests upon the approach tHesigner takes in employing
participatory design, rather than an inherent fauth the process itself. It should
remain the responsibility of the designer to intetpghe data and interactions for

creating the design, not to train the practitiom®r designer.

Axup feels that too much emphasis is placed ini@p#tory design on creating
systems that satisfy the originating ideals of ipgratory design which avoid
“dehumanising technology” and require the develommaf systems that respect
political gains. Overemphasis on social and pltimprovements can remove
emphasis of usability of a design — however itaedly a pitfall to create a system that

creates a workplace that is humane. Creating igrdésat respects the practitioner’s
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work practice while empowering them within the desiprocess should remain a
primary concern of participatory design, and iseed what differentiates it as a

design process.

Finally, Axup states that traditional participatatgsign advocates are conservative in
their views of what is and isn’t participatory d@si This is probably due to some
design methods that claim to be participatory appnes, when what is actually
employed is user testing. While it can be subyectihe issue of what activities
define participatory design remains a pertinentigss Participatory design should

offer methods for design that suitably respectiamdlve the practitioner.

Having disseminated the general concerns for emdogarticipatory design, it is

worth more closely considering its applicability ubiquitous computing. The next
section reflects on the possibilities and benedftsuch an approach for ubiquitous
computing systems design, and previous researthingi such an approach in this
field.

2.3.4 Participatory design in ubiquitous computing

Participatory design has the potential to addresmsynof the philosophical concerns in
designing ubiquitous computing. While participgtalesign approaches have been
used for designing ubiquitous computing (Nilssook@er et al. 2000), the benefits

as well as the difficulties of doing so have natiéully explored.

Gonzélez, Favela and Rodriguez’s research (20@f)ybexamines how participatory
design can help design more usable ubiquitous congpaystems. They recognised
the complexity of a ubiquitous computing system dhd need for a thorough

understanding of the domain in which it is to bpldged.
While it is true that participatory design allowsh@rough understanding of a domain

it is just as or more useful in providing a thorbugnderstanding of the practitioner,

particularly their skills and how the system batipacts and can be appropriated by
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them. In turn, this leads to systems that are ¢tddrusive (‘invisible’) to the user,

hence fulfilling the philosophical ideals of ubitpus computing.

My research goal has been to create better intsféar information work in the
social and physical workplace. There have beepraéyrojects that have designed
ubiquitous computing systems for authentic contexssng participatory design

techniques to attempt to fully understand work pecac

Good (1992) undertook participatory design of ubimus computing whilst actively
engaging engineers and designers. Good aimed#abeca novel and useful method
of testing enzyme inhibitors, and was influencedtty then-popular field of virtual
reality. With a very similar motivation to my ow&00d asked:

“How might we take presence technology beyond gaglged make it
useful for diverse people doing different typewarik?” (Good, 1992).

The system Good designed was to allow physical thodef the bonding of enzyme

inhibitors. As described by Good, enzyme inhilgtare small molecules that bond
with large enzymes which then block or inhibit amdasirable chemical reaction.
However, neither the enzyme nor the inhibitor agedr and can twist into many
different conformations. The challenge for thectiteoner (a chemist) was to explore
the conformation space to find low energy dockibgtween molecules to allow
easier docking. Computing modelling of this precegas found by Good to be
unintuitive and removed the chemist from their pbtgls understanding of the
molecules. In addition to this problem, existingdelling software was found to be
expensive, a major barrier to many chemists in fieel. Thus Good’s work

attempted to provide the chemists with an ability bioth visualise and explore

different conformations, while also improving uddpiand reducing cost.

It is interesting that in the process of using ipgratory design to create a virtual
reality based system that facilitated this, theultesy system was what is now
described as ubiquitous computing. In the comé&xdood’s work, he defined virtual
reality and similar technologies as ‘presence’ seesially a multi-sensory virtual

reality. He further defined presence as satigfyire practitioner’'s need for focussing
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on their work, rather than their computer interfadéne resulting prototypes can now

be more accurately described as multimodal ubigsittomputing devices.

For Good’'s project, a force-feedback based physictdrface was created that
allowed the chemist to feel resistance based oretieegy curve of the molecules.
Good found that creating an all-purpose force faelhbinterface was, in essence,
overkill. More complicated and general force-fegtlbdevices were not necessary to
create the required manipulations. By constrairting design space, a far more
portable, cost effective and useful prototype wasted which still provided enough
flexibility to be adjusted for use (articulated) the practitioner. By investigating the
domain of the practitioner and how they would altyuzse a device, more time could
be spent on improving the usability of the techgglonstead of improving the

technology itself.

The methodology applied by Good was quite soplatat and his methods consisted
of five steps:

Build relationships with the practitioner.
Conduct contextual enquiry of the practitioner’sraon.
Brainstorm with the practitioner.

Storyboard to propel the design.

a kr 0N e

Employ an iterative cycle of prototype design.

In the first stage, Good attempted to involve cotapengineers with the chemists in
order to familiarise them with presence technologhhis step was quite important
and can be overlooked using traditional design pu#ilogies, due to problems such

as a lack of interest (or foresight) from the deeig or budget constraints.

The contextual inquiry conducted then allowed thsigher to familiarise themselves
with the practitioner’s work and domain. In Goo@&sample, computer engineers
who had studied maths and science were used wiithitbusly allowed better

understanding of the needs of the chemists. Amdkey step was to have the
computer engineers explore the chemists’ worksphowiever the design process

itself took place in conference rooms. Hence wtiike engineers had the ability to
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visualise the workspace (itself an improvement)dakign work was removed from
the context of use. In turn, while brainstormingk place both in the context of use
as well as in ‘traditional’ design spaces, storydosy was used as a surrogate for
designing in the domain.

Through active engagement of the engineers withchignists, positive reactions to
the technology came early in the project, and &rhriology fitted with expectations
from the beginning. Good quotes the chemists pertiag that the system “feels

great to me ... this is really neat” (Good, 1992).

Once the prototype was created and the chemistmbegng the system they started
finding different uses for it and the applicatioh the system changed from the
expected outcome. Initially the result expected waallow torque detection of the
molecule’s energy, but the physical interface a#ldwbetter understanding of the
molecule that, when coupled with the GUI, allowedcin faster ways to examine the

conformation space.

Another interesting aspect of the project was th#itya of Good to successfully
discard technology suggestions he had made. Gautid idea was to create a head
mounted display, which the chemists quickly con&thwould not work. This early
intervention was a boon to reducing the need teshexcessive amounts of time in

technical development.

While Good brought together engineers and users,omy work aimed to bring
together engineers, users and designers. Thedtiffe is subtle. In my research |
remained in an active role in design games and shafs that engineers would
normally not be part of. Good describes what asesrtially contextual interviews
and prototype demonstrations. These are essémalaping the engineer's design of
the prototype, but integrating the newer “window®idesign” (Campbell et al, 2003)
is central to my approach. Brainstorming and $toayding are but two of the many
methods for exploring the design space. Oftenricpéar design space calls for new
methods, specific to that domain (Campbell et @0)3).

Good concluded the following from his research:
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» Applications derived from a participatory desigogess can be applicable to
others areas of work.

» Participatory design responds to its context, regtaof rules. Good found this
surprising. Good reported that his design methagiolstill worked, “even
though it did not take place in the five discreteps [he] had initially
anticipated.” By responding to the context papitory design allows you to
tighten your design specifications and make betts of the technology
earlier in the design process. He also conclublatigarticipatory design can
be difficult both to initiate and challenging to ssain, and that finding
participants can be a challenge.

» Participatory design can be a slow process, whiatulsl be appropriately

accounted for.

Briefly, it was important for me to keep these ddestions in mind when planning
my own studies, as further expanded upon in thehodetiogy chapter. Careful
choice of activities and how to undertake them wexgtral to effectively exploring the
research space. | faced issues with dentistsrésipants, for reasons such as lack of
time (given how valuable their time is), motivati¢am lack of tangible benefits from
involvement in a research project), and differingalg (a desire to find ways to
improve their current work practice specific toithewn needs). To accommodate
these concerns, the designer must bring theirsskalbear in improvisational ways to
keep the process moving and keep the exploratiotimeong. The discussion chapter
of this thesis further examines these considerataom their effects upon my research

and efforts to build a useful and complete protetyp

In considering the deployment of ubiquitous compgitin the more relevant field of
health care, there have been only minor in-roadshiduitous computing (Sjéberg
and Timpka, 1998); however there have been sewtampts to create a usable
computing platform for health care workers. Onehsstudy was conducted by
Sjoberg and Timpka (ibid), which aimed to createrdarmation system capable of
handling computerised patient records, electroressaging and web authorship in a
hospital. A unique problem specifically identifidny this study was the need to
support different types of practitioners, specificgphysicians and nurses. The
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prototype developed in their project used commergeoducts adapted with
customised software developed for the project. ctRi@ners were utilised as
informants of their work practice and problems vtttk interface. This project made
good use of off-the-shelf software for quickly atlagp to the practitioner's

requirements.

Another important aspect of this project was itsuf® on engineers. Sjoberg and
Timpka attempted to allow for equal participationnh the practitioners, designers
and engineers. However the conduit for this p@diion was the use of design
meetings; the design and testing was divorced tlmcontext of the workplace and
the engineers were left unable to witness firstehiédr@ requirements of the system or
the results of their deployed software.

Another problem with the use of engineers in pgrétory design highlighted by this
research is that of technical communication. Diffiiles with bridging technical

understanding to the designers (but not the pracéts) was explored, with mention
made of the difficulty of explaining how a techrismlution fitted into a particular

context whilst being in a meeting room. This iscenmon difficulty of professional

design situations and a necessary consideration aftempting more suitable
approaches to design that suitably exercise dliggzeints’ knowledge and skill.

As highlighted in the introduction to this thedisr me, as an engineer, it was worth
reflecting on why ‘traditional’ design, which isilstcommon, is inadequate for
ubiquitous computing systems. Given my engineebagkground it was a bitter pill
to swallow that techniques that | had been taugirewunable to adequately address
the complex design problems encountered in my relBegarticularly for dealing
with tacit knowledge and social aspects of a waoktext. However, traditional
design is not without merit, and there have betmngits to modify the way engineers
both learn and design. Traditional design is éffecas it cuts straight to the
technical problem, however this may usually leatreepoconcerns unconsidered. The
next section briefly discusses and reflects up@nigbues involved with a traditional
(or engineering) design approach, and how it inBnthe approach for design

employed for this thesis.
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2.4 Integrating engineers into participatory design

“Sure enough, when we took it to the engineemy taid ‘Oh.” And

they came up with 38 reasons [why we couldn’t §lo And | said,

‘No, no, we’re doing this.” And they said, ‘Wellhy?’ And | said,

‘Because I'm the CEO, and I think it can be doWed so they kind of

begrudgingly did it. But then it was a big hit.Steve Jobs from

Grossman, 2005)
One key reason there is a need for further engime@ivement in a participatory
design process is the technical knowledge enginleeng to the process. Many
engineersare engineers because they have a strong intereseiinfield. This means
they have a strong awareness of competing techieslagd technology development.
In the field of technology development, where inecessary to make use of existing
hardware and software to help shorten design taneésincrease affordability, this is

an extremely useful trait.

The benefit of a comprehensive knowledge of thiel i€ represented by the example
of the Independent Living Centre (ILC), locatedBnsbane, Australia. The ILC is a
centre that was set up in order to keep track ddtieg and upcoming technologies
that allow for improved independence of personshwatdisability. However, the
focus is on technologies specifically designeddssisting with disabilities. While
speaking with people who benefited from the cenfréow they use technology in
their lives, it was found many were limited to Xdévice$ which did not adequately
address their needand that they struggled with mundane things suclisasg a
telephone. While members of the ILC were aware nefv wireless phone
technologies such as Bluetooth-enabled accessthigswere not aware of how they
could be utilised to help further enable usershefdentre with their tasks. It is such
a gap in knowledge of technical capabilities that be filled by an engineer. People

may knowof a technology but not realise fistential

Because of these shortcomings, the need for pgaation in the design and
implementation process has also been advocatedalyility theorists (Oliver, 1993).

It has been advocated that people with disabilibesin more of an “empowered

% X10 is a wireless standard that supports homenaation, and X10 devices support this standard.
Standalone boxes that facilitate the incorporatibtinese devices are called X10 controllers, ard us
power sockets located within the context of useconmunication in order to control them.
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consultative position in more aspects of their divéLuck, 2003). This process
should involve both informing designers of what magtisfy a stakeholder’s

requirements, and learning of technical possibsiti

While practitioner education should be encourageatticularly for realising how
technical constraints may limit the design, Buaaiaf1994) points out that you don't
need to understand technology to use it and befrefit it. As an example, he
guestions whether the reader knows how their telephvorks, beyond making a
connection by dialling numbers. However, this dosion should be carefully
applied. If the practitioner understands the knais well as the abilities of a particular

technology, they are able to help guide the designa ‘fit’ in their work practice.

Members of the I3 group have also identified theamance of technical knowledge
in the participatory design process (Agostini, 1998 his was concluded based on
their work on several systems, primarily for lo@d virtual communities (De
Michelis et al, 1997). De Michelis et al’'s resdadescribes the general benefit of a
“technology scientist” to provide up to date inf@tion and to help avoid technical

redundancy.

What is not discussed by Agostini (ibid) is the chéar an ability to impart technical
knowledge to practitioners or how best to involtie £ngineer and the practitioner
concurrently in the design process. Instead foisited that parallel processes of the
engineer and practitioner design contributions fallaee, with a designer acting as a
mediator and defined user scenarios acting asungdnag point. This does not allow
a relationship to form between the engineer ancctpi@er, and reduces the

effectiveness of the communication and understandin

To account for such a concern, Muller (2003) taksut using the “third space” as
part of human-computer interaction focussed desighe third space is an area of
design that combines the practitioner's and theinesg’'s work environment, and
employs participatory design to facilitate this. ulMr notes that within human-
computer interaction research there have been witey projects that call for mutual

or reciprocal learning, and he suggests that paaticry design is the answer. He
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denotes the problem in design as relating to twddse- that of end-users and that of

software professionals.

Muller does much to help adapt participatory desegphniques to traditional human-
computer interaction methods. It is concluded syrasearch that by understanding
and supporting the incorporation of sharing thectiianer and designer’s work

spaces that communication, innovation and quafigubcome may be facilitated.

It is through learning from the results of theselsts and by recognising and reacting
to how engineers may contribute to the design m®teat better informed and a more

holistic approach to design can take place.

2.5 Conclusion

This chapter has discussed both the backgroundaahttvements of ubiquitous
computing. It has examined research that has ptegihrto realise both a technical
and philosophical perspective, why each has its avamnits and how the field is
progressing, in addition to how | believe it camtioue to improve. Weiser's
foundational work on ubiquitous computing (Wantkt1999; Weiser, 1991; Weiser,
1993; Weiser, 1994; Weiser, 1994b; Weiser and Bral@95) work was examined,
which described a pervasive and embedded methatdroputing. This computing
was envisioned to allow the user to feel they peallp are accomplishing the work,

rather than using a computer as an intermediang-visible computer.

Researchers such as Suchman (1987) took ubiqutouputing a step further with a
phenomenological view of design, while others sush Ishii (1997) examined

alternative paradigms of computing. What emerges the necessity to recognise
the human aspect of computing, described in prejgath as Good’s (1992). Others
such as Tolmie et al (2002) realised the importari¢etense study and the need to fit
technology to the practitioner, rather than empagithe need for training. Instead,
many of the ubiquitous computing projects focus l&sigely on technical

achievement and improvement. For example, theam ismphasis on smart displays

and novel methods of embedding technology. Altieraly the emphasis could be
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placed on adopting both existing and new technebtp fit the user’s work practice,
revealing new design ideas and technical developpeghs, and to do so the need to

use a participatory design methodology was disclisse

Participatory design provides both the framewordl #re methodologies to suitably
address the philosophical requirements of ubigsitoamputing and to support a
human-centred approach to design. In order tocefy design for “real world”

applications it should encompass concerns endemicsers in authentic work

contexts, allowing for both commercially and tedatily feasible designs.

While there are many potential pitfalls to utiligiparticipatory design, these caveats
are not insurmountable, and there are potentiaéfiterfrom carefully engaging in
participatory work with practitioners. It was segted that participatory design could
be improved through further engineer involvemerticl required special thought for
how best to integrate them to an unfamiliar pr&cticThe culture of engineering
values and emphasises problem solving. Howeweastargued that there is a need to
engage the engineers with users in order to prd@sbns towards better technology

development paths and to consider complex socrakgts of use.

It is through careful choice and application of hoets that the integration of
participatory design, ubiquitous computing and téchlly competent designers can
be achieved. This chapter suggests that this gsined to account for complex
physical and social considerations in technicatlyaamced systems. The next chapter
describes the methods undertaken in this researfechiit this.
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3 Methods

This chapter deals with the methods used for mgare$. There were two primary
methodological considerations for my research. initaal task for this research was
to create a prototype multimodal ubiquitous commytsystem. Therefore the first
consideration was of the design methods to usectate the system. As the research
continued, it became necessary to reflect upordésggn process and to consider the
appropriateness of methods used to analyse angrietevhat was happening. The
design and research presented within this thesigaxtricably linked and it has been
necessary to reflect and act upon what was leammgldesign activities. The design
research paradigm employed has allowed both theggrdesf a new system for
interaction while also reflecting and improving uwpdhe design process and

methodologies used.

In discussing the methodologies employed to corapleis research, both methods
used and the justification for these are explor€dis extends from the comparison of
different methods of design in the literature rew&nd details the choices ultimately
made and why. However, this discussion does neit s@ assert how or why the
methods used are ‘better’ than others, merely #meetits and shortfalls of using
them. The reflection upon these methods and tkeltneg lessons for design are

disseminated in the discussion chapter.

This chapter also lists and evaluates methods t# dallection and analysis, and
describes the idiosyncrasies that provide them wiHlrious advantages and
disadvantages, and how they contributed to theooutc

Finally, it should be noted that this chapter does present an exhaustive list of
methods used in this research. Instead, it reptesiee main methods and approaches
consciously used for this research, which was atiflaylered and multi-threaded
design investigation of dental practice. Otherhrods were emergent as research and
design took place, and are described and explorechapters 4, 5 and 6. This
emergent nature of methods was influenced by tinéeo of inquiry. The effect on

the iterative process of participatory design depicn Figure 2 is shown in Figure 7.
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Design team context
(e.g.in-situ prototyping)

Practitioner context
(e.g. large practice)

Considerations:
- available tools
- participants
- stage/type of prototype
- understanding of domain

K lterative reflection and
ongoing feedback

Figure 7: Influence of context on iterative design

Considerations:
- practitioner availability
- practitioner knowledge
- stage of research

3.1 Methods of design

Although it is not possible to make such a cleatinction, it can be generalised from
the literature that there are two relatively comnapproaches to designing ubiquitous
computing systems. The first is a technical apghmoaThis is what | myself have
encountered as a professional engineer: a new dkxgn is being or has been
developed, and the focus is to fit this new systera useful application context. The
problem space is therefore defined as needing eatify a possible use for the
technology, and integrate it to existing work pi@et While this approach is
commonly employed within a commercial setting (asemans of rapidly appropriating
nascent technologies), it is also an approachdeeldping interactive demonstrations

that explores possible interaction (Greenberg, 2002

The second (generalised) approach is user-centwed: where the researcher
understands the benefits and applications of utmgai computing, identifies
problematic work practices, and actively works tdve these with a novel system

which respects the context of use.

There is arguably a third approach, whereby a desigimply imagines new products

and systems, without necessarily explicitly invatyiusers. This method is effective
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for talented designers who are able to envisage ghaduct in everyday use contexts,
however in specialised use contexts, or when ptsdiemand subtle understandings
of use, this approach falls short. Moreover, engjimg education does not generally
develop these sensibilities.

There are many shades of grey for how both the tmarapproaches are employed —
it could be argued (and has been) that by askiaguier about how they would use
the system, and indirectly involving them, the noeliblogy could be termed user-
centred (and by some, participatory) design. Hamethe approach utilised in this
thesis is distinctly focussed on the user (or matpeactitioner) as a design partner
within the process, with a commensurate amountingiaverment, differentiating it

from other processes.

The approach to design utilised with my own redeascheavily influenced by the
philosophy of the field of Human-Computer Interanti(HCI). While the field of
HCI is concerned generally with improving interaati between humans and
computers, importantly the emphasis and centralripyiis focussed on the user of
implemented systems. Technically superior systerag be achieved by focussing
resources on technical development rather thannamawlating the context of use,
however it is of course the user who will use th&tem being designed and it should
ultimately satisfy them to be successful. Althougime systems designed with a
technical bent may appear to have greater capabilind more sophisticated, they
can often fail to support or develop good work gicac Technical ability amounts to
little if it is not able to be utilised due to issiof usability. In following HCI's
philosophy it is necessary to consider the funddaiemf the field. Dix et al (2004)

state that the golden rules are simply:

» Understand computers (limitations, capacities,goplatforms)

» Understand people (psychological, social aspeatsam error)
A participatory design approach should adopt thretes and interpret them in the

context of the practitioner's domain and work pi@eto help design a system most

beneficial to the practitioner.
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The various methods that contribute to a participatiesign process are cursorily
discussed in the research review chapter. Tharesgents for effective participatory
design are further considered in the discussiorptehaand therefore will not be
discussed here. However, methods appropriatehierresearch are more closely

examined in the methodology chapter.

Participatory design mandates user participatiothédesign process as a means of
creating a system that satisfies their needs whgpecting a practitioner’s tacit skills
and knowledge. Participatory design also recogntbat design activity involves
more than just the designer and that design isialgorocess (Luck, 2003). There is
no single unified theory of participatory desigriaf8r, 1998) and thus within this
research, a variety of techniques that reflect adues and philosophies of

participatory design have been drawn upon.

The process of design intervention used as pathefresearch presented by this
dissertation is based upon action research (Lel®d6), which integrates theory and
practice. Using ethnographically-inspired fieldwdik identify problematic areas of
interaction, | then used participatory design teghes with the practitioner to create
or propel prototypes. The analysis of what ocaudaring the design and trial of
these prototypes then further informed the studiesylting in an iterative cycle (see

Figure 8).
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understandings

Ethnographic
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Medium-fidelity trials

In-situ prototyping and
design discussions

Figure 8: My iterativeresearch process

The iterative nature of my design is particularipportant. “One off” user
participation can lead to the benefits of theittiggration decreasing over time (Macy
et al, 1989).

In addition, the iterative process allows the acemdation of design adjustments
swiftly and regularly. As Messeter (2004) pointd,dt is in recognising failure in

existing designs that you may best improve theenirsystem:

“The more reliable way to achieve success is taigoan failure, both
retrospectively in existing things, and prospedyivi@ the design of
new things. Failures provide irrefutable evidemdavhat not to do the
next time around.” (Messeter, 2004)

The iterative cycle used in this thesis has beéerrexl to as event-driven design
(Buur and Bgdker, 2000). Using specific eventsctmrdinate and meet with
practitioners allows effective use of their timedaongoing collaboration. The
importance of suitably respecting and utilising @sy professional’s time in this

manner is also further examined in the discussiapter.

Participatory design is generally a qualitative gess. Qualitative research
characterises the space and lays the groundwork gigantitative research

(Hammersley, 1992), and is also more likely thaargiative research to assist the
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researcher in creating meaningful and useful umaledéngs of interactions
(Minneman, 1991). Quantitative research tendsl¢éntify problems within a design,
but not the complex causes behind them. Qualdatasearch affords a greater
understanding of complex systems and allows famtiieation of useful intervention

points and better informed designs.

The participatory design approach employed for tl@search included several
different methods. Each has a strong emphasiseninovolvement and was chosen
from the wide range of participatory design teches (Muller, 1992) available due

to their suitability for use based on the followicgnsiderations:

* Work context
» Practitioner availability

* Timeline limitations for prototype development

However, as part of initial design consideratiomsré is some debate in the field of
participatory design ovexhereto design (Muller, 2003) in addition twto design.
Generally this has been a simple dichotomy. Eitlesigners place themselves in the
user’s workplace, or the user is brought to thegtesnvironment (Robins, 1999 from
Muller, 2003). In practical application thoughchdas their own benefits depending
on the greater context of the research. Buur adeiRen (2000) found that when
collaborating in the design environment, a genevalrview of the design space was
obtainable and it demystifies the process to tleesusin addition, collaborating in the
user's work context allows conversations to be gdmd in specific work
experiences, and for the users to feel more at ease

By taking design tools, such as laptops, prototyges design representations to the
workplace, a sense of demystifying is still achldegCampbell et al, 2003). Indeed,
this was the intent in my own design process, w&itoal of intelligibly explaining

technology to the users to assist their contrilmstito the design.

The complexity of the domain being explored andwiek practice within, combined
with the rich social and technical interactionst tttk place, meant design changes
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had to be carefully considered and grounded. Tailitete this, activities were
completed mostly in-situ, as doing so can reveal laoparticipant interacts with
devices within their actual work environment, ahd tlesigners can be informed of
problems or potential in the design. Furthermuwiéh this approach the practitioners
remain within their everyday domain, meaning they/familiar and comfortable with

the design environment.

Finally, for this project, there were “real world¢tonsiderations to be made with
regard to practitioner engagement, particularlyldosy, active professionals. Access
to the practitioners involved in my design studiess given freely of them, and they
received no form of remuneration for their time rageom perhaps a satisfaction of
interest in and contribution to the research. Bgtong activities at their workplace,
maximum use can be made of a participant’'s time& eitonvenience may be
minimised. However, on-site design activity ig moreplacement of the individual
work of the designer (Brandt and Grunnet, 2000} as such the design was
propelled externally, with steps were taken to heptinue practitioner involvement

(such as wikis and emails, discussed further itiGe8.1.6).

For clarification, throughout this chapter, profmg are referred to as low, medium or
high-fidelity.  Usually prototyping refers to eithdow-fidelity or high-fidelity
prototypes (Rudd et al, 1996; Walker et al, 200B)owever, the use of medium-
fidelity prototypes (Hakim and Spitzer, 2003; Pdwla007) is a useful intermediate
stage that provides enough functionality to comroate the design, while still being
flexible enough to accommodate the participatorgigle process. As a rough

definition, the prototypes are defined as such:

L ow-fidelity: Mock ups, paper or foam prototypes, Wizard oft€zhniques.

Medium-fidelity: Limited functionality, but usable to a degredt might still
include Wizard of Oz techniques to show potential.

High-fidelity: Close to a final version, but still highly caogiirable.
Demonstrates all of the final features and is hidhinctional.
Can be used for extensive testing and ‘real’ work.
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3.1.1 Contextual interviews

Contextual interviews are a primary source of infation in participatory design, and
in particular, unstructured interviews in contexb\ypde the most direct route to
understanding the point of view of a participantafMews, 2004). During my
research, interviews allowed deciphering of unerpld activity that took place
during a procedure or allowed for emoting the peold (or benefits) of interaction
techniques by the practitioner. Interviews are tipalarly important for
understanding opinions, sensitivities, prioritiesd amotivations (Campbell et al,
2003). Design discussions evolving from interviemexe also found to be useful in
identifying design intervention points, as theyhtighted areas of concern from the
practitioner. Interviews in this research tookcgldoth during ethnographic studies

and collaborative design activities.

| found that it was important for the interviews teke place in context to create a
common reference point for discussion. At one pbiwas writing to one of the

practitioners involved in the studies regardingequest from him for change in the
prototype. | realised | could not adequately respto his email without opening the
dental software application and my own code andrrgiy to the patient notes from
our previous session in order to recreate the gont&iven the time constraints of
working with busy professionals, it was advantagetouground the interviews within

the context to begin with, rather than artificiallgcreating scenarios for later

discussion.

One difficulty | faced was ensuring that approgiatetails were obtained in the
limited time | had with participants. In orderaagment data that could be obtained
through interviewing, | used alternatives such @ik that allowed participants to
contribute in their own time with a suitable lewéldetail (section 3.1.6). While these
methods had problems (such as unanswered emdilsyasd useful in assisting
knowledge gathering, and any further gaps werereoveith iterative design events.
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3.1.2 Design discussions

Design discussions are similar to contextual inesvg, but more focussed on
prototype development. In m y research, there Wesegeneral design discussions
that, for example, might stem from explaining whag research was about which
could facilitate brainstorming with the practitioneLater, technology demonstrations
would further propel these discussions, and comigilat a greater level of detail to the
design. By having these discussions in contex,pitactitioner could demonstrate
procedures using the instruments and context at,hahile unambiguous references

to any aspect of the work practice could be made.

3.1.3 Reciprocity

Reciprocity plays a major role in participatory id@s Reciprocity as a general ideal
can be achieved through contextual interviews ifiegr from the user), design
activities (such as games and role-playing whitdwajoint learning) and discussions
(collaborative design with the user with an emphas explanation and education
throughout). Reciprocity and its benefits have globeen recognised by the
participatory design community. Floyd (1987) inr ls@minal paper on paradigm
changes in software engineering methods concludatl mhutual learning amongst
users and designers was a mandatory aspect focipattry design while Bgdker et

al (1988) also discussed its need for mutual vabdeof diverse perspectives.

Much of the participatory design literature refershe practitioner as a design partner
(Pedersen and Buur, 2000), usually as someone lrantg the design process, and
to act as a resource. The benefits of recipradityhe practitioner being informed by
the designer are not often mentioned. Indeed,/Rati@al (1996) refer to participatory
design as “the antithesis of traditional designwihich designers are expected to
exhibit their expertise”, inferring that designare not to exhibit any expertise to the

practitioner whatsoever.
The benefit for the practitioner, who donates thi#ine and creative energy to

assisting the designer, is that this reciprocatian be gratifying for them by letting

them see firsthand their influence on the desidh.is important to demonstrate
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prototypes often, which also provides new oppotiesifor refinement. Furthermore
it is often of interest to the user to learn abwesdvy and exciting technologies — this in
turn then improves their ability to communicateeefively with the designers (since
they learn the language and understanding reqdamedpen dialogue) and shapes
their contributions to the design. With a propezntal model of how a particular
technology works, new ways of adapting it can bezatear, examples of which are

shown in the fieldwork chapter.

3.1.4 Design games

Games have been used in participatory design siabeaken and Gross (1987) used
‘concept design games’ to explore interactiondendesign process. Concept design
games lack the element of competition found in yd&y games, and when using
games in the design process, the definition ofraegas blurred further. The games
used in my research had rules, a task to compfetenaultiple participants working
together towards a common ‘fun’ goal. They did mohke use of board game
metaphors used by other designers but had moresehse of ‘play’. For example,
students were asked to solve a particular probleEmteraction in the surgery with
one student role-playing as a dentist completimfpeck up, while the other acted as

the new method of interaction for them.

Role-playing and the use of low-fidelity prototypeestes back to the UTOPIA project
(Ehn, 1989). More recently, Binder (1999), useteqmaying with low-fidelity
prototypes to engage workers in an industrial rsgtitd create a ubiquitous computing
themed tool for monitoring an industrial plant. BBand Pedersen (2000) used role-
playing at a waste-water treatment centre as aadeth evoking future scenarios.
Brandt and Grunnet (2000) describe the usefulnéssl@playing for evoking ideas
and suggestions for design solutions. FinallycH&mnau and Fulton advocate the use
of low-fi prototypes for “experience prototypingThey found that the use of low-fi
prototypes during role-playing can provide inspo@at confirmation or rejection of
ideas. Other researchers (Burns et al, 1994; Hbwaal, 2002; Kuutti et al, 2002;

Svanaes and Seland, 2004) have found similar lierefithose listed above.
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Games and role-playing are vehicles for physical @sual interaction (rather than
abstract discussions of design) while also prowpkieflection and discussion of
potential designs. Furthermore, practitioners roftan offer only limited time to
design, and games provide an organised frameworkdiocentrated design sessions
(Pedersen and Buur, 2000). Given the demandingdsibd of dentists, it was found
that short participatory activities, in particugames and role-playing, were useful for
both increasing involvement and to structure owigteactivities for the short amount
of time available. Finally, such activities wergetul for when true work practice is
not available, for example when there are -ethical availability issues for
incorporating a patient (although it is importandt rto substitute this for real
participation too often, as this can lead to stiymog and distraction from the true
work practice).

The basic concept behind the activities used waalltw practitioners to reveal
details of their work practice in conjunction witthe designers revealing
technological potential. Low-fidelity prototype#caved the practitioner to imagine
possible uses. Instead of the technology ‘dedatiow it should be used or what it
is capable of, the practitioner is instead ablénagine ways to modify or adapt it.
The ambiguity of mock ups, simple prototypes or 2&fd of Oz” techniques
(Dahlback et al, 1993) was key to allowing thisckof flexibility.

3.1.5 Contextual prototyping

When | refer to contextual prototyping in this tisest should not be confused with
the method of contextual prototyping used in sofevangineering. The software
engineering method refers to an iterative procdssofiware development with a

focus on context for the design process (StaryQR00

An important aspect for engaging the practitiorsard propelling design is the use of
prototypes in context, allowing the ‘realistic’ umlisation and evaluation of
prototypes (Ahmed et al, 2005). Activities inijaused mock-ups, and then low,

medium and high-fidelity prototypes. If a funct@nprototype was unavailable,
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Wizard of Oz techniques allowed for simulating systeffects within the work

context.

Contextual prototyping as used in this research siraflar to experience prototyping
(Buchenau and Suri, 2000), in that the designerssiigated practitioner needs from
their perspective. However, there are several diffgrences. While experience
prototyping places emphasis on the designers aeBnie practitioner - in essence,
pretending to be the practitioner in an attempanderstand what they experience —
the type of contextual prototyping used simply ieggiempathy for the practitioners.
This empathy or understanding is gained throughother methods described in this
chapter such as ethnographically-inspired fieldwal&sign games and workshops,
and contextual interviews. Another important difigce is that in applying
experience prototyping, it is usual to stage (a@eatsimile of) the practitioner’s
environment. | believe this is inadequate duehtriuances of a real work practice
that are impossible to capture through a recreatids such, | took prototyping
equipment (including hardware such as a custoni-bgegture device and a Bluetooth
headset) and a development laptop (with code réadye modified, and a debug
interface) into the surgery with me in order toeeffin-situ modifications to the

prototype (see section 4.1.4).

3.1.6 Persistent communication

A key aspect for the successful integration ofchnécal designer to the participatory
design process is the ability to communicate effily and effectively with the

practitioner. It is also necessary to support ipst and ongoing communication
(Reich et al, 1996). When technical details of pnetotype are being defined, it is
often necessary to confirm an interpreted unded#tgnof work practice or context
with the practitioner. For my research, given timeited availability of dentists

(particularly professionals), electronic forms obnumunication are ideal for
facilitating this. For this purpose email and wsikvere used. Wikis also allowed
collaborative discussions when face to face megtimgre not possible. Both were
useful because they provided a non-real-time mearm®mmunication, while email

was particularly useful for simple clarificationsdabecause it is informal and widely
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accepted compared to wikis. In addition, a diversmge of methods for
disseminating information provides asynchronous roomication and a persistent

record — both mandatory for long term projects (8himanian et al, 1993).

Further to these patrticipatory design techniquedsd used what may be said to be
user-centred, rather than participatory, desigmriegpies. These did not directly
involve the practitioner, but did focus on them anelir work practice. The methods
used included a video mirror exercise, creatindesogpresentations of the surgery,
and reflections with other researchers. Thesentgquks (discussed in greater detalil
in sections 3.1.8, 3.1.9 and 3.2.2) created reptasens (an account, likeness or
reproduction that influences opinion, understandingction (Campbell et al, 2003))
that allowed a ‘window’ into design, each providiagdifferent perspective on the
context, the practitioners and their interactiomtese were undertaken with the spirit
of participatory design and aimed to improve theknmractice of the practitioner and

facilitate empowerment in other stages of the depipcess.

3.1.7 Ethnographically-inspired field studies

“When chip maker Intel sent anthropologist Johnr8h& Alaska last

year to study the way commercial fishermen there laptops, he

found the machines shackled to the outside ofisherimen’s trucks,

where they were used to record the catch.” (Knig@o04)
| used ethnographically-inspired field studies ifdfiorming my research. | needed a
method of understanding the context of the desigthé most comprehensive way
possible. Field studies help to reveal an undedstg of the context which helps
identify problems and provide opportunities for ismning solutions. This is also

noted by Thomas:

“What you are really interested in within computiagd software, is
how can we as designers get to know more abowvdhiel that we are
designing for, [such that] the systems we placiat world can better
support the activities, [and] better support the rlwothan they
currently do.” (Thomas, 2000)

| refer to my studies as ethnographically-inspiresther than actual ethnographic
studies. The reasons for this are similar to thest@blished by McGarry (2005).
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While the principles of ethnography (Ball and Oroter2000) are inspiration for the
fieldwork taking place, since it fails to match tdefining characteristics of true

ethnography (as listed in Table 1) it cannot bm&gt ethnographic studies.

Situatedness — data collected from within thatext of interest

Richness — wide range of data sources

Participant Autonomy — ‘observees’ have congbatntrol over their participation (or not)
Openness — observer remains open to disco¥enyexpected issues

Personalisation — observer notes their owrirfgglin relation to situations

Reflexivity — reflective and empathetic statm&ards observees

Self-reflection — the acknowledgement that imtgrpretive act is influenced by background

Intensity — observations are long-term andnisitee

© ® N o g~ D P

Independence — the observer aims not to beraomsd by a predetermined mindset

10. Historicism — the observer aims to connectolaions to a historical/cultural backdrop

Table 1: Principles of ethnography (Ball and Ormerod, 2000 in M cGarry, 2005)

In particular, the depth of the research was lagkin comparison to ‘true’

ethnography. While | had a diverse range of pgditts, and tried to understand the
motivations of dentists, | do not feel | adequateiilled points 2 and 10 — richness
and historicism, to a great enough level of detaillhat makes ethnographically-
inspired fieldwork important to participatory desig that good ethnography makes
you care about the subject. For participatory gtesio work effectively, it is

necessary for all participants to have a good &stak the project in order to stay

interested and make useful contributions, and eftapihy assists in providing this.

3.1.8 Scale models

Scale models were used to help visualise the wovkk@ment and understand the
spatial problems within. The primary motivationsaa create a grounding point for
future design discussions; however it also providdéebr researchers unfamiliar with
the workplace with a reference point, and was udeiuanalysing and discussing
video. Building a model (see Figure 9) was furtbeneficial in that it exposed what |

was focussed on during fieldwork, what had beenlogked or wasn’t understood.
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Figure9: Scale model of a dental surgery

3.1.9 Video mirror exercise

When collaborating with other researchers who wese involved in fieldwork, |
needed a method that compensated for the reducedrstanding of the design
context and the actions within. The video mirraereise attempted to provide a
shortcut to such understandings, and was utiliseahaactivity during a design event.
To begin with, a short video clip was shown to otparticipants. While the clip
played, participants of the activity tried to mimtize body movements within the
video. Afterwards, discussing the experience &edvideo with researchers involved
in the fieldwork provided at least a rudimentaryderstanding of the design context
and the experience of the practitioner within it.

The video mirror exercise was used as part ofrdgearch in conjunction with themes
of interaction (discussed in section 3.2.2.3). Sehihemes had a single video clip that
was representative of a recurring aspect of intenaevithin the design context. The
video mirror exercise acts as an embodied extensionhe theme, by giving
participants a physical understanding. Enactingen@ents with a video gives a very

different understanding than that gained by sourtthv@sion alone.
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3.2 Methods of data collection and analysis

As an engineer, my professional life revolved arblneing given a problem, and
setting about solving it using any technique awddao me. This would involve
familiarising myself in the problem space usinglsosuch as Google and maybe a
reference book. | would then begin completing sigte that most closely matched
the specifications of the problem as | saw it, atiely returning to external
references for needed technical knowledge. Whapdrzed with the product after its
completion was of little concern to me, and so beigig this thesis, | lacked the
ability to properly reflect upon how these desigrmild affect others. In completing
this thesis | am therefore indebted to techniquaised and perfected by Brereton
(1998), Buur and Pedersen (2000), Binder (2002)itidavs (2004) and McGarry
(2005).

It is worth mentioning this background, as tryimgextract myself from within the
design process and gain an external vantage pamisamething quite difficult. | can
imagine why it is sometimes problematic to engagehnically-oriented people in
participatory or user-centred design processesexXample, acting or design games.
To see the bigger picture was something never gusly considered and simply
added another layer of complexity to the problerhaatd, something | will discuss in

greater detail in the analysis chapter.

The data | collected was empirical, qualitativeadauch is the nature of participatory
design. Usually qualitative data is collected dgrihe early, formulative stages of a
project when it is too soon to know exactly whighdkof data to collect and control
for quantitative comparison. Instead, the focus participatory design is on
understanding the character of data, the possitdasaof interest and issues. |
determined the reliability of my results upon Mimiello’s (1995) definition: the
extent to which they are founded upon sound exasmple

3.2.1 Data collection

For data collection, | drew upon the traditionaltioels of ethnography. Capture

methods included video, audio (and associateddrgmi®ns for both) and field notes.
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The data was collected from interviews, passiveemghged participant observation,
and design activities. The consideration of whimbthod to use and when was
important as it would influence the outcomes of ¢b#ection. The following are the
methods | used and an examination of their relaixengths and weaknesses.

3.2.1.1 Video data

Video data is a medium that reliably and accuratdptures a large amount of
information which is then both re-observable andaih be used collaboratively. As
Jordan and Henderson (1995) point out, “video ixa@ocial events as they occur
and with a level of detail that is unattainable foethods that rely on reconstruction”.
For my research, | found that video review was alsgential for familiarisation of a
previous design event or study, further assistinglysis during repeated viewings.
Video can also be used as a talking point (in nmathsuch as in Video Interaction
Analysis or for planning future events) and allovedlaborative analysis. Video can
be cut up and used as a design material (Buur, 0@D), such as in the Video Card

Game (Buur and Soendergaard, 2000) or in desigwitaed.

While video has its benefits, there are some cemnatns to be aware of. Firstly, use
of a video camera is highly conspicuous, which naffect the behaviour of the

participants. Furthermore, depending on the s&u@ particular study, the use of
video can limit the researcher’s involvement, waitr if they are required to operate
the camera. Video is also selective — usuallyctmaera will record what the operator
thinks is important. For my own research, thig [g@nt was not as problematic in
many of the videotaped events. This is becausieeidental surgery all the action is
enclosed in a constrained space (the dental chdinaarby workbench). Selectivity
was still a consideration for more complicated pohaes and general activity in the
surgery (which required the use of other roomstémks such as taking x-rays).
Finally, if video data is used without collaboratidrom the practitioner, false

meaning may be drawn from the recorded events (iat, 2004), particularly if the

greater context behind the captured situation knhawn.
3.2.1.2 Audio data

Audio is useful for more detailed analysis of whats been said, in particular, for

conversation between the designer, engineer arditpaer. Using audio provides
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an avenue for interpreting motivations that areingyto be conveyed during
discussion. This means however, that the analydimited to what is chosen to be
externalised, but when used in conjunction withewoidlata separately, it can provide a
strong understanding of potential motivation tham ¢then be discussed and verified
with the participant later. If used for transcsiptiescriptions and analysis can be far
more complete if video data has also been obsenrethe designer was in recent
attendance of the event being analysed. In tlds taey can know the context of the
situation, and remember actions that took placecamtentrate on subtle meanings.
Audio is also a useful medium for data capture w¥ideo is either too inconvenient
or obtrusive. A small digital recorder can be di$ely placed so as to allow
recording while being less obtrusive and not imtenig with the actions of the
participant.

3.2.1.3 Transcripts

Transcribing audio provides reliable and accurati,dwhich allows closer analysis,
and simplifies the task of extracting meaning froonversations. Transcripts are able
to be easily shared with other researchers and gteck and simple way to present a
specific piece of data for discussion. Transavimsiare also useful for presenting data
to support design decisions, and small dialogueseasily used in writing reflections
on research. The limitations of transcripts ara tihey are simply a recording of
exactly what was said; intonation, gestures anidr@&tre lost when a conversation is
transcribed. As such, when transcribing, it is em@nt to pay careful attention to
where descriptions of context, tone or action werecessary for complete
understanding. However, the onus is on the rekeato decide what is and isn’t
important, which can bias results. Another diffiguwith transcripts is the length of
time taken to create them, particularly when anafys conjunction with video data.
Personally, | found that transcripts took at leasbrder of magnitude greater than the

audio and/or video running time to accurately tcaibe the information.

3.2.1.4 Field notes

Notes taken in the field are useful during stagbsre video is not available, such as
when ethical clearance for such has not been gtarifaking notes as things happen

is also useful for recording observations that maibe apparent in later reviews of
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other data sources. However, note-taking is haalyexhaustive means of data

collection and it is more than possible to devdtoge gaps in the data.

Notes were useful for me as a starting point foerlanalysis. They refreshed my
memory of impressions at the time, and they werefaly chosen and presented

chronologically.

One aspect of field notes that affects field redeas the feeling it can convey to the
subject that they are being studied and scrutinigéaving a person observe you and
take notes can make the subject feel self-conscamas interrupt their work. A
problem for me in later activities was that my oparticipation meant taking notes
was not possible. In these cases reflective netéiten immediately afterwards

helped compensate.

3.2.2 Data analysis

3.2.2.1 Video Interaction Analysis

Video Interaction Analysis is “an interdisciplinargnethod for the empirical
investigation of the interaction of human beingshweach other” (Jordan and
Henderson, 1995). It investigates human activipgrticularly in complex
environments involving many people and technologye use of video, as already
noted, allows close examination of gestures, asticonversations and the domain.
In Video Interaction Analysis, the primary investigr first identifies routine
practices in the context. The other team membes view the tape and note their
own interpretation. After this, the team as a whaltempts to come to a common
gualitative understanding about what has occumeitie footage. | found this useful
during early stages of my studies when trying taldoumy knowledge and

understanding of the work practice and interactminmgentists.

3.2.2.2 Video Card Game

Initial analysis for my research used the Videodd@aame technique devised by Buur
and Soendergaard (2000). The Video Card gameugseful method of interpreting

what video means to design by turning video intagiiale arguments to support
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design work. The Video Card Game is based on ldrehis game from the United
Kingdom called “Happy Families” where players cotléamilies of cards. The video
in question is split into sixty to seventy sign#éid short (one to three minutes)
sequences by the organisers of the game. Thes#igitised and a key-frame from
each is used to create a card representing tipaadishown in Figure 10). The game

is then run in the following way:

48 Boy va gangplank

E—

Figure 10: A card from the Video Card Game

Step 1: Dealing the cards. This takes about 30 minut@ards are divided into three
stacks with duplicates of each. During this titne tules of the Video Card Game are

explained and a video analysis training exercisebzarun.

Step 2: The players now split into pairs to watch thdea sequences. The players
use the cards to take notes of what they saw. |@eo@ told to work individually and

discouraged from discussing the clips with thelteagues. This takes about an hour.

Step 3: Arranging your hand. This next process takesuaibalf an hour. During
this time players are asked to group their cardmslypin front of them on a table.

Each player then briefly describes their structure.

Step 4: Collecting card families. Each person is nokeasto choose a favourite
family of cards. Each player then must describeasrmuch detail as possible their
theme and invite other players to contribute caodthat theme. Completed families

are then placed on a poster. This process takeg ah hour.
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Step 5: Discussing the card families. The players thpand time discussing each
family trying to understand the meaning of the widdips and what each family

means to the design. Since none of the players baen all the clips, players show
each other their clips and explain why they arevaht.

The primary benefit of the Video Card Game is tihatcts as an enabler for those
unfamiliar with video analysis. In this way it carovide a multi-disciplinary,

collaborative analysis of the data with a wide e@riof participants. While this was
initially intended for involving practitioners, du® constraints on their time for
involvement, my use of the game was to involve dewiariety of researchers to gain

different perspectives of the data.
3.2.2.3 Interaction themes

Stemming from Video Card Game analysis of earliadies (Brereton et al, 2003)

were themes of interaction. By summarising thésenes and pairing them with a
key example and distributing these on a card, thes@ded a physical representation
of themes of how people interacted with informatiora variety of settings to assist
brainstorming during design activities. Separatimgse themes onto physical cards
allowed them to be used as physical reminders gwoilaborative discussion (for

example, sharing them around a table) while alseiging neat summaries that gave

unfamiliar researchers a useful resource.

The theme cards were useful for directing desigvatds real interaction problems
derived from observation and video analysis, rathan preconceived notions of how

interaction could be improved in a dental surgery.

3.2.2.4 Interpretive understandings

Once a more complete understanding of the field masle and prototyping had
begun, | started individual, rather than collabeegtanalysis of my field data. This
gualitative analysis was the process of reviewimgw had seen and making sense of
it in relation to my increasing confidence in theld. Usually | would begin by
reviewing video footage, and then transcribe thene exactly as they happened. |
would then go back and add interpretations of Wizt happened or what someone

might have been thinking. Finally | would try addaw themes from the data that
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helped me understand my overall understanding aitwias taking place. These
themes were partially biased — | was looking fordemce of events such as a
demonstration of a shared understanding, but atso and relevant themes would
reveal themselves in what occurred, such as thertapce of patient education.

3.3 Conclusion

This chapter has presented a variety of methodswvke hused in order to best
understand practitioners — both how they work ao theywantto work. There is
no completely right or wrong way of going aboussthiit is only possible to make the
best of the techniques and resources availableetdesigner. Participatory and user-
centred design provide a useful framework for appining this, allowing ‘cheap’,

intimate and efficient design methods.

This chapter presented two concerns for methodsrteider. The first is the methods
used for prototyping a new ubiquitous computingtesys with the second being the
methods needed for reflection and analysis of #gih. In particular the need for
participatory design and an iterative design precesre addressed. By using a
participatory process, it is possible to discerd directly address the practitioners’
requirements, while an iterative process ensuredtakes and problems were
addressed in a timely fashion, and stimulate furtpeactitioner participation.

Methods that form part of the participatory desmgethodology were chosen for their
adaptive nature and the ability to have them athd&or studies that were

unpredictable in nature.

There is a need for qualitative research when eyidothese types of methods to
help identify the causes behind complex problemghm design. The types of
gualitative research methods employed were disdusgéh special emphasis on the
considerations for methodology choice particulampssticipatory design, including

both how and even where to design. The methodd aseé described include
ethnographically-inspired field studies, low/meditigh-fidelity prototyping, design

discussion, games, role-playing, contextual prqioty, and persistent

communication. These provided a rich variety afidahat afforded alternate views
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of the design space, allowing a more complete wwtaleding for design. For
collection and analysis of this information, | déised the methods used such as
video, audio, transcripts, field notes, Video lat#ion Analysis, the Video Card
Game and self-reflection.

A consideration unaddressed by this chapter is tiheevmethods considered can be
employed in a ‘real’ setting. The next chaptersim discuss which methods | used
in practice, and why and how they informed my stadiand to reflect upon their

usefulness in real world application.
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4 Early-stage Case Studies of Participatory Design

In this chapter | describe the fieldwork that | ertdok in order to answer the
guestion of how can participatory design inform tthevelopment of ubiquitous
computing. Specifically, this chapter explores tieédwork conducted with dentists
for the majority of my research, and details desigtivities and their outcomes. The
final studies, which involved a group of New Zealatentists, are explored in chapter
5 as a case study of participatory design. How\ahyg methods were applied and

what their outcomes were will be further discussetthat chapter.

When performing research and attempting to undmistaractitioners, the first
consideration was to consider a problem specifia foarticular domain. Potential
solutions to this problem benefit from developing anderstanding of the work
practice and context. This chapter describes hash san understanding was
developed.

4.1 Exploring dentistry

Prior research | assisted with, by Brereton et2808), found that in a variety of
contexts, it can be seen that the methods of ictieraare nuanced to the particular
context in which they are used and are mediatesbbial and physical cues. As part
of this research, the context of work in a dentatgery offered compelling
opportunities for design intervention. As parttlis research, a theme was created
using the Video Card Game (Buur and Soendergad®@Q)2(described in section
3.2.2.2) called “Barrier of Sterility” This theme represented the constraints for
interacting with a computer faced by those in afgmsion that had mandatory
restrictions on physical interactions with a congputin the case of dentists, in their
daily work practice, infection control constraingvh practitioners interact with their
environment. The dentist viewed had different @snof cleanliness in his surgery,
and he kept track of these zones to prevent crasAb contamination. For example,

instruments would start in the ‘sterile’ zone, andve to the ‘dirty’ zone after being

* Later corrected from ‘sterility’ to ‘cleanlinessipe to new understandings on how dentists view
infection control and what is truly sterile versaisat is only clean.
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used in the patient mouth. This is shown in Figltewith red as the dirty zone and
green as the clean zone. In addition, the keyb@ad mouse needed to have

protective covers on them which were changed betwe&ents.

Figure 11: Dentist working with clean and dirty zones shown

With a domain with which to frame my research, gée a series of design studies
with a diverse range of participants. These studre represented in Figure 12. The
same general approach to design was used with gaetp, although there were
minor variations in activities. The diagram detdilow each group of participants

informed studies with other groups.
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James How studies progressed, informed

each other and evolved

Small surgery
Technical interest
Everyday problems
Representative practitioner

Scott

Medium-sized surgery
General interest

Infrastructure concerns
Allowed in-depth testing

Dental School

Wide variety of participants
e  Academic interest

. Insight to dentists’ learning
process

Close access
Range of actvities

New Zealand
Dentists

John

Dental software
Commercial interests
Prototyping assistance
Broad knowledge of field

Diverse variety of
participants

. Representative

practitioners with everyday

problems

Time of initial contact >

Figure 12: Diagrammatic description of studies

4.1.1 Initial contact

To explore this domain further, myself and two otfesearchers also interested in the
problems presented in dentistry contacted the sulpé the initial exploratory
footage, James. James was our introduction irgdi¢hd of dentistry and showed a
personal interest in the research due to diffiealthe experienced. Through early
design activities, James showed he was open todeas and collaborative methods
of design. However, it soon became apparent thated had limited availability.
Planning for practitioner availability became a uemg theme in planning
participatory design projects; the practitionergaidability and interest (or lack

thereof) is critical to a project’s progress.

It became apparent that to further explore thegtkespace, it would be necessary to
extend participation to multiple parties. As dissed in the literature review,
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sufficient involvement is a sometimes overlookepleas of participatory design since
realising participation from practitioners can iality be quite difficult. The first
opportunity to expand the number of participaniined in the research to do this
came by fortuitousfywhen a dentist, Scott, working at my personal idéatpractice

expressed interest in the research.

Scott was part of quite a large practice and ba&ng of the junior staff with a
computing background, also handled their IT requeets such as integrating new
software and hardware. He noted difficulty in ailoyp electronic records and
computer-supported dentistry techniques into thgesy and so had an interest in
exploring computing potential and assisting wittaibstorming ideas and testing

prototypes.

However, with a private surgery | was faced witlficlilties regarding ethical

clearance associated with long term observatiora g@irofessional dentist and his
patients. Therefore | approached a local dentabalcfor an opportunity to observe
their students. Dental school patients were famiiith observation and interruption,
and being part of a research focussed univerdigy,dental school was receptive to

design studies located in their surgeries.

Working with a dental school provided other bemefithe students had good
availability for design events, and were availaiolelonger interviews and activities
than those from a private dental surgery. Thedfigiudies at the dental school
therefore provided a rich resource of information design and facilitated the depth
of involvement necessary to help develop the unaeding of dentistry required for

future design collaboration with dentists.

4.1.2 Commercial participation

® Early in this research | felt | was taking too thuaf an “ad-hoc” approach, by involving participant
who were not specifically sought for their involvemt. Later in my studies | came to realise thest th
was a necessary part of participatory design, gilierpotential limited availability of participants
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For realising a prototype, | explored the posdipibf interfacing with an existing
dental software system to support it. It was hetdim of this research to develop a
new system of record keeping for dentists, butarathmeans of interacting with those
records. | explored common software applicatiossduby dentists for tracking
patients and procedures. Contact was made to rexplgoport opportunities with
several companies that provided software used bigraficant number of dentists.
Ultimately interest was expressed by John, the @E@ dental software company
based in New Zealand. DentalSoft is a softwarepaomy providing a patient record
system used internationally, and is the de facadard for dental patient records in
several countries. DentalSoft provided softwaré eesources for prototyping, with
no requirement for reciprocation other than a d¢atative process. John’s
connections to the dental industry also meant he aide to secure extensive access
to dentists for me, allowing design activities itwng medium-fidelity prototypes to

be explored in greater depth.

4.1.3 Research in the field

During the research all design activities wereagéd at the practitioner's domain.
The benefits of doing so are discussed in greatildn the literature review of this
thesis. In the same vein as Buur and Pederses@arnah (2000) and as discussed by
Campbell et al (2003), in order to demystify theige process, we took design tools,
such as laptops, prototypes and design represamgato the workplace. For this
research, this also assisted with intelligibly exping technology to the users to assist
their contributions to the design (Cederman-Haysamnd Brereton, 2004). By
understanding the designer’s limitations and exgerthe user is able to contribute in

more meaningful ways.

Prototypes were designed to reveal the internattiomality of the system with
debugging modes used for all prototypes. For examjhe speech recognition
prototype allowed for dynamic changes to the gramamal dictionary (Figure 13),
while the gesture recognition system clearly showes actual system input to the
user as a means of highlighting the difficultiesefd in recognising input (the output

is displayed on the laptop in the background am ge€igure 14).
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( Perioprobe’control debigger : = W

Perioprobe speech debugging application. Below are a list of
words that the program cunently recognises - remove or add
keywords as necessary. TODOD: Checkword change.

palatal

lingual
buckle
pocket
TeCession
furcation zero
furcation one
furcation two
furcation three
next

fonward

)
(el
v Speech enabled Bemove

Bhrase to add: |o-:c:|usal splink Add

Figure 13: Speech recognition debugger

Figure 14: Gesture recognition system (Donovan and Brereton, 2004)

Furthermore, design changes had to be carefullgidered and grounded within the
practitioner's environment, due to the complexriméaving of social interactions
with information work and dental work. There aram actors who coordinate their
actions in a dental surgery, from the receptionstthe nurse and the dentist. In
addition, there are many different stages of aalessit, from arriving and preparing
the equipment, to the procedure itself, finishinghwexplaining any follow up
requirements and billing.

Making a change could affect any of these and tin-activities revealed how the

participant interacted with devices in their actwark environment, along with
follow-on effects, providing immediate feedback abproblems or potential in the
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design. On one occasion during a contextual ifeerwe® had been informed that

dentists performed charting around the teeth imriqular order. Once adopted as
the understood technique for charting by the pypit several dentists realised that
although they had been taught to chart a partiouéayr, in practice they used a more

ad-hoc means of recording information.

Specifically, the dentists described charting atbthre teeth starting with the palatal
right third molar (the upper right wisdom tooth),owng around the roof of the
mouth, and then starting again with the buccaltrtghrd molar (lower right wisdom

tooth), and continuing around the jaw. As suchiommatic tooth selection was
supported by the prototype that followed this patteWhen testing this prototype
with one of the dentists (Jason), he found thatritpel charting procedure did not

support how he charted periodontal informationrecgice (periocharting).

Periocharting refers to the dentist recording infation about the gums, specifically
periodontal disease. The periodontal chart is usedoth identify and track
significant signs of disease, which is manifestedeeper than usual “pocket depths”
(anything greater than 2 or 3mm). The pocketsr ieféhe spaces between the teeth
and the gums, and there are six measureable pqoietsoth. The large amount of
data that needs to be recorded means that unlessleghtist only remembers
significant measurements it is very difficult tocoed all the data necessary. The
procedure itself is also slow and painful for thetignt. Charting in general had
previously been recognised by James (discussed tvatiscript in section 6.2) as
requiring design intervention, and several dentiseferred specifically to
periocharting as a difficult procedure to complébat would benefit from new

methods of patient charting (such as by Scott dtice 4.3.2)

For Jason’s procedures, periodontal charting wasllysstarted where periodontal
disease was suspected from visual inspection apgmdliing on the measured pocket
depths, charting either continued in that area oved to other areas that may be
problematic. When questioned, other dentists wadigipated in the studies also
stated they followed the same procedure; howevey tnade it clear that other

® When | refer to ‘us’ or ‘we’, and do not expligitstate who is involved, | refer to my colleaguesni
the Phenomenal Interaction Group at the UniversitQueensland.
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dentists familiar to them did follow strict chagithroughout the entire mouth. By
identifying this difference early in the process,allowed for rapid changes that

supported actual work practice.

4.1.4 Design activities

Choosing appropriate design activities was an ingmbrconsideration. As discussed,
the core concern was that | needed a way to magithis effectiveness of the time
spent with the practitioners — both reducing theoam of time | needed from them
(given how valuable it was) while allowing time gain sufficient understanding

about their work practice and their response tagddastervention.

For choosing these activities, | drew from a variet sources, primarily from the
field of participatory and user-centred design.e Tore of each activity was the use
of ethnographically-inspired field studies, whiatoyided non-invasive and non-time-
consuming (for the practitioner) methods of obseguhe dentists’ work practice and
context. For the student participants, for whonsesbation can be intimidating,
design games were used to provide an interactiyeofveecoming involved in design

activities.

My points of interest however were to get to thetrcause of usability concerns, to
understand interaction and to develop more elegeeans of interaction. In order to
explore these | found contextual interviews coutdused to very quickly get to the
crux of why and how things were done and potemtiiablems. Testing of resulting
prototypes was done with contextual prototyping umther design activities. | made
a point of adapting the methods used accordinghéoiterest and availability of
individual practitioners. The activities are expd at a finer level of granularity in

the discussion chapter.

The rest of this chapter discusses the fieldwotk wie practitioners who participated

in the research and their contributions to thisihe
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4.2 James

4.2.1 A small professional dental surgery

The initial contact for research with professiodahtists was with James. James was
a member of a small local practice with a secondisie who owned the surgery. We
were introduced to James through personal contélctadellow researcher who knew
he had an interest in new technology. Studyinge3awas a good starting point, as a
small practice allowed detailed studies. This w@as to the personal connection to

James as well as the lack of a corporate restictioaccess and availability.

James had an interest in the nature of the resdpanticularly the potential of
ubiquitous computing) and of exploring potentiathteologies for improving his
dental practice. In addition, the surgery Jameska@ at was dealing with its
transition from paper to digital records, a probleeported by several other
participants as typical of many dental surgeri€ven this background, James was
able to contribute to the design sessions bothradibt (considering the problems
faced by the typical dentist), and grounded in isslies faced by the surgery. An
example of both these types of contributions is@néed in the following transcript.
We were able to present issues seen in anothegxtditihe dental school) in addition

to exploring at-hand considerations.

Researcher: “Was 1 right in saying these are tyficahe tools... |
mean, we see the mirror a lot, and...”

James: “The mirror's used for virtually everythingrou can use the
sickle probe with the mirror just before startinget filling, just to

check “ok, oh this is the area where the decayds™do we need to

go to the back part of the tooth or only on thenfrpart of the tooth?”

But we wouldn’'t necessarily be doing a full, | meae wouldn't need
to open up an exam for that one, even though weegiap those
instruments there.”

Researcher: “Yeah, | think there’d be instances nehgu picked up
the instruments but didn’t necessarily want to sd®mt was [in the
patient chart]... But yeah that's something weirterested in, and I'm
not sure.”

James: “Yeah the mirror and probe are used for uafly every
procedure that we do, even if it's just for a Hitarture.”
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[laughter]

Researcher: “Yeah that's right, so it's up and downlot and |
suppose if it's not on here then it might be $iding used. Well, we
noticed in the dental school they often keep timstruments on the
bench as well, so | mean, it might not be beingluset it could be put
somewhere else.”

James: “Yeah. | don’t really have room to put ityavhere else, so if

it's not being used, it's on the bracket tablbut on the odd occasion

I've found I've put it in the dirty area.”
During previous ethnographic studies we had obsktive frequent use of the mirror
and probe during procedures. The dental mirrarsmall, circular mirror attached to
a metal stem which allows the dentist to obserlpats of the mouth. The probe is
a sickle shaped instrument used to enhance tadileation for the dentists. From
what we had observed, it appeared that the mipeciBcally indicated the dentist
was checking the teeth for charting purposes, aodldvtherefore want the patient
record available. From the conversation with tleatct it became clear that the
mirror and probe are very general tools for obsgythe teeth, and this information is
used to support a variety of procedures, and rsbtturecord information about what
was observed. By relating how we planned to ino@afe the tools as a contextual
cue to the design, James was able to specificallg gs several examples of
situations where the mirror might be used otherwitis provided confirmation of
the use of the artefact in general practice whughker exposing other at-hand
considerations, such as the varying location ofrtsuments during procedures.

4.2.2 Scale models and prototyping

An initial study was conducted with James duringiolthgeneral routines were
videotaped. The resulting data was explored uiag/ideo Card Game, and themes
of interaction were drawn from this data. Theganths provided reflection and focus
points for considering interaction difficulties &t by dentists. Based upon the
problems we had seen with social and physical actean within the surgery, a

second study was organised that consisted of anughsred interview to explore the

" A bracket table is the small table attached todéatist’s chair where the dentist keeps their
instruments.
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design space. This study also incorporated furthetia gathering through the
videotaping of more procedures (such as a patiget®ral check-up). These studies
helped introduce new observations of the natueatists’ work. These included the
importance of maintaining infection control, thengquex arrangement of workspace,
the large amounts of data generated by proceducksha importance of the dentist-

patient relationship.

Specifically, it was observed during the studiethwliames that maintaining infection
control was paramount. Before a procedure, théisterreates a clean environment
for the patient. This includes the sterilizatiom surfaces (whether through
disinfecting of a permanent surface using chemisath as bleach, or through the use
of a temporary cover), the sterilization of instents (with an autoclave, then kept in
a sealed wrapper that the instruments are dispdrnm®) and the dentist themselves
(through hand washing). Through contact with thBemt, these clean zones become
‘dirty’, and as such if a clean instrument is reqdj it is removed from a clean zone
and never returned there. It is instead moved tdifi@rent area where dirty
instruments are kept, usually the bracket tablee dentist keeps track of these zones

throughout procedures and must remain vigilantrévgnt contamination.

In addition, all observations of the patient's @trtealth must be recorded, both
normal and abnormal. The state of the patienéthtes noted as well as observations
which may affect future work (such as minor abnditea in the teeth and self-
reported data). All pertinent aspects of the pdace are also recorded, including
such things as the materials used, the work peddrand likely future work to be

completed.

During the procedure, the patient’s reaction to deatist affects the work, and the
information provided from him or her is vital toaeing the work to be completed.
As such the patient must be kept physically corafileg and encouraged to build a

good rapport with the dentist.

The follow-up session with James was useful foemding the knowledge of how
dentists worked, with first-hand observation th&oaunderscored the interaction

problems observed from the first session. In aaldito interaction difficulties, the

108



importance of interaction between practitionersabee clear. For example, James
would wait until he heard his assistant typing tmthue a procedure and make
further observations. His assistant, upon headsges talk about x-rays with the
patient, would pick up a lead apron, only to putatvn when she saw him putting on

gloves (revealing his actual actions).

To conclude the second study, a tour of the surgenys entirety was organised,
which was used by myself and fellow researcherslied in the study to develop a
complete physical understanding of the surgeryis Tihderstanding was translated to
a foam-core model of the surgery (Figure 15). Tievided a focal point for
discussion with James whereby it was possible pboes work practice abstractly and

gain a holistic understanding of the surgery todsdign activities.

Figure 15: Scale model of the dental surgery

A third visit to James centred upon validating thedel of his surgery in order to
obtain this understanding. Discussions centredthen physical model allowed
brainstorming of further design ideas. We weree dbl question things such as the
placement of instruments and workbenches in thgesyr and have a way of
physically identifying locations of difficulties fanteraction. The close proximity of
the equipment in the surgery, the required layduhe computer and the difficulties
of accessing it while performing a procedure oratiept were made clear. The flow
of activity and the flow of documents throughowg gurgery (for example, the patient
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record when it moves from reception to the surgerythe x-ray from the camera to
development to display on a light board in frontlod patient) were also considered.
The need to access the workbench while seated emfiokming a procedure, and the
layout of ‘clean’ and ‘dirty’ areas was also ekdtfrom this discussion.

A final activity with James was conducted afterttier reflection and design work
was completed. An in-situ design discussion wammised where medium-fidelity
prototypes were presented to James as potentigindagefacts and as a discussion
point in the design process. One of the reseasatemonstrated a bracket table that
had load sensors embedded within it. The ideafoontext sensitive bracket table
had evolved from previous discussions about obsensamade in the surgery. In
particular, the bracket table had been identifiedb@ing a necessary part of almost all

procedures in the surgery.

Much like self-checkout systems utilised by supekmats, the prototype bracket table
recognised different weights on the bracket tableidentify the item placed or
removed from it. The microchip embedded in theesyscommunicated with dental
software used in the surgery if a particular insteat had been picked up. It was
hypothesised that different instruments indicatéfimr@nt activities and in particular
they represented different types of informatiort the@eded to be recorded or viewed
in the patient’s record. By sensing the type dtruiment in use, the information

represented or recorded by the software could justed accordingly.

After spending time brainstorming the uses for sligmented bracket table in this
final design session, a medium-fidelity prototyp@aswdiscussed and tested with
James. This was a digital pen based prototypé, avitidea of incorporating it within

a larger system to allow hygienic recording of @atidata. This prototype had
previously been discussed with Alison, a lecturemf the local dental school (see
section 4.4). There had been positive feedbaclartdsvthis prototype from Alison

and it was felt that it would be a good fit for maentists’ work practice, given the
remaining prevalence of paper records, even inesi@g with computer-based
records.
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Figure 16: Thedigital pen (bottom left)

The prototype as it was shown to James was sindglénat shown to Alison. Some
paper printouts of a dental chart were made whed us combination with a digital
pen could recognise and record the pen strokesshwwould then be synchronised
with a computer maintaining the main record of da¢a. The paper printouts had a
lightly coloured cross-hatching pattern which reygrged positional data for any mark
made on the page. These pages were created byintoghlthe Anoto pattern

provided for working with the pen with scanned exantations of the patient record.

The digital pen had a built-in camera which coutdlgse the Anoto pattern printed
on the paper, and determine when and where pekestwere being made and store
them in internal memory. The physical paper afforéed extra functionality in that

some areas could be programmable beyond recordwgdata. For example, a
checkbox drawn on the page would have data endodestord a boolean value as to
whether a pen stroke had been made in that area.pdn could also provide physical

(vibration) feedback when checking the box.

However, after being shown the digital pen (seeufggl6) and discussing its
functionality, James felt the use of a digital mhd not suit his surgery. James did
not feel that writing notes would be useful for patient record, given the automated
patient monitoring and payment system in place Waild not benefit from a digital
copy of handwriting. While a digital pen would gapt existing work practice and
constraints of the context, it did not adequatetorporate other benefits of switching

to a digital record keeping system, limiting itefidness.
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This highlights two potential difficulties with pagipatory design. Firstly, if a group
of stakeholders involved with the design is too lérma specialised, the resulting
design is usually closely linked to the work preetof the practitioners participating.
This can hamper attempts to find a good designafaufficiently broad range of
practitioners to make its production and developnust-effective. Secondly, a
limited series of design activities may not hightigpotential problems with the
resulting design; an appropriate number of iteretiare required to address this.

4.2.3 Accountability in design

In addition to developing and helping constrain rd@gigns, James allowed a level of
access to the dental surgery that afforded a mlodercinsight to the vagaries of the

design space. These included:

* Empirical data which showed the complex flow ofoimhation within the
dental surgery.

 How small surgeries were coping with transitionnfrgohysical to digital
information.

» Difficulties faced by dental surgeries in managiagd recording patient
information while constrained by hygienic requirernse

* An ethnographic survey of how dentists in a smailgery work while
performing a variety of procedures.

* The need for accountability in the design process.

Accountability in design has traditionally beenidetl in two different ways (Eriksén,
2002). In software engineering practices, accduiltiais a goal for the quality of
design processes. Accountability in this case l®ua making design and
development processes open and understandablestakaholders. It focuses on the
methodsof design. In ethnomethodology, accountabilitiere to understanding how
people organise their interactions and actions,imgathem visible and accountable,
with emphasis on local co-construction of meaniggthe participants. In human-
computer interaction and computer-supported coaiper work, accountability takes

112



on a hybrid meaning with alternative interpretasiowith Eriksén (ibid) suggesting it
means a holistic view of visibility of the desigtself and considerations for its
context of use. The effects of actions must besiciemed across a broader context
than just the at-hand practice (for instance, hoesdathe dentist updating the patient
record affect administrative staff members?), ahd tesign itself should be

accountable, with the system and its outcomes gavicommon understanding.

The importance of these became clear as the stpdiggessed. | was able to see
firsthand the complex negotiation of patient infatran between long-term records
and administration and making relevant informatieady-at-hand. Difficulties such

as the transition between paper and digital recawel® identified, and the increasing
use of digital information was seen to be a keysagration for design in his surgery.
The combination of off-the-shelf computers and eostiental equipment was shown
to be a necessary design consideration (includicy soncerns as how to physically
adapt a computer to be usable during procedurgmnes also showed how different

instruments were used during everyday work practice

However, it was during the final design sessiothatsurgery with James, | realised
that the more | understood the surgery, and thesrfemiliar he became with the
technology, the more interesting and productive @iesign) our discussions became.
In reviewing some of my design specification natesived from a later study with

James | noticed the following requirement for thieiface:

Furcation: If on the palatal side, then must listier mesial or distal.
For example, if the user says "furcation mesial adg>" it adds it

appropriately. If mesial or distal is missing gniores it. Opposite for
buccal where there is no mesial or distal. For thwer teeth there
are no mesial or distal measurements. A shortoueach of the
furcation gradings would make this a lot easiergassible by moving
the mouse to click on a shortcut at the moment).

In laymen’s terms, the first part of this explanatmeans:

For grading the amount of the tooth’s roots thakeigposed from the
gums: If on the side of the tooth facing inwards {owards the
tongue), then must listen for the terms “mesial'e@ning towards the
front) or “distal” (towards the back — this is du® the fact tooth
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branching only occurs on the inside and so can itftee forwards or

backwards). If the direction is not specified, th#o not record a
value as it is invalid. If on the side facing tods the cheek, then
ignore mesial or distal because branching does aouutur. For the

lower teeth, no branching teeth values are recorded

Without the in-depth knowledge | had gained froravious studies, it would not have
been possible to write such specifications abowt bm use speech recognition to
navigate through the tooth chart and to understhedterminology and processes.
Throughout the studies, | felt that not only wehe fractitioners gaining a better
understanding of the technology and how it affectedm, but all researchers
involved were learning the practice of dentistryBy better understanding the
practitioners’ work, it was possible to become #dveinformed and more effective

designer.

This requires sufficient information of how the gidoner works, and how existing

technology affects and influences their work pagtisuch as why they need a
particular information representation (such as aayy displayed at a particular time,
how it is provided in the existing work practicejdathe reasons for this. For
example, x-rays for James were physically displapada light board. While

assumptions could be made that it was chosen g@uhsté digital x-rays) because it
affords a greater level of detail, or a more talggilmeans of interaction, in James’
surgery his choice was driven by cost issues, and tesser extent, difficulty of

integration (due to a paper to digital transitionih terms of design, the information
must be made clear to the dentist, but the req@nesnfor this should in turn be

revealed by an accountable design process to skeanshers.

4.3 Scott

4.3.1 Alarge private surgery

| was introduced to Scott through the surgery éraded personally for dental care.
Scott was a new dentist at the practice and thraliggussions | had with him during
normal check-ups he became aware of the reseaeterged in this thesis and
expressed interest in contributing and offered navigde his expertise and time for
design activities. His motivation for doing so ises&l one of personal interest, given a
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hobby of computing. Initial involvement was estsld as ethnographically-inspired
fieldwork, whereby a fellow researcher and | wowlblserve and videotape Scott
during commonplace procedures in order to further enderstanding of dental

practice and working environment. At a later stegine research Scott made himself
available for design discussions and prototypestdstcoming a resource both for

testing design at later stages in the researclicandflecting upon the design.

Scott was part of a large practice consisting @&iwe dentists in a surgery located in a
central business district. The practice was maqdefth electronic patient records
combined with technically advanced equipment fontde procedures. Scott’s
additional responsibilities as a member of the ficagncluded computer support, and
as such he handled the infrastructure for the teswfiware. He had been

instrumental in customising the software for thegsuy and handled its maintenance.

4.3.2 Managing expectations — a perspective on inte  gration and
configuration

Through the design studies with Scott the followliegsons were drawn:
* Researcher motivations should be properly explaiogde practitioner.
* A shared technical understanding is needed eathgeinlesign process.
» Design choices cannot take place in isolation -masgly unrelated systems
can be affected.
* Periocharting was one of the most difficult proaedufor charting based on

interaction difficulties.

After establishing a relationship with Scott, | anjsed for an initial session to make
contact and learn more about his work practice. vil¢ee given a tour of his surgery,
but when we began an interview to discuss the @s®mputing for completing his

work in dentistry, Scott focussed almost entirety technical aspects — how many
computers they had, what sort they were, how tlegyluhem, how the network was
set up, and so on. Reflecting upon this, | redlibgs was an interesting example of
the need for managing expectations of what is wealin design research. The
practitioner should be informed of how the designcpss may affect their work

practice, and an initial briefing session also bétpframe discussions.
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From this interview it became apparent that Scadl hssumed that any prototype
system would work neatly with their existing setupnitially | dismissed this as
naivety. However it soon occurred to me that | kasumed that it would be obvious
to all that a technically complex system would bet‘plug and play’. Ubiquitous
computing literature had influenced how | saw ulimus computing system design.
Much of the existing research focuses on ubiquitoosiputing systems that are
wholly contained — existing systems are unconsdierel work practice is supported
with infrastructure developed from the ground um reality, people update their
systems incrementally — it is rare for a small tedmm business (or even enterprise
level companies, although they are more likely aoehthe budget and motivation to
do so) to replace a system completely.

Scott’'s practice had already been struggling witese incremental updates. In
particular, members of the practice were invesigainethods for integrating x-rays
to be a part of their digital records. Digitalays, on paper, offer many benefits over
traditional x-rays. They consume far less poweilevim operation, which in turn
means they emit less radiation which may detrimgngdfect the patient. Without
the need for processing and development, digitalys-provide immediate results and
allow for computer-based manipulation, facilitatipgtient education (an important

aspect of dentistry which | will discuss furthetelg and faster diagnosis.

Without delving too deeply into the concerns ofemtdl practice, there are several
issues when considering new technology such as fist is cost — it cost roughly
$10,000 (as at 2005) for the necessary sensor tilatds used inside the patient’s
mouth. The second consideration is size — theplate not as small as regular film
based plates, and may be uncomfortable for somenpat Third, there is the
difficulty of integration with existing infrastrugte. Most digital x-rays require
specialised software and hardware to capture aodeps the image. These three
difficulties, | would later come to realise, in faepresent exactly the problems of
deploying ubiquitous or multimodal computing sys¢eto dentistry: cost, fit and
integration. The issue of digital x-rays is regrs both real considerations,
previously unforeseen by the researchers involaed,a grounded lesson for business

considerations in adopting new technologies.
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Scott was also a source for observational studies.provided a striking comparison
to how James used the computer to support hisigeatchrough his greater reliance
on technology for both data gathering and perfogrhis dental procedures. These
differences made me reflect on whether it is pdsdi» employ participatory design
to create a system that can be generalised to adérogroup of practitioners.
However, observational studies of Scott identifexchilarities between dentists; for
example, the use of patient records during proedor how data entry is handled
while not ‘clean’. Below are some notes made frewiewing video of Scott, which

is representative of the role of hygiene and hotesiare used during a procedure:

The patient is now seated in the chair and readgdo However the
assistant returns with some x-rays, so Scott le&wep look at them
to. As he interprets them, he continues puttinghisngloves without
looking. Apparently these are old x-rays (20014 &ne 2003 x-rays
cannot be found. He brings up the tooth historartragain and
checks the exact date and compares it to the sdameoerd. He finds
that he actually does have the most recent receathrsed but it is
hard to tell as there is no communication as to whas happened
(that we can hear anyway). The procedure now lsegin

[There is no further updates of the patient recdhdoughout the
procedure. Scott periodically reviews the inforimaton the screen,
and is in a position so that he can easily seaitthe patient can't.]

Upon concluding the check up, as the patient rinSestt brings up
the patient chart again. He then selects (afteoliog through the list
for a while, moving both up then down again) glamsomer and
applies it to the graphical representation of teeth.

He then places a “watch” label on the bottom righbth which had

some sign of decay and cracking showing. Scoit tilsks off the fact
that the check up has been done and updates th# (bg pressing a

large button on the bottom right of the patient ajppment plan).

Scott removes his glasses and throws away his glewvel washes his
hands again.

When questioned at the end of the procedure, 8ulittates that he
must memorise all the updates he wishes to makesuéh the notes
are short and to the point:

“monitor 8s, and reassess next recall, stay or reaio

[8s refers to one of the wisdom teeth]
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Scott also uses the x-ray and existing notes fo pevide a reference
point for the updates he must make to the record.

During the same session, Scott made an interestosgrvation that became the

germination point for the final prototype:

Researcher: “Do you ever use [the periochart]?”

Scott: “Not all that regularly — it's a bit cumbesse. It's a situation
where you need to go from the patient to the coenpant a repeated
basis so when you have to keep coming back andj dolot of data
entry, it gets too difficult. You've still got thesue of dirty hands
operating the computer, and even though we’ve goidy techniques
we still try to minimise interaction with the conteu”

Researcher: “So the periochart would be somewhdreraryou’d...”

Scott: “...definitely have voice recognition. Maydpesture and voice.
It's underutilised for those reasons. Having sosoet of voice or
gesture activation to use the charting would be biggest benefit |
think.”

The periochart is generally an invasive, slow pdoce that ties up both the dentist
and the attending nurse who must record a largeuatrad information (the measured
depths). Given its difficulties that touched onmypareas of interaction difficulties in

a dental surgery (complex social interactions, oaep use, large amounts of
information to be recorded) it seemed a good dygttei centre prototype development

around.

In addition to numerous observational studies, tSeas engaged for several design
activities over a period of two years, culminatimga final test of a high-fidelity

prototype. The prototype testing and design dsioas that followed are of great
importance to the conclusions of this thesis. tfaescripts of these are located in the
appendices of this thesis while the reflections diseussed in greater detail in the

discussion chapter.
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4.4 Alison

4.4.1 A dental school

The limited availabilities of professional dentistsd the ethical difficulties of
involving patients paying for privately funded sess with their dentist were a cause
of concern for furthering the research in the pgevaector. The University of
Queensland’s dental school was therefore investijas a possible source for both
extending my and other researchers’ knowledge otatigoractice and to provide
access to a larger pool of potential members feigtheactivities. We contacted a
lecturer at the school, Alison, for a meeting tecdiss our research, potential
involvement, and what would be required for theostls design activities. At this
meeting, we explained our background and motivateord our desire to observe
students and potentially involve them as partidipan the design process through
structured activities. The dental school provitleslfollowing insights:

* Understandings derived from long-term field studies

» The benefits of design games and role-playing.

* An exploration of alternative methods for solicgtipractitioner feedback

* How student dentists responded to augmented equipfumsing a digital pen).

 The ability to better understand dentistry by desig within a learning

environment.

4.4.2 Design discussions and games

Alison was interested in our research and gaveapproval for the dental school's
involvement. Once appropriate ethical clearance graen we began by running an
ethnographically-inspired study that consisted igfvésits over two months. These
visits allowed close observation of students alyetaniliar with dentistry, but still

learning. This gave a unique perspective — it p@ssible to learn of procedures with
the students, as well as observe what aspectatdldeork practice were problematic

for inexperienced dentists.

Following observations made during the visits, wauld discuss both the work the

students were completing during procedures, and timvschool functioned as a
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whole. Towards the end of the study we also betiscussing potential designs and

involvement in design activities.

From the observations made and the discussionsictediwith members of staff and
students, | developed the idea of using a digiaal po replace the existing record
infrastructure, which | prototyped and presentedptoticipants from the dental
school. A fellow researcher presented a modifietsion of the bracket table (as
demonstrated with James). The patient record aoétwsed for testing the bracket
table was the same as implemented in James’ syrgady was a fairly common

program for patient record keeping.

| organised a design demonstration with Alison rafigilding a suitable medium-
fidelity prototype of the digital pen system usingf-the-shelf parts and some
customised software. The digital patient recoreldusas modelled after the physical
records already used by the dentists. | scanndddited the most relevant pages as
described to me by the students, and combined thigémthe pattern necessary for
converting the pen strokes to digital data and maue usable booklet, similar in
nature to that already used by the students far tieemal patient records. The

following discussion took place during the demceaisbin:

Researcher: “So I've been having a look at... wheras talking with

Jennifer, she was telling me about how many tirhesrécords are
transcribed once the person has written down. f$wel student marks
it down on the throw-away bit of paper and in timel éranscribes it to
their record book, and then it goes out to recaptiand gets

transcribed again, is that right?”

Alison: “Yes, yes...”

Researcher: “And so we were talking about the idleat you could
just write things down once and what you wrote dovas recorded
digitally then it'd certainly make things a lot éas So what I've done
is converted part of the record onto digital papét's just like regular
paper, except it has these dots on it, which kalgen where it is... So
you can actually just write wherever and it justm@s up on the
computer afterwards.”

[long silence while Alison fills out the form]

Alison: “Is that cleanable or sterilisable or whdt?
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Researcher: “Well yeah, that’s one thing | wantedalk to you about.
Because when they use pens in the surgery, daytjtst wrap them
in glad wrap?”

Alison: “Yes, they do.”

Researcher: “So would that be alright for that?”

Alison: “Yes, that could be alright because theyuldo’t be
touching... touching the tool. So that could be weapin glad wrap,
and probably wiped down with disinfectant afterwsgravould that
affect anything?”

Researcher: “No, it's sufficiently packaged so yaun wipe it down.”

Alison: “I think it's an interesting concept actugl it's very neat.
Very impressive. Very impressive. How much dodsctst?”

Researcher: “I think it was $150.”
Alison: “Really? Then you've got to have the pragrabviously...”

Researcher: “The program came with it...”

Alison: “l think it's very neat — | love it. Tha'very neat. Yes, no
can see that could have some... and once you'velgcga it onto

there you can change it? | mean really, once y®wvetually got it
into typed words, you can then modify and change itorrect any
mistakes. So really very interesting legal poinually about records
— because records you're not meant to change aatistione of the
concerns about digital stuff and things — x-rays ¢e doctored and
all sorts of things can happen to them.”

While Alison expressed interest in the pen, shddcoot see the benefit of using the
bracket table prototype. This is not to say the pas intrinsically better than the
bracket table, but rather it reflected that whilksén could envision the pen being
adopted, she could not understand why you wouldt wartontext sensitive bracket
table, when you could simply use buttons insteadsifument detection.

Another avenue for prototype development was thee aismedium-fidelity gesture
recognition prototypes which offered a limited dagof functionality which served
as discussion points for future development andegfent. Specifically, some basic
forms of gesture recognition were demonstratedudents, and they then participated

in activities to explore the possibilities for rgoation. The prototype tested used the
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previously discussed gesture ring prototype (secfi®) which made use of two
accelerometer chipsets to record accelerationBreetdimensions. It then displayed
the data that the system was receiving in real tonescreen and allowed for
recording video of the motions along side of graphthe data being received. The
neural network and learning process for the gesturas explained to the students,
and in turn this visualisation meant that gestweld be evaluated in real time for
how distinguishable they were. It was interestmgee that after just a few sessions,
students would explain to other students and safthe school how the system

functioned and described its potential.

In addition to prototype testing, | used design ganto explore new means of
interaction with the students. Some of the gamelpdd me understand more
abstractly how dentists like to work. For instanteving dentists attempt to
complete their tasks using a single interaction afigd(such as only speech or only
gesture) exposed tacit knowledge held by the dsn{such as what information
needed to be recorded during a particular routimg)constraining their normal

methods of interaction.

In other activities | used role-playing and WizafdOz techniques to explore how
modality changes affected work practice. Asking afental student to act as a
‘gestural and speech interface’ for the other dertelped with understanding what
was required in such an interface. | used A2 put# based on the dental students’
normal charting sheets, such as that shown in €igiér For the task, the students
were asked to complete a regular patient checkégher tasks took advantage of the

procedures already taking place, for example pyitira filling.
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LINGUAL

FACIAL

FACIAL

LINGUAL

NOTES:

RADIOGRAPHIC FINDINGS:

CONDITIONS DIAGNOSED / CAUSATIVE FACTORS / ASSESSMENT OF DISEASE ACTIVITY:

Figure 17: Dental interfaced used for Wizard of Oz activity

The following conversation took place with the @nt$ during this role-playing
exercise:

Student 1: “One more question — is she meant tteltieg me where
she wants me to write? Usually we just listerhtont talk and write.”

Student 2: “It's easier for me to just say... ‘Meditéstory — nil sig’

so the heading, where | want to write it, and whatant written |
suppose.”

Student 1: “Cause see how she’s talking to himjngayglo you use
fluoride toothpaste, do you do this, do you do,thatl then turning to
me and going ‘fluoride toothpaste, this’ [Studergelstures while she’s
saying this]. Usually while she’s saying that llsk doing that
anyway.”

Researcher: “Okay, so have you guys done that befohere you're
filling out the patient record for someone else?”
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Student 2: “Yeah, yeah, if we've got a spare sesgien we always do
it for someone else. The only difference is if smme like a dental
assistant or someone is assisting you, like | saieby sort of
automatically know where to put it approximately there’'s no
repeating any information or anything like that.”

Student 1: “Say [Student 2] will be looking the rigushe’ll go
through and say ‘Yep, quadrant 1 is fine, ther&is tere’, and she’ll
just say it as she’s going and I'll just write iterever it should go.”

The students were not observed dictating to ealer aturing ethnographic studies,
and so without having them trial this interacti@tlinique through role-playing |
would otherwise have not accounted for the facy ne accustomed to dictation for
their records. Furthermore it highlighted an e@rgstefficient method in their current
work practice for collecting the data: they know 8tructure of the patient record and
the required order for tasks within the procedwtith this contextual information it
could be concluded that a potentially sufficiensiga may be the use of speech
recognition and minor contextual clues from thetd&s speech or activities to
confirm where the information is placed in the mekco However, having a human
interpret another human as opposed to a computpneting a human is a complex
issue that would require a separate inquiry. Husnare much better at repairing

conversations and have a much better understanflicantext than a computer.

In considering the activities at the dental schdofpund that in comparison to
professionals, students were more likely to be gedaby role-playing and design
games. In part, this is due to the students haviage time, but in addition it is likely
that the learning environment assisted in contiigutto the fostering of an
exploratory nature. A further consideration falenpreting the data was that students
have a greater deal of assistance, both from narsgédecturers in completing their
procedures. This assistance is seen to a lesgezedm professional practice, and by
observing how students adapt technology to compensaen this assistance is

removed identified design intervention points witprocedures.
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4.4.3 Perspectives of a dental school

The dental school was a useful environment asvié gae the rudimentary knowledge
of dentistry required for complex discussions cashton more finished prototypes.
By studying dentists who were in a learning envinent, | myself was able to learn
more about dentistry as a profession firsthand friooth the dentists and their

teachers.

The activities also provided an understandindn@iv dentists learn their craft which
provided a unique perspective on what aspects eif thork practice are most
important and where hidden meaning may lie. Thasgects include infection
control, patient communication, record keepingufof attention and managing the
equipment required. Understanding dentistry fronstadent’s perspective also
contributed to a greater understanding for how gesibnal dentists approach their
work practice. Some notes taken during studied Wit dental students highlight

some of the issues also seen in professional tgntis

9:10am New patient. “So what brings you here t&dayPatient
describes problem and student checks against refmoombnfirm tooth
being discussed. Trying to visualise problem? dkbenedical record
for long term problems. Closely examines x-raypkebeginning any
work. Puts mask on and adds some details to therpaecord.

9:15am Student initially grabs light directly raththan the controls
covered by a clean wrapper. Corrects himself aresusandle instead.

9:20am Patient/dentist interaction seems very sint that seen with
Scott and James. Patient’s head is in dentisgs-antimate access.
Very focussed work, requires patient’s trust. Lpegods of still work
— patient must remain motionless for long periods.

9:25am Student moves chair away from patient, donspsly holds
hands high in the air. Tool selection is importdnit still being
learned — “touch, touch, touch, grab”.

9:45am Lecturer comes to assist. Patient contrbks suction and
performs assistance work. Patient looks uncomiibetand flinches a
lot.

9:53am Student uses clean tweezers to interact inginuments and
workspace. Spare hand is kept behind back.
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10:00am Patient records updated. Great deal oktspent recalling
procedure and recording all notes. Team of aseistzlean patient
area.

This session is representative of many of the gho@s observed at the dental school.
Specifically, the main concerns of a dental surgaey all represented in this brief
glimpse into a student procedure. This includes ttecessary arranging of
instruments, infection control, patient interactioecord keeping and the need for a
keen focus on the task at hand. Instruments warefudly chosen and arranged
according to the procedure. The tools most use® Veed out closer to the dentist,
and like the clean and dirty areas in James’ syrggwme areas of the students’
workspace was clean (for example, drawers con@imraterials required) while
others were dirty (such as the benchtops, whemadised material was placed). A
separate area for record keeping was maintainetiagain, both a clean and a dirty
space used. Rough notes would be recorded totérettanscribed carefully by the

dentist so as not to contaminate their patientrosco

Observing a student dentist provided a unique Imsigto dentistry as taught rather

than dentistry as evolved in practice. Each o$e¢heonsiderations had an impact on
the design process, and ethnographic sessionsasuttis allowed a close view of

how they affect the dentist’s work at hand.

The dental school was also useful for my reseavehtd the level of access available.
It was possible to visit every week, sometimes sd@viemes, depending on design
needs. This allowed greater depth of the actwitempared to the lengthy gaps
between activities with professional dentists. Hneount of time we were able to
spend with the students was also generous in caesopamland this allowed for

extended discussions and extended activities suiteagames.

Games were not as well received by professiondiisten Attempts to engage Scott
with design games were of limited success. Intaudi when discussing their use
with John, the CEO for DentalSoft, he recommendgairst their employing them.
As such games were kept as an optional part ofddsegn studies with the New

Zealand dentists.
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When trying to engage with the first dentist, Petex remained unenthused during
role-playing (which we felt was a simple precur$or design games), and so we
discontinued their use. The reason behind the dhcduccess of design games with
professional dentists is not explored by this thdsit is most likely due to the highly
technical and expensive nature of their work amddéntists’ perceived usefulness of
the activity. However, design games were stilfuisior allowing alternate windows

into the design process with students.

As part of the design activities with the dentdi®al, | was able to explore the use of
electronic resources such as wikis and email toitite knowledge sharing. Email
was useful for all participants given its familtgriand asynchronous means of
interaction.  An example of its use was for clanfy observations and

understandings:

> From: Alison

> Sent: Thursday, 15 January 2004 12:32 PM

> To: tch@itee.uq.edu.au

> Subject: Re: Question about procedures in the clinic

>

>

> Tim, depends whether you are talking about dental assistants in Clinic 2 or
> in general practice. In clinic 2 dental assistants are mainly involved in

> mixing and passing over the filling materials and cleaning the chairs. They
> may also assist in charting the teeth at the first appointment, putting on

> rubber dam ( the sheet of rubber the students use) and also in assisting
> the student during cavity preparation by using suction to remove saliva.

> In general practice the are usually at the chairside all the time ( called

> 4 handed dentistry). Hope that helps Alison

That's extremely helpful thanks Alison. | was asking in particular about clinic
2 as | am trying to recreate a possible scenario for use in our design event.

Am | right in assuming that for charting the teeth, they are filling out the
patient record for the dental student as they examine the patient?

Thanks again.

Cheers,
Tim

Email afforded an expedient means of validatingewsthndings, and removed the
need to make assumptions of the practitioner’sieba

A dental school wiki allowed me to show the papasits the results of activities (an

example of which is shown in Figure 18 with thetiggyant's name redacted), while
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they in turn were able to use it to explain procedwr correct misunderstandings.
While trying to engage professional dentists tdtipigate in this way, their lack of
free time seemed to reduce the amount they coimddbwr reflected upon the
information presented in the wiki. However, the us these techniques was shown
to be useful for student practitioners, most prédpattue to a combination of
familiarity with the technology, being in a leargirenvironment, and the time

available to them.

DentalSchool

Hi,

Welcome to our Dental School Wiki. A Wiki is a web page ( or collection of pages ) tr
comments where you want them to appear. and then save the changes.

This Wiki is designed to record our notes an observations from our field studies at th
comments/suggestions/ideas whenever you like.

At the moment the people who can view information stored here are:

« Brett Campbell ( bretic@itee.ug.edu.au )

« Tim Cederman-Haysom ( tch@itee ug.edu.au )
+ Margot Brereton { margot@itee ug.edu.au )

+ Jared Donovan ( jared@itee ug.edu.au )

« 3 participants from the dental school

Please follow the link below to view our notes.
NotesandObservations
Recent Changes:

15th Oct - has added some comments fo NotesandObservations

15th Oct - Brett has added some comments to NotesandObservations

16th Oct 9am - Brett has added some comments fo NotesandObservations

16th Oct 2pm - Brett has added observations from the first field study Bretislotest
23rd Oct 11am - Brett has added sketches of the dental surgery Bretisiotes

For more information on what a Wiki is and how to format text you can look at:

Figure 18: Dental school wiki

The wiki facilitated conversations around the outes of the studies, and allowed us
to be transparent with our motivations and undaditeys with the participants. An

example of this is taken from the wiki:

So far we have conducted three field studies. Our aim was to familiarise
ourselves with dental practice, particularly with information handling apsects
of the work ( how the patient record is updated ). The understanding gained
from the field studies will inform the design of technology to aid in updating
the patient record.

At the moment our notes are organised by date.
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« 5th August - FieldStudy1
« 12th August - Field Study 2
« 26th August - Field Study 3

Comments

Field Study 1 You have a good grasp of what goes on congratulations. You
need to clarify your terminology of student , dentist, supervisor as they are a
bit confusing at times. Disoposables such as saliva ejectors etc are
discarded. Sickle Probe. Students shouldn't need to change gloves that often
if they are organised. Alison

Thanks for your input Alison. As we put up new notes we'll use:

Dentist A = workspace #1

Dentist B = workspace #2

Demonstrator

Assistant

in order to avoid any confusion and we'll go back and adjust field study 1
accordingly. Brett

The wiki provided a means of both providing a ldegn and shared record of
understandings, but importantly it also allowed iatdmical view of how the
negotiated understandings were built up over tiffiee flexibility of the wiki system
also allowed the sharing of notes and drawingseas in Figure 19.

Foci of Aftention:

The work observed was very focussed. Several occasions were observed where
finding the right instrument or necessary piece of equipment disrupted the work. The
proximity of the patient to the dentist is extremely close and is well within the personal
space of both the patient and the dentist.

wwnw. itee. ug.edu.au/~pia/dentist/attention.jpa

There are very long periods of still work. Fine focus and fine motor control are
required for a dentist to perform a procedure well. However, at the same time, the
patient must also remain very still with their mouth open for extremely long periods -
upto 43 minutes. One of the atiention breaks noticed was the need for obtaining
instruments. The dentist ( both students and the instructor ) would "touch, touch,
touch, grab” to find the correct instrument. The instruments look very similar and
there are a lot of them. Many procedures have a limited time period due to setting
amalgam and the like which causes the dentist to be quick with picking up and putting
down tools.

Figure 19: Example of notes from wiki
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Such a system created greater visibility in thegeprocess, specifically, allowing
the practitioner to see what is important to thsigleer and how they interpreted the
data. Further, the wiki facilitated feedback onsthand for corrections in

understandings, as seen in the previous extract.

4.4.4 Innovation versus Expectation

When considering the outcomes of the activities thak place with practitioners at

the dental school, the reception to the dental (@nexplored in section 4.4.2)
compared to the ‘smart’ bracket table, the motorai of the participants need to be
carefully considered. The different reaction (olisén’s enthusiasm for the pen
compared to relative indifference to an enhanceatKat table) showed that the
bracket table may not be as compelling or ablestarbmediately appropriated to use,
or perhaps that participants in a participatoryigieprocess are more likely to
respond favourably to something they are more tsedVhile a tenet of usability is

to provide interfaces that allow for expectatiorishow the interaction takes place,
innovation may require a break in expected methoidenteraction. This is an

example of the type of concession needed in ppatiory design (as discussed in
section 2.3.3) in order to continue to innovatd. bécame clear from the design
activities at the dental school that it is neces$ar the designer to incorporate both
their design expertise and the participant’s pextspe of what is important to their

work practice in order to design a new system ithaioth usable and useful for new

means of interaction and appropriation.

45 John

4.5.1 A dental software company

My initial contact with John was when | contactesl tompany to ask for a trial copy
of their software. Dentistry software is quite erpive, running to the thousands of
dollars per copy. | had contact with another comypaho also provided popular
dental software within Australia, which initiallleemed to be quite useful but they
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lacked interest in setting up long-term relation&fter explaining my research to
John, he provided me with a copy of DentalSoft'atdesoftware called Chartware
and we set up a meeting. John’s company was badddw Zealand which added
some difficulties in continued contact; howeverwere able to maintain an effective
relationship through electronic methods such asilemad by utilising local
employees and travelling as necessary. The finstact for the design process was
established when my thesis advisor and some rdseaiteagues met with John
during a business visit to Australia. Local relaships were also was established

with DentalSoft's Brisbane-based software repredesd, Marissa.

John was interested in adapting Chartware to sa@hernative interaction methods,
such as gesture, as a way of improving its markétabp dentists. He also had an
interest in new modalities and had experimentech vgfbeech recognition in his
software in the past. However, it should be ndteat apart from the provision of
dental software for prototyping purpose, there wasemuneration for either party’s
involvement, and John did not attempt to influencairect the studies for business

purposes.

4.5.2 Collaborative design

The initial meeting was used to familiarise eacheotwith our work and our

motivations. We explained our method of desigterigsts in interaction and work to
date. Likewise John described to us how his soéweas developed, where they
were interested in improving it and the type ofmup he could offer. Of particular

interest was when John described how they trietchaée their software usable by
managing context. John stated that a primary densiion already identified was the
need to appropriately manage the workflow and mftion organisation (something
any good information architect should know). Hoeewhat was interesting was the
degree of importance this held to dental practigs.such, the actual interaction with
the software had not been a primary concern dudewglopment by DentalSoft, but
rather emphasis was placed on workflow and featiegsested by dentists using the

software.
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This contact was followed up with design discussiovith Marissa. Marissa was
primarily a support contact for dentists in theaaesnd assisted in both practitioner
training and localisation for practices. The dsgians with Marissa helped further
our knowledge of what was required in accommodatieg information systems in
dental surgeries. A great deal of training andamssation was required which we
were previously unaware of. However it should beed that this customisation and
training is a common approach for enterprise safwget the limitations of software
for work practice persist, so should not be seea splacement of the participatory

design process.

After the first design discussions with John andis&a, John’s involvement with the
research became more of a support-role for Chagtwhwas developing a prototype
in conjunction with dentists in Brisbane and keptciontact to let John know of
progress and for help with any difficulties | wasceuntering. These difficulties
included limitations of the software (such as kegddoshortcuts or workflow within

the application) or how completing my understandifidiow dentists integrated the
software to their work practice. John provided with updates to the software and
provided insights into its use in dental practiddowever this involvement changed
once more after the prototyped matured to a levahedium-fidelity and became
usable during actual procedures in a dental surgery

We had discussions on the available functionalityhe prototypes that myself and
another researcher were working on (which were@dpeead gesture based). Based
on these discussions John expressed interesttimgsep contact for us with a variety
of dentists that he knew used his software and avbalboth willing and interested to
donate time to the project to help improve anddaié the prototypes. His personal
interest stemmed from an attempt by the UK brantti® company to develop
speech recognition that was cancelled during tsnge phase due to a poor reception
from dentists. He arranged for three dentistsef?®avid and Jason, who all had
availabilities at close to the same time to accoua® us for design activities. This
allowed access to participants with a broad rarfgeapabilities and approaches to
dentistry, with each practitioner having differembrk practices. The outcomes of
these sessions are disseminated in the discuskepter of this thesis; however a

brief description of what transpired is as follows.
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We met with Peter first. Peter ran a practice byiskelf and although he used a
computer for his record keeping, he did not shoterest in alternative methods of
interaction. During the design activities with &ethe dismissed speech recognition
as being a potential method of interaction basetlismpast experience. However he
showed some interest in gestural interaction, @agily simple pointing for
interaction with information. With Peter we demtvated medium-fidelity prototypes
(such as the digital pen and the bracket table)raadhim perform a procedure on a
fellow researcher to explore the prototypes. Afmmpleting these activities, we then
reflected with Peter on his interaction with thetptype and future possibilities for
new interaction modalities. We had a conversatwith him about integrating new

devices to his surgery:

Researcher #2: Is there anything like an electronigor?
Peter: Well, there's the intra-oral camera.
Researcher #2: That's not really a mirror is it...

Peter: Yes, | use it like mirror.

John: Would you ever use it in your left handée la
mirror?

Peter: No. You could, but | wouldn't.

John: We have a tab called video, so you carrekré
frame images and link them with the patient. Yauuse a foot switch
also.

Researcher #3: Do many people use that?

John: 30 or 40 percent

Peter: The main benefit from the dentist pointiefv...

it's patient education and also having things &imbes magnification
you can see things that you wouldn't usually sdes Re use it for
before and after images in cosmetic dentistry.

This conversation highlights several outcomes efdtudy. The first was the benefit
of having a technical consultant on hand. By hguvohn with us, he could act as a

resource for technical explorations and understaysdi He could tell us about
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existing technologies, and also tell us how wetlkeieed it was (through an
admittedly rough quantitative figure). The secomés the consistent new
understanding gained of work practice for dentigts.external researchers, the use of
a mirror and the use of an intra-oral camera seetnatpletely unrelated (as shown
by Researcher #2’'s reaction). Design discussiatis dentists exposed these biases
and corrected them. Finally, this was the firsheti the importance of patient
education was discussed by the dentist, a preyiaustonsidered requirement of the
design.

Next we met with David. David was an endodoftisho used a microscope the
majority of the time to assist his work. He mad¢easive use of new technology,
such as tablet PCs and pen based interfaces forebosd system, but had little
computer interaction during a procedure, insteadng on his memory for recording
charting information. With David we were unablegi through a scenario with him
due to time constraints, so we instead spent oue tlemonstrating and discussing
prototypes as well as being shown his equipmenthenvd he used it. Of particular
interest was the technicality of his work, requirifine motor control for
measurements, and bulky equipment. While demdigdrthe prototypes, there were
difficulties in having the prototype function as pexted, with the Bluetooth
microphone malfunctioning and preventing the dertratisn from proceeding.

David made clear to us the importance of robusipegent in the surgery:

David: See, in a surgery environment, you don’t ithat sort of thing
to happen. You want things to...

John: ... work. Yeah, absolutely.

David: Yeah, work every time. They have to be sotikl, and the first
time it doesn’t work in a dental surgery, most d&atwill give it one
more crack and next time it doesn’t work, it's gpito go in the top
drawer and it's never going to get used again. So...

Researcher: Yeah, | don't think you'd ever use aeRloth headset,
you’'d use a dedicated

[simultaneously]
Researcher: wireless

8 Endodontists are concerned with tooth pulp oridertomplex. The most common procedure
performed by them is a root-canal.
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David: wired
Researcher: microphone.
David: Well, or one that won't give you problems.

In addition to hardware problems, David shed lightthe importance of software
robustness. Specifically, he indicated that robest wasn’t an absolute quality —

rather that its function should be predictable.

David: Yeah | like the idea of speech recognitia,just how reliable
itis. | used Dragon for a while.

John: Mm-hmm. Yep.

David: | trained it pretty well and had it to witlhiabout 90% when |
was writing assignments, but then sometimes it waking too
many...

John: This is the continuous stuff?

David: Yeah. Sometimes it'd make too many errosyou'd just get
annoyed with it and go back to typing. I'm noteawfast typer so |
could get most of it in there and then go back &ixdhe problems.
It's pretty straightforward — it's how you get ibtwork really...
consistently. Consistency is the thing. If yon gat it to be 95%
consistent and only have to make a couple of chatigen that'd be
great. If it's not consistent and it just keep®dking down it'll just
end up in the top drawer.

Finally we met with Jason, a general dentist witlarge practice. In addition to
owning and running two practices, he also mainthittee new equipment and IT
setup, and so knew a great deal about cutting edggment in dentistry as well as
being very open-minded as to new interaction pdgsls. Jason first showed us
around his entire practice, and then we showedthamprototypes we brought with
us. We ran through a scenario of a periodontainewéh a gestural prototype, which
we videotaped. Finally, we showed Jason the vageoand used it as a discussion
point on the gestures he was using and future aatien possibilities. We
brainstormed with him how gesture could supporeriattion with the patient chart

and incorporated ideas into our session with Jason:

John: If you were trying to enter, like, going backthis gesturing.
Like, if you're probing, you could probably do tgswith the probe to
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navigate or whatever as well, couldn’t you? It'd Quite easy, same
as when we were doing charting, and you could dbdafa.

Jason: Yeah, that's right. Yeah it's quite easging around the
spreadsheet, probing and writing a number in. #ttually quite easy
then because that way you're specifically workimgsmooth surfaces,
so you'll be working on stuff to write on.

Researcher: What if you tap the tooth you're wagkiom and then said
a number — would that feel less natural than wgtit?

Jason: Tap the tooth and what?

John: If you were saying the number. If you sh&lnumber instead of
writing it.

Jason: Oh that'd be alright.

Grounding such discussions in Jason’s work contaciitated “quick and dirty”
evaluations of new ideas and access to immediadbéek in order to validate or

dismiss such explorations.

We had planned to conduct each field study in streesmanner; Jason’s study was
the closest to the one envisaged. However, conttrauch as time, interest and
surgery space meant that each time we had to ddamiake the best use of the
situation. This is yet another aspect of parti@pa design that is important to
manage and account for, however it is this flekipthat is sometimes very useful for
adapting to the unforeseen, and allowing both bolative design and collaborative

design methods.

4.5.3 Perspective from an engineer and CEO

The outcomes of the field studies undertaken wathn) Peter, David and Jason are
examined in closer detail in the discussion chaptdr is worth discussing the

involvement of John as a practitioner and a paaict in this process to provide
further insight into the outcome of these desigrdists. Through the contact with
John, | was able to collaborate with a company ghatluced commercial dentistry

software, and to ground my own prototypes to somgthhat was utilised and
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required in the “real world”. While non-commercidésign activities will provide
useful information, by basing the studies in erigtwork practice it was possible to

derive more tangible and immediately useful infatioraabout dental work practice.

John was also able to give me an engineer’s pdrgpeanf existing dental software
and the design decisions behind it. Finally theeas John enabled to professional
dentists allowed me to evaluate what | had detexchifrom a small subset of
practitioners against a larger one. This contadub the completion of a prototype

and a point of reflection of the design process, laow the participants influenced it.

4.6 Fieldwork conclusions

This chapter has reflected upon the domain resedrahd reasons for examining the
field of dentistry. From my own broad computer ieegring background, with an
interest in human-computer interaction and embededputing, | was attracted to
the field of ubiquitous computing. To this endcdmpared multiple domains of
interest for possible intervention points for destg help improve interaction using

ubiquitous computing technology.

Through the use of techniques such as the Vided Game (Buur and Soendergaard,
2000), | was able to compare large amounts of videtage obtained from these
ethnographic studies of different domains. This®vmted a starting point by

highlighting difficulties in traditional computenteraction methods. The domain of
dentistry provided the most potential for deploymgibiquitous computing system,

given its difficult requirements of patient priva@jeanliness and exact record taking.

This chapter discussed the participants who hefpecdexplore this domain and test
new methods of deploying innovative interactivetsys to their everyday work
practice. The aim of this close examination of #wtors involved was to provide
further insight and explanation to my research kons and to complete the ‘story’
of my research. Each participant had their owrquipersonality and background
which guided the design process. | provided detail how the participants were

approached and incorporated into the study, asaselheir responses and interactions
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with both the researchers and technology involvBdlow is a table summarising the

highlights of the fieldwork:

Method

Design outcome

In-situ design (p. 103)

Facilitated demystification of the work processthe
designers, and the technology and design procebe t(
practitioners.

Open prototypes - Internal functionality and limits were made clearthe

(p. 103). user (for example, using debugging windows [or
exposing sensor data), which allowed them to explor
ways to adapt their work practice in response.

In-situ design (p.104, - Effects of design changes could be realised

p. 114). immediately, which was useful given large number |of

actors affected in a dental surgery.

Allowed designers to learn a practitioner's wo
practice which allowed for a more informed desig
(evidence of a true understanding of work pradtiom
use of dental jargon).

rk
yn

Design conversations+ Determined from James that previous observed
(p. 107, p. 134 behaviour was not comprehensive (the mirror angro
p. 135). were used far more often than thought).

«+ Involving John, with his dental software enginegrin
background, helped designers understand existing
systems to support work practice.

- Revealment of further design requirements (such|as
robustness of hardware and software from David).

Ethnographic studies + Revealment of detailed, previously unconsidered
(p. 109, p. 118 aspects of work practice.
p. 126). - By observing practice across different dentists,

similarities were identified, supporting the iddaatt
findings were generalisable.

Understanding of how dentists learn their crafirg
insight into what parts of work practice are mqg
important.

St

Scale model of work

context (p. 109).

N

Revealment of flow of data and activity in the wol
context.

Early-stage prototyp

demonstration (p. 111

p. 121).

D

Fast evaluation of feasibility and application ¢
prototype.

Revealment of further design requirements (such
sterilization of a digital pen).

f

as

How dentists responded to augmented equipment.
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Manage expectations. Facilitates engagement from the practitionLar
of design research (| appropriate to the level of prototype.
116).

OJ

« Conversation that sets expectations also helpseagi
realise how far from "ideal case" the actual desigh
be. People update systems incrementally, leading t
system messiness in practice.

Design games (pp.- Isolation of different modalities in work practioghich
122-126) shows tacit knowledge which can be utilised in the
prototype.

- Highlighted differences between students and
professionals, and the need for alternative apbemg
between different types of practitioners.

Table 2: Summary of fieldwork

This chapter examined dentistry as it is taught as it is performed in varying
private practices. In doing so, a view of denyidtas been discussed from how
dentistry as a profession is learnt, to its commérconsiderations. In engaging
professionals, the design became grounded in sp@cdtotypes, contexts and social
considerations, providing a more commercial vievde$ign requirements. There are
many different ways to approach the design problithh most participatory design
approaches focussing on a specific group of pracéts. The fieldwork presented in
this chapter instead reveals a path of understgrfdam the basics and key concepts
of a profession to everyday commercially-groundedstderations. As opposed to
traditional participatory design, the methods ergetb for this research utilised a
multi-layered and multi-threaded design investigatdf dental practice, and explored
the design space with starkly different particigamtho each provided their own

unique insights into dental practice.

Unlike user-testing, the fieldwork for this thesisas always in-situ, providing a
realistic depth of understanding of how the desighbe received and appropriated.
The design activities involved the following paipiants:
« A dental school involving students and lecturers.
- Small private practice incorporating just two dst#tiand their support staff
- Large private practice, including multiple dentistsirses and administrative
staff, with more equipment.

« A dental software company CEO.
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« Several dentists with varying types of practicds,of which were known

“power users” of a popular dental software suite.

The participatory design methods used for eachestaaccording to their varying
motivations and availabilities. Such methods idel

- Ethnographically inspired field studies and obsgova

« Design games and roleplaying.

« In-situ prototyping and design (participatory ba@pping).

« Contextual interviews.

« Scale models of the domain.

» Design discussions.

« Wikis and email for continued external discussion.

The prototyping of varying design encompassed séwdifferent alternatives for
improved interaction. This included embedding catimy in:

« The bracket table used by the dentists for platheg instruments.

- The pen and paper recording used for patient record

- Common dental software used by a number of pasintg

Ultimately, it was seen that the following aspeatghe resulting design were of the
greatest importance to the dentists:
« A robust system, both technically (long batterg lifow failure rate) and in
terms of usability (simple to use, not prone t@esiin their application).
« A system that is respectful of the domain of déntisin supporting the
context of use (a noisy, busy dental surgery), hbe dentist works, and

commercial considerations (the cost and availglalitsuch a system).

This fieldwork in this chapter serves as a backgdoto the further discussion of my
research and the conclusions made through the rdgsa@ress. The next chapter
discusses design events with a group of dentisiéein Zealand in detail in order to
explore design lessons for the process of partoigadesign for ubiquitous

computing.

140



5 A Late-stage Participatory Design Case Study

5.1 Introduction

This chapter presents fieldwork from the more dieladesign and implementation
stage of the project as a case study. Using data fieldwork that took place with

three dentists in New Zealand, this chapter drassdns for participatory design of
ubiquitous computing systems through the developraatetailed prototype, and is a
case study of how the participatory design appraaaiived during the process. It
grounds the conclusion of the research as a whithespecific example from a series

of design events held with professional dentistedan New Zealand.

In detailed design, the designer should addressfittee points of work practice.

Coupled with the notion of ubiquitous computingaasieans of supporting innovative
interaction comes the realisation that if any newnf of interface or computational
appliance is to fit ‘invisibly’ into a work praces it must fit with the work and rely
upon the skill of the practitioner to adapt andrappiate it into their existing material
environment and set of practices. This often unaskedged form of work in

adapting and appropriating tools and methods isrmed to as articulation work
(Suchman, 2002). The designer then finds waysaik wiosely with the practitioner

in order to understand their practice, and to firays together with the practitioner to
design. Suchman (2002) points out that design doeséinish, but that practitioners
continually design as they adapt and develop tenk practice with new devices.
The activities with the New Zealand dentists ain@dontinue detailed design work

to address these issues.

Design or systems development should be seen dsndry into the networks of
relations — including both contests and allianceshat make technical systems
possible” (Suchman, 2002). This is currently ratis$ied with the use of traditional
design methodologies which see the designer andassgpposites, wherein designers
design and users use, test, or are probed. Thiessiates replacing the
“designer/user opposition” (as identified by Suchinavith a different kind of

designer/practitioner relationship which embracesemmutual learning and richer
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layers of engagement in the traditions of partimpadesign. Such a relationship was

sought with a variety of practitioners and the outes are detailed in this chapter.

In my research activities with dentists | have d$dudo satisfy the difficult
requirements for usable ubiquitous computing usip@rticipatory design
methodologies. In doing so, | have drawn lessoms freflection on what happened,
and what did and did not work (and why) in a projdat spanned technical research
interests, commercial objectives and placing demmangdon the time of skilled
professionals. This chapter details the studias tihok place and reflects upon the

outcomes.

5.2 Case study of detailed design and implementation

While there were several groups of dentists inviblwe the design process, the
activities with the final group of practitionersadividual dentists based in New
Zealand, provided a case study of how methods eevie support participatory

design were received by a variety of stakeholdéth@process. The activities were
the culmination of the design and development pfaotype ubiquitous computing

and multimodal system for interaction. The backgibof these previous studies and
prototypes, and also how the studies with the Nealahd dentists came to be are
discussed extensively in Chapter 4. This sectieacdbes the background and
motivation of the study, the participants involvaad the outcomes of the activities.
The resulting prototype and its evaluation with t§canother participant of the

studies, are described.

This research differs in the approach to partiapatiesign compared to that taken
during the 1970s and 1980s (section 2.3.1). Tt methods of participatory
design focus on a specific group of practitionensl #heir collective views. The
domain for design was usually constrained to alsimgprkplace and participatory
design was a means for workers to become more esrpdvin a design process that
would directly affect them. Alternatively, | havaursued a multi-stage, multi-

participant approach to participatory design.
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5.2.1 Studying dentists in New Zealand

For this study, the most advanced of my low-figefrototypes developed at this
stage of the research was a speech recognitiomesggupled to a common dental
application package for recording patient data.

The prototype used basic grammar-based recogrjimvided by an implementation
of the Microsoft Speech API) to provide input tee tmultipurpose dental software
from DentalSoft that most of the dentists studiedds A more complete description
of the final prototype, and the choice for its aggion, is in section 5.2.11.

While | had recognised (and adapted to) the teahpimblems encountered in speech
recognition, | chose to explore it further as itswame of the best received prototypes
and it showed the potential to be testable duringracedure. However, adding
contextual triggers to the dental application regglithe assistance of the company
who developed the software, and John, as the CEO f@amer software engineer)
became closely involved with the prototype develeptn The relationship with John
led to access to a wide variety of dentists whaluke software and were interested

in testing new versions.

As part of John’s new role within his company hesviiterested in exploring new
design ideas for his software. By setting up asaeth three separate “technology-
interested” dentists to help provide feedback am phototypes it would also allow
John to see what software features dentists woallshterested in, while for me, one
problem for employing participatory design was itfgmg practitioners willing to

participate. Good (1992) spent five months findintgrested practitioners within a

company that hackquestedhe design work.

While | was based in Australia, the dentists’ piag were located throughout several
New Zealand cities. | was able to organise a et whereby both John and the
dentists were available for a period of two daylvwang myself and a colleague to

organise design activities that involved them.
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5.2.2 Planning for activities with the three dentis  ts

My first impression from John was that the threetid¢s held quite different attitudes
to new technology. The first dentist disliked @smew technology (such as speech
recognition) and did not believe it would be usefub dental surgery. The second
dentist had transitioned to a completely papertdse and had up-to-date, practical
equipment. The third dentist was an early adoptes used new equipment both to

improve his work practice and to appeal to patiastiaving a cutting-edge practice.

As an example of this contrast, while one dentstdutablet PCs for the patient to fill
out their record, and a high degree of automatiorcharting, another dentist had the
patient fill out their personal information withshéecretary on a piece of paper, before

transferring it to a digital form later on.

All that was really known of the practitioners befdhe activities was that they had
an interest in new versions of the dental softwa@ur team wanted to make our
limited time with them as productive as possible detting feedback on designs
generated from discussions and ethnographic stwdibsother dentists, while also
finding out about their practice, particular ways working and design ideas.
Therefore, we decided to plan fairly general atiigi that introduced different ways
of interacting with the dental software. We sefistaof the activities to John so he
could pass it on to the dentists, and so we coalith gny feedback from him

regarding our proposed approach.

What was also difficult in this scenario was althbwe had managed to gain access
to a number of dentists who were open to donativer ttime to our project, it
concerned us that we did not have the time to kstatwvorking relationships with
them. While | had plenty of prior experience imti surgeries, and thus was able to
participate in an informed way (as participatorgida “power user” (Sperschneider
and Bagger, 2003)), it was critical that the ptemter had a level of trust and

openness in order to foster good communicationexetdange of ideas.
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5.2.3 Planned outcomes

As a result of the design sessions, | had planogutdgress to a speech technology
based interface that a dentist could use duringtiamt consultation. Specifically, the
interface was to support periodontal examinatiofise previously mentioned dentist,
Scott, had been closely involved throughout alntbstentire design and had given
comprehensive constructive feedback on past oagtesamd so after a period for

development and refinement, it was planned tovigbt him.

5.2.4 Activity considerations

The methods used were influenced by several factdve used our experience in
participatory design, particularly with dentistsaf@pbell et al, 2003; Cederman-
Haysom and Brereton, 2004; Cederman-Haysom anci®rer2004b), to inform the
choice of activities that would be effective. Whwe had previously found activities
such as games and role-playing useful for oursedgesesearchers, we decided that
these were not appropriate intervention methodssesthese shift the power in the
relationship to the facilitator who decides the ugrd rules and frames the debate.
The feedback and degree of participation previousigeived from professional
dentists also did not favour these methods.

We also felt that it was important to ground ouside activities and discussions in
their work practice. Furthermore, we had to deglyn activities based on the fact
that the dentists were not familiar with our woakd also probably unfamiliar with
participatory design. The final consideration vihe limited time that we could
expect from our professional dentist volunteers. e Wad short windows of
opportunity that represented lost revenue for thetigs involved. The activities we
planned were therefore kept relatively unambiguenuas constrained. We first wanted
to show prototypes we had been working on, and lads@ the dentist show us their
surgery and equipment. We also planned to explovegestures and speech are used
by the dentists and to discuss how multimodal aggon might be used with their

dental software for charting or a periodontal exdamally, we wanted to brainstorm

145



different approaches to implementing gesture iata$ and to explore the

distinctiveness of different gestures. Table (siitates this planned timeline.

Time Activities

Introductions and technology demonstration - weasho
prototypes we have been working on and the destisivs
1 hour us their surgery and equipment.

Activities: Introduction, demonstration of gesture devic
demonstration of speech device, “Show us your sytge

(D

Multimodal interaction - exploration of how gestsi@nd
speech are used by the dentists and a discussioovon
multimodal interaction might be used with their thén

software for charting or a periodontal exam.
Activities: Design problem explained — “How could speqch
and gesture be used together for charting?”, ®itbiat

Scenario — videotaping how the dentist uses spaedh

gesture during a periodontal exam

1 hour

Explore movements with technology - Brainstorming
different approaches to implementing gesture iaterfand
exploring the distinctiveness of different gestures
Activities: Video review of movements used, establish Hey
movements they could be used for the design, aduture-
use scenario.

Table 3: Timeline and descriptions of activities

1 hour

We carefully considered the order in which we would the activities and took the
view that we would rely on improvisation in order tnaintain a good discussion,
rather than steadfastly following the original planOur main concern was to
understand the practitioners’ work and concerns t@andive them a voice, while

garnering realistic feedback on our prototypes.

While showing them prototypes first could have pttdly biased their feedback, or
moved their focus away from their work practice arwhcerns, we felt it was
necessary to show what we had already done in todexplain why we were there.
Our original inclination was to ask for a tour, aodchave a general discussion, before
explaining the design work to date. This was Ilgrge as not to seem self-focussed
and so as not to show naive designs to someoneewhak practice might have no

call for such designs. However, by way of polienhé& seemed we should explain
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ourselves and why we were there, and the best wagot this was through the
artefacts of the design endeavours to date. Uldlpawve decided to offer to

demonstrate first, but also to offer the choicéh®hosting practitioner.

Such were our musings in order to plan for the mesgealing design conversation
that we could have. As mentioned, in the firstvatgt with Scott, when asked to

explain how he used technology in his surgery,atietl about his Linux server and
the hardware configuration of the individual ma&sn This was seemingly because
he was talking with someone who was interestedha ‘huts and bolts’ of the

technology. Conversations during design activisesnetimes took us deep into
interests and into issues of configuration as veall into immediate use. This
indicated that if technical questions are askea @frticipant, you are likely to get
technical answers. This indicated the importarfciEaoning questions appropriately
as to the desired outcomes of the study (i.e., igmuy accountability to the

practitioner of what the designer’'s motivations)are

5.2.5 Activity planning

The activities were based on the broad aims ofresearch (to understand how to
develop speech and gesture prototypes that fit wittk practice), and on our design
environment (an unknown dental surgery, with thly aertainty being that they used
the dental software John sold). We took laptoph wie dental software installed,
and the necessary equipment with us to demongratetypes, knowing that the

dentists would be familiar with the software insexé.

We were concerned to manage expectations. We adidvant the practitioners to
think they were testing complete systems, or tauragswe were developing from
scratch. This was addressed by demonstratingestinblogy and setting the tone for
the follow up activities from the outset. Thisist to say we did not have open ended
discussions regarding technology, or explicitiytesfathat they were to only keep the
demonstrated prototypes in mind. Our aim was gyrtgpframe and contextualise the
interaction. If you ask about technology (thatwhat the designer shows interest in),

you will get answers about technology. These arsweay not be particularly
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insightful for the design, as the practitioner @ncerned with their work practice

rather than technology itself.

Finally, there was the issue of practitioner avaligy. Although our ideal plan was
for three hours (as mapped out in Table 3), Jowmsad that we would only be able
to realistically get about two hours with each dd#nt To adjust for this we
considerably shortened our time spent demonstrétiegrototypes and viewing their
surgeries, instead choosing to concentrate on grglthe design problem. Our new

timetable we used is shown in Table 4.

Time Activities
.30 Demonstrations and “show us your surgery”
minutes
.30 Design problem explained and situated scenarialamie
minutes
30 Video analysis of the situated scenario — drawinig o
minutes movements and actions useful for the interface
30

Explore movements with technology

minutes

Table 4: Revised timelinefor activities

5.2.6 The reality of situated design

Given that participatory design is about buildimgst and relationships leading to
fruitful collaboration, there can be no set of mdares that will be followed to the

letter. However, it is important to have a plamaaguiding point and to help keep the
activities focussed. Knowing that the situatedosctvould be different to what we

had planned, we tried to keep in mind our threenmoaiectives:

1. To improve our understanding of the dentists’ mstents and technologies
(particularly those new and unknown), in additionstfficiently informing the
dentists of our work to date, especially existimgtptypes (and the underlying

technical understanding).
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2. To examine the methods of interaction used by #raists, and explore ways of

incorporating these or intervening to improve huraamputer interaction.

3. To develop concrete design ideas for our prototgpmove it from low-fidelity
prototype to a usable and testable device.

It was important to us that the dentists were eadamnd able to work with us the best
way they could. To do this we had to adapt ounpla each dentist during the
activities. In doing so our three design sesswere quite different from each other
due to individual improvisation. The next sectiongl recap and expand upon

previous discussions regarding the activities withdentists in New Zealand.

5.2.7 Activities with Peter

The first dentist, Peter, ran his own practice asgreviously discussed did not have
a strong interest in new interaction methods fos burgery. We began by
demonstrating medium-fidelity prototypes, whichvisags not very enthusiastic about.
At this point John interrupted and attempted tol&xpour work in a way that was
compelling to Peter. In particular John highlighteow our work would fit in with
his existing methods while improving efficiency rognding the research to specific
concerns he had and how it would benefit him. Afiguing his interest in this way,

Peter began brainstorming new methods for intevadhat suited his work practice.
John: Let's go back to the charting again. If yware using that
wooden thing, could you detect a tap with the umsgnt?

Peter: Yes, you could do that.

John: If you had an accelerometer and you recorded entire
charting session, could you figure out which tosts used?

[extended discussion on this point]

Researcher #2: What about if you were holding thebe and
you were doing that thing you were talking about?

[Peter picks up a wooden probe being used as afid&lity prototype
and points to the screen.]
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Peter: Well the other thing is, with the screentivat position it's
ideal. But if the screen was behind you might rerae problems

John: You could just use it like a 3D mouse. Wdwat of gestures
would... [observes Peter turning the probe over is hand and
examining the ends] How important is it being deténded?

Peter: Very important. That's the other problerouye going to be
swapping the instrument from end to end.

John: Could you use the mirror... it means that's® going to be
controlling it with the left hand.

Peter: I'm a little bit ambidextrous.

Researcher #2: Should we try it with this as vés the mirror
then.

John: Pretend that's the mirror, see what thaks li.

Peter: You're limited in the movements you can eltabse you've got
a finger rest, see.

John: What if you banged it on the tooth?

Peter: Well, whatever happens, there isnt going e much
movement.

Researcher #2: If you're rolling it perhaps? [derstrates
movement]

Peter: Tapping?
John: Like that Maori game with sticks.

Peter: Yeah, that would be something. Next todBecause, doing
this | don't see that there would be enough movemen

This spontaneous brainstorming was interestingubatl up half our time with him.
We decided at this point to shorten the remainiciividies. We asked him to run
through the basic steps of a periodontal procedar®ne of the researchers while
attempting to integrate the gesture prototypewds obvious to us by this stage that
Peter was most interested in concrete examplescdhad relate to him, so we
continued to brainstorm with him in the vein ofdhstic’ product ideas (i.e., ones he
felt he could purchase and begin using immediatel§j)ich helped us understand

what was important to him.
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With Peter we were able to learn what is importardentists who want to complete
procedures using the skills they already know withaisrupting their work practice.
What was important was that the changes offeredoab\benefit without too much
disruption (such as learning difficulties, new dews on the patient or price). In
addition to the insight of the requirements of thentist, we learned from a first
person perspective of the need to consider themgairequirements. One idea that
emerged from the above discussion was being ablapaoa tooth to select it for
charting information about it. We ran through acluscenario in the chair using
Wizard of Oz techniques, and found that no mattew lgentle the tapping was, it

caused undue discomfort and annoyance to the patien

5.2.8 Activities with David

David was an endodontist who relied on a lot oftdetechnology to support his
practice. Given his exposure to a variety of tézddnsystems, he also made use of a
lot of new technology for administration work asliesing devices such as tablet
PCs and pen based interfaces. During an actuakeguoe, he found that he was
unable to find a computer interface that suitedrbguirements for data entry and

relied on manual methods for patient charting.

We found that once we met with David, he was rugmate and so we were unable to
run through a scenario with him. Instead, we spmmt time demonstrating and
discussing prototypes as well as being shown hispetent and how he used it.
David impressed upon us the need for robust teolgyoin addition to other
requirements (see transcript in 4.5.2).

David also presented interesting examples of daificun work for integrating his

equipment to his work practice. His primary comsewere of infection control and
spatial requirements. For example, when intergotith a touch screen, he would
use a cotton bud which he could throw away aftesiwarLarge equipment required

appropriate positioning in relation to other supipgr technologies (such as the

151



computer interface to the patient record, and #m@al chair itself) to accommodate

how he worked during procedures.

Discussions with David showed the benefit of inaigdan engineer for propelling
outcomes. The prototype demonstration includedoeapons of technical limitations
of speech and gesture recognition and their sugohardware and the technical
conversation meant a quick “ramp up” to engagedgdediscussions. David also
related the need for the technology to be accouityalto his patients. The
technology needed to be explained in its use tp#tient to facilitate its proper use.
In this practice, patients would enter their paedaletails directly into the computer
(rather than writing it on a piece of paper). ®hthem do this, he would help them
understand the limitations of the pen interfaceelplaining “treat it like a Magna
Doodle” (a toy that lets children draw on a smategn with a magnetic pen). There
was a noticeable delay for writing and by explainihis it allowed patients to use the

pen without making mistakes when they first used it

5.2.9 Activities with Jason

Jason was not a specialist dentist and ran a Ilgegeral practice which employed
several other dentists. Jason had a personaéstter IT, and therefore vetted new
purchases and was the primary source for purchasidgdopting new infrastructure
for the surgery. There were many examples withendurgery of old equipment that
he had tried to appropriate for the surgery, butverious reasons were no longer in
use. From speaking with Jason, he informed usaHat of equipment had been a

“great demo” but not as useful in practice.

Jason had more time than planned and so we weeet@ldomplete our timeline of

activities in full with him. With the amount ofntie available, it was possible to elicit
the benefits and shortcomings of existing protasypmossible future prototypes and
extensive details about his work practice. Beleva itranscript that is representative

of the session with Jason:
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John: And do you do... the other thing we talked gltbis goes along
the palatal surface duh duh duh, would you everli#te, palatal and
buccal? Around the tooth effectively?

Jason: | would like to!
John: You'd like to, yeah, that's what we thought.
Jason: Yeah but it doesn’t allow that, becausaly goes that way.

John: Because with the voice you could, becausé tie voice
navigation we made it so you can, you know, putrikasurements 3,
4,5, and then you say “buccal” and it just switshever here.

Jason: Yeah, that'd be great.

In this way, Jason validated design potential aravided new avenues for realistic
development and prototyping that informed both nmyalf prototype and other

researchers’ (also involved with the studies) fxqes.

5.2.10 Results of the activities

These sessions enabled me to modify and extendp®gch based prototype for
interaction with a patient record while undertakangeriodontal procedure in a dental
surgery. The use of participatory bootstrappinf),revealing the technology in
intelligible ways and designing in-situ, facilitdteapid design iterations and new
understandings of work practice. The activitiesoaprovided new insights into

design techniques. These lessons for design scas$ied in chapter 6.

The activities confirmed what appeared to be gdisatde problems within the
domain, which together with knowledge of the domarovided me with all the
information required to complete a prototype thaild be trialled in a procedure. By
later observing Scott using the prototype and disitly its benefits and shortfalls, |
was able to identify where the design process weeessful and where it was
problematic, allowing me to reflect upon the betsedind shortfalls of methods used,

further informing my lessons for design.
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5.2.11 Prototype development

The finalised prototype consisted of a speech enthiat used grammar-based speech
recognitiorl, which then provided navigation and data inputéfqreriodontal charting
application. The application used as a basis lier prototype was the existing

periodontal recording section of the Chartwarevgaife, shown in Figure 20.
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Figure 20: The periodontal charting interface

The speech engine had been specifically develogrealsk in noisy environments. To
achieve this, the Microsoft Speech Software Devalemt Kit 5.1 was utilised, which
provided built in functionality for cancelling ngidbackgrounds from the speech. As
part of the software development kit, speech psfdould be trained and exported for
modular use, negating the need for individual trejnacross machines. Such a
system was also chosen since Windows XP and Windbasta allowed for speech

recognition out-of-the-box, and could utilise thesefiles specifically.

Time was spent training and refining a profile thetcommodated a noisy
environment and Australian and New Zealand accehtsdo this, it was required to
read passages of training text using the accentiresh and with the expected
background noise. Prior to final testing, the sbereecognition was tested by Scott
and other dentists in his surgery several timeprablems in the recognition were
identified. Development stopped once an acceptédlel of recognition was

reached. This was decided by subjective feedbaxk the dentists as to when they

® Constrained grammar speech recognition can begroeti for a general group of speakers rather
than requiring individual training. Usually itfer a particular region, but with a small dictiopar
space, is generally successful in providing redmmiwithout training.
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no longer felt frustrated using the interface (Whaoincided with a recognition rate
of approximately 90%, as shown in the appendix tation of speech errors). The

source code for the finalised prototype is includethe appendices (Section E).

The speech recognition used for the prototype welhatrately and specifically
contextualised to be used in a dental surgery bjuastralian (for accent purposes)
dentist. The training for this was done usingMherosoft Speech SDK training tool.
The vocabulary used, and the timing and contexhefspeech were well known for
the environment, as was the type of data to bepreted (such as the noise from the
surgery and the quality of the recording). By ousking the speech recognition to
the context of use, a much better fit for the ultaps computing was obtained. This
is a tension in creating a ubiquitous computingesys of usability in contrast with
adaptability.

Several methods for speech capture were investigatel trialled throughout the
research, including ambient microphones (Figure @&itpat microphones (Figure 22)
and both wired and wireless headsets.

Figure 21: Ambient microphone
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Figure 22: Throat microphone (Planet Airsoft, 2006)

It was important to balance the practical needshef practitioner (accommodating
cleanliness, a device that is simple to use, robadtwith a long battery life) with that
of the technology (clear audio would help recogmiti the computer needed a
microphone that worked with its sound card). Tinalfchoice was to use an off-the-
shelf Bluetooth wireless microphone (as seen inufe23). This provided several
benefits, such as a long battery life (8 hours ore)) good compatibility (based on
the Bluetooth standard, which comes built-in to yniaptops) and it was unobtrusive.
The headset could be attached to the dentist'segasr kept clipped to their chest as
the ear-hook could be removed. The headset cdsidoe used whether the dentist
was or wasn’t wearing a mask, as it did not sigatitly affect speech recognition

rates even though it muffled the audio.

Figure 23: Sony Ericsson Bluetooth headset
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The prototype software kept track of how the dentias working (for example, if
they were looking at x-rays, or the patient's chahd the location in the mouth for
data entry when using the periodontal applicatioih.accepted both direct tooth
selection (by using dental references such as usat| which means the biting
surface of teeth towards the back of the mouthidmtal’, which refers to teeth
towards the back of the mouth in general, and toutmbers), or if a tooth had
finished having data entered it would automaticaligve to the next most convenient
data entry point that the dentist would be likelyuse. The speech interface allowed
the dentist to customise the order that data wawded around the tooth. The default
was to go from tooth 1 to 32, as learnt by the ides)tbut if a section of teeth needed
to be skipped, the dentist could announce whicthtamjump to. Previously, the next
entry point would need to be selected manuallyHgy dentist after each entry was
made (Figure 20), and the automatic selection énetkisting software did not follow
traditional means of charting around the mouthl a&pects of periodontal charting
were supported using the speech interface, inautlincation grading and pocket
depth measurements, as well as incidental requimenseich as bringing up x-rays to

assist diagnosis and evaluating prognosis.

Efforts were made towards developing a gestureopneé for navigation control, but
the hardware was not sufficiently mature for userdua complete procedure. While
gesture recognition technology had been triallednduthe studies at the dental
school, going as far as a medium-fidelity prototgne a list of gestures identified for
navigation. What was important for testing theigiesvas that it needed to be usable
and robust enough in actual work practice to eserail possibilities of how it would

affect the practitioner and their domain.

One of the most important aspects of the designthaseed for appropriate error
correction and avoidance mechanisms. This wa®lgietudied in order to provide
the most suitable system for practitioners. Theeee several mechanisms to best
account for errors. The first was by providing gractitioner with multiple selections
for word choice. For example, they could say eitlselect’ or ‘set’ to specify a
value, or ‘back’ or ‘move left’ to control the cars To further assist the modification

19 Furcation grading is the level of a gap createthieybranches of the tooth roots.
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and extension of speech recognition, a debug madeincluded which would run in

the background during testing (Figure 13).

The other consideration for error correction wasvtbe practitioner could know
input (erroneous or otherwise) had been accepiiem.support this detection, tones
generated by the PC’s internal speaker were useigtofy which value had been
entered into the system for the periodontal chgréipplication. A specific low tone
signified recognition of navigation within the apmaition, while a flat, low tone
signified an error. Tones along an increasingescapresented each of the possible
values that could be entered into the applicatibemusing general data recognition.
It was interesting to see how quickly the praatiolearned to differentiate tones and
notice when they had made a mistake from this faeklb During initial studies on
how to recognise errors, it was requested thaagpdication read out the exact value
entered via text-to-speech. A quick mock-up wasitead and the practitioner realised
that the repetition was distracting. Using my kienlge as a designer and engineer |
created a prototype with the tones, which | hadgqmeally trialled and found useful.
When testing this with an actual practitioner itsweell-received and remained a part

of the prototype.

The software was reprogrammed to be adaptable yayge of modality input. It
relied on action commands to control the interfaather than hard-coded interaction
with the particular modality. The emphasis remdime adapting the technology
available to ourselves and the dentist into a esaytem that supported new means
of interaction, fulfilling the philosophical prereigites of ubiquitous computing. The

source code for the prototype is included in Sackwf the appendix.

5.2.12 Final prototype testing with Scott

The prototype developed from the activities in N&ealand was tested by Scott
during an actual periodontal procedure, but withauhursing assistant, under an
approved ethical clearance protocol. It was pdrdgause of the difficulties of using
real patients while designing prototypes that matimy research to this point had

involved scenarios and having the dentists “act’ taatwv they work. What was
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important to me in the design process was thatptiaetitioner used the prototype
(once sufficiently mature) on real patients. Saioilances in the way people work in
an authentic situation can have significant efféwi& they perceive and react to the
prototype.

The test for the prototype was straightforward. otSevas asked to undertake a
periodontal examination with a research colleagakinteer as the patient, and a
researcher on hand for any questions or problertisthve speech prototype. After a
quick run through of the navigational commands andiescription of how the

software worked, Scott attached a wireless micropho his protective glasses and
began the procedure. The charting was completedpproximately 15 minutes.

Time was then spent discussing the prototype ghdientist and acquiring feedback.
Below is an example of the trial with Scott. Btygbe indicates a speech recognition

error.

Scott: “‘set one’ ‘set seven’ ‘set one’ ‘go to Bssion’ ‘go to last
tooth™

[Pauses to check location because of lack of feekdba
Scott: “set one’‘set one’ ‘set two’ ‘set three’ ‘set speech off”

Researcher: “lt's kind of annoying with the recdgm rates
sometimes...”

Scott: “But not too bad. | think | need feedbd@kwhen I'm going to
recession and when I'm going to pocketing, so Ivkihge switched
between them.”

Researcher: *“Yeah I noticed that yeah.”

Scott: “That’s probably the biggest thing. Andféels a little bit
strange sometimes if you go through a series odérdehing pocket
depths for a tooth and it jumps to the next toattmiputer beeps to say
speech is back on] and you want to go back andrdette recession.
‘Wasn’t talking to you’ ...and you want to record ession for the
same tooth.”

My main concern was the problem of error correctiém particular, 1 aimed to avoid
errors that cascade into other errors and dishuptflow of work. As identified by

Karat et al (2000), cascade errors account fomtagrity of time spent correcting
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misinterpreted speech recognition, particularlyrfovices. One method identified for
reducing errors is the use of multimodal input @aat al, 2000). However, this was
not a possibility for me, given the problems inwadvin using a keyboard and mouse
and lack of a mature gesture interface as plannédan be seen in the example
transcript that while there were recognition erréhe system did not create cascade

errors.

| was also concerned that the reduced accuracypobtatype might be sufficient to
disrupt the workflow and irritate the dentist. Hower, as exemplified in the
transcript, the errors that occurred were toleradideast for a prototype. The dentist
could identify errors in recognition easily and fhem simply. There was unintended
triggering of the speech system during conversatigth the researcher, but the
dentist was unmoved, quipped back to the speecinerand then continued in
conversation. While these errors would be annoyimgpractice, they did not
noticeably disturb the procedure or the participattesign conversation. The dentist
became comfortable with the speech interface ilha@atsamount of time and soon

began charting at his normal work pace.

There were issues with regard to feedback and xtuakenavigation, which are also
seen in the transcript. Some of the audio feedbaeking been deemed too
distracting during previous design discussions, beeh removed from the prototype.
Because Scott was unable to see the screen, osiatdte was unsure of whether the
computer had heard his command. Furthermore, attomavigation driven by the
context of the procedure (as requested by severdists) interfered with the way

Scott worked, and became a nuisance when an ea®made.

In my case, | realised that with the context-depemaavigation | had overlooked a
possibility about how dentists chart around thehtooMy design was based on the
explanations of practice by Scott and Jason anidelthethnographic observation. In
the course of the procedure | found that the dedtts not always want to chart all

points of a tooth, leading to a subsequent prowtypdification before the final

prototype trial (as described in section 4.1.3)thédugh I tried to eke out all possible
variations in our discussions with the dentistgerlarials in authentic contexts

naturally found things | had overlooked.
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There were some potential problems in the prototiipe! simply dealt with up front.

Using an off-the-shelf speech recognition engimenfrthe United States meant that
some Australian pronunciations weren'’t recognisegiardless of the training used.
Accuracy reduction due to accents is a recognisettlgm in speech recognition
research (Pedersen and Diederich, 2007) and thametiyet a satisfactory solution

beyond specific localisation of a particular speecbine.

When a speech interface doesn’t respond, the natm@dency of the user is to hyper-
articulate (Kraal, 2003). This does not help theesh engine decode the speech. For
certain words, ‘eight’ in particular, we had to pibobut to the dentists that it was
necessary to pronounce ‘ayyt’, instead of ‘aaytitasight be pronounced in Australia
or New Zealand. There are occasions in designenihés necessary to adapt the user
to the system provided — the most effective apgraacnot always to completely
accommodate the practitioner. An example of this lse seen with the development
of the Graffiti interface for Palm personal digitasistants. While Graffiti provided a
simple and mostly natural interface to handwritiagognition, it required the user to
adapt to specific requirements for interaction.r &eample, the letter ‘e’ need to be
entered as a backward three. This is a relatirehor adjustment in use of existing
skills, and as witnessed by the success of the fibraystem, one easily
accommodated. Thus | needed the dentists to flignbdify their speech for the
prototype, just as handwriting must be slightly mfied for accurate detection on

some handwriting recognition based interfaces.

[Scott is trying out the speech interface to test dccuracy before
beginning the procedure] "go 5". [computer beepd anputs 5].
[changes tone here] "go 8". [computer beeps andiig@]. Alright.
Researcher #2: Just try "6".

Scott: "go 6". [computer beeps and inputs 6]. "dgo [6éomputer does
nothing]. "go 6". [computer beeps and inputs 6].

Researcher #2: "6" has been a really tricky onbaVve no idea why. |
think it's because we've had to work with a fremesh recognition app
- it's for Americans,

Scott: Okay.
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Researcher #2: so I've been trying to train it flee Aussie accent. But
it's still...

Scott: "go 6". [computer beeps halfway through fregoognizing part
of the conversation and inputs 7].

Researcher #2: So just...

Scott: [with American accent] "go 6". [computer lpseand inputs 6].
[with American accent] "go 7". [computer beeps anguts 7]. [Scott
laughs]

By making such technical problems or quirks transp@prior to the prototype use,
the dentist readily accepted the modified way afeating some words. Plainly
stating the problem and giving an example (suclhas‘eight’ above) to illustrate

gave the dentist insight into the technology asdimitations, and this seemed to be
an effective way of bringing an early prototypeoirat professional use situation in

order to have a participatory design conversation.

The trial also demonstrated that it is importanh&we a technical team member who
is able to ground technical discussions, providgpdason explanations and fix
problems in the prototype. This was particularlyetduring the trial itself, where
there were issues with wireless connections, amsntiugs in the code. Involvement
of an engineer also allowed for in-situ technicevelopment with the three dentists
during the New Zealand design activities, allowimgshorter development period

before trialling in another authentic scenario.

5.3 Conclusion

As discussed in (Cederman-Haysom and Brereton, )2004s not possible to
understand shifts in work practice that result fi@ehnology until technology is fully
implemented and used in every day work contextsh ssi the contingent nature of
work. However, the process of participatory desgmployed in the manner
described in this thesis allows for iterative depehent of a new design which
attempts to allow for this shortcoming by collaliorg with practitioners in real work

contexts.
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This chapter has described how a participatory giesipproach was used for
engaging dentists with varying backgrounds to liepelop a ubiquitous computing
prototype. A group of dentists from New Zealandevelentified by the CEO of a
dental software company as “power users”, and els were approached to take part
in a series of design studies to further refine dedelop a speech-based ubiquitous

computing system that aimed to improve patienttaigand record keeping.

The activities with the New Zealand dentists wesgetully chosen using the
researchers’ experience and the literature, aneédiim make the best use of time for
busy professionals. It was found that during tbevaies they had to be adapted to
make best use of the time and involvement of th&ists. The activities included
demonstrations and walk-throughs by the dentigisated scenarios, brainstorming,
on-site video analysis and technical exploratioWhile no quantitative measures
were made of how the practitioners perceived théhous and outcomes, their
reception was evaluated qualitatively by the chiarascf engaged discussion and the
extent to which the dentists contributed and huplbn ideas, and offered examples of

use.

The following table summarises the contributiorsrirdifferent participants, as a way
of illustrating how participatory design affectdektsynthesis process:

Contributor | Design consideration

Peter + Screen visibility during procedure (p. 151).
« Instrument orientation and effect on sensors (p.151
« Movements to use during gestural interaction ([d.)15

John « Technical feasibility of accelerometer embeddedpmbe (p.
150).

« Probe augmented to act as 3D mouse (p. 151).
« Movements to use during gestural interaction ()15
+ Contextual movement around the tooth when chatpnd54).

David + Possibility of workarounds for ‘clean’ interactiowithin the
surgery with technical equipment, such as usingtte bud for
interacting with a touch screen (p. 152).

» Consideration of technical limitations, such asagleh converting
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tablet input to screen display (p. 153).

Jason + Useful voice recognition commands (p. 154).

Scott + Suggestions of microphone alternatives.
« Attachment of microphone to protective glasses.
+ Text-to-speech confirmation of speech input.

« Exact tooth location control for data entry rattitean contextually
moving between teeth automatically.

Author + Extended redundant command set for speech recogniti

+ Use of tones for confirmation of speech input.

Table 5: Contributions from different practitioners

Ultimately, the completed activities provided enbugsight to complete a prototype
ubiquitous computing system that was then trialth one of the dentists, Scott,
who completed a procedure that was videotaped wsdaed. The outcomes of the
activities and prototype trial were the basis &mslons for design, which are discussed

in the next chapter.
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6 Lessons for design

The outcomes of the research led to the conclusfoseveral lessons for design.
These lessons are distilled from reflecting onrthétiple interactions that took place,
the forces at play and the ways in which designogsorevealed themselves. Given
the importance of their contribution, the desigtivattes that took place with the New
Zealand dentists are used as a case study for lkbesens. These lessons are an
attempt to generalise the research findings irctmgext of a broader sense of design

studies.

6.1 Designing for busy professionals

Overwhelmingly, one of the most interesting chajlesn was finding means for
encouraging effective contributions to the desigacpss with busy professionals.
Specifically, methods were required that providedaded insights into how they
interpreted and understood new technology, existeghnology and their work
practice. Practitioners such as dentists have betsgdules which do not afford much
time for extracurricular participation, and dongtitheir time effectively means lost
revenue for their business. Therefore, finding svety compensate for short access
periods, long gaps between availability and a teafrvilling participants becomes a
primary concern. These included staging event&jmgause of industry contacts, and

finding ways to more efficiently make use of timghathe practitioners.

Staging events was found to be an efficient meangropelling the design. Events
encompassed methods including design discussioasigrd games, contextual
prototyping, and participatory bootstrapping. Beemre an effective way of
concentrating activity and focussing the designcess (Binder et al, 1998). Like
Binder et al, the methods used favoured conversatidesign, for the reason Schon
(1987) noted that “development work is propelledthg dialogic engagement of
stakeholders and object worlds”. Staging everitsvald concentrated access to the
dentists and provided the dentists ownership of tkeearch through their

participation. It was found that events providedomd framework for participatory
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design methods (particularly by locating eventscamtext), and also allowed for
effective use of time with practitioners by congatihg activities and engagement to
a single period of time. This contrasts with ttasial methods of participatory
design, such as those used at the dental schoathwiclude repeated visits over

extended periods of time.

By staging events that made use of the dentistsk wontext, prototypes could be
explored with dentists in a realistic setting. Bsounding the design in the use
context, when practitioners are in their everydaymdin, they are familiar and
comfortable with the design environment, helpingplace all parties on a level
playing field. A familiar environment helps theaptitioner feel more comfortable,
and staging events in their work environment impsotheir ability to contribute their

domain ability and knowledge.

There are also practical considerations in choofiagsites of inquiry. Access to the
practitioners was given freely by them, and theyeneed no form of remuneration for
their time. By centring activities at their workpk, maximum use could be made of

their time, and inconvenience was minimised.

One benefit of contextual prototyping as positethim methodology chapter is it both
encourages mutual learning between the practitiandrdesigner, and it also prompts
the practitioner to work as normal rather than icoatrived fashion. In addition to

validating design, this can also prompt the desigvith avenues of design to pursue,
providing a nucleation point for the design process an example of validating the
design (after a similar nucleation from Scott ascdssed in section 4.3.2), after
discussing his use of a wireless keyboard and mateseped in plastic in the surgery,

James (from 4.2) reported:

James: “Charting is the most important proceduraedahe one that
requires the most improvement for how it's doneaaomputer. But
the problem is you can never really get rid of gdaard, you can only
cut back on its use.”

This was a difficulty both observed and reportedobyer dentists. James’ comment

was illuminating because it showed that dentistegaised the difficulties, but felt
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unable to overcome the limitations of the methodsi@raction, seeming to confirm
that aiding charting with new technology was a ahlg intervention point for the

design.

James was intrigued by the idea of co-opting norasa& of the bracket table as a
means of controlling how information was entereiw ithe patient record. He could
think of several scenarios where such a sensintgersysvould be useful in his
everyday work practice, such as bringing up a patehart while performing a
procedure. James highlighted unconsidered diffesilsuch as how the potentially
unstructured nature of his work could make condietéction using instrument weight

difficult. This conversation chronologically folls the previous one:

Researcher: “Ok. So we're just using a Lego Mindsis kit, just with
three touch sensors and just an infrared connecti®a it's something,
you could have this wired into, cause you alreaalyehthis table wired
up to do various things.”

James: “Yeah it wouldn’t be too much to wire thaidaadd a few
sensors or something like that. So that was pubgiyfeel that it
recognised you lifted up the mirror and probe... jastouch sensor
was it?”

Researcher: “Yeah, the weight in the table justpdre- it doesn’t
actually know that I've picked up the mirror in shtase, we're just
picking up 20g or whatever it might be. Yeah th#te way it's set up
at the moment, but the problem | suppose with gry;ndetect which
instrument is that they’re not always laid out naned pretty, they can
be mixed up and that might even change the wefghedable.”

James: “Unless they were all encoded with sometifienthat told
the computer what the instrument was, that'd bg ddficult.”

This design session is an example of successfuipgng a practitioner as a member
of the design process. In particular, this diaghows that James could understand
the technology of the prototype at a sufficienteleto engage with it to question it,
talking about ‘sensors’ and ‘identifiers’. By ré@g this understanding, it was
possible to validate a concrete design with thectgraner, and reconsider it
according to their needs before the prototype bedam formalised. It is an example
of where both the practitioner and the designeradoie to technically bridge the
design discussions.
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The research outcomes were also benefitted by vmglDentalSoft CEO John,
particularly given his status as a skilled pragtigr and the connections he held
within the industry. Access to a professional rky normally not possible for a
short research project, provided a range of muobdes participants to further
develop, finalise and test a prototype. John wagrumental in contributing to the
activities, facilitating effective design sessiomgthout the prior involvement
normally required. John was initially to be only @bserver, but from the outset was
extremely helpful in garnering trust with the detgiand assisted in making efficient
use of the time. Recognising and supporting Joahikty to assist in studies was in
hindsight a key part of completing the design witiefessional dentists. Having a
mediator such as John created a bridge betweemiuiaiiagroups and assisted in
ensuring effective communication between themthis case, such benefits were not
planned, but instead simply fortuitous, and hiolagment in the sessions ultimately

made them a success.

Finally, during events and activities it was neeeg$o improvise effectively to make
most efficient use of the time. Unexpected timastints or reactions from the
dentists forced in-situ adaptation so that time awcdess to participants was not
wasted. As such, while activities were plannedll thack” plans were also made, and
schedules and activities were not rigidly maintdineln particular, emphasis was
placed on attempting to generate and maintain iéfurudesign discussion and to
ensure the practitioners had the ability to comrmate effectively, even if the time
available was curtailed (such as cutting short la-ptaying activity, or taking an

unplanned extended tour of the surgery). Thisaddea seen when working with the
dentist Peter (section 5.2.7) when the plannedesiyaof performing activities with

Peter was not received with much enthusiasm. Jehs able to adapt how he
presented the research to Peter so that it apptaled immediate work concerns and
we began brainstorming design ideas instead of tmimg the video analysis of a

situated scenario.
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6.2 Creating communication in design

Effective participatory design rests upon apprdpriaommunication between all
participants.  Effective communication can be sedmen both designers and
practitioners are able to frame and shift the debabntribute without fear of
embarrassment, take initiative in offering exampéesk rudimentary questions, seek
to fully understand and clarify and remain engagedihe benefit of such
communication is something that became apparergaimy studies and as such
methods were adapted during each design activilysassions to support it. This is
not a new methodological finding by any means. impher design of a multimedia

educational application, Robertson noted that:

“Cooperative design of the product was enabled andieved by the
work that the designers did communicating with eauther.”
(Robertson, 1996)

What is interesting is the types of participantst thelp this communication, and the
ways of improving it. For example, involving a seére engineer of the dental
software company (the CEO for the company involwethe studies had worked on
the project as a developer) in our activities alddvior explanations of the underlying
structure of the code. When we were discussing Wiavid how a new prototype

system for interaction may work, Scott explainedviibe Chartware code currently
worked for moving around the chart and how theveafé logic worked internally.

This in turn provided realistic avenues for brammsting based on existing constraints

and more efficient decisions for generating depbbyarototypes.

This thesis also builds upon other early attemptsnprove technical understanding
during participatory design of ubiquitous computisgich as Good’s (1992) work
with a portable torque feedback device. While tecl expertise is necessary, but
not sufficient for design on their own (the praotier's perspective and other design
skills are also needed), one important challengenass to represent technical
knowledge in design conversations. It should beeda such a way that it educates
and informs practitioners and gives them accesbdmature of technical decisions
involved. Examples in this research include exyiey accent difficulties with speech

recognition (section 5.2.12), and how item recagnittook place using weight
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sensors (section 4.2.2). Below is a further exangbla technical discussion, which

regards the use of accelerometers before the tamdled the prototype:

Researcher #3: It's the type of sensor that is usesirbags and they
just detect changes in acceleration. So theyressmaroduced and
therefore pretty cheap and they’re quite smallf gt of silicon chip
type things.

John: What accelerometers can do is measure whemgye, like you
could swing the end of a circle, or tap it, it cdatect the movement
because of the...

David: So you could have a whole range of movemintsiean a
whole lot of different things.

John: Yeah, yeah you could. It's a recognitiongass of recognizing
the movement, but the accelerometers let you meakimgs, what
type of movement’s going on, very specificallyjtsoquite easy to
determine a circle versus a square versus a tap] dnink what

[Researcher #2] is working on, is what sort of muoeats are kind of
natural for people holding their instruments.

Researcher #2: So you can sort of see there itspigkthe tilt quite
well, so usually | have this on my hand so it's ia dasier to
understand but you can sort of see it as | rothgething it's changing
the tilt — so if you sort of smooth the data comimgthere’s a bit of
jitter in that, and that’s just a part of the sensobut if you smooth the
data, it is possible to have quite fine changeshm movement. So
there is this kind of continuous control, but tlaso this thing...

John: Basically when you're holding it still, itetecting gravity.

David: Oh okay.
In another example, John uses a common New Zeahitdren’s game to help
explain movements he is imagining to the dentisteP Relating complex ideas to a
shared simpler one ensures mutual understandind, facilitates the flow of
conversation.

Researcher #2: If you're rolling it perhaps? [derstrates movement]

Peter: Tapping?

John: Like that Maori game with sticks.
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Peter: Yeah, that would be something. Next toofitaBse, doing this
| don't see that there would be enough movement.

In addition to relating technicaihderstandingsit was also necessary to communicate
technicalknowledge What may seem obvious to an engineer is nobtieesne who

is not immersed within a particular field. For exale, even though David was very
familiar with speech recognition interfaces, thig dot translate to a close familiarity

of technical problems:

Researcher: Yeah, | don't think you'd ever use aeRloth headset,
you'd use a dedicated

[simultaneously]
Researcher: wireless
David: wired

Researcher: microphone.

In this case the unreliability was due to the thet wireless microphone was an ‘ad-
hoc’ system, and there were driver and pairing @sshampering its use. The
researcher knew this was the case and that a ssredcrophone design specifically
for everyday use would solve this problem and b& jas reliable as a wired
microphone. The dentist was unaware of this kndgdée and so while David

understood the technology, with his knowledge heckaled that the wireless nature

of the interface was the cause of the problem.

By bringing a technical nature to the discussioilasés in how participants view
technology become clear in the study. Attemptsewaade to keep the discussions
open-minded and to encourage participants to kaaimswithout restriction: it was
explained to practitioners that the purpose of tbsearch was to develapew
methods for interaction that facilitated naturaigtuman-computer interaction. In
addition, questions were asked about their worktpma rather than their computer
interaction, and early prototype demonstrationsk tpdace without using dental
software to avoid biasing the design. NevertheMben considering how it might be

used, supporting existing interaction paradigmsbexthe concern:
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David: It's just while I'm doing any physical workSo when I'm
actually doing work, there’s some areas in therat thneed to enter
data like lengths, reference points, there’'s a fetlver things like
curvatures, file types, file diameters, things likeat, the nurse
sometimes enters or writes down and we enter aérigeof treatment
but there’s a treatment page that stays open whileworking that’s

got the ability to be able, you know you could mbaown and just
enter lengths and things as you go along becauséadts all point

and click so nothing needs to actually be physycglped in, you can
actually just...

John: Do it all.

David: ...click a box, move to the right spot, klite right spot and
then close it out again. So it's quite mouse drive

John: Yep.

David: So if you had something that was able totrabryour mouse
sort of thing, like you know, you could have sonowaments to say
you know, right click, left click or double click.

John: And sort of next.

David: Yeah, like “tab”, next.

In this conversation, John and David indicate tHamiliarity with the use of a

keyboard and mouse for interaction, and translage work practice through this
paradigm. While every effort should be made topswpexisting understandings, the
focus should remain on supporting the work pradt®eelf, and not accommodations
for technical limitations. Identifying and accoungt for these biases is facilitated

through the technical nature of the discussion.

An important consideration within the design preceés how to ensure effective
communication is taking place within a design astiv To do this, it is first required
to recognisethat appropriate communication is taking placesdarchers may have a
“gut feeling” that a discussion or activity is pestling smoothly, but through
examining videotape after-the-fact it is possibte identify what contributed to
creating communication and what indicated it wasvas not happening. One sign of
useful communication is obvious attempts at shanmgerstandings, such as offering

clarifying information or finishing a statement. hi$ indicates an interest and
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confirms to the other party that there is commoougd. In doing so, it may also

expose new opportunities in the design.

While John and David were discussing the use oklaoemeters in a gesture
recognition device, David was able to suggest nesiuges based on his new shared

understanding of the technical details.

David: Yeah so again, movements of a mirror, yoo'tdgour elbows
stays in about the same position, for me anywag,than there’s fine
motor movement. So big circles and things mean&e/@robably
going to get fatigued, going to get forearm fatiguBo it'd be fine
movement like rotation, tapping’s good. You coulasilg have
something to tap, like one or two, or a buttone l&kmouse button, but
even that movement there you...

Research #2: Yeah.

David: Just banging it.

John: Yeah. We thought, when Peter was doing ahexam, he just
went around with a mirror and he was scratching teeth, and we
thought we could bang the tooth even with the mirust like next
tooth, you could kind of track, you wouldn’t haee.t The idea was
not to have to move your hand very far, you know...

David: Or if you have another thing you could tapgouldn’t you?
John: Or bang it with the other instrument even.

David: And it registers a tap like that.

John: Yeah

David: It's a very clear, bang, there’s a tap, babang.

Researcher #2: Mmm.

David: You don’t want to get into, you don’t warg stuck thinking,
you know you have to do a circle or make an A, shgding to be far
too arduous and fatiguing, so it's got to be finewaments and subtle
movements as well, particularly if you're workinghwpatients.

David: The tapping’s good though, | like the tagpin [taps the

device]. Yeah, tapping or just like little flickinflicking up or flicking
sideways.
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One of the researchers had previously explainebawad that accelerometers were
like “jelly on a plate” and the jelly sagging afted the voltage, which in turn allowed
measurement of acceleration. With this knowleddmyid was able to vet gestures
being supposed by the dentist, supposing when auddwprovide appropriate means
of detection. In addition, he related the problehparticular gestures fatiguing the

dentist during their work.

Further evidence of effective communication comdsenvthe practitioner moves
from thinking about how they work, to how similaraptitioners might work. For
example, Jason began describing problems with anpat interaction technique
because “from dentist to dentist, it's going to waagain”, and proceeded to
demonstrate the different ways other practitionevsked in the same situation.

Jason: A lot of it's going to depend on what theyusing their
mirror... how they’re holding it. What sort of manrtbey’re using. |
can retract your cheek in two ways, with that mirt@an pull it back
that way or | can actually go in that way and loakthe reflective
surface [Jason retracts the cheek, and moves tmeomaround to
illustrate this]. So there're variations in the aeat use of that mirror,
and that then affects how | use the other instrumen

Such spontaneous examples of practice and expara@so indicate that practitioners
are engaged in the process. Spontaneous braimstprindicates a level of
comprehension that acts as a platform for new id@4ss is assisted by designing in
the practitioner's domain. Doing so allows thegtiteéoner to posit new ideas for
interaction within their domain and to draw insgima from their existing work

practice.

Another consideration for promoting a level playifigld is how the design team
reacts to new ideas from the practitioner. Whalgpect for ideas is expected during
brainstorming activities, new ideas may occur 3t point of the interaction between
the participants. When spontaneous brainstormiiegrs, ideas should be met openly
by the designer during all stages of the desigiegs®. When this is reciprocated by

the practitioner, it is also an indication of adeplaying field and the level of trust.
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The following example shows how in the process wjgesting a new interaction
technique, the practitioner gives an example of bwtechnique might be helpful in
practice, which in turn leads to further brainstorgnand realisations about why the

interaction may be useful.

Researcher: “What if you tap the tooth you're wagkon and then
said a number — would that feel less natural thaiting it?”

Jason: “Oh that’d be alright.”

Engineer: “So you might be able to use the prafrenfavigation,
like what surface you're on and then entry say...”

Jason: “...and then say four...”

Engineer: “Four, two, three...”

Jason: “I do that with the nurse already.”

Researcher: *“So it'd definitely be more natural?”

Jason: “Yeah, yeah, that would. Speaking woudd rbore
natural, also from a communication point of viewechuse what |
normally tell the patient is that twos to threeg @uite normal, when |
start getting to fours, fives and more, we're imlr&rouble then. So
what happens is the patient is there going ‘ohpéd@’s not a four, oh
great it's a two, it's a three’. We’'re going alomggll, and then all of a
sudden, ‘Oh no, it's a six’. So it's driving hortlee point that gum
disease is there, and then if you get a whole rasfgesues, that are
there, you can tell them well look you have a wiateye across here,
the disease is quite general. If you only call thase numbers a few
times, you can say it's localised at a few areax] they've got their
communication by the fact you've talked about thugsabers.”

Engineer: “And when you'’re saying it, you're jusinforcing...”
Jason: “Reinforcing, that's right. So you’re plg them with
education.”

Engineer: “So saying it out loud is quite an adtagye.”

Jason: “Yeah, a big advantage than being silerBecause
quite often we’ve been silent and they’re goingy, favonder what he
thinks.”

Initially Jason is not that interested — “Oh thdte alright” — when asked about using

speech instead of writing information on the te@hother interaction possibility).
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However, once he begins thinking about it and dngven example from experience,
he relays that saying numbers out loud would helgcate the patient, and becomes
quite interested in this method of interaction. cdéin also been seen here that all
participants now understand each other, with th@rrdrom Jason of “reinforcing,
that’s right.”

Just as communicative resources are importantsigaethey are important in dental
practice. Practitioners recognise a need to conucaten to their patients and to
educate their patients in dental care. One ofbds ways to do this is during the
conduct of the visit itself. Dentists also recagnthat service sells and justifies the
bill.

6.3 Creating and supporting social relationships in
participatory design

“Design or systems development should be seen dsrdry into the
networks of relations — including both contests afithnces — that
make technical systems possible” (Suchman, 2002)

One consideration for employing participatory desig the value of being a part of
the process to the practitioners themselves. &dlittonal participatory design

practices, such as the founding practices from1®&0s and 1980s (Ehn, 1992), it
was clear that the union workers worked with thsiglger in order to gain technical
benefit for their cause (of improving work praciceut it was clear that the designer
worked specifically for a single stakeholder (th@oms) whom directly benefited

from participating. In engaging practitioners tpddnere are different motivations for
contributing (particularly for design research)tlasre is often no product or outcome
that directly benefits them. Not only are praotieérs who contribute busy, but their
altruistic contribution directly affects the natuwfeparticipatory design.

The benefit derived from becoming part of the psscis both personal and social in
nature. Personally, the practitioners are beti@rmed, and gain an understanding as
to possibilities for improving their work practicesocially, networks are formed and

they gain social currency. For example, activitiesh the dental school were
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probably helped by a feeling of mutual learninglg@eross departments. There was
also a feeling of camaraderie of being fellow sthidewhen working with
practitioners at the dental school, which appedoedssist in fostering a fruitful
collaborative environment. As another example,Nleev Zealand dentists benefitted
from participating in the activities by realisiniget state of technology and different
ways they could approach their work. They may hdeeved personal satisfaction
from reflecting upon their work practice, contrilmgf to a learning experience and
assisting someone else. Furthermore, the New Zeal@ntists specifically were
asked to help by the CEO of an important softwamamany that directly affected
their work practice. By assisting John in desigtivities, they may have encouraged

him to assist them in the future.

Ultimately, by creating and supporting these relahips in participatory design, a
more complete approach to design is possible, byivaimg the practitioners to

participate. It is important to find ways to encage practitioners to continue to
contribute by creating sufficient value in the paApatory design process. This
includes fostering existing social networks, cregthew ones, and by encouraging

the mutual learning process to increase the likelthof further participation.

6.4 Fostering technical understandings in participatory
design

Designers with a strong technical competence tatglithe mapping of technology to
practice. A dictionary of technical abilities alle such a designer to help find
suitable intervention points and technical solwiohe constraint of the design from
the engineer’s knowledge may also be constraineadiiplace practice by the user.
In developing a new concept mapping tool, GomezO%20was attempting to

transition from Tangible User Interfaces to a Fldssed system of control that
required a physical input mechanism. Gomez attechpd build a wireless system
that tracked individual objects from scratch, bat engineering friend who heard
about the system showed her instead how to incarpmff-the-shelf RFID tags to

achieve the necessary functionality. Without thidensive knowledge of what

already has been developed, time may be spenwarimg the wheel”.
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There were also several examples of the benefitscbinical competence seen within
the design activities in New Zealand. John’s dielaknowledge of Chartware

provided pertinent and timely information for priyjee choices, such as what was
technically feasible to adjust within the applioati during in-situ design. In turn, an
engineer was able to explain to David about problehwireless systems and why
the prototype seemed unreliable at times. Wh#gértg, there were issues with out-
of-date drivers on the machine we were testing withusing problems with the

microphone, as mentioned in section 4.5.2. Byarpig that the headset was going
into battery-saving mode unnecessarily, it was iptsgo discuss alternative and

more reliable means of wireless speech transmission

Explaining the limitations of speech recognitiordahe reasons for them rekindled
interest in a technical option with both Peter abdvid. Describing how

accelerometers function and their technical capegslallowed Peter to contribute
more feasible options for design while brainstogminWhen questioned about his
knowledge and experience with speech recognitiguliGgiions, David responded
“Oh, they're all rubbish.” Exploring the difficuéis he had previously faced with the
software and how the technology had since imprgredhpted a new level of interest
from him and enthusiasm to try the prototypes tpeeience potential improvements

(as described in section 4.5.2).

This type of communication is reciprocated by thentdsts with their existing
technical equipment, for example, with the funcailtly of a tablet input device
explained by David as acting like a Magna Doodlel{dd’s drawing toy). In this

way, quirks and limitations can be accounted andsaed for in the design process.

By engaging in design with different practitionémnsdifferent contexts, an engineer
can explore the prototype and its limitations mooeprehensively, but still in the
spirit of participatory design (which often focusas a single set of participants and
context). As such, it is suggested that as part gdarticipatory bootstrapping
approach to design (as described in section 2.2rJineers might opt to set up
conversations around prototypes in context in otdereceive timely and effective

feedback in a participatory manner.

178



6.5 Accountability and design

The interaction between Jason and the researchersedtion 6.2 of recording
measurements via voice recognition was what ldbdaalevelopment of an interaction
method which made the dental procedure understéndaid transparent to the
patient and dental nurse, and the design processiaiable to the dental practitioner
and designer. It emerged through the process mitipatory design in which both

practitioner and engineering designer sought terstdnd each other’s work.

This research suggests the importance of accolitiahi design, which is achieved

by being cognizant of and supporting communicabetween all participants in the
design process. Accountability from an ethnomettmgical perspective refers to the
fact that parties to an interaction have accesantbcan report on the action taking
place. Eriksén (2002) discusses accountability design from an

ethnomethodological perspective (how to assisttpi@rers to make sense of the
design in the context of their work practice), frarpolitical perspective (from the
point of view of adequately considering issues ingd to all stakeholders) and from
a technical perspective (in terms of transparerfcthe® workings of the technology
underlying the interface). Eriksén (ibid) showatthccountability in design provides
a richer understanding of design choices which megd to be considered. The
transcript in section 6.2 is a demonstration of howeeking to make the interaction
intelligible in the natural course of conversatiofaccountability in the

ethnomethodological sense), the interaction leada tesign that at least partially
addresses issues important to stakeholders indlitecal sense — knowledge of how
the procedure is going is made available to theeptat Both patient and dentist have

access to and can report on the action taking place

One example of bringing accountability to the degigocess was in the development
of the scale model of the dental surgery (see @eati3.2). This revealed to the
dentist what we noticed and what we may have mjgsexviding several important
contributions to the design. First and foremost, dreation made us carefully
consider the design space. Details such as equiplowation, information flow and
the how much physical space was available becaes.cl Secondly, through its

validation with James, it provided a means for uksing the surgery as a whole and
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for completing our understanding of the work spacéinally, during design
discussions it was used as a reference point éobithader design space, and created a

tangible approach to discussing the complexitiethefsurgery.

The transcript segment below highlights the besefitaccountability in the resulting
design itself (its provision of accountability dfet dentist’s actions through its use):
the dentist reflects on speaking the procedure loutl to the patient and the

importance of patient education:

Jason: “So yeah, calling out numbers is a big adage, because just
from treatment wise, periodontal disease is hardsédl to clients,
because they have no pain, there’s issues goingsonyhat if the
gum’s bleeding? It's no biggie. They stop. Arfglonhe of those things
where you've really got to get on top of it, and/@fu can use those
numbers and that’'s one of the reasons | like theslion that, is that it
really starts to point out things...”

“What | say to them is that, okay, these lines espnt the level of
bone and you've only got two spaces left, ther& amich there, and
they can relate to that because they can see thercomputer. The
computer doesn't lie.”

“Graphing is actually really important, charting ieally important to
reinforce it. The voice side of it is good, if thentist uses it in the
correct manner. We’'ve got to start educating thveimy we’re charting
and what we’re looking for and then it actually Wsrin their favour in
getting that treatment accepted.”

The existing periocharting application for dentigstas criticised by the dentists for
having a poor interface for data entry. Howeves, data is entered into the
application, it draws a corresponding graph of plagient’'s gum-line and the bone
structure beneath (referred to as “the lines” mtilanscript). Due to the assistance to
patient education (and the associated benefithisf such as improving dental care
and the patient accepting treatment suggestionms), dentist (Jason) reported that
many other dentists had found a work-around foeramg the data just so that part of

the application can be uséd

™ 1n light of this example, it is worth mentioniniget comparison of “usability” and “usefulness”. If,
given the constraints of the interface, a functgnt “usable” (in the sense it takes time to leam
isn't intuitive), but is in fact useful (in thatptovides an important ability), then it has vaaural will be
used regardless of its problems
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While the dentist suggests what they are willinghare with the patient, it is often
not practical for dentists to share everything.llij information, past history and
minutiae of the patient chart are either inappprifor sharing, or distract from the
work at hand. Nonetheless, this kind of interactserves as a promising start for
exploring what could be shared, and under whatugistances, leading to more
possibility for opening up the medical (and perhii;ng) view to the patient (where

the patient so desires).

During the research, it became clear that accoiityals an important aspect of
design.  Accountability is important ethnomethodmdally, politically, and
technically. Politically, it reveals both the dgsers’ intentions, methods and design
components, and the participants’ work context arativations. In the technical
sense, it allows all stakeholders to participatea#ly. Because technical decisions
and understanding of use are so intertwined, brdbtiioners and designers need to
ensure they are fully communicating in light of siRing that they know. A clear
understanding of the constraints and workings efwilork space needs to be balanced
with the understandings of the limitations of tleehnology in order to design a
system that satisfactorily improved work practides such, to provide accountability,
the designer has to continually keep clear thd bnd motivations of the design work
and provide views onto the technology that thei@gpent can understand, while the

participant reciprocates.

6.6 The nature of participatory design with busy
professionals

This thesis has explored how designing multimodaerfaces and ubiquitous
computing could be done differently by collaborgtwith practitioners in authentic
work domains through participatory design. In casit to traditional participatory
design approaches, design activity has engageddiffhrent practitioners at different
stages of the research as design interests pregréssm early explorations with
general dental practitioners, to meeting the CEG afental software company, to
meeting dentists who were interested in the devedp of dental software. It is
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reasonable to question whether such an approaattuslly user testing rather than

participatory design.

Rather than engaging dentists as users in ordestadeas, research was conducted in
the spirit of understanding the dentist, givingnthas full access as possible to
technical knowledge and choices, and giving theislea voice. Emphasis was made
on developing relationships of trust where resednatiings were reported to the
dentists and further input invited. While struggliwith the need to fit within the
limited time and availability of busy professionateeans methods require ad-hoc
approaches to design, the endeavour is no lessipatbry. While the methods used
are described as participatory design to collalbmyapractitioners, it cannot be
assumed that participants adopt the view that tbeyare participatory designers.
Nonetheless, the planning and execution of the gdesictivities have always
endeavoured tdesign withdentists, rather thatlesign fordentists otest designs on

dentists.

In considering the nature of participatory designs worth considering researchers
spontaneously suggesting and creating a prototygitaldpen for the dental school

(section 4.4.2). Given this method of interactwas not collaboratively developed
during a design activity with the practitioners,istquestionable as to whether this
method of design was participatory. However, bgt tetage of the research the
designers had all formed a strong understandintpeftacit knowledge held by the
practitioners and what was required of them inrtiagrk practice. The design had
been developed in the spirit of participatory designd worthy for practitioner

evaluation.

This research project had no guaranteed outconmethdoparticipants, for example,

changes to instruments and software in their wonkirenment, unlike other

participatory design projects such as UTOPIA (Eb®83). Dentists have a wide
choice of software and instruments they may purlasl use in their surgeries, and
in turn the design process has less of a stakéhéoparticipants, and there is little in
the way of organisational politics. Instead, tlodities are much more characterised
by those of personal negotiation, and the benéfttemtist engagement, insights, and

time were requested for the research.
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Ultimately, by consulting different people at diéat stages of the design to
understand different things, given the current aral design context, a more
pragmatic approach to the design process was estployhis was achieved by using
existing social connections (such as with the destdtware CEO and the New
Zealand dentists), carefully planning design atésibased on the type of participant
(including their location and the methods employe)d by being able to readily
evolve and adapt the design process to best #eilitiscussion and engagement.

6.7 Adapting technology for participatory design

Based on early ethnographic studies and probless isethe literature of ubiquitous
computing for achieving usable systems, the ainaftangible prototype was to make
incremental adjustments to work practice by lingtiprototype development to the
most effective areas of change. By keeping dewvedoy scope realistic, it was found
that in addition to wanting mature, usable techggloa constant concern from
dentists was price. This was interesting becawsa ¢hough many of the design
sessions were unsolicited by the dentists, thdlycstntributed to them in the same
manner as if the participatory design outcome woattually affect their work
practice. Such reactions indicate engagementdyehtists in the design process and

a sense of ownership and interest in the design.

While the prototype was not to develop new techgiokl breakthroughs per se
(rather, it was to enhance technical integratian¥as important to be aware of what
was technically possible in the future, so as motlimit design potential. For

example, for prototyping a ‘clean’ speech recognitinterface, a somewhat clumsy
(in its transmission quality and size) Bluetootladieet was used. However it was
known that research into the field would produceren@legant and useful

replacements in the future. These potential imgmeents ranged from something
relatively simple, such as a throat microphone witproved noise cancellation or to
the more advanced realms of research, such as DARRAvanced Speech

Encoding, which replaces microphones with non-atowensors that use feedback

from nerve and muscle activity to generate the taligencoding of the speech
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(Hambling, 2005). Examples such as DARPA’s pragietyoffer future technical
replacements for integration. Ultimately, the dasiactivities were to explore
technical possibilities in work practice, not tadithe best technical solution as at the

time of the design work.

Early studies indicated, in some ways contrary xpeetation¥’, that speech based
interfaces could be effective in some dental pracesl Therefore a speech based
prototype was devised to allow multimodal interawctifor dentists. Focussing on
speech allowed for the development of a singlerteldyy to a satisfactory level of

maturity for trialling in patient examinations.

Configuring and applying the speech recognitionim®gvas problematic. As noted
by Kraal, speech recognition is not a “one-size ftl solution to any problem”
(Kraal, 2003). While speech is a modality thatash natural and frequently used for
communication, this does not mean it automaticdhds itself to human-computer
interfaces. Although the input of speech is re&yi simple, editing and correcting
errors is difficult and can in turn produce moreoes that need to be fixed, leading to
error cascading. Errors occur because there i mariation in tone, inflection,
speed and intonation in human speech than the @coosmputer model can
accommodate (Karat et al, 2000). The tendencyeopfe to hyper-articulate words
that have been misunderstood can lead to furtleegretion difficulties. Thus when
speech technology is used it tends to require afl@ppropriation and articulation

work on the part of practitioners.

Many of the successful applications of speech neitiog occur where it is deemed
clunky or inappropriate (Kraal, 2003). It is ofteimmply a more efficient method for

entering text than other alternatives despitehitstsomings.

In designing for speech applications it is crititalunderstand the context in which
speech recognition is to be used, what kinds afgthiare to be said, and how they

might be said. Each application will be uniquegrethough, as Kraal (2003) points

12 Research into multimodal interfaces (Billinghuds298) claims that speech recognition is too
cumbersome for use as a navigation technology.reftve the initial research focus was the
investigation of the use of gesture for navigaton speech for data entry. It was to surprisieg th
that the dentists found speech useful for naviga®well as entry.
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out, much of the research into speech recognitisability overlooks this. 1t is
suggested then that the route to successfully mocating speech driven interfaces
into practice is through participatory design woskth practitioners in order to
understand the context of use and to cooperatiketygn aspects of editing, choice of

commands, error correction and so on.

Given that there is a broad corpus of researclp@ech recognition, the aim of the
prototype was not to improve the technology belsipelech recognition, but rather to
use participatory design to more effectively desigrcustomise speech recognition

applications to suit the context of use.

6.8 Concluding statements

A participatory design approach was brought todésign of multimodal interaction
and ubiquitous computing. Such an approach resegnthe articulation work
(Suchman, 2002) done by the practitioner in adgpéind appropriating ubiquitous
computing technologies into their cultural practicnd material environments and
seeks to engage the practitioner in design by imgjlcelationships of trust and mutual

exchange. The participatory design methods rekitedbllowing design outcomes:

Method Design outcome

—h

Discussion of work « Identification and confirmation of importance Q
practice during contextual prototyping a periodontal application (role a
prototyping (by James, p charting in dentistry established).

166-167).

(=]
—n

« Validation of prototype implementation of bracket
table (difficulty in using technology paradigm for
desired use based on real-world consideration| of
instrument-weight differentiation)

Involvement of trusted and. Design conversation facilitation (John describing

domain-knowledgeable how Chartware code could support a potental
participant in  design  design) and spontaneous activity improvisation
process (pp. 168-169). (brainstorming with Peter).

Engineer on-hand tp. Continued use of a wireless microphone in the
validate technical  prototype after reliability issues cropped up, but
understandings (p. 171). were determined by the engineer not to be dug to

the wireless nature of the equipment.
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Recognition of bias from . Recognition that practitioners are used to |a
existing system paradigm keyboard paradigm and understanding that
(pp- 171-172). workflow is not contingent on supporting existing
software flow.

Sharing a how technicale New suggestions for recognisable gestures frpm
fundamentals of a system’s David after having the fundamentals of how
functionality (p. 173). accelerometers work explained to him.

Effective  communication « Through exploration of potential use case scenarios

during contextua Jason is able to realise how speaking values tp a

prototyping (p. 175). voice recognition system would be able to assist in
his work practice, cementing its inclusion in the
prototype.

Accountability in design « Understanding the purpose of Jason’s actians
(pp. 180-181). (educating the patient how serious their periodonta
issues are) explained why dentists persist with a
difficult interface for periodontal charting
Understanding what data is important to be shafred
with the patient means periodontal charting
information is included in the prototype, whil
other patient record information (such as billing)
kept separate.

1%}

Table 6: Design outcomes

This chapter has discussed lessons for design ddwatbe concluded from this
research. The case study of participatory desigh @dentists in New Zealand has
provided a framework for describing how relatiopshivere developed with dental
practitioners and a dental software provider, sidfit to lead to the design of a useful
prototype, even though the dental practitionerdccamly offer limited time to the

design endeavour. The importance of adapting desigthods to support limited

availability and unpredictable outcomes was disedss

The design effort focussed on creating and maimgifruitful exploratory design
discussions with practitioners, facilitated by depenent of a series of low-fidelity
prototypes that both explored and demonstratednteghchoices in lay terms and
allowed contingent use of technology in contexbé&revealed. In trialling speech
recognition technology, context-dependent navigatdid not always work and
dentists acted differently than foreseen basedtlomographic studies, demonstrating

that context is an emergent phenomenon. As suneh,design question became
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whether the recognition, editing abilities and erexcovery techniques were sufficient
to support emergent behaviour during charting.p@esh recognition based prototype
was developed that made the periodontal examinaéisults available to the patient
as they are recorded by the dentist, and thesesgire of robustness and adaptability

were considered.

Finally, this chapter reflected upon issues of aotability and the extent to which
the research was participatory or user-centredgdesiThis research has engaged
different participants during a multi-stage despmyacess in the spirit of participatory
design, attempting to design with, rather than fitlve practitioner. While the
practitioner may not be directly affected by thetcome of the project and the
completed prototype, their engagement in the psoees still possible by employing
participatory design methods. These methods alppated accountability both in
the design process and the design itself, whicbwallfor an improved speech

recognition system.

The following and final chapter summarises the kbations of this dissertation and

possibilities for future work.
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7 Conclusion

This chapter discusses the outcomes and impliGabéhe research findings of this
thesis.  Specifically, this dissertation has exgdorthe benefits of ubiquitous
computing and multimodal systems for interactiomovel contexts and suggested
and evaluated the contribution and limitation oftiggatory design methods for

satisfactorily achieving the philosophical idealsibiquitous computing.

It is suggested that employing a participatory giesipproach accounts for the social
nature of complex systems in specific contexts s¢ and allows for an improved
contribution by empowering the practitioner. Givae technically complex nature of
the systems being prototyped, the inclusion of rgireer to the design process was
recommended to both constrain and propel the desighhis required the
consideration of methods for improving collaboratwith stakeholders from other
disciplines and technically-competent individuats énsure a level playing field
between all stakeholders. A prototype system wasgeldped to validate the

framework for design described.

The results of this thesis are both methodologaradl empirical in nature, with
findings that reflect upon how participatory desigray be approached, and the
reception by the participants. Lessons for designsuggested, with generalisable
conclusions for design of complex systems mades cdmtributions of this thesis are
framed by the original motivations, and recommeiatat for future work are

presented.

7.1 Technical groundings of participatory design

In design, engineers allow the mapping of technpltoy practice. Knowledge of
technical solutions provides an engineer with diahary that may contribute to
designs that assist work practice. However, dnky with the respect and knowledge
of practice an engineer can appropriately map tolgy to practice, and help

facilitate finding a fit between technical capatm®é and technical requirements.
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While this is what normally takes place during desithere is a gap in common
engineering design practices where the emphasiainenon technical requirements,
and not a holistic view of all system requiremeftéchnical, social, or otherwise).
While methods such as user-centred design have gregiously used as a means of
trying to appropriately address practitioner reeuoients, such methods rely on
simplistic user models, rather than comprehensigetpioner collaboration to inform
the design process. Participatory design allowsaafdemocratic approach to design,
affording the practitioner with respect and emponent in the design of system to
better suit their work practice, tacit knowledged arontext of use. In addition,
appropriate communication with the engineer all¢ies practitioner to increase their
technical understanding of the system and thereforgribute in new ways to the
design process. Finally, by participating in sagbrocess, an engineer may learn the
skills for introducing technology to work practide a way that respects the

practitioner and their skills.

Participatory design by its nature is a qualitafvecess. In the introduction, it was
hypothesised that difficulties in completing an eggpiate design may be managed by
incorporating technical knowledge into a particgygtdesign approach. The need for
a precise and technical contribution to such methody seem counterintuitive, but
this thesis shows that when designing complex syst@an engineer provides a new
perspective of clarity for design. This expands skhope of the design process when
employing participatory design and allows for ategsthat is grounded by its actual
technical requirements in addition to the necessagans of supporting the

practitioner.

The discussion chapter (chapter 5) has addresseddifficulties in integrating
engineers into a participatory process, and sugdestethods for accounting for
these. In addition, practitioners’ requirementswdtt be managed according to the
technical capabilities of the potential system.isTik supported by a detailed analysis
of a case study of participatory design that badtalered and demonstrated new
methods for design. Lessons for future designissudere suggested using the case

study as an example in for these lessons.
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7.2 Creating and sustaining communication in design

This thesis has aimed to provide a rich descriptibtine participatory design process,
both its advantages and challenges, and how poaers participated. The emphasis
while employing participatory design was to faeilé communication between
participants with varied backgrounds in researdsjgh, engineering, dental practice
and business. Doing so aimed to provide a vamétpenefits (identified by the
literature), but particular emphasis was placedhow to create and sustain technical
communication, particularly given the complex nataf the system for design. Such
communication went both ways. Technical understegedof the proposed design
were required, but technical understanding of @ueine of the practitioners work also
assisted development of new systems.

As such, this thesis has described methods torbettegrate engineers into the
participatory design process as a whole. Primatiere was a blurring of the
delineation of each stakeholder’s role in the degigbcess. Educating practitioners
empowered them to contribute to technical decisioRmding appropriate ways for
the engineer to participate in design activitiesgd ainderstanding the practitioner,
allowed the engineer to better fit the resultinghteology to the tacit skills, work
practice and context of use of the practitioneor €éngineers with a strong technical
background and an education and/or career thatehgshasised problem solving,
there may be distrust of new methods for requirdsgathering and prototyping, in
addition to an associated desire to develop aisalthat is technically-sweet rather
than a good fit for the context of use when congidas a whole. This thesis showed
that an evolving and carefully chosen set of methéatilitates communication
between participants and across disciplines. Bnogithis communication improves
engagement in the design process, resulting irtalel® and holistic approach to the
design. Furthermore, the methods may evolve andintggovised with the
practitioners in the context of interaction itselfinally, unlike most participatory
design research, this thesis engaged a variety rattifoners in different
circumstances and stages of their profession, altpwfor a more holistic
understanding of the domain and how the resultysgesn would be used by different

practitioners from the same profession.

190



7.3 Designing for busy professionals

This research has attempted to explore more indusvays to design with
practitioners with limited availability. There hbsen a demonstration of the utility of
on-site design for timely feedback, greater stalddro communication, and
refinement in the design process. By its natuegti@patory design is a relatively
slow process and requires long-term commitment fetakeholders. Methods for
achieving this commitment include creating a seos@wnership in the design,
keeping all parties informed of progress, providoapmefits for long term involvement
other than the completion of design (which may besinple as appealing to the
personal interest of the practitioner), and faatilitg design studies that accommodate
the schedule and work requirements of the prangtio Adapting methods to situated
action using participatory bootstrapping (as désdiin section 6.2) allows for

unforeseen disruptions in the process.

This dissertation has suggested several methodallfawing the participation of a
busy professional in such an involved project, hasd presented data to support their
use. The methods include contextual prototypirgynehronous communication
(using wikis and emails), and design events. D@®07) suggests that contemporary
design methods focus on the process of designtamesults, to the point of ignoring
the context and people involved. Dorst argues thatarchers should instead re-
engage with practitioners and “design by doingé thenefit of which is magnified
when designing for busy professionals. By desigrimsitu, benefits include the
ability to directly reference the context of useemhreflecting upon or propelling the
design and a sense of empowerment for the prawdition the design process.
Importantly, by situating design within the practiter's domain, it allows for the
professional to participate on their own terms.

On-site design also provides access to the richtegbnof the problem space
(particularly situated action and insight to theiahility of work) which is important
for determining design steps to take. Rather #hiastracting a problem in order to
solve it, as is usual in engineering design, theblem remains grounded in the
context of use. Designing in-situ reveals whatrémd problems are that need to be

solved rather than the imagined ones. In turisit sequires an appreciation of what
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the human can and does do and what the machiné&dshupport, suggesting the need

for accountability in design.

7.4 Accountability in design

From the case studies presented, it has been sadgbhat accountability is required
to support the design of complex systems in uniguetexts. This accountability
refers to the making the design itself accountélnhelerstandable to the practitioners),
but also the methods for design (so that all pgeitts understand the process and its

purpose).

There is a tension between trying to make somethiock and seeing what really
does work. While engaged in the design processinees should be asking the
guestion of how much technology is ‘pushed’, ana/ mouch does reconfiguration of
human practices create a useful outcome, rather #ti@mpting to automate and
converge devices for technology’'s sake. In achgpvhe philosophical ideals of
ubiquitous computing, there is a requirement fodarstanding when automation is

“worth it” in human machine systems.

To support accountability in the system being depetl, technology needs to be
robust and simple to appropriate to allow usersgitee insights on technology
developments and also to allow users to discovethiemselves how they would use
the technology. Only through adequate testingeal work practice can all potential
design deficiencies be revealed — interaction desdoest done through interaction.
The case studies in chapters 4 and 5 have shownttlgonly by providing the
practitioner with working prototypes that this mag/ explored.

7.5 Avenues for further work

The primary area for further work from this thesssin extending the resulting
prototype beyond speech as the only modality. dénttists in particular, there is still

a strong need for a greater variety of possiblenodsg of interaction as there were
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still limitations observed during prototype expliboa. Through the result of design
studies, these have been suggested as being gigitahnd gesture based. There is
significant potential for embedding computing in amvironment such as a dental
surgery, and it will take further research to irtigede which technologies are
appropriate and in what ways context may be usefiirtber improve automation
within the system, while respecting user agency #&mel invisible computing
philosophies of ubiquitous computing. Specificalbpich a system should aim to
make human-computer interaction as naturalistic &mactionally invisible as
possible through embedding computing potential iwita particular context to

support human activity

For the prototype produced, there were several knbmitations. Avenues for

further work include the inclusion of other proceskito be supported by voice
recognition charting, a more general speech retiognéngine that supports a wide
variety of genders, accents and domains (so thmayt be specialised for use in new
environments), and support for different patiertord software. It should be noted
that while it is suggested to increase the compigiland possibilities for application,

it is still advocated that the extension and inatign of the system be carefully

considered based on specific use contexts.

While the design was considered for a specific donaad with a small group of
practitioners, the resulting prototype and suggesteethods for design should be
useful in a variety of other unique domains and #orarge number of other
practitioners. Examples of such domains are acfalealthcare (which require
similar infection control procedures as dentistsgeech recognition applications, and
even such industries as automotive design, whesteadtion from other tasks is of
greatest importance for system design. Many ofishees faced by practitioners in
the dental surgery are similar to those faced\mareety of other disciplines and these
problems can be addressed using these methodessuhs$ regardless of the specific
domain. These issues include that of interactinty & system while allowing for
hygiene considerations, a diverse group of praciis with different motives (for
example, surgeons and nurses in an operating é)eatrd the role of a patient within

such work practice. Applying the findings of thisesis in other domains would
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require ongoing involvement of engineers, practgie and participatory design

processes.

This thesis also provided inspiration and lessamsttie design of new ubiquitous
computing and multimodal systems, particularly speeecognition applications.
Methods for accommodating difficulties such asrtbed for suitable error correction
in speech recognition systems, and how best tapocate off-the-shelf components
into the design process, have been considered.ddtaeanalysed has suggested what
is required as part of the design to achieve utngsicomputing ideals, included cost,

privacy, availability and practitioner acceptanoé antegration into practice.

Bell and Dourish (2006) discuss ubiquitous computoi the present as requiring
attention to the ‘messiness’ of its applicatiorhey state that an ideal vision assumed
by many projects of a future interconnected wosldat best misleading ... at worst
downright dangerous”. Rather than waiting for thximate future” to dramatically
introduce a clean foundation for ubiquitous compgitinstead ubiquitous computing
design should support improvisation and apprognati This thesis suggests ways in
which this property can be incorporated into futdesigns, and methods to explore

and encourage such spontaneous adaptations obtegkn

7.6 Concluding statement

This thesis has made several recommendations feigrdespecifically for when
employing participatory design for the design ofm@bex ubiquitous computing
systems that support new interaction modalitiehesE recommendations have been
illustrated by case studies conducted with a wialéety of practitioners, culminating

in a final set of design activities and prototypsting.

The outcomes of this dissertation include a desoripof a set of methods for
facilitating greater communication and involvemaerith an engineer, supporting the
participation of busy professionals when employipgrticipatory design, and
allowing greater transparency and accountabilitythe design process. These

methods were validated through the developmentpobtotype ubiquitous computing
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system that was evaluated by a dentist during elagryork practice for its usability
and usefulness. The system’s appropriatenesssf@veryday use was evaluated by
how well it fitted existing practice (specificallguring charting during a periodontal
examination) while supporting new means of inteoact(speech recognition and
context adaptation), allowing a reduction in thentakload when interacting with an
information system. Quantifying an improvementthe cognitive load required by
the practitioners is difficult, however this wasstified through observation of the
system in practice and feedback provided by thetpi@ers through the use of the
system. The outcome of this thesis did not aimetiuce this to success metrics, such
as reduced time per task or completion rates, rahmmlistic view of the system was
taken with a qualitative judgement of its effect work practice and practitioner
satisfaction.

By analysing the outcomes of the activities andiltegy prototype, a set of lessons
for designs have been presented. These lessonsdg@raneans for improving
participatory design methods and describe how tagdesystems that fit ubiquitous

computing ideals.

Finally, the involvement of a technically competemtdividual is an often
unconsidered part of the design process. Muclheliterature does little to explore
the associated benefits of technical knowledgegandance from the involvement of
an engineer, with instead a stereotype existinge(adr rightly or wrongly) that
engineers can be ‘difficult’ to design with. Curtengineering education and design
practice focus on problem solving and technicalovation, and as such do not
promote methods for integrating engineers to a rholistic approach to design, such
as when employing participatory design. While waitmon is a necessary part of
design as a whole, a greater amount of emphasiddshe placed on creating usable
designs for practitioners without limiting the grilmof nascent technologies.

The final outcome of the thesis was the creatioma @frototype through an iterative
series of design studies employing participatorgigie This prototype supported
speech and contextual recognition based methodstefaction to support work
practice in a dental surgery. This prototype destrated that the methods and

lessons suggested by this dissertation may be tsedesign new ubiquitous
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computing systems for interaction in complex infatimn environments. Ultimately,
it was the unique social and physical interactiodentified that needed to be
accounted for that represented much of what infltedrthe design. This showed that
employing the participatory design approach in #mgineering of ubiquitous
computing systems empowers the practitioner anateseopportunity for improving

human-computer interaction.
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9 Appendices

Quoted participants

Researcher #1 - Information Technology / Designer
Researcher #2 — Computer Systems Engineer
Researcher #3 — Information Technology / Human-Qgernteraction
James — Dentist

Scott — Dentist

Alison — Dental School Lecturer

John — Engineer / Business Owner / CEO

Peter — Dentist

David — Dentist

Jason - Dentist

Section A: 12 ™ November 2003 — James interview

Researcher #1: So what we've got today is kind wbeking version of the sensing
table. So, for example, a scenario might be yowesting for a patient to come

through, which might be the first patient of theyd¥ou might look up some

information, some details of previous appointmemtsomething like that — whatever
you need to prepare yourself for the appointmemtd Ahen when they come in,
they're seated in the chair and one of the firstgs you want to do is a fairly general
check up of the patient’s mouth. We’'ve noticed g@ne tools that are typically used

are the mirror and sickle probe.

James: Yep

Researcher #1: So maybe when you grab these tbdhe anoveable bench beside
your... we just have to...like, when you grab them dfinight, if it's going to co-
operate, load a representation of the patientthtee

James: Oh wow. Wow.

Researcher #1: So then you can work away and lbdkaa and maybe use speech

recognition say to look at other things, forwardclar chart or soft tissue or

something like that.
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James: Yep.

Researcher #1: And then maybe you put it down agdas away or something like

that, I'm not sure.

James: Yeah... that's a very interesting concept. thed like if you pick up a hand
piece, a high speed or low speed hand piece, yogaanto the chart or the template
for doing a filling or a crown, give you a menu, athe you doing, why're you using

this high-speed hand piece, is it a crown or &ribot canal or that kind of thing.

Researcher #1: So you think there’s a couple afizgtes for you to use something
like that?

James: Yeah, yep, for sure. Yep, that'd be great.

Researcher #1: Ok.

James: They already have the sensors on the brtatket

Researcher #1: So that when you pull them out timeyon, yeah it's very similar.

James: Yep, very simple to connect up. That's Byrgaod idea.

Researcher #1: So how accurate is that scenasothis something you would do

generally?

James: Pretty much. It really depends on the gasind the appointment. Probably
half the time we’re doing a check up and we dogéllly know what we’re going to be
doing. The patient's booked in with a tooth-acheaohole or a lost filling or
something like that. So | mean we can probably naakassumption it's a filling but
not necessarily and in those cases we always deeekap. But if they're a repeat
patient and we’ve done a treatment plan for theththay're going to come back and
it's visit three and we know we’re going to do avféllings up there... that's where

we know... we don’t generally do an exam.
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Researcher #1: Ok.

James: So there could be another parameter —iSlauhexisting treatment plan we’re

going through?” and in fact PracticeWorks knows.tha

Researcher #1: So when | brought up that screemwéeh the patient. So this has got
something like... so let’s recall appointment. Istthie screen that might indicate

James: What it's going to be. That’'s a 40 minugeoatment and this is what they’re

going to be doing. A 114 which is a clean, a cogble-rays and a check up.

Researcher #1: For that appointment.

James: Yeah, and obviously if you've got a fullatreent plan when we make the
appointment, we’'ll clip on which appointment it Because when we do a treatment

plan we schedule each appointment every day asawelle can.

Researcher #1: Yep.

James: So it's already got it on there what it';ndoSo that could also be a cue that

the program could use.

Researcher #1: Ok. Cool, well that's really intéres And these would... was | right

in saying these are typically the tools... | mean see the mirror a lot, and

James: The mirror's used for virtually everythiYgpu can use the sickle probe with
the mirror just before starting the filling, just €heck “ok, oh this is the area where
the decay is” or “do we need to go to the back pathe tooth or only on the front
part of the tooth?” But we wouldn’'t necessarilydmng a full, | mean, we wouldn’t
need to open up an exam for that one, even thowgpigked up those instruments

there.
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Researcher #1: Yeah, yep, | think there’d be irgarwhere you picked up the
instruments but didn’t necessarily want to see winad... [trails off] But yeah that’s

something we’re interested in, and I’'m not sure.

James: Yeah the mirror and probe are used foraliytevery procedure that we do,

even if it's just for a bit of torture.

[laughter]

Researcher #1: Yeah that’s right, so it's up andrda lot and | suppose if it's not on
here then it might be still being used. Well weiced in the dental school they often
keep their instruments on the bench as well, sedmmit might not be being used, but
it could be put somewhere else.

James: Yeah. | don't really have room to put itvaingre else, so if it's not being
used, it's on the bracket table, but on the oddasion I've found I've put it in the
dirty area.

Researcher #1: Sorry? The bracket table is the...?

James: The bracket table is our table, that's vilsatalled.

Researcher #1: Oh okay.

James: So | do on occasion find I've put it in dirty area.

Researcher #1: Ok. So we're just using a Lego Mordss kit, just with three touch
sensors and just an infrared connection. So itsetbing, you could have this wired
into, cause you already have this table wired ugot@arious things.

James: Yeah it wouldn’t be too much to wire that add a few sensors or something

like that. So that was purely by feel that it remsgd you lifted up the mirror and

probe... just a touch sensor was it?
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Researcher #1: Yeah, the weight in the table jugdsl— it doesn’t actually know that
I've picked up the mirror in this case, we're jpstking up 20g or whatever it might
be. Yeah that's the way it's set up at the mombat,the problem | suppose with
trying to detect which instrument is that they'ret mlways laid out nice and pretty,

they can be mixed up and that might even changeéight of the table.

James: Unless they were all encoded with someifgrthat told the computer what

the instrument was, that'd be very difficult.

Researcher #1: And then you have the problem obbeioig able to sterilise the tools.

Researcher #2: Unless they’re a different colowsamnething each, and then you have

a camera just detecting the colour.

Researcher #1: So that's where we at at the moment.

James: Gee | haven’t seen a number 49 pluggewinla. We don’'t do amalgams at

all, and that’s used virtually exclusively for amaims.

Researcher #1: Yeah we got these from the derttabsc

[conversation]

James: We were talking last time about a mirrohwaitlittle screen in it. Have you

thought at all about that one?

Researcher #1: It's something we’ve been thinkimgug, but we really haven't...

Researcher #2: A week after we had that discusdiere was an article in New

Scientist about having a two-way mirror...

Researcher #1: So the technology’s out therejussbig | think...

James: Right...
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Researcher #2: It’s just about compacting it to sibring that size.

James: Again, that you can sterilise somehow a@roth

Researcher #2: Yeah, they're bringing out gaddets¢harge by induction, so if you
could perfectly seal it and then just have thedpatyet charged by induction it'd be
doable — and they’re getting the size of things low

Researcher #1: Yeah that’s a really interesting akewell.

James: Yeah, it'd have to be still small and corhpanot too thick either. Because
sometimes you need it right up the back. And yoedné as thin as possible because
you want to hold the cheek out of the way and sgi and get a drill hand piece up
there. If you've got that much thicker than it ®m it's just not much space.
Researcher #2: I'm sure within 10 years, theyll t)mmming electronics into
something that size, but all we can do now is ereatarger prototype. Something
we’ll talk about anyway.

Researcher #1: So that's the main thing we warmtealk to you about today.

[conversation]
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Section B: 27 "™ February 2004 — Dental Lecturer
interview

Alison: ...during treatment, you’re more likely to geing back, you're able enough
throughout treatment... this thing, whatever that,was need just at the beginning,
but to check your radiographs, | mean you may @b ttiree or four times during the

course of the particular treatment for that pati&atthat would be another [muffled]

Researcher #1: So | guess what we’d do for songttka that is look at some of the
other actions maybe away from the bracket thatuledo the use of the radiograph

and try and...

Alison: Well you're obviously going to have to stihate the sensor when you want to
see a radiograph, so you're maybe even have sonieutar area on this you can

actually touch [points at the sensing table]

Researcher #1: Don’t know, you could, | guess lohdike these. [points at bracket
table]

Alison: | mean, almost like these, almost like thisyou want to tip the chair or try
and put the light on or if you want water, you grese of those. If you've got a series
of buttons there, one is radiograph, one is cloa, is treatment plan, one is medical
history, that you actually just touch that, andttivl just flip between ... | don’t
know, | don’t have any idea, don’t ask me, I’'m aatomputer person. If you're going
to alert the thing and you’ve got a sensor theaseuld've thought that made sense to
actually have a point on that you can just tou¢herathan necessarily even having to
pick up an instrument. So what you've actually goa touch pad somewhere where
you can just touch whichever one you want, it'shadaly only four or five, so you can
pick which one you want. With the radiograph yogti backwards, and forwards...
and things like medical history, and initial chagj you’ll only want to see at the
beginning, but radiographs will be the one that’lycae referring to all the way
through.

Researcher #1: Yeah, definitely.
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Alison: As you quite rightly say, those two are ywaron-specific, they're really

universal instruments. A perioprobe maybe if yowianting to check perion pockets,
because periodontists have periodontal chartind,that might pick up periodontal

charting, which is not done in this clinic, but iekgkly for treating gums and things
you've got a separate chart for charting the guntsch would again would go on

this thing there, so | could see the sense in mm@be which is this one here being
tied to that.

Researcher #1. Hmm...That's an interesting idea, wowjot the space here for

another four buttons.

Alison: Well you could either put them there or wbyou put them on here?

Researcher #1: Yeah, you can put them wherever.

Alison: Well that strikes me as being another akére.

Researcher #1. So how come, why would you preférate them on here instead of

on then?

Alison: No reason at all, I don’t know, | don’t kwchow easy it is, I've got no idea.
No particular reason. | just thought because yogoeka sense of that, | didn’t know
if you had to put it through to there. But you pably need to just sort of sit and work
it out with the students anything else, you knoay’ye only got my view there, as to

what students, when they see, what will be useful.
Researcher #1: Mmm...
Alison: So presumably at some stage, | mean weil ep with voice activated

computers so you can actually dictate your treatmman. | guess you've got
potential for more than four buttons anyway.

217



Researcher #1: We did have some basic voice rdémoghooked up to this as well

so you could, where’s my patient chart again?, so gould flick between these

different charting types, I'm not really sure whhese are, I've never seen them
before. Yeah but we did have something for thatthsd was a combination of your

physical actions

Alison: And your voice...

Simultaneously: Yeah.

Alison: But does it, does it respond to any voite®n’t know much about this at all,
or is it specific voice activated?

Researcher #1: It's specific yeah, you've got bke.

Researcher #2: Do you mean a particular voice,partcular phrase?

Alison: Yeah (during “particular voice”)

Researcher #2: The voice recognition we've beegimdawith works with anyone,
but you can only say really specific phrases, yanitqgust talk regularly and have the
computer understand you. If you want to do that jiaue to train for a particular
person, so there’s a trade off there, and theitrgitakes pretty much a day.

Alison: So the reality is to voice chart, is notpgimvide a whole series of charting as
you heard the students do when they have a newenpatnd go through every tooth,
that would be more complicated than just a phrdde “examination” or
“periochart”. [muffled]

Researcher #2: Yeah, exactly.

Researcher #1: Do you want to show your pen, [Reken#2]?
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Researcher #2: So I've been having a look at... wheas talking with Chris, she
was telling me about how many times the recorddrarescribed once the person has
written down. So if the student marks it down oa throw-away bit of paper and in
the end transcribes it to their record book, arehth goes out to reception and gets

transcribed again, is that right?

Alison: Yes, yes...

Researcher #2: And so we were talking about the tidat you could just write things
down once and what you wrote down was recordedadligithen it'd certainly make
things a lot easier. So what I've done is converptad of the record onto digital
paper. It's just like regular paper, except it hiagse dots on it, which tell the pen
where it is... [garbled]. So you can actually jusitermvherever and it just comes up
on the computer afterwards.

[long silence while Alison fills out the form]

Cool, that's great, | had no idea how that goedlllout. So it should just be a matter

of...

Researcher #1: Sorry [Researcher #2], I'm left leand

Alison: | hate left-handed students. | just hait-h@nded students giving their first
injection and it was nerve-wracking. Nerve-wracking everybody. They give it on
each other which is a very good way of being aepatand knowing the receiving
end.

Researcher #2: So | think it's just downloading) hot sure what's happening here.

Alison: Is that cleanable or sterilisable or what?

Researcher #2: Well yeah, that's one thing | wanitetalk to you about. Because

when they use pens in the surgery, don’t theyjuap them in glad wrap?
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Alison: Yes, they do.

Researcher #2: So would that be alright for that?

Alison: Yes, that could be alright because they do't1 be touching... touching the

tool. So that could be wrapped in glad wrap, andbably wiped down with

disinfectant afterwards, would that affect anytfing

Researcher #2: No, it's sufficiently packaged so gan wipe it down.

Alison: Isn’t that neat? Isn’t that cute?

Researcher #2: I'm not sure what's.

Alison: My writing’s appalling anyway, so we’ll seghat happens.

Researcher #2: It's downloaded it, but the softigamet loading — [Researcher #1]?

Researcher #1: Give it a bit of a click? Thers.it i

Researcher #2: It just wasn’t coming up for sonasoe. So once you've got it loaded

you can then

Alison: Will it give you the writing as well? (refieng to the dental record)

Researcher #2: Eventually yeah. At the moment jinge taken the notebook that it...
it's actually this notebook here. Because to buy $bftware to generate your own
forms costs $5000. So what | did was | just gotrtbeebook and digitally removed all
this stuff so when you write on it, it still showss background and | haven't figured

out how to make it show...

Alison: ...the other bits. So when you come to chgrthow do you get onto the next

page?
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Researcher #2: It will be possible. [over the tbalsson]

Researcher #2: It's just over here, so it lookarngje just sitting there, but one thing
you can do is select things and move them around.

Alison: That’s what's so scary isn't it? You caeally can digitally manipulate

records.

Researcher #1: Mmm.

Alison: Yes, you'd obviously have to have the backmd as well. So then you can

copy that, or...?

Researcher #2: Yeah or you can even convert ititodgloft Word and make it part of
a Word document or whatever. And it's got some katitohg recognition but I've got
this feeling that the trial has expired. Here we go

Alison: So you actually just picked that up?

Researcher #1: How accurate was it?

Alison: Well it was alright. It was alright for thenes I'd written better, but for the
other ones it's my writing. But you know... it's atbike when you actually copy
something and you actually use a scanner | medan daghesn’t use...

Researcher #2: This is actually a pretty basicgeitimn program, it's not particularly

good compared to other ones I've seen.

Alison: Well | mean it picked up that bottom oneddnwasn’t making any effort to

make it readable and | could’'ve made it much békian that.

Researcher #2: Well, the idea behind it wasn’t,elam this might be a nice bonus
having it able to recognise it, but just so you tawve an exact copy, because just

from looking at the student’s records, they doatid to write in nice neat lines and
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stick between them and stuff they just tend to ewithatever on the page so if we
could have an exact copy of what they see in fadrihem on the computer and you

print it out for whoever needed a copy, is sorthef idea behind it.

Alison: That's very neat actually.

Researcher #2: So that's it, imported into Micro3gbrd. The other thing you can do
is if you want to add stuff at the end...

Alison: So really very interesting legal point aaity about records — because records
you're not meant to change and that's one of thecems about digital stuff and
things — x-rays can be doctored and all sortsiofjgcan happen to them.

Researcher #2: So at the end of a session, youdwbukally be allowed to to add

text?

Alison: You shouldn’t do, you shouldn’t do — yowcords should be, you shouldn’t

really come back a week later.

Researcher #2: No, no, like after the patient’segand you’ve finished writing.

Alison: Ah yes, you could at that point, yeah.

Researcher #2: Yeah, so... um, yeah anyway. So,1 kioow, do you see benefits in

that system...or?

Alison: Yes, | think so actually, I think so. Agaiyou'd have to have a clinic which is
completely set up for it, but | can see that... yee €hris has to transcribe it — |
didn’t put item numbers and things like that, teat’hat she needs to transcribe to the
other records — so she needs, you know, to savedaeching through everything, it

might be, you know, it might well be...

Researcher #2: So, | was just thinking in termgmdact on a surgery, for example,

here, no one uses computers. But if you just héitfle cradle thing put in at each
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desk, and then when you put the pen in it serthalbages over to the office then you
could keep all your existing work practices, anst junake life a bit easier for Chris |

guess.

Alison: Yeah, no, | think it's an interesting copteactually, it's very neat. Very

impressive. Very impressive. How much does thatxos

Researcher #2: | think it was $150.

Alison: Really? Then you've got to have the progmiously...

Researcher #2: The program came with it...

Alison: Really? That’s not that bad.

Researcher #2: It's better than what | thought.

Alison: And then you can put it on to a Word docut?e

Researcher #2: Yeah, and the new pens actually..

Alison: That's actually very neat!

Researcher #2: The whole idea is mostly for busipeople who take notes during
meetings and then have a searchable version ohrnid-at the end of each page you
can put in keywords — it has better recognitiothgse boxes — and you can search for
keywords lately and then you can actually just eatcally send it as an email later
on.

Alison: | think it's very neat — | love it. That\gery neat. Yes, no | can see that could
have some... and once you've actually got it onteeth@u can change it? | mean

really, once you've actually got it into typed werd/ou can then modify and change

it or correct any mistakes.
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Researcher #2: Yeah, if you've added some stuffwptealised is wrong you can
just select it... oh, it's going to delete the whpkge. | think | had to click edit page
first.

Alison: [laughter] Alright, but you could actually.

Researcher #1: Once you've used the software.

Researcher #2: I've actually been more focussedctuimally getting the dental record

working with it.

Alison: | think that’s very neat, | think that'saky neat — as | said the dental record,
obviously, you'd have to get the whole thing whigbuld be an expensive exercise,
but once you've got it done.

Researcher #2: Just for prototyping purposes.

Alison: | think that’s good.

Researcher #2: Cool, well, [Researcher #1] do yantwo run your game?

Researcher #1: I'll show you... um, | don’t knowé’ve got time to run the game.
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Section C: 1 %' October 2004 — Scott interview

Written from the author’'s own perspective.

First thing Scott does is look at my record befoess cleaned his hands. This gives
him a chance to shake my hand, say hello, anddkdhe assistants prepped me, he
was able to turn around and bring up my recorce told him that I've come in for a
suspected cracked tooth (as I've had the symptafwd and thus had some idea of
the cause) and have given him the area the painoming from. With this
information, he knows to look at the history on amart of that area of teeth.

He brings up my patient chart by double clickingneyyname in his patient list for the
day. He does not look me up from the patient lisassume the patient list is used by
the reception staff for scheduling purposes. Uprgy that | have had fillings in that
area, he brings up my digital x-ray. He then udes énhance tool to zoom and

highlight aspects of the x-ray.

While he is talking to me about determining whetitisra cracked tooth, he is using
the mouse pointer to gesture where he is talkinguatHe also compared x-rays
between 18 months and 36 months ago. He beginsirik it might be worthwhile
having another x-ray done, but before he does soelees to check whether or not
there has been an x-ray done which has not beemeataHe then goes to the tooth
history (from a tiny button on the left hand sideaaow of buttons on the upper right
of the patient chart) and scrolls through my higttw check for x-rays. He finds
another one that has not been scanned and checkéysigal record. It's not inside

that so he sends an assistant to go check thevasctar the x-ray.

While the assistant goes in search of the patemdrd Scott then washes his hands. It
is interesting to note he is wearing a ring. Wiile assistant is out of the room he
also takes the opportunity to put the bib on me lagmad my some glasses. He then
grabs some gloves and a mask to wear. During ithis he also asks me questions
regarding the symptoms of my tooth — how much pgaie had, sensitivity, what

triggers it, etc. He also puts on his glassesistabint.
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| am now seated in the chair and ready to go. Hewthe assistant returns with some
X-rays so Scott leaves me to go look at them torigiyt, close by. As he interprets
them, he continues putting on his gloves withooking. Apparently these are old x-
rays (2001) and the 2003 x-rays cannot be foundoritgs up the tooth history chart
again and checks the exact date and comparethi canned record. | think he finds
that he actually does have the most recent reaangngd but it is hard to tell as there

IS no communication as to what has happened (tbatan hear anyway).

Scott then begins the procedure here and sitstquite right of my head with the
bnacket table to his right but very close by. lbwld also be noted there is a lot of
noise in the room — running taps, suction used ynnmouth, a radio, drawers being

opened and closed, instruments put on metal tedys,
(5:42)

The procedure takes place here. Much of the tingpént inspecting my mouth and
asking questions regarding symptoms etc. | am niadeke bite tests. The dental
assistants are very active in the background buat hot sure what they are doing (not
visible). During the initial examination the asaist is not present but then she sits
down just in time to hand Scott an attachment kyeires and then begin holding the
suction tube as he examines my teeth for otheksrand fillings. (8:32) The timing

is amazing, and it is fairly obvious they have waatkogether before. (9:45) Dead
hand syndrome takes place here where both Scotth@ndssistant hold their hands
very close to them, and almost perfectly still, vath small gestures to allow for

infection control.
(12:29) Normal checkup begins.

(17:16) Upon concluding the check up, as | ringmtiSbrings up the patient chart
again. He then selects (after scrolling throughligtdor a while, moving both up then

down again) glass ionomer and applies it to myhteet

It is interesting here to see that at my last chgzkon the 2 of February 2004 the

following notes are entered:
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“monitor 8s, and reassess next recall, stay or vef?®’ — | believe this refers to my

wisdom teeth.

(18:01) He then places a “watch” label on my botraght tooth which had some sign
of decay and cracking showing. He then ticks off flict that the check up has been
done and updates the recall (by pressing a largferbon the bottom right of the
patient appointment plan). (18:50) Scott removes diasses and throws away his
gloves, and washes his hands again, but withoytt. $¢ia gestures are now markedly

larger and more informative then while he was weagloves.

(21:54) Questions regarding the computer beginttSmmnts out that a protective
barrier covering the mouse has been removed bgdsistant and therefore he can use
the computer again with his “semi-clean” handssTisiwhen he types notes, whereas

before he was just updating the patient record.

He then brings up my patient history and puts thhothe “periodic checkup” for

billing. He adds clinical notes to my history aidws:

Cts associated with the DP cusp of the upper h Bairelease of pressure (some
correction here) and pt noted discomofort (sicydercorrection) with small hard

foods of a short sharp nature. Transilluminatiorrignerrors corrected here) reveals
the presence of crack lines running throught (@@re corrections) the Dp cusp and
through the distal marginal ridge. Appointment 24:(5) be made to removed (sic)

existing filling and to investigate crack.

He then right clicks on it and sends it to histdt adds more notes for future check

ups.

Distal marginal ridge crack. Small occlusal pittionitor.

Finally he makes changes to the cost of my nexbiappent. | think they are

potential outcomes for my next appointment as hisdibth the amalgam and the
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glass (temporary) fillings. There is also a 114 and21 fee which are not self

explanatory. He adjusts the cost of the glassfjlfrom Price 2 to Price 1.

| then ask what happens between my screen andetktepatient’s screen. If Scott
needs to see who’s coming next he uses his appemtscreen. If he then clicks on
their appointment and click patients it brings beit chart. If he was within my chart
he simply double clicks on the door and it bringshis entire list of patients for the
day. He can look up his paper printout and opemthé patient that way. If the next
patient has arrived the door icon adds a persomduath he clicks on that it brings up
only that person (but still must be accepted). X8y: When a chart for the next
patient is opened the icon changes to a seatedmers

(27:40) | ask why the dentists have the other d&sitappointments shortcuts at the
top of their screen, represented by their initi&lse main reason is that each computer
is used by all dental staff, in particular scoutsas. Scout nurses are assistants who
are generally available and go from room to roonthay are needed, particularly for
cleaning. This is an interesting example of how ¢bmputer needs to be used by a
diverse group of people but is setup to generadiywes one person. This is their

workaround as “artful integrators” to allow effa@icommunity access.

(28:15) Scott discusses the use of the schedulistgm to see if other dentists are
with a patient or not. Since the dentists at [DeBtargery #2] are usually punctual,
this system appears to work fairly well, but | amesthere are times where the dentist
appears busy where he’s not and vice versa. Heuaks®it to see whether a dentist is
actually there at the practice (given there areidts at the practice, this becomes a
useful tool). | then ask him where he usually clsettks information. Scott replies
that he usually performs these tasks in his petsafiee, but it does “depend on the
situation” and sometimes will check at the end pf@cedure.

(28:45) | confirm that the assistants use the cderpas well. Scott explains that if a
dentist is away the scouts will set up the compdifferently to normal. They open
up multiple dentists’ windows (all of the dentisthose surgeries they are required to

monitor) so that they can keep track of how theyrageded more effectively.
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(29:50) At this point | ask how their software wamfigured so that it was useful for
them. EXACT came in in 1996 to set it up originalbut they have migrated these
settings and made adjustments themselves. Thetvaréentists responsible for the
computer system and they handle the configuratimhearolution of the system as it is
needed. Some of the configuration options they tsmtefor example (31:25) using
different coloured texts for different dentists Hasen suggested by EXACT and
tested and found to be useful. Perhaps | shoutbdwamples of configurations which
have been less useful and discarded or even prabter(82:00) | ask here how they
decided on the system to start with. Scott expldimgas before his time and done by

EXACT. He then continues to show me how the patigstbry is set up.

(33:06) We are interrupted here by Scott being gdgethe receptionists. In a way,
this can be seen as a human speech recogniticensy$he phone beeps to let Scott
know that there is about to be an announcementrddeptionist then announces that
the next patient has arrived. Scott can then paose his conversation (or normally,
from his procedure) for a moment and simply catitkb&hank you”. He now knows
that his next patient has arrived without havingheck the computer screen and the

staff/patient know that he knows they have arrived.

(33:10) Xrays seem to be very important. This gnsied in that fact that there are
only two shortcuts — one to the patient list aneé ¢o the x-rays (other than the

shortcuts to other dentists).

(33:30) Many of the other functions are used pripdry the front desk. (33:48)
Scott confirms this that accounts and paymentspmngonal details are used by the

front desk while the history and patient chart/ysrare used by the dentists.

(34:16) | question here whether or not there arg @eriodontists at the surgery.
While there are no dedicated periodontists it seiemptied that all dentists there have

training in at least measuring the periodontalestdita patient.

Researcher: “Do you ever use [the periochart]?”
Scott: “Not all that regularly — it's a bit cumberse. It's a situation where you need

to go from the patient to the computer on a regehssis so when you have to keep
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coming back and doing a lot of data entry, it gets difficult. You've still got the
issue of dirty hands operating the computer, anehethough we’'ve got barrier

techniques we still try to minimise interaction lwvthe computer.”

Researcher: “So the periochart would be somewhbezawou'd...”

Scott: “...definitely have voice recognition. Maybesgure and voice.”

Scott: “It's underutilised for those reasons. Havisome sort of voice or gesture
activation to use the charting would be the biggestefit | think.”

This is extremely interesting. The software offires ability for the dentist to chart the
periodontal information, but it is not used becaiise simply too hard. There is no

way to “artfully integrate” around this problem égs

(35:40) General notes about the remaining discassio
Coding of the teeth — is it memorised? How do thegess it? Type of notation

mentioned, etc.

Digital pen, Bluetooth headset, gyroscopic mousewshto Scott, feedback gathered.
Interest shown in the notebook for everyday usenesguestion as Alison - how

much does it cost?

Throat microphones, options of headsets discu$sgihg the Bluetooth microphone

to the glasses Scott uses or in his pocket woulaskéul.
Discussion of breaks in concentration in using twmputer. Main benefit of

voice/gesture is that they can reduce those br8akses of notes he wants to record

discussed.
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Section D: 11 " April 2005 — Scott interview

Descriptions added from the author’'s own perspectiv

| begin by checking if it is okay to record the gersation we have with just audio. |
pull out the laptop, plug it in and begin settihgp while talking to Scott. It should be
noted that throughout the voice recognition tettsre are other people in the room
preparing for the next patient and plenty of ambresise from the surgery providing

an effective context for testing.

Researcher #2: Basically, at the moment | just wanget the perioprobe stuff
working with a voice interface. So all | really wato do right now is see if it
recognises your voice at an acceptable level aadstbask you a few questions about
how you use the software and how you might like ghetotype to work. So I'll just

check if it's [the bluetooth audio] working...

| then proceed to turn on the Bluetooth headsetattiadh the Bluetooth dongle to the
laptop. You can hear the Bluetooth connection meessfully made with the laptop.

Then there is a period of silence as | try to tiesboot it

Researcher #2: Of course it wouldn't wo- oh noretlvee go. "Hello". | don't know if

the internal microphone is picking it up or thiseofiHello". | have a feeling it is the
internal one. [You can hear the Bluetooth connectizeing connected and
disconnected as | try to override the internal optione]. It's crazy, | guess it
wouldn't be a prototype if it worked perfectly. fBclaughs].

Unidentified female: What're you practicing?

Scott: We're trying to...

Unidentified female: communicate

Scott: [Researcher #2]'s doing a PhD on voice atitim prototypes and transferring

of data to the computer whilst doing dental wolkarting, that's right.
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Unidentified female: Oh, in the surgery, that'shtigrou've been here before haven't

you?

Researcher #2: Yeah, a few times. [Bluetooth cameaoises continue]

Scott: He's just getting some things set up fortoneial out so that when he comes in

for his checkout he can have a bit of a play.

Scott and Unidentified female: [private conversatighile | continue working on the
prototype. | end up silencing the internal micropdoevhich then allows the Bluetooth
headset to work.]

Researcher #2: Okay, all working, thank goodness.

Scott: All working?

| then hand Scott the headset which he tries tooputinsuccessfully. He puts it on

backward on the incorrect ear.

Scott: | just clip this on my ear?

Researcher #2: Which ear do you think you'd prefen? Left or right? That's set up
for your right ear at the moment

Scott: Is it? Oh okay.

Researcher #2: It's so fiddly. So I'm guessing westl attach it to your glasses like
that [Scott has accidently removed the ear hooklam holding the microphone out
by itself] on the day. [l then attach the ear haokl show him the correct way of

putting it on]. You just flip it out, hook it onpd then [garbled]

Scott: Ok.
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Researcher #2: So if... so, have you used EXAGIotany periocharting stuff?

Scott: Not to a huge degree, uh, mainly becausdiddly.

Researcher #2: Yep, but so you have done it before?

Scott: | am familiar with it, yes.

Researcher #2: So if you had a patient in hererbgfou started the probing, would
you - what would you do in EXACT? Just load up threcords and...

Scott: Bring up the patient chart.

Researcher #2: Would you look at their history andf first, while you've still got
them in the seat, or..?

Scott: Oh yeah, it just depends on how well | krtbes patient as well. If it's a patient
I'm familiar with, I'll be familiar with their medal history as well but certainly |
might go into details. Most situations I'll statiton chart. Just the standard chart area
there. Just to see if there is any pending tredtrmenotes that | need to refer to that
I've left behind in the chart area for next timattthey come in, you know if it's just a
standard clean, checkup and examination appointntiee | may also go up and
check x-rays. So | go over and pull up the vieway-screen, see if I've got any
previous x-rays scanned on the computer and ifsthia¢ case I'll bring them up on
the screen. So, just for instance, this patientem, check the chart, [points to the
main chart of the patient, not the perio chartl) ¥mow, I've got some notes here, go
into x-rays [Moves the mouse to open x-rays witBlACT], pull an x-ray up, I'll
probably leave that up there because that'll gigeamidea of the areas I'm looking at.
So if I want to do a periochart of her teeth, titea got that up on the screen to look

at. If I'm going to use the perio software, théin.I'

Researcher #2: So would it be handy to have a w&hoetcut that brought up the

periocharting stuff, or would you set it all up bef you started working?
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Scott: I'd normally set it all up, | guess the otfling I'd do is maybe switch between

that chart and the x-ray screen.

Researcher #2: So it might be useful to have a

Scott: Link

Researcher #2: between that and x-ray. Would yold & anything else you think

while you're doing the perio?

Scott: The only potential thing | would look atristes, back in chart. But you know,
you also have an ability to write notes here, sortbtes will be in that chart for me to

refer to too.

Researcher #2: So, all I've really done so fapcu$ on getting the speech working
and some minor tying in so far - it's hooked up tepth measurements at the
moment. So, what would you use in the perio scrides, what order would you do

things in?

Scott: I'd pick up a probe and start probing tiesth basically, start in one particular
area, let's just say | start with the 1-8 if itsegent and basically start from the
particular area of the tooth, the back perhapsdisial, and work through and around
that tooth, and then onto the next one furthethan mouth. So if | was doing a full

periochart, that's what I'll do. If I'm using tHagility, then obviously | need to make

recordings as | go along.

Researcher #2: Recordings?

Scott: Of teeth. If | start on the 1-8 [Scott giiswn at the computer and begins to
demonstrate how he'd use the software during aedtoe], and you start with say

pocket, then I'd have to go through and enter #taild there.

Researcher #2: So you'd do the pocket, then rexetdsen mobility for each tooth, or

you'd go through and do pockets for all of them?
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Scott: Well the pocketing is the most, in my opmiamportant information as well,
because you can have pocketing without recessidnnasbility, but you can have
pocketing in the presence of both as well. So theketing is what we're looking for
in particular, so | always start with the pocketangd the recession you can make a
note of as well as you're going along.

Researcher #2: Okay, so it might be good to hawtidomatically go pocketing to
pocketing but then if you say a command sayingdhiegcecession” it then swaps to

recession for the tooth you were just working on.

Scott: Yes, yes, and then "record mobility" if yeish to drop down to that particular

area on screen as well, but I'd start in pocketing.

Researcher #2: Yep. And so,

Scott: And you'd also go, you'd do one tooth atreet So I'd record the information

on the palatal, but at the same time I'd need tdayen to the buccal,

Researcher #2: on the same tooth?

Scott: on the same tooth, and record the informahere as well.

Researcher #2: Ok

Scott: That would be on the upper teeth, so thgo lto 7, recording pocketing,

recording recession, and/or mobility, and thenhlgoluccal surface and vice versa as

we go along, and then I'd go to the lower and @csdéme thing.

(9:30) Researcher #2: And what about furcation?uM/gou record that?

Scott: Again, furcation is only recorded if it isvblved. So not every tooth has

pocketing, recession or mobility, necessarily hasdtion involved.
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Researcher #2: So would furcation might be somgthou leave to the end or would

you want to update it as you did it?

Scott: Again, furcation involvement | would quitegsibly put down at that particular

point in time as well, when I'm charting that peutar tooth.

Researcher #2: So what do the different - why laeeet six up there but only three

down there (referring to the furcation grading peilsted above teeth).

Scott: Sorry? (long pause as he looks at the ggaadints to figure out why it's so).

That's a good question as to why.

Researcher #2: I'm speaking to John W. tomorrovg istthe CEO of DentalSoft, so
| might ask him.

Scott: | guess because the furcation involvememtoeaprobed from either side of the

palatal root (points to the two roots on the tooth)

Researcher #2: Ah right, | see.

Scott: Whereas the furcation involvement essegt@tl the buccal is in between the
two [garbled]. So you're only going to record idgprobe that one area there [points
to where the furcation grading arrow points].

Researcher #2: Ohhh, | see, sure sure. [momenhadrstanding reached]. So that
would be left and right then? [points to the diffietr arrows on the one tooth on the
upper left of the screen].

Scott: It would be mesial and distal.

Researcher #2: So mesial is right and distal {8 lef

Scott: In this particular case here [points to apposite tooth on the top right of the

screen], on the upper right hand side, distal itherleft, mesial is on the right. So it's

236



just front and back. The closer you are to the teidsl mesial, the closer you are to

the back of the mouth is distal.

Researcher #2: Gotcha

Scott: Approaching around that, you have one |laegdral root on the palatal, on the
inside roof of the mouth you can probe. You've gjtiter the mesial side of the root
or the distal side. [points to the different redngdpoints]. | presume this is why they
have the two recording on the upper, on the palatappose to one recording on the
buccal on the outside surface. And on the outsale hyave the two roots here and
you're only going to probe it through this one [geito a hole on the both]. I'd say
then it'd be different for the lower. [brings upethlower chart where it is indeed
different].

Researcher #2: Yep.

Scott: The distal one. Because generally, thereoaletwo roots back on each side,

slightly different.

Researcher #2: So with the plaque and bleedingldwmu just fill that out at the end

later or would you want to do it as you went aslwel

Scott: You'd probably go through and do that ldtesay or otherwise you'll end up
flipping through too many screens. So you'd justlgough and do the plaque and
bleeding scores depending on...

Researcher #2: And would you want to do your na@$ of similar to how you
currently do your charting notes, in that at the gou just go through and fill them
out?

(13:00) Scott: How do you mean? In the chart st2e®r the notes?

Researcher #2: Yeah, the notes [points to thesrwtehe screen]
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Scott: Yeah, at the end I'd just go through ardofik the details, or basically give a

synopsis of what I've been able to discover.

Researcher #2: So the main thing would be if youliccget voice recognition when
you're going through and doing those annoying marés) tooth by tooth, that
would sort of take the annoying fiddly stuff outtbe way, and do everything normal

as per otherwise?

Scott: Yep, exactly.

Researcher #2: Alrighty. We'll see if this recogsisyou then. [Goes over to the
laptop and opens the program] So at the momesttspuyou know it's registered the
right thing, it'll beep at you and a higher tonaisigher number and a lower tone, etc.
So one guestion was would you like that, the anthbiemse, or would you prefer it
reading back the number to you that you just ed®feomputer beeps twice as we're
talking]

Scott: Um.. [long pause]

Researcher #2: It might be hard to say... mayb®ulsl bring in two versions of the

software.

Scott: Yeah, possibly.

Researcher #2: So you can just try it and...

Scott: ...see what works better. It may be annoyingctually have a number called

out to you.

Researcher #2: So the other thing I've done isther check word to try and reduce
when if you're just talking normally like we arewcso it doesn't just pick up
everything we say. Because it's got quite a limitkctionary it can misconstrue

words.
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Scott: Mmmhmm.

Researcher #2: So one thing we may also try difteversion on the day, is different
checkwords. At the moment it's just "go" and thiee humber. So you can say "go"

"0-9" or "go back" if you make a mistake. [compujees back a space].

Scott: It's picked up for you anyway. So... [mom&woice] "go 5". [computer beeps
and inputs 5]. "go 7". [computer beeps and inpyts'gb 1". [computer beeps and
inputs 1]. "go 9". [computer beeps and inputs Ejlganoticeable because of the low
beep]. "go 9". [computer beeps and inputs 9]. [gearntone here] "go 3". [computer
beeps and inputs 3]. "go 4". [computer beeps apdti4]. "go 5". [computer beeps
and inputs 5]. "go 7". [computer beeps and inpyts'gb 3". [computer beeps and
inputs 3]. "go 2". [computer beeps and inputs 8p 2". [computer beeps and inputs
2]. "go 1". [computer beeps and inputs 1]. "go [gbmputer beeps and inputs 5].
[changes tone here] "go 8". [computer beeps anatsnP). Alright.

Researcher #2: Just try "6".

Scott: "go 6". [computer beeps and inputs 6]. "Bd&mputer does nothing]. "go 6".
[computer beeps and inputs 6].

Researcher #2: "6" has been a really tricky onkave no idea why. | think it's

because we've had to work with a free speech rémgmapp - it's for Americans,

Scott: Okay.

Researcher #2: so I've been trying to train itler Aussie accent. But it's still...

Scott: "go 6". [computer beeps halfway through freetognizing part of the

conversation and inputs 7].

Researcher #2: So just...
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Scott: [with American accent] "go 6". [computer psand inputs 6]. [with American

accent] "go 7". [computer beeps and inputs 7]. {Seaghs]

Researcher #2: Cool, well, is that sort of reaslynatcurate for you?

Scott: How do you stop it?

Researcher #2: To stop it there's just a buttotherside [points to the microphone] -

that was another thing | wanted to ask you. If yaap that in plastic...You could just

press it

Scott: [Disapproving noise]. Probably better uh...

Researcher #2: ...if it like had a magic word tm ti off?

Scott: Yeah, okay, because you've got "go" to stawould having another number

to stop it be an option?

Researcher #2: At the moment it listens for "gad #re next word, so technically it's
listening all the time [computer beeps in the backgd as if to punctuate this] and
then trying to interpret what's going on. So if ylwad a magic word that completely
stopped all recognition until it heard the magiadvagain that might be better.

Scott: Mm-hmm, yeah.

Researcher #2: | might experiment with that andvgest | can come up with.

Scott: Okay, well it seems to be working.

Researcher #2: Cool, well | think that's everythinganted to test.

Scott: Great.
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Researcher #2: Is there anything else you, anytignesyou had about my research at

the moment or anything?

Scott: No that sounds good, are you planning tosfex it across to charting as well?

Like, regular charting?

Researcher #2: Um, not at this stage because regnaeing...

Scott: ...is more complicated?

Researcher #2: Yeah. And | just need somethinglsitoptest out the engine so | can
then say "we can extrapolate on this" and becdusea seems like for you guys and
the other dentists we've been talking to is that gays don't do any perioprobing

because of how difficult it is to enter the data.

Scott: I've done very few, but in most cases beed#issa pain to actually record data
and go through and do it, I'll go around, probeJ #om what I've done I'll just pull
up treatment notes, and type in what | see, sac#é@sidrop down and type in the
appointment, the notes. [Scott gets interrupte@ bgra phone saying "excuse me Dr
[Scott’'s surname], your 2 o'clock patient has adly to which he replies "Thank
you"] So I'd say like "7mm pocketing in upper tigholar, this tooth and this tooth",

and basically give the minimal information.

Researcher #2: Mmmhmm, yep, okay. That's partly wilyre looking at the perio
stuff, is just because it's simple data entrys-jitst numbers - and then also because
it's been something we've seen as being problemagccan hopefully make the

greatest effect.

(18:45) Scott: Yeah.
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Section E: Prototype speech recognition code extrac t

Below is an extract from one of the speech recagnirototypes, written in Visual Basic, employiting Microsoft Speech SDK 5.1.
This code was written by Tim Cederman-Haysom, beoiporates (adapted) samples from the Microsafesip SDK.

PerioprobeEngine.ctl

VERSION 5.00
Begin VB.UserControl SpeechEngine
ClientHeight = 690

ClientLeft = 0
ClientTop =0
Clientwidth = 1815
ScaleHeight = 690
ScaleWidth = 1815
Begin VB.ListBox InnerList
Height = 450
Left =0
Tablndex =0
Top =0
Width = 1575
End
End

Attribute VB_Name = "SpeechEngine"
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = True

Attribute VB_Predeclaredld = False
Attribute VB_Exposed = True



' Require all variable names to be defined.
Option Explicit

' See UserControl_Resize() for how iLevellnResize i
" It's needed to make sure our control resizes corr

' Needed to have a nice listbox representation of t
Dim iLevellnResize As Integer

" declare all speech related variables

Const m_Grammarld = 10

Dim bSpeechlnitialized As Boolean

Dim WithEvents RecoContext As SpSharedRecoContext
Attribute RecoContext.VB_VarHelpID = -1
Dim Grammar As ISpeechRecoGrammar
context, we only need one (so far)

Dim TopRule As ISpeechGrammarRule

Dim ListltemsRule As ISpeechGrammarRule
Const SpeechOn =0

Const SpeechOff = 1

Dim SpeechActivated As Integer

Dim ToothCount As Integer

Dim ToothQuadrant As Integer

Dim ToothNumber As Integer

Dim NumberSaid As Boolean

Dim Mobility As Boolean

Dim ToothSelect As Integer

Dim ToothChosen As String

' Variables for tracking location (context) in EXAC
Const XRAY =1

Const PERIO =2

Dim CurrentScreen As Integer

'‘Event Declarations:
Event ItemCheck(ltem As Integer) 'MappingInfo=Inner
Event OLEStartDrag(Data As DataObject, AllowedEffec

s used.
ectly.
he grammar we can add to.

" grammarlD is used to identify different groups o

" is speech initialized?

' controls the context of the recognition

' there can be many different grammars for each di

' Rules for the grammar...

List,InnerList,-1,ItemCheck
ts As Long) 'MappingInfo=InnerList,InnerList,-1,0LE

f grammar.

fferent

StartDrag



Event OLESetData(Data As DataObject, DataFormat As
Event OLEGiveFeedback(Effect As Long, DefaultCursor
Event OLEDragOver(Data As DataObject, Effect As Lon
State As Integer) ‘Mappinglnfo=InnerList,InnerList,
Event OLEDragDrop(Data As DataObject, Effect As Lon
'MappingInfo=InnerList,InnerList,-1,0LEDragDrop

Event OLECompleteDrag(Effect As Long) 'MappingInfo=
Event Scroll() '‘MappingInfo=InnerList,InnerList,-1,

Event Validate(Cancel As Boolean) ‘MappingInfo=Inne

'Default Property Values:

Const m_def _PreCommandString = "go to" ' The precom
a word to be recognised.
Const m_def_PreCommandStringAlt = "set" ' The preco

before a word to be recognized.

Const m_def_PreCommandStringOtherAlt = "move" ' The
before a word to be recognized.

Const m_def_SpeechEnabled = True ' Let's enable ou

'Property Variables:

Dim m_PreCommandString As String

Dim m_PreCommandStringAlt As String

Dim m_PreCommandStringOtherAlt As String

Dim m_SpeechEnabled As Boolean

Private Declare Function Beep Lib "kernel32" (ByVal

Private Sub InitializeSpeech()
On Error GoTo ErrorHandler

If Not bSpeechlnitialized Then
Debug.Print "Initializing speech"

Dim AfterCmdState As ISpeechGrammarRuleStat
Set RecoContext = New SpSharedRecoContext

Integer) 'MappingInfo=InnerList,InnerList,-1,OLESet
s As Boolean) 'MappingInfo=InnerList,InnerList,-1,0
g, Button As Integer, Shift As Integer, X As Single
-1,0LEDragOver

g, Button As Integer, Shift As Integer, X As Single
InnerList,InnerList,-1,0LECompleteDrag

Scroll

rList,InnerList,-1,Validate

mand string is used for making the user say a "magi
mmand string is used for making the user say a "mag

precommand string is used for making the user say

r speech!

dwFreq As Long, ByVal dwDuration As Long) As Long

Data
LEGiveFeedback
, Y As Single,

, Y As Single)

c word" before
ic word"

a "magic word"



Set Grammar = RecoContext.CreateGrammar(m_G

' Add two rules. The top level rule will re
Set TopRule = Grammar.Rules.Add("TopLevelRu
Set ListltemsRule = Grammar.Rules.Add("List

Set AfterCmdState = TopRule.AddState

' The top level rule consists of two parts:
"add a word transition for the <magic word

' for the "<items>" part, which is dynamica

" or removed from the listbox.
TopRule.InitialState. AddWordTransition Afte

m_PreCommandString, " ", , "™, 0, 0
TopRule.InitialState.AddWordTransition Afte
m_PreCommandsStringAlt, " ", , ™, 0, 0

TopRule.InitialState.AddWordTransition Afte
m_PreCommandsStringOtherAlt, " ", , ™,

AfterCmdState.AddRuleTransition Nothing, Li

' Now add existing list items to the Listlt
RebuildGrammar

' Now we can activate the top level rule.
Grammar.CmdSetRuleState "TopLevelRule", SGD

ToothCount =0
ToothQuadrant = 1
ToothNumber = 8
Mobility = False
ToothSelect =0

bSpeechlnitialized = True

End If

rammarld)
ference the items rule.

le", SRATopLevel Or SRADynamic, 1)
ItemsRule", SRADynamic, 2)

"<magic word> <items>". So we first
> part, then a rule transition

lly built as items are added
rCmdState,

rCmdState, _

rCmdState, _
0,0

stitemsRule, ™, 1, 1

emsRule

SActive



Exit Sub

ErrorHandler:
MsgBox "SAPI failed to initialize. This applica
End Sub

Friend Sub EnableSpeech()
Debug.Print "Enabling speech”
If Not bSpeechlnitialized Then Call InitializeS

" once all objects are initialized, we need to
RebuildGrammar
RecoContext.State = SRCS_Enabled

End Sub

Friend Sub DisableSpeech()
Debug.Print "Disabling speech"

' Putting the recognition context to disabled s

' recognition. Changing the state to enabled wi

If bSpeechinitialized Then RecoContext.State =
End Sub

Private Sub RebuildGrammar()
" In this funtion, we are only rebuilding the L
" only part that's really changing dynamically.

On Error GoTo ErrorHandler

' First, clear the rule
ListltemsRule.Clear

' Now, add all items to the rule
Dim i As Integer
For i =0 To InnerList.ListCount - 1

tion may not run correctly."

peech

update grammar

tate will stop speech
Il start recognition again.
SRCS_Disabled

istitemRule, as this is the



Dim text As String
text = InnerList.List(i)

ListltemsRule.InitialState.AddWordTransitio n Nothing, text, " ", , text, i, i
Next

Grammar.Rules.Commit

Exit Sub
ErrorHandler:
MsgBox "Error when rebuiling dynamic list box g rammar: " & Err.Number
End Sub
Private Sub RecoContext_Hypothesis(ByVal StreamNumb er As Long, _
ByVal StreamPosi tion As Variant, _
ByVal Result As ISpeechRecoResult
)
' This event is fired when the recognizer think s there's possible
' recognitions.
Debug.Print "Hypothesis: " & Result.Phraselnfo. GetText&"," & _
StreamNumber & ", " & StreamPosition
End Sub
Private Sub RecoContext_Recognition(ByVal StreamNum ber As Long, _
ByVal StreamPos ition As Variant, _
ByVal Recogniti onType As SpeechRecognitionType, _
ByVal Result As ISpeechRecoResult _
)
' This event is fired when something in the gra mmar is recognized.
Debug.Print "Recognition: " & Result.Phraselnfo GetText&"," & _

StreamNumber & ", " & StreamPosition



Dim index As Integer

Dim selection As String

Dim Position As Integer

Dim oltem As ISpeechPhraseProperty
Dim Command As String

Command = Left$(Result.Phraselnfo.GetText, 3)
Set oltem = Result.Phraselnfo.Properties(1).Chi

' Process the speech recognized by the engine i
For Position = 1 To Len(Result.Phraselnfo.GetTe
If Mid$(Result.Phraselnfo.GetText, Position

selection = Mid$(Result.Phraselnfo.GetT
Exit For
End If
Next Position

If selection = "" Then selection = Result.Phras

' Check to see if speech is to be activated
If selection = "speech on" Then
SpeechActivated = SpeechOn
Beep 975, 300
End If

If SpeechActivated = SpeechOff Then selection =
NumberSaid = False

' Check to see what the trailing words were and

" this then figure out which commands were to b

"and if a magic word was said first.

' Code kept deliberately simple (read: ugly) he
' (this is what happens to code without a spec!

Idren(0)
n the background
xt)

, 1) = Chr$(32) Then
ext, Position + 1, Len(Result.Phraselnfo.GetText))

elnfo.GetText

based on
e activated,

re to allow fast on-site prototyping.
) Future revisions require refactoring



" after finalization of functionality.
Select Case selection
Case "furcation zero"
SendKeys "MF12}p"0"
Beep 50, 100
Case "furcation one"
SendKeys "MF12}"p"1"
Beep 200, 100
Case "furcation two"
SendKeys "MF12}"\p"2"
Beep 400, 100
Case "furcation three"
SendKeys "MF12}p"3"
Beep 600, 100
Case "zero"

SendKeys ("0")

NumberSaid = True

Beep 50, 100

Case "one"

If Command = "set" Then
SendKeys ("1")
NumberSaid = True
Beep 150, 100

End If

Case "two"

If Command = "set" Then
SendKeys ("2")
NumberSaid = True
Beep 250, 100

End If

Case "three"

If Command = "set" Then
SendKeys ("3")
NumberSaid = True
Beep 350, 100

End If



Case "four"

If Command = "set" Then
SendKeys ("4")
NumberSaid = True
Beep 450, 100

End If

Case "five"

If Command = "set" Then
SendKeys ("5")
NumberSaid = True
Beep 550, 100

End If

Case "six"

If Command = "set" Then
SendKeys ("6")
NumberSaid = True
Beep 650, 100

End If

Case "seven"

If Command = "set" Then
SendKeys ("7")
NumberSaid = True
Beep 750, 100

End If

Case "ayte"

If Command = "set" Then
SendKeys ("8")
NumberSaid = True
Beep 850, 100

End If

Case "noine"

If Command = "set" Then
SendKeys ("9")
NumberSaid = True
Beep 950, 100

End If



Case "down"

SendKeys "{DOWN}"

Case "up"”
SendKeys "{UP}"
Case "back"

If Mobility = True Then
SendKeys "{LEFT}"

If ToothNumber > 0 Then ToothNumber

Else
If ToothCount = 0 Then ' Need

SendKeys "NF12}'p"b" ' If we
SendKeys "{LEFT}" "to bu
ToothCount =5
Elself ToothCount = 3 Then
SendKeys "{F12}'p"p{RIGHTHRIG
ToothCount = 2
Else
ToothCount = ToothCount - 1
SendKeys "{LEFT}"
End If
End If
Case "to next"
SendKeys "{RIGHT}"
NumberSaid = True
Case "forward"
SendKeys "{RIGHT}"
NumberSaid = True
Case "to exray"
SendKeys "MF12}"x "
CurrentScreen = XRAY
Case "to payshent"

If CurrentScreen = XRAY Then
SendKeys "M{F12} M/ t", 0.1
CurrentScreen = PERIO
SendKeys "+{TAB}+{TAB}"

End If

10

= ToothNumber - 1

to do some border checks here.
've reached the beginning of palatal, move
ccal, and we'll need to go to the previous tooth

HT}" 'Otherwise we need to go to palatal
'and get in the right spot



Case "to upper”
SendKeys "MF12}"p~u”
‘Need to reset the position when swappi
SendKeys "MF12}'p"g"ONF12} p/p"
ToothCount =0
ToothQuadrant = 1
ToothNumber = 8
Case "to lower"
SendKeys "MF12}pM"
'‘Need to reset the position when swappi
SendKeys "M{F12}"\p"g"0M{F12}p"p"
ToothCount =0
ToothQuadrant = 3
ToothNumber =8
Case "to mobility"
Mobility = True
ToothCount =0
SendKeys "MF12}*p"m"
Case "to palatal"
If ToothQuadrant <=2 Then
If ToothCount > 2 Then 'So
SendKeys "NF12}p"p" Th
ToothCount = ToothCount - 3
End If
End If
Case "to lingual"
If ToothQuadrant > 2 Then
If ToothCount <= 2 Then 'S
SendKeys "MF12}p"b" ‘Th
ToothCount = ToothCount + 3
End If
End If
Case "to buckle"
If ToothQuadrant <=2 Then
If ToothCount <= 2 Then i
SendKeys "MF12}p"b" 'th

11

ng between upper and lower

ng between upper and lower

'Palatal only exists on the upper
if we're there and in the buccal section
en move to the palatal

'Lingual only exists on the lower
o if we're there and in the buccal section
en move to the lingual

'If we're on the upper teeth and
f we're on the palatal
en move to the buccal



ToothCount = ToothCount + 3

End If
Else 'Ot
If ToothCount > 2 Then 'An

SendKeys "MF12}p"p" 'th
ToothCount = ToothCount - 3
End If
End If
Case "to pocket"
SendKeys "MF12}*p"k" ' need to add a
If Mobility = True Then
ToothCount =0
Mobility = False
End If
Case "to recession”
SendKeys "MF12}"p~r"
If Mobility = True Then
ToothCount =0
Mobility = False
End If
Case "to next tooth"
If ToothCount > 2 Then
ToothCount = 3
Else
ToothCount =0
End If
If Mobility = False Then SendKeys "MRI
If Mobility = True Then SendKeys "{RIGH
' Now we need to do some context detect
' elsewhere.
If ToothQuadrant = 1 Then
If ToothNumber = 1 Then
ToothQuadrant = 2
Else
ToothNumber = ToothNumber - 1
End If

12

herwise if we're on the lower teeth
d we're on the lingual
en move to the buccal

variable in here so when it's in mobility mode...

'set the counter to O

GHT}"
T}II
ion to make sure if we need to, we can move to the

next tooth



Elself ToothQuadrant = 2 Then
If ToothNumber = 8 Then
ToothQuadrant = 3
SendKeys "MF12}'\pMNN{F12}\pgh
Else
ToothNumber = ToothNumber + 1
End If
Elself ToothQuadrant = 3 Then
If ToothNumber = 1 Then
ToothQuadrant = 4
Else
ToothNumber = ToothNumber - 1
End If
Elself ToothQuadrant = 4 Then
If ToothNumber = 8 Then
ToothQuadrant = 1
SendKeys "NF12}\p uMF12} pig”
Else
ToothNumber = ToothNumber + 1
End If
End If
Case "to last tooth"
If ToothCount > 2 Then
ToothCount = 3
Else
ToothCount =0
End If
If Mobility = False Then SendKeys "M{LE
If Mobility = True Then SendKeys "{LEFT
' Now we need to do some context detect
' elsewhere.
If ToothQuadrant = 1 Then
If ToothNumber = 8 Then
ToothQuadrant = 4
SendKeys "NF12}\pMNNMF12}pgh
Else

13
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FT}"
y

ion to make sure if we need to, we can move to the

next tooth



ToothNumber = ToothNumber + 1
End If
Elself ToothQuadrant = 2 Then
If ToothNumber = 1 Then
ToothQuadrant = 1
Else
ToothNumber = ToothNumber - 1
End If
Elself ToothQuadrant = 3 Then
If ToothNumber = 8 Then
ToothQuadrant = 2

SendKeys "NF12}\p uMF12} pg” "
Else

ToothNumber = ToothNumber + 1
End If

Elself ToothQuadrant = 4 Then
If ToothNumber = 1 Then
ToothQuadrant = 3
Else
ToothNumber = ToothNumber - 1
End If
End If
Case "speech off"
SpeechActivated = SpeechOff

Beep 75, 300
' Here is the crazy bit of individual teeth
" Future code revisions would use a lookup tabl e, however for adjusting
' to the accent | needed to be able to spell ou t words differently and make

' quick adjustments.

' Need to set here -
' ifit's 1 or 2 then an upper command must b e sent
if it's 3 or 4 it needs to be lower
Case "to one one"
ToothSelect = 11
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ToothChosen ="7"
Case "to one two"
ToothSelect = 12
ToothChosen = "6"
Case "to one three"
ToothSelect = 13
ToothChosen = "5"
Case "to one four"
ToothSelect = 14
ToothChosen = "4"
Case "to one five"
ToothSelect = 15
ToothChosen ="3"
Case "to one six"
ToothSelect = 16
ToothChosen ="2"
Case "to one seven"
ToothSelect = 17
ToothChosen ="1"
Case "to one eight"
ToothSelect = 18
ToothChosen = "0"
Case "to two one"
ToothSelect = 21
ToothChosen = "8"
Case "to two two"
ToothSelect = 22
ToothChosen ="9"
Case "to two three"
ToothSelect = 23
ToothChosen ="a"
Case "to two four"
ToothSelect = 24
ToothChosen ="b"
Case "to two five"
ToothSelect = 25
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ToothChosen = "c"
Case "to two six"
ToothSelect = 26
ToothChosen ="d"
Case "to two seven"
ToothSelect = 27
ToothChosen = "e"
Case "to two eight"
ToothSelect = 28
ToothChosen = "f"
Case "to three one"
ToothSelect = 31
ToothChosen ="8"
Case "to three two"
ToothSelect = 32
ToothChosen = "9"
Case "to three three"
ToothSelect = 33
ToothChosen ="a"
Case "to three four"
ToothSelect = 34
ToothChosen = "b"
Case "to three five"
ToothSelect = 35
ToothChosen = "c"
Case "to three six"
ToothSelect = 36
ToothChosen ="d"
Case "to three seven"
ToothSelect = 37
ToothChosen = "e"
Case "to three eight”
ToothSelect = 38
ToothChosen = "f"
Case "to four one"
ToothSelect = 41
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ToothChosen ="7"
Case "to four two"
ToothSelect = 42
ToothChosen = "6"
Case "to four three"
ToothSelect = 43
ToothChosen = "5"
Case "to four four"
ToothSelect = 44
ToothChosen = "4"
Case "to four five"
ToothSelect = 45
ToothChosen ="3"
Case "to four six"
ToothSelect = 46
ToothChosen ="2"
Case "to four seven"
ToothSelect = 47
ToothChosen ="1"
Case "to four eight"
ToothSelect = 48
ToothChosen = "0"
End Select

If ToothSelect > 0 Then 'Here w e need to figure out the identification of the toot h selected
Beep 1300, 200
Dim TempKeys As String
If ToothCount >= 3 Then
ToothCount = 3

Else
ToothCount =0
End If
ToothQuadrant = ToothSelect / 10
If (ToothQuadrant * 10) > ToothSelect Then ToothQuadrant = ToothQuadrant - 1
ToothNumber = ToothSelect - (10 * ToothQuad rant)
Debug.Print ("ToothSelect " & ToothSelect & " ToothQuadrant " & ToothQuadrant)
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If ToothQuadrant = 4 Then
ToothQuadrant = 3
Elself ToothQuadrant = 3 Then
ToothQuadrant = 4
End If
If ToothQuadrant < 3 Then TempKeys = "{F12
If ToothQuadrant >= 3 Then TempKeys = "M{F1
SendKeys (TempKeys)
ToothSelect =0
End If

' Here we allow for some automatic movement wit
If NumberSaid = True And Mobility = False Then
ToothCount = ToothCount + 1
If ToothCount = 3 Then
SendKeys "MF12}*p"b" ' If we've reac
If (ToothQuadrant = 1) Or (ToothQuadran
If ((ToothQuadrant = 2) Or (ToothQuadra
If ((ToothQuadrant = 2) Or (ToothQuadra
End If
If ToothCount = 6 Then
SendKeys "MF12}"\p"p"
ToothCount =0
' Here we need to now correctly adjust
Select Case ToothQuadrant
Case l
If ToothNumber > 1 Then
ToothNumber = ToothNumber - 1
Else
ToothQuadrant = ToothQuadrant +
End If
Case 2
If ToothNumber < 8 Then
ToothNumber = ToothNumber + 1
Else
ToothQuadrant = (ToothQuadrant
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SendKeys ("MF12}"pNNF12} p™g
End If
Case 3
If ToothNumber > 1 Then
ToothNumber = ToothNumber - 1
Else
ToothQuadrant = ToothQuadrant +
End If
Case 4
If ToothNumber < 8 Then
ToothNumber = ToothNumber + 1
Else
ToothQuadrant = (ToothQuadrant
SendKeys ("MF12}"pruMF12}p"g
End If
End Select
End If
Elself NumberSaid = True And Mobility = True Th
Select Case ToothQuadrant
Casel
If ToothNumber > 1 Then
ToothNumber = ToothNumber - 1
Else
ToothQuadrant = ToothQuadrant +
End If
Case 2
If ToothNumber < 8 Then
ToothNumber = ToothNumber + 1
Else
ToothQuadrant = (ToothQuadrant
End If
Case 3
If ToothNumber > 1 Then
ToothNumber = ToothNumber - 1
Else
ToothQuadrant = ToothQuadrant +
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End If
Case 4
If ToothNumber < 8 Then
ToothNumber = ToothNumber + 1
Else
ToothQuadrant = (ToothQuadrant
End If
End Select
End If

' To aid prototyping

Debug.Print ("Tooth count:; " & ToothCount)
Debug.Print ("Tooth number: " & ToothNumber)
Debug.Print ("Tooth quadrant: " & ToothQuadrant

If Result.Phraselnfo.Grammarld = m_Grammarld Th

' Check to see if the item at the same posi
' same text.
' This is to prevent the rare case that the
" the list is being added or removed. By th
"and handled, the list box may have alread
If oltem.Name = InnerList.List(index) Then
InnerList.Listindex = index
End If
End If
End Sub

Private Sub UserControl_Initialize()
iLevellnResize =0
bSpeechlinitialized = False

End Sub

Private Sub UserControl_Resize()
" When the user control is resized, the inner |

20

+ 1) Mod 4 ' same deal again

)

en
tion in the list still has the
user keeps talking while

e time this event is fired
y changed.

istbox has to be resized



' so that it takes up all the area.
iLevellnResize = iLevellnResize + 1

If iLevellnResize = 1 Then
InnerList.Move 0, 0, Width, Height
\ Height = InnerList.Height
Width = InnerList.Width
End If

iLevellnResize = iLevellnResize - 1
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,AddItem

Public Sub Additem(ByVal Item As String, Optional B yVal index As Variant)
' Since we can't add the same word to the same transition in the grammar,
"we don't allow same string to be added multip le times.

Item = Trim(ltem)

If tem =" Then
Exit Sub
End If

If InnerList.ListCount > 0 Then
Dim i As Integer
Fori=0 To InnerList.ListCount - 1
If StrComp(ltem, InnerList.List(i), vbT extCompare) = 0 Then
Exit Sub
End If
Next
End If

"if it doesn't exist yet, add it to the list
InnerList.Addltem Item, index
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"if speech is enabled, we need to update the g rammar with new changes
If m_SpeechEnabled Then RebuildGrammar
End Sub

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Appearance
Public Property Get Appearance() As Integer
Appearance = InnerList.Appearance
End Property

Public Property Let Appearance(ByVal New_Appearance As Integer)
InnerList.Appearance() = New_Appearance
PropertyChanged "Appearance”

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,BackColor
Public Property Get BackColor() As OLE_COLOR
BackColor = InnerList.BackColor
End Property

Public Property Let BackColor(ByVal New_BackColor A s OLE_COLOR)
InnerList.BackColor() = New_BackColor
PropertyChanged "BackColor"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,CausesValidatio n
Public Property Get CausesValidation() As Boolean
CausesValidation = InnerList.CausesValidation
End Property

Public Property Let CausesValidation(ByVal New_Caus esValidation As Boolean)

InnerList.CausesValidation() = New_CausesValida tion
PropertyChanged "CausesValidation"
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End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,Clear
Public Sub Clear()
InnerList.Clear
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Columns
Public Property Get Columns() As Integer
Columns = InnerList.Columns
End Property

Public Property Let Columns(ByVal New_Columns As In teger)
InnerList.Columns() = New_Columns
PropertyChanged "Columns"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,DataMember
Public Property Get DataMember() As String
DataMember = InnerList.DataMember
End Property

Public Property Let DataMember(ByVal New_DataMember As String)
InnerList.DataMember() = New_DataMember
PropertyChanged "DataMember"

End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,DataSource
Public Property Get DataSource() As DataSource
Set DataSource = InnerList.DataSource
End Property
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Public Property Set DataSource(ByVal New_DataSource As DataSource)
Set InnerList.DataSource = New_DataSource
PropertyChanged "DataSource"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘Mappinglnfo=InnerList,InnerList,-1,Enabled
Public Property Get Enabled() As Boolean
Enabled = InnerList.Enabled
End Property

Public Property Let Enabled(ByVal New_Enabled As Bo olean)
InnerList.Enabled() = New_Enabled
PropertyChanged "Enabled"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,FontUnderline
Public Property Get FontUnderline() As Boolean
FontUnderline = InnerList.FontUnderline
End Property

Public Property Let FontUnderline(ByVal New_FontUnd erline As Boolean)
InnerList.FontUnderline() = New_FontUnderline
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,FontStrikethru
Public Property Get FontStrikethru() As Boolean
FontStrikethru = InnerList.FontStrikethru
End Property

Public Property Let FontStrikethru(ByVal New_FontSt rikethru As Boolean)

InnerList.FontStrikethru() = New_FontStrikethru
End Property

24



'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,FontSize
Public Property Get FontSize() As Single
FontSize = InnerList.FontSize
End Property

Public Property Let FontSize(ByVal New_FontSize As Single)
InnerList.FontSize() = New_FontSize
End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,FontName
Public Property Get FontName() As String
FontName = InnerList.FontName
End Property

Public Property Let FontName(ByVal New_FontName As String)
InnerList.FontName() = New_FontName
End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,Fontltalic
Public Property Get Fontltalic() As Boolean
Fontltalic = InnerList.Fontltalic
End Property

Public Property Let Fontltalic(ByVal New_Fontltalic As Boolean)
InnerList.Fontltalic() = New_Fontltalic
End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,FontBold
Public Property Get FontBold() As Boolean
FontBold = InnerList.FontBold
End Property
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Public Property Let FontBold(ByVal New_FontBold As Boolean)
InnerList.FontBold() = New_FontBold
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Font
Public Property Get Font() As Font
Set Font = InnerList.Font
End Property

Public Property Set Font(ByVal New_Font As Font)
Set InnerList.Font = New_Font
PropertyChanged "Font"

End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,ForeColor
Public Property Get ForeColor() As OLE_COLOR
ForeColor = InnerList.ForeColor
End Property

Public Property Let ForeColor(ByVal New_ForeColor A s OLE_COLOR)
InnerList.ForeColor() = New_ForeColor
PropertyChanged "ForeColor"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,hWnd
Public Property Get hwnd() As Long
hwWnd = InnerList.hWnd
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMIENTED LINES!

'MappingInfo=InnerList,InnerList,-1,IntegralHeight
Public Property Get IntegralHeight() As Boolean
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IntegralHeight = InnerList.IntegralHeight
End Property

Private Sub InnerList_ItemCheck(ltem As Integer)
RaiseEvent ItemCheck(ltem)
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!

‘Mappinglnfo=InnerList,InnerList,-1,ItemData

Public Property Get ItemData(ByVal index As Integer ) As Long
ItemData = InnerList.ltemData(index)

End Property

Public Property Let ltemData(ByVal index As Integer , ByVal New_ItemData As Long)
InnerList.ltemData(index) = New_ItemData
PropertyChanged "ltemData"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Listindex
Public Property Get Listindex() As Integer
Listindex = InnerList.ListIndex
End Property

Public Property Let Listindex(ByVal New_Listindex A s Integer)
InnerList.Listindex() = New_Listindex
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,ListCount
Public Property Get ListCount() As Integer
ListCount = InnerList.ListCount
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMIENTED LINES!
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'MappingInfo=InnerList,InnerList,-1,List

Public Property Get List(ByVal index As Integer) As String
List = InnerList.List(index)

End Property

Public Property Let List(ByVal index As Integer, By Val New_List As String)
InnerList.List(index) = New_List
PropertyChanged "List"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,MousePointer
Public Property Get MousePointer() As Integer
MousePointer = InnerList.MousePointer
End Property

Public Property Let MousePointer(ByVal New_MousePoi nter As Integer)
InnerList.MousePointer() = New_MousePointer
PropertyChanged "MousePointer"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘Mappinglnfo=InnerList,InnerList,-1,Mouselcon
Public Property Get Mouselcon() As Picture
Set Mouselcon = InnerList.Mouselcon
End Property

Public Property Set Mouselcon(ByVal New_Mouselcon A s Picture)
Set InnerList.Mouselcon = New_Mouselcon
PropertyChanged "Mouselcon"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMIENTED LINES!

'MappingInfo=InnerList,InnerList,-1,MultiSelect
Public Property Get MultiSelect() As Integer
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MultiSelect = InnerList.MultiSelect
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'Mappinglnfo=InnerList,InnerList,-1,NewlIndex
Public Property Get NewlIndex() As Integer
Newlndex = InnerList.NewIndex
End Property

Private Sub InnerList_ OLEStartDrag(Data As DataObje ct, AllowedEffects As Long)
RaiseEvent OLEStartDrag(Data, AllowedEffects)
End Sub

Private Sub InnerList_ OLESetData(Data As DataObject , DataFormat As Integer)
RaiseEvent OLESetData(Data, DataFormat)
End Sub

Private Sub InnerList_ OLEGiveFeedback(Effect As Lon g, DefaultCursors As Boolean)
RaiseEvent OLEGiveFeedback(Effect, DefaultCurso rs)
End Sub

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,0LEDropMode
Public Property Get OLEDropMode() As Integer
OLEDropMode = InnerList. OLEDropMode
End Property

Public Property Let OLEDropMode(ByVal New_OLEDropMo de As Integer)
InnerList. OLEDropMode() = New_OLEDropMode
PropertyChanged "OLEDropMode"

End Property

Private Sub InnerList_ OLEDragOver(Data As DataObjec t, Effect As Long, Button As Integer, Shift As Inte
Single, Y As Single, State As Integer)

RaiseEvent OLEDragOver(Data, Effect, Button, Sh ift, X, Y, State)
End Sub
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'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,0LEDragMode
Public Property Get OLEDragMode() As Integer
OLEDragMode = InnerList. OLEDragMode
End Property

Public Property Let OLEDragMode(ByVal New_OLEDragMo de As Integer)
InnerList. OLEDragMode() = New_OLEDragMode
PropertyChanged "OLEDragMode"

End Property

Private Sub InnerList_ OLEDragDrop(Data As DataObjec t, Effect As Long, Button As Integer, Shift As Inte
Single, Y As Single)

RaiseEvent OLEDragDrop(Data, Effect, Button, Sh ift, X, Y)
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1,0LEDrag
Public Sub OLEDrag()
InnerList.OLEDrag
End Sub

Private Sub InnerList_ OLECompleteDrag(Effect As Lon 0)
RaiseEvent OLECompleteDrag(Effect)
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,Removeltem
Public Sub Removeltem(ByVal index As Integer)
InnerList.Removeltem index
If m_SpeechEnabled Then RebuildGrammar
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Refresh
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Public Sub Refresh()
InnerList.Refresh
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'Mappinglnfo=InnerList,InnerList,-1,RightToLeft
Public Property Get RightToLeft() As Boolean
RightToLeft = InnerList.RightToLeft
End Property

Public Property Let RightToLeft(ByVal New_RightToLe ft As Boolean)
InnerList.RightToLeft() = New_RightToLeft
PropertyChanged "RightToLeft"

End Property

Private Sub InnerList_Scroll()
RaiseEvent Scroll
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!

'MappingInfo=InnerList,InnerList,-1,Selected

Public Property Get Selected(ByVal index As Integer ) As Boolean
Selected = InnerList.Selected(index)

End Property

Public Property Let Selected(ByVal index As Integer , ByVal New_Selected As Boolean)
InnerList.Selected(index) = New_Selected
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,SelCount
Public Property Get SelCount() As Integer
SelCount = InnerList.SelCount
End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMIENTED LINES!
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'MappingInfo=InnerList,InnerList,-1,Style

Public Property Get Style() As Integer
Style = InnerList.Style

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'MappingInfo=InnerList,InnerList,-1,Sorted
Public Property Get Sorted() As Boolean
Sorted = InnerList.Sorted
End Property

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘MappingInfo=InnerList,InnerList,-1, Text
Public Property Get text() As String
text = InnerList.text
End Property

Public Property Let text(ByVal New_Text As String)
InnerList.text() = New_Text
PropertyChanged "Text"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘MappingInfo=InnerList,InnerList,-1,ToolTipText
Public Property Get ToolTipText() As String
ToolTipText = InnerList. ToolTipText
End Property

Public Property Let ToolTipText(ByVal New_ToolTipTe xt As String)
InnerList. ToolTipText() = New_ToolTipText
PropertyChanged "ToolTipText"

End Property

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMIENTED LINES!

'MappingInfo=InnerList,InnerList,-1,Toplndex
Public Property Get Topindex() As Integer
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ToplIndex = InnerList. TopIndex
End Property

Public Property Let Topindex(ByVal New_Topindex As Integer)
InnerList. Toplndex() = New_Toplndex
PropertyChanged "ToplIndex"

End Property

Private Sub InnerList_Validate(Cancel As Boolean)
RaiseEvent Validate(Cancel)
End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!
'‘Mappinglnfo=InnerList,InnerList,-1,WhatsThisHelpID
Public Property Get WhatsThisHelpID() As Long
WhatsThisHelpID = InnerList.WhatsThisHelpID
End Property

Public Property Let WhatsThisHelpID(ByVal New_Whats ThisHelpID As Long)
InnerList.WhatsThisHelpID() = New_WhatsThisHelp ID
PropertyChanged "WhatsThisHelpID"

End Property

‘Load property values from storage

Private Sub UserControl_ReadProperties(PropBag As P ropertyBag)
Dim index As Integer
Dim Count As Integer

InnerList.Appearance = PropBag.ReadProperty("Ap pearance", 1)
InnerList.BackColor = PropBag.ReadProperty("Bac kColor", &H80000005)
InnerList.CausesValidation = PropBag.ReadProper ty("CausesValidation", True)
If PropBag.ReadProperty("Columns”, 0) <> 0 Then

InnerList.Columns = PropBag.ReadProperty("C olumns", 0)
End If
InnerList.DataMember = PropBag.ReadProperty("Da taMember", ™)
Set DataSource = PropBag.ReadProperty("DataSour ce", Nothing)
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InnerList.Enabled = PropBag.ReadProperty("Enabl
Set InnerList.Font = PropBag.ReadProperty("Font
InnerList.ForeColor = PropBag.ReadProperty("For

Count = PropBag.ReadProperty("ListCount", 0)
For index =0 To Count - 1
InnerList.ItemData(index) = PropBag.ReadPro
InnerList.List(index) = PropBag.ReadPropert
Next

InnerList.MousePointer = PropBag.ReadProperty("
Set Mouselcon = PropBag.ReadProperty("Mouselcon
InnerList. OLEDropMode = PropBag.ReadProperty("O
InnerList. OLEDragMode = PropBag.ReadProperty("O
InnerList.RightToLeft = PropBag.ReadProperty("R
InnerList.text = PropBag.ReadProperty("Text", "
InnerList. ToolTipText = PropBag.ReadProperty("T
InnerList.Toplndex = PropBag.ReadProperty("Topl
InnerList.WhatsThisHelpID = PropBag.ReadPropert
m_PreCommandsString = PropBag.ReadProperty("PreC
m_PreCommandsStringAlt = PropBag.ReadProperty("P
m_PreCommandsStringOtherAlt = PropBag.ReadProper
Me.SpeechEnabled = PropBag.ReadProperty("Speech
End Sub

'Write property values to storage
Private Sub UserControl_WriteProperties(PropBag As
Dim index As Integer

Call PropBag.WriteProperty("Appearance”, InnerL
Call PropBag.WriteProperty("BackColor", InnerLi
Call PropBag.WriteProperty("CausesValidation”,
Call PropBag.WriteProperty("Columns", InnerList
Call PropBag.WriteProperty("DataMember”, InnerL
Call PropBag.WriteProperty("DataSource”, DataSo
Call PropBag.WriteProperty("Enabled", InnerList
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y("List" & index, ")

MousePointer", 0)
", Nothing)
LEDropMode", 0)
LEDragMode", 0)
ightToLeft", False)

")
oolTipText", ™)
ndex", 0)

y("WhatsThisHelpID", 0)

ommandString”, m_def PreCommandsString)
reCommandsStringAlt", m_def PreCommandStringAlt)
ty("PreCommandStringOtherAlt", m_def PreCommandsStri
Enabled", m_def SpeechEnabled)

PropertyBag)

ist. Appearance, 1)

st.BackColor, &H80000005)
InnerList.CausesValidation, True)
.Columns, 0)

ist. DataMember, ")

urce, Nothing)

.Enabled, True)

ngOtherAlt)



Call PropBag.WriteProperty("Font", InnerList.Fo
Call PropBag.WriteProperty("ForeColor", InnerLi

Call PropBag.WriteProperty("ListCount", InnerLi
For index = 0 To InnerList.ListCount - 1
Call PropBag.WriteProperty("ltemData" & ind
Call PropBag.WriteProperty("List" & index,
Next

Call PropBag.WriteProperty("MousePointer", Inne
Call PropBag.WriteProperty("Mouselcon", Mouselc
Call PropBag.WriteProperty("OLEDropMode", Inner
Call PropBag.WriteProperty("OLEDragMode", Inner
Call PropBag.WriteProperty("RightToLeft", Inner
Call PropBag.WriteProperty("Text", InnerList.te

Call PropBag.WriteProperty("ToolTipText", Inner
Call PropBag.WriteProperty("Toplndex", InnerLis
Call PropBag.WriteProperty("WhatsThisHelpID", |
Call PropBag.WriteProperty("SpeechEnabled”, m_S
Call PropBag.WriteProperty("PreCommandString",
Call PropBag.WriteProperty("PreCommandStringAlt
Call PropBag.WriteProperty("PreCommandStringOth

nt, Ambient.Font)
st.ForeColor, &H80000008)

st.ListCount, 0)

ex, InnerList.ItemData(index), 0)
InnerList.List(index), ")

rList.MousePointer, 0)

on, Nothing)

List. OLEDropMode, 0)

List. OLEDragMode, 0)

List.RightToLeft, False)

xt, ")

List.ToolTipText, ")

t.Topindex, 0)

nnerList. WhatsThisHelpID, 0)

peechEnabled, m_def SpeechEnabled)
m_PreCommandString, m_def PreCommandString)
", m_PreCommandStringAlt, m_def PreCommandStringAlt
erAlt", m_PreCommandStringOtherAlt,

m_def_PreCommandStringOtherAlt)
End Sub

‘WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING CONMENTED LINES!
‘Memberinfo=0,0,0,True
Public Property Get SpeechEnabled() As Boolean
SpeechEnabled = m_SpeechEnabled
End Property

Public Property Let SpeechEnabled(ByVal New_SpeechE
If m_SpeechEnabled <> New_SpeechEnabled Then
m_SpeechEnabled = New_SpeechEnabled

nabled As Boolean)

If Ambient.UserMode Then
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If m_SpeechEnabled = True Then
Call EnableSpeech
Else
Call DisableSpeech
End If
End If

PropertyChanged "SpeechEnabled"
End If
End Property

'Initialize Properties for User Control
Private Sub UserControl_InitProperties()
m_PreCommandsString = m_def PreCommandString

m_PreCommandsStringAlt = m_def PreCommandStringA It
m_PreCommandStringOtherAlt = m_def PreCommandSt ringOtherAlt
Me.SpeechEnabled = m_def SpeechEnabled

End Sub

'WARNING! DO NOT REMOVE OR MODIFY THE FOLLOWING COMENTED LINES!

‘Memberinfo=13,1,0,Select

Public Property Get PreCommandString() As String
PreCommandString = m_PreCommandString

End Property

Public Property Get PreCommandStringAlt() As String
PreCommandString = m_PreCommandStringAlt

End Property

Public Property Get PreCommandStringOtherAlt() As S tring
PreCommandsString = m_PreCommandStringOtherAlt

End Property

Public Property Let PreCommandString(ByVal New_PreC ommandsString As String)
' These properties are not available during run time.
" To support it in run time, you will need to d ynamically rebuild the top
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" level rule when this property changes.

"If a run time attempt is made to change this property, error is raised.
If Ambient.UserMode Then Err.Raise 382
m_PreCommandsString = New_PreCommandString
PropertyChanged "PreCommandString”
End Property
Public Property Let PreCommandsStringAlt(ByVal New_P reCommandsString As String)

If Ambient.UserMode Then Err.Raise 382
m_PreCommandsStringAlt = New_PreCommandString
PropertyChanged "PreCommandStringAlt"
End Property
Public Property Let PreCommandStringOtherAlt(ByVal New_PreCommandString As String)

If Ambient.UserMode Then Err.Raise 382
m_PreCommandStringOtherAlt = New_PreCommandsStri ng
PropertyChanged "PreCommandStringOtherAlt"

End Property
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PerioProbelL istBox.frm

VERSION 5.00

Object = "{917C9C16-D624-4433-A4CA-D327557B2C52}#3.

Begin VB.Form ListInterface

BorderStyle = 1 'Fixed Single

Caption = "Perioprobe control debugger
ClientHeight = 4215

ClientLeft = 45

ClientTop = 330

ClientWidth = 4935

Icon = "PerioProbelListBox.frx":0000
LinkTopic = "Forml"

MaxButton = 0 'False

ScaleHeight = 4215

ScaleWidth = 4935

StartUpPosition = 3 'Windows Default
Begin VB.CommandButton cmdRemove

Caption = "&Remove"
Height = 355

Left = 3700
Tablndex = 3

Top = 3200

Width = 1100

End

Begin VB.CheckBox chkSpeechEnabled

Caption = "Speech &enabled"
Height = 255

Left = 120

Tablndex = 2

Top = 3250

Width = 1695

End

Begin VB.CommandButton cmdAdd
Caption = "&Add"

38

0#0"; "Peroprobe.ocx"



Height = 355

Left = 3700

Tablndex = 6

Top = 3720

Width = 1100

End

Begin VB.TextBox txtNewltem
Height = 315

Left = 1320

Tablndex =5

Text = "occlusal splint"
Top = 3740

Width = 2175

End

Begin PerioProbeSpeechApp.SpeechEngine SpeechLis
Height = 2205

Left = 120

Tablndex =1

Top = 840

Width = 4680

_ExtentX = 8255

_ExtentY = 3889
BeginProperty Font {0BE35203-8F91-11CE-9DE3-0
Name = "MS Sans Serif"
Size = 8.25
Charset =0
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

End

Begin VB.Label Label2

Caption = $"PerioProbelListBox.frx":
Height = 615

Left = 120
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Tablndex =0

Top = 120
Width = 4680
End

Begin VB.Label Labell
Caption = "&Phrase to add:"
Height = 255
Left = 120
Tablndex = 4
Top = 3720
Width = 1035
End

End

Attribute VB_Name = "Listinterface”
Attribute VB_GlobalNameSpace = False
Attribute VB_Creatable = False
Attribute VB_Predeclaredld = True
Attribute VB_Exposed = False

Private Sub Form_Load()

If SpeechListBox.SpeechEnabled Then
chkSpeechEnabled = 1

Else
chkSpeechEnabled = 0

End If

" Use of a Listbox allows dynamic additions dur
" version of the software would use a fixed loo
SpeechListBox.AddItem ("zero")
SpeechListBox.AddIltem ("one")
SpeechListBox.AddItem ("two")
SpeechListBox.Addltem ("three")
SpeechListBox.Addltem (“four")
SpeechListBox.Addltem ("five")
SpeechListBox.Addltem ("six")
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SpeechListBox.Addltem ("seven")
SpeechListBox.AddItem ("ayte")
SpeechListBox.Addltem ("noine")
SpeechListBox.Addltem ("exray")
SpeechListBox.Addltem ("payshent")
SpeechListBox.AddItem ("upper")
SpeechListBox.AddItem ("lower")
SpeechListBox.Addltem ("mobility")
SpeechListBox.Addltem ("palatal”)
SpeechListBox.AddItem ("lingual™)
SpeechListBox.AddItem ("buckle™)
SpeechListBox.Addltem ("pocket")
SpeechListBox.Addltem ("recession”)
SpeechListBox.Addltem (“furcation zero")
SpeechListBox.AddItem (“furcation one")
SpeechListBox.Addltem ("furcation two")
SpeechListBox.AddItem (“furcation three")
SpeechListBox.AddItem ("next")
SpeechListBox.AddItem (“forward")
SpeechListBox.AddItem ("back™)
SpeechListBox.AddItem ("next tooth")
SpeechListBox.Addltem ("last tooth")
SpeechListBox.Addltem ("speech on")
SpeechListBox.Addltem ("speech off")
SpeechListBox.AddIltem ("one one")
SpeechListBox.AddIltem ("one two")
SpeechListBox.AddIltem ("one three")
SpeechListBox.Addltem ("one four")
SpeechListBox.Addltem ("one five")
SpeechListBox.Addltem ("one six")
SpeechListBox.AddIltem ("one seven")
SpeechListBox.AddIltem ("one eight")
SpeechListBox.Addltem ("two one")
SpeechListBox.Addltem ("two two")
SpeechListBox.AddItem ("two three")
SpeechListBox.AddItem ("two four")
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SpeechListBox.AddItem ("two five")
SpeechListBox.Addltem ("two six")
SpeechListBox.Addltem ("two seven")
SpeechListBox.Addltem ("two eight")
SpeechListBox.Addltem ("three one")
SpeechListBox.AddItem ("three two")
SpeechListBox.Addltem ("three three")
SpeechListBox.AddItem ("three four")
SpeechListBox.Addltem (“three five")
SpeechListBox.AddItem ("three six")
SpeechListBox.AddItem ("three seven")
SpeechListBox.AddItem ("three eight")
SpeechListBox.Addltem (“four one")
SpeechListBox.Addltem (“four two")
SpeechListBox.Addltem ("four three")
SpeechListBox.AddItem ("four four")
SpeechListBox.Addltem ("four five")
SpeechListBox.Addltem (“four six")
SpeechListBox.Addltem (“four seven")
SpeechListBox.Addltem ("four eight")
End Sub

Private Sub chkSpeechEnabled_Click()
SpeechListBox.SpeechEnabled = (chkSpeechEnabled
End Sub

Private Sub cmdAdd_Click()
" Add the new item. Internally to SpeechListBox
' of the dynamic grammar used by speech recogni
SpeechListBox.AddItem (txtNewltem)
txtNewltem = ""
End Sub

Private Sub cmdRemove_Click()

' Just remove the current selected item. Same a
' causes a grammar rebuild as well.

42

, this will cause a rebuild
tion engine.

s AddIitem, removing an item



If SpeechListBox.Listindex <> -1 Then
SpeechListBox.Removeltem SpeechListBox.List
End If
End Sub

Private Sub txtNewltem_Change()
' Disallow empty item.
cmdAdd.Enabled = txtNewltem <> ""
End Sub

Private Sub txtNewltem_GotFocus()
" When user focuses on the new item box, make t
' so that return key is same as clicking on Add
cmdAdd.Default = True

End Sub
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