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Preface

Research context and research colleagues

In parallel to being enrolled as a full-time stugjeaading for the degree of Doctor of
Philosophy, at the Australian National UniversigNU), | was employed by the
Commonwealth Scientific and Industrial Researchadigation (CSIRO) in its
Information and Communications Technologies (ICE&ne. | had permission from
my CSIRO ICT Centre Director to use the results iatellectual property from my
work at CSIRO towards my degree and correspondgipgoaal from the ANU to be
enrolled as a full-time doctoral student. The teanvhich | worked came under the
umbrella of a six-year funded project from the therstralian Department of
Communications, Information Technology and the Aart of its “Building on
Information Technology Strengths” Program.

This project, called the Centre for Networking Tealogies for the Information
Economy (CeNTIE), established a gigabit per seaesdarch network across Australia
and developed a range of experiments and demaostegiplications to showcase the
use of broadband Internet under appropriate Quafiyervice regimes (Wilson and
Percival 2002). The project was managed throusgrias of activities and milestones.
The milestones were typically reported as demotistra of completed work to an
appropriate industrial or academic audience. Myntéocused on developing,
deploying and evaluating telehealth applicationsafoange of telehealth situations.

The emphasis of our work was to engage with apjpdicgartners for each of our case
studies. Our case studies, therefore, had a ivat$is real world of application
requirements. Our field trials and evaluationsen@one in real-world contexts,
appropriately constrained to meet the realitieswfworking prototypes. This
application emphasis enabled us to concentratbetethnical issues of developing
and deploying our work and on the human issuesaifworld requirements and access
to actual application participants in our trialslavaluations.

Motivation for this work

Although the projects conducted under CeNTIE fugdiht had strong industrial
linkages, the milestone-based management modeétinour scope for fully reporting

on our work. Two aspects, in particular, were gtadhtely represented. Firstly, the
importance of using a real-world setting to demiatstthe results of any particular
project was not adequately explored or discusSsgtondly, the evaluations of the
projects tended to be primarily at the technicahgrlementation level rather than at the
level of engagement by people who would use théicgtion in their everyday working
environment. The research activity described is tesis, undertaken during the
second 3-year funding phase of CeNTIE, provided@portunity for me to focus on
these two aspects as a core part of my project walkCSIRO.
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Note on gender of participants

In this thesis | have used the term “he or she” emavalents where reference is made
to an abstract person. Where reference is masieettific people | have used the
appropriate gender of the pronoun. For examplplanning for a surgeon to use our
telehealth system | use “he or she”. In refertmgny of the five male surgeons who
took part in our trial | use “he”. This emphasisies individual nature of their
responses to the trial and its evaluation.

Publications arising from this research work

Material from this research work has been publishdtiree conference papers; all
were double-blind reviewed with multiple reviewers:

1. Stevenson, D (2006) Evaluating an In-Vivo Surgibaining Demonstration
over Broadband Interngpresented at the Australasian Computer-Human
Interaction Conference, OZCHI 2006, in Sydney. sTgaper presented an
evaluation of a preliminary case study which exgiothe use of an international
advanced-broadband link to demonstrate a surgiiairng master class
constructed around live 3D video of the surgery.

2. Stevenson, D, J Li, J, Smith and M Hutchins (208&)ollaborative Guidance
Case Studypresented at the Ninth Australasian User Interfaonference,
AUIC 2008, in Wollongong. This paper presentedlaratory study conducted
to assess the way in which our implementation wiate guidance technologies
supported the collaborative tasks identified aseggntative of aspects of
remote examination of child patients.

3. Stevenson, D (2008) Training and Process Changgollaborative Telehealth
Case Studypresented at the Australasian Computer-Humamactien
Conference, OZCHI 2008, in Cairns. This papergmesd observations from
the training sessions conducted for clinical gpaidr to the major telehealth
study of this thesis.

Two journal papers have been written and submitted:

1. Wilson, Stevenson and Cregan Telehealth trialsdvarsced broadband
networks to Telemedicine and e-Health and accepted foligatlon with
revisions.

2. Stevenson, Hutchins and Smith Human-Centred Evaluétr Broadband
Tertiary Outpatient Telehealth: A Case StuityThe International Journal for
Human-Computer Interaction, special issue on evaluan healthcare.
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Abstract

Outpatient consultations form a large part of tealtihcare of patients at tertiary
hospitals, both as a precursor to in-patient treatrand for the management of on-
going health conditions or long-term rehabilitateomd monitoring after treatment.
These outpatient consultations are generally caeduat the hospitals, most often
located in large cities. Patients who live outgligse cities face extensive travel to
attend these consultations, placing a burden angbkres and on their families or
carers. An ability of a tertiary hospital to delnoutpatient consultations in a telehealth
mode to regional or remote locations closer topidgents’ homes would potentially
relieve much of this burden of travel.

Tertiary healthcare is highly complex. It can ilweomultiple clinicians, can require
long time periods for its completion and often ud#s the patients and their families in
the management of the healthcare situation. Oetgatonsultations typically involve
high levels of interpersonal discussion supporteddress to data about the patient.
Telehealth methods of delivering these outpatiensaltations will be very demanding
on the network connection between hospital and tert@behealth nodes. The next
generation of Internet or intranet, often refen@ds “broadband”, will have the
capacity to deliver multiple high-quality, low-laiey video streams and to provide
shared access to large data sets. The prospeasdied of the capabilities of broadband
networks and the needs of tertiary-level telehegitbns the possibility of effective,
tertiary-level outpatient consultations in a tekgtie mode of delivery.

In this thesis | use a case-study-based approaebalaate the development and pilot
trial of a broadband telehealth system in a terjprediatric context. | use the data
from these case studies to explore the way that@ah-centred approach can be used
to evaluate outpatient telehealth trials at adeytievel of healthcare. My results show
that human-centred evaluation for this level oélelalth must take a broad approach;
that the telehealth activities must take placelieadistic setting; that qualitative and
guantitative responses from participants must lbepte@mented by observational data;
that data must be gathered from all the particgaanid that their competence to give
meaningful responses must be recognised and thaiiipte, and possibly differing,
points of view must be taken into account. Finaity results show that the researchers
must take into account the wider clinical and htzmontexts and in particular the
participants’ view of these contexts, when intetipgeevaluation data.

My overall prediction is that telehealth applicasdor tertiary-level outpatient
consultations will have important, transient phasdbeir development, and that a
human-centred evaluation approach is the apprepniay to evaluate telehealth
applications during these phases. These trangsieses are not reported in
conventional telehealth literature but my analgdimy case studies suggests that they
are central to this class of tertiary level teldtiedelivery.
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1 Introduction

1.1 Overview

The research presented in this thesis providegpgrience-based critique of how
human-centred evaluation approaches can be etctiged to evaluate broadband
telehealth applications for tertiary outpatient swltations. A human-centred evaluation
approach focuses on the participants (cliniciamsgatients) as they use the application
for its intended purpose. It captures the pardictp’ responses to the use of the
application. It captures their judgements aboetiiay the application supported them
in what they did and their judgements about theaues. It respects the participants’
experience and points of view and it allows for tiple differing points of view and
differing judgements. It interprets the particitgmesponses in terms of the way they
see the overall context of the application. A horantred evaluation lends itself to
elements of discovery as well as measurementsmpanson or success and is suited
to activities in their early stages of developmespecially where the activities centre
on personal actions rather than mechanical prosedsecontrast, other forms of
evaluation, such as process-centred or outcomeeckavaluation, are generally more
suited to mature systems where the behaviour isuelerstood and the evaluation aim
is one of formal comparisons or measurements afesisc

| used a case-study approach to my research, ichwliollowed the development and
pilot trial of a prototype telehealth system. Téystem was designed to support post-
operative outpatient consultations at the Departrae8urgery, Royal Children’s
Hospital in Melbourne, Australia. The case studvese focused on the evaluation of
different stages of the telehealth system. Théuatians were conducted in a human-
centred manner, and | used their results to refledhe human-centred evaluation
processes themselves.

1.2 Motivation

There is a clear need to make tertiary healthcane mvailable to people who live in
regional, rural and remote areas of countries sischustralia. The motivation for the
specific telehealth system came from a group ajesams at the Royal Children’s
Hospital, Melbourne, who approached the CSIRO thihconcept that it could be
possible to deliver some of their outpatient cotadidins using an appropriately-
designed telehealth system. The hospital in wthelrsurgeons worked was part of the
public health system and its management recogtiisedt had a responsibility to care
for not just the paediatric patients but also Fait whole family. This approach
reflected both the responsibilities associated withlic funding and good clinical
practice, because families play a central role amaging the long-term care and
rehabilitation of children.

Tertiary outpatient consultations have a high lefehteraction amongst the
participants, including:

e Dialogue: between the clinicians and patients,amdngst the clinicians

» Gestures: demonstrating movements and actions, rirating the use of
objects, annotating visual presentations of data sis X-rays

« Examination: of the patient, including visual exaation and having the patient
demonstrate static poses and dynamic movements



» Discussion of patient data: physical data (photolggsaand charts) and digital
data (radiology and stored results of other cliniests)

Implementing a telehealth system to support thisllef clinical and personal
interaction requires access to a high-performaeteark. Broadband networks,
whether providing public Internet access or ace@san organisation’s private intranet,
will be able to meet this level of demand. Manse@rch broadband networks are
providing gigabit-per-second bandwidth, enoughni@ny simultaneous high-quality
video channels and at latencies low enough to stipatural dialogue. In some
countries, broadband networks already reach agegtentage of the population. This
conjunction of telehealth applications which demhbigh network performance and the
progressive roll-out of broadband networks with dgli@lity-of-service characteristics to
support that demand has the potential to satisiignaand for the delivery of tertiary
outpatient services well beyond the bounds of thephal’s host city.

As telehealth moves into more complex areas oftheale, such as those delivered at a
tertiary level, the level of human involvement lire toverall activity increases. Our
telehealth case studies showed that the interachetween the participants in our
telehealth outpatient consultations formed an irigmrpart of the overall clinical
outcomes. This level of interaction was apparétit@beginning of this project, when
the research team observed conventional face-todatpatient consultations conducted
at the hospital. It subsequently became cleare¥auating these human interactions
and responses would be an important part of evaty#te telehealth experience as a
whole. The research direction, of determining l@oluman-centred evaluation
approach could be used to evaluate this clasdetfdalth, emerged from these early
field studies.

There are three main levels of healthcare: prirhagjthcare is delivered locally to
patients by general practitioners and allied healt workers. Secondary healthcare is
delivered at regional hospitals. Tertiary healtbda delivered by specialists working

in tertiary hospitals, which are often centresxafedlence in a particular class of
healthcare such as paediatrics. In Australia ttegs@ry hospitals are usually located in
the major cities. The health situations of thaitignts are typically complex, with long
treatment times. A need to travel regularly tartparticular hospital places burdens on
both the patients and their families or carers.



1.3 Case-study-based approach

The research for this thesis follows the develogmagployment and evaluation of a
prototype telehealth system, spread over a two{yeaod. My aim was to investigate
how a human-centred evaluation approach could pkealpto this overall activity and |
took a case-study-based approach, following a naellogy described in Chapter 3.

These case studies were:

* A preliminary surgical training study using high-quality video streams, live
surgery and an appropriate surgical audience

» Laboratory testing of the major subsystems of the telehealth syst€hmee
laboratory experiments were conducted:

o0 Testing the usability and coverage of the fixedewvidind audio links
between the two telehealth nodes

o Testing user-interface options for the remote guigaechnology

0 Testing the collaborative support aspects of theote guidance
technology

» Training the surgeons and clinical support staff to usesyistem
» Exit-interview and questionnaire-based evaluatiorof the pilot trial

* Observation-based evaluatiorof the pilot trial using video and audio
recordings of each consultation.

Figure 1.1, on page 4, shows the relationships dmtwhese case studies and the
laboratory and hospital contexts.



Preliminary study of surgical master
class between the USA and Austr

Laboratory Hospital

Discussion of
requirements and
observations of clinics
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|
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|
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]

Conclusions and future work

Figure 1.1: Schematic diagram showing the relaticships between the case studies
and the laboratory and hospital contexts



This thesis draws on seven case studies (four steidies and three laboratory studies)

each described in detail in separate chapterscagnsim Table 1.1.

Description of event

Purpose

1. Remote surgical training Explore a multi-participant
March ‘06 demo_nstration I!nking an scengrio combi_n_ing m_ultiple
Operating Room in Stanford teaching modalities, with live
Chapter 4 University (USA) and an surgical video data and a
audience in Sydney (Australia) clinically trained audience
2. Laboratory study between two Explore support for
Feb. ‘07 rooms at the CSIRO ICT communication and awareness
Centre’s site in Canberra from the fixed video/audio links
Chapter 6 between surgeon’s and patient’s
rooms
3. Laboratory study between two | Usability evaluation of remote
March ‘07 rooms at the CSIRO ICT guidance interfaces
Centre’s Canberra site
Chapter 7
4. Laboratory study between two Establish whether the remote
April ‘07 rooms located at the CSIRO ICT| guidance interface supports the
Centre’s Canberra and Sydney | style of collaborative behaviour
Chapter 8 sites. required in our major hospital
study
5. Training sessions for hospital | Conduct an observational study
Aug ‘07 staff using the telehealth system  of the way the hospital staff
installed at Royal Children’s responded to the training
Chapter 10 Hospital, Melbourne sessions
6 Four-week pilot trial of the Evaluate the responses of the
Sept ‘07 telehealth system at the Royal | participants using questionnaire
Children’s Hospital and exit interview data
Chapter 11
7 Four-week pilot trial of the Evaluate the responses of the
Sept ‘07 telehealth system at the Royal participants using video and
Children’s Hospital audio recordings of the
Chapter 12 outpatient consultations

Table 1.1: Events and purpose for the seven cadedies presented in this thesis

Each study was conducted by my former CSIRO colleag@nd me, with differing
levels of involvement in designing and conducting studies. In six of the studies |
took primary responsibility for the evaluationsiie seventh study | shared this task
with another colleague. The first study was aiprielary exploration of a multi-
participant scenario which used a purpose-builtirstieam video link between the

operating room in the USA and the audience in Adlistr The other six studies used an



evolving whole-of-room telecollaborative systenmeimied to support remote outpatient
consultations between a tertiary hospital and sred medical centre.

Descriptions of the case studies

Study 1was a preliminary study to observe the use ofja-quality low-latency video
conferencing approach to presenting a surgicalenatass from the Operating Room
to a remote audience. The actual surgery was e sing a twin-camera
laparoscope (“key-hole” surgery) to give a live @Deo view of the surgical site to

both the surgeon (wearing a virtual reality hegdsed to the remote audience (wearing
polarised glasses). The evaluation addressedthetihse of this novel method of
remotely presenting live surgery and also the divstaicture of the event and the
interactions between the surgeon and audience.

Study 2was a laboratory study to explore the way thedfixeleo and audio links
supported communication and spatial awareness battie surgeon’s room and the
patient’s room. The researchers adapted experahersks used by Gaver and
colleagues (Gaver, Sellen et al. 1993) to inclutielerof-room activities and used adult
non-clinically-trained personnel as the study scigje

Study 3was a usability evaluation, conducted in the labmwy, of three user interface
designs for the remote guidance technology thatimesded in the telehealth system.
This remote guidance technology was intended teh&durgeon in guiding the
assistant, who was located remotely with the patiéirsupported pointing and drawing
over live video from the patient’s room and poigtend drawing directly into the part
of the patient’s room where the assistant examihegbatient. This study used a
special-purpose set of tasks which were intendexdinaic the actions and guidance
during an actual outpatient clinic.

Study 4was an evaluation, conducted in the laboratoryhefway that the remote
guidance system would support collaboration betwkersurgeon and the remotely
located assistant. This study used the same $askd but placed a different emphasis
on the conduct of the tasks and on the task outsome

Study 5 consisted of six one-hour training sessions coteduior clinical staff of the
Royal Children’s Hospital in the week prior to tieéehealth pilot study. Its purpose
was to observe how the clinical staff went aboatriéng to use the telehealth system.

Study 6 was an evaluation of the pilot trial of the telalie system, conducted at the
Royal Children’s Hospital, Melbourne. This studgw on the exit interviews and exit
guestionnaires which all participants in the stugye asked to complete.

Study 7was a complementary observational evaluation@pitot trial, using video
and audio recordings of each of the consultations.



1.4 Structure of this thesis

Chapter 1 presents an overview of my research and the apiprdaave taken to
conduct it. It also contains a summary of the iigsdies presented in this thesis and an
outline of my main results.

Chapter 2 is my literature survey. It presents work donéigemerging field of
broadband telehealth together with work in the nmoature fields of computer science
and conventional telehealth.

Chapter 3 describes the research methodologies used imtris
Chapter 4 presents the preliminary case study in the fiélemote surgical training.

Chapter 5 describes the laboratory study approach usedstive design questions and
to explore the match between implementation andiregpents at the component level.

Chapters 6 to 8present the three laboratory studies conductedgltiie construction
of our telehealth system.

Chapter 9 describes the resulting telehealth system whichwead in the hospital pilot
trial.

Chapter 10 presents the training of the clinical staff in tiee of the system.
Chapters 11 and 12oresent the results of the pilot trial.

Chapter 13 contains reflections on the way the case studiesvahole relate to the
research results.

Chapter 14 presents conclusions and outlines areas for fuvibek.
1.5 Acknowledgement of colleagues’ work

Remote surgical training study

The 3D video software was developed by Chris Gbased on the open source Digital
Video Transport System (DVTS) software (DVTS_Cotisan 2004). The evaluation
questionnaire was developed by me in collaboratiitn colleagues at the Stanford
University Medical Media and Information Technolegi(SUMMIT) laboratory. The
actual demonstration was conducted with help fropmetworking technology
colleagues at the CSIRO and from members of the BUMeam. Two CSIRO
colleagues, Matthew Hutchins and Jocelyn Smithraipd the video cameras in
Sydney. | analysed the video and questionnair@ danhducted follow-up telephone
interviews and wrote the conference paper on wthietreport of this study is based
(Stevenson 2006).

Video and audio communication study

| designed this study, conducted it with JocelyntBmand analysed the data with
assistance from Jocelyn Smith.

User interface and collaborative remote guidance lzoratory studies

Jocelyn Smith designed these two studies, in cotition with Matthew Hutchins and
me. Jocelyn and | conducted the studies with tasgie from Jane Li in Sydney and
Ken Taylor in Canberra. Jocelyn took the primantg iin analysing the user interface
study and | took the primary role in analysing temote guidance study, each with



assistance from the other. |took the primary noleriting a conference paper on the
collaborative remote guidance study (Stevensoet ki. 2008).

Telehealth system training study

Matthew Hutchins and | conducted the training sessfor this study. | performed the
analysis of the video data and wrote the confergaper on which the report of this
study is based (Stevenson 2008).

Telehealth pilot trial

The pilot trial of our telehealth system at the Roghildren’s Hospital was conducted
by Matthew Hutchins, Susan Hansen, Jane Li andwitie advice from Jocelyn Smith.
Jocelyn Smith and | developed the exit interviewsiionnaires as part of our
application for approval to the hospital’'s Humars&ach Ethics Committee. Matthew
Hutchins converted the many hours of video recgsliof the consultations to digital
form and produced an initial description of thehanalysed the exit interview data
(completed questionnaires and interview transgrgusl | summarised and analysed the
video recordings.

1.6 Summary of results

This section summarises the results of my critiojueow human-centred evaluation
approaches can be used for broadband teleheallibatmms for tertiary outpatient
consultations. The components of these resultawrdered and referred to as
supporting evidence emerges from the case studies.

R1 Development of broadband telehealth systenteffibary outpatient care
must account for the high level of human interactiovolved. Scenario
testing of these interactions will require refererio the actual clinical
context of the intended application even thouglessdo clinicians, patients
and patient data may be very restricted duringdeeelopment phase.

R2 Deployment of broadband telehealth system®foaty outpatient care
contains pronounced transient phases which havéeen noted previously
in the literature.

R3 Effective evaluation of these telehealth systenieir early phases is
complex and requires:

R3.1 A human-centred evaluation approach conductedalistic
settings

R3.2 Both quantitative and qualitative responsemfthe
participants, complemented by observational data

R3.3 Data from all participants, with recognitiofthe competence
of those participants to provide such data

R3.4 Recognition of multiple, and possibly diffgripoints of view
amongst the participants

R3.5 Recognition of the wider clinical and hospdahtexts in
designing and evaluating the trials

R3.6 Recognition of the participants’ views of thesntexts in
interpreting their evaluation responses



R4 In longer-term trials of more mature broadbaatéhealth systems for

tertiary outpatient consultations, a hybrid evalioatapproach is
appropriate, with a human-centred approach emplayeadng the transient
phases and a more mechanical performance or outdmased approach for
steady-state operation of the telehealth system.
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2 Literature

2.1 Summary

Broadband telehealth for tertiary healthcare ig@erging field, still largely in the
research domain, and prior work tends to form eesef individual case studies rather
than a mature whole. The field covers a rangeeafthcare activities, including:

» Teaching advanced surgical concepts (for exampégruction from an
operating room to a remotely located audience gjexans)

» Demonstrations of advanced clinical proceduredh siscthose that occur at
international conferences or meetings, where tihgopegiving the
demonstration may be presenting from their homeikedusing their own
patients.

« Mentoring of clinicians by specialists where thimicians are dealing with
patients and the specialists provide guidance wicadaver a telehealth
connection.

» Delivery of specialist expertise, where the spéstialirects the clinical activities
which take place at a remote location.

These activities often have several people at tdehealth system node and are
characterised by high levels of interpersonal compation and by shared access to
data about the patient. The telehealth systemsostipg these activities make use of
the high bandwidth and low latencies of the broadb@etwork connections.

In this literature review, | describe prior worlkathhas informed the design, construction
and pilot evaluation of the telehealth system &f thesis.

This literature review addresses literature fromftsur relevant areas (Broadband
Telehealth, Conventional Telehealth, Human-Compinteraction and Evaluation, and
Computer-Supported Cooperative Work) in separdisesttions, shown in Figure 2.1.

Broadband tertiary telehealth

Broadband / \\‘\ Computer-supported

telehealth (2.2) cooperative work (2.5)

Conventional Human-computer interaction
telehealth (2.3) and evaluation (2.4)

Figure 2.1: Broadband tertiary telehealth and relaed fields of research
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2.2 Broadband telehealth

Work to date in broadband telehealth has geneiralylved tertiary-level healthcare,
either in specialist training for clinicians ornmaking the services of specialist
clinicians available to locations remote from tHeaspital. Primary and secondary
health care have not featured in broadband teléherdssibly because the venues from
which they are delivered do not have access todbwarad networks. At the time of
writing this thesis, broadband networks are typycadsearch networks sponsored by
government or academic consortia and they connauijor hospitals through
academic or government collaborations. Exampleélesfe networks include:

* Internet2 in the United Statesyw.internet2.edy

* The Global Ring Network for Advanced Applicatiddevelopment
(GLORIAD) linking developed countries in the nonthénemisphere
(www.gloriad.org and the Trans-Eurasia Information Network.

* CeNTIE in Australia, funded by the Australian Gavweent
(www.csiro.au/science/CeNTIE.htinl

* Networks in Japan include Japan Gigabit NetworkthAedScience Information
Network 3. Other networks in the Asian region uad the Korea Advanced
Research Network, the China Education and Resé&&thiork and the China
Science and Technology Network, the Hong Kong Aoadeind Research
Network and the Singapore Advanced Research andaidao Network
(Shimizu, Nakashima et al. 2009).

| note here that | am using the term “broadband/oet’ to refer to packet-switched
networks which use the Internet Protocol Suitdhgathan to dedicated digital or
analogue telephone lines.

Open-source software such as DVTS (DVTS_Consor#06%) together with
commodity digital video cameras has enabled affadejdow-latency, high-quality
digital video links between nodes on broadband agts/such as the above.

Live surgery presentations

Early presentations of live laparoscopic surgegetber with two-way
videoconferencing were given in the United Statasng 1998 and 1999 using
Internet2 (Damore, Johnson et al. 1999). Examgleemonstrations with
international reach include a conference presemtati stereoscopic high-definition
video of live surgery (Gwangju_Institute_of Scienaed_Technology 2005), a
teaching presentation of eye surgery between Sorgagnd Japan
(Singapore_National _Eye Centre 2006), live videoawfcer surgery presented from
Korea to the Stanford University School of Eduaat{br Paul Kim 2006, personal
communication), live surgical video between Augirand Singapore (Carati, Shimizu
et al. 2006) and a series of live surgical presemts between Japan and Korea
(Shimizu, Nakashima et al. 2006).

More recently, research and educational networkisinvand between countries in the
Asia-Pacific region have been used extensivelypfesentation of surgical training
(Shimizu, Nakashima et al. 2007; Huang and Shir@8; Shimizu, Nakashima et al.
2009). These authors emphasise the importanceled and audio quality in these
surgical training environments, stating “high qtyainoving images are mandatory for
surgical training and consultation” (Shimizu, Nadkiasa et al. 2006) and emphasising
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the importance of “smoothness of the motion pictaharpness of images and clarity of
sound” (Huang and Shimizu 2008). In their revieap@r on telehealth presentation of
surgery in the Asia-Pacific region, Shimizu andeajues identified 100 case studies
involving thirteen countries between February 2808 June 2007 (Shimizu,
Nakashima et al. 2009). Their discussion focuaegkly on the technical issues of
image and video quality and of broadband connegtivi

Focused clinical teaching over broadband

Dev and colleagues used the California Orthopddasearch Network
(www.internet2.edu/health/archive.hind conduct a state-wide surgical teaching case
study using live video of hand surgery (Dev, Sriaaa et al. 2004). The presentation
was a choreographed surgical lesson, interleaweglurgery with explanations
supported by high-quality 3D anatomical imagese @&hdience interacted by asking
questions and making comments during the evene alithors had designed the
presentation around their vision of integrated rensoirgical instruction and evaluated
the presentation in terms of the opportunitiestogical learning that it created and the
organisational effort involved in staging it.

Dev and colleagues developed a broadband applictticcollaborative study of stereo
dissection images of human cadavers (Dev, Srivagthal. 2006). This application
used a peer-to-peer model, where any of the cating users could take the lead in
exploring the clinical data by controlling the sb@8D pointer. It used high-resolution
stereo paired images and the interactions creedadrhission bursts of typically 70
megabits per second, putting it beyond the capigsilof standard Internet. The
evaluation instruments included “questionnairesywoek traffic measurement tools and
a 5-point perceptual scale to assess user response”

A concept Virtual Reality demonstrator using a sddnaptic virtual environment,
coupled with a high-quality video and audio linkween the participants, was
presented to a conference audience in Australih, twe other node in the USA. It was
evaluated in terms of technical achievements anerins of the responses from a
clinically informed audience (Gunn, Stevenson e2@04; Gunn, Hutchins et al. 2005).
A surgical training application, based on this cggtademonstrator, was presented as a
pilot trial (March 2005, Royal Prince Alfred Hosgiit Sydney) and as a validation trial
(November 2005, Royal Australasian College of Somngeskills training venue,
Melbourne) (Hutchins, Stevenson et al. 2005; OY.edutchins et al. 2008).

Clinical applications over broadband

The “elCU” was designed to provide staff workingaiimospital intensive care unit
(ICU) with remote access to intensive care spestgtp support them in making
decisions about their patients (Celi, Hassan &Qf1), cited in (Wilson 2008). It has
been evaluated for both clinical outcomes (hospitaitality and length of stay) and
economic outcomes (Leong, Sirio et al. 2005), shgvai significant reduction in
mortality rate and reduced hospital costs. Thaastconducted their study in a large
tertiary teaching hospital over the period 1992@601, with a total of 2140 patients
receiving ICU care, 1396 before and 744 after tis¢ailation of the elCU system
(ibid.).

The Arizona telemedicine networknvw.telemedicine.arizona.ejlspans the state of
Arizona, with major nodes in several cities. Thgonnodes are connected by T3 links
(45 megabits per second) with other nodes usinlik& (1.5 megabits per second) and

13



connections over standard Internet and wirelegs liThe network provides a wide
range of clinical services, including regular teggtitine consultations in 17 different
specialties. This is an example of the majoritglofical telemedicine application
environments, which use a mixture of telecommurooatinfrastructure and industry-
standard videoconferencing equipment, and wheradbeinterfaces are not often
tailored for their specific application (Wilson Z8)0

In his survey of technologies for complex and caklicare telemedicine, Wilson noted
that, while a number of telemedicine projects haddressed critical care, “most have
used general-purpose telemedicine systems andacavally been able to support only
limited aspects of the complex process of critgak support” (ibid.). Wilson
summarises the requirements for telemedicine systencritical care environments:

* A level of personal interaction which supports timkque team dynamics of
critical care, and

* Access to data and information which is both timeadg complete, in order to
support decision making (ibid.)

Wilson described a critical care system that wasgted specifically to address these
two requirements, using purpose-designed hardwafeyare and user interfaces. The
Virtual Critical Care Unit (ViCCU) linked the emergcy room of a small hospital

(Blue Mountains Hospital) to the west of Sydneyhwatlarge referral hospital (Nepean
Hospital) in Sydney using a dedicated broadbanaection (ibid.). This system used
multiple near-broadcast-quality video streams togretvith digital transmission of the
patients’ vital signs to allow an emergency camecsist at Nepean to manage the early
care of the patients as soon as they arrived d@ltreeMountains Hospital. This
involved directing the nursing staff and the refaly inexperienced doctors (often
locums at weekends) to manage the patients durafgolden hour” of treatment
immediately after a critical event such as a hattaick, stroke or car accident. The two-
year trial of this project was evaluated at botttip@ant and clinical level (Li, Wilson

et al. 2006; Westbrook, Coiera et al. 2008).

The ECHONET project installed mobile cardiac ultnasd units in the emergency and
intensive care departments of two hospitals in easaa The hardware and software
for this project were purpose-designed. The wmése identical and could be
networked over broadband connections to allow digckgist at one site to direct an
ultrasound investigation of a patient at anothir. sTasmania, with a small population,
may have only one cardiologist on duty within thieole public health system,
especially outside normal working hours. The pbjmplementation addressed both
the social and the technical issues involved wittoducing broadband telehealth
technology into a hospital network. A trial wasxdacted during 2007/2008 (Hansen
2007; Hansen, Robertson et al. 2008).

2.3 Conventional telehealth

Technologies

The field of telehealth has a long history, startivith simple voice communication by
telephone and moving through broadcast and tet@vigichnologies and digital
telecommunication links to Internet-based technel®¢Bashshur 2002). It is a broad
field, covering the remote delivery of health exjgerin many forms. It can be
asynchronous (for example using store-and-forweetrology for remote
interpretation of radiology data) or synchronoubéve interactions between clinicians,
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data and patients happen in real time). In addiioclinical delivery, it can include
teaching, guiding and mentoring of clinicians.

A survey of the “telecommunication revolution iretmedical field” notes that the
future will demand “much more than a rapid exchaoigeformation” (Pande, Patel et
al. 2003). The scenarios they describe are extelydbuilt on real-time interactive
collaboration between the parties involved. Roasercolleagues, in their survey of
tele-mentoring and tele-proctoring, observe thalefhedicine is poised to make a large
positive impact on healthcare delivery” (Rosserf@ et al. 2001). They note that
most of the current applications of telemedicine lzased on teleconferencing
capabilities augmented by transmission of stillgesand that the video is “not of full
motion quality”, an observation that was still @nt during this telehealth pilot trial.

Broadband connectivity has the capacity to overctiradechnical limitations of
conventional telehealth systems identified by thesgbors. Higher bandwidth will
support full motion video. Integrating multiplew latency video streams with
application data will support the communicatioratsgd and activity awareness needed
for “real-time interactive collaboration betweere tharties” (Pande, Patel et al. 2003).

Organisational issues

Telemedicine in general is located in an orgarosati context which influences its
overall take-up in the wider community. In manyotries, medical practitioners are
licensed on a regional or state basis. Rossecallehgues raised this issue in the
context of the USA, where licensing is done onaéesby-state basis, and described
additional measures that were needed to permihtzlecine activities to cross state
boundaries (Rosser, Gabriel et al. 2001). Sinyilanl Australia medical practitioners
are registered by state. Examples of confininghtedlth to state boundaries are the
widespread use of tele-psychiatry in South Austrahd the South West Alliance of
Rural Health initiative within Victoriayww.swarh.com.au

The South Australian example shows the strong presf organisational limitations.
The population distribution is highly skewed towstte state capital, Adelaide. In
February 2006, when | visited the main public pssttit hospital in Adelaide, there
were no psychiatrists working in the public sectotside that city. The health sector’s
response was to establish a tele-psychiatry netwsirlg the videoconferencing
facilities present in the state’s health systemoviged that the patient could
comfortably sit and talk at a videoconference facibcated at one of the many rural
and regional clinics, all initial psychiatric cotisions outside Adelaide were
conducted over the videoconference network.

A second organisational issue is that of paymehererhealth funding requires
personal attendance of the healthcare provideAubtralia many telehealth initiatives
occur within the public hospital sector which does operate on a fee-for-service
model and, therefore, is not constrained to faekte delivery of health services.
Apart from a small set of exceptions, Medicare,thBonal health insurance system
(www.medicare.com.gudoes not have government approval to reimbwesddr-
service telehealth activities.

A third issue, also raised by Rosser and colleajbas), is that of medico-legal
responsibility for the patient on the part of thedl and remote clinicians. Some
clinicians are unwilling to rely solely on a telglté intervention to discharge their duty
of care for the patient while telehealth activitiemain in the research field. In the trial
of remote echocardiology (ECHONET), described inti®a 2.2, some physicians felt
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that their duty of care to their patients requitleein to follow up a remote consultation
with a face-to-face consultation (Dr Laurie Wilsqers. comm.)

Additional issues of coordinating the patient daeéwveen the local and remote nodes of
a telehealth implementation include schedulinggmaitappointments, shared access to
patient medical records and continuity of caretligr patient. Examples of trials
reported in the literature show that explicit effeas required to deal with these issues
(Boulanger, Kearney et al. 2001).

2.4 Evaluating human-computer interaction

There are many ways to evaluate human-computeactien. Boehm-Davis, in her
article reviewing the developments in Human Complrteraction for the 50
Anniversary issue of the journal “Human Factorsiys

Over almost 30 years, human factors researcheesdaluated innumerable
systems, comparing human performance using a ‘eggtem with performance
using an ‘old’ system. (Boehm-Davis 2008).

Many human-computer interaction evaluations hawptatl a hypothesis-testing
approach to the comparison task described by Bdeaws in the quote above. This is
a standard approach in psychology and medicinenul hypothesis” is assumed,
namely that there is no difference between the *rad ‘old’ systems. A random
sample of the user population is taken and thestygtems are used to perform identical
tasks. Comparative statistics on the performantdse two systems are gathered and,
using appropriately matched statistical modeldestants are made about the
probability of the particular outcomes that werserved given the null hypothesis. If
these probabilities are below a threshold, it isobaded that the observed differences
between the new and old systems did not occur Bgaand the null hypothesis is
rejected.

When conducting a comparison-based evaluation\adrazkd Information and
Communication Technologies applications, we arenegessarily able to identify
matching performance measures for the “new” and™systems because the “new”
system may be radically different in structure frtora “old” system. In these cases it is
reasonable to compare the outcomes of each syatbar than the performance of
components within each system.

The following example of comparing two methods wfgscal training is a case in point.
The two methods were markedly different and thezeeswno meaningful comparable
training measures. The outcomes, however, werdigddly comparable, being the
performance the trainees demonstrated in the opgnatom. A virtual-reality training
simulator for laparoscopic surgery was developddclwvallowed the trainees to
practice a procedure as often as they neededtheyilcould repeat the procedure a
given number of times with no errors (Seymour, &gler et al. 2002). The
corresponding “old” method was for the traineesliserve and assist while senior
surgeons operated on live patients, with theimiegy phases limited by the broader
context of the operating room and by the numbegradients with that condition. To
evaluate this “new” system two groups of traineesearecruited: one group was trained
on the simulator and the other received conventioparating-room training. Each of
the trainees was then asked to perform the proeemtluan actual patient and their
performance was rated on pre-defined surgicalr@iteComparisons were then made
between the ratings of the members of each grodphenappropriate statistics used to
reject the null hypothesis (ibid.)
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Evaluations of humans interacting with computereldlasystems do not, however, need
to be comparative. This second example concewirsual-reality training simulator
which was developed for teaching the surgical apgitdo dissecting the temporal bone
(O'Leary, Hutchins et al. 2008). The temporal bsitebehind the ear and houses the
organs of hearing, which are easily damaged dwumgery and knowledge of the
correct surgical approach is essential to avoidiunth damage. The approach involves
finding anatomical landmarks in sequence as the odrilled away. The “new”
virtual-reality training system allowed the traisde repeat the dissection as often as
needed and to use a number of different cadavéredepatient-data sets. It was
decoupled from the skills acquisition task of aately drilling the bone under a
surgical microscope. The “old” system requirediatdrilling of scarce and expensive
cadaver samples as the learning method, with nortyomty to backtrack and repeat
any step. In a trial of this system a cohort gfystal trainees, with no prior experience
in the particular surgical procedure, was trainedh® virtual-reality simulator. Each
was then asked to demonstrate the procedure otea@aand their performance was
rated on pre-defined surgical criteria. The outearhthis trial was a statement of the
training transfer from the virtual-reality traingrthe dissecting table, expressed in
terms of counts of anatomical landmarks found gusece and counts of specific steps
in the procedure performed correctly. An exit disesaire gathered responses from
the trainees about the acceptability of specifpeats of their experience using the
virtual-reality trainer.

2.5 Evaluating telehealth systems

Evaluation approaches vary across reported telsheade studies but they generally
combine clinical outcomes and patient satisfactiblany were essentially pilot studies
intended to explore whether or not a particulaehehlth idea would work in practice.
These often had to deal with sceptical clinicatipgrants as well as volunteer patient
participants and the case study by Boulanger alelagues is an example (Boulanger,
Kearney et al. 2001). They saw 19 patients foostdischarge follow-up after hospital
treatment for trauma (gunshot wounds, blunt trauova) 22 appointments. Their
paper presents the average duration of consultatidriists examination instruments
and imagery used. In 15 appointments there wdsrtiter follow-up. The other seven
appointments generated referrals to further telecmeslfollow-up or other face-to-face
treatment. One author performed 20 of the 22 tethome assessments and
acknowledged that this produced a “biased assessshphysician satisfaction” with
much prior “scepticism as to the use of this nestt®logy” amongst his colleagues.
The exit interviews with the patients showed higbels of satisfaction. In particular,

all patients gave the maximum positive rating ® dlssertion that “Telemedicine makes
it easier to get medical care” and several saitittiey would not have made the effort
to travel the long distance back to the hospitatmetihey had been treated to attend this
follow-up appointment.

A second example concerns delivery of Cognitivea@®&bur Therapy (CBT) to rural

and remote mental health clients (Griffiths, Blighaet al. 2006). A psychologist based
in a regional city conducted between six and e@gnitive Behaviour Therapy
sessions with each of 15 mental health clientsgugivideoconference system, with the
clients’ case managers present at the remote dgang a standard Mental Health
Inventory they found significant improvement inithgients’ scores before and after
the treatment. The clients and case managersttaezkperience as “average” to
“much better than average” on a five-point scdlbe authors noted that their study
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“demonstrated that it was possible to deliver CBA wdeoconference” for this range of
patients but that, in the absence of a controlgrthey could not quantify the
improvement. They noted that the case manageradtathd any prior experience with
videoconferencing (and by implication, though tld&y not say so, no experience with
telehealth) and they conducted a single trainirsgise for each case manager prior to
this trial. They did not describe any prior telalle experience on the part of the
psychologist. The PC-based videoconferencing systeed 128 kilobits/second
telephone lines and this low bandwidth causeditgnstielay in speech and
movement”.

In his review of telemedicine and health care, Bashdiscussed systemic
organisational barriers to traditional evaluatioetihods for a deployed technology
(Bashshur 2002). He noted that “many projects teeen funded for the short term”
and have “incomplete or nonexistent plans for ltgrga sustainability”. This lack of
mature telemedicine programs prevents “adequate&efiitive cost-benefit analysis,
particularly in terms of health outcomes, patieotr® costs and total costs”. He
continued this discussion in a paper on telemeediewaluation (Bashshur, Shannon et
al. 2005) where he looked at public policy on irweent in telemedicine programs,
noting that it should be based on “scientific evicke of their benefits and costs as
compared with alternatives”.

Pawson and Tilley noted in their book on evaluathoat program evaluation of large-
scale, publicly funded interventions is very diffic(Pawson and Tilley 1997) and that
accumulation of results across studies is diffibeitause each study typically has its
own foundations, assumptions and methodologiesnigad incompatible descriptions
of outcomes. They also noted that the high-legporting typical of such program
evaluations tends to mask the underlying mechanisiwsg the phenomena being
evaluated and that knowledge of these mechansoften the key to successful
replication of the program elsewhere.

Klecun-Dabrowska and Cornford addressed the rofmibfic policy in the emergence
of telehealth using the United Kingdom as theirecstsidy (Klecun-Dabrowska and
Cornford 2000). They observed that policy docursaet the context for the
development of new technologies, such as thosdvedan telehealth, and that these
policies provided the framework in which telehealibuld be judged a success or a
failure. As an example, if “policy emphasises@éncy and cost-cutting, services that
do not contribute to these goals, even if offeanigetter service for the population, may
be deemed as failures” (ibid.). This is an impatr{aoint to keep in mind when
considering the cost-benefit analyses that Bashahdicolleagues advocated (Bashshur
2002; Bashshur, Shannon et al. 2005) because theme of a cost-benefit analysis
depends entirely on the values that are allocatd¢ldase costs and benefits.

In medical informatics the gold standard for evahrais the randomised controlled
trial (Friedman and Wyatt 1997). This standard ioaieed be applied to health
situations that have a heavy use of Information@achmunications Technologies. An
example from the use of simulation technologiesstogical skills training, described in
Section 2.4.1 above, illustrates this point (Seym@allagher et al. 2002). In this
study, 16 trainee surgeons were divided into twaugs which were controlled for
potentially confounding factors. One group recdiggandard laparoscopic training for
a basic procedure and the other group receivedaiantbased training for the same
procedure. In a double-blind trial in the opergtinom, the simulator-trained group
outperformed the control group in all aspects efalialuation of their surgery. The
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study produced results strong enough to alterttitede of the peak surgical body for
the USA towards simulator-based training (Gallagh@&rkshop presentation, Royal
Australasian College of Surgeons Annual Scien@imgress, Brisbane, 2004)

In one review of the methodology of telemedicinalaations the authors said that “the
focus of the evaluation is on the patients’ hesi#tus” and they advocated that these
trials should be conducted in a randomized comdathanner comparing conventional
and tele-treatment (Huis in 't Veld, van Dijk et2006). However, as MacFarlane and
colleagues had earlier pointed out, a randomisattalted trial “can determine only
whether an intervention works according to predsfiariteria. It cannot explain why
or how an intervention succeeds or fails”. Theyuad for the benefits of a qualitative
approach to telemedicine research (MacFarlanejdgaret al. 2002). They studied
telehealth consultations between primary and seargritealth providers by
interviewing 15 hospital specialists, 24 generakfitioners and 30 patients and by
recording 60 tele-consultations. Their results stebthat the participants (specialists,
general practitioners and patients) had “diffeprceptions of the same tele-
consultations” which in turn were different frormetperceptions formed by the
researchers conducting the evaluation. They fdbatdsome groups thought a
consultation went well but others thought it weat-so-well. Awareness of this
difference only emerged during the data collection.

Nelson and Palsbo discussed the issue of “diagnegtiivalence” studies in
telemedicine using data from five specialty teldtieclinics (Nelson and Palsbo 2006).
The issue here was whether the clinicians weretabigake a correct diagnosis of a
patient’s condition using telehealth systems. aimors focused on issues of study
design, patient and clinician involvement, measu@enssues and the role of the
“presenter” (the person presenting the patieni¢odistant clinician). Their model of
telemedicine was one of outreach to “underservgulijations who would otherwise not
receive specialty medical services”. They looketha initial diagnostic stage of the
patient engaging with the health system, i.e. atstiart of the patient’s health trajectory
(Corbin 1998).

Smith and colleagues presented a study which cadmhagnostic outcomes between
telehealth and face-to-face consultations (Smithywibwaite et al. 2008) in paediatric
otolaryngology. A total of 68 patients receivediritial diagnostic consultation with a
telehealth system (videoconference plus spectistera for ear, nose and throat
examination) followed some time later by a secarnldeixamination at the hospital.
They mentioned in passing that “outcomes, inclughatient satisfaction ... are all
substantially improved with the use of telemeditimet their primary focus was on the
agreement between the diagnoses arising from ihe gfaconsultations, which in their
case was high.

The work presented in this thesis is located muctinér along the patient’s health
trajectory than those of Nelson and Palsbo or Samthcolleagues. Patient data are
already present and the telehealth event can dnasxisting patient-clinician
relationships. Nelson and Palsbo made an intagestiservation about the role of the
“presenters” (their term for the assistants locaggdotely with the patients) who
“needed to be socialized to the rationale for gyrn@search design in order to encourage
strict adherence to the protocol” and they notedrésulting difficulty of using real-life
presenters in their research. They also wonderedhgr the clinician and patient could
develop sufficient rapport during the telehealtbssen to adequately complete the
diagnostic interview.
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By contrast, in the hospital pilot trial descridadhis thesis the consultations occurred
in the context of an existing relationship betwdsnsurgeon and patient/family. The
research design was for the consultation to prooaadrally and appropriately for the
particular patient’s situation. The role of thegenters (i.e. clinic assistants) was to
look after the best interests of the patients atingrto their own professional
judgement and the research was based on obsertiaigthey actually did. Smith and
co-authors do not discuss the interactions betwleegpecialist and remotely located
patient, family and assistant other than to no&t tite specialist could “undertake a
complete patient history and ask specific questcngng the videoconference
appointment”.

2.6 Computer supported cooperative work

2.6.1 Media Spaces — video based telecollaboration

Telehealth systems that link clinicians and pasiefit video and audio streams can be
regarded as “media spaces”. The concept of a nspdiee, linking separately located
groups of people using real-time video and audmroonications, arose from “a
concern for both the social and technical practafellaborative work” (Bly, Harrison
et al. 1993) and it is this concern for both theiaoand technical practices that makes a
media-spaces approach relevant as the basis idirgua broadband telehealth system.
Mackay cites the first use of the term “media spégeR Stultz and colleagues at
Xerox PARC in 1986 (MacKay 1999). The conceptsented in this media spaces
work are directly applicable to broadband telelrefdt tertiary outpatient consultations
because the underlying face-to-face model for tkessultations is a room-based
model.

The original intention of the Xerox Media Space wasupport “informal types of
communications that occur in hallways and commeasirand an important design
feature was that “the [video and audio] connectwage always there” (MacKay 1999).
They linked people who already knew each othertheg were intended for long-term
use. Behaviour and ways of using them developed time, evolving through the “use
of the link rather than throughpriori ... design” (ibid.). Examples include a 30-node
audio and video network within a large R&D netwasélled “CRUISER” (Fish, Kraut
et al. 1992; Fish, Kraut et al. 1993), the “RAVHU®0 environment at EuroPARC
(Gaver, Moran et al. 1992), the “Portholes” sysar®ARC and EuroPARC (Dourish
and Bly 1992) and a system which connected collesitpcated in two American cities,
Portland (Oregon) and Palo Alto (California) (BHarrison et al. 1993). Long-term
studies looked at office-to-office connections (&dhnd Henderson 1994; Dourish,
Adler et al. 1996).

Other media spaces researchers used short-terrasstacexplore the way a media
space environment might be used for more activialootation over a specific task.
Gaver argued that the “affordances” of the video amdio technology should be
studied to “complement ... analyses which emphasize&bkand cultural influences”
(Gaver 1992). He and colleagues conducted a sthdsh explored these affordances
using what they called a Multiple Target Video syst in which users could switch the
displayed view from multiple cameras located inrr@ote site (Gaver, Sellen et al.
1993). The study involved participants who wer@ated in each of two rooms linked
as a media space and who undertook two collaberapatial-awareness tasks (“room
drawing” and “furniture placement”). Subsequelitigse tasks were extended (Heath,
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Luff et al. 1995; Heath, Luff et al. 2001) in aissrof Multiple Target Video
experiments.

Gaver and co-authors (Gaver, Sellen et al. 1998 med that a single face-to-face or
close-up view is not enough to support a collateeaask. They concluded that there
is a need for an overview of the people involvéehveing the context of the task being
performed, and also for a detailed-view of the fiéstif. In this paper they drew on
their observations of participants working on skhagperimental tasks to conclude that
the multiple views from one room into the other gavdiscontinuous representation of
the space in the room being viewed. They were gvew working with two limiting
factors:

* Even though they had more than one video cametalegt in the remote room,
hardware and space limitations meant that they weleable to view one
image at a time on their video monitor in the meam. This meant that the
viewing direction onto the monitor in the near rodid not represent the camera
direction of video cameras in the remote room.

* They were fitting their video cameras and monitots already crowded office
spaces and so did not have the options of mat¢hangiewports of the cameras
to meaningful directions of viewing from within tie¢gher room.

In constructing our telehealth application we, toancluded that we would need
multiple views of the spaces and multiple viewsha&f data and workspace from the
patient’s room. Because we were designing thatfueafor an empty room, we did not
have the constraints of fitting multiple cameras ialready crowded office spaces. We
were able to reduce the level of spatial discorityray aligning our close-up displays
with room overview display. In addition we instlmultiple viewing monitors which
were always turned on. This removed the tempasabdtinuity seen in their
installation with its single main monitor and videwitch.

Gaver and co-authors (ibid.) made another observd#ltiat highlights a difference
between a laboratory media spaces experiment witmteer participants and a real-
world media spaces application being used in iisehcontext. They note that their
laboratory participants “rarely used the face-tocefaiews” and that “even more rarely
were they truly ‘face-to-face’ with both membemnaltaneously using the face-to-face
views (about 2% [of the overall time])”. In ourdpotal trials, the interpersonal
relationships between surgeon and patient/famitiytae dialogue concerning past
experience and future expectations dominated thgatant consultations, as was seen
in extensive use of the close-up video links thigperted face-to-face dialogue.

Shared access to actions, artefacts and frames @&ference

Heath, Luff and colleagues published a sequenpapérs on laboratory media spaces
experiments (Heath, Luff et al. 1995; Heath, Lufak 2001; Luff, Heath et al. 2003).

In the 2003 paper they focus on strategies forimgalith what they refer to as
“fractured ecologies”. These strategies were éeinto support mutual understanding
amongst participants in the media space as theypgot whatever tasks they have been
assigned. They include support for the following:

* The ability to determine the location, orientateomd frame of reference of
others

* Determining their standpoint with regard to othartjgipants
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* The ability to discriminate the actions of othetisen these actions involve shifts
in orientation and reference to the space

» Reference to objects and features of the spacevayahat coordinates with the
real-time actions of others

» Provision of a stable constellation of relevanteahs, artifacts and scenes within
the spaces (Luff, Heath et al. 2003)

Robertson, in her paper on the “public availabitifyactions and artefacts”, approached
the problem from the “perspective of technologyigi®s(Robertson 2002). She began
with a quote from an earlier paper by Moran and &sdn which noted that “people

deal with a complex environment byt attendingo most of it most of the time”

(Moran and Anderson 1990) and then quoted from @ach whose premise was that,
for participants in a particular situation, thearpeptions of phenomena are related to “a
publicly available, collaboratively organised wodflartefacts and actions” and that the
significance of these artefacts and actions andntiehods by which their significance

is conveyed” are directly related to the specificuamstances of the situation (Suchman
1987).

Robertson explained that, for participants to baravwf something in a collaborative
process, it must be “publicly available to themtdhis availability depends on the
“perceivability” of the artefact or action. Shether explained that this depends on the
way that the significance of the artefact or act®oonveyed in practice and that this
significance differs for different people involvedthe situation.

This concept is important for telehealth delivefyotpatient consultations, where there
are multiple participants, each with their own pafiview and their own understanding
of the situation. Two examples from our hospitall illustrate this point:

* When surgeons (remotely located with respect tgp#tients and families) and
clinic assistants (located with the patients) wetamining patients we often
saw a rapid exchange of questions, instructionsoésdrvations couched in
formal medical Latin, describing attributes of jhimts, muscles and tendons.
Although both clinicians and parents had accessed@ame data (spoken words,
voice tones, video images) the significance vari€d.the clinicians, these
actions, observations and video views of the pttibad significance in terms of
their mental model of the patients’ internal anat@and of the patients’ surgical
histories. To the parents, these actions signthedorocess of gathering data
about their children’s conditions which supportieeéit confidence in later
discussion between them and the surgeons.

* One examination focused on the externally visildstpre and gait of the child
and the surgeon explicitly included the parenthendiscussion during the
examination by using lay terminology. In this exde) the situation gave
public access (i.e. for all participants) to théadls of the patient examination
and the surgeon, assistant and parents discusseddmination and
conclusions together.

Robertson emphasized that if participants in a ecatpve endeavour are to own the
process of structuring the interaction then thesdn® be aware of what other people
are doing, and of the artifacts in the workspa8he said that designers of collaborative
systems should “explicitly and deliberately” suggbis awareness (Robertson 2002).
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An observational case study of medical team megtwogducted between two hospitals
highlighted these issues, observing the satellédioal team’s frustration with the
single video link that prevented them seeing bbéhgeople present and the clinical
artefacts under discussion at the major hospitahékand Luz 2006). Kraut and co-
authors emphasised the importance of participdrista sites having a shared view of
the task space. They conducted experiments usitaporative remote repair of
machinery as the experimental task and concludsd‘th shared visual space is
essential for collaborative repair because it fiatéds situational awareness and
conversational grounding” (Kraut, Fussell et al02pD

Space and place

Harrison and Dourish discussed the difference batweBlace” and “Space” in
collaborative systems and their roles in collabweasystem design (Harrison and
Dourish 1996) and revisited the issue a decade(ataurish 2006). In a media spaces
context, “Space” is the sum of the physical roomd the spatial metaphors (“... desks,
offices, hallways...”) created by the placement adialvisual equipment or
implemented by software. “Place” is the sum ofltital understandings about
behaviour and action” associated with the Spacayal agreement among the
participants.

Both concepts are important in designing a medi@eap application such as our
telehealth system. The space needs to be abtedonanodate:

* The physical requirements of the participants: glamare a large turning
circle for wheelchair patients, room for an extehéemily to be present during
the consultation, room to complete an active exatron of the patient

* The logical spatial requirements relating to plaeetrof the representation of
the remotely located surgeon within the patiera@nn.

The sense of “place” for our telehealth systemiitd@ much from the sense of “place”
for the hospital itself. For example, there wasttwiity of the outpatient appointment
process where the patients were re-directed tdi@npaeception centre close to where
we conducted the trial, and from where we calldiepts in the normal manner. We
researchers modelled our dress and behaviour oobs@rvations of clinic observers —
conservative formal dress, hospital security IDanmyard, sitting back in the clinic and
leaving the action to the clinicians — so that Wed a clinic observer role with which
the patients were familiar.

Privacy

Notions of privacy in a media spaces setting anleell with those of “place”. Bellotti
and Sellen discussed designing for privacy, incigdieing aware that you are on-
camera and being aware of the people at the resiteterho are off-camera (Bellotti
and Sellen 1993). Boyle and Greenberg presengemeral vocabulary for talking
about privacy in terms of the aspects that a pemsight wish to control in a media
space situation. They discussed three basic eksméprivacy: how a person regulates
their social interactions, how a person managesrstiaccess to information about
themselves and how they comport themselves sahtbgtmatch the norms for the
particular social situation (Boyle and Greenber@®0 Palen and Dourish presented
the issue of privacy in terms of “the continual ragement of boundaries between
different spheres of action and degrees of disctogithin those spheres” (Palen and
Dourish 2003).
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Dourish and Anderson drew attention to the “soaral cultural practices that lie
beneath technical specifications of privacy andisg¢ (Dourish and Anderson 2006).
The social and cultural practices are well establisfor outpatient consultations in any
particular cultural setting, covering physical egpie of one’s body as well as personal
exposure of data about oneself. In the relatiheiypnogenous setting of our hospital
trial, where both patient and surgeon were actualthe same hospital building, this
may not be an issue. In situations where the ¢aligh delivery crosses cultural
boundaries, as it already does in the emergingagjletvironment, it is important to pay
attention to the local “social and cultural praesitrelating to privacy at both ends of
the telehealth link.

Video-based remote guidance

Video-based remote guidance forms an importantgdatir telehealth system, both in
terms of remote guidance of physical actions @mditbn to objects in the actual space,
and in terms of remotely guiding people to payrdite to and understand abstract
information such as diagrams, photographs and X:r&arly work in this area was
done by Ishii and colleagues with the “Teamworkstétsystem (Ishii and Miyake
1991) and “Clearboard” (Ishii and Kobayashi 1992hg a shared drawing surface and
face-to-face eye contact, and by Kuzuoka and aglies with “Sharedview” (Kuzuoka
1992), using an approach of manipulating objectsworkspace.

Kuzuoka and colleagues extended their work to coasé series of remote guidance
systems: GestureCam (Kuzuoka, Kosuge et al. 1@=btureLaser and GesturelLaser
Car (Yamazaki, Yamazaki et al. 1999) and Gesture(fazuoka, Oyama et al. 2000;
Heath, Luff et al. 2001). These systems involadate control of steerable cameras,
remote control of the direction of laser pointengl an the case of GestureMan, laser
pointers and cameras mounted on a mobile remoteliralled robot. The experiments
raised issues of the public availability of artééashared frames of reference and
mutual understanding of each other’s viewpointeséhissues are similar to issues
raised in the context of media spaces as descabede.

A patrticular issue that these papers discuss iditfieulty of remote shared access to
the reflected dot of a laser pointer. The domsl relatively low in intensity due to
eye safety requirements and, as the laser travarsesne, the dot appears to local
observers to have discontinuous motion due to #lien@nsional nature of the objects
in the scene that would reflect it. These issueseawhen we constructed our laser-
based guidance subsystem. We had the advantagasdr system which could sustain
a drawing mode, so that we were able to draw veptaphics-based shapes, such as a
circle with cross-hairs in it to represent a cuysmd we defocused the beam to give a
broader patch of colour on the target. We alstiicésd our studies to a contained
workspace which reduced the opportunities for thesor” to disappear.

Kuzuoka and colleagues, in their paper on Gesture@aeshadowed the importance
of including face-to-face communication betweertipgrants in an application of
remote guidance (Kuzuoka, Kosuge et al. 1994).yTised as an example an industrial
setting with an expensive digitally controlled nm§ machine. The remotely located
instructor and local operator needed to be sueaol others’ understanding of the
instructions before going ahead with them becausebnsequences of a
misunderstanding could be expensive. The authecsissed the concept of a
sympathetic interface:

24



In the case of remote instruction, if operators andnstructor can feel sympathy
with each other, operators will listen to an instan's instructions carefully and
they will be able to ask questions frankly; therefan instructor will be able to
give instructions more efficiently (ibid.)

They proposed that a face-to-face link betweenaipeand instructor would enhance
this feeling of sympathy between the two.

This contrasts with observations by Gaver and aglies (Gaver, Sellen et al. 1993),
noted earlier in this section, that the particiganttheir experiments made minimal use
of the face-to-face views. This observation adpghlights the difference between
participants performing an experimental task teasolated from their real-world
activities and participants working in the conteka real-world application task.

Various technologies have been used to supponiigebased remote guidance. The
DOVE system (Ou, Fussell et al. 2003) used drawwey live video of the task space.
Bauer and colleagues presented a head-mounteadylisfith attached camera, with
pointing gestures from the “expert” being displayedhe “worker” via the display
(Bauer, Kortuem et al. 1999). The “Sharedview'tegshad a similar head-mounted
camera and display (Kuzuoka, Kosuge et al. 1984irata and colleagues presented a
shoulder-worn camera and laser system (Kurata,t&akal. 2004) worn by a “field
worker”. A remote expert could pan and tilt thenema and the laser pointer. A feature
of this system was that the expert’s pointing gest@appeared in the workspace of the
“field worker”. The authors hypothesized that “lhser spot will allow the fieldworker
to remain focused on the task space rather thand&vlook at a video of the
workplace in a head-mounted display”.

A series of experiments have explored the usernbte guidance in laboratory settings.
Fussell and colleagues conducted experiments with fointing and drawing gestures
over video of the task space and measured variabtdsas time-to-completion of the
task (Fussell, Setlock et al. 2004). They impleteéitboth manual and automatic erase
of drawings. Kirk and colleagues conducted expenits on remote gestures to support
remote physical tasks (Kirk, Crabtree et al. 2008, Fraser et al. 2005; Kirk and
Fraser 2006) in which they compared various tyjesmote gestures. Performance
metrics included time to completion, accuracy ahptetion and number of mistakes
made during the tasks. Kraut and colleagues medsask performance and also
measured the extent to which conversations bettfeeparticipants were grounded,
which refers to there being evidence of common ggdoetween the participants in
their dialogue (Kraut, Fussell et al. 2003).

In contrast to these experiments, the laboratargiss presented in this thesis placed
the remote guidance tasks in the wider contextaufli@borative approach to a task,
paralleling the real-world application that woukelcdome the focus for the trials of our
telehealth system. In this real-world applicatigestures were integrated into the
overall task of conducting an outpatient conswtatn which success was measured in
terms of examining the patient, agreeing on arrpnédation of the examination in the
patient’s historical context and devising a treatbh@ management plan for the
subsequent time period. Assembly-line performanetrics on the gesture components
were not appropriate in our setting.
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2.6.2 Collaborative work and health applications

Health trajectory

Collaborative work in a healthcare environment rezgitools and support for
communication between the participants whethectiaboration is collocated or via a
telehealth link. One such tool is the “Corbin &tdauss Chronic lliness Trajectory
Model”, originally published in 1991 and updated®grbin in 1998 (Corbin 1998). In
this model, the “trajectory” maps out the variolsges of the clinical conditions (from
pre-trajectory through to dying) and describes ‘dhtons taken by various participants
to shape or control that [trajectory]”. The conceptliness trajectory was initially
intended to provide a tool for nursing staff to mge the care of the patient.

Reddy and colleagues demonstrated the use of #ithliejectory concept in their
analysis of whole-of-treatment of patients in egseal intensive care unit, citing earlier
work by Anselm Strauss (Reddy, Dourish et al. 2008)ey identified three temporal
features - temporal trajectories, temporal rhytlamd temporal horizons — which they
use to frame their observations. Their tempoggéttories concern the events
associated with a particular patient. Temporathrimg are the aggregated patterns over
many patients that help the healthcare providammérplans and expectations and
temporal horizons are the equivalent of mental Gardrts that identify the critical
temporal path for delivery of patient care. Themporal trajectories correspond to
those of our hospital patients but at a differenetscale — six days versus several years
— and different temporal rhythms apply to any oagegnt at different points on their
trajectory.

In our work with paediatric surgical patients a& Royal Children’s Hospital we had a
similar concept of a health trajectory startinghariéferrals from primary or secondary
healthcare providers and finishing with discharfthe patient. We used this concept
to identify patients at a particular point on tregectory to be invited to take part in our
telehealth trial (for example post-operative, stayrehabilitation progressing
according to normal expectations and scheduledefoew consultations). In terms of
conducting a long-term clinical trial of our telelith concept, we would also use this
concept to identify points in the future part gatient’s trajectory, where they might be
suitable for telehealth consultations even ifhat¢urrent moment, their situation
required face-to-face treatment.

The evaluation of the pilot trial also drew on ttrieectory concept. For each patient on
a trajectory, there is a past and there is a futlitee past will typically contain
memories of a number of previous face-to-face cltaitsons because the complex
surgical treatment provided at this tertiary lewehealthcare has long treatment and
rehabilitation times. This equips the patients tadr families to competently judge the
gualities of the telehealth consultations that wavled for them during the trial. The
future also will be mapped out, with whatever comaltiions of certainty and
uncertainty, in the minds of the patients, famiksl clinicians. This equips the people
concerned to judge the outcomes of these teleheattsultations in terms of matching
the treatment or management plans and adjustneetiie trajectory with their
expectations.
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Medical team meetings via videoconference

Kane and Luz studied multi-disciplinary medicalntemeetings between a tertiary
hospital and two regional hospitals using a praaneproduct that supported this type
of meeting (a “Telesynergy” workstation) (Kane dnd 2006). The primary data for
the meetings - radiology and pathology images ewesible to participants at the main
hospital and could be seen by participants atdéheote hospital by switching the single
video stream from showing participants to showhngdata item. They observed that,
for the participants at the tertiary hospital, @snmportant for participants to see the
radiology and pathology images and also see theteepeople, regardless of the stage
of the case discussion, and that during case dismssacross the teleconferencing link
people benefited from seeing each other. Theyladadhat “these findings make a
strong case for the use of multiple displays avi@TM [Multi-Disciplinary medical
Team Meeting] in teleconference”. In terms of pietquality they noted that, when all
three hospitals were participating, the system alds to display video from both of the
other two sites but that the picture quality wasrporhis became important when a
remote participant needed to follow a discussidween people at the main hospital.
The audio quality varied with distance from micropks and it was not easy to tell who
was speaking to whom.

Kane and Luz defined their Multi-Disciplinary medideam Meeting (MDTM)

structure as a system within the overall processariaging the patients, occurring after
the preliminary preparation for the meeting, baesngducted in a synchronous fashion
amongst the participants and being followed byherrdispersed post-meeting activities
(ibid.). They wrote explicitly about the boundarigetween this “MDTM” system and

its “external environment” and used this systemcepi to structure the language with
which they discussed its components.

Li and colleagues also addressed multidisciplimaeglical team meetings through an
observational and interview study of cancer clema working between two hospitals
(Li, Robertson et al. 2008). They identified thsue of social cohesion of the group as
a whole (i.e. participants from both ends of thdewiconferencing link) and found
problems of visibility, identity and audibility ahe remote participants. Their analysis
showed that “the lack of awareness of [the] rensdteation could affect the
spontaneous interactions and open discussion”y $hggested that these problems
could be dealt with by paying attention to the wi@dad audio production qualities of
the rooms used and even by “constructing a buiHptopose configuration in this
specific context”. Their second finding relatedst@red access to the medical images
and the need for some form of shareable pointimgrde Access to this data was of
high importance to the decision-making processiefmeetings. They noted that, at the
time of writing, the two hospitals involved stortils form of imagery in hard-copy
because neither had a Picture Archiving and Comaeation System (PACS) for digital
storage and retrieval.

The observations in these two papers emphasiseetitefor providing adequate video
and audio quality in a room-based telehealth apptin. They also emphasise the need
for adequate video and audio coverage of the rooms.

Training to use telehealth systems

The issue of training the participants involveditelehealth research project is not
covered extensively in the literature. For examplais in ‘t Veld and colleagues
conducted a systematic review of the methodologgleimedicine evaluation for their
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particular field, selecting 22 papers from an alitetrieval of 549 papers to meet
criteria which focused on interaction between pasi@nd clinicians (Huis in 't Veld,
van Dijk et al. 2006). They make no mention of titaéning processes which led to the
conduct of these 22 trials.

Many case study reports assume implicitly thatdirecians are competent to use the
technology. Often these clinicians are the sanoplpehat designed the telehealth
research activity. Where the patients become eg@articipants over, say, a
longitudinal study, they may receive training. é&xample is a tele-monitoring system
for childhood asthma (Jan, Wang et al. 2007), whiegeatient and family were given
explicit training in using the electronic peak-flameter and in using the website to
complete daily logging. In cases where the teabmoto support the telehealth activity
is new to the participants, training may be giveplieitly. This was the case for
remote delivery of Cognitive Behaviour Therapy, véhthe remotely located case
managers were given a dedicated training sessiofiii{s, Blignault et al. 2006).

Training to manage interpersonal relationshipsdistance is not often mentioned. In
one report, where a general practitioner condudiadts for remotely located patients
supported by a clinic nurse, 30 consultations farthe basis of the paper. Most of the
discussion concerned the difficulty that the doetod nurse had in communicating with
each other, a situation which might have been veslo¢arlier or prevented with
appropriate training in managing their professiaeédtionship over distance (Torppa,
Timonen et al. 2006).

Prior to deploying the Virtual Critical Care UnWiCCU) the clinicians from Nepean
and Blue Mountain hospitals spent two months tr@rhe teams in both hospitals
using full role-play with instrumented anaesthetianikins in place of the patients.
This training extended the skills of the regionaspital’s nursing staff, taught all
participants about using the technical featuregb®iystem and established how the
participants would relate to each other over tlwafband telehealth link (Dr Laurie
Wilson, pers. comm.) (Li, Wilson et al. 2006; Westlk, Coiera et al. 2008).

Distance

In their paper titled “Distance Matters”, Olson &dtson reviewed “over 10 years of
field and laboratory investigations of collocatedanon-collocated synchronous group
collaborations” (Olson and Olson 2000) and higtkghfour key concepts: common
ground, coupling of work, collaboration readinesd aollaboration technology
readiness. While they discussed collaborative wodeneral and used examples of
collocated or distributed teams working in industsettings the concepts can also
apply to telehealth. They made a number of releghservations:

* Human interaction has a spatial component, witluges at people and objects
and abstract gestures illustrating concepts orgases. In our telehealth
consultations there is a focus on the patient andata about the patient which
is expressed in movement, gesture and words. Téaiso a high level of
interpersonal communication supported by gesturexpress concepts such as
concern, persuasion, devolution of responsibiéptimism and understanding.

» They note that “universally, in our fieldwork, péegomplained about the
guality of communication over audio and video coafees”. This observation
reinforces findings in other studies that high-gyalideo and audio links are
important in telehealth applications (Shimizu, Netkena et al. 2009).
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« A major observation in their discussion is thatsgibly the single biggest factor
that global teams need to address is culturalreiffees”.

Interpersonal communication

Nardi drew attention to three “dimensions of corioet between participants that
support their readiness to communicate with ealbret affinity, commitment and
attention (Nardi 2005). She used studies of tleeafignstant Messaging in the
workplace and of “personal social networks in trerkplace” and her dimensions of
connection drew on existing relationships betwesnspof participants. Tang raised the
issue of “negotiating contact in computer-mediateschmunication” (Tang 2007). This
Is an important issue in tertiary-level telehealgiplications which rely on the
relationships between patients and clinicians.
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3 Methodology
3.1 Overview

| explored the research direction for this thesih & series of case studies (Section 3.2)
involving participants engaging in a telecollaboratscenario. The studies were
broadly structured around an approach used in M&pégces research (Section 3.3),
where participants are placed in a telecollaboeatituation and asked to undertake
certain tasks, with various levels of prescriptoonhow they should perform those
tasks. Observational and interview data form theelmaterial for the analysis. |
analysed the observational and interview data froncase studies using methods
drawn from Grounded Theory (Section 3.4). Forhbspital case studies, the
relationship between the CSIRO research team anddspital staff followed an Action
Research model (Section 3.5).

The evaluation approach in these studies focusedeoparticipants, on what they did
and on what they reported in exit interview resgsnsl used the broad concept of
acceptability to construct the exit interviews|dang them to the situation for each
group of participants. This concept was broad ghda encompass professional
acceptability (for example, whether the clinicatammes were acceptable to the
surgeon) and personal acceptability (for examplestiver the parents were satisfied that
their child had been adequately cared for). | udesbrvational data to understand the
priorities and issues of importance for each ofheicipants.

3.2 Case-study approach

| chose a case-study approach to evaluating thie waik presented in this thesis. This
approach allowed me to focus separately on theréifit stages of the development and
pilot trial of the telehealth system that my cofjaas and | produced in partnership with
staff of the Department of Surgery at the Royall@bin’s Hospital in Melbourne. My
purpose at each stage was to explore the usewharicentred approach to evaluating
the work. The case studies are listed in Tablefidltheir relationships to the
laboratory and the hospital are shown in Figure Hoth located in Chapter 1.

Robson used the term “case study” to mean:

... a strategy for doing research which involves mpieical investigation of a
particular contemporary phenomenon within its héalcontext using multiple
sources of evidence. (Robson 1993).

He noted that “the case is studied in its own rigbt as a sample from a population”
and that the sources of evidence commonly prodatteduantitative and qualitative
data. | treated the evaluations of the phasedseoflevelopment of the telehealth system
as separate case studies.

Each study was conducted in the context of itsestaghe development and pilot trial
of the telehealth system. In turn, this pilotltnieas conducted in the wider context of a
working tertiary hospital. These nested contex¢sawmportant for two reasons:

* Within the overall telehealth project the individlgase studies had a specific
purpose. The three laboratory studies were conduotestablish the
progressive suitability of the work at those pautae points in time. The three
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hospital studies were conducted to investigate th@nparticipants would adapt
to and respond to the use of the telehealth sykieactual clinical work.

* The wider hospital context influenced both the falbary and hospital studies.
The laboratory studies were conducted using tdeksiere representative of
the actions that we had observed during our eglg bbservations at two
hospitals. These studies were evaluated by maj¢heir outcomes with our
observed or inferred requirements of hospital digpaconsultations. The
hospital studies gave proper access to the acati@ints and their clinicians and
to current and historical patient data. In additithey gave access to the
ambience of the hospital, including the locatiorfiagilities within the hospital,
procedures for managing patients and attituddse@atients and their families.

3.3 Media Spaces

All of the case study situations can be descrilsetireedia spaces”, a concept described
in detail in Section 2.5.1. | have followed the#&d approach within the Computer
Supported Cooperative Work community for reseaiginmedia space situations
wherein participants in the research are placddarispace”, i.e. in the two or more
rooms that are connected by audio and video liakd,they are then observed as they
conduct whatever collaborative activity it is tiiagy are to do.

As described in the previous chapter (Section 2thdre have been two broad variants
on this approach. In one approach the participamt€olleagues in some wider
enterprise, such as a university research depattstedied over periods of months or
years. The media spaces link is set up in thedrackd of the participants’ attention,

is always turned on, and it mimics their remotdeagjues being present in an extension
of the room. The other approach is to explorenetdgy components that have been
incorporated into an instance of a media spacdy asenultiple cameras and remote
laser pointers. Participants, recruited for rgklti short-term studies, are given certain
tasks to perform with their remotely connected ¢erparts under a range of study
conditions.

In my work | used both of these approaches. I ltioe laboratory studies and the
hospital studies the participants had specificddskperform. The observations and
exit interviews provided data about how those tasie performed in the context of
the telecollaborative system. The participantséradrging or pre-existing relationships
with each other. An important aspect of the cdadies in this thesis was observing
how the participants drew on those relationshipsotoplete the work that they had to
do.

In the laboratory studies the participants wereegalty strangers to each other. The
experimental tasks, however, were designed to reqoilaborative behaviour between
participants at each node of the telecollaboratistem. The purpose of these
experiments was to foster that collaborative behavin order to be able to make
inferences about the system. For these studieghysical layout of the room and
equipment represented the intended layout of flebealth activities, the experimental
tasks were abstractions of component tasks drawwn @bservations of actual
consultations and the evaluation of these expefisngas done with respect to the
intended purposes within the telehealth systerdeasribed in Chapter 5.

In the hospital studies, the participants mostly pee-existing relationships with each
other: surgeon with clinic assistant, surgeon \pdkient/family and sometimes clinic
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assistant with patient/family. There was emphhstt on the way the pre-existing
relationships supported the activities and on ttities (i.e. outpatient consultations)
themselves, though the time-frames were much shibide in traditional media spaces
studies.

3.4 Grounded Theory approach

A Grounded Theory research approach involves dpugdoa theory/model/explanation
about the situation under study by grounding thabty/model/explanation in the
results of the data analysis. This is in contt@stther research approaches, sometimes
called “positivist” or “scientific”, where a theadityypothesis about the situation is
available from the start and is tested againstittia gathered. In a Grounded Theory
approach, the data analysis begins as soon assdatailable, an early
understanding/explanation of the situation undedsis developed and, if there are
gaps in the understanding, then data collection Ineatgrgeted specifically to fill them.
This again is in contrast to hypothesis testingeaghes where, typically, randomly
sampled data is intended to represent the entpalation under study and effort is
actively spent to avoid skewing the sampling ofda& (Corbin and Strauss 2008).

Major case study at Royal Children’s Hospital, Melloburne

My approach to analysing the exit interview datd #re video data from the Royal
Children’s Hospital case studies broadly followkd Grounded Theory approach
described by Corbin and Strauss in the third editibtheir book on qualitative research
(Corbin and Strauss 2008). Exit interview dataenadllected immediately after the
patient and family had taken part in the teleheplthse of the outpatient consultation
with the surgeon and the face-to-face phase wéls#ime surgeon. Video recordings
were made of both phases of the consultation améxh interviews were audio-
recorded. From this data | aimed to assemble derstanding of the participants’
responses to this experience — patient and fasukgeon and clinic assistant.

We had observed an existing pattern in normal fadece consultations [greetings,
review progress since previous consultation, resseerns, patient examination, review
radiology or other data, propose and agree orathtient or management plan for the
next time period, final call for questions, clos#&ye designed the telehealth system to
support this pattern. While | was able to use Kedge of this pattern to understand
what was happening during the consultations, If@gre-conceived notions of how
the participants would respond to the experiencef the issues that they would flag as
being important to them. | therefore developedungerstanding of the situation
through an evolving analysis of the data.

| analysed the exit interview data in late 200The Tnterviews were designed to answer
a number of questions about the participants’ tiskeotelehealth system and their
personal experiences with it. The questionnagpéndix A) began with a few
Likert-Scale items about features specific to tadipipants’ situations, followed by
semi-structured questions intended to get a braaxf@anatory response from the
participants. The responses to the Likert-Scalmstand the Yes/No inferred responses
from the answers to the semi-structured questia@re ¥abulated to give an initial
picture. The audio recordings of these interviesgse transcribed and the transcripts
used as raw data for a coding/category/concept/n@ouess which drew out aspects
of the participants’ situations that explained thpasitive, negative and sometimes
apparently contradictory responses to the questiomitems. This analysis is
described in detail in Chapter 11.
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| analysed the video data in mid 2008, following orbin and Strauss approach more
closely. The purpose of analysing this data wasetowhat the participants actually did
and said during the telehealth and face-to-facegshaf the consultations. My
knowledge of the basic pattern of these consutiatassisted me in understanding what
happened during the consultations. In additidrad been present in the patient’s room
for about half of the consultations as an obsefaed dealing with occasional technical
resource issues) so | had first-hand knowledgbefray the surgeons had managed the
telehealth and face-to-face phases of the conguitat

| watched the video recordings for each sessiost, fliom the camera in the patient’s
room then from the camera in the surgeon’s roowr. e&ch recording, | made time-
coded notes about actions, events or behaviodudimg transcribing fragments of
conversation to illustrate what had happened. &heses became the raw data for
coding. For consistency, | followed the clinicseafch surgeon, observing how their use
of the telehealth system and their allocation mtiand tasks between the telehealth and
face-to-face phases evolved over the trial. ksthwith the surgeon who had conducted
the most clinics and finishing with the two surgeevho conducted only one clinic

each. From these codes | developed concepts anteththat were present across
multiple consultations and captured these in menvdkere possible | referred to the
coding that | had performed on the transcripthefdxit interviews. This evaluation
component is described in detail in Chapter 12.

Telehealth system training case study

The data for this study consisted of video recaysliof the one-hour training sessions
conducted for the clinical staff in the week priorthe pilot trial, supplemented by some
brief field notes that | wrote during that weekviéwed the video recordings in May
2008, several months after the training sessian@ade notes on each session which
served as my raw data for coding.

My colleague, with whom | conducted the trainingsens, and | had had no strong
preconceptions of what would happen during thesaitrg sessions. Our intention was
to loosely base the sessions on our prior expegiehgiving demonstrations of the
telehealth system to visitors, and to include infation about the protocols for the pilot
trial. In the event, the training sessions weng veuch driven by the clinicians
themselves as they took a hands-on approach tawgookit how they were going to
use the system for their particular specialtiebe purpose of analysing the video
recordings was to understand what they actuallyt@hand how they went about
achieving it. 1 used a coding/concepts and themesios approach to analysing the
raw data; the results are presented in Chapter 10.

Remote live surgery presentation

The data for this preliminary study consisted afed data and exit questionnaires. A
room overview camera, located with the audiencgyney, captured the dialogue
from each site. It also captured the actions efaidience, the 3D projected display of
the surgical site and the displayed communicatideosstream from Stanford. The
communication video stream that was captured gnaeca at the front of the
audience’s room was recorded, as were the actoaincmication video stream from
Stanford and one channel of the 3D view of theisalgite.

The exit questionnaires recorded the audience mesmtmefessional opinions about
this mode of presenting live surgery in a trainsitgation. The video recorded the
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actions of the audience, their focus of attentiod tneir remarks made during the
session. | made notes from the video and usee tieesaw data for coding and
developing concepts and themes. The results 9&talysis are presented in Chapter 4.

Theoretical sampling

The concept of “theoretical sampling” is an impattpart of the Grounded Theory
approach (Clarke 2005).

Theoretical sampling has been integral to Grouridezbry from the outset,
remains a fundamental strength of this analytia@g@gh, and is crucial for
situational analysis (Prologue, p xxxi).

As Corbin and Strauss explained in Chapter 7 af tiaok, in a Grounded Theory
approach to research, analysis begins as soomeiscpf using the initially gathered
data (Corbin and Strauss 2008). As concepts angeeemerge from that data which
require further development, additional data isggwwvhich is intended to shed further
light on those concepts. In defining theoreti@hpling they said:

The purpose of theoretical sampling is to colleatadrom places, people and
events that will maximize opportunities to devetgmcepts in terms of their
properties and dimensions, uncover variations,idetify relationships between
concepts (p 143)

In contrast to a random sampling approach, whesearehers aim to characterise a
whole population through that sample in order tdrads some pre-defined hypothesis
about that population, theoretical sampling is @iy the emerging concepts from
earlier analysis of the already-collected datathis spirit, and at the suggestion of the
Chief of Surgery at the hospital, we modified olanpgprior to the trial to include
patients from four surgical specialties rather thes the original specialty with which
we had been working. This was done not in anyesemget a “representative” sample
of surgical patients but rather to broaden theetgiof patients and therefore broaden
the variety of clinical demands that would be pthoa the telehealth system.

Corbin and Strauss addressed the situation whietteeadlata has been collected before
analysis begins. Although the team conductingribédiscussed the experience of
taking part, and of conducting the exit interviews, did not have the resources to
conduct any serious analysis of the data until éffte trial had finished. During the
time that | spent analysing the interview dataurfd myself doing as Corbin and
Strauss suggested and returned many times to pgdyianalysed data for a fresh look
at concepts that had since emerged. When analisngdeo data some time later, |
revisited both the video data and the intervievadat

Within the constraints of the plan for the piloaly we were able to make one change to
the data sampling. By the third week we had natpdeted our quota of allowed
patients and we had additional patient voluntear®me clinic. The surgeon in charge
decided to double the number of patients he wochédule for that clinic to explore
what it was like to use the telehealth system uad®gar-to-normal patient scheduling
load.

Corbin and Strauss observed that theoretical sagphn include augmenting field data
with other forms of data. In both the hospitahitand the earlier surgical presentation
case study, | used follow-up telephone interviewth welected participants to fill gaps
in my understanding of the situations. In thehlebdth system training case study there
was no opportunity to train additional staff bugrd was an opportunity to use
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observational data from the pilot trial to folloyw on some of the expectations voiced
during the training sessions by the clinicians ahming the system.

3.5 Action Research

Defining or describing Action Research

In the introduction to their “Handbook of Action s&arch” Peter Reason and Hilary
Bradbury said that “there is no ‘short answer’he fuestion, ‘What is Action
Research?’ (Reason and Bradbury 2001). They |stealses that might be used in a
working definition, such as “a participatory dematar process” and “developing
practical knowing in the pursuit of worthwhile humpursuits”.

Ernest Stringer began his book on Action Reseaiti w

Action research is a systematic approach to ingastin that enables people to
find effective solutions to problems they confrontheir everyday lives. Unlike
traditional experimental/scientific research tlwatks for generalizable
explanations that might be applied to all conte&tdjon Research focuses on
specific situations and localized solutions. ($en2007)

Reason and Bradbury said in the preface to theidHaok of Action Research:

The Action Research family includes a whole raniggpproaches and practices,
each grounded in different traditions, in differghilosophical and psychological
assumptions, pursuing different political commititsen

In the foreword to Stringer’s book, Egon Guba diesct Action Research, and in
particular the community-based Action Research bithvStringer focused, as a form
of “humaninquiry” that exhibits decentralisation, deregigdatand cooperativeness in
execution, and he defined these terms in detdttinger himself emphasised a further
feature of Action Research that differentiatesatf research based on a hypothesis-
testing approach, which is that Action Researclukhdeliver a tangible outcome to the
participants of the community wherein the problezing tackled resides.

To summarise, Action Research is typically focuse@reas of human inquiry where:

* The participants (researchers and members of tmencmity within which the
research problem resides) work together to addihessesearch problem;

* The research aims to find a local solution to treearch problem which takes
into account the specific characteristics of theagion at hand; and

* The research delivers a tangible benefit or outctmtbe community.

The Royal Children’s Hospital pilot study as ActionResearch

Two consultant surgeons from the Royal Childrenéspital in Melbourne approached
my colleagues and me at the CSIRO ICT Centre in R08b to describe the situation
facing their patients who lived outside Melbourwhjch was that the effort of bringing
their children into the hospital for outpatient satiations was placing a heavy burden
on the children and their families. Based on figbdervations in the hospital and
discussions with the surgeons, we researcherstb@olead in developing a telehealth
system that would meet the clinical and interpeasoequirements for conducting
remote outpatient consultations, under guidancerevidw from the surgeons. During
the pilot study at the hospital the roles were res@, with the surgeons taking the lead
as they conducted their outpatient clinics usirgtéhehealth system under technical
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guidance and support from the researchers. Iexhenterviews after each clinic, the
surgeons and the researchers discussed togethehathhappened during that clinic
and, where necessary, planned fine-tuning for sjues# clinics.

The aim of the project and the resulting pilot stugs to explore the telehealth concept
that had emerged from the interaction between relsees, surgeons and other clinical
staff at the hospital in the very specific conteikpost-operative paediatric surgical
outpatient consultations.

The benefit of this research project to the commyuwii clinicians in the Department of
Surgery at the hospital was two-fold. The evatratf the pilot trial showed that it was
indeed possible to conduct outpatient consultatadribis type over a telehealth link
and that those consultations could be satisfa¢tobpth patients and clinicians. This
evaluation is embodied in the initial report on thal presented by CSIRO to the
hospital in December 2007 (Stevenson, Hutching 2087). Based on this evaluation,
the hospital approached the state governmentrianéial support to develop a full
clinical trial of this concept between it and origle regional hospitals in Victoria.

The second benefit accrued directly to the clingtaff involved in the project in that
they now have direct personal experience of usingpadband telehealth system to
conduct their clinical practice. This puts thenaisituation where they can make
judgements about issues of telehealth in theid foelsed on their own experience.

In view of the three-point summary above, this aesle project can be regarded
therefore as an Action Research project.

Involvement of the differing groups of participantsin this research

There were three distinct groups of participant®ived in this research — the
consultant surgeons, the staff who took the roleliofc assistant, and the patients and
their families. Each group had a different levieilnwolvement and this involvement
had different time frames:

Consultant surgeons The consultant surgeons were involved at ary staje of this
project and took an active part in shaping the thaysystem would support their work
during the training sessions. During the trialtb@ok the lead in running the
consultations, within the limits and opportunitedghe telehealth system, and engaged
deeply with the researchers during the exit intag. After the pilot trial they actively
engaged with their hospital and state governmeptitsue funding for a one-year trial
of this telehealth method. When [ interviewed ®¥dhem nine months after the pilot
trial, both reflected extensively on their expecemluring the trial. One commented,
“We miss it more now than we did at the end ofttied”.

Clinic assistants The staff who took the role of clinic assistamnegistrars, surgical
fellows, a clinic nurse and a specialist physictipést — had a different style of
involvement in the trial. Within their role of nic assistant, they took their
responsibilities seriously in responding to theadiion and the needs of their lead
surgeon. They were generous and thoughtful wilr tomments in their exit
interviews. When | contacted the hospital nine themater to request follow-up
telephone interviews, most of these people had choweto other roles within the
public hospital system as part of their overallggzal training.

Patients and families All the patients and families had agreed to fae in this
research trial and played a supportive role dutfiregconsultation. In the exit interview,
one parent observed that the hospital had beenabtg her and her family during the
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treatment of her child’s condition that she waglidlaat she could contribute something
back by being part of the trial. While they engagellingly during the 45 minutes of
consultation and exit interview, there was no ofyaty to engage with them prior to
the trial and the trial did not last long enoughideengage with them at their next
appointment.

In addition to the three communities who took pathe trial there is a fourth
community: the support staff within the hospitahowecruited the patients, scheduled
them for our clinics, relocated them within the pited and coordinated the clinicians
around our pilot trial requirements. Supportedhsir close working relationships with
the clinical staff, these people went out of thedy to make sure the logistics of this
trial were put in place and maintained.

From an Action Research point of view, these ingolents and time frames will have a
major bearing on the design and conduct of anydutang-term trial of this telehealth
concept. While the current pilot trial engagedwitie community of surgeons in this
particular hospital’'s Department of Surgery, itwingpon existing relationships
(surgeons-junior surgeons, surgeons-patients aigegeus-support staff) and existing
goodwill to carry the other participants into ahdough the trial. If a year-long trial
between two different hospitals (for example, tloy& Children’s Hospital as the
tertiary hospital and a regional Victorian hospitahost the remote patient’s clinic)
were undertaken then an Action Research approaaldwequire the researchers to
consider how to sustainably engage all four oféhmsnmunities.

3.6 Participant-focused evaluation

The evaluation of the major case study at the RGyddren’s Hospital focused on each
group of participants in a different manner, basedhe broad situation of each group.

The surgeons each had extensive experience ingakticular specialty. They could
see the whole of an individual patient’s healtletrtory in the context of many similar
patients, corresponding to the temporal rhythmRexddy and colleagues but on a time
scale of years rather than a time scale of one \(Re&dy, Dourish et al. 2006). In
most cases the surgeons had existing relationshipghe patients, reaching back to
the start of treatment. Their focus was on condgdhe consultation and reaching an
agreed plan for moving forward in managing eaclepat

The clinic assistants were generally less expee@mt the particular specialties but
were nevertheless able to place the patient’s tondin the context of many previous
patients. They did not necessarily have an exjsthationship with the patient — some
did, some did not. They generally had existinggssional relationships with the
surgeons but found themselves re-establishing ttredagonships in terms of using the
telehealth system in collaboration with the surge@specially when conducting
examinations of patients. Their focus was on supgpthe surgeon-patient
consultation and on presenting the examinatioratiepts in an appropriate manner.

The patients and family had experience of their bwalth trajectory, including pre-
operative consultations, surgery and recovery,manadic consultations to manage
long-term rehabilitation, often at three, six oetwe-month intervals. Many had
interactions with other clinicians elsewhere in flospital — allied health workers or
specialists treating complementary aspects of twadition. Their focus was on the
welfare of their children
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Both surgeons and clinic assistants had an acctimyikexperience of using the
telehealth system, starting with their trainingss&s and increasing as the trial
progressed. The patients and families had no pkperience of using the system and
the trial was too short to pick up repeat consialtet for any of the patients.

These interleaving time lines, periodicities anaiges of experience and primary foci
created a situation where there were multiple vadiohts of view of the same overall
event. Participants were competent to answer gussof fact, questions of personal
opinion or impression and to answer hypotheticalstjons about their future use of
such a system.

The situation was near-to-realistic. The telelepliase of each consultation was a
genuine step in managing the patient’s conditiofise face-to-face phase was equally a
genuine opportunity to contribute to managing thtgmt’s condition. The participants
could, therefore, make judgements and comparisotisb®tween the telehealth and
face-to-face phases and between either of theseplaad the prior outpatient
consultations that they had experienced. Theygmised the artificiality of the
situation whereby the two phases were conductdumiihe same part of the hospital
on the same day. They made choices to raise igsoe®, the other or both phases of
the consultation. They also gave seemingly coittay answers in the exit interviews
— for example, being hypothetically willing to halwad that consultation in an actual
remote setting if it had been available, yet imsgsthat the face-to-face phase was
important on that day. These apparent contradistiweere sometimes resolved by
reaching outside the bounds of the trial to fireiess of social closure for the children
(for example, avoiding disappointing the child & ar she did not see their friend, the
doctor, in person) or linking the availability dfet face-to-face phase with other
appointments scheduled that same day in the haspita

Study designs for broadband telehealth

There is a wide range of possible study designtefehealth research, ranging from
early investigative studies through to randomisaatiolled trials (Friedman and Wyatt
1997). The choice of study design, however, ithehands of the researcher and
depends on the situation of the study, the resegrektion, the maturity of the topic of
the study, the data available and the audienceiom the study results are being
prepared.

This range and choice should also be present émdixand telehealth. The situation of
broadband telehealth for tertiary healthcare attegsscale of the situation but it does
not necessarily mandate or preclude any particilaty design. For example,
frequently there is a high level of interpersoméraction and multiple participants.
This would give broad scope for gathering data ers@nal interactions and opinions.
The time-frames of treatment are often long, witah give added weight to subjective
judgements and comparisons from participants. tidament trajectory can have
differing phases, which may be more or less amenabh telehealth implementation.

3.7 Human Research Ethics Committees

Gaining prior approval from the Human Researchdstidommittees (HREC) of the
participating institutions is an essential partofducting any trials of systems that
involve human participants. This process prot#wsparticipants of the trials, it
protects the reputations of the institutions ineohand, by acting as an independent
review process, it protects the researchers.
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For the work presented in this thesis we had tvpausde ethics approval stages, one for
our laboratory experiments and a second for oupiteddrial. For the laboratory trials
we dealt with ethics committees for both the AugtraNational University and for
CSIRO. Because the laboratory experiments werduwad as part of a CSIRO-
funded project we used the CSIRO ethics commitsesua primary approver and the
university’'s committee agreed to recognise theangéwal approval.

An important point is that the ethics committeeqass is very formal. Ethics
committees meet on a pre-defined schedule andfastds for submissions to those
meetings are generally advertised some time béfiereneeting to allow the allocated
reviewer to assess the submission. It is, theszeforportant for any research project
that will require ethics committee approval to @mttthe committee well in advance of
the proposed experiments and to prepare the sulbmissthat committee in time for
the appropriate cutoffs. In our case we needéshat two cycles of the ethics
committee meetings to address the required re\dsmour submission.

3.7.1 Laboratory experiments at CSIRO

The CSIRO ethics approval process was based otea & pro-forma documents
which we completed and sent to the committee fosicteration. The committee’s
concerns were the selection process for invitimggérticipants, the settings and tasks
involved in the experiments, the data recording exitlinterviews, any incentive we
might be offering the participants and the storaigéhe resulting data. In the recruiting
process we were allowed to invite, but not intrugen, potential participants. For
example, we proposed to recruit parents at the OSIRlId care facility in Canberra;

we were permitted to place invitations on noticetdeand on tables in the reception
area but not permitted to include invitations inssage packs sent home to the parents.
We were permitted to video record the sessiongecatd the exit interviews and we
were required to submit the text of the intervievestions to the committee prior to the
experiments. We decided to not offer incentives,roted that we would provide
refreshments (tea, coffee, biscuits) during theieierviews. We were required to store
the evaluation data, including video and audidpaked cabinets and to include in our
submission the names of the researchers who wawiel &iccess to that data. An
information sheet describing the experiments was agead of time to the participants
and, on the day, each participant signed a corieent It was made clear to the
participants that they could, at any time, withdifaewm participating in the experiment.

3.7.2 Pilot trial at the Royal Children’s Hospital, Melbourne

For our pilot trial the primary ethics committeesathat of the Royal Children’s
Hospital and the Australian National University@emittee agreed to accept the
hospital’s ethics committee oversight of our woflkhis committee met monthly, with a
six-week lead time for submissions. The submispi@mtess was also based on pro-
forma documents and Dr Annette Da Costa, a hosgia#fl member, helped us
extensively to complete the submission documedis: initial submission came back
with several pages of review comments and we wesgeired to revise and resubmit it.
There were several points of concern to the coremiitt

» Vetting researcher access to the hospitalThe submission forms required us
to list each researcher who would be involved anttial, together with a
justification for their role in the trial. Eachsearcher was then subjected to a
police check, which is a standard process withstate police forces in
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Australia. This process, together with the spastsiprof the principal
investigators (who were members of the hospitdf)staas sufficient to give us
independent access to the hospital and to allow be present during the actual
patient consultations, and we were issued with itaigphoto-identity cards and
generic “RCH Team” lanyards. This process alsegsas/access to the video
recordings of the consultations and to the rawwatain data.

At the time of writing, this process has been augpee with a “working with
children” vetting process managed by the Victosaate Government. This is
compulsory for all people who work with children\fiictoria, both
professionally or in a voluntary capacity
(www.justice.vic.gov.au/workingwithchildrgn

Selecting the participants Because this was a pilot trial the committee
required specific measures in the way patients wetiged to participate in
order to ensure that the patients would receivadmguate standard of clinical
care during the trial. This meant that patientsftbom it was likely that the
telehealth process might be inappropriate wouldoeanvited. The patients
who were invited to take part were scheduled tenattreview consultations
following their surgery, their progress up to tagpointment had been normal
with no indication that major issues would arisd an major decisions were
scheduled to be made during the consultations. cbhsultations were
scheduled at the same time as the normal consuisaéind with the same
clinical staff in order to minimise any impact dretpatients and their families.

The staff at the hospital who managed patient appp@nts took charge of
inviting the patients and of scheduling those wbeceated. The patients and
families received information about the pilot tréadd about the informed
consent process prior to the scheduled appointni2uating the trial each
patient and family was met by a member of the mrebet@am who completed
the consent process. Forty-six patients initiattgepted the invitation to take
part. One family withdrew prior to the scheduldéidic. Another withdrew after
discussion with the team member and the surgeoduoded the consultation
with the cameras and displays turned off and withioel research team being
present.

Trial protocol. The protocol called for a follow-up by the susgen person
immediately after the telehealth phase of the cibaison, to ensure that the
standard of care would be at least as high aswormal consultation. There
were no restrictions on what the surgeons wouldwtting either phase of the
consultation and it was left to the surgeons tevilatever was required to
ensure that the best interests of the patient amdy were met.

Video and interview data The vetting process for the research team, the
support and direct involvement of the hospitaliclams in the project and the
mandated storage and access requirements for tla@vdee sufficient for the
ethics committee to allow us to video record thestdtations and audio record
the exit interviews. We were required to retura thiginal videotapes to the
hospital for secure long-term storage and to kegipaticopies in locked
cabinets. We were also required to restrict actetse video and interview
data to those researchers who had been vettecehotpital. At the end of the
evaluation process we are required to destroyigiliadl copies of the data.
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The data was coded numerically to remove patiethiclinical staff identifiers.
Where interview comments from staff, patients onifees are used they are
chosen so that no identifying information (names example) is included.

The hospital’s publicity unit took still photograpbf the telehealth system with
a particular family and patient. That family contgsl to making those images
available for hospital publicity and some of thera mcluded in this thesis.

» Closure. The ethics committee required that, at the driteotrial, we write a
summary of the outcomes of the trial and the valfubese outcomes using lay
terminology. This summary was then sent, togethtr a thank-you letter, to
each family who had participated in the trial.

| note the importance of the involvement and commaitt of the hospital’s clinical staff
to ultimate acceptance of our submission by theitals Human Research Ethics
Committee. Being helped to complete our initiddrsission by someone who
understood the concerns of the committee was en@iynbelpful. Having a senior
clinician (the Chief of Surgery) taking the roleRyincipal Investigator grounded our
research plans in the reality of conducting oueaesh in a working hospital.

| also note the value to the researchers of theatuResearch Ethics Committee
approval process. The pro forma documents that tbe basis of submissions to the
committee are, in themselves, excellent check d¢ikissues that need to be addressed
and the submission process provokes those issiiesaddressed in a timely manner.
The review comments we received on our initial sigision were every bit as good as
the best reviews | have had from journal submissand they contributed to the quality
of our overall trial.

3.7.3 Presence of researchers in the clinical setti  ng

Ethics approval had been given for the researdbdre present in the clinical setting,
both to provide technical support for the clinidaand to make first-hand observations
of the consultation for later evaluation. Suclit@agion is not unusual in Australian
public teaching hospitals, where trainees and peié@als might sit in to both learn and
to contribute, and it was in this context that plagients and their families were invited
to take part in the trial. The consent procesdadxed to the patients and families the
role of the researchers and that they would besptesuring the consultation.

What is important, however, is that the researchersensitive to the situation for each
consultation rather than being bound by a rigil fprotocol. This means that the
researchers should be aware of situations whergatient might be emotionally or
physically exposed and, if appropriate, the researscshould leave the room to
establish a higher level of privacy for the patienfamily. While we did not have
situations where the patient or family became eomatiy distressed we did have
several consultations where an older child needelistobe. In these situations, if the
gender were inappropriate then the researcherlyieétthe room for the remainder of
the consultation.

In one case, the patient presented with a condidrer arms which had recently

migrated to her legs. There were several issuesrafern in the consultation, including
absence of X-ray data for her legs (because tlgeesarhad not know to request it) and
the physiotherapist acting as clinic assistantdigtio pre-empt a stressful situation by
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closing the consultation and re-scheduling it &et in the day. The physiotherapist
explained her decision by saying she felt thafpdwgent would be more comfortable
exposing her legs in a less threatening visuahggettith just the surgeon and clinic
assistant.

These examples show that, even though the presénesearchers in the consulting
room may be permitted by the ethics committee anddmsented to by the patient, it
remains the responsibility of the researchers #inttians to be sensitive to the
situation and for the researchers to leave theutting room when they sense that their
continuing presence would be inappropriate.
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4 Case study: Remote surgical training

4.1 Purpose and background

Purpose

This was a preliminary study for my research. akgme the opportunity to work on a
broadband telehealth project over intercontineditstances with a realistic scenario and
practising clinicians. My colleagues and | worked high-level set of requirements
gathered from discussions with some of the setimic@ns who would be involved.
We developed and tested a specific telehealthmsyfiethese requirements in the
laboratory, and we tested the mechanical aspetteaystenin situ connecting the
hospital’s Operating Room at Stanford Universitg &#me auditorium in Sydney.
Finally, we conducted and evaluated a demonstrafiesemote surgical training using
our telehealth system. The surgery took placlenhibspital at Stanford University and
the audience of appropriately skilled surgeons lveated in Sydney. This experience
provided me with an initial understanding of theuiss involved in conducting research
in broadband telehealth at this specialist level.

This case study explored a particular approachigegnting live surgical training to a
remote audience. This demonstration was a colédioor between the staff at the
Stanford University Medical Media and Informatioachnologies group (SUMMIT),
led by Dr Parvati Dev, surgeons from Nepean Hokpit&ydney, led by Dr Pat
Cregan, and a team from the CSIRO ICT Centre’s Irsime Environments group. The
approach had the following features:

» The surgeon was operating in his home hospitah itgtfamiliar, stable
working environment.

e The audience was comprised of surgeons at varemessl in their training, but
for whom the surgical topic was highly relevant.

* The audience was located in their home city, atraue that was convenient to
their work location.

* A formal structure surrounded the surgical training
0 Mutual professional introductions
0 A grand rounds lecture and detailed briefing onati®al surgical case

0 Mentors at both the hospital and with the audietewejoderate and
manage the flow of dialogue at points when the esomgheeded to focus
on the surgery.

* The surgery involved a novel aspect, in this chsause of a twin-camera
laparoscope (for “keyhole” surgery) to produce av@&wv of the surgical site for
both the surgeon and for the audience.

This approach was intended to minimise the incomree and disruption for the
surgeon and for the audience (both were in themmdhenvironments), maximise the
flow and exchange of information about the surgisslies, and ensure the wellbeing of
the patient. The approach was based on previous byoDev and her SUMMIT
colleagues (Dev, Srivastava et al. 2004) in whid $urgery was presented within
California. It was adapted to represent the migtienate experience of accompanying
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the surgeon during the operation yet spanningaotemental distances. The purpose
of this demonstration was twofold:

* To explore the participants’ responses to a teléheaplementation of this
otherwise intimate surgical training experience

* To investigate how well the live 3D view of the gigal site integrated into the
surgical training.

Background

This demonstration was the second such event gegseman audience in Australia
from surgeons at Stanford University. The firstmivalso used a surgical training
scenario, but in a collaborative haptic virtual ironmment using a surgical simulator.
The scenario was presented from Stanford Univetsign audience at the Simulation
Industry Association of Australia’s annual confezepwhich was held in Canberra in
May 2004. This was conducted with a surgeon aifétd and a small number of active
participants in Canberra, watched by a larger genfee audience. The audience could
see and hear the participants (locally in persaherauditorium and remotely via live
video and could see the virtual surgical workspaaeorojected 3D video seen through
plastic cross-polarised glasses. The event wdsated with exit questionnaires
completed by the audience and by the participg@®tm K, Stevenson et al. 2004). The
feedback gathered from these questionnaires fodasgely on technical issues and on
whether the audience was able to understand tiseeion.

In contrast, the demonstration reported in thigptdrawas much more focused. It had a
more complex surgical situation, illustrated witrelsurgery, and an audience of
appropriately practising surgeons. In this wayas hoped that the evaluation would
give more relevant feedback on the surgical trgm@ispects than we had gathered in
evaluating the previous event. The material is tiapter was first published as a full
conference paper at OZCHI 2006 in Sydney, Aust(&tavenson 2006).

4.2 Method

A dedicated broadband Internet connection was kstial between the CSIRO
Marsfield site in Sydney and Stanford Universitysdival with help from the staff of
the Australia Academic and Research Network (AARNegtvw.aarnet.edu.gu This
research network connection provided a low-latdrigi-bandwidth connection that
was equivalent to a broadband link. Four videanctels were sent across this
connection using the packet-based DVTS softwarell®\WConsortium 2004) to encode
and decode the video streams. Two channels liakeagd camera/display screen in
the room at Marsfield with a camera/display scne@unted on a trolley at the hospital
in Stanford. This provided a low-latency video-fayence-style link between the
audience in Sydney and the surgeon and discussidenator in Stanford. The other
two channels carried the left-eye and right-ey@widtreams from the twin-camera
laparoscope in Stanford. These video streams presented to the audience using a
twin projector system, polarised filters and a pbfgpreserving projection screen. The
audience viewed the three-dimensional images aebwith light-weight polarised
glasses.

The event began with a dialogue between the mawtemat surgeon in Stanford and the
audience in Sydney, with the Stanford video troltethe corridor outside the operating
room where the surgeon presented his grand roeatigé. The video trolley then
moved into the operating room to give the audienggw of the surgical staff and
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surgeon (wearing a virtual reality headset) ardtinedpatient, with the moderator
standing beside the trolley (Figure 4.1). An dsgjssurgeon gave a surgical case
summary then the laparoscope video output was coech@nd the audience watched
the 3D display screen as the laparoscope was piasel# the patient. The surgeon
provided a commentary via a wireless lapel micrayghas the procedure progressed,
pausing to briefly discuss the surgical optiona particular point in the procedure. The
audience followed the procedure on the 3D disptagen (Figure 4.1).

Video recordings were made of the event. One ailarfrthe output from the
laparoscope and the video channel from the traleyera in Stanford were recorded.
A room overview video camera also recorded theesaethe Sydney room with the
two display screens from Stanford in its field aw. At the end of the event the
surgeons in Sydney completed an exit questionn&odow-up interviews were
conducted with the two moderators, the surgeortanfSrd and one of the senior
surgeons from the Sydney audience.

Figure 4.1: Clockwise from top left:

Operating Room at Stanford with dialogue moderatorin foreground
Operating Room at Stanford, showing surgeon wearingirtual reality headset
Audience in Sydney wearing polarised glasses to wesurgery in 3D

Displays in Sydney — 3D display on left, view intoperating room on right
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4.3 Results

3D Video

The surgical audience’s response to the 3D digpidlye laparoscopic surgical site had
two components — their response to the relativigicsdisplay of 3D anatomy (static
because the patient’s internal organs were not mgoand the laparoscopic camera was
held steady) and their response to the displagefdast-moving surgical instruments in
the field of view.

At three places during the surgery the surgeon cemt@d on the quality of the 3D
display in his virtual reality headset and askeduabhe quality as seen remotely. Each
time the remote response was that the 3D pictusegoad. At one point the surgeon
slowly released a droplet of water from the irragetb show the 3D effect. One surgeon
replied “Yes, you can see that difference [betw2Brand 3D] quite clearly”. Figure

4.2 shows a monocular view of this scene.

Figure 4.2 Irrigation tool showing a single drop ofwater

The audience’s response to observing the movirgj@lrnnstruments, however, was
not so positive and it highlighted an effect thaisviater found to be caused by an error
in the decoding software for the 3D video. Thesaleffect was that movement of
objects with clearly defined edges (for exampleg®al instruments) appeared jerky, as
if there were a low and intermittent frame ratene@urgeon noticed this effect within
one minute of 3D video display starting “It looksky ...” and again 24 minutes later
“We are getting good pictures, good 3D [but] itist a little bit jerky”.

The main focus of the debriefing discussion ateheé of the session was on this issue.
One senior surgeon in the audience commented ftlndumagine being happy with
that view”. When asked to rate the added bertadit the 3D view might give, over the
traditional 2D display, another surgeon replieavtiuld say 80% better [than the 2D
view] but for the jerkiness” and continued “Jerlge@ver a long time, say a 2-hour
operation, would give eye fatigue”.

In the exit questionnaire the surgeons ratinghemsability of the 3D video images on
a 1 to 5 scale were widely spread (one ‘difficaluse (2)’, two ‘moderately usable (3)’,
one ‘reasonably usable (4)’ and one ‘highly us&8)e The ratings on thasefulness

of the 3D video display, on a 1-5 scale, were tmedium (3)’, one ‘(4)’ and two ‘high
(5)’. When asked to rate thsefulnessof the 3D display asompared to the normal
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2D display on a 1-5 scale three of them rated it ‘greatér ¢he rated it ‘similar (3)’
and one rated it between ‘much less (1)’ and ‘(@¥s

In a follow-up interview the surgeon who gave a lating for the usefulness of the 3D
display described his inability to use artificiahbcular displays for depth cues. He
noted that perhaps 10% of people do not use biaogidion to perceive depth (they
use other cues such as lighting, shading, spexflaction, occlusion, parallax and
relative motion) and that novel technologies likis 3D video could disadvantage these
people. When asked if a quality 3D display of shegical site for laparoscopic surgery
would be of value he replied that it would be “enegkable advance” in that it would
address two major problems for the laparoscopigesan: limited 3D view of the

surgical site and spatial disorientation.

Audio

The audio equipment was configured differentlyatheof the two sites. In Sydney
there were a number of table-top microphones placetthe long conference table, as
shown in Figure 4.1, facing outwards and connetdeah echo cancelling system. In
Stanford two wireless microphones were used, onthéosurgeon and one for the
mentor, and the receivers fed into an audio miXdrese microphones were very
sensitive to direction and distance from the spesikeouth. There was no support for
echo cancellation at Stanford.

The quality of the audio streams can be observéldeivideo recordings of the event.
The audio stream from Stanford to Sydney was pilypnsppoken commentary from the
surgeon and the mentor. This required initialntbecasional, adjustment but for large
time periods the audio was good. Contrary to apeetations the background sounds
from the operating room did not cause any proble@se surgical instrument (an
electro-cauterising tool) emitted a clearly audivkrning sound when it was used.

The audio from Sydney to Stanford was also spokemeentary and questions,
primarily from the mentor who was sitting facingeoof the microphones. The other
surgeons sat across the table from him but fatiagtreens at the end of the room and
they needed to turn to the microphones when thekespThe Australian accent and
casual speaking style caused some misunderstandmigjthe audience adopted a
“presentation style” of voice (Prof Heinrich’s deption). The primary problem, at the
Sydney site, was an echo from Stanford, which @hdard on the video recording
every time someone in Sydney spoke. [Note thab eancelling systems act for the
benefit of the far end, so the audio signal thahfird received was largely echo-free].
In a follow-up interview the surgeon at Stanfordsveasked about the quality of the
audio and video and he replied “Very good, jusf #sy were next door”. In the exit
questionnaire the surgeons rated the usabilith@fudio, on a 1-5 scale. Two rated it
‘reasonably usable (4)’ and three rated it ‘highbable (5)'.

Dialogue during the Pre-operative Discussions

The discussion before the operation lasted 30 rghaihd was primarily led by the
surgeon at Stanford. He presented his ideas otretheology that was central to this
demonstration, then at three places asked forrmdtion about the audience by
addressing the mentor in Sydney by name: “<Namdpbyau tell us about the
experience of your surgeons?” “How about youressulo you use [a particular
surgical technology]?” “<Name>, are you using siatais?” The mentor in Sydney
answered initially then directed the questionsrtotiaer senior surgeon. Another 30
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minutes were spent waiting for the patient to l@&lyefor surgery and this was filled
with a discussion on surgical simulation for tragpbetween the two mentors. The
previous senior surgeon spoke three times and a juoior surgeon spoke once.

Dialogue during the Demonstration

During the 45 minutes of presented surgery the gmypncommunications were from the
surgeon and from the mentor at Stanford. Occabyotiee surgeon would ask a
guestion or make a comment about what was happanidhghe mentor in Sydney
would reply. The mentor in Sydney also made lacoahments about the visible
anatomy and surgical actions.

Dialogue occurred twice between the two sitesthénfirst case the surgeon had
isolated the appendix and was ready to choosehaitpee for sealing where it attached
to the intestines before removing it. As an acteaching point he asked “<Name>,
what do your residential fellows want us to demais®” referring to the choice of
technique. After a brief local discussion a requess made. The surgeon’s reply was
“Good choice.”

The second section of dialogue occurred at thendrah the mentor in Stanford asked
for closing questions and for an assessment ofdhe of the 3D video. Two of the
surgeons in Sydney took part in a short discussiothis point.

In a follow-up interview, the surgeon in Stanfoeddsthat when surgical trainees
observe him in the operating room the junior tragisometimes ask questions of the
senior trainees rather than asking him, and tleasémior trainees (fellows) don’t
usually ask questions. In a follow-up interviewtwa senior surgeon in Sydney he
rated the level of interaction at this event taybeater than he normally experiences in
the operating room.

Role of the Mentors

Analysis of the video record of the demonstratibaves that the two mentors played a
very active role. In Stanford, the mentor fillée tcontinuity role of a “master of
ceremonies” as well as providing expert commentaryhe progress of the surgery. In
Sydney the mentor managed the questions and ananesrovided additional local
commentary.

In the exit questionnaire the audience rated tleéulrsess of the information from the
two mentors at 4 or 5 on a Low (1) to High (5) scal

In the follow-up interview the surgeon at Stanfepibke at length about the value of
having the mentor in the operating room. He hasresive experience in presenting his
surgical work on video. In those there was alwsymeone to handle the audio-visual
issues but this was the first time he had somemhandle the clinical issues of the
presentation, leaving him to concentrate on thgesyr He valued this aspect highly.

Ethical Considerations

Two important ethical considerations relating tevimo demonstrations of surgery are
raised by Millat and colleagues (Millat, Fingerletital. 2006) namely concern for the
proper care of the patient and concern for theectmess of the surgical information
received by the audience. They raise these issube context of demonstrations at
medical conferences and public events but it isggsmportant to consider them in the
very specific context that was designed for thisidestration.
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When asked in the follow-up interview about theelesf intrusion into his surgery
posed by the presence of the cameras and the digiglays back from Sydney the
surgeon made several points. Having a mentordrogerating room to manage the
clinical information freed him to focus his attention the patient, and he cited one
instance where he was able to focus so closelp®patient that he was unaware of the
mentor’s presence. In terms of distraction fordtieer clinicians in the Operating
Room, he specifically commented that the anaesthedim and nursing team were very
excited about presenting the surgery to an audisndar away and that they were
specially focussed on their tasks to make the ptaten a success. He also
commented on the logistics of the event: “[Thisréybad less hassles and ran much
more smoothly than other [similar events].” Hedghiat “usually something goes
wrong that | have to deal with but this time | ababncentrate on the surgery.”

Both before and during surgery the surgeon weatdonsiderable effort to reference
and explain what he was doing. His presentatioly @athe session gave the broad
background to his work, with many specific refeesnc He established the relevance of
the surgical procedure to the remote audiencedaridg the surgery he explained what
he was doing.

Overall assessment of the demonstration

The video recording of the event shows that theesuog paid close attention to both the
pre-operative discussions and to the 3D video aysfsbm the laparoscope during
surgery, as indicated by their gaze directionnditte body posture and lack of
distraction movements.

In the exit questionnaire the surgeons were askedlikely they would be to attend
such an event in the future if it were conveniefdlyated and on a topic in their surgical
area of interest. On a 1-5 scale one repliedsnot (3)’, two replied ‘Very likely (4)’
and two replied ‘Definitely would (5)’.

During a follow-up interview one senior surgeonatdsed the event as “excellent as a
pilot exercise” and said that he would be keerttiena another and would encourage
his surgical colleagues to also attend. He ndtatidemonstrations like this increase
the cross-fertilisation of ideas and that surgdmersefit from this but that after
completing their training surgeons rarely obseheartcolleagues’ work.

During the follow-up interview with the surgeonStanford he said that it “was a
rewarding teaching experience”.

During the debrief discussion the surgeons disclagmat form of surgical presentation
they might offer to Stanford. Their practice inbds open surgery of parts of the body
that are difficult to access and where an audiantiee operating room has difficulty
seeing what is happening, and they discussed asithgse-up 3D camera such as the
laparoscope used in this event but held outsidpdkient to observe the surgical site.
They suggested that such a presentation wouldraligstheir own expertise and be of
interest to both Nepean Hospital and Stanford sunge
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4.4 Discussion

3D Video

The surgical audience distinguished strongly beiwtbe 3D view of the surgical site
and the view of the motion of the instruments atstie. They rated the 3D view of the
surgical site highly in their spoken comments dgitime event but were very critical of
the displayed motion of the surgical instrumeniee event organisers had not
anticipated this distinction so the exit questiarendid not cater for it. The audience
responded by annotating their 1-5 ratings with Bgecomments about the problems
with the motion display.

This demonstration was the first time that theesyshad been used to show real 3D
surgical video to surgeons, and it highlights theartance of feedback from the
application users. There had been no prior adoe3B video of live surgery and no
facility at Stanford for pre-recording 3D videomsmich simpler laboratory test data was
used, generated by moving small objects in thetstepth-of-field range of the
laparoscopic camera. The actual software develaopmas done in Canberra, 300km
from Sydney, and a surgical audience was not &aila offer its opinion on the
guality of the test data.

An issue which was raised in the debrief discussmmnfounds a simple assessment of
the 3D video display. Surgeons in Australia hagerbtrained to do laparoscopic
surgery using a monocular 2D display from the lapappic camera, because this is the
prevailing technology in Australia. They have,rifere, learnt to construct a 3D model
of the surgical site in their mind using all théet visible depth and structural cues
(light, shading, specular reflection, occlusionatige movement) and they use this
ability in their daily work. In viewing a singleethonstration of 3D video they might
find it difficult to identify the additional valuef the artificial binocular view of the site,
even if the motion of the surgical instruments wessented smoothly. This is an issue
that will require a more controlled experimentayieonment to answer.

Audio

The evidence on the audio quality is apparentlytreaiictory. The audience in Sydney
rated the audio quality as either reasonably usabiheghly usable in their answers to
the exit questionnaire, and the surgeon in Stanfaet the audio [and video] quality as
“very good”. The evidence from the video recordingowever, shows that the voice
link from Sydney to Stanford was hampered by angfrecho, that the audio levels from
Stanford to Sydney rose and fell significantly do¢he variable placement of the
microphones, and the audio quality from Sydneytemf®rd required the speakers in
Sydney to turn towards, and focus their voicehe,microphones. This occurred even
though the audio technician in Sydney was constaaljusting the audio levels of the
various components to minimise the problems.

An explanation for this is found in the conversatamalysis. Key information
components of the conversation (the surgeon’sie@nd explanations before surgery,
the surgeon’s and the mentor’'s comments duringesyy@riginated from Stanford and
were delivered in units of speech where the micooghplacements were stable. The
mentor in Sydney did most of the talking from thanel he made a strong effort to talk
over the top of the echo from Stanford. From th@ience’s point of view the bulk of
the audio exchanges was, indeed, reasonably-tdyhighable. What this demonstration
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did highlight were the remaining deficiencies ie ttudio links and these should be
addressed in any future events.

Structure of the Demonstration

The structure of the demonstration presented sstieadurgical teaching scenario. The
surgeon was able to present his broad ideas &intkeand place of the surgery, and
during surgery he was able to explain and demadestinathe audience what he was
doing. The single location for the remote audieswee the relatively small size meant
that he was able to relate to them directly, thoaighore deliberate use of zoom and
pan might have given him closer awareness of iddads when they spoke.

The role of ‘mentor’ at each site was importanhe Burgeon worked with the mentor
during direct discussions between the sites, argdabée to leave the medical
communications to the mentor when he was focusmguogery. In Sydney the
mentor, who had been closely involved in settinghip demonstration, managed the
flow of conversation and questions.

A description of the intent of the demonstratimiejuded in the material handed out at
the start, was that it hoped to “create a leareimgronment at the remote site that is
closely connected to the ongoing surgery and asdihge time has the freedom of a
classroom, to interact with an instructor, havee slscussions and consult textbooks
and other learning materials.” As it happened.,ititended surgical case, which would
have led to discussions around previously circdlatedical documents, was postponed
and the replacement surgery was much simpler. 83psect of the demonstration was
intended to replicate the situation described by &®&d colleagues (Dev, Srivastava et
al. 2004) but it remains untested for this audience

Dialogue

The dialogue between Stanford and Sydney was fdauseind the surgeon, and this
appears to be what happens when junior surgeosirgical fellows observe surgery in
person. The surgeon and the two mentors initiakewst all the commentary and
conversation and when the surgeon asked if there gueestions there were very few
replies though this may be because the actual openaas relatively straightforward.
The patterns of interaction do not show an eveaagpof the dialogue amongst the
participants and this might lead the organiseffsitofre events to fine-tune the
communications links differently.

This is an important observation, and it goes agjdhre original planning intention of
the demonstration. As noted previously, this destration was modelled on the very
successful teaching demonstration at the launtheo€alifornia Orthopedic Research
Network (vww.ats.ucla.edu/news/SurgeryPresentation).faima described in detail by
Dr Dev and colleagues (Dev, Srivastava et al. 2004h)s earlier demonstration was
designed as a teaching event, with specific tegghiasentations, questions and
discussion prior to observing the surgery. Our dlestration took its sense of place
from the Operating Room rather than from the ctassr, and the participants matched
this sense of place with their behaviour.

Equally importantly, the participants did not retlen this in their exit questionnaires,
other than a brief comment that there was moregied than they would normally
expect during surgery. It was only by observing ¢lent in person, then reviewing the
video recordings of the event, that the researclers able to see the patterns of
dialogue and to notice that the more junior surgedid not take part.
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Overall Assessment of the Demonstration

The surgeons in both Stanford and Sydney gaveitvaogverall assessment of the
demonstration and in particular its role as a gbotpossible future events. By
presenting the demonstration to surgeons in a &xtesrgical training context the
organisers managed to uncover several importamssshich should be addressed
before any subsequent event is held.

The surgeons in Sydney gave a strongly positivearese to the question about whether
they would attend a similar event in the future] #ms is consistent with their actual
discussions at the end of their event where theg akeady considering what form a
return demonstration would take.

4.5 Contributions to this thesis

This preliminary study highlighted a major issud#considered when demonstrating
and evaluating telehealth at this level of compiexit is important to place the
demonstration in as realistic a setting as possanld with participants who are
gualified to take part in the demonstration, inesrtb maximise the value of the
evaluation responses. This is in contrast towleedther possibilities which we might
have considered in this study:

» A laboratory evaluation, with research participaoig-playing the activities.
We saw in this study that the success or otherofisiee 3D display of the
surgical site was data dependent. The 3D vidabicts used in the actual
laboratory testing did not have the dynamic charéstics and texture of 3D
video of live surgery and did not, therefore, urexoan important software error
prior to the live demonstration.

* A live presentation to a generic audience fromhbalth sector. Our original
project plan called for this demonstration to besgnted at the November 2005
Healthcare Symposium of the Simulation Industrycssation of Australia, with
a broad audience of conference attendees. Hadllwe/éd this plan we would
not have seen the enthusiasm with which the audidiscussed a possible
return presentation to Stanford. Neither wouldhaee observed the quite strict
formal behaviour which the audience of surgeonsidfinoto the event, in which
the junior surgeons left it to their senior colleag to ask and respond to
guestions.

From this preliminary study | took three importéggsons forward into my work on the
telehealth project with the Royal Children’s Hoapiand these are reflected in the
summary of my results presented in Section 1.6e98e9:

» Firstly, it is important to trial telehealth systemvith this high level of
complexity in a realistic setting so that the datalve are true to life (Result
3.1).

» Secondly, it is important to have participantsha telehealth trial who are
competent to make evaluation judgements from #erience in the trial
(Result 3.3).

* Thirdly, it is important to complement exit inteew or questionnaire responses
from a telehealth trial with observational datenfrthe event itself (Result 3.2).
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5 Laboratory studies framework

5.1 Introduction

This chapter describes the purpose and approdtie tiree laboratory studies that we
conducted during the development of the broadbealeti¢alth system for remote
outpatient consultations. These three studietharedescribed separately in the
following chapters (Chapters 6, 7 and 8).

Purpose

These laboratory studies were conducted to restdgign and functionality issues that
arose in the early stages of developing our telé¢hegstem. The three specific issues
all related to the way that generic elements oftelahealth system would support
interactions between the participants, accessatpltlysical spaces of the rooms in the
telehealth suite and interaction with data aboetgatient. Each issue was addressed
with a purpose-designed laboratory study.

1. Fixed video and audio between the surgeon’s and pant’'s rooms. We
needed to establish whether the video and audie between the two rooms
provided sufficient coverage of the rooms and aness of what the
participants would be doing during a typical ouigyait consultation. The first
study was designed to exercise the room coveragsifrational awareness that
wanted to achieve.

2. User-interface design for tablet-based remote guidece We planned to use
the electronic pen and tablet displays to let thrgeon guide the assistant to
conduct an examination of the patient, using pogqénd drawing over displays
of live video of the patient. The second studylerea three different user-
interface designs for tasks that mimicked the astibat we expected the
assistant to perform during the examination.

3. Support for collaborative behaviour between surgeorand assistant. We
expected the process of examining the patient & dmlaboration between
surgeon and assistant, rather than the expert-@guiclance scenarios that had
been used in previously published work on remotdance. The third study
repeated the tasks of the user-interface desigly sibwt in a collaborative
manner rather than a directed manner.

These issues all related to the way the particgpemnthe eventual telehealth scenario
would use these aspects of the telehealth systédms. is the reason that we carried out
laboratory studies with human participants rathantjust conducting technical testing
with hardware and software test harnesses.

Approach

The approach we took in conducting these laboratrgies was characterised by five
features:

» The studies were intended to answer specific questbout our telehealth
system and its planned trial at the hospital.

» The tasks used in the studies were abstractioastvities that we had seen
during our early field observations of outpatielmics at Royal Children’s and
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Royal Hobart Hospitals. These abstractions adddeg®e generic use of the
telehealth system’s components and had no clicmatent.

» The settings in which the studies were carriedapgiroximated in size and use
of physical space the counterpart settings tha¢ wbserved in actual outpatient
consultations.

* The studies were evaluated in terms of the waytsthieasystem components
under investigation supported the participantsaidgom actions that
corresponded to the actions which we expectedlthieians and patients to
perform in the actual hospital trial. This is iBnt¢rast to the performance-based
comparative studies that have been published asaech as remote guidance.

* The study participants were generic adult volurst@gth no specific clinical
training.

Motivation

Two aspects that were directly related to our braaalication domain — tertiary-level
telehealth — motivated us to conduct these laboraxperiments in the manner
described here.

» Ensuring a workable telehealth system for the veryirst patient in the
hospital trial. We had observed that there was a high levetfgmal and
professional pressure on the patients, familiesséaidl at this tertiary level of
healthcare. The patients present with potentisdhy serious health situations,
and they and their families are both emotionallgt physically exhausted by
their day at the hospital. The clinicians havegh ltase-load, driven by a
demanding schedule during their outpatient clinna# little room to deal with
extraneous problems or to repeat consultations.theése reasons it was
important that the basic communication pathwaysusftelehealth system work
in practice at the very beginning of the trial.

* Minimising the demand we placed on the hospital aticians during our
system development Access to the hospital clinicians’ time was seaand
we reserved our demands on their time for appboalievel evaluation of our
progress work. We therefore designed our laboyattudies to be accessible to
non-clinically-trained participants so that we a@babnduct them in our own
laboratory without making additional demands ontthspital staff.

Abstract tasks

The tasks that the participants performed duriegélstudies were abstractions of the
activities that we had observed the surgeons ateints perform during normal
outpatient consultations. These tasks involve@éssto and management of the large
spaces in the two rooms (the patient’s room andtingeon’s room) that formed the
nodes of our telehealth system and collaborativeopeance of three-dimensional tasks
in smaller spaces within one of the rooms. Wedlzskrved the way the surgeons and
the patients and families made use of the spatteeinonsulting rooms at the hospital —
sitting together to discuss issues, using the wbbtke room to allow for examining

the young patient and using specific examinatiat@dures in a more bounded space
within the room and we designed the study tasksdtch what we had observed.
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The intention of the tasks was that they be peréatsing the resources provided by
the three fixed video/audio links between the taorns, the steerable pole-mounted
camera above the designated examination space patient’'s room, the pen and tablet
tools for pointing and drawing over live video afidally, the laser drawing system in
the patient’s room that was controlled by a pentabtkt interface in the surgeon’s
room. Figure 5.1 shows the relationships betwkerabstracted tasks and their
associated real-world conclusions.

The tasks that we devised were in a sense freetefral meaning and so there was no
way for prior knowledge or learning on the paragsarticipant to skew the outcomes of
the study. This is in contrast to many remote g studies, such as those of Kirk
and colleagues (Kirk, Crabtree et al. 2005), whieeetask involved teaching someone
to assemble components such as Lego and wheresgperience with this toy could
dramatically change a person’s ability to perfohma task. We drew inspiration for this
approach from some of the early media spaces wadh as the “room drawing” and
“furniture placement” tasks of Gaver and his callees (Gaver, Sellen et al. 1993)
where the tasks were dependent only on the pladesnercontents of the rooms and
where completing the tasks required collaboratietwben the two participants — one in
each room.

Laboratory Hospital
Construct - .
component Abstract the clinical setting

Abstract the clinical task

Abstract the evaluation criteria

W

A

Conduct
experiment
with
generic
participants

/

Draw conclusions from the
laboratory experime

Figure 5.1: Schematic for component evaluation ithe laboratory



Generic participants

For participants in these laboratory studies wé&eaavadults with normal or corrected-
to-normal vision, with no other special requirensentVe recruited from our local
region — colleagues at CSIRO, staff and studentb@iustralian National University
campus, friends or acquaintances from within theb@ara community. This approach
to recruiting matched the generic nature of thksas be performed in the laboratory
studies.

We patrticularly avoided limiting our recruiting toedical practitioners for these studies
even though the ultimate purpose of the studiestavgsiide the development of our
telehealth system. There were two main reasonsdéhis approach. Firstly, the
features of the telehealth system that we werentestere themselves generic in nature
and we had designed the studies so as to not ngvexalicit “health” content.
Secondly, the health professionals who would begigie telehealth system were a
scarce and heavily committed resource which woeldvasted evaluating our system at
its generic level. Not only were they scarce,thely were also located 600 kilometres
away in Melbourne and therefore they were in pcaatiot available.

This issue highlights the levels at which it is aygpiate for the highly skilled and
heavily committed clinicians in the tertiary headtctor to be involved in review or
evaluation activities. For example, one reviewleswr paper on the third of these case
studies (Stevenson, Li et al. 2008) commented faaly on the paper then noted that
the next step would be to repeat this study usiadically trained people as the
participants. My response is that this would reoah appropriate use of such a scarce
resource in this field of tertiary health care.méare appropriate approach would be to
match the evaluation situation to the skills araraity of the participants, with
abundant generic participants to evaluate genemotent-free features and scarce
clinicians to evaluate the clinical applicationtioé system.

5.2 Three laboratory studies

This sub-section contains an overview of each etlinee laboratory studies. These

studies were conducted during the first half of 208ing the telehealth system at the
level of development that it had reached at the trinthe studies. The first two were

conducted between two rooms at the CSIRO site @\tistralian National University
campus in Canberra and the third was conducteddeetthe Canberra and Marsfield
(Sydney) CSIRO sites.

Video and audio communications study

The first study treated the two rooms of the teddttiesystem (surgeon’s room and
patient’s room) as a media space. The concephuddia space, as described in an
earlier chapter, is that two physically separatens are connected by a number of
video and audio channels to form one larger “medpace in which the occupants of
each room can relate to the actual space of thex odlom as if it were an extension of
their own. The actual configuration of the videw audio channels will determine the
coverage and continuity of access of one roomeamther, and will determine the
guality of access to people and objects in theraotham.

At the time of this study we had developed a fumgtand video layout for the two
rooms of the telehealth system based on obsergatibnormal outpatient consultations
at two hospitals — the Royal Children’s HospitaMelbourne, which was the main
hospital for this work and the Royal Hobart HospitaHobart, Tasmania, which served
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as a feeder hospital for the more complex paediatnigical cases. The furniture
partitioned the patient’s room into two regions;teavith a close-up two-way
video/audio link to where the surgeon would sithe surgeon’s room. A wide-angle
camera and large-format display pair were locatethe far wall of each room to
provide an overview “window” from each room intaetbther room.

We wanted to know whether this arrangement woubdige the participants in each
room with sufficient visual understanding of thé@&troom that they could make
judgements of the relative position of objects wttihe rooms and perceive a form of
continuity of the space spanning the remote roWe also wanted to know whether the
perceived directions of the two close-up video/authks matched participants’ global
perception of their room and the other room.

Remote guidance user interface study

The telehealth system design contained four dififtetablet-based methods of letting the
surgeon give gesture-based guidance to the clasistant. In this study we looked at
three different styles of user interface for thegson to control these guidance methods
in a unified manner. The volunteer participantktthe place that the surgeon would
occupy in the telehealth system and a researchkithe place of the clinic assistant.
The purpose of the study was to have people whe wetr part of the design team use
these interfaces to instruct someone in the tdsktsnte devised in order to see how the
three styles compared. In particular we were loghko uncover any problems with
these interface styles that might interfere with ititeractions between guider and
guided.

Collaborative guidance user interface study

We used the results of the previous study to redumeuser interface style for
controlling the gesture-based guidance methodswvenithen explored whether our
approach supported emergent collaborative behabieiuveen people in the role of
surgeon and of clinic assistant. Pairs of parietp were recruited for this study, which
was conducted with minimal involvement on the pérthe researchers. After an initial
explanation and demonstration of the guidance t@olgies the participants completed
a self-paced training session and then complettask itself, following a sequence of
high-level computer-based instructions. It wastethe pair of participants to decide
when the task was completed. By devolving theningi and task completion to the
participants we were intending to create opporiesitor collaborative behaviour to
emerge.

5.3 Summary

This approach to using laboratory studies dematestaway of dealing with the

tension between the need to ensure a workable teshealth system prior to

conducting trials with actual patients, and theataof tertiary-level clinicians’ time

to conduct evaluation reviews. It differs from pshed studies in video-supported
collaboration in the Media Spaces literature irt thhas a specific target application
against which to perform the evaluation. It alfteds from published studies in remote
guidance in that it is not seeking to present parémce-based comparative assessments
of remote guidance techniques but, rather, it agsethe usability of a specific remote
guidance system to perform application-relatedvaies.
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6 Case study: Video and audio communication
6.1 Purpose

The purpose of this study was to explore the wayhich our underlying video and
audio communication sub-system supported partitgpaho were conducting
collaborative tasks between the two rooms of thehalth system. The specific layout
(video/audio streams, furniture, other objectsye@spnted an abstraction of the way we
had observed surgeons conduct outpatient consuigatiThe tasks used in this case
study were abstracted from the actions and comratiait patterns that we had
observed between surgeons, patients and familieese tasks were evaluated in terms
of the expected use of the telehealth system.

The use of video and audio communication chanodigh two or more spaces
(typically rooms in different buildings) is refetr¢o as a “media space”. This study
matches the spirit of previous media space resedvidtlia space systems were
constructed and deployed for both short-term ang-term studies.

* For short-term studies, such as this one, they pepelated with experimental
subjects who were given specific tasks to performarder to explore the
capabilities of the media space (Gaver, Selleth 4983; Heath, Luff et al.
1995; Heath, Luff et al. 2001).

* Longer-term studies treated the media space askagtmand communications
medium and observations concerned the way thecpmatits related to each
other across this medium as they went about ttadly dork.

In this study | use both task and observationat@gghes, albeit with a short time
frame. | look at how the participants used theewidisplays of the remote room to
understand its layout and to refer to objects,iand | look at how they use the
combination of video displays to interact with eather.

The earlier media spaces research used a humaeaentluation approach, with
observations of the participants who occupied tledimspaces and interviews with
those participants. In this case study | contwith a human-centred evaluation
approach precisely because the purpose of the &udyexplore the way that the
participants use the resources of our system talmmiate on the study tasks. The
primary outcomes of the tasks — sketches of th@temooms and relocation plans for
the furniture — have no absolute meaning in refetoothe wider telehealth application
and therefore it would not be appropriate to uperéformance or measurement based
evaluation.

6.2 Method

Telehealth system

The telecollaborative system described in this tdragind used for this laboratory study
formed the basis for the telehealth system thatisesl in our hospital pilot trials. In
this study we evaluated the basic video and aushaoneunication patterns supported
between the two rooms as show in Figures 6.1 to By colleague, Matthew

Hutchins, first suggested the room layouts showriguires 6.2 to 6.5 at an early
project review meeting with hospital surgeons, hedlrew the diagrams in these
Figures. He also drew the diagram in Figure 7 thénext chapter.
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The complexity of the telehealth application ariesn both physical actions and
personal interaction. The physical actions octwcales from whole-of-room (several
metres) down to small hand movements (severalroetites), often in different

locations within the room. The personal interatiémd dialogue use voice,
expressions, gestures and references to repraserdat abstract data. The application
may involve multiple participants, observers arhsient participants.

Our field observations showed that support for fimcéace dialogue, spatial awareness
and privacy are required for these applicationsceRo-face dialogue underpins the
clinical consultation. Spatial awareness providésrmation about what is happening
in the local and remote places and who is involaed, explicitly supports the spatially-
focused collaborative task of patient examinatiBnivacy includes both knowing who
is watching and listening and also knowing howitttevidual is perceived by others in
the space.

Figure 6.1: Photographs of surgeon’s room (left) ash patient’s room (right)

Our telehealth system was designed to support eepeasdiatric clinical examinations
and consultations between a surgeon’s room in pitabsnd a patient’s room located
in a regional healthcare facility. In the termiogy of Harrison and Dourish (Harrison
and Dourish 1996) the “Space”, or physical desimiptincludes a paired wall-mounted
camera/display giving matching room overviews, EnV-shaped desks oriented so
the surgeon sits on the inside of the V (in thgyean’s room) and the patient, family
and assistant sit on the outside of the V (in thigept’s room). Two pairs of close-up
camera/display systems link corresponding wingbefdesks. Figure 6.1 shows
photographs of the two rooms at the time that welaoted the media spaces study.
Ultra-short-throw data projectors were used forrtiam overview displays in this
media spaces laboratory study. The room overvieplalys were not used in the two
guidance laboratory studies and the data projeweters replaced in the final telehealth
version of the system by plasma displays for imptbvnage and colour resolution.

| note here a potential confusion of terminolodsy.the media spaces literature several
authors use the term “face-to-face” to refer taeweicbnferencing style video/audio links
where each person’s face fills the screen. Inttiesis | use the term “close-up” to
describe these video links (examples are seermgur&i6.1 above) and | reserve the
term “face-to-face” for situations where the papants physically meet in the same
space. Thus I refer to thelehealthandface-to-facgphases of our main hospital
telehealth trial.

Corresponding to the concept of “Place” describgéiarrison and Dourish (ibid.) there
are specific design intentions for the way the spaould be used and Figures 6.2, 6.3
and 6.4 illustrate these modes of use.
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Figure 6.2 The surgeon can look up from the desk and addhespatient and family,
via the room overview display, as they enter thgep#s room. Figure 6.2 shows the
surgeon looking at the room overview display. Ppae& of chairs (shown idark red in
the patient’s room is where the assistant would/kite examining the patient. The
three chairs on the other wing (showrdark blug are where the family would sit. The
head and shoulders view of a standing person ipdktient’s room indicates where
people might pass as they enter the room. Simjlall participants in the patient’s
room can look at their room overview display to geesurgeon.

Surgeon’s room Patient’s room

(2) 2
2 N e

(2)

/4

e

Figure 6.2 Room and furniture layout and room overview connedbn including:
(1) desks; (2) chairs; and (3) combined screengcanspeaker, and microphone.

®3) ®3)

Figure 6.3 The surgeon sits at the right-hand consultationg of the desk and uses
the close-up video and audio subsystem to talkécseated patient and family. Figure
6.3 shows two people in the patient’s room butunabservations at the hospital we
often saw whole families (parents and other silsljngro cater for this we provided
space for several chairdark blug and we set the zoom on the close-up subsystem to
wide enough a viewing angle to cover the whole flamrhe zoom on the surgeons’
video camera was set to approximately fill the sereith his or her head and
shoulders, allowing visual space for hand gestures.

Figure 6.4 This shows the surgeon sitting at the left-hexaimination wing of the
desk using the second close-up video/audio submytst¢alk to the patient and the
assistant who are sitting at the corresponding exation wing of their desk while the
parent remains sitting at the consultation wing thie final telehealth system a number
of additional cameras were placed in the examinatimg space of the patient’s room,
including hand-held, arm-mounted, tripod-mounted averhead pole-mounted
cameras.

The photographs in Figure 6.1 show the pole-moucéedera. Figure 6.1 also shows a
tablet display on the desk in front of where theepgs would sit. In the full telehealth
system this tablet display would show examinatimmera view that the surgeon was
seeing and this would enable the family to folldwe tetails of the examination without
needing to move from their seats.

The cameras used in the room overview and closgdgo systems were constantly
operating with fixed positions and zoom settingsypling the stable frames of
reference that Heath and his colleagues recommgiitgadh, Luff et al. 2001). The
close-up cameras were placed centrally on the tvaidt edge of the display to support
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face-to-face eye contact. In the version of thetesy used for this study the close-up
cameras were placed on plinths on the desk; ifinbeversion smaller barrel cameras
were suspended from the upper edge of the displdyhang a few centimetres down
over the display screen to improve the supporej@ contact.

Surgeon’s room Patient’'s room

®

o
<

%

{)

T

Figure 6.3 Consultation wing including: (1) combined scre@amera, speaker,
microphone, and foldback monitor.

Surgeon’s room Patient’s room

(1)

S

Figure 6.4 Examination wing including: (1) combined scre@amera, speaker,
microphone, and foldback monitor; and (2) assistaudt patient.

The room overview camera had a wide-angle lensiwtéptured the whole of the
room, including the doorway. Each pair of camaspldy systems had a
microphone/speaker system beside it and an ecluekaton system was used to
suppress echo and cross-talk between speakersiaraphones. Provision was also
made (detail not shown in the Figures) for obserweeach of the two locations.
Chairs could be placed at the back of each roomaantlary displays could present
details of any of the fixed or guidable cameraghsd the observers could understand
what is being discussed.

The room overview cameras gave the broad contesadi room, its participants and
the objects located there. Remote participantklcsee who was present, who was
talking and whether they were referring to objéctshe room, issues which Kane and
Luz had raised in a medical conferencing situatiteme and Luz 2006). Together the
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three camera/display systems enabled the peopkxtsland actions to be publicly
available to all participants (Robertson 2002).

Expectations of the system design

The intention behind this design was to make thevidl of each room like a window
into the other room, and to have the directionalityhe close-up video subsystems
match in an approximate way with the correspondingction of view to the room
overview display on the far wall. This conceparsextension of that shown in the
“Hydra” system (Sellen 1992) where multiple smalineras and displays are arranged
in an arc, each camera showing a different penmseoived in a multi-way
videoconference. In the Hydra system, turning ymdy to look at a particular person
indicated to that person that you were talkingito or her, and indicated to all the
others that you were not talking to them. In atuagion we have just two camera
display pairs because there are only two regionstefest in the patient’s room — the
consultation space and the examination space.c@uera/display pairs are defined by
their location in the two rooms rather than by videitting at them, and these locations
match their position in the overview displays.

The Hydra system does not necessarily have a cbatagdjacency. For example, if
two displays are adjacent on your desk, the pgm@eented on those displays are not
necessarily adjacent in the remote location. Insystem, the two close-up displays on
the surgeon’s desk are adjacent; the surgeon septepn the examination space as
being to his or her left of the people in the fansipace. This same relationship holds in
the room overview display — there is a consistéaxtgment of people in both the video
representation and in the actual rooms. This maiswhen the surgeon turns to
speak to the people in the examination space gamele), both those people and the
people in the family space are aware of whom tingesan is addressing. In addition,
people in the examination or consultation spacetwanto talk to each other and this
act can be interpreted by the surgeon due to tlualagpatial relationships within the
patient’s room.

Study protocol

The telehealth system was modified for this stuglydmoving the additional
technology for conducting a patient examination laypécluding some items of
furniture. The study was conducted between tworaory spaces located on different
floors of the same building. These spaces areregféo as the “Upstairs Lab” which
contained the layout for the surgeon’s room and'Brevnstairs Lab” which contained
the layout of the patient’'s room. Figure 6.5 shohesarrangement of equipment and
furniture in the two rooms for this study. We retie the volunteers helping with the
study as “participants” and to the people condggctire study as “researchers”.
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Upstairs Lab Downstairs Lab
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Figure 6.5 Schematic diagram of the seating plan for theeement, showing participants
sitting at (A) and (B) and experimenters at (C) @@ The couch, which was the subject of
the furniture placement task, is shown in the Upsticab and a small table is shown in the
Downstairs La.

Twelve participants took part in the study, group®d six pairs. For each pair the
study consisted of a short initial meeting to casbgpldemographic and consent forms,
about 25 minutes to perform the tasks and a 15 tenidhebrief session to answer the
written and oral questionnaire. The participantsally sat at matching close-up video
camera/display systems so that they had a closgeuwpof each other (positions A and
B on Figure 6.5). One researcher sat at the othse-up video camera/display
(position C) with the role of giving instructionacgprovoking three-way conversations
that bridged the media space. The other reseasahat the back of the other room and
managed the task timing (position D).

Study tasks

The room sketching and furniture placement tasksl us this study were based on the
“room drawing task” (draw a plan of the remote roesing the video streams and each
other’s explicit help) and the “design task” (cblimatively re-arrange furniture to fit in
part of one of the rooms) used in Gaver and colleagearly study and replicated in
other studies (Gaver, Sellen et al. 1993; HeatH,&tual. 1995; Heath, Luff et al. 2001).
After initial introductions, the participants wezach asked to draw a sketch map of the
remote room with help from their partner. It wa# to the participants to decide how
best to make use of each other and of the vide@adi links. The purpose of this
task was to see how the participants would usedh@nunications technology, what
use they would make of pointing and other gesturew, they would use their own
space and what sort of dialogue they would condittt their partner.

The participants’ attention was then drawn to thee@ter couch (sofa) in the Upstairs
Lab and to the open space in the Downstairs Ldiey Tvere asked to work out the best
place to re-locate the couch into the Downstaitts ¢@that it did not interfere with
access to the room and so that observers sittingvasuld have a good view of the
activities of this experiment. This task was toywke a discussion about spatial
locations, relative sizes and location contextet® what use the participants made of
pointing, gesture, focus of attention and grounclaa/ersation.

66



During the tasks the researcher at position C edeatseries of interruptions, both as
events unrelated to the tasks and as boundarieeéetask components and the next
set of instructions. The purpose of these intéroag was to explore three-way
conversations across the Internet boundary betieetwo Labs. In particular we were
interested in studying how the participant in thestairs Lab handled changes in
direction of attention between the partner andésearcher in the Downstairs Lab (at
positions A and C). Of interest was the way theigpant used the two close-up
displays (giving a close-up view of partner anceegsher) and the room display.

Two external interruptions were also scripted.hid researcher entered the Upstairs
Lab and handed an object to the researcher aigofit He then exited the Lab and
proceeded to the Downstairs Lab. He entered thenBtairs Lab and sat in a chair at
the back of the room.

This protocol was approved by the CSIRO Human Rebdzathics Committee —
reference code 06/40.

Data collection and analysis

Observation notes were taken by each of researdiersy the runs of this study and
the study runs were also videotaped. At the erghoh run the participants met
individually with the researcher who had accompauniem to complete a written and
oral questionnaire. These exit interviews werd@uecorded.

| analysed the video recordings of the study bypmdiag what the participants did and
said during the phases of the study task. | lookgmhrticular for pointing, gesturing
and spatial referencing in both the local and rensptaces and for how the video
channels were used to communicate them. | aldeetbat how the participants
responded to the scheduled interruptions and atthewarticipants recovered from
misunderstandings in their communications.

6.3 Results

During the study we observed grounded conversationserning space and objects,
use of the close-up display for direct discussemd use of the room display for
discussions about the space. We also observetimpigesturing and spatial
referencing into both the local physical space thiedemote space.

The twelve participants ranged in age from 23 ty@&&rs old. Nine of them had never
used video-conferencing, two had used it rarely@mlused it once a week. Their
experience of computers ranged from a retired pesswery little (email)” to full-time
computer science students and professionals usamy évery day.

Grounded conversations

Four pairs of participants began talking at thet sththe room sketching task and
quickly established some common frames of referefite conversations were
grounded in shared perceptions of objects in eatieaooms. They asked about
objects (“You've got some furniture up the backydrat you?”), offered descriptions of
items in their room using pointing, touching arnzksgestures, and used humour
grounded in the space to bridge the artificialityhee laboratory setting. One pair
agreed on a North/South convention for directiortkiw each Lab but soon abandoned
it in favour of pointing, gestures and relativedton descriptions (“Behind, on my
right hand side ...”). Two pairs began sketchingnginly visual information. During
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this task they engaged in minimal conversationfgprimg to sketch and only to ask
directed questions about objects.

The furniture placement task, however, broughsialpairs into active dialogue. They
each had spatial information not directly availal¢he other that was needed to solve
the problem. Eleven of the twelve participants gofrom their chairs and moved
about the Lab, using their body and reaching/towgkgestures in the discussion. An
example of the dialogue:

How big is the couch?

Can you see it?

Yeah, | can see it behind you.

(Moves to, and lies on the couch) Can you se@ (Gestures along her body length to
show the length)

<s<s

For each pair, the dialogue was sufficiently rolibat the scripted interruption by the
researcher did not disturb its flow.

Close-up and room overview camera/displays

The participant in the Upstairs Lab was interrugtadthe researcher in the Downstairs
Lab) at three places during the furniture placen&sk. Firstly, the task was explained
by the Downstairs researcher with pointing andgesnto both spaces. She then
asked “Does that make sense?” directing the quesiithe Upstairs participant through
her close-up display. Five of them explicitly tadhtheir attention from the room
display to the close-up display in response tagtiestion. The sixth was confused
about the instructions and continued gesturing tiloroom display.

The second interruption was an unrelated quesirected at the Upstairs participant
early in the task. It used material shown on theesup display. All six responded to
the interruption by turning to the close-up vieeplying to the unrelated question then
turning back to continue, with no noticeable bragathe furniture placement dialogue.

In the post-experiment interview these six partiaiis were asked about the interruption
event. Three said that their response was triggeyehe researcher’s voice. All of
them knew to look at the close-up display. Theimments included:

“I looked at the [display], it was J's proxy. Naought involved”
“It was coming from her ... no, that wasn't difficut all”
“Because of the visual on the big [room displayesn and seeing that that was where J was”

The six participants in the Downstairs Lab wereedsfor their impressions of the
interruption. They were aware that the researafaartalking to their remote partner,
taking his/her focus away from them, and wonderhadtwhe researcher was doing.

The third interruption occurred at the end of ekt The Downstairs researcher asked
them how they could tell how much space there wake Downstairs Lab (for placing
the furniture). In response, four turned and spdikectly to the close-up display and
two explained their answer by speaking to and gesfuo the room display. All
participants agreed that it was easy to tell wienQiownstairs researcher was talking to
them.

A third researcher entered and left the rooms fiboe® participants’ awareness of
people in the space. In the questionnaire theggaahts were asked to say how many
people a) were in each room for the duration ofstiney, b) came in and sat down and
c) came in and left before the study ended. Eiglited and remembered these
correctly, two were not sure if the person entetimgremote room had sat down or not
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and one person was aware that someone had ertersabims but was not sure what
they had done.

Most participants made extensive use of the ro@play even though its resolution
was not as fine as the close-up displays. One anted “I felt compelled to look at
the major screen [even though I] can’t pick up maunlgtleties.” One who did not make
much use of the room display asked her partneescribe the remote room in detail for
the room sketching task, even though she couldt.s8ee commented “I don’t trust
what | see”. Some participants commented on theecless of their partner through the
close-up display.

“... at one point | thought it was very like we sitchhave a meal together — we are sitting across a

table from each other and able to sit and chat.”

All six pairs moved between using the room disg@ay the close-up display during the
sequence of tasks, matching the moment of dialegiiethe choice of display. The
following extract illustrates this use:

T: (Looking at close-up) Where do you think ist?e@ urns to look at room display to listen
to the answer)

A little later the participant engaged in a diale@equence involving looking at a
remote room feature in the room display, asking@stjon about it then turning to look
at the close-up display to listen to the answaredch case the body gesture matched
the purpose of the dialogue rather than being ld¢h® a particular display.

Pointing, gesturing and spatial referencing

All six pairs used pointing, gesturing and spatiérencing and they wove these
references meaningfully into their dialogue. Tipeynted at and then sometimes
moved to touch an object in their own space.

A: What do you have in front of you on your leétrd side, it looks like a glass or
something?
L: (Reaches out to touch object) Yes, a glass

They also pointed at objects in the remote spaszs] gpatial referencing terms (“in
front”, “behind” “put it over there”) and movemegéstures. Sometimes they combined
all three in the one component of dialogue.

\A Put the ... move the white thing ... over therei®to the remote space and gestures a
sideways movement)
W: (Interrupts V) Apparently we aren't allowednmve the white monitor thing

In most cases the dialogue continued, showingthtiggpartner had understood.
Gestures were sometimes used with dialogue to détikg two spaces.

A: | guess the task is to move that couch (pdimt&mote space) into this room (points into
the room where he is sitting)

Overall, participants seemed comfortable inclugingting, gesturing and spatial
references in their interaction with their partner.

Some misunderstandings occurred. Where a refeterare object in the remote Lab
was misunderstood this misunderstanding coulddmett to a mismatch of frames of
reference. An example was the use of “back” anohtf. The wall nearest the desks
had the remote room view projected onto it andpom terms, was the “front wall”.
Some participants, however, felt that they wertngjtat the “front” of the desks, giving
“front” the opposite directional meaning. Mismatsicould also be transient.
Participant A had turned around to look at the baak just as his partner referred to
“[the data projector by] the wall you are lookingj @neaning the front wall with the
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remote room display). The back wall had an unutsed projector on a shelf
reinforcing the misunderstanding. After severahsuof the conversation this
misunderstanding was corrected.

Objects in the two spaces that were similar butin@tsame sometimes caused
confusion. The “V” shaped desks were similar ingtouction but in one room the apex
faced the remote room display whereas in the atiean the apex faced the rear of the
room. Two pairs of participants were expectingsame configuration for each and
conducted conversations to establish the actuatsin. The two Labs were
partitioned regions of actual rooms in the samé&limg but were aligned differently.
The long wall of the actual room ran across thennliae of sight in one and parallel to
it in the other. The entrance door was in the lvaak in one and in the side wall in the
other. One pair initially tried to use the wallsddadoors as their spatial references but
abandoned the idea when it did not seem to work.

Understanding spatial information

All participants felt that they could understand tayout of the room remote to them
(Figure 6.5). Two pairs conducted the first fivenates of sketching in silence using
only the room display. When they sketched objd#ws were indistinct, distorted by the
wide-angle lens or partly obscured they asked tmitner questions. This resulted in
sporadic dialogue within longer periods of quiettsking. The other four pairs
maintained a dialogue that combined questionsyamétion, social interchange and
humour.

Vigorous dialogue was observed for all six pairgrythe furniture placement task.
This included gesture, pacing out the space andngmbjects in the Downstairs Lab,
gesture and body movement to show the furniture itethe Upstairs Lab and voice,
pointing and gesture from the Upstairs Lab to tlesvBstairs Lab’s display. The
dialogue contained spatial reasoning, suggestiodaticisms of placement options.
At the end of the task each pair was able to agmneg suggested location for the
furniture item in the Downstairs Lab.

6.4 Discussion

The system was designed to meet three requirensgport for face-to-face dialogue,
spatial awareness of both spaces, and appropaat#lihg of privacy concerns.

Further, the corresponding application scenariolwved untrained users so these
requirements needed to be met even for novice .ugdrs results of the study indicate
that overall the requirements were met. | disthesvidence for this below. | then
discuss the freedom of the use of space which wamexpected benefit of the design
and some key expectations that the design creattdumgestions for better supporting
these expectations in future systems. Like thgetanser group, most participants were
new to video-conferencing and all were new to siyisem. The study participants were
representative of the target user group in thianeg

Support for face-to-face dialogue

The study provided clear evidence that the systggp@&ted communication between

the two sites. During the room sketching taskgaeicipants who chose to discuss the
room contents and layout were able to do so wititive ease, as suggested by their use
of humour. The participants were comfortable ugiamting and directional gestures

to refer to objects in their own location and okgen the remote location. They did

not, however, point or gesture in isolation — tdeyso in pursuit of the study task and
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embedded in a dialogue with their partner. Thaydetell from their partner’s
response, spoken or otherwise, whether they had lnegerstood. When this
communication failed (examples are the misundedstgnof the desk shapes and the
confusion over front and back) they were able tmver using turn-taking conversation.

Generally, pairs interacted more during the fumgtplacement task than during the
room sketching task. Rich conversations develap&chich participants not only made
suggestions but also critiqued their partner’s sgtjgns. Participants were able to
engage fully in the task with their partner. Dgrihis task, participants continued the
discussion often whilst moving about the room. sTdemonstrated an ability to
communicate using a combination of the availabbnolels and to switch between them
with relative ease. Perhaps the strongest evidefite strength of the communication
was the response to researcher interruptionsarticplar, interruptions were noticed
and dealt with as necessary but did not disrupttmyersational flow. Participants’
subjective reports of their ability to communicatiéh their partner matched up with the
study observations. One participant volunteeratiittwas like her and her partner
were sitting across the table from one-another.

Support for spatial awareness

The participants’ mutual awareness of the two iooatwas demonstrated by their
conduct of grounded conversations during the coliatve spatial tasks and by their
ability to reach an agreed conclusion on the fureiplacement task. It was also
supported by their questionnaire response, in wallctwelve participants either agreed
or strongly agreed that they could understanddipeut of the other location. Further
support comes from their use of the two close-gpldys and the room display,
especially the six participants in the Upstairs din were able to maintain a
conversation with their partner, refer to the reenatom layout and interact with the
researcher by shifting their attention betweentlinee displays.

As suggested by Heath and colleagues, the pamisipeere able to use fixed frames of
reference (fixed video camera/displays) and stabjects in the rooms (the desks,
seating and display screens) to place their spdiabdgue (Heath, Luff et al. 2001).
They occasionally used potentially misleading tesmsh as “my left” and “your right”
but they accompanied these with gestures that @derany incorrect meaning. The
spatially-focused collaborative task was to finolace in the Downstairs Lab for a
couch located in the Upstairs Lab. This drew ugairtfamiliarity with both locations
from the earlier task and on their ability to cooda spatially referencing dialogue
across the network link between the two Labs. Tweessfully shared spatial
information with their partner both by referencektmwn objects, in the room or from
real life, and by reference to their partner’s gpachis sharing of information about the
objects and each other’s actions suggests thabwe $ucceeded in “explicitly and
deliberately” designing the system for object aatioa awareness (Robertson 2002).

Privacy — support for awareness of people

The privacy issue that we were addressing wadltlegbarticipants should be aware of
who was in each location and of what they were gloifhis required that they both see
who was in the room and observe people enterindeswihg. The volunteers were all
able to recall that a researcher had entered boting. This suggests that the system
supports a basic level of awareness of peopletim fjzaces.

Not everyone was able to recall whether the peeswering the room had sat down. Of
the twelve participants eight correctly statedrtbenbers of people present, entering
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and leaving the rooms and what the transient paetidleThe other four were aware of
the intrusions but did not pay enough attentiobhaaonfident of what had happened.
One participant explicitly commented that she haticed the person enter but was not
concerned with what he did since she believeddtavant to the task. This ability to
observe the presence of someone coming and gothtpateliberately ignore their
actions if they are not considered relevant tosiheation may be desirable in a clinical
setting. During our clinical observations, a nugsée frequently entered and left the
examination room. The patients, parents and @ingcontinued the examination only
paying attention to the nurse as required.

One potential problem for privacy uncovered dutimg study was the poor visibility of
the door in the Downstairs Lab. One participans wat aware of it until the debriefing
session. Where privacy is an issue a well markex thay be an important cue to
support awareness of people entering or leavingphee.

In response to the numerically rated question atimit level of awareness of who was
in the rooms (on a range of 1: Low to 5: High) maisthe participants recorded 4 or 5.
This question was asked directly after the questahrequired the participants to
indicate how many people had entered and left ahd@wn in the room. Of the two
participants who reported lower awareness one hapdrticipant who intentionally
ignored the intruder. Both stated as they weliadilin the questionnaire that they must
not have been so aware since they had troubldirecdlthe extra person had sat down
in the other room. Given that this level of awa®nis not necessary for the task and
the high awareness reported overall these resudgest the system is meeting this
requirement.

Freedom of movement and communication

The study environment was a simplified version ufintended telehealth system,
without the sense of “place” of a clinical constitia in the sense that Harrison and
Dourish use the term (Harrison and Dourish 199gvertheless, there were cues in the
way the system was presented to the participaatddt them to develop their own
sense of place. They were invited to sit in whatila be the “consultation wing” seat,
facing their partner’s close-up display. The Dotairs Lab researcher sat at the other
close-up display and gave instructions from thédbjects relevant to the study tasks
were placed invitingly within the open space.

By the end of the room sketching task all six phad appropriated the space for
themselves. During the furniture placement taskynteers moved around both rooms.
Regardless of their position in the room they waske to communicate with their
partner. Use of voice and gestures from varioasqd in the rooms were understood.
Depending on where participants were located arat Wiey were discussing they
switched their attention appropriately between wewhis occurred with no visible
effort; one participant, however, commented thatélwas some adjustment required
when switching views. Overall this observed intdicm suggests that the system
supports a variety of collaborative interaction e whole space.

Similarity expectations

The use of familiar objects and similar objectbath the rooms helped participants to
understand the remote space. Difficulties sometimee, however, when the objects
were misleadingly similar and when participantssghframes of reference outside the
expected bounds of the study. For example, theg tige long walls of the spaces as
references. One was the room’s depth and onetm’s length but this difference was
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not apparent to all participants. This suggeds th future systems, any apparently
similar objects should indeed be the same andatigafittings (chairs, for example)
should be of standard office size. Further, olsjdtat are different should have cues to
indicate this. For our long wall example, the v camera image could be
displayed such that it made the remote room shape apparent.

6.5 Conclusions

The preliminary analysis had identified three maiquirements for the video and audio
communications aspects of the telehealth systepp(stfor “face-to-face” dialogue,
support for mutual awareness of participants’ atiand located objects, and support
for privacy). A study was conducted in a laborateejting to evaluate the telehealth
system against these requirements.

The video and audio arrangement in this study, Wwigd room display and two fixed
close-up displays, allowed the participants to tgvea mutual understanding of each
other’s location, to conduct three-way conversaj@md to use grounded conversation
to complete a collaborative spatial task. Faceatefdialogue was supported between
the two sites from each of the two wings of theeaysand participants switched their
focus of attention between the two close-up videtesns and the room display
appropriately to their discussion. While the elag displays supported effective
person-to-person dialogue the intended metaphaittafg on opposite sides of a desk)
was only observed explicitly by one of the twelhatipants. Support for a wide
awareness of the other people in the two roomsmeade available to the participants
and, while most participants observed this, a fease to ignore it as irrelevant to the
study tasks.

A major impediment to the participants’ ability¢onduct their tasks was the
misleading similarity of aspects of each of the taaations. A second impediment was
the absence of easily observed directional martkerssolve ambiguities of direction.
These two issues need to be addressed in thevéreibn of the telehealth system and,
in particular, the locations of the doorways totifve rooms need to be made explicit to
the participants.

This study demonstrated the use of a human-cestr@dation approach in scenario-
testing the shared space of a telehealth systeitustrates the artificiality of this type
of laboratory test with respect to the intended-veald application. It illustrates the
value of using a human-centred rather than a pegnce or measurement-centred
evaluation approach when the corresponding a&svin the real-world application are
human-centred rather than performance or measutereatred. A summary of the
major results of this thesis is given in Sectiod, pages 8-8, and this case study
supports result R1.
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7 Case study: User interface for remote
guidance

7.1 Purpose

The purpose of this study was to evaluate the ligabi three candidate user interfaces
for the remote guidance technologies that formsdlasystem of the overall telehealth
system. The application context for this remotelgnce was to help a surgeon guide a
remotely located assistant to examine a patiedti@support dialogue between the
surgeon and assistant about artefacts and acetsant to that patient examination.
The tasks used in this study were abstractionseo&ttions observed in normal
outpatient consultations, and the physical taskegarresponded to the immediate
space around a seated child. An account of thdysvas written as a CSIRO Internal
Report (Smith, Stevenson et al. 2007) and | hag/don this report in writing this
chapter.

The role of this case study in my thesis is tcsiflate a human-centred approach to
evaluating user interface components in the laboyatvhere those components are
exercised through human activity scenarios andetsosenarios have corresponding
meaning in the target application.

7.2 Method

Details of the study

The basic scenario for this study was for a volenparticipant (referred to here as the
instructor) to instruct a remotely located actegding the actor through a sequence of
tasks using the remote guidance technologies tbed part of the telehealth system.
The study was conducted within the one buildinge-ihstructor was located in the
Upstairs Lab and the actor in the Downstairs Ldbs Btudy used three sub-systems of
the telehealth system:

* A close-up audio and video link supported perseoaimunications between
the instructor and the remotely located actor

* The tablet and electronic pen subsystem hostedseinterface for the
instructor and presented tablet-based instructidhe actor.

e The pole-mounted laser drawing sub-system preséaded-drawn instructions
to the actor.

The diagram in Figure 7.1 and the photographsgnress 7.2a and 7.2b show the three
people involved in each run of this study:

* The instructor, shown in position A in Figure 7sat at the close-up audio and
video link and used the electronic pen to contreluser interface on the tablet.
Figure 7.2a shows an instructor in the foregrounith@ photograph.

* The researcher, shown in position B in Figure 3at next to the instructor and
managed the sequence of events. Figure 7.2a shewssearcher in the
background of the photograph.

* The actor, shown in position C in Figure 7.1, $dha other end of the close-up
audio and video link. The actor is seen on-scieéfigure 7.2a and sitting at a
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table in front of an arm-mounted tablet displayigure 7.2b. The actor’s audio
and video link is off-camera to the left in Figut&b, but is shown at position 2
in Figure 7.1. The role of “actor” was filled byd members of the research
team, alternating sequentially with runs of thedgtuDiffering data sets were
used for each run of the study and neither actdrsean the data sets prior to the
study.

This study followed the concept of abstractinggiteation and the study tasks from
observations of actual outpatient clinics, whiclour case were observed at the Royal
Children’s Hospital and at the Royal Hobart Hodpitalrasmania. The observed tasks
included examining the head and face of a seatiddl axind discussing X-rays and
photographs. The working volume of the tasks vmmia1/3" of a metre cubed and the
actions included sensitive dextrous examinatiomshemd-scale pointing and
movement gestures. As described in Chapter Sais used in this study were
abstracted from the application setting so thastbdy could be conducted in our
laboratory, away from the hospitals, and could &égsmed by non-clinically-trained
participants.

This study was conducted to evaluate three careligkdr interface designs for the
remote guidance subsystem that was being devefopedr telehealth system. These
interfaces controlled two modes of instruction &nd styles of instruction within each
mode. The broad differences between the interfaees in the way the modes were
managed:

* For the “Pen Turning” interface, each end of thee®bnic pen (the “nib” end
and the “eraser” end) was used to control the twdes of remote guidance.
The user turned the pen in his or her hand, braqngme end or the other to the
tablet, to change modes.

* The “Button” interface used an external pair of gihgl buttons to switch
modes.

» The “Panel” interface had two panels displayedejpasate windows on the
tablet, one for each mode.

The reference data for all the remote guidanceonptwas the video stream coming
from the camera mounted on the pole, next to therldrawing sub-system. This
camera gave a live video view of the actor andhefdctor’s workspace, which
consisted of a tabletop, paper and material ostiniace of the table and a manikin the
size of a small child placed on the table. Indbeesponding telehealth application,
this camera represented the view of a seated abifien by a standing surgeon.

The user interactions involved floating the elecicgpen over the window on the tablet
showing the video stream, or touching the tabkatigace in that same window. The
user had four guidance options:

» Pointing to an object in the field of view of thieleo camera, causing a red dot
to appear in the video window. The actor coulad akse this red dot and
therefore could see to what the instructor wastpan

» Drawing over a region of the video display. Thasised a red line to be drawn
in the video window, which both the instructor @hd actor could see.

» Pointing to an object in the actor’'s workspaceisTaused the laser drawing
sub-system to draw a green cursor (circle enclosiagss) onto that object.
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« Drawing over objects in the actor’s workspace. sldaused the laser drawing
sub-system to draw a green line over the objects.

The pointing dot or cursor remained present whigegen was in use, and disappeared
when the pen stopped being used. The drawn lereained in place for five seconds,
and then they faded automatically.

As we observed during our early hospital observatipointing and drawing are used
as different gestures. The first indicates a ahoicpoints to the presence of an artefact
and the second typically indicates spatial attebwgbout an artefact.

Several research groups have published work omgusmote gestures over video or
projected into remote workspaces as guidance metlidzuoka, Kosuge et al. 1994,
Ou, Fussell et al. 2003; Kirk, Crabtree et al. 2008k and Fraser 2006). In contrast
with many of these papers our remote gesture wakbwuilt in the context of a
complex target application in which an instructodan actor (surgeon and clinic
assistant) collaborate over a complex physicaliaftdimation task (examining a patient
with a complex clinical condition) to reach a carsgibn about the patient’s condition
and to contribute evidence towards a treatment plan

The overall goal of pointing and drawing in the pite outpatient consultations is
essentially qualitative. The remote gesture commptsxdo not have a measurable task
performance or a meaningful time to completionstéad, they contribute as part of the
dialogue between the remotely and locally basedctdins to the overall completion of
the task. For this study we used the examinapaces of our telehealth system because
that is where the actual patient examinations wtakd place in the deployed system.

Upstairs Lab Downstairs Lab

Figure 7.1. Schematic diagram of the context of thmterfaces and setup for the
study.

(1) Room overview audio-video link including camerascreen, microphone and
speaker

(2) close-up audio-video link including camera, se@en, microphone, speaker and
video fold-back monitor

(3) tablet display and pen input device for the insuctor ( )
(4) external buttons for the Button interface
(5) tablet display for the actor )

(6) workspace camera and workspace marker projectio system
(7) workspace table
(A) instructor; (B) researcher; (C) actor
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Figure 7.2a: Upstairs lab showing instructor (foregound), researcher
(background) and actor (on screen)

Figure 7.2b: Downstairs lab showing actor. The talet display shows the pole-
mounted video view of the actor’'s workspace, handsnd manikin, as seen by both
the instructor (in the Upstairs lab) and by the acbr himself.
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The three interfaces

The primary difference between the three interfacas the way that the instructor
selected between the four guidance modes: usingrtfwedeo marker as a cursor, using
the on-video marker for drawing; using the workspamarker as a cursor; and using the
workspace marker for drawing.

The pen input technology used for the interfacesdeveral features that influenced the
three designs. The pen could be tracked both Wwkkhjust above the tablet, and when
touching the tablet. The pen also had a pointwilrg nib on one end a wider eraser-
style knob on the other end, both of which couldrbeked. There was a function
button on the pen that could be pressed with ttexringer while drawing with the nib
end.

The “Pen Turning” interface was the most simple and direct, using featuréeepen
for all guidance mode switches, that is floatingarrching with the “nib” end or the
“eraser” end of the pen over or onto the windowttentablet which displayed the
reference video stream:

* Float the nib end => on-video pointing (using a kmeal dot as cursor)
* Touch the nib end => on-video drawing (showingia tked line)

* Float the eraser end => in-workspace pointing &ras cursor drawn in green
by the pole-mounted laser)

* Touch the eraser end => in-workspace drawing (drgwidefocused green line
with the pole-mounted laser)

The on-videgointing and drawing were displayed on both tistructor’s and the
actor’s tablet displays. The pointing cursor textkhe floating tip of the pen in real
time on both displays and disappeared when thef tiipe pen was pulled away from the
tablet surface. The drawn line followed the tigl# pen as it touched the display,
fading after five seconds.

The in-workspac@ointing and drawing were displayed directly ittie actor’s
workspace and were, therefore, visible directltheactor. They were also visible to
the instructor as a green line drawn on the objedtse field of view of the pole-
mounted video camera.

* The pointing cursor tracked the floating tip of hen with a small lag due to the
video latency and with a variable offset due tottiree-dimensional geometry
of the workspace and the sideways offset betweetaer display and the axis
of the video camera. The method of calculating tfiset is described by
Palmer and colleagues (Palmer, Adcock et al. 2007).

* The drawn line followed movement of the pen tiptloa tablet with this same
offset and persisted for about five seconds. Tdrmaen“pen turning” refers to
turning the pen in the hand to put either the mibraser tip to the tablet surface.

The “Button” interface used an external pair of physical buttons for gwitg modes
between pointing/drawing over live video and lgs@jected pointing/drawing over
objects in the workspace. For consistency thétatbn activated the on-video mode
which used red for the cursor and lines, and tkeembutton activated the laser
projection into the workspace which used a greserlaght.
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The function button on the electronic pen contiblige switch between pointing and
drawing (i.e. filling the same role as turning tien in the previous interface).
Touching the nib end of the pen on the tablet ser&ctivated the on-video pointer and
displayed a small red cursor at the point of the miolding down the function button
on the pen and then touching the nib end of theopethe tablet surface activated the
on-video drawing and displayed a red line wherenibeend of the pen moved over the
surface.

The “Panel” interface provided two separate windows on the tablet:

» The first window displayed the reference videoatne Touching the pen on the
video display surface activated the on-video curstressing the pen’s function
button and touching the video display surface atég the on-video drawing.

» The second, smaller window provided the interacsipace for controlling the
laser drawing sub-system. Touching the smalledeswmwith the pen activated
the in-workspace pointer at the corresponding paitite video display and
touching with button pressed activated the in-wpédce line drawing. The two
windows had the same XY proportions but the sesaindow did not display
the video stream. The user needed to estimat@propal positions from the
larger to the smaller window to locate the pen wbemtrolling the laser
pointing or drawing.

The in-workspace laser projected pointing and dngwvere offset from where the pen
touched the surface and the instructor experieacdtbrt one-way video lag in seeing
the actual location of the laser projected itens. admethod of stabilising the on-video
drawing this interface was designed to freeze ttleoson both tablets from the moment
when the instructor started drawing until five set® after the drawing had finished.

In all three interfaces the drawing faded out adixime after drawing (set to five
seconds in the study). This was true of both tir@ideo marker drawings and the
workspace marker drawings. The intention was ppett ephemeral gestures rather
than permanent instructions and the fade was detfgpen automatically rather than
under user control. This is consistent with praslg reported work that found
efficiency benefits in an automatic erase feataneemote guiding (Fussell, Setlock et
al. 2004). The ability to create a fixed statiawling would also have undermined the
task chosen for the study, where we were interastedmediate and continuous
instruction, rather than the up-front provisionadblueprint for the work.

Study tasks

We had identified three component tasks which tiligeon might wish to guide
remotely during a consultation or patient examoratindicating an area or feature of
concern on a clinical chart or patient or choosingbbject or feature, indicating a
position and orientation of a moveable object agliesting the position and movement
of a close-up examination camera. In the patigotsn these tasks would occur on the
2-dimensional surface of a document or X-ray ahm3-dimensional space occupied
by a child. The study tasks, therefore, were desigo generalise these actions and to
take place on a surface the size of an X-ray fitrma@ region the size of a seated child.
At this stage in our development of the telehesystem we concentrated on
craniofacial surgery on young children where, tgfic post-operative examinations
have the child seated in an adjustable chair aglgin a parent’s lap.
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The literature describes many studies that involemipulating mechanical objects such
as LEGO (Kirk, Fraser et al. 2005), robot models,(Bussell et al. 2003), computers
(Kuzuoka, Kosuge et al. 1994), and control panlz(@oka, Oyama et al. 2000). The
tasks for this study (and the case study desciib#dte next chapter) used softer, less
well-defined shapes and components. The tasks were

» A training task, to familiarise the instructor with the four reraguidance
options

» A dress patching taskin three steps:
o0 Selectthe fabric for the patch

o Draw the shape of the patch on the rectangle of fgdbrider guidance
from the instructor)

0 Placethe patch on the dress in the correct positionaaightation

This set of tasks was designed to minimise theceffeprior experience on the part of
the instructors and actors, and to minimise theofispoken short-cuts. It involved

both two-dimensional and three-dimensional comptmemnganic shapes, and it was on
the spatial scale of a young child. This task designed by my colleague Jocelyn
Smith and she is the first author of the CSIROrlmeReport (with myself and

Matthew Hutchins) on which this chapter is based.

The training task involved tracing a flower petal design on a squmakeh on the dress,
which was placed over a basic torso model (Figusg 7This task used all four of the
guidance modes and let the participants becomdifeiwith the user interface they
were given, and with using the pointing and drawgaoglance modes.

Figure 7.3: The flower pattern was traced with eachmode during the training
phase.

The first step in the dress patching task was to ket the fabric from which the

patch would be made. Participants were told teatlithe actor to pick up the rectangle
of fabric in the workspace that matched the phatplgiwhich appeared in their
instruction panel.
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The next step was to draw the patch shape on the daof the fabric. The shape was
displayed in an image window visible to the instoudut not the actor. The
participants were told to direct the actor to dtae design on the white side of the
fabric patch and not to worry about extra pen macsace the design was drawn to the
instructor’s satisfaction the actor cut it outgtiie 7.4 shows an example of the in-
workplace laser drawing being used to guide therdaotdraw a line on a rectangle of
material. Figure 7.5 shows one of the shapedhieanstructors guided the actors to
draw.

Figure 7.4: In workspace guidance mode the greendar-projected line will guide
the actor to draw an irregular shape

Figure 7.5: One of the shapes that the instructorgded the actor to draw

The final step was to place the patch on the dres®articipants were told that the
patch was one of many shapes to be added to the @nel a photo showed the patch to
the participant as one of many on a dress. Thigeants were told to direct the actor
to place the patch with the coloured side out asechs possible to its position and
orientation in the photo and then to pin the patctine dress. Figure 7.6 shows an actor
being guided to place the patch on the dress.
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Figure 7.6: Placing a fabric patch on the dress. nlworkspace guidance mode the

green laser cursor (below her left thumb) shows theequired position of the patch
directly in the workspace

Study protocol

The participants had been given an information tshieeut the study before they
arrived. When they arrived, they were given anaspmity to ask questions and then
filled in a consent form and a brief demographiegiionnaire. The researcher then
took them to the Upstairs Lab and the actor waatémtin the Downstairs Lab (Figure
7.1). The video channels in the room were poiotgdo them and they were
introduced to the actor. Following a simple sctipg researcher introduced the
participants to each guidance mode.

For each mode the researcher explained how tdhesadde and what the actor would

see. The participant was directed to try out tlelenand to complete the training task.

After training with each mode, the participant vda®cted to complete the training task
again changing modes during the task.

Next the fabric select task and patch drawing wesie completed. The researcher
explained both tasks with the help of a task infation window containing photos of
the desired task outcome. During the study tgskicipants could switch guidance
modes at will and the researcher noted when theg each.

At the end of the first two steps the researchadaoted a brief interview with the
participant which included questions about thesisans for using the tools they did.
The patch placement task was then similarly intcediuand carried out and a second
brief interview conducted.

This protocol was approved by the CSIRO Human Rebdéthics Committee —
reference code 06/41.

Video links

The instructors had a window on their tablet digpkeat showed the view of the actor’s
workspace table from above, taken from the polemtexdicamera. This was the video
view over which they pointed and gestured witheletronic pen. The actors had a
copy of this window on their arm-mounted tablefpthy.

The actor and instructor could see and hear edugh via the close-up video subsystem
which was part of the examination wing in eachhaf tooms.
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Participants

The nine participants ranged in age from 20 toedy old. Their experience with
video conferencing ranged from two who had nevedusdeo conferencing to one
who uses it daily. Three of the nine were female; were left-handed. Five indicated
that their major course of study or work domaimmted to computer science. The other
four were from a variety of fields: art school, fwbemistry, law and administration.

We used two members of the research team as datdhe study, doing four and five
sessions respectively.

Data collection and analysis

Video recordings were made of the participant wduktthe role of instructor. During
the study there were places where the researcked #se participant questions about
their impressions to that point.

The data analysis for this, and for the next casgyswas relatively simple. The video
recordings of the study were watched and notes rmbdet what the participants did
and what they said to each other as the taskssoenpleted. We were looking
specifically for which guidance modes the partiaiggaused, at what points did they
change to using other modes and whether there aetieus reasons for those changes.
We listened for spoken guidance interleaved witttiges or reinforcing gestures. We
listened for dialogue that showed the participamat actor working together. We
listened for dialogue that highlighted misunderdiags and that showed how those
misunderstandings were repaired. We created thieadgnt of field notes by recording
these events, including fragments of dialogue,\aitldl a simple coding scheme we
used these notes, together with the participaasganses to our structured questions, to
write the results sections of the CSIRO Interngbdéte

7.3 Results

The three component tasks

Fabric selection task Instructors used a variety of strategies foraating the
appropriate fabric to the actor: three used thekgmace pointer, two the on-video
pointer, two the on-video drawing and one the wpake drawing, while one used no
gesture options and relied solely on verbal desonp This task was generally quick,
taking between 25 and 70 seconds. One case wiistask took longer (135 seconds)
was when the instructor initially misunderstood thgk and tried to select the fabric by
clicking on the study’s data window.

Shape drawing task We observed a variety of approaches to this taskial

strategies varied and some instructors formed #igitegies as the task progressed,
based on the actor’s behaviour and feedback. Belerstart of the task, six instructors
gave the actor an overview of the patch shape. ifteictor gave a verbal description
of the shape, one drew it with the laser and foawdt over the video.

At the beginning of the task, three instructorstethto draw the shape without
informing the actor of a strategy or discussingrategy for drawing with the actor.
The other six either described or suggested aeglydor drawing, or simply indicated
how they were starting. Six of them began withvaieo drawing, two began with
workspace drawing and one began with workspacdipgin

The instructors displayed a range of strategiesdanmunicating with the actor as the
shape drawing task progressed. Three instruchomssaimmediately adopted a
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strategy of drawing in the workspace [using thefhsOne started with this strategy
and two switched (one from pointing and one frorrveo) after the actor hesitated or
asked for clarification at the initial stages of tlask. Two other instructors used on-
video for the initial stages of the task but swadho using the workspace (one used
pointing and one used drawing) and verbal direst@ina later stage after prompting by
the actor. Two instructors adopted a changindegsa One began by using the on-
video marker and when difficulties were encountewdched to using the workspace
marker until difficulties were encounter again.igrimstructor switched numerous times
during the shape-drawing task. The other instruatiopted drawing in the workspace
as a default strategy but switched to drawing aleeifor a segment that gave him
difficulty.

Patch placement task This was generally achieved within two to foninutes. One
instructor who understood the task immediately alale to direct the patch placement
in about one minute. Observed difficulties mosefinvolved understanding the task.
In particular, the picture of the desired patchifpms was quite small and instructors
sometimes had difficulty matching it with the patbley had created with their partner.
One instructor expressed confusion about whetleep#ich was placed as a rotation or
a mirror image to the one in the picture. Thisfasion resulted in the task taking over
seven minutes before he decided it was correciynted. In some cases when the
patch was pictured on the back of the dress (zipioe), instructors directed the actor to
place it on the front of the dress (side initiddging the camera — pocket side). Several
strategies were used for this task with some iogtra first orienting the patch on the
desk, others getting the actor to orient the dressbetter position and some indicating
the position on the dress. The majority of ingiote made some use of in-workspace
pointing in this task.

During the patch placement task all instructors enask of verbal descriptions. There
were many examples of instructors integrating dpee verbal directions with their
gestures. Often the gestures were pointing gestiged to establish either a position to
move to or a point on the patch to hold in placendhis quote, “keep that tip where it
is” (points with workspace cursor). Other timegesture was used to indicate the
direction stated in a verbal instruction. Two exéas of such gestures were lines
drawn to indicate the direction to translate thielpand arcs drawn to indicate the
direction to rotate the patch. Simple gesturesewembined with statements such as
“about there” to indicate a position. Parts of dness were referenced to indicate
placement with directions such as “on the hip efdhress” and “toward the hemline”.
Similar language was sometimes observed to desaniaet of the patch even though
the patch did not have an identifiable shape:

“Its feet are in a good position but rotate itadheown" (draws arc with workspace marker).
In some cases, verbal directions did the job withioe need for gesturing. One such
direction was the use of up or down when the dressupright on the table. In this

case, the dress was providing an orientation targtahe directions. Other times
verbal directions needed clarification. “Which wayack?”
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User interfaces

Pen-turning interface. Instructors found that “floating” the pen ovbettablet surface
was quite natural as long as there was an edghdor to rest their hands. One
instructor commented that the pen-turning actioswtdch between on-video and in-
workspace modes worked well; another did not likend would have preferred a
separate button.

Button interface. The buttons that swapped between on-video ambikspace

modes could be pressed by the participants othret &éaen when they were holding the
pen at the tablet. This caused the location oftheker to jump from under the pen
(on-video) to a position offset from the pen (inrk&pace) even though the pen itself
had not moved, causing discontinuities in the gutegprocess.

Panels interface Two issues arose with this interface. Firdthg interface
automatically froze the video while the instructaas using on-video drawing. This
was observed to interfere with the collaboratiotwleen instructor and actor when the
instructor was trying to draw segments of the sHapée actor to follow. Because the
actor was watching the video of the workspace, ag wsing the video view of his own
hands to get feedback on what he was doing. Weétvideo frozen the actor was
unable to follow the guidance because he would haeeled to flip his attention back
and forth between the workspace and the arm-moual#et display. Further, the
instructor had no view of the actor’'s movementsrayuthe freeze and so was unable to
offer immediate small-scale feedback. This featlse interfered with spoken
communication. For example, one actor would pturd place on the fabric and say
“Here?” but the instructor was unable to see th®ac Secondly, the control panel for
the in-workspace pointing and drawing was too siealithe instructors to use easily.
All three of these instructors described havingstablish where the laser was pointing
when they touched its control panel before theydase it.

Other issues

Shared directions and orientation When the actor had selected the correct recang|
of fabric he often brought it to his working spacéportrait” orientation. The

rectangle with the design to be drawn was presednt#te instructor in “landscape”
orientation and when the instructor did not cortbetorientation for the actor he or she
found it difficult to mentally rotate the shapetkat they could draw it.

Network/video lag. This issue concerned the in-workspace pointimydgrawing and
was noted for all three interfaces. The instructauld only see what the laser projector
was doing by watching the video which lagged slighehind the projection in the
workspace due to encoding and decoding the videods to and from the network
packets. In normal gesture dialogue such as pgint the desired fabric rectangle this
is not noticeable but when it was inside a tightatmrative loop of segment-by-
segment drawing of an amorphous shape it createaiuns.

Locating the workspace marker The participants observed that the workspace
marker often disappeared as it moved off the edgjeectable or other surface, or
moved unevenly in their field of view as it travedsacross objects sloping towards the
camera. This effect was caused by the 3-dimenksiatare of the workspace, where
new surfaces were closer to or further from theeranthan the previous surfaces
(combined with the offset between camera and lasérthe differing angles of view
and projection). Instructors who understood thgspdal situation in the workspace had
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less of a problem with this issue. One commentedtie reality of the physical world
gets in the way”.

Learning to use the tools Many instructors indicated that they learnedge the tools
better over time. This was expressed directlyson aomment about the helpfulness of
the learning phase. Sometimes the learning destulas focused on the interaction
style rather than the gesture tools. The workspaaxd&er was generally considered
easier for the actor and the on-video marker e&sighe instructor.

Responding to the actor Many participants said consideration of the mnthuenced

the strategy and tools they used. When asked hewdtor influenced them, instructors
frequently mentioned the actor’s feedback. Somegithis feedback was based entirely
on the instructors’ observations of the actor’soad, for example seeing him hesitate,
observing him going astray, or getting behind. édtimes the feedback was more
explicit, for example a suggestion to do it bitdmy-repeating directions, or letting [the
instructor] know when he [the actor] did not undinsl.

7.4 Discussion

The four remote guidance modes

All four guidance modes were exercised during shisly and when problems in
communication arose with any one particular moeeritructors were ready to switch
to an alternative mode. It was clear that the ioleew modes were far easier for the
instructor to use because of the precision of thetmg/drawing with respect to the tip
of the pen and the immediacy of the display. Theorkspace modes, however, were
easier for the actor because they did not requimett repeatedly reconcile looking
across at the arm-mounted tablet and looking ddwineaworkspace. The instructors
found that over the course of the study they lehtnaise the different modes in ways
that suited the timescale and spatial scale ofpgiscular task. In particular, if the
actor was having trouble with the mode being ukedristructors were usually quick to
change to another mode to see if that was easier.

Interface design issues
This study identified two main areas of support tha interfaces must provide:

Firstly, the interfaces must support the instructor byngjtimely feedback linking

their pointing/drawing gestures and the remotebpldiyed results. The on-video modes
provided this, with immediate feedback (displayed cursor or red line segments)
located precisely at the tip of the pen. This das to the implementation being
entirely in software and the interface actions ge&r2-dimensional interface to a 2-
dimensional representation of the remote workspdte in-workspace modes did not
provide this quality of feedback to the instructdihe use of returned video to show the
placement of the gesture in the remote workspagsecha small lag in the feedback to
the instructor and the 3-dimensional nature ofitheorkplace display created offset
and viewing direction anomalies. The offset wagdéy due to the varying 3-
dimensional depth of the reflecting surface from ldser/camera pair. The differing
lines of sight (from the pole-mounted camera faritistructor and from the head of the
seated actor) meant that each had a differentvisigerstanding of the moving cursor
or extending drawn line.

The panels interface caused additional problemausecthe control of the in-
workspace modes required proportional estimaticth@fposition of the projected laser
in the scene (from the smaller control panel toléinger displayed video). The button
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interface also caused problems because the pailet tine pen jumped whenever the
on-video/in-workspace buttons were pressed anduhip could not be corrected in
software because it depended on the viewing ddgtre@articular reflective surface at
that moment.

Secondly the interfaces must support collaboration betwhaennstructor and actor at a
temporal frequency that matched the actions ofrtbment. The on-video modes
provided this support for the segment-by-segmestvohg of the shape. The in-
workspace modes did also, but with a small lag tieafparticipants were able to
manage. The exception was the panels interfadeitsifreeze-frame for on-video
drawing, where the freeze delay time was much Iptigen the actor’'s segment drawing
actions. The drawing fade time, five seconds, aveeasonable match for the actor’s
segment drawing time - the displayed line persigiagd enough to draw a segment
without rushing but not too long that it interfenedh the next line segment.

The ease-of-use of the on-video versus in-workspam#es was not symmetric. The
on-video modes were easier to use for the instrsieiod the in-workspace modes were
easier to use for the actors. Importantly, thé&urcsors were able to observe this and
were able to make decisions based on the situatidte moment as to which to use,
and were able to switch to the other style if diffties arose.

Frames of reference

The media spaces literature describes the impatahshared frames of reference and
shared public access to the artefacts involvedhatever collaborative task is being
undertaken (Heath, Luff et al. 2001; Robertson 2002 this study we see strong use of
frames of reference in the patch placement taskewthe instructor combined voice

and gesture about the position and location op#ieh on the child’s dress. The
mistakes that they made, however, highlight theartgmce of understanding the shared
artefacts. Some instructors had trouble notidegdubtle distinction between the front
of the dress (with pocket) and the back of thegitesth zipper) when they looked at
the placement photograph in their instruction panel

7.5 Conclusion

This case study used a human-centred evaluatioagpto evaluate the components
of a telehealth system, in the context of the axardeployment of those components in
a telehealth application. The application task alastracted to give a study task that
could be performed by non-clinically-trained papents and the collaborative context
of the eventual application influenced the stylehaf evaluation. Unlike many
apparently similar evaluations of remote guidamahimology, which used hypothesis-
based approaches and measurement-based datadsituthte laboratory context, this
study was evaluated in terms of the support trettmponents could provide to the
participants in the eventual application context.

The study demonstrated the role that a human-aketraluation approach can take in a
laboratory evaluation of the way that user inteztawould support a complex
application task, where the laboratory activitiad avaluation criteria are both based on
abstractions of the actual application. A sumnwdrghe major results of this thesis is
given in Section 1.6, pages 8-9, and this caseystugports result R1.
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8 Case study: Collaborative guidance
8.1 Purpose

The purpose of this study was to explore the way phairs of participants used the
remote guidance components of the telehealth sylstemork collaboratively. This
study used essentially the same arrangement gh@mguit and the same set of tasks as
the previous study (Chapter 7) but it involved tvadunteer participants, one as the
instructor and one as the actor, and it had a foousollaborative interaction.

This study was driven by our expectation thathm actual telehealth situation, the
remote guidance technology would be an adjuncuippart the examination of the
patient. We envisioned that the clinic assistargsent with the patient, would
collaborate with the remotely located surgeon tdgpe the examination and to reach
an interpretation of their observations.

To exercise the underlying networking technolobis study was conducted between
the CSIRO ICT Centre’s laboratories in Canberra@ydhey, a distance of about
300km. An account of this study was published agl@onference paper at the
Australasian User Interface Conference in Janu@@g ZStevenson, Li et al. 2008).

Broadband tertiary telehealth systems which havepoments to support
telecollaborative behaviour at the application lgpase a challenge for their developers
because testing those components directly is liteehgquire access to the application
context — healthcare facility, data, cliniciansti@ats and so forth. This case study
presents an example of human-centred evaluaticoraponents for supporting
telecollaborative behaviour using the approacherilgsd in Chapter 5, of abstracting
the setting, task and evaluation criteria fromred-world application.

8.2 Method

Details of the study

The main purpose of this case study was to exph@evay that the four remote
guidance modes supported emerging collaboratiomdsst two participants. One
participant took the role of instructor. This pmrsused the remote guidance modes to
direct the other participant, referred to as thleratco complete the study task sequence.

The task sequence for this study was the same #sef@revious study and it is
described again here for ease of reference:

» A training task, but this time to familiarise both the instrucéord the actor
with the four remote guidance options

» A dress patching taskin three steps:
o0 Selectthe fabric for the patch

o Draw the shape of the patch on the rectangle of fgbrider guidance
from the instructor)

o0 Placethe patch on the dress in the correct positioncaightation
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The study was structured to create collaboratiy@dpnities for the pairs of
participants to address the tasks. There wererdiites between this study and the
previous study:

* This case study used pairs of volunteer particgae as instructor and one as
actor (where the previous study used one volurae@nstructor and a researcher
as actor). Neither instructor nor actor had skerstudy before and so neither
came with any pre-conceived ideas about how it lshioe performed.

» The training focused on how the instructor wouledguhe actor to draw simple
recognisable shapes in addition to teaching thicgzants how to use and
follow the remote guidance. The training was galfed so that a particular step
in the training sequence was deemed completed Widnparticipants agreed
that it was.

* The training instructions and the actual task utdtons were issued in a
computer-generated window on the instructor’s tadhlgplay so there was no
prompting (explicit or implicit) from the researecit® move on.

» Completion of each task step was also reached lyahagreement of both
participants.

» The user interface for the instructor had beengsigded to take into account the
strengths and weaknesses observed in the threelassdser interfaces that
were explored in the previous case study.

As with the previous study, the participants usedybgestures and spoken words via
the close-up video subsystem together with remoidagce tools and they conducted
dialogue to make progressive decisions and firadlge on task completion. This is in
contrast to the work reported on remote guidancergvthe authors use speed and
measured task completion as metrics (Bauer, Kortetemh 1999; Kraut, Fussell et al.
2003; Ou, Fussell et al. 2003; Fussell, Setlocd.e2004; Kirk, Crabtree et al. 2005;
Kirk, Fraser et al. 2005; Kirk and Fraser 2006heTasks in this study are in keeping
with the reference application task of conductirgpeplex outpatient consultation,
where neither speed nor measurable accuracy Is\an criterion for success. By
placing participants in both roles we avoided arecpnceptions about how the tasks
should be conducted and about how the task coraplehould be judged, and we
focused on system support for the collaborativéodize between them.

A further feature of this study is that it occuriadhe physical context of the intended
remote patient examination and in the structuratext of the actual application. The
participants sat at the actual furniture to be usdtle hospital trial (the examination
wing of the telehealth suite) and used the sanseelp video communications
subsystem as the clinicians would use. The polemeoloverhead video camera was
the main camera that would be used for craniofg@tients and the workspace was
where those patients would sit. The structuratextof the actual patient examination
would include voiced direct instructions, dialogoedulated speech (via the close-up
video links), facial expressions, and body and hgestures. The use of the remote
guidance modes would be interwoven with these atbermunication modes. In this
study we have a similar structure where dialogukespatial gestures from both sides
were intermingled with remote guidance gesturesftioe instructor.

The photographs in Figures 8.1 and 8.2 show thasétr this case study. Figure 8.1
shows the instructor’s configuration in Sydney &mglre 8.2 shows the actor’'s
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configuration in Canberra. The actor’s table amd-enounted tablet are placed on the
other side of the line of view from the close-udao subsystem (with respect to the
configuration of the previous case study) due tssequent crowding of other
equipment in that room.

i, L
Figure 8.2: The actor’'s workspace showing tablet g@play in front of the workspace
and a close-up video link with the instructor to tle side.

These configurations were designed to support rhunderstanding of the actor’'s
workspace. Kraut and colleagues emphasise thertemue of both participants having
a shared view of the task space (Kraut, Fussell 2003). In our study we extend this
concept in the following ways:
* Both participants have similar views of the actuatkspace — the actor can see
exactly what is in front of him or her and the mstor can see the workspace
via the overhead camera.
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* The instructor can see the actor sitting at thekgmaice and the actor can see the
instructor’s view, which is replicated on the arnsumted tablet display.

* The instructor and actor can, therefore, see tledpace and can also see (and
understand) what each other can see.

Study protocol
The following study protocol was observed:
» Information about the study was given to the pgurdicts the day before

» A brief initial interview was conducted to colletmographic data and sign the
participant consent form

* The audio-visual equipment and tablet display fates were explained, and the
two participants were introduced using the closeddpo link

* The four guidance options (pointing and drawinthezi on-video or in-
workspace) were demonstrated

» The participants undertook self-paced training gisirsequence of computer-
screen instructions. This training consisted of fiasks each using one of the
guidance technologies to guide the actor to draatively simple shapes onto
paper, thus anticipating in a simpler form the attask.

* They then completed the task using whatever cortibmaf guidance
techniques they chose, again following a sequehceroputer-screen
instructions. The task consisted of selectingctireect fabric, drawing the
shape, cutting it out and placing it on the dress.

» Each participant completed an exit interview

This protocol was approved by the CSIRO Human Rekdathics Committee —
reference code 06/41.

Data collection

The full study sessions were recorded on videospeth sites. Each video record
contains a view of the actions of the participartha particular site as well as the audio
of the whole interaction between the sites. Eatigpant was accompanied by a
researcher for the whole time, and the researcloérrotes of their observations. The
exit interviews were also recorded so that theigpants’ full responses were available
for analysis. The video recordings and exit intamg were analysed using the same
methodology as for the previous case study (Chaptdut with a focus on emerging
collaborative behaviour between the pairs of pgoaicts.

8.3 Results

Participants

Six pairs of participants took part in this studyhey were recruited from within
CSIRO and from the university populations nearlbiie participants lived in different
cities from their partners for this study and dad know each other. In the samples of
dialogue quoted below “I” is the instructor and “&’the actor.

Choice of Pointing and Drawing Options

In the fabric selection subtask the instructoratizd the actor to choose one of six
differently patterned pieces of fabric. Four rastors used purely verbal instructions,
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one used on-video pointing and one used in-worleptexinting together with spoken
instructions. An example:

K OK, so we need this piece of fabric. Look omuyscreen, we need that piece of fabric
[indicates with on-screen pointer]

The instructors chose a range of drawing optiorgutde the actor to draw the shape.
One used the in-workspace drawing mode, with ther aitawing directly onto the
fabric. Another used the on-video mode to illugtithe shape, then the in-workspace
mode to guide the actor to draw directly onto fabiThe four other pairs negotiated to
draw draft shapes onto paper using spare papertfrertmaining phase, transfer the
shape to fabric then edit the shape. The instrsictsed a combination of all four
modes (point/draw on-video/in-workspace) to guiue process. The final editing was
mostly done using the more precise on-video drawing

All six instructors used pointers to guide the attoplace the patch on the dress; three
used on-video and three used in-workplace. Altdusenixture of verbal direction and
pointing to orient and shift the patch towardscisrect location.

Decisions on these choices were based on theiparits’ perceptions of the tools, as
these two dialogue fragments show:
I: Which tool did you prefer?

A: The laser that draws is pretty cool, but the @ad’s probably better
l: That's what | was thinking as well

K Maybe if | use the red one [on-video] to showybecause it seems to stay on the screen
longer, then I'll use the green one [in-workspaebgn we go to do the real drawing

Guidance Strategies

All six instructors used the basic strategy of dreysthe shape as a sequence of curved
line segments and asking the actor to draw eaahesety with spoken fragments like
“in”, “out”, “around” and “here” as they drew thegments. All six prefaced this
drawing sequence with a short discussion with tterabout the nature of the shape
and how they would go about drawing it. Four pdesided to co-opt the spare paper
from the training tasks to draw draft versionsha shape.

A: Do you want to practise first, on a bit of paper
l: Yeah, that would be good.

When an initial shape was in place, either on #iei€ or on paper, the instructor
framed the guidance with reference to the draficiwkhey could both see and to which
they could point and gesture. To edit one featilnree instructors described it as “like
a shark fin”, and their actors immediately undevdtavhat they meant.

I: And up here has gotta go just a little bit fartlout so it's a big bulbous sort of thing and
then here

A: So like out here

l: Yup, [pause] and just a bit farther out there

To place the patch in the correct location andmaion on the dress the instructors all
asked the actors to place the dress (previousgdfiinto its foam core) onto the work
surface and then to orient it so that they couldiselearly. They then used the
pointing tools (either on-screen or in-workplaag)dcate the patch followed by spoken
instructions to rotate and shift the patch to deect position.
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Frames of Reference

The instructor’s and actor’s views of the workspaege approximately at 90 degrees
to each other. In spite of this, all six instrustased words like up/down, top/bottom
and across in their verbal directions. In one ¢hseactor pointed out the mismatch
between points of view but the instructor laterert@d to his earlier usage.

At a smaller scale, the instructors used the cavittiee shape as the reference point,
with phrases “curve outwards” and “curve inward3tWwo instructors explicitly asked
their actors to rotate the fabric patch “so thezwntal side is the longest”. This
showed awareness of the actor’s orientation anckddp align the instructor’s view of
the fabric with the displayed shape on the instnistprivate view of the study
instructions.

All six pairs modified the drawn shape to bettetechahe required shape. This editing
was done using instructions and actor responses mild respect to the draft shape.
Both could point directly into the space and cagé the editing instructions and actor
responses. These formed a tightly coupled dialogue.

l: You kind of see that little thing that juts cagain, [gestures with in-workspace tool] just
copy that shape, that's exactly what we need

l: This here and this here are meant to be likeafaaligned [points with in-workspace
tool]
A: Here and here? [points with felt-tip pen]

In placing the patch at its correct location ondhess the instructors used spoken
instructions such as “towards the hem”, “it’s i tmiddle, below the pocket” and “a
centimetre or two towards the seam”. The dres# igovided the frame of reference
for the instructions.

Collaborative Behaviour

All six pairs of participants exhibited collaboragibehaviour throughout the study. The
study started with introductions using the closeAgieo link, fulfilling the social

meeting process. During the study they spoke ¢b ether often, looking up from the
task to make eye contact.

The training phase was self-paced by the instracteno read the instructions to their
partner as they progressed. They shared the huphdle unusual shapes and verbally
celebrated success at the end of drawing each sWepi#e drawing each shape they
exchanged verbal confirmation of each curve segment

All six pairs edited together the first versiontloé shape that they drew for the main
task.

I: This area there, a bit closer
A: Closer? You mean further away from this sideGifiEs]
I: Yes

During this editing process the actor sometimek the lead.

A: So from here [points with felt-tip pen]
I: Yeah
A: Can you direct me from here?

I: OK from there ...
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The pairs were observed to negotiate the initipfaach to the task and repairs when
difficulties were encountered.

I: [Selects on video tool] How about if | draw itéyou just sort of like have a look and
then we’'ll, we'll start again

A: Yeah

l: [Under breathe] Na actually yeah it's probably

A: Could you actual give a demonstration usinggteen maybe?

l: | was just going to say you can see my red angaur screen can't you?

A: Yeah

l: Alright but if | [pause] if um, maybe with theedhonstration if | just show you with the
red one cause the red one seems to stay the éreste stay on a little bit longer

A: Yep

I: So if | use the red one and you just have a kot then I'll use the green one when we go
to do the real drawing, ok?

A: Yeah

Exit Interview

An exit questionnaire was given to both instruetod actor during the exit interview.

It covered the choice of the guidance tool, thelgace strategies, the participants’
awareness of each other’s view of the workspacesaratkgies for repairing task-based
misunderstandings.

a. Instructors: What influenced your choice of tooP

Four said that they chose the in-workspace (ldeset)oecause they felt that it would be
easier for their partner to follow. One pair hadhnical problems with the laser tool
and agreed to use the on-screen tool. The lashpdizoomed the overhead camera,
which created calibration problems in its 3-dimensai behaviour so they chose the on-
screen marker to give the instructor more precigiagiving instructions.

I: I guess it depended on what was easy for efibey and we kind of just discussed which
one was better

b. Instructors and actors: Did you change your stréegy during the study?

Five instructors said that they did not changertbieategy during the study. The sixth
regarded the change from on-screen drawing ofkeatl shape to in-workplace
editing of the shape as a change in strategy.

Four actors replied that they had changed stragegeéerring to the editing process.
One said that their pair had developed a stratadystuck with it and the last said that
there had been no change in strategy.

c. | understood my partner’s orientation to the woikspace.

On a 5-point Likert scale (strongly disagree tostjly agree) the six actors responded
with either agree(3) or strongly agree(3). Theisstructors’ responses were agree(4)
and strongly agree(2).

95



d. Instructor: How did you know when your partner was confused?
Actor: How did you let your partner know when you were confused?
Both: How did you and your partner deal with this confusion?

This set of questions explored their sense of vmgrkbgether. Three instructors did not
think their partner became confused. Two otheasdtheir partner express confusion
verbally and the sixth observed confusion becafifgeamismatch of their respective
viewpoints. They responded to the confusion bgireawving the curve segments.

Five actors said something to their instructors mbenfused and the sixth actor said
there was no confusion. Four pairs dealt with gsiin with verbal responses and re-
drawing the shape and the fifth pair resolved ibady.

Training and Task Times

Both the training in the use of the four guidancmdes and the actual study task were
self-paced, with the instructor working throughegjisence of instruction pages shown
on the tablet display. The mean training timenfinutes:seconds rounded to nearest 5
seconds) was 9:15 (range 6:15 to 12:30). The rnaesdatime was 8:15 (range 5:20 to
14:10).

This variation in training and task times reflettts different approaches that each pair
of participants took. Some pairs were contenbimglete a single pass at drawing a
shape, especially in the training phase, wherdas®ivanted to refine the shape until
the instructor was happy with it. One pair comgidethree paper drafts of a training
shape before moving on. During the actual task\vhriation was also obvious. One
pair drew the shape in essentially a single draywess, whereas another pair took
elaborate steps to draft and refine the drawinfp@ishape.

8.4 Discussion
Pointing and Drawing

All six pairs made their choice of pointing andwlitag tool (on-video or in-workplace)
based on their perception of the differing attrésutf the tool. In particular, they were
able to see the trade-off between the precisidghebn-video tool against the
immediacy of the in-workplace tool, and were ablenake agreed decisions about
when to use which tool. This was particularly sothe pairs who drew an initial draft
on paper, where the situation changed as they mioeedinitial drawing to modifying
the completed draft shape and finally drawing dahwic.

Four of the six pairs drew various forms of drdfage first and then they used editing
instructions to bring the shape closer to the ddsshape. This had the effect of
converting the task from low-level following of Brsegments to a higher-level shape
editing action accompanied by verbal shape desanipiand confirmation dialogue. It
also removed the temporal urgency created by thecbnd fade of the drawn lines.

This understanding and ability, or willingnessstatch between different tools and
modes suggests that providing multiple technoloesipport remote physical
guidance is worthwhile. Just as people can deglugther to verbalise, gesture or both
they also seemed able to decide between the faionspoffered in this study.
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Guidance Strategies

The guidance strategies employed by the particgpegmtred on creating a mutually
visible artefact, initially a curve segment ancktad full draft version of the shape, then
conducting a discussion with words, drawings amelational gestures to converge on
the required shape. This draft version of thesl@rresponds to the “publicly
available artefact” that Robertson refers to whesemphasises that the objects in a
remotely collaborative environment need to belabé to all of the participants
(Robertson 2002).

Where the participants were able to recognise eritbedble shape component they used
this higher level description to assist in editihg shape. Three instructors referred to
part of the shape as “like a shark fin”, which veasily recognised by their actors.

In this study we observed that the guidance styatesy often collaboratively
established, both initially and as the task proggds The actual guidance strategies
would seem to depend on the initial training exgrece and on the personalities of the
pair of participants, so we would expect quiterageaof strategies to appear. This
contrasts with other researchers’ studies, wharaall number of previously trained
instructors worked with a larger number of studstipgpants, and where we would
expect the strategies to be heavily influencedheyeixperience of the instructors.

Frames of Reference

Heath, Luff and colleagues discussed the importdncgarticipants in
telecollaborative environments such as this onbgofg able to “determine the
location, orientation and frame of reference okogh (Heath, Luff et al. 2001). The six
actors in this study responded that they understoeid instructor’s orientation to the
workspace, even though each instructor used dureaitivords that were consistent with
their own [instructor’s] orientation but not cortsist with their actor’s orientation to the
workspace. All six actors simply ignored the spolkerds and followed the drawing
gestures. Only one actor tried, unsuccessfullgptoect the instructor about this point.

We discussed this with a participant in our ead@dance study, who had taken the
role of “instructor”. He noted that, as a trairtedcher, he used terminology like “to
your left” when talking to his partner. In thisidy we did not observe the instructors
using their partner’s body as a frame of reference.

Heath, Luff and colleagues (ibid) also refer taatde reference objects” in the
collaborative environment and the participants mfaglguent use of these. The primary
reference object was the rectangle of fabric oepap which the shape was to be
drawn, together with the tip of the actor’s pen #meldisplay of the instructor’s cursor
and line. When a draft of the shape had been ditalwatame both a stable reference
object and a local frame of reference. Two paénis conducted discussions with
respect to the draft shape, and edits to it werdermath reference to the inside and
outside of the shape. It might be interestingsfowahat they would have done if the
shape’s outline had not been topologically closed.

During the patch placement component of the taslp#rticipants demonstrated a
comfortable grasp of the three-dimensional spacerat the foam-core dress and of its
spatial orientation. The instructors pointed diseto the required location and used
spatially appropriate words to rotate and adjustgatch, thereby treating the location
marker and the dress itself as parts of a shaamaefiof reference.
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Collaborative Behaviour

Collaborative behaviour emerged very early in gtigly, with the participants
conducting the self-paced training task. This be&ha continued through the study

task itself, finally reaching an agreed conclugmithe task. The behaviour was
exhibited at the small scale with guidance, resp@msl query gestures and words in the
drawing of the curve segments, and at the largde stith close-up video contact to
discuss issues and make decisions.

The participants were also able to take their gaigrsituation into account when
making suggestions about which guidance tool to 0$es suggests that the training
tasks had given them enough experience with tHe tow enough observation of their
partner’s responses to effectively consider thartrnger’s situation.

8.5 Conclusions

This study demonstrated that the remote guidaras,tas embedded in the
communication suite between instructor and actm,support emerging collaborative
behaviour and problem solving.

In the study in Chapter 7 we addressed the quefian someone use these tools for
this task?” where:

* The focus was on the participant as instructongiand making decisions about
the use of the four guidance modes under one eétbontrol conditions.

» Training reinforced this by focusing on the meckaraf handling the remote
guidance tools (tracing out shapes in the actooskapace).

» By placing one of the researchers as the actonsarted expectations of being
guided into the actor’s behaviour.

* The data gathered from the study was about the betog guided together with
some emerging collaborative behaviour as the aetponded to and clarified
the guidance.

In the study reported here we addressed the que'€ien two participants use these
tools in a collaborative manner for this task?”atidition to mechanically familiarising
the participants with the guidance tools, the trggrincluded examples where the
instructor guided the actor to replicate simplepgsa The two participants, coming
with fresh minds to the situation, were able tdklomore broadly than those in the
previous study, and they produced unscripted el&neriheir solution, such as:

» Drawing a draft shape first then editing it

* Using their newly-found editing capability to maeaguality control

» Creating a higher-level verbal language to refahtoshape as they refined it
» Treating the draft shape as a frame of reference.

From the Chapter 7 study we found that the remoigagce tools could indeed be used
to support the abstracted task and we identifieshgths and weaknesses in the three
interfaces. From this study we have found thatrénmeote guidance tools, situated in
the physical space of the actual telehealth sysiganwith a task that allows integration
of interpersonal communication with remote guidarmee sufficiently open that they
can support a collaborative problem-solving appndadhese tasks. They do so by
supporting dialogue and exchange of ideas about#is at hand.
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Together, this study and the study in Chaptenigtithte the use of a human-centred
evaluation approach for laboratory evaluation mdevelopment of a complex
telehealth system, such as would be deployedentiary healthcare setting. The
studies demonstrated this approach at two levaks abthe component usability level
and the other at the collaborative application llevesummary of the major results of
this thesis is given in Section 1.6, pages 8-9,thigdcase study, together with the case
study in Chapter 7, supports result R1.
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9 Telehealth system for outpatient consultations

9.1 System requirements and review

This chapter describes the broadband telehealtbraythat was developed to support
post-operative paediatric outpatient consultationisis system was based on the system
used for laboratory studies as described previcastlyit was used to conduct the
hospital pilot trial described later.

The system made extensive use of video communcatiith ten hardware video
transmit or receive cards in the patient’s room seven in the surgeon’s room. At the
hospital we used a virtual private network runnavgr the hospital’s intranet which
had a maximum bandwidth of 40 megabits/secondiduiidy the capacity of the routers
on the hospital’s network. During the trial in thespital we did not notice any delays
or latency issues in the performance of our systénch indicates that the hospital
network was sufficiently lightly loaded that it waehaving in the way a broadband
network would behave for a system with the demarfidair telehealth system.

Requirements

Requirements were gathered from three rounds areasons of outpatient clinics at
Royal Children’s and Royal Hobart Hospitals andrfrdiscussions with the surgeons at
those hospitals. The initial requirement for thkelhealth system was for it to support a
remote post-operative consultation for paediatranofacial patients. These patients
typically have surgery in their first year of liéed are monitored until they become
adults. As babies they are examined sitting ergyn a parent’s lap. As children or
adults they sit in a chair and are examined byadhg doctor. Later, the scope of the
system was extended to include paediatric orthapaed hand plastic patients.
Examination postures for these patients includaddihg, sitting, walking and lying on
an examination bed.

The telehealth system needed to support the preséribe patient’s family or carers.
These people needed to sit where they could takternpdiscussions with the surgeon
conducting the consultation, and also where theydcobserve and understand the
examination of the patient.

The telehealth system needed to share documemtdbyeither the surgeon or by the
patient and family. It also needed to display ahdre radiology data such as X-rays,
CT scans and MRI data between surgeons’ and patiams. For our pilot trial, the
radiology data was in digital form and was avagalhirough the hospital’'s PACS
system.

Review

The initial design — layout of furniture and fixedleo coverage — was reviewed by the
senior surgeons at Royal Children’s and Royal HolHaspitals in May 2006, because
the intention at that time was to conduct a triteen these two hospitals.
Progressive implementations of the system weretaaied and reviewed in our
Canberra laboratory — twice by Dr John Lambertingensive care specialist at Orange
Base Hospital in regional New South Wales and dnycBr Wellington Davis, a
surgical fellow at the Royal Children’s Hospitd&ligure 9.1 shows Dr Davis exercising
the system with a test dummy during the day-lomigke at our Canberra laboratory.
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A later decision to conduct the trial solely withire Royal Children’s Hospital enabled
a larger catchment of potential participants (pasend their families) to be invited to
take part in the trial.

9.2 System description

Fixed video and audio links

The three two-way fixed video links used in theeadand audio communication study
(Chapter 6) formed the fixed communication linkgha telehealth system. They were
augmented with a small fold-back monitor on the thase-up subsystems as shown in
Figure 9.2. The data-projector-based room overdmsplays of the laboratory studies
were replaced for the hospital trial with largegohea panel displays. Figure 9.2 also
shows the location of the close-up camera, susgeoder the corresponding display
screen, and the locations of the microphone anakspdor each close-up subsystem. A
wide-angle room microphone was mounted on thengedf each room.
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Figure 9.2: Close-up video/audio subsystem with tdet and pen display

Tablet display interface

Four tablet displays with electronic pen interacti@pability were deployed in the
system — two in each room — and configured soah&ur showed the same display at
any time. The interface for the tablet displaystamed a display window showing
image or video data and a control window for sabgcthe required image or video.
Three pen interactions were supported:

* Touching a listed video or image source causedsihatce to be displayed on
all four tablets simultaneously

* Holding the pen over the display window put a loeesor point located below
the pen on all four tablets

» Touching then drawing the pen on the tablet suréaee a coloured line which
appeared on all four tablets.

Each tablet was coded for a different drawing coknuthat different people’s drawings
could be identified with them. A fade control wasvided so that the drawn gestures
could either be ephemeral or could be left in placehe screen for longer time-frames
of discussion.

Any image or video from any source in the systemiatbe chosen for display,
including the display from external computers. Uf&gy9.2 shows two people (one in
each room) discussing a web page loaded in a brawsa hospital computer (the
computer’s monitor can be seen on the right). Jurgeons had password-protected
access to the hospital system and were able to 8t®patient’s X-rays and other
radiological data on the tablet displays. Thewthse the electronic pen and tablet
display to annotate the X-ray with pointing andvdray gestures as they explained
matters to the patient and family.
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Diagnostic cameras in the patient’s room

The following diagnostic video cameras were avé@aib the patient’s room:

Hand-held camera for close viewing, including indral and extra-oral views of
the patient

A pair of arm-mounted cameras which could be plateahy position around
the patient. Simultaneous views from the two casepuld be displayed to the
surgeon on a special-purpose 3D stereo displagmsysither as live video in
640x480 pixel resolution or as high-resolution @igphotographs.

A single camera mounted 40cm above the floor arpad and pointing
horizontally gave the surgeon a view of young pasien standing or walking
poses (the “walking camera”)

A pole-mounted camera with pan, zoom and tilt calgd by the surgeon gave
a head-and shoulders view of seated patients anelghivalent of a standing
view of patients lying on the examination bed.

The camera of the examination close-up subsystesralga used to observe the patient.
Its field of view included patients sitting on tegeamination bed and older patients
sitting in a chair. A high-resolution documentdaeawith front lighting was located on
the desk in each room. These allowed both fanmty surgeon to show each other
documents such as photographs, referral forms aalthhclinic charts.

Figure 9.3 shows the author sitting in the exanmmatving of the clinic room close to
several of these cameras. The “walking cameraffiscreen to the bottom right. The
examination bed is along the fourth wall of themo the right-hand side of the
photographer and can be seen in Figure 9.4. Tgusefalso shows the correspondence

between the two close-up displays and the roomvasrdisplay.

|

Figure 9.3: Patient’s room. The pole camera is alve the person sitting on the
right, the arm-mounted cameras are by his head, theand-held camera is on a
flexible cable behind him and the examination closap camera is in front of him.

The document scanner is on the desk.
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Figure 9.4: Patient’'s room showing the correspondee of the two close-up
displays and the room overview display from the sigeon’s room.

The surgeon’s room

Figure 9.4 shows the surgeon’s room. The surgig®mside the curve of the desk,
allowing him or her to turn easily to pay attenttorthe examination close-up display,
the room overview display or the consultation clapedisplay.

Figure 9.4: Surgeon’s room. From left to right:  display, examination close-up
subsystem, document scanner (below) and patient'®som overview (above),
consultation close-up subsystem and hospital compartmonitor
(Photo courtesy Royal Children’s Hospital)
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9.3 Summary

This telehealth system was designed to supportteemdpatient consultations for
paediatric surgery. The design used a whole-ofrrapproach with three sets of fixed
video cameras linked by high-quality digital conti@ts, and parallel audio
connections. These are supplemented by a netwetkettonic pen and tablet display
sub-system to support interactive shared accegsual data, and by a range of video
cameras to capture diagnostic views of the patient.

The design allowed the surgeon to manage the datisul. It provided:
» High-quality video and audio teleconferencing wtlk patient and family
* Remote guidance capability, to direct and obsdreeskamination of the patient

» Shared access to patient data, to explain thecalimterpretation of the
examination and the proposed treatment or managgstanfor the subsequent
time interval.

The network over which this telehealth system ajgerhad sufficient capacity, and
there was sufficiently little competing networkftrg that it behaved in the manner of a
broadband network for this system’s requirements.
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10 Case study: Training and process change
10.1 Purpose

The purpose of this study was to observe how tledvenclinicians who were scheduled
to use our telehealth system during the pilot &@broached learning to use that system.
This was important because the training situatsdrkely to be typical of future such
trials and these observations can provide a basehrnwhich to plan future training
sessions. Eleven of the twelve clinicians hadseein any information about the
telehealth system prior to the training sessiorsey all had heavily committed work
schedules and, to support a four-week pilot ttiedy were able to invest only one hour
of their time in the week prior to the trial foaining. This study observed what they

did during their training sessions and looked fmmeon threads across those sessions.

The material in this chapter was first publishe@dsll conference paper at OZCHI
2008 in Cairns (Stevenson 2008).

Previous chapters have addressed the developmenedew process. Subsequent
chapters address evaluation of a pilot trial. Thigpter looks at the clinicians
preparing themselves to conduct the trial.

The time frame for developing a broadband telehesjistem is likely to be quite long —
this system took 21 months. During that time mc&h happen in a major teaching
hospital. For example, in this project two surgelait to work overseas during the
system’s development and several staff who hadlagelinic assistants in the trial
moved on to other hospitals during the nine mofdghewing the trial. This level of
staff mobility means that we can not count on ganty of understanding among the
clinical partners in such a development and we rnegirepared to deal with near-
horizon training and preparation of the clinicalftt

The time-scale of the pilot trial is also importaly their nature pilot trials are short-
term, running long enough to gather enough datakaertt enough to minimise
workplace intrusion. In terms of evaluating sugilat trial we need to recognise the
nature of the preparation that the clinical staéimibers have undergone and to see the
early parts of the trial as extensions of thisnireg process.

10.2 Method

Six one-hour training sessions were held in theitalsduring the week prior to the

trial, using the telehealth system set up as itimended to be used for the trial. The
hospital clinicians were scheduled for the trairsegsions by the Department of
Surgery based on their other hospital commitmeBtsch staff member was only
available for one hour during that training timeable 10.1 shows the allocation of
clinicians to the training sessions. ldeally,aning session had a surgeon and the staff
member scheduled to work with that surgeon aslthie @assistant but this was not
always possible and some surgeons and assistardgras®ed on their own. Some
clinics had more than one clinic assistant (todprmcomplementary skills) and some
surgeons worked with different assistants as tidysprogressed.
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Session. Clinicians

1 Surgeon + 2 assistants

Surgeon + 2 assistants

Surgeon + 1 assistant

Assistant

Surgeon + 1 assistant

o (01 |~ W N

Surgeon

Table 10.1: Allocation of clinicians to the trainhg sessions

A CSIRO colleague and | conducted the trainingiesass We took an active role in
these sessions, explaining and demonstrating ti@aoents and, together with the
clinicians, role-playing the patient, parent onaiassistant as we explored scenario
components of clinical consultation. When issuesystem limitations arose we
worked with the clinicians to resolve them. Fa flurposes of the pilot trial both the
surgeon’s room and the patient’s room were locatethe same floor of the hospital
and during the training sessions we were able teenfreely between these two rooms.

Video recordings of the training sessions werepttrmary data for this study,
supplemented by field notes made at the time arebpal memories of conducting the
sessions. The video recordings show the actiestuges and speech of all the
participants in the training sessions. Notes vpeepared from viewing these
recordings and these notes contain descriptiotiseofequences of actions observed
and transcriptions of key sequences of dialoguedsst the clinicians and between
clinician and researchers. These notes were theedcin the style of Corbin and
Strauss and observations were drawn from acrossxtsets of notes and codes
(Corbin and Strauss 2008). My analysis of thesenlations focussed on
understanding the perspectives of the clinicians.

The time codes from the video recordings proviggdrmation about the proportions of
time when the researchers were explaining and ptiegethe system and time when the
clinicians were exploring the system for their osypecialties. This data is shown in
Table 10.2.

Eleven of the twelve clinicians had not seen thehieslth system before the training
session nor had they been involved in its desighdmvelopment. The research team,
therefore, felt the need to cover all the aspeictseosystem and of the forthcoming trial
during this one hour and had prepared a trainiag pbhsed on prior experience of
presenting the system. There were four basic &spebe covered:

» Use of the fixed cameras and screens to connetivtheooms, and specifically
directing attention to people in different partstod other room

* Functionality of each of the special-purpose casardhe clinic room

» Shared use of the pen and tablet displays to sug@dogue about image and
video data

* Protocol for the trial.
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During the training sessions we presented and dsiraded the components and the
clinicians explored the system themselves. Therg eontinuous dialogue amongst the
clinicians and between the clinicians and reseasdeoughout the training sessions.

The researchers adapted their preconceptions otli@vaining sessions would
proceed to the directions set by the surgeonsy tbeered the four basic technical
aspects of the training but did so differently éaich case. Often the researchers
became involved directly with the clinicians’ traig, acting as patient, parent or
assistant as needed to help the clinicians expher@ossibilities of the system.

10.3 Results

All the training sessions were recorded on videetapth the camera positioned so that
it captured all the action in the surgeon’s roomvel as the large-format screen
display of the action in the patient’'s room (seguiré 10.1). It also captured the audio
from both rooms. This meant that the researchmrkide deeply involved in the
training sessions without needing to make runnielgl hotes.

- L—' - : .-_7' . V
Figure 10.1: Frame from video showing field-of-vier of the camera located in the
surgeon’s room. We see four people talking in thgatient’s room.

The surgeons approached the training sessionsaviitbused mindset, targeting the
practicalities of conducting their particular stglieclinic. The training sessions,
therefore, did not follow the training plan that hv&d devised nor did they match any of
our previous presentations of the system. Theesungwere specifically interested in:

* How would they work with their clinical partner éonduct the consultations —
who would do what, where?

* Which camera views would they use for examiningrtparticular patients, and
how would those cameras be managed?

« How would they adapt their practice to use theesyst
« How could they adapt the system to better fit theactice?
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The clinic assistants were hospital staff — regrstra nurse, a physiotherapist, surgical
fellows — who worked closely with, and under theediion of, the surgeons and they
actively followed their surgeon’s approach. Table2 shows the way each training
session progressed. The times are rounded taetrest minute

Session Time of Total time Total time Interruption Total time of
number initial block of of due to session
of presentation | clinicians’ technical (min)
presentation : exploration issues
(min)
(min) (min) (min)
1 15 17 24 8 49
2 14 18 25 - 43
3 2 10 39 - 49
4 8 17 33 - 50
5 8 18 24 - 42
6 7 10 39 - 49

Table 10.2: Distribution of time during the training sessions (in minutes)

Relatively early during the training session thaiclans took control of the flow of the
session. They asked specific questions about hewytstem would support their
particular needs. They initiated hands-on usé@ftbmponents and co-opted their
assistants and the researchers to work with tifeame of them had put considerable
thought into how they might use the system andtimassues that they needed to
resolve. The assistant who attended a trainirgj@e®sn his own asked explicitly
“What am | going to do?” and then used a discusefdhe study protocol to establish
how he would work with the system.

The protocol for the trial called for a member lod research team to be present in each
room (surgeon’s room and patient’s room) for eamfsaltation to provide technical
support. This enabled the surgeons to think imseof their clinical application rather
than in terms of technical management of the telhaystem. The following
subsections give specific examples of the way linec@ans took part in the training
sessions.

10.3.1

Examining a patient

Working with clinical partners

At an early stage in the training the five surgebegan role-playing examining
patients, using whoever was available in the clio@m to act as the patient - a clinic
assistant, a child-sized manikin or one of theasdeteam. They directed the
examination to look for things that were importemthem.

Surgeon: [Viewing scene from above with wide arsgiting on camera lens] | want to look
more vertically at the patient from above. Tik thatient more ... that's about where |
want it, but clear the hair back with your hand.
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Surgeon: [Zooms camera lens for close-up view tiépf That's a nice view. Can you guys see
that? [addressing both assistants] That's theaariew we will be wanting to get.

In the training session with only a clinic assistdéime assistant saw immediately the role
he would play in examining a patient by drawing éin@alogy with presenting a surgical
case to a panel of consultants, a task he hasegitarly as part of his registrar
training. He understood the importance of making she consultant had a good view
of the patient and of the dynamics of the examamatand that the skills of presenting to
a number of consultants translated directly togméag to a number of cameras.

Planning use of the clinic space

The surgeons and clinic assistants spent consieerai®e during the training
establishing how they would use the space in timcaloom, especially the separation
of the room into the seated discussion space &opé#tient and family and the
examination space. This examination space inclagegkamination couch, walking
track and examination chair. All five surgeonsa&tsed aspects of the patient
examination with their clinic assistant, or in ar@se with a researcher.

They also explored visibility between the patiemdisic and the surgeon’s office. In
one case the assistant moved about the room lo&diran ideal place for a patient to
demonstrate standing poses:

Assistant; [walks to one corner and waves hand] yoansee this?

Surgeon: Yeah, | think the corner that A is in@®d for standing poses

Assistant; [moves away to consider then moves bathe corner]

Surgeon: Perfect, but | think in terms of walkingtalks about other options for the patient to
walk]

10.3.2 Adapting clinical practice to the telehealth system
Hands-on involvement with the patients

The most obvious change in the surgeons’ clinicatfice was that they no longer had
hands-on contact with their patients, and that theyld have to rely on what they
could see and hear with the telehealth system amwdhat their clinic assistant could
show and tell them. Much of their role-playing uwé¢éhe examination cameras
involved learning to adapt to this situation.

Surgeon: [Speaking to assistant in the other rdgav turning the patient front on. That’s good.

It's a very clear picture, isn't it?
Researcher: Do you think you can diagnose witt?that
Surgeon: Well, yeah.

This issue reappeared in the first clinic conduétedhe trial. In their exit interview
the two surgeons who conducted it talk about thgontance of hands-on interaction
with their surgical patients, and about how frustiit is for them to have to delegate
this aspect to their clinic assistant.

X-rays

All four surgical specialties rely heavily on X-rdgpta to track the progress of their
patients and to discuss future treatment with titeepts and families. Their current
practice uses mouse-based software on the hosgitatputer to display comparative
X-rays. They then use hand gestures or mousegsomivements to highlight features
under discussion. This involves turning their comep screen around to show the
patient/family or using a wall-mounted screen, baftivhich limit everyone’s ability to
see and understand the display.
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The surgeons explored using the electronic pertanidt displays to present and
discuss the X-ray data, annotating the display Wiéhtelehealth system’s electronic
pen in freehand mode rather than using the mousedodrawing tool provided by the
hospital’s software. They rejected the originamlwhich was to have a hospital
computer in both rooms logged in to the same patiata, in favour of the surgeon
logging in to one hospital computer and using #imet displays to share the view of
the X-rays. They talked about how they would Usg technology to explain things to
the patient and family:

Surgeon: So | could show the parents the sutunesthe line here is all filled in. You guys can
see that clearly? [addressed to the two assidtattte clinic room]
Surgeon: [proceeds to draw over the line in the)using the electronic pen]

In his normal practice, one surgeon frequently ied patients arrive with hard-copy
X-rays from the referring doctor. He talked witis hssistant about how they would
handle this situation with the telehealth systend lae resolved to bring a hard-copy X-
ray to assess using the document-reader and w@ibfgy combination.

Patient’'s medical records

For the hospital-based trial there was only oneg/@ifihe patient’'s medical records,

and that was in paper rather than in electronimfo©One surgeon explicitly raised the
guestion of where that copy would be located, whthpatient or with the surgeon, and
another surgeon talked about needing time betwagents to write up his notes with
the implicit assumption that the notes would benviitm. The issue was not resolved
during the training sessions but the surgeons ddadker the first week of actual

clinics to place the notes with the surgeons thérase They then adapted their normal
practice to allow time for the surgeon to brief thiaic assistant on the next case before
the patient and family was called into the patintiom.

Planning ahead for each patient

One surgeon had a very good understanding of ttiki@uhl logistical burden the
telehealth system would add to the normal condluatamnsultation with a patient. He
proposed organising beforehand to plan specifidaliyach patient because “in
orthopaedics we have a lot more moving around ihatastics. For example, if we
have a knee [there will be a different use of sphea if we have a different part of the
body]”. He was also aware of the complexity of king with moveable cameras and
commented to the researchers:

Surgeon: | am also mindful of the time, you cap&isd time during the consultation fiddling,
trying to get the camera angles ...

He observed that he needed to consider the prhistiohworking with two parents,
one patient and a clinic assistant in the relagigehall space of the room that we were
using for the patient.

10.3.3 Adapting the telehealth system

All the surgeons adapted the telehealth systeretio dwn practice. They were very
specific about which camera views were appropf@téheir patients and about how
those camera views would be managed. They wevevaly specific about how they
would use the space in the patient’s room.

Three of the five surgeons had patients who netmlddmonstrate standing postures
and walking gaits. This created two important iegaents — camera views that
showed the standing and walking patient to theexandree of perspective or angle-of-
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view distortion and sufficient room for the patiemd walk a number of steps in a
straight line. All three surgeons spent considertime on this issue, getting the
assistant or one of the researchers to stand inugalocations in the clinic room and to
walk to and fro while the surgeon explored all évailable camera views. The research
team resolved this issue by developing an additiceraera system drawing on the
flexibility designed into the system software arsihg spare components purchased for
just such an eventuality. This new camera systasia@nfigured to give the exact

view needed by the surgeons and was used in thuaegs of the clinics conducted
during the trial.

The telehealth system included a 3D camera rigempatient’s room, with two cameras
mounted on a moveable arm and separated by appmtetinthe between-eyes
separation of an adult. These provided a stergmphigh quality images for viewing
in passive stereo mode by the surgeon. The Haasdi€d surgeon saw huge potential
for this tool in his clinics but he insisted sevénaes that it would be even better if it
provided a 3D video view of the moving hand andérs rather than just a still stereo
image. This idea had been in the team’s minddarestime and the appropriate
software framework had been put in place, so byithe the Hand Plastics clinic was
conducted the 3D video feature was implementedtadurgeon used it extensively.

10.3.4 Observations during the trial

By the time the clinicians had conducted threeoar butpatient clinics they were able
to use the interpersonal components of the conmritavith confidence and knew
exactly which camera systems to use for examirheg patients. In particular, the
orthopaedic surgeons who had requested the “wailkewy” camera made extensive
use of it. After his first two clinics one surgecommented:

Surgeon: | was, | was really worried on Friday whensaw what we had and | think you guys
have just been brilliant bringing that camera @ause you saw with each one we were
able to get far more information just by gettingrthto walk and even stand and even do
part of the clinical examination without havinggo to the handheld camera. Only once

did we have to get the handheld camera in up arstcnd again that was just because
we wanted to look at his foot.

The surgeon who predicted that 3D video would brg useful confirmed that
prediction in his clinic and used the 3D video fiacextensively to examine all his
patients.

The registrar who had seen the parallel betweesepting a case to a panel of
consultants and presenting a physical examinafienpatient to a set of cameras
observed that he had learned to anticipate whatunrgeon would want to see and how
that surgeon would want to see it. He attributexismooth functioning of the third
clinic in large part to this learned collaboratizgtween himself and the surgeon.

Some of the surgeons reported changes in the vegywhre conducting their clinics.

All of them embraced using the pen and tablet digphs a tool for communicating

with the patient and family about the patient'sdition and future treatment. One saw
the issue of the hands-off involvement with thagdtin a new light, writing up his
patient notes in detail while the assistant coneliitihe actual examination and reducing
the elapsed time for the consultation.
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10.4 Discussion

In this chapter | make the distinction betweentth&ing provided to the clinicians so
that they could understand and use the telehegtbra and therocess change
identified by the clinicians during the training sessions thappred them to use the
telehealth system.

The training that the research team provided calvére mechanics of using the
telehealth system — use of the room space, fixatera@'screen subsystems, examination
cameras and the interactive pen and tablet displagystem. The system and its
components had been designed for the purpose patient surgical consultations, and
had been tested in our laboratory for interface @ildborative usability, so we were
pleased that the clinicians very quickly understtedsystem and the mechanics of
using it. They demonstrated this understandinthbir actions — brief conversations
over the video subsystems, looking at objects thighexamination cameras, annotating
X-Rays with the pen and tablet subsystem — andreoed their understanding in
conversation with the researchers. They also shaol@i the range of options offered by
the system and chose to concentrate on those #ratrelevant to themselves.

| note here that we were not training the clinisiamtheir clinical tasks. We were
offering the training in using the telehealth systgased on our generalised knowledge
of the clinical problem gained from our observasi@md clinical input. The clinicians
were using the knowledge of their own clinical @xttto give this training concrete
meaning.

The issue of process change surfaced very quiakingl the training sessions and the
clinicians saw it as an issue of high importanEgen though the system had been
designed to reduce the difference between a teistt@mtion and a face-to-face
consultation by, for example, supporting simultaremteractive access to image and
video data for all participants, the physical natof the consultations and the depth of
personal interactions meant that there would necdgbe changes to process. Each of
the clinicians, and the five surgeons in particusgent their time during the training
sessions focusing on how they were going to conithgtt outpatient clinics during the
trial. The patterns that emerged over the sixingi sessions can be grouped into three
categories: dealing with real-time collaboratiotw®en surgeon and clinic assistant,
making changes to their clinical practice to accadate the telehealth setting and
identifying changes that they required of the teldth system for it to accommodate to
their practice.

The important point is that these issues of prochasge were raised by the clinicians
and addressed by the clinicians individually byerehce to their actual clinical practice.
In particular, each surgeon had a specific persap@toach to his practice that the
researchers would not have been able to anticip&fteat the surgeons did, however,
was to involve the researchers in their (the surgg@anvestigations about using the
telehealth system. They frequently broke the fidwihe training plan to practise using
a particular component with their own or simulapadient data, role-playing or
rehearsing what they would do with actual patiefigom this they were able to

identify the process changes that would be requfeédem in order to conduct their
clinics as part of the telehealth pilot trial.

We saw in this study that there were three broadsaof change that the clinicians
identified and dealt with during the training sessi. In the broader picture we might
use these three areas as a way of managing tmgeha
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» Firstly, we can expect that there will be an aasislocated with the patient and
we can expect the clinician and assistant to astabhbw they will work
together. Even if they have an existing workini@tienship, it is likely that
they will have to modify how they work togetherartelehealth mode.

» Secondly, we can expect that there will be chahgése process of conducting
their clinical practice and even changes to thetpra itself to adapt to a
telehealth mode.

« Thirdly, we can expect changes to be required etelehealth system to meet
the needs of particular clinicians. We saw thaheat the five senior surgeons
had a different way of matching his surgical preetivith the telehealth system.
In this study we had a large multifunctional systenmatch the complex needs
of the healthcare situation. We might expect sutdrge complex system to be
made available to a range of senior clinicians,atioadf whom would have been
involved in the requirements gathering process. stMaild therefore be
prepared to adapt the telehealth system as neweeatgnts arise.

We have been looking at the next generation ohegkh system, functioning in a
tertiary healthcare environment and used by exprettseir clinical fields. We have

seen that the time allocated for training thesesgsran also have a role in letting those
experts confront and deal with the process chaimgedved in making the transition

from face-to-face to telehealth clinical practid&e also saw, in our case study, that it
was the experts (our surgeons) who drove the exbor of this process change, each

in their own way. This study can, therefore, acadighlight for researchers and
developers in this field, inviting them to focuseaition on both the training and process
change aspects as they introduce their systera pvospective users.

10.5 Conclusion

This case study deals with the observations ofvavelinicians during their training
sessions with a research prototype of a broadleeddalth system. The clinicians
quickly understood the resources of the telehesaistem and they focused their
attention on the process changes required for tbame the system in their own
clinical practice. In particular, there were thegeas of concern:

* How the clinicians would collaborate with their retaly located clinical partner
in using the telehealth system;

» How the clinicians would adapt their practice totchathe practicalities and
resources of the telehealth system; and

* How the clinicians would adapt the telehealth sysé points where it did not
meet their needs.

In this study we saw the clinicians using the teldth system for the first time. They
were able to understand the spatial arrangememtaain of the rooms and to use this
information to make decisions about how they wanddduct their clinics. They were
readily able to use the pen and tablet interfac@dinting and drawing gestures both
relating to the physical space in the patient’swamnd relating to the information space
of displayed video and still images. They wer@ a@Ble to use these pointing and
drawing gestures to work together to decide how toesmploy the technology in their
clinics. These observations, supported by diredbdue between the clinicians,
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indicate that the design conclusions reached fraathiree laboratory studies were valid
when the clinicians came to use the telehealtlesyst

The results from this study highlight the distinctibetween training provided to the
clinicians and the process changes identified bgelclinicians as they prepared to use
the telehealth system. This distinction and theedlareas of process change observed
during the case study can form a basis for othearehers and developers working on
broadband telehealth systems in a complex hogmtatonment.

A summary of the major results of this thesis igegiin Section 1.6, pages 8-9, and this
case study supports result R2: The surgeons, velne i charge of these outpatient
consultations, spent most of the allocated traitiimg mapping their own particular
way of conducting the outpatient consultations dheresources of the telehealth
system. This involved establishing how they wowtatk with their clinic assistant,
how they would need to adapt their practice totbedelehealth system and, in some
cases, identifying changes that they would reqefithe system before they could use
it.

This phase was not limited to the training sessid®sme patients presented with
conditions which required ways of using the teldimesystem that had not been
resolved during the training sessions, therebynehig the adaption phase into the
early weeks of the trial.
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11 Case study: Pilot trial - interviews and
guestionnaires

11.1 Purpose

The pilot trial of the telehealth system was condd@nd evaluated to determine
whether the design of the system could adequatglg@t post-operative outpatient
consultations for the Departments of OrthopaedicsMaxillo-facial surgery at the
Royal Children’s Hospital in Melbourne, Australidhis class of outpatient
consultation was chosen because it representsificagt part of the hospital’'s work
and because the burden of distance falls heavithempatients and families during this
phase of the treatment. These two departmentsahesen by the hospital’'s Chief of
Surgery as having suitable clinical relevance s trial.

In this study | present the data gathered immelgiaffter each telehealth session and
after each block of sessions. The data from th#eeviews and questionnaires
represent what the participants safmbut their experiences and feelings atter
telehealth sessions.

The purpose of this study was to analyse the resgsoiinat the participants gave during
exit interviews which were conducted with the patiseand family after each
consultation and with the clinicians after eacthcklof consultations. This analysis
addressed three broad issues:

* Whether delivery of telehealth consultations witls tsystem would be
acceptable to the patients and their families

« Whether the mode of clinical contact would be ataigle to the surgeons

* Whether the support provided for managing the ptgiand presenting clinical
examination and findings to the surgeon would e®ptable to the staff
performing the role of assistant

This study is a human-centred evaluation of thet pilal of a broadband telehealth
system placed in a tertiary hospital. This evatuaivas conducted from the points of
view of the participants in the trial and it demivates an approach to evaluating such
pilot trials by tailoring the exit interviews foaeh class of participants to best draw on
their context, history and knowledge. Each pgytiat has a different point of view of
the success of a particular clinical consultati&y.drawing on all three points of view
we are able, over the period of the study, to eatalthe telehealth system as a whole.

11.2 Method

Pilot trial and data gathering

Two meeting rooms on the eighth floor of the hadpitere used for the trial, one as the
surgeon’s room and one as the patient’s room. pHitients reported to a waiting room
on the same floor. At the scheduled time a merab#re research team fetched the
patient and family from the waiting room, checkkdttthe consent process was
complete and took the patient to the telehealtimro@he assistant ushered the patient
and family in and directed them to their seatse $tirgeon, already in place in the
surgeon’s room, greeted them and commenced theetdth phase of the consultation.
The researcher remained with the patient and fafoilthe entire time. After the
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telehealth phase of the consultation, the surgeppsd out of his office, walked to the
patient’s room and conducted the face-to-face phase

At the end of the whole consultation the researtbak the patient and family to a
separate room and conducted an exit interview thighn. This exit interview, which
was audio-recorded and later transcribed, consadtetk Likert-Scale items and a
number of semi-structured questions as shown ireAgix A. While this exit
interview was taking place a second researchethgaturgeon and assistant to
complete a brief questionnaire about their impmssof that particular consultation.

At the end of each clinic (a half-day block of patis) the researchers conducted an exit
interview with the surgeon and separately withabgistant. These interviews also
consisted of a number of Likert-Scale items follovioyy semi-structured questions
(Appendix A), which were audio-recorded and latanscribed.

Pattern of the clinics

The trial consisted of three half-day clinics pesek for four weeks. Due to prior
commitments on the part of the surgeons there whamexact match of clinics week
by week. Two surgeons, however, each attendedcfmics and another attended
three. Two other surgeons attended a single adaah. The pattern of the clinics is
shown in Table 11.1

Week Clinics Numbers
of patients
1 Orthopaedics (1,2) 4
Limb reconstruction (2) 3
Craniofacial plastics (3) 2
2 Orthopaedics (1) 4
Hand plastics (4) 3
Craniofacial plastics (3) 4
3 Orthopaedics (1) 6
Limb reconstruction (2) 3
Orthopaedics (5) 4
4 Orthopaedics (1) 4
Limb reconstruction (2) 2
Craniofacial plastics (3) 5
Total 44

Table 11.1. Pattern of clinics during the study,sowing the surgeons (coded 1-5)
who conducted the clinics.

The three main surgeons, therefore, had an opptyrtarefine their use of the
telehealth system during the four-week trial.
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Question structure

Each group of participants was asked to respoitérits or questions which their
situation or prior experience qualified them toweas For example, the patients and
families were asked about their personal respansigetjust-concluded consultation and
the surgeons were asked about their professiogpbnse. Three broad types of items
or questions were presented:

e Items about personal response, such as the statéinfehthat the [subsequent]
face-to-face appointment was necessary”

* Items concerning what they were able to do, sudheastatements “I could get
the doctor to understand and respond to my conclmmsg the telehealth
appointment” and “l was able to direct the assistan

» Hypothetical items, drawing on both the participgaekperience and
expectations, such as the question “Would you lhaen satisfied to let the
patient leave after the telehealth appointment?”

All Likert-Scale items were presented as first-pear§’l”) statements with a choice of
five response categories: Strongly agree, AgreéghBleagree nor disagree, Disagree
and Strongly Disagree. The response options vissallvertically, with “Strongly
agree” at the top.

Where possible, the statements were phrased sa paditive sentiment matched the
category “Strongly agree”. This might appear tatcadict accepted wisdom, in which
some questions are phrased in the negative tomravelonkey vote” of mechanical
ticks to a large number of items by relatively walved respondents. Our situation,
however, was different. We had only six “tick thex” items. We had keen
participants. For example, one parent commenigthie hospital had been so good to
her and her family over the course of treatingdigld that she was pleased to be able to
give something back by taking part in this trisi. the first week of the trial we did

have one item on the families’ questionnaire tbguired parsing a double negative to
interpret. We found that the families were so @ied by the reality of the day spent at
the hospital that they did not have the mental gn&y interpret the question. For the
remaining three weeks we re-printed that page@fjthestionnaire with the double
negative removed.

Data analysis

The Likert-Scale items contained five levels ofp@sse with “Neither Agree nor
Disagree” at the centre. From our observatiorth®patients/families completing the
questionnaires we often saw cases where the saritimas clear but there were
differing thoughts on whether the response shoa|ddr example, Agree or Strongly
Agree. Since we have no separate measure oftémpiatation of this level of
sentiment between differing families, nor betwedfedng surgeons or assistants, |
have taken the approach, described by Gardner amtinMand clumped the responses
into three categories — Agree; Neither agree reagiee; and Disagree (Gardner and
Martin 2007) for all three groups of responder®me items in the semi-structured
interview led to a Yes/Neutral/No interpretatiddote that some data points are
missing. Some families did not complete the exiliview, often for simple reasons
such as that their parking ticket was about torexr they simply did not answer a
question in the semi-structured part of the inawi One family did not complete the
exit interview.
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11.3 Results

11.3.1 Demographic data

Table 11.2 shows the distribution of the patiehtsne locations in terms of distance
from the hospital. It also shows the way thoseiliasresponded to the hypothetical
guestion as to whether or not they would have gsetl a telehealth service for this
consultation if it had been available locally.

Patients’ home location Yes No
Distant (4hr travel or more) 4 0
Country Victoria (1.5hr to 3.5 hr travel) 5 0
Regional to Melbourne (1hr to 1.5hr travel) 5 1
Outer Melbourne suburbs 7 2
Melbourne suburbs 14 4
Total responses 83% (35) 17% (7)

Table 11.2: Patients’/families’ home locations andesponses to whether they

would have used this system if it had been availadlocally

11.3.2 Patients and families

Likert-Scale questions

Table 11.3 summarises the responses from the paaed families to the six Likert-

Scale questions in the exit questionnaire.

Likert-Scale questions Agree Neutral| Disagree
1. During the tele-health appointment | was ablsge 43 0 0
the specialist clearly

2. During the tele-health appointment | was able t 43 0 0
hear what was said clearly

3. | felt comfortable having this appointment gsthe 40 3 0
tele-health system

4. | could get the doctor to understand and redgpon 42 1 0
my concerns during the tele-health appointment

5. During the tele-health appointment | was walrie 0 1 42
that others might be listening

6. | felt that the face-to-face appointment was 13 7 23
necessary

Table 11.3: Responses from the patients and fan@b to the six Likert-Scale
guestions

Questions 1 & 2concerned technical aspects of the video and dundtio All 43
respondents agreed that they were able to seeeandhe surgeon during the telehealth
phase. This implies both that the technical lidsvadequate and also that the surgeons
were able to maintain their on-camera presencengtine course of the consultations.
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Questions 3 and 4eflected comfort with the telehealth phase arth wie ability to
communicate with the surgeon during it. Fortyhs #3 respondents felt comfortable
and the remaining three were neutral on this qoestrForty-two were able to get the
surgeon to understand and respond to their coneschthe remaining respondent was
neutral.

Question 5dealt with privacy issues. Forty-two of 43 respents disagreed with the
assertion that they were worried that others miighlistening to their consultation with
the surgeon, with the other respondent neutralemMésked about their response during
the interview one family said that they trusted ¢éingironment and the people inside the
hospital to respect their privacy. Another pamrhmented:

Parent: No, | didn’t even think about it

Question 6dealt with the patients’ and parents’ perceptiointhe face-to-face phase.
Thirteen respondents agreed that the face-to-faasgpwas necessary, seven were
neutral and 23 disagreed. We used the interviemstriptions to look for reasons why
those 13 respondents felt that the face-to-faceghas necessary.

Patient 1
This family had travelled for an hour to get to tHuspital. They were very positive about their
experience and responded positively to the hypigdlejuestion about having this appointment
via telehealth. Question 6 was the question witingplied double negative [corrected for the
remaining 3 weeks of the trial] and their respomssy just be due to misinterpreting the question.

Patient 2
This family had driven for 2.5 hours from countrickéria for this appointment. They were
strongly positive about their telehealth experienBesponding to the hypothetical question about
having this appointment via telehealth they replied

Parent: Um yes, yes for this one, yeah definitélgr this one now it would’ve been really handy
to have it closer to home.
Their response to the question about the facede{ithase being necessary, however, they said:

Parent: Just today, well we got more out of theflmcface because he could feel, so strongly
agree

Parent: [later in the interview] Though | felt likleat actual doctor when he touched him was able
to feel the difference between the right and ldfereas | don't think that was quite as
clear cut

They later commented on the next appointment thptd see the hospital physiotherapist,

showing that the issue of acceptability is widerthust this particular outpatient consultation

Parent: The only think | would've said is we're offw to see a physio and | would much prefer to
see the Royal Children’s physio than a physio héktcountry town>

Patient 3
Both parents and also the patient responded tajtigstion. One parent was neutral but the other
parent and the patient both felt that the handsemtact was important

Parent: | like the consultant who's prodding andipg rather than ...

Patient 4
Both parent and grandparent were strongly positivbeir responses about the telehealth
experience, but the parent felt strongly that #eefto face phase was necessary:

Parent: Yeah | did actually, yeah | did yeah stvdrgyly agree on that

Parent: ... he likes him a lot

Parent: Yeah, yeah I've been seeing him since wataded all this and he is very comfortable
with him

What the mother is saying is that, after two yeditseatment, her young son has grown to like the

surgeon a lot and would have been disappointed ifdd not seen the surgeon in person.

Patient 5
No reason given for the response

121



Patient 6
Parent: Probably because that’s the way I'm usétl dmctors looking [in person]

Patient 7
Personal closure is important to this parent:

Parent: It, it just made it — that sort of addedt ttlosure to it and it sort of made it a littlé imore,
you know, personal, sort of thing, when he came in

Patient 8
This patient presented with a new problem in additd the problem being treated and this
required the face-to-face phase to properly resolve

Patient 9
Both parents were strongly positive about the teddth experience, but both emphasised the
importance of the face-to-face phase this time

Parent: Yeah, face-to-face, that's really important

Patient 10
This family had driven from interstate to attenib thppointment. Although they were strongly
positive about the telehealth experience and $aitthey would have been happy to have had this
appointment locally via a telehealth system thédl/fstt that, in this situation, the face-to-face
phase was necessary

Parent: Yep, yep, yeah it was good to just see[thiensurgeon] at the end

Patient 11
This patient also presented with a new problem Wwhégjuired the face-to-face phase to properly
resolve

Patient 12
This case fell outside the strict scope of the bia was included to see how well the system
supported it, on the understanding that the fage¢e phase would deal with any unresolved
issues.

Patient 13
This family had also travelled from interstate aalthough they were very positive about the
concept and (hypothetically) would have used ftrieference to spending three days travelling,
they felt that the face-to-face phase was impowaitie end of this consultation.

Semi-structured questions

The responses &emi-structured questions 3 and %Gire considered here, and Table
11.4 summarises these responses. These semusddiquestions were answered
orally and some families did not give explicit amsg/to all the questions.

Semi-structured questions Yes Neutral No

3. If you could have had an appointment closer to 35 - 7
your home using the tele-health system instead of
travelling to this hospital, would you?

5. Did you feel that the doctor was able to make a 31 2 4
accurate examination of your child using the tele-
health system?

Table 11.4: Responses from the patients and fan@b to semi-structured questions
3and5

Thirty-five of 42 respondents would have used saislystem at a local hospital rather
than travelling to RCH, including the nine respamdevho lived more than 1.5 hours
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travel from the hospital. One family explained thi®” response to the hypothetical
question about using the system at a local hosaging that their child needed to see
multiple clinicians at the hospital that day andttiome of those appointments required
hands-on treatment that could not be deliveredteiehnealth mode.

Thirty-one of 37 respondents felt that the surgeas able to make an accurate
examination of their child, two were neutral andrfdid not. One parent offered this
explanation for her high rating of the surgeon’araxation of her child:

Parent: Yeah I think he can still make an accusatessment over that video linkup because gosh
it was a very clear picture and when | was lookihthe two legs | thought well | can see
where the curve is, | can see him walking, | canaeof those things so obviously the
doctor can too ...

Other comments from the patients and families

During the interview the families were asked winatytthought of the role played by
the assistant. One parent responded:
Parent: The assistant was there to answer anyigueshat | might have.

Another commented on the communication role playethe assistant:

Parent: ... he was able to converse quite well wiithh [the surgeon] really and get all the
language across just right. Half of it | couldaftderstand ... but he explained some of it
to me, so that's good

Other parents understood the assistants’ rolamst®f completion of the examination,
seeing things that perhaps the surgeon had notoseernhe video system.

11.3.3 Surgeons

The surgeons completed an exit interview and qouesdire after each clinic. Those
surgeons who conducted multiple clinics complebedsame questionnaire each time
because the questionnaire dealt with their expeei@h that particular clinic and those
particular patients. The questions mirror in plet questions asked of the patients and
parents.

Likert-Scale questions

Question 1dealt with their level of comfort in greeting thatient and then conducting
the consultation using the telehealth system.12ltesponses agreed that they felt
comfortable doing so.

Questions 2 & 3covered understanding and addressing the pati@mtisparents’
concerns. All 12 responses agreed that they amderstand the concerns; 11 agreed
that they were able to address those concernshangmaining response was neutral.

Responding tQuestion 4 all 12 agreed that they were able to explainreutteatment
plans and expected outcomes during the telehelattbep

At Question 5all 12 agreed that they were able to direct tisestent. AtQuestion
11 responses agreed that they were able to undénstzat the assistant was seeing,
touching and doing and the remaining response wasal.

For each patient the surgeons completed a two<guaestionnaire. To the assertion that
the telehealth appointment alone was satisfacteydsponses were 39 “Agree”, 3
“Neither” and 2 “Disagree” covering all 44 patientdsked whether they would have
been satisfied to let the patient leave after ¢hehiealth appointment the responses were
41 “Yes” and 3 “No”, again covering all 44 patients
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Of the two patients for whom the surgeons did hiotk the telehealth phase alone was
satisfactory one family did not speak English aadded an interpreter and the other
presented with a new problem in addition to theébjmm being tackled.

One of the three patients which the surgeons wootdave wanted to leave after only
the telehealth phase had the interpreter. Fosebend case the surgeon wanted to offer
face-to-face reassurance about the conservatiagrtemt plan he was proposing. The
third was a new case (technically out of scopelit trial) for which the telehealth

phase adequately created a plan for diagnostisimgations but was not adequate in
terms of establishing the basis for a long-terntaepatient relationship.

Interview data

During their interviews after the clinics the surge talked extensively about their
experience and impressions of using the telehsgtitem. Two surgeons who each
conducted four clinics worked together on the \fest clinic and the exit interview
was essentially a discussion between them abouitiregion.

In this first clinic we saw them being uncertairoabhow well they addressed the
patients’ concerns and reflecting on not actuadling with the patient:

Surgeon2: I'd be interested to see what theyrfithm the questionnaire for that. I'm not sure you
can [address their concerns] as being remote ahk amiif you were there. Maybe we
like to think that as doctors that the presencthertouch has some value. I'd put neither
agree nor disagree myself.

Surgeonl: | would absolutely concur ‘cause thdtésdne thing that we feel — it's an alien nature
to be detached. It's, it's absolutely intrinsicte involved, you know to be hands on and
we almost feel jealous of <assistant> being ingtaard doing it.

They conclude, even at this early stage in the,giat it is possible to conduct these outpatient

clinics using this system:

Surgeon2: You become more the expert witness rétherthe actual operator, which is sad for us
because we like being the operator. Um, but itka/oit certainly works.

We also saw them reflecting on the learning proeéesd of them.

Surgeonl: | don't think anything went badly, | méahink we’ll improve as the month goes by
... I know that | will try and work out a comfortableay for me to address those
concerns about not being physically involved anth&ing able to get hands-on
information which is what | depend on all the time.

[This surgeon mentioned an early field trip of owtsen one of the researchers had charted his

movements all around the clinic room and then corgbéhat to sitting in the surgeon’s chair in

the telehealth suite]

We saw them discussing the limits of such a teléhepproach. They discussed the
difficulty of seeing new patients and dischargind patients with this system.

Surgeon2: | think the ones that are most diffianét the ones that you probably want to get rid of,
you want to discharge. Like the boy, the fracturde for me was the most difficult
because you almost want that hands on to reassurthgt you can just say right okay
we’ve done all we can, goodbye.

Surgeonl: We've not yet explored what it would ike to see a new patient. | don't think I'm
brave enough to do that yet because there woudt Imeuch uncertainties things, the
tension’s already quite high when they come andusee

Later in the trial, however, we saw these surgeonsfortably discharging patients in
the telehealth phase, and even successfully dealthga new patient with multiple
complex conditions.

They discussed the issue of the patients’ papezebamedical records which had been
placed in with the assistant for that clinic. Thegolved to place the medical records
with the surgeon so that he could brief the assigigor to the patient entering the
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room. They also discussed planning the consuftatith the assistant, using shared
access to the X-rays, and placing a clock in tmgesan’s room so that they might aim
for a standard 15 minutes for the telehealth phase.

The following day Surgeon2 conducted the next clini

Surgeon2: It's amazing what a difference a day make the learning curve is very fast ... you
sort of adapt your technique.

He commented on the procedural change of readengdles/briefing the assistant before the

patient enters:

Surgeon2: It worked better if you sit down and réenotes a little bit so there’s not a large
pause and | think in a clinic the pauses don’t seerawkward but on this they seem a
little bit more awkward.

Surgeonl made a similar comment after his seconit elt the start of week 2:

Surgeonl: I'm getting quite confident with this ncamd I'm able to direct things in a way that
will allow me to get through it far more efficientl

He also commented on their new way of using theepet medical records:

Surgeonl: | think it worked very well for me, ‘cauis crystallised my thoughts, got me much
better prepared to kind of get things running i ¢bnversation with the parents and the
kids themselves and allowed <assistant> to clamifyis mind how he would like the
consultation and examination to go ...that's why warenvable to keep well to time,
which is critical to making this work.

In discussing the criterion for success for thigetpf telehealth consultation he said:

Surgeonl: ... routine reviews where success is nohfdo change the plan, the examination
remains consistent and repeatable. Where it getsrigs that are slightly off or where
there are concerns that require specific intereantr investigations it may work as a
preamble but better face to face

This surgeon concluded the exit interview with:
Surgeonl: ... overall | think by the end of the mokittbe quite happy to do this, this kind of
consultation ... so if this were to be a long teriamnpl’'d be quite comfortable doing it

After the third clinic of that first week Surgeon8mmented on the quality of the video
subsystems:

Surgeon3: You feel like you could make eye contatit the patient, so it was good, yeah.
Later, commenting again on the support for persoaalmunication

Surgeon3: It was pretty much, pretty similar t@eef to face really. Had a sort of close to and fac
to face feel about it.

The fourth surgeon only conducted one clinic. Hmmented on the way the system
worked and on the skill level of the assistant:

Surgeon4: Ah, no, | don't think there were any &ssat all. | think in fact it works, the system
seems to work the way it's set up it works verylwel

Surgeond4: | was, yeah but | think you'll need aperienced person at the other end ‘cause | could
then just ask them to do things, | didn't have itect him on how to do what | wanted to
see.

After his second clinic Surgeon3 commented:

Surgeon3: | thought well they were all pretty mlikk normal appointments to me, | don’'t see
any shortfalls so far ah except for the macro igsuelose ups [he had tried to use the
arm-mounted camera pair to look for millimetre-heitexture on the patient’s face and
this went beyond the capability of the camera lens]

For his third clinic Surgeonl doubled the numbepatients to see if the system could
cope with approximately normal patient schedulifi¢pe surgeon was confident in his
use of the telehealth system:

Surgeonl: I'm quite used to it now and | know whatant to do and how to achieve it
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The surgeon noted two changes in the role thetassis playing [he has worked with
this same assistant for all three clinics]. Thestant is able to anticipate how the
patient examination should proceed and is presgithi& surgeon with the results:

Surgeonl: He makes sure that | can see what heswanto note ... we vocalise everything,
verbalise everything so that it gets said, it regts

The surgeon noted that he was communicating lesst éve physical findings with the

patient because the assistant was doing this. Qorncation between the assistant and

patient occurred in lay language; communicationvben the assistant and the surgeon

occurred in clinical language. He also commened e is able to take advantage of

not having to manage the patient and the detaillseoéxamination to write up his

clinical notes:

Surgeonl: It makes sure that all the importantghiare written down without the chance of

forgetting to write the sort of document down, ‘sawote-keeping is so critical as being

a record of what happened. For me that’s an intivenefit of this which | never
expected at all.

At Surgeon2’s third clinic he observed that thisteyn really worked for long-term
cases — patients that they see repeatedly:
Surgeon2: Where you just want a little bit of wedtappening now. Rather than making big

decisions, rather than planning out operationscamcections — where, “Are we actually
on track like | think we should be?”

He also reflected on changes:

Surgeon2: | think we adapted some of our stuff éatlo, but not in a huge way. 1 think we just
got more comfortable with it. ... | suppose I'm gagtused to the fact that | can’'t go and
touch them.

Surgeon5 also conducted only one clinic. He cometean using the telehealth
system:

Surgeon5: Yeah, it works fine, yeah you could digthla rapport with family and get where you
need to get, yeah.

He also commented on learning to use the system:
Surgeon5: Actually | started to warm up and be &blwork out which camera | wanted and how
to direct it so ... | was learning on the job.
Surgeon5: [commenting on using the cameras to eathe patient] ... you only need to do it
once and you realise where it will work and wheéngan't

In this last week of the trial Surgeon1l summaritedoverall outcome of the trial for
him, after having an unexpectedly difficult casdnis last clinic:

Surgeon1: | think ah we overall challenge ourseinedifferent ways and I'm glad we did because
it would've been a false sense of achievement ifia@ got very simple cases and then
say oh yeah this we can do and oh yeah this igalzigm at all to be faced with real
difficulties when you try to reproduce that in tteal world. This one [i.e. this pilot trial]
has allowed us to say can we do interpreters, @adonkids with complex disabilities,
can we do kids who have more than one problem.

In his final exit interview Surgeon2 explored theubdaries of where this telehealth
concept would work for his speciality (orthopaedtics

Surgeon2: The whole thing’'s concept works extremedil, the whole thing can run really
smoothly, but | think it works best for the patigititat you know well
He then cited the example of that last clinic towtow touch is important:

Surgeon2: When | went into the room to see her u.apreciate why she’s got knee pain ‘cause
<list of clinical first-hand observations> and whgu see her in the flesh you can
appreciate that. ... How do you assess knee pgouitan’t touch the patient?
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11.3.4 Assistants

Question ldealt with their level of comfort in managing tipeeting stage of the
telehealth phase. In all 12 clinics the assistgnéed that they felt comfortable with
this.

Questions 2 to 5 dealt with the assistant’s abibtperform their role during the
telehealth phaseQuestion 2addressed the issue broadly and in each of tloéiriiés
the assistant agreed that they were able to tak@@mopriate part in the consultation.
Questions 3 & 4dealt with understanding and acting on the surgedirections. In
each of the 12 clinics the assistant agreed tlegturere able to understand and act on
the surgeon’s directions.

For Question 5 all 12 respondents agreed that they were aldertomunicate to the
surgeon what they were seeing, feeling and doing.

For each patient the assistants completed a omegjteestionnaire. To the assertion that
“overall the tele-health appointment went satisfatt” there were 40 “Agree”, 2
“Neutral” one “Disagree” responses and one missasgonse, covering the 44 patients.

Interview data

After the first clinic of the trial the assistaatked about the difficulty of being part of a
3-way conversation where the primary dialogue wets/ben surgeon and patient, and
how it was hard to know whether to interrupt ortwelien he had something to say. In
his usual clinics as a surgical registrar he waald the patient by himself then later
present the case to the consultant if requirecerdttan facilitate the flow of
information between surgeon and patient.

Assistantl: So this is an extra role, this is a gletely different thing

He noted, however, that the task of presentingcamenation of a patient to a group of
specialists is something he often did and he lidghés to conducting the patient
examination during the telehealth phase. He dasdrihe problem that, when there
were specialists present he knew where they weilarlg and could properly present

the case. In the telehealth suite he describedriftdem as “not knowing which
cameras are looking where” and therefore not bgimg if he was presenting the case at
a correct angle to the camera or even if he waskbig the view of the camera. [He

was showing the limiting angles of movement of plagent’s joints, which the surgeon
needed to see square-on to the camera] In respmpsempting about the arm-
mounted monitor showing what the surgeon was sdergpid:

Assistantl: | wasn't looking, | was — because yeo busy concentrating on the angles it's —
you're not really looking at the monitor

He might have moved the examination couch away fitwerwall and examined the
patient from the other side (going against conwentif examining from the right-hand
side) but there was limited space in the room.

The style in the second clinic was different beeahe two assistants (Assistant2 and
Assistant3) work together with Surgeon2 in theirnal clinics. They observed that the
communication felt more formal than it would haveeh in a face-to-face setting.

Assistant2: | felt like | had to be aware of whesolld say things ... | sort of felt like, like I, ym
had to wait my turn almost

She mostly sat at the examination chair duringudisions and noted that the directional
cues that we built into the layout of the two sudtegns helped
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Assistant2: This system is better than using thdewiconferencing when, because you — like how
it's set up, when the person turns and looks attiiatis much better than ... rather than
not having that visual face to sort of talk to

Assistant3 had the task of recruiting patientgties clinic and she tried to choose
patients whose situation was just being reviewak. one patient the surgeon had
changed his intention and wanted to plan the raxdflsurgery. She observed:

Assistant3: So you need to have a good idea prgledlhat’s going to happen in the
consultation. The others | knew were just reviewed

Assistant4 observed that the quality of sound amabe is very good, but talked about
the difference in using the video/audio mode compavith normal face-to-face:

Assistant4: It's not the same as if you were preset don’t know exactly what makes the
difference, but | feel — | feel that it's differenBut | can communicate, it's not a
problem. It might be — I might be feeling that nbecause we are starting.

After his second clinic Assistantl commented:
Assistantl: It was reassuring to see that the pgrgou know, walk out with their questions
answered and happy with things, so that's likehirlk that's a good indication of how things
went.

He also noticed that the surgeon was getting useding the telehealth system:

Assistantl: | think he — he was more familiar vittb equipment and knew, ah, you know, how to
change the monitors and the angles and things

He reiterated that presenting the examination @fidtient to camera was like
presenting to a group of consultants and notednbdiad done exactly that earlier in
the day at a conference session. He also reitetlaée in order to get out of the way of
the cameras he needed to examine the patientan-atandard manner (i.e. not from
the patient’s right-hand side).

He specifically commented on how well the surge@s able to display and annotate
the patient’s X-rays on the tablet system, locaiglt in front of the patient and family,
and on how well the families responded to this. cHietrasted this with the situation in
the normal clinics, where it was very difficultise displayed X-rays to explain matters
to the patient and family:

Assistantl: ... at out outpatient clinics we have ocomputer, one monitor ... there’s a big thing
on the wall [a second display screen] but it haeligr works, but having the monitor in
front of us and then you've got to spin it aroumd éhen you've got to use the mouse and
try and swivel it around ...

In his first clinic Assistant5 observed some difiece in the way the surgeon and family
interacted between telehealth and face-to-facegshas

Assistant5: ... the only thing that | did notice what the rapport was probably slightly better
when Surgeon4 actually came into the room thanggiwover the videos. ... You know |
think it's just having direct contact does makéng bit of difference ... | just felt mum
and kid relaxed a bit more when he was actuallyet@d he was always, it was all quite
formal over the cameras whereas everyone seenrethtoa little bit when he actually
walked into the room

Assistant6 observed that he needed to use botlshamaoperly examine one of the
patients and he was unable to adequately use titehedd camera to show what he was
seeing to the surgeon. Neither could he use tier arm-mounted camera because this
would have required re-positioning the patient whi@s not a suitable option. He also
mentioned the tendency to verbalise observations:

Assistant6: [In response to a question about whétheised ways of communicating that he might
not normally use] Oh, no because we tend to deserilot to the bosses anyway, like on
the telephone, so we're used to describing thimgthe telephone so that'’s fine.
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After his third clinic, Assistantl made two obsdiwas. He talked about reaching a
point in his learning where he knew where the camarere, what they could see and
how he should position himself so as not to obstheesiew yet still present the case.
He had also learnt to observe the local tabletiaysgo that, if something that he
thought the surgeon should see was not in viewpl&l direct the surgeon’s view to it.

He also talked about the experience necessaryfiidliis role as assistant, and even his
own limitations:

Assistantl: ... with me being orthopaedic trainedid\ what um tests and things to look for, do
for and having been in orthopaedics for a few yaas1'm still not familiar or happy
with some of the tests.

He commented on the difficulty of directing an @aitied assistant:

Assistantl: The assistants on the other side if,kymw it'd be tricky to try and demonstrate some
of those tests and those examinations

He commented on the specialisation of physiothstapi

Assistantl: Even physios. Physios [in this ho$jpstiee [completely orthopaedically trained]
because we need certain physios that just dealthétlorthopaedic ... they are good at
that but in other hospitals physios are not necégs@au know pre-groomed at
demonstrating the signs for [specific tests].

Assistant2, at her second clinic, commented omptbblems of seeing subtle angles and
curves with the video cameras:

Assistant2: | completely understood what he askedado ... but | still couldn’t show him what
he wanted to see ... | don't think he could see éxadtat | could see.

Assistant7 observed that, at the start of a cossoitt the patients and family were
having trouble picking up on the conversationalsgweiting for the other person to
stop talking before they started, but later indbasultation the conversation became
more fluid:
Assistant7: [initially] they weren't too sure whérey could chip in and say their bit, but as the
interview went on people carried it on more likecsversation
In commenting on the assistants’ role he said:

Assistant7: ... from an assistant side of thing mkithe most important thing is that an
examination’s being done by kind of protocol, iétl’s specific things they want to look
at those instructions need to be pretty clear

In the last week of the trial Surgeonl chose tokwath a different assistant
(Assistant7) to broaden his experience of usingjis¢em. Assistant7 commented on
the way Surgeonl was using the system:
Assistant7: | thought Surgeonl was very clear, amiee’s obviously done quite a few of these
and he’s very clear on his directions
About his own learning curve he said:
Assistant7: | felt more comfortable in just puttithee patient where | knew the cameras were and
knowing which cameras are going to get the best tfian | did the first time.

Assistant7 commented on the way the system suppbite in presenting a difficult
case:

Assistant7: | was pretty pleased with how | couldws the deformities on the camera and the
<clinical terminology> deficits on the camera
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11.4 Discussion

Summary statistics

These statistics were collected from the dataeftht interviews. In some places the
data items are missing. One patient and familyewsable to complete the exit
interview due to language difficulties and timegs@res. Some families addressed the
semi-structured questions in an indirect mannercea responses to certain items
were not available from the transcripts. One classistant was also not able to
complete the exit interview due to work commitmegitewhere in the hospital.

These summary statistics need to be interpretéteicontext of this pilot trial. The
patients were selected on the basis that themtgtu matched the selection criteria for
the trial, which in turn were constructed to méet design intentions of the telehealth
system. The patients themselves were not an hamagegroup. They covered four
surgical specialties and, even within those speesatheir situations differed from each
other. Broadly positive responses indicate an@sgehe trial that appeared to work
well. Outliers indicate aspects that might ne¢erditon or aspects where the
boundaries of the pilot trial were not broad enot@hbatisfy the situation. In one case
the split in responses was so marked that | havesltietails for each apparently
adverse response as a way of showing an interjoretait such data.

The summary statistics from the exit questionnastesw the level of success of the
pilot trial. In 40 of the 44 cases the surgeotfistifiat the telehealth phase alone was
satisfactory and they would have been satisfiddttthe patient leave after that phase.
The responses from the assistants support thiseimgy in 40 of the 44 cases that
“overall the telehealth appointment went satisfalytd In contrast, 13 patient/family
responses (out of 43) felt that the subsequentttaace phase was necessary; seven
were neutral and only 23 respondents felt thatabe-to-face phase was not necessary.

Of the 43 patient/family responses, 42 said thesevable to communicate their
concerns to the surgeon and have him address tAdrhi2 surgeon responses agreed
that they could understand those concerns and ttiedf2 responses agreed that they
could address them.

In all 12 clinics the surgeons agreed that theyevade to direct the assistant, and in 11
cases agreed that they were able to understarab$isant’'s examination of the patient.
In all 12 clinics the assistants agreed that thegevable to understand and act on the
surgeon’s instructions and that they were abletomunicate the patient examination
to the surgeon. The patient/family responses haggport this, with 31 of 37
respondents feeling that the surgeon was able ke i@a accurate examination of their
child.

Thirty-five of 42 patient/family responses saidpbthetically, that they would have
used such a system for this consultation if it baen available locally. This group
included all those families who had made a mapredl commitment to attend the
consultation.

These juxtapositions of statistics illustrate timportance of taking the points of view of
the different groups of participants, and in patc of the patient and family, into
account. At times they reinforce each other, gj\stronger weight to a piece of
evidence about the performance of the system dtimgyial. At other times they
appear to conflict, indicating that a deeper ingasiton of the situation is required.
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In this example we had differing points of view the necessity of the face-to-face
phase of the consultation and to investigate #sge we looked for a deeper level of
information from each of those 13 patient/familpgps. For some cases the patient fell
outside the intended boundaries of the trial arth bargeon and family agreed that the
face-to-face phase was necessary. In some casémtilies’ expectations from prior
experience were too strong and they still requihedpersonal presence and hands-on
touch of the surgeon for closure, most notably whlke young patient had wanted to
express a friendship bond with him. Others haderaathajor travel investment to
attend this consultation and, for them, it wouldulb¢hinkable to not see the surgeon in
person at some stage during the consultation.

There is an apparent contradiction in that manye$e 13 families had given
hypothetical agreement that they would have usel awsystem for this consultation.
This might flag that the families were steppingd out of their role as participants in

a telehealth trial as they answer these questomesmoment envisaging themselves in a
telehealth situation and the next moment dealirth thie reality of being present in the
actual hospital. It serves as a reminder thdstsach as these are an approximation to
the reality of normal clinical practice and needbéounderstood as such.

Criteria for success

Two criteria for success have emerged in this exteln data. The surgeons’ criterion
relates to repeatability of the patient examinatiad continuity of the treatment plan.
This criterion is closely linked to the scope o thial, where the patients were chosen
on the basis of review consultations. The exaranathen, would not show anything
unexpected (based on the prior history of the pgtend the proposed treatment plan
would be a continuation of the previously estal@déplan. Specifically, success in
terms of this particular trial is in terms of n@umng to change the treatment plan (that
was determined and agreed on in the telehealthephasa result of the face-to-face
phase.

A success criterion for the patient and familyicaitated by one assistant, was that the
patient and family walk out “with their questionssavered and happy with things”. A
different assistant described a condition for saseather than a criterion, saying that
the most important thing was that there needec ta $tructure, or protocol, in place for
each patient examination [in contrast, say, toratructured series of requests for
actions from the surgeon to the assistant], implyirat the assistants needed to be
skilled in those protocols and that success oogten they are able to follow those
protocols well.

These criteria all relate to context, prior histand experience. Context requires that
the patient already have a treatment trajectorgicgous to that described by Corbin
(Corbin 1998), so that the surgeons have a stopeeviously face-to-face-acquired
patient data to work with. Prior history on thetpa the family, in terms of a sequence
of prior consultations punctuating the treatmeajetctory, gives the family the
guestions they need to ask and the judgement te kriether those questions have
been addressed. The prior experience on the ptmt assistants enabled the
examination of the patients in a manner which Satigshe surgeons and therefore was
the essential facilitation element of these comasioihs. Both the surgeons and the
assistants themselves comment extensively on thertance of this prior experience
and on how specific that experience may need to be.
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We saw, therefore, that having a successful outanfrtiee trial was not just a property
of the telehealth system alone. It depended ochib&e of patient to match the
capabilities of the system. It depended on theepaand family raising issues that
mattered to them and being able to judge whettusetissues were addressed. It
depended on the assistant having the appropridie sk also depended on the
successful human interactions between surgeonaanitlyf(to communicate and agree
on the treatment plan); between surgeon, assiatahpatient (to present the clinical
examination) and between assistant and surgeonyfasihe or she mediated and
facilitated the consultation. Understanding andleating the success or otherwise of
the trial, therefore, depended on understandindgptimean interactions that were
contained in the context and actions of the trial.

Use of the fixed video and audio links

The surgeons, assistants and patients/familiestheeftked video/audio links to
support interactions with each other and with thggmt’'s data. One of the
distinguishing features of this telehealth systerthe way it uses these technologies to
support the flow of communication between the twdseof the telehealth link, in
contrast with conventional telehealth systems disattraditional videoconferencing
arrangements. It is therefore important to know ltwese links were used and how
well they worked.

The patients and families all reported that theyld@see and hear the surgeon during
the consultation, and they reported that they casklthe video/audio systems to raise
concerns and have them addressed, although oneosuirgtially expressed personal
concerns about how well he was addressing thersurgeon who conducted three
clinics said that it was very similar to face-tadathat he felt he could make eye
contact and that it had a “face-to-face feel alitbutAnother surgeon noted that the
practice of verbalising all observations duringemamination was well suited to
communications between surgeon and assistant letaisurgeon received both a
visual and an auditory account of the examinatibaring his only clinic, one surgeon
noted that he was able to establish a rapportthé@Hamily and then use this rapport to
get the information he needed. One assistant, evtads required her to move around
the room a lot, noted that the use of body and kigadtion on the part of the surgeon
to indicate his direction of attention made it meetsier for her to take part in the
conversations.

By drawing on the responses and reported actiothsnapressions from each of the
participants we get a composite reinforcing impm@sssometimes referred to as
“triangulation”, of the effectiveness of this partiar aspect of the system.

Learning about the telehealth system

There are three types of learning about the telt¢thegstem to be found in the exit
interviews. Firstly, the patients and families laadery short learning phase lasting
about as long as it took them to enter the rootdasivn and respond to the greeting
from the surgeon. Some commented that they wérallyin awe of the system with
the large number of screens and displays but thedrthat they settled in quickly.
Other than this the patients and families did mohment on the process of learning to
use the telehealth system. Once the surgeon kadittention he led them into the
pattern of the consultation and, because they tiadded such consultations before in
the normal setting, they knew what to do. The tfmaene of the trial, four weeks, was
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shorter than the accessible repeat cycle for atigniaso no patient got to experience
the system twice.

The surgeons commented explicitly on the learnunyge for the telehealth system.
They noted that after one clinic, or even by thé ehtheir first clinic, they were getting
to know the system, and one concluded that byndeoéthe month they would be very
happy with using this system. He, in particulaghed the system to discover its
usability issues. He doubled the number of patiémt his third clinic, and worked with
a different assistant for his fourth. He took attege of the small number of patients
who were outside the strict scope of the trialrtalgse and reflect on the characteristics
of patients who were best suited to it.

The assistants also observed their own learnimgmbeing too busy managing the
system to pay attention to the feedback monitdvisrfirst clinic one assistant was using
the feedback monitor fluently by the third weekis Burgeon noted the changes in his
skill with the system, mentioning the way in whioh was taking more responsibility
for examining the patient and communicating theltesn lay terms to the patient and
family.

We note from their comments that they were leartongork with each other, learning
how each other used the system and what eachwé#med. Again, what the surgeons
wanted varied from surgeon to surgeon. For exasgiee were happy with angles of
limiting movement being reported by the assistaméngas others wanted to see the
movement square-on to the camera and estimataghesafor themselves. This
emergence of collaborative working behaviour issistent with the observations of
their training sessions reported in an earlier tdragnd is one of the important issues
revealed in our study of human interactions in thad.

By looking at the human interactions as reporteti@rserved by each group of
participants we see beyond the summary statisticknical success to uncover the
learning processes occurring during the trial. 3&/e processes analogous to those
observed during the scheduled training sessionadtwith actual patients.

Types of patients

As the trial progressed, the clinicians payed afaitttention to the types of patients and
clinical situations which this telehealth approaabuld suit. They observed that it was
important to have both an existing patient trajgcteithin the hospital system and also
an existing relationship with the patient and famiFurther, they felt that the best
situation would be to have “review” appointmentsendino major changes were
expected and no big clinical decisions were toelert. Early in the trial the surgeons
explicitly expressed concern about seeing new ipiEtier discharging old patients using
a telehealth consultation, though they did succdlgshanage at least one of each of
these later in the trial. Some surgeons also expexd situations where they were
covering for other surgeons and, while they didehtine patient’s clinical notes they did
not have an existing personal relationship withgatent and family. In these
situations they found it difficult to maintain thevel of personal contact that they
would have wanted.

Assistants, their roles and skills

For the patients and families the assistant was ae@ communicator, discussing the
case with the surgeon in technical terms and exipigiit to them in lay terms, and we
saw this expressed in the very first clinic. Thsistants were conscious of this role and
by the third week the surgeons also observed #fedt of the assistants’ role, with one
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commenting that the assistant was taking someeop#tient management load from the
surgeon thereby freeing the surgeon to focus oglihieal issues.

Initially, however, the surgeons concentrated tbemments on the technical skills of
the assistant in terms of examining the patieriteylrepeatedly made the point that
they wanted to give examination directions to te&stant at a very high level and to
have the assistant observe subtle details andtriq@on back in the language of their
particular specialty. The assistants’ commentgatipd this position. One assistant
observed that someone with generalist trainingh s1sca physiotherapist, might have
difficulty examining a patient who was rehabilitagifrom specialist orthopaedic
reconstruction surgery. He cited his own situatlwat, after three years of orthopaedics
training there were still some tests about whichivae uncertain.

Privacy

The telehealth system had been designed to maxthesawareness on the part of all
the participants of who was present in both roontsv@here each participant was
directing his or her attention. The doors of ela@m were in full view and could be
seen and heard if they were opened or closed spdlople entering or leaving were
obvious to all. Forty-two of the 43 families weret concerned that anyone might be
listening to the consultation. The true privadyaiion, however, might be masked by
the location of the trial. Several families wevemised to be asked the question, saying
that they trusted the hospital on this matter. @arent said explicitly that she was sure
the hospital wouldn’t have anyone listening who wassupposed to hear. This
implicit and explicit trust placed in a major haspimight not be available in
subsequent long-distance trials to regional centres

One assistant raised the issue of personal prisagyng that she was reluctant to ask
patients to expose their arms and legs in frosoaihany people. We can interpret this
observation as an indicator that the trial didprojperly handle issues of scale. We
already know from earlier field studies that thesasultations can involve multiple
clinicians but the telehealth situation added farttlinicians and included members of
the research team, thereby changing the sensgos$ere felt by the patient. There are
techniques for handling the situation — separaéagimg rooms, drapes, having more
conservative items of clothing to replacing lightrsner clothing — some of which were
indeed used during this trial. By paying attentiorthe assistant’s observations we
identify an important design issue for subsequgstiesn iterations.

11.5 Conclusion

All three groups of participants responded in widngg gave clear answers to their levels
of acceptance of the relevant aspects of the taldtheonsultations. In addition, each
group was able to explain those levels of acceptaiitie surgeons were able to
identify points on the health trajectory for whightients might be suitable for
telehealth consultations and they were able totifyethe characteristics of the clinic
assistant necessary for them to effectively conthecexamination of the patient. The
clinic assistants were able to learn how to usesyiséem with their particular surgeons
over the four-week trial period so that they coadequately present the patient
examination in a collaborative manner. The pasiemd family were able to make
judgements on the acceptability of the teleheadtisaltation based on their existing
relationships with the clinicians and on their paperience of this type of
consultation. Where the patients/family appeaoegive contradictory answers to
different questions the contradiction could be hesih by seeing the consultation in its
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wider context, both its social context in termgafient-hospital staff relationships and
in its wider context of the complexity of the hasyis treatment of the patient.

This study illustrates an evaluation based on ¥ipeessed positions of the participants
involved in this class of broadband telehealth. 3&e the multiple perspectives
converging on some issues, such as the effectisefdble video and audio
communication subsystems. We see them divergh,asion the criteria for success of
an individual consultation in telehealth mode. ¥¥e different understandings of time
and process — the patients and family seeing tbetes a point on their treatment
trajectory and the clinicians seeing the sum ohévas a learning process. We uncover
interpretations, such as the privacy qualities thgiog to the hospital rather than to the
telehealth system.

Finally we see deep reflective thinking on the pédrthe clinicians. This covered the
types of patients for which this system would hestk and the attributes required of
the clinic assistants. It also covered issuegsafiing to use the telehealth system and
learning to work with their clinical partners tonmhuct the consultations in a telehealth
mode.

We uncovered apparent inconsistencies in the regsoof the participants to our
interview questions and we can relate these intpalhte situation of the trial, where we
were approximating the experience of a telehealtisgltation but in reality we were
located firmly within the major hospital. An expsed hypothetical willingness by the
families to use such a system for this consultasmemed to clash with a strongly
expressed feeling for the necessity of the subsedaee-to-face phase, but was in fact
an expression of the reality of the patient’s aadify’s situation. An agreed treatment
plan at the end of the telehealth phase appearddgb with the surgeons’ reluctance or
ambivalence to rate the face-to-face phase asauatssary. Matters outside the scope
of the consultation but firmly anchored in the aotitof the hospital were involved,
emphasising the importance of understanding thaded scope of the trial.

The evidence presented in this chapter directlypstip the itemised results shown in
Section 1.6, pages 8-9:

* R2: The surgeons and the assistants explicitlgres the learning process -
using the system, learning to judge the suitabditpatients for the telehealth
phase of the consultation and learning to workatltatively over the system.

 R3.1 and R3.2: The human-centred exit interviele#ted responses from the
participants and explanations of those respon@esntitative responses from
the participants, as Likert-Scale responses orNeshswers, established the
levels of acceptability of the telehealth expergenrcthe trial and qualitative
responses linked those levels of acceptabilithéwtider contexts

 R3.3and R3.4: The responses from the particigarttse exit interviews
showed the competence of their responses andrige d viewpoints.

* R3.5and R3.6: We saw in the outliers and anomati¢he participants’
responses the impact of the wider contexts in geimgrthese responses and the
need to interpret these outliers and anomaliesring of the participants’ view
of those contexts.
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12 Case study: Pilot trial: video and audio
recordings

12.1 Purpose

This chapter presents an analysis of the videodatiordings of the telehealth sessions
and deals with what the participants diad_saicdiuringthe telehealth sessions of the
pilot trial at the Royal Children’s Hospital. Thearpose of this study was to use
observations of the participants’ actions and spéeenake inferences about their
responses to the telehealth system in the conteke@pplication scenario and in the
context of the pilot trial.

The context of the application scenario is thad genuine outpatient consultation with
the intentions on the part of the clinicians tddal the normal pattern of their
consultations. The intentions of the cliniciansg & particular of the five surgeons,
were inferred from their approach to the trainiegssons, described earlier, in which
they focused not on the details of the teleheaisitesn but on how they would conduct
their own clinics using it. These intentions alsmanferred from the way they allocated
their time between the telehealth and face-to-fdweses. They conducted the
telehealth phase until they had achieved theiriredwutcome in 40 of the 44 cases
then used the face-to-face phase for confirmatiwhcdosure. This intention was
confirmed in a discussion between the two surgadrsconducted the very first clinic
(recorded during the exit interview):

Surgeonl: What do you think <name>? Do you thinkili work?
Surgeon2: It will certainly work, there’s no dowdttout it. It will certainly work with patients kk
<patientname>.

The context of the pilot trial included both the@gence of the trial at the hospital and
the artificial situation by which both rooms wene the same floor of the hospital and a
face-to-face follow-up was prescribed in the tsgrotocol.

This chapter illustrates the high level of interactbetween the participants, and
between participants and data, in this type oheddth scenario, which reinforces the
argument for a human-centred approach to the desidrevaluation of broadband
telehealth systems. It also demonstrates the itapoe of trialling a well-bounded pilot
system in the actual workplace setting. As we am the training sessions conducted
for the clinicians, and from their early intervié@edback, whether or not the clinicians
could successfully conduct this type of outpat@imic was an open question at the
start of the trial. We saw the participants’ ursti@nding of what was in or out of scope
in this pilot study and we saw them behaving a®al life during the consultations.

One of the scope requirements was that the patentsamily already have experience
in this type of outpatient consultation. In thengaway that we saw them competently
answering questions about their experience in teei@us chapter, we see them here
competently engaging with the telehealth systemvatidthe clinicians during the
consultation.
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12.2 Method

Video and audio data

Two tripod-mounted video cameras, one in each reengrded the video and audio for
each of the 44 outpatient consultations. Figu$ and 12.2 show still frames from
the tripod-mounted video cameras.

3 ’l f:. |

Figure 12.2: View of patient’s room from the tripad-mounted video camera

The view of the surgeon’s room shows the displayhentablet and the room overview
of the patient’s room where hospital staff havengetd prior to the start of a clinic.
The viewpoint in the patient’s room shows the patfamily as they sit talking to the
surgeon, and shows the examination couch. Fosa®sere the patient was seated to
be examined the camera was manually panned teftheéWhere actions occupied the
whole of the patient’s room they could be seen ftbenroom overview display in the
surgeon’s room and watched again on the second vetm®rding to be sure of the
parents’ responses

Each camera recorded the audio of the major coatrens, both between rooms and
between individuals in each room and this audicktauld be used to match events
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between the two video recordings. Some conversatieere conductesbtto voceand
were not intended to be heard in the other roossdltonversations are only heard in
the audio track of that room’s camera.

Data analysis

The video recordings were coded in the mannerefitounded Theory approach
described by Corbin and Strauss (Corbin and Str2088). For each recording a text
file was constructed, taking the role of field oteéSpecific events, such as greeting,
patient examination, use of the two close-up visidosystems, use of gesture, use of the
pen/tablet subsystems, asking difficult questiams $o forth were noted, along with
video time codes where appropriate. A comment atha@usignificance of the event

was written and in some cases instances of dialague transcribed to illustrate the
event.

The video recordings were viewed in pairs — firetif the patient-room camera then
from the surgeon-room camera — with the seconddewy often showing additional
information about particular events in that coresidin. During the clinics | and
another colleague sat in with the patients in tsm$was actually present during about
half of these consultations. Although | viewedsih@ideo recordings several months
after the trial I had a strong memory of the pattiiat the consultations took and was
easily able to identify the key events in the cdiasions.

Five surgeons conducted clinics for this trial &ntewed the video recordings grouped
by surgeon, starting from the earliest consultatiand working forward to the latest.
For each surgeon | took these field notes and womdéng notes in the margin; these
coding notes served to formalise the nature ottrents that | had observed in the
video recordings. From these field notes | corsédi memo outlines, one set for each
surgeon, grouping together common codings acr@sthigeon’s consultations and
including quoted dialogue. These memo outlinesftire data base for the results and
analysis below.

12.3 Results

12.3.1 Structure of the telehealth consultation

All five surgeons used a common pattern for thehtehlth consultations and this pattern
matched the consultations that we had observedglodr field visits to Royal
Children’s and Royal Hobart Hospitals.

Greetings

As the patient and family entered the patient’'smdbe surgeon captured their attention
with a clear, directly voiced and personalised ginge One surgeon greeted the patient
and parent(s) by first name, and made a pointabficing other family members:

Surgeon: Who's that in the background?
Parent: That's my mum [i.e. patient’s grandmother]

They sometimes made a brief reference to the taldhgystem, such as:
Surgeon: This is good, isn’t it? Can you hear & O

Questions/discussion about the patient’s progresise the previous consultation

They immediately followed the greeting with a cottitbased question, such as:

Surgeon: It has been a year now [since we savp#iient] how has it been?
Surgeon: The issues last time in March were ...
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This led directly into discussion about the patgeptogress and where the patient was
old enough to speak for himself or herself it agyvmncluded the patient in the
discussion. It was clear from the open manner wthikch the patients and families
spoke with the surgeons that they were familiahwhis situation and with this pattern
of consultation.

Examination

The examination typically began with the surgedimggthe patient and family that he
would ask the assistant to examine the patiene alsistant then performed an
examination under the observation and directiothefsurgeon.

Discussion between surgeon and patient/family

The patient and family gathered around the famaliy-pnd-tablet display while the
surgeon summarised the patient’s situation anéxhaenination, often displaying X-ray
or CT scan images on the tablet display and anngtiiem as part of the discussion.

The Plan

The surgeon then presented the treatment plamédire-period until the next
consultation, or in a few cases explained thatuntnér treatment was necessary and
discharged the patient.

Closure

Finally, the surgeon closed the consultation, uguml asking
Surgeon: Do you have any further questions for me?

The surgeon then stepped out of telehealth roleagked the patient and family to wait
a moment while he came in to see them in person.

Expectations

In addition to the implied expectation on the mdrthe surgeon that the telehealth
consultation would be successful there were ocnasihen the surgeon had specific
outcomes in mind.

Example
The surgeon spent considerable time and effortiooing the patient and parents to leave the
frame [which holds the leg bones in place] on #wfbr another month. In the exit interview after
that clinic he commented:

Surgeon: From my point of view all | was interesitiedvas showing them that X-ray and saying to
<patient’s> mum and dad “another month”.

12.3.2 Structure of the face-to-face consultation

The surgeons all treated the telehealth consuttasothe primary interaction with the
patient, so that by the end of the telehealth dteitson they had arrived at a treatment
plan for the patient and there were no further tjoles from the patient or family. They
treated the face-to-face consultation as a sadi@taction, as an opportunity to confirm
the patient’s/family’s agreement with the treatmgliain and in some cases as an
opportunity to confirm their understanding of themination of the patient.

The face-to-face consultations, therefore, had enhaoser structure, beginning with
further greetings such as physical handshaking €ftsuing discussions were relatively
short and involved confirming topics previouslydlissed during the telehealth
consultation. In some cases sub-conversationgdtap — the surgeon talking quietly
with a parent while the assistant repeated explamabf rehabilitation exercises with
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the patient, for example. Closure was a mattéh@fsurgeon saying goodbye and
walking out of the room.

The surgeons’ differing surgical specialties angspeal approaches influenced how
they used this face-to-face time with their pase®ne surgeon, whose patients had
long-term treatment for hip, leg and foot correctised the face-to-face consultation to
offer personal contact and reassurance.

Examples:
One patient, who wore a leg splint and neededdtept the leg from injury, was feeling teased
and uncomfortable at school. The surgeon offesadrite a letter to the school explaining the
patient’s needs, discussed with the patient hosketd with harassment at school and offered
positive encouragement to the patient’s mother.

The surgeon examined another patient first-hand

Surgeon: | wanted to see your splint close-up
He discussed again the stability of the patiemtdland repeated his recommendation for not
doing any surgery on the patient.

On entering the patient’s room the surgeon crouctmh to eye-level with the three-year-old
patient:

Surgeon: Hello, how are you? | am so happy toysedexpressing the close relationship that
forms between the surgeons and their patients]

He then discussed the ongoing management of tienpatith the mother and offered the mother

further reassurances.

The face-to-face consultation was also used towghlitems that were out of scope of
the pilot trial, writing and signing referrals ftmilow-up services such as X-rays and
making subsequent appointments. The surgeon stasswent back and forth
between the two rooms to complete forms and attatient-specific bar-coded stickers
from the patient’s medical file.

The surgeons, however, still treated this faceatmefconsultation with attention and
respect. One surgeon had conducted a detailecgrsation about the adjustment
regime on the patient’s leg frame during the teddtheconsultation (referring to his
instructions at the previous consultation), andtiomed the discussion with hands on
demonstration in the face-to-face meeting. At gust he realised that the patient’s
family had misinterpreted the adjustment instrudithat he had given them at the
previous consultation two weeks previously and dreected the instructions.

12.3.3 Timing and frequency of the consultations

Appendix B shows the elapsed times for the tel¢headd face-to-face phases of the
consultations, grouped by surgeon (Table B.1). cAfemake the following
observations from this data set:

* The surgeons spent longer on the telehealth pHakeipconsultations than
they did on the face-to-face phases. This supploetebservation noted in the
previous section that the surgeons treated thiedalth phase as their primary
interaction with the patient.

» The times taken for the telehealth phase vary wjdslen within the data for
individual surgeons. This indicates that the pasiend their clinical situations
varied widely and that the surgeons respondedigarttividuality in the way
they conducted their consultations.
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Appendix B also shows, for each patient, the tiragqal to the next consultation and
Table B.2 aggregates this time-period data. Trie-fperiod to the next consultation
generally matched the time since the previous dtatgn, except for the five patients
who were discharged during this appointment wigirteurgeon. We can see that the
bulk of the patients (31 out of 44) had a consuadteperiod of between 2 and 12
months. This indicates that their clinical sitoatwas relatively stable and that the
patient and family had taken responsibility for ragimg the patient’'s condition during
that time. This observation is consistent withabserved importance of the initial part
of the consultation, where the surgeon, patientfamdly discussed in detail the
patient’s progress since the previous consultation.

12.34 Use of the fixed video/audio subsystems

The design intention behind the three fixed videdia subsystems was that the room-
overview subsystem would provide continuous viswaitext and the two close-up
subsystems would provide links between the surgemhparents and surgeon-and-
assistant respectively, with the patient appeanrane or other of the visual fields
depending on the progress of the consultatioma#t expected that by facing the
appropriate subsystem camera/screen the surgedd @able to signal his or her
conversational attention to the people at the spording subsystem in the patient’s
room.

Direction of attention

The surgeons used this direction of attentionmmasit all the consultations, typically
when the family were seated at their subsystentlag@atient was on the examination
couch or examination chair [and therefore in frointhe examination subsystem]. This
situation arose both during the examination oumsing-up discussions where the
patient had chosen to stay seated in the examimatea.

Example:
[The patient is seated in the examination chair]

Surgeon: [Facing the family subsystem] The impdrtaimg [turns to face assistant’s subsystem]
are you listening, <patient-name>? [Looks and gestto the patient] the important
thing, even though | am telling them, [gesturethpatient’s parents] is to do the
exercises.

[Further in the conversation]

Surgeon: [Facing towards the parents] The correatan be achieved in 6-12 months so we don’t
need to rush in and do it now, OK?

Parents: Yes

Surgeon: But the thing to watch out for [turns xamination subsystem and waves his hand at the
patient] Oi, wake, up, don't fall asleep [turns b&a family] is weight.

The people in the patient’s room also understoediitectionality of the surgeon’s
attention.

Examples
A young patient was sitting on the examination petling her shoes on and her father moved to
sit in the examination chair to assist her. Stekbeen looking at the surgeon through the
examination subsystem while the assistant condubtedxamination.

Patient to father: He can't see [me] now
[showing that she was aware of the surgeon’s gaeetibn through the examination
subsystem to her and that her father was now bigdkiis line of sight]

142



At the beginning of a consultation, with the patiand family sitting in their seats in front of the
family subsystem and the assistant sitting at Kaenénation subsystem:

Surgeon: You know me [gesturing to himself using fldamily subsystem to show the gesture], and
that's <assistant-name> [pointing to his view @ #ssistant over the examination
subsystem] who's [assisting in this] clinic with me

Example of the expectations among the people ipdtent’s room that the surgeon

would be directing his gaze as he spoke

Surgeon: Are you guys happy with what we are plagmd do [glances to examination subsystem,
family subsystem then back to examination subsyjstem

Assistant: Are you talking to <the other assistaarid me or to them? [i.e. to the patient and
family]

Here the surgeon has created confusion by appearitigect a reasonably focused question to
everyone in the room.

Use of gestures

The surgeons often used gestures about their odw todllustrate what they were

saying and presented those gestures to whichemerassubsystem they were using.
The hand reconstructive surgeon used his own taddrhonstrate over the examination
subsystem the actions of fingers and fist formhma he wanted the patients to imitate.

The surgeon explains that the patient’s limitationgalking will ultimately depend on her
mind/attitude rather than on her feet:

Surgeon: Generally that depends not on her feekpemphasis] but on this [points to his own
head].

The surgeon discusses a plan to reduce the patigsd’ of an external splint with the verbal and
gestural phrase

Surgeon: ... less and less and less [hand makes mdodl motion with each spoken “less”]

When changing his view to use the pole mounted camoesee the patient the surgeon used a
hand gesture to the parent to indicate the higiinig angle of the camera as part of his
explanation of what he was about to do.

12.3.5 Spatial awareness

The clinicians were aware of the relative spag#tionships of people and objects in
the patient’s room.

Surgeon :[speaking to assistant] Look behind yalitalh me whether the AFOs are hinged [the
direction of “behind the assistant” was skew toheafcthe fixed cameras]
Assistant; [picking up the AFO] Where are you? [agkwhich camera the surgeon was using]

The assistant was directing the patient to dematest particular movement.

Surgeon: Get him to do it facing me [i.e. facing ttamera that the surgeon was using at the time
to watch the patient.]

12.3.6 Privacy

The interview responses from the patients and fasjipresented in Section 11.3.2,
indicated that these participants generally hadamerns with personal privacy during
the trial. What they did not comment on, and whatot addressed in the CSCW
literature on privacy, is the issue of scale. Aigrd might feel comfortable exposing
himself or herself in front of one or two peopld hmcomfortable doing so in front of a
group of people. This is relevant in our outpatietehealth scenario because the
telehealth configuration, which included the reskastaff, had noticeably more people
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collectively present than would be present in amadroutpatient clinic. We met this
situation with one patient during our pilot triadlhe patient reported unexpected new
symptoms (the same condition but in another pahneofody) part-way during the
consultation and the video recording shows somenandiness on the part of the
clinicians and patient in examining these new symmst The nurse, who took the role
of assistant, reported during the exit intervieat tthe had been reluctant to ask the
patient to undress further in front of so many peofshe and the surgeon stepped out
of the scope of the trial to schedule a secondiappent for later that day in a more
private setting, and with additional X-ray data.

12.3.7 Use of the pen and tablet subsystem

While the original design intention behind the &l tablet subsystem was to support
the surgeon in guiding the assistant through ameation of the patient the major use
that was observed was for the surgeon to commuenweiih the family. The three
orthopaedic surgeons relied heavily on X-rays fgpgement the patient examinations
and they used displays of these X-rays on thettahlesystem to explain the patient’s
situation and future treatment to the patient amdifiy. To do this they used our
electronic pen to point to features and to makehamd gestures over the displayed X-
rays as they spoke. These displays were captuoadthe screens of the hospital
computers using special hardware which meant blieahospital software for precise
drawing over X-rays was also available. The sungesmmetimes used this hospital
software, for example to show lines of force bemvgents in the leg, but these displays
were static and took some time to set up. Ovemvimglly the surgeons used our
electronic pens for dynamic real-time sketchingrdiie X-rays as they spoke, using
positional words like “here” and “there” and dinectal phrases like “this way”
synchronised with their sketching.

While the patients and family took an active partiese discussions they generally did
not use their electronic pen to contribute pointingestures. One exception was a
young teenager who supported his question aboabidhation by colouring over the
relevant part of the bone shown on the X-ray.

In two cases where there were no X-rays availdl#destirgeon conducted the discussion
of the patient’s situation over live video of thatient.

The surgeon asked for a video view of the patigiot$ and used pen gestures over the video
display to explain to the family the dynamics of foot’s behaviour during walking.

With a second patient the surgeon used pointingdaaéing gestures over a video of the patient’s
foot to discuss the case with the assistant.

In some cases the pointing and gesturing with érerpflected dynamic actions in the real world,
such as the case of recent surgery to correct defagmity. The screws in the frame around the
leg were to be adjusted in small amounts dailyheygatient’s family and the point/gesture based
explanation conveyed to them the reasoning behiaddjustment regime.

In an exit interview, one surgeon commented:

Surgeon: | found it very useful to have the tabtet could draw it. Often | need to resort to pen
and paper.
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12.3.8 Use of the cameras

The telehealth system supported several compoaemtras which could be used to
assist with the progress of the consultations. gdtent’s room contained a
horizontally pointing camera 40cm from the floorafing camera), a hand-held close-
focus camera on a flexible cable, a pair of cameragnted on an articulated arm, a
desktop document camera and a pole-mounted pé&tith camera. The surgeon’s
room contained a pan/tilt/zoom camera placed omléis&. Each camera subsystem
could produce either video or still images, depegdin how the user controlled it.

The telehealth system used for this pilot was aesigas a research prototype and
intended for a short-term deployment with a ranigeuogical specialties. A
consequence of this design is that it containecgbwwe-listed range of camera
components, all of which were available for usée Surgeons were free to select
whichever cameras they felt most appropriate atithe, and in this subsection | note
their patterns of use of the camera subsystems.

Walking camera

All three orthopaedic surgeons used the walkingazarextensively. They were
responsible for its placement in the system (a&salt of the training sessions they
attended) and they used it to observe walkingagaitstanding posture.

Hand-held camera

This camera was primarily intended for close-upwa®f the face (extra-oral) and
inside the mouth (intra-oral) and the cranio-fasiaigeon used it with each of his
patients.

Stereo-pair (3D) of cameras

The pair of cameras mounted on the arm was intetalpobvide a 3D view of the
patient, either as high-resolution still or as 64@8X video views. One surgeon (hand
plastic surgery) used this camera for all of hisguess in the one clinic that he
conducted and he spent this time viewing the 3Danaif their hands and fingers.
Two other surgeons tried this camera as an adjartbeir last clinics of this trial.

Examples
[The stereo cameras were arranged to inspect tlenpa foot]
Surgeon: Oh, ... I've got a 3D view of those feetwveSome. That looks really nice.

[Assistant adjusts the position of the cameras]

Surgeon: Good, and the big toe seems to have skmgd What range of movement?
Surgeon [talking to the researcher while he watthe€xamination of the foot and ankle
movement]: This 3D camera works really well.

A second surgeon identified the need for depthggion at a millimetre scale, to distinguish
between a surface mark and a raised mark on tienpatface. He tried using the stereo video
camera but concluded that they needed a macra#ability to get the close-up resolution he
wanted.

Document camera

The document cameras were only occasionally ubed.few cases the family had
documents, such as the growth chart from the ldealth Centre. One assistant used
the document camera to show completed referraldaonthe surgeon though the actual
handling of these forms was out of scope of tred.trfOne surgeon used the document
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camera to show the family example photographs often patient’s hand to illustrate
the outcome of the procedure that they were digtgiss

Pole camera

The pole camera was specifically designed for vigygeated patients’ heads and the
craniofacial surgeon used the pole camera forfdlloopatients. For the other clinics
the pole camera was adjusted to cover the exammeatiuch located on the far wall.
Its field of view intersected with the field of wefrom the examination video
subsystem and the surgeons in these other clised tine two video systems relatively
interchangeably.

In all cases the video output of the special camesas directed to the pen and tablet
subsystem and the surgeons managed the examioétiom patient from this interface.
One surgeon in particular used pointing over lildew from the pole camera to support
his discussion with the patient and parents.

12.3.9 Use of the laser drawing/pointing tool

The laser drawing and pointing tool was only useidd during the four weeks of the
trial. The drawing tool itself was designed foe wgith the pole-mounted camera and
was intended for pointing at or drawing on the grats head/neck/shoulder region.

This specific use was designed to support the aabdtial surgeons who typically sat
their patients in a chair or on a parent’s lapxansine them. For the first patient of the
first such clinic the surgeon drew a line acrogsphtient’s forehead and asked the
assistant to examine the region for a ridge of ibaewas causing concern. There was
a moment of confusion so the surgeon repeatecetheest just using words and the
assistant carried out the request. Thereaftesulgeon just used verbal instructions to
direct the assistant in examining the patient.

A second surgeon was discussing growth anomali¢seopatient’s body and asked the
researcher for help to point the laser at one ed¢h

Surgeon [to assistant]: Right there is one [ofadhemalies]

The conversation between surgeon and assistanhaedtover further examination of
the patient.

12.3.10  The treatment plan

The clinical outcome from each of these teleheadiisultations was a treatment plan.
This covered the time-period until the next appoiet and what the patient and family
should do in the meantime. The surgeons spentdsmable time and communication
effort explaining the plan and making sure thegydt and families understood and
agreed to their part of the plan. The plans rariged detailed daily adjustments of the
screws in the orthopaedic frame that was corredileg deformity through long-term
daily stretching exercises to staged resumpticgh@patient’s sporting activities. With
the younger patients one surgeon explicitly disedgbe plan with the patient first,
getting their agreement, then repeated the dismusgth the parents.

The plan often involved a very conservative appndadreatment and called on the
patient and family to be prepared to wait.
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Examples:

Surgeon: The honest truth is that | can not cornmyielf to a diagnosis. It seems to be getting
better on its own. Keep an eye on it. [He schedlal 3 month review appointment
before embarking on invasive clinical tests]

Surgeon: That's a difficult one to judge. | woldd hesitant to rush into an operation.

Surgeon: Success would be NOT operating on hinvingao do something would be admitting
having failed to correct it [with non-surgical appches]

The surgeons’ way of expressing the success detbkealth consultation was that the
treatment plan remained unchanged as a resuleoftaéractions during the subsequent
face-to-face consultation. In this study 42 of 4detreatment plans remained
unchanged.

12.3.11 Good news, bad news and difficult questions

The surgeons were able to use the telehealth systdeliver both good news and bad
news, and to ask and answer difficult questions.

Examples of good news:

Surgeon: <Patient-name>, | think you have done wety by yourself and that you don’t need to
keep coming back here any more.

Surgeon: <Parent-name>, she walks really well iehAFOs [external splints] ... really
encouraging ... all happening in the right sequence

Surgeon: The good things | have seen today aréngl® the long view that we took ...

Examples of bad news:
The surgeon discussed in detail why he wants teeléi@e surgical retaining frame on the patient’s
leg for another month, using pointing and drawiegtgres on the tablet display of the patient’s X-
ray. This is an important and personal discussiitim patient and family because the retaining
frame is uncomfortable and inconvenient for theéfmally the surgeon asks the patient:

Surgeon: Are you OK with this?
Patient: [in a quiet voice] Okay.

Examples of difficult questions

Surgeon: Do you honestly think he is any bette@[assult of the surgery six months previously]?
Parent: No, worse off.

In response to the closing comment from the sur@Bonyou have any more questions?) one
parent asked the surgeon whether the younger efigtt contract the disease with which the
older brother was presenting.

Difficult questions were also spread over a seqeefidialogue:

Mother: [after hesitating] What's the chances ia kbng term [that she will need a] walking
frame?

Surgeon: [after pause] Let me see if | have undedsyour question [he reflects back his
understanding of her question then elaborates]

The mother then asks one final brief question abwufuture

Surgeon: we will face that all together. If thingscome difficult we will face them together; if
things are successful we will celebrate togeth@iK?
Mother: OK
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There were instances, however, when surgeon arehpheld back on difficult
guestions until the face-to-face meeting.

Examples of questions and issues raised in theegubsat face-to-face meeting
A parent raised an issue about the patient’s faot and walking gait, and produced an X-ray
hardcopy taken at their local hospital just bethie consultation.

While the assistant helped the patient to get doktise surgeon stepped to one side and spoke
quietly with the parent, asking how the parent wasaging.

The patient asked the surgeon whether his yourrgéndr, who was already taller than him,
would remain taller [the medical condition had lied his growth and therefore challenged his
status as the elder brother]

The surgeon, in a low voice meant for just thequats mother, gave her positive feedback about
her direct attitude to the situation.

12.3.12 Collaboration between surgeon and assistant

The clinic assistants for these consultations wegestrars, surgical fellows, a nurse and
a physiotherapist. They normally worked closelyhvihe surgeon who was leading the
consultations so the instructions from the surgsgere at a relatively high level.

Surgeon: | need you to tell me if he has any paithé <technical-name> joints
Surgeon: While he is on his tummy can you see lid®any extension?
Assistant: Do you want me to do a Thomas test?

The surgeons recognised the skills of the juniogesons working as their assistants:
Surgeon: Was there anything else you felt we netaldd?

[After a long examination of the patient and disias with the parents]
Surgeon: So, what are your thoughts, <assistaner@m

The surgeons also recognised the skills of thesuogical assistants. After one clinic a
surgeon commented that he knew that particulariptierapist and was able to assess
what she was showing him during the examinatiothefpatient. He observed that if it
had been a physiotherapist whom he did not know ithe@ould have been much harder
to assess what he or she was showing.

In the exit interview, one surgeon corroborated thibad observation:

Surgeon: | had an excellent assistant. A lessresqueed examiner would add time and
complexity. | was able to communicate with <assishame> at a high level. Not
everyone could follow those directions so quickhg ainderstand what | was asking for.

The same surgeon, talking to a family who had drivem New South Wales for their

appointment, explained his confidence in using dipigroach:

Surgeon: | saw everything, and we have doctorg ébarry [the main hospital nearest to where
this patient lives] who aren’t confident in dealwiih a condition like this, but they
would happily [act as the assistant in a teleheadtisultation] where we don't feel
comfortable doing this just off the X-ray.

In spite of the assistants’ skills there were timwden the surgeon gave very specific
instructions, or cautioned the assistant to bequaairly careful.

Examples:

Surgeon: Just go gingerly with that, <assistantemrbecause you don't know how much he can
get up to. Let him do it himself [raising his knshile lying on the examination couch]
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In one examination the surgeon gave very techimealuctions for evaluating a particular muscle.

The assistants showed a strong awareness of hosutgeon was seeing the patient and
how he was observing the examination of the patigntn exit interview, one

assistant, a surgical registrar, drew the parb#élveen presenting the patient
examination to the bank of cameras and presertimgdame patient to a board of senior
surgeons as part of his own surgical training. tAepassistant, a physiotherapist,
wanted to show the patient’s limits of stretchiodtie surgeon and wanted to find the
appropriate place in the clinic room:

Assistant; Whereabouts? Can you guys see if we aleer here? [She took the patient to the wall
next to the door] Where’s the best place for <songeame> to see?

Another assistant monitored what she was showiagtingeon by looking at the arm-
mounted tablet display which showed an exact cdpyhat the surgeon was seeing:
Assistant; It doesn’t look as red on that pictusétaloes in real life

12.3.13 Patients’ and families’ prior experience

We see evidence that the patient and family haat psperience of outpatient
consultations. All but two of them had at least @nevious appointment and this was
typically mentioned in the surgeon’s greeting apdrong question:

Surgeon: Hello <patientname or parentname>, hovit teeen since last time?

In each case the responses were immediate, clddodne point. They knew what sort
of things to mention as increments on the patiesitisation since the previous
appointment.

The families also showed an awareness of the @giialata, typically X-rays, as this
sequence of dialogue, from the very first patidrthe trial, illustrates:

Surgeon: Hip and socket developing hand in hand

Mother: The way it should be

Surgeon: Yes

Mother: Can you do the May [X-ray] and this oneesht/-side?
[Surgeon sets up the display as requested]

Mother: So at this stage it's looking pretty gom't it?
[The surgeon explains the bone formation by pointothe X-rays]

Mother: So, what sort of time are we looking atJfeone forming?

12.4 Discussion

12.4.1 Bounded trial in the application setting

These results show the importance of conducting aucal and evaluation in an actual
application setting. The trial was designed toehi@ms that were in scope and to
exclude or manage separately items that were aatagfe. As described previously,
features that were in scope included:

* There would be both a telehealth phase and an inateddfollowing face-to-
face phase to each consultation.

* The patients were selected on the basis that thegdy had a scheduled
outpatient appointment for timeslot of the clinfdahey fitted the target profile
for the design of the telehealth system — postatper with indications of
normal clinical progress or pre-operative with gations that the intended
surgery would be straightforward.
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» The surgeon and clinic assistant(s) for any pderatlinic already had an
existing working relationship and the assistantsaviamiliar with the type of
surgery involved in the cases.

Features that were out of scope included:
» Actual or simulated matching of patient/surgeoresithes across two hospitals
» Coordination of patient clinical records across tvaspitals

» Coordination of paperwork for clinical referral®(fexample arranging X-rays
or photography for subsequent appointments)

Telehealth phase

For all of the patients the surgeons followed tineirmal pattern of consultation from
initial greetings through to agreed outcomes. Thonsistent with the surgeons’
approach to the training sessions that we condymriedto the trial. During those
sessions they focused on how they would conduat ¢heics using this system and
they left the sessions having addressed the majopconents of talking with the
patient/family, examining the patient and accessatjological data. We saw the
patients and family engaging with the telehealtagghin the same manner that we
observed during our preliminary field observatiahshe two hospitals. We saw them
able to report on progress, observe and commetiteoexamination of their child, ask
probing questions and agree on a treatment plan.

Face-to-face phase

The face-to-face phase was part of the scope dfidigincluded to ensure the quality
of care for the patients given that the abilityelehealth phase to adequately support
the consultations was not known prior to the trile saw from their actions that the
surgeons were largely satisfied with the telehgaiithse and so they appropriated the
face-to-face phase for a mixture of extended closfithe consultation and selective
confirmation of points that they had observed mtiéehealth phase.

Screening of patients for the trial

From the video recordings we saw that all of thescidtations followed the standard
pattern during the telehealth phase, and reachedr@ed outcome. This indicates that
there was a good match between the clinicians’ tstaieding of the design criteria for
this stage of the telehealth system and the achpémentation, and that the pilot
study was able to proceed without putting the paégiand families to the inconvenience
of repeating the whole consultation in face-to-faczde.

Relationship between surgeon and assistant

The existing relationships between surgeon andtassj supported by the prior training
session, allowed the trial to begin smoothly withoeeding to build that relationship in
the presence of the patients. Further, we sawthleatlose match between the skills of
the assistants and the particular cases they wanaging meant that the instructions
from the surgeon and the interactions between surgad assistant were conducted at
a very high clinical level. Even then, the expecie of the surgeon was seen at the
times where he needed to caution or provide detailgtructions to the assistant. This
created some discussion about how this boundddrtigght be extended to a hospital-
to-hospital trial and raised the need to pay attarto both the relationship between
surgeon and assistant and to refining the skillhefassistant.
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Out of scope features

Apart from patient selection the out-of-scope fesguargely dealt with issues external
to the core of the consultation, such as appointsameduling and follow-up
paperwork. We saw that the clinicians and pati@artsly were happy to step out of the
telehealth role to complete paperwork for subsetjedarrals and they generally used
the face-to-face phase for these tasks.

Two important issues regarding scope and patiémtal data were resolved early in

the trial. Shared access to radiology data (X-em@& CT scans) was crucial to the
success of the consultations and prior to theweivere expecting difficulties
coordinating surgeon’s and patient’s access toddiia via the two hospital computers
(one in each room). The clinicians found, howettleai; the minor degradation of X-ray
image caused by our hardware implementation oesctapture was not an impediment
and they used our tablet display system to shardiplay from the hospital computer
located with the surgeon. This gave them simutiaeeshared access to and interactive
annotation over the X-ray images and they usedhisire extensively. The clinicians
experimented with access to the patient’s papesebaknical records and they
developed a new procedure whereby the surgeoreldribE assistant over the telehealth
link prior to the patient entering the room.

12.4.2 Prior experience of the participants

An important feature of focusing this evaluationtbe participants is that it shows how
the prior experience of the participants influenteslconduct of the consultations. This
aspect appeared in the exit interviews describeddrprevious chapter and is
reinforced here. The surgeons’ prior experienasdeyond their direct clinical
competence to show itself in the way in which thegducted themselves in this non-
standard situation. There was not a hint of hiésitaor awkwardness in the way they
greeted the patient and settled down to the ccatsurit

The hospital staff-members who took the role ofstiast, too, had considerable clinical
experience. They also had experience conductitgpbant consultations, under the
guidance of the consultant surgeons. They werrefitve able to do their main task
(examining the patient for the benefit of the sorgewith a very high level of direction
from the surgeon and in terms of the flow of thestdtation they took their lead
seamlessly from the surgeon.

Forty-two of the forty-four patients and familieachalready attended several outpatient
consultations. We saw them express curiosity,rge@nd interest as they walked into
the patient’s room where they were confronted bitipla screens and arrays of
equipment but they each responded immediatelydatingeon’s greeting and then
followed his lead into the structure of the coratitin. They responded appropriately at
each stage with information, questions and persemghgement.

From the video recordings, therefore, it was cthat the surgeon was in charge and
that a standard clinical hierarchy of senior sungganior surgeon, patient and family
was present at the consultation and that the Ishgeof the surgeon and familiarity
with the situation on the parts of the other pgytats provided the structure for
successful outpatient tele-consultations.
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12.4.3 Design of the trial

The surgeons’ main concern, voiced during the imgisessions prior to the trial, was to
establish how they would actually conduct theimpaitient clinics using this telehealth
system. Unlike a more formal trial structure, sasha traditional controlled trial
(Friedman and Wyatt 1997), they placed their emigh@s being able to successfully
complete the consultations during the telehealtsph They made no attempt to
replicate the full consultation during the facefaoe phase.

A simplistic approach to an experimental designhiigave called for full completion
of both phases, perhaps randomising the ordeh@alth then face-to-face or vice
versa). From the depth of the discussion duriegé¢tehealth phase and from the
demeanour of the patients and family it is cleat thwould have been artificial to have
repeated the examination and discussion in thettatace phase. The patient’s and
family’s experience leading up to the consultafiwavelling, preliminary X-ray
appointment, managing tired patients and sibliagsl) the emotional experience of the
consultation itself were exhausting and it woulgehbeen unreasonable to impose a
full second consultation.

12.4.4 Participants’ use of the connected space

A major aspect of the design of the telehealthesystoncerned the way the participants
might use the connected space comprising the soigemom and the patient’s room.
The connection was supported by three high-quhiityirectional video and audio
streams configured in a way that was intended ppaxi broad awareness of the whole
of each room and specific awareness of the pedfilegsat each of the family and
examination video subsystems, as explained in\aqure chapter. It was intended that
participants could use the attitude of the heaith®fperson they were facing using one
or other of these subsystems to infer their gametion, and to direct their spoken
attention to that person or to understand whethaobthey were the person being
addressed.

From the many examples of participants using thieégeetional cues, we saw that they
were able to incorporate this feature seamlesstythreir conversations. We saw an
instance where the gaze direction was ambiguoess(ilgeon was looking at the
overview screen rather than at one or other vidésystems) and the recipients of his
guestion were uncertain as to which one of themheasg addressed. We also saw
participants using pointing and gesture in theingersonal space to convey
information to people in the other room.

We saw the participants using the room space,qodatiy in the patient’s room, with
either the expectation or confirmed understandiag people in the other room could
make sense of what they were doing. We saw pengleessfully making relative
positional references with respect to people oedsjin the other room and being
understood. These observations of people’s actiotige application environment bear
out our expectations from the results of our megi@ces laboratory study conducted in
the early stages of building the telehealth systechdescribed in a previous chapter.
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12.4.5 Participants’ use of the technology

Pen and tablet subsystem

This subsystem provided real-time shared acceasdanteraction with any of the
video or image data items present in the telehasgitem. It was originally intended as
a guidance tool for the surgeon to guide the asdisiut this role was filled largely with
verbal instructions using the language of the clihapplication. Instead we saw the
surgeons use this subsystem extensively to viewxheination of the patient and to
communicate diagnosis and treatment plan with gtept and family using real-time
pen-based annotation of video and X-ray data.

Video cameras

The surgeons and assistants made fluid use offfieestit video cameras provided for
examining the patient. They remembered the funatity of each camera and had no
trouble selecting or asking for its use. They pted the examination subsystem
camera because it was pointing at the examinatantcat a range suitable for seeing a
child patient.

3D camera/display

The 3D camera and display subsystem was includékitelehealth system as
speculative technology. Two of the surgeons expamted with its use towards the end
of the trial but a third surgeon identified it asimportant tool for him and he used it
for all of his patients.

Laser drawing and pointing tool

During demonstrations of the telehealth systenctmeept of the surgeon being able to
point and draw directly into the patient’s spacd anto the patient drew a lot of
interest. In the actual clinic, however, the @pilo point at and draw over the patient
did not seem to easily fit into the establishedknmatterns of the surgeons and
assistants. There were also technical issuesng tise laser tool, relating to calibration
and parallax mismatch between the pole camerahenidser projector, and these
created a level of awkwardness that possibly disgerd use of the tool.

We noticed, however, that the pole camera on its was used extensively by the three
orthopaedic surgeons who used the pan/zoom/tilraisrto look at patients sitting on
or lying on the examination couch.

12.5 Conclusion

These results demonstrate the role that observafitre participants plays in
evaluating a broadband telehealth system. We wbddrow they focused their scarce
time on the telehealth phase of the consultatitrerahan explicitly postponing issues
to the face-to-face phase that they knew would cdimeetly afterwards. The surgeons
modelled the telehealth phase very closely on ti@imal outpatient clinic and the
patient and family followed this lead. Togethethwthe assistant, the surgeon
examined the patient, discussed the patient’'st@tuavith the patient and family and
presented a treatment plan. The patient and fanaigd concerns and the surgeon or
assistant addressed them. In all, we saw howdheipants behaved in order to
achieve an essentially successful outcome; thegumehin manner very similar to their
behaviour in normal consultations. This informate@an act as detailed positive
feedback for designers as they move from pilotrtmlpction versions of such systems.
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We also saw elements of ambivalence. Both surgaodgatients/parents occasionally
deferred or revisited issues in the face-to-facGsphsometimes deliberately and
sometimes apparently opportunistically. This caelfitect the novelty of the telehealth
experience and it could also indicate limitatiohghe way the telehealth concept was
expressed and implemented. These points of andnigalmay act as beacons for
system designers to look at what the issues agtwalte in order to address them in
future.

In terms of the participants relating to the spaceach of the rooms and using this to
maintain strong interpersonal dialogue with vomgesture and movement we have
observations that they were able to do this. Th#ipte fixed video and audio links
were designed and placed to support communicabietvgeen the surgeons, who would
essentially stay in the same position and usetibreto manage their dialogue, and the
occupants of the patient’s room who would use thesition in the room to manage
their dialogue. Repeatedly, we saw the particpantcessfully following this personal
communication pattern.

The interactive tablet display sub-system was daesigas the backbone for display and
interaction with patient data including images aitto from the various special
cameras. Again, we repeatedly saw the surgeox tisis facility to observe the patient
examination and to support dialogue with the agststWe also saw the patient’s
family intently observing the examination on thiiblet display, sometimes alternating
glances at the assistant and the patient with glaatwhat the surgeon was seeing on
the tablet display.

What we were not expecting was the focus with wiihgse two features were often
combined during the explanation and discussiom@firoposed treatment plan. This
discussion often occurred in the context of intevacshared display of the patient’s X-
ray data, with both surgeon and patient/family gogand gesturing over the X-rays as
they discussed sometimes very sensitive mattgusogiosis and treatment. Good
news and bad news were given and difficult questasked and addressed.

This case study showed the importance of includivgervational data in evaluating the
use of telehealth systems at this broadband tgtgael of telehealth. With this data we
are able to see how our design intentions playéeaactual use. Aspects that were
successful, such as our layout of the three fixddosand audio streams, might be taken
for granted by the participants and not specialntioned in exit interviews. Other
aspects, which might cause hesitation on the pdhiegparticipants, again might not be
mentioned in exit interviews because they had &rsgnal a content or the memory
was masked by broader issues. As we saw in tes stady, where several people were
involved in the telehealth event there were somegimultiple simultaneous
conversation fragments, some intended for publarihg and some more private.

These unstructured situations, which might not oatthe smaller scale of

conventional telehealth, gave rise to importanéslabout the success or otherwise of
aspects of our pilot trial. Even larger-scale éssisuch as the approach of completing
the telehealth phase and relegating the face-®ghase for other purposes, might not
be seen by the participants as important in atstred exit interview.

154



The evidence presented in this chapter directlypstip the itemised results shown in
Section 1.6, pages 8-9:

R3.1 and R3.2: The observational data presenttdsrthapter shows aspects
of the trial which were not apparent when the mtgrview was formulated
prior to the trial, and which were not specificallgted by the participants in the
semi-structured responses to items in that intervi€hese data, however, play
an important part in understanding the involvenadribe participants in this
trial.

R3.5 and R3.6: From the observations of what Hrégiypants said and did
during the trial we get a sense of the participamsderstanding of the wider
clinical and hospital contexts.
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13 Reflections

13.1 Human-centred evaluation

Observations from the case studies

In this section | draw on the experience of theecadies in Chapters 4, 6, 7, 8, 10, 11
and 12 to explore the use of a human-centred approaevaluating telehealth
applications for tertiary outpatient consultatiods an emerging field, this area of
telehealth has the potential to assist in manysawéapecialist care for people who live
outside the major cities. There will be many @land early trials of such systems as
the various specialties tackle their own situatioMe saw a diversity of approaches
within specialties. We can expect even greatezrdity between specialties. In
Australia there will eventually be longer-term Isiavhere the evaluation focus moves
from the human issues of novel technologies tortbee impersonal issues associated
with integrated deployment of mature technologiethe wider healthcare systems.

These case studies have given us vignettes of te@tstaking part in novel situations,
demonstrating involvement, excitement and, in maases, passion and commitment as
they progressed through the scenarios of the predityand laboratory studies, mapped
their clinical practice to the telehealth systerd #ook part in actual telehealth
outpatient consultations. These volunteers alse ga (the researchers) permission to
observe them in action and to ask them about éxgieriences afterwards, and they
were open and thoughtful in their responses toetlead interviews.

The tasks that these volunteers undertook were leonapplications involving humans
interacting with telehealth technologies, and inr humans interacting with other
humans via these technologies. The tasks andsthefuhe technologies were
intermingled. The progress of the scenarios walkarhands of the participants, as was
the end-point. Each participant had a valid pestype on the success or otherwise of
the task.

In each case, there was something novel abouttbatarticipants were doing. It was
this novel aspect that the participants thoughtigheorked with and reported on
during their exit interviews. In the laboratorydies the novelty lay in using
technology that they had not seen or used befloréhe hospital studies, and in the
preliminary study, the novelty lay in doing somethithat they had done many times
before but doing it in a new way (i.e., in a telaltie mode).

From the observations of these case studies |idawtified features of a human-
centred approado evaluating our broadband telehealth systemeitiary outpatient
consultations:

* The participants took an active part in the studiiregontrast to a double-
blinded medication trial, for example).

* There was a novel element in the studies and thiipants used this element
as a focus for their reflections and comments.

* The participants showed commitment to their invoteat in the case studies.
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» The participants interacted with each other, intamldto interacting with the
telehealth system.

* The evaluation process asked the participantsgrren their actions and
experiences.

» The researchers had permission to observe thes\artt were able to observe
what the participants did, and hear what they shidng the studies.

* The participants had their own perspectives orsifuation and events during
the studies, formed by their own roles and prigreziences, and they were
competent to provide evaluation answers and consnent

» The researchers and the participants had potgndidderent understandings of
the context of the hospital trial. The researclsexs the activities and locations
of the trial itself, and the exit interview questiofocused on these. The
participants, especially the patients and familsasy the wider context of the
hospital and their presence in it, and they sonmestiresponded with this wider
context in mind. The researchers needed to seeviler context through the
participants’ eyes in order to adequately intergetr interview responses.

Each of these features contributed to the ovebdlitato understand and make
evaluations, or judgements, about the conductesdltase studies.

13.2 Laboratory studies during system development

Pilot trials of a telehealth system are likely vl been preceded by development of
that system. The three laboratory studies predentthis thesis show how a human-
centred evaluation approach can be used to asgessiory studies in this
development situation. From our hospital obseovetiof outpatient clinics during the
early phases of developing our telehealth systersamethat outpatient consultations at
this tertiary level of healthcare have a high degrehuman activity and personal
interaction. While we (my CSIRO colleagues andd)ye able to unit test the
functionality of the technology that we were deyéhy, we needed scenario-based
testing with actual people to test whether theheddth system would support the kinds
of human activity and interaction that we were etipg when we came to trial the
system with actual patients.

In the Media Spaces literature, the reported erparts explored basic issues of space,
place, public accessibility of actions and objepts;acy, continuity between multiple
video streams, and continuity of actions from oad pf the media space through the
video and audio connections to another part ofspate. While we received valuable
guidance from the questions raised in these papedid not find evaluation examples
for real-world applications. The literature on @mguidance contained a series of
studies which used video-based approaches to asséstpert to guide a novice through
some form of spatial task, and ideally a task withch the novice was not familiar.
These studies typically used performance measaridir evaluations, and their
conclusions took the form of comparative assesssr@ine technique against another.

Our situation differed from these. We envisagexidpecialist surgeon guiding and
interacting with a trained clinician to examine as$ess a patient, a task with which the
trained clinician would have broad familiarity. i$hprocess would be a collaborative
one, with our guidance components supporting disdagnd instruction between the

two clinicians. The measures of success wouldhaethe participants were able to
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work together on the problem and come to an agrerdlusion. We therefore chose a
human-centred evaluation approach, rather thamfarpence-based evaluation
approach for our laboratory studies, and we designe studies with this evaluation
approach in mind.

An important part of the design of our laborataydses was that the participants were
in control of what they were doing. They were givelatively high-level instructions.

It was then up to them to decide how they wouldthsaesources of the components
that we were scenario-testing to complete the tatksas also up to them to determine
when they had completed those tasks. As a reShliraling this autonomy to the
participants they were able to respond to the floiwhie study tasks in a meaningful
way.

The study tasks were abstractions of the humanazkactivities that we had observed
in normal outpatient consultations during the eatigses of our project. Because we
were unable to use clinicians from the hospitdaht@ part in these laboratory studies,
as explained in earlier chapters, we needed tliy $aisks to be free of clinical content.
The purpose of the tasks was to create human esianalogous to those that we had
observed in actual consultations. We were usimgige volunteer participants so these
abstract tasks needed to have no medical or diocdgent.

A consequence of this approach of using abstrakstand of using a consensus-based
approach amongst the participants to determinésiecompletion, is that they require
a human-centred evaluation approach. Becauseitheoeabsolute match between
study task and the real world, and because thebetp consultations did not have
performance-based components, we can concluda fh&formance-based approach to
evaluating these laboratory studies is not appabgri

13.3 Pilot and early-stage trials

The purpose of the pilot trial was to determine thibeour telehealth implementation of
outpatient consultations for the Department of Sty@t that hospital could be used to
deliver those consultations.

Attitude of the clinicians

The clinicians approached this trial from the pahview of the welfare of their
patients and they did this in five ways:

* They selected patients according to suitabilitjecia defined in the research
protocol for this pilot trial.

* They paid great attention to ensuring that theyld/twe able to map their
clinical practice onto the resources of the teléhesystem during the training
session.

* They treated the telehealth phase of each consultaith full seriousness,
taking as much time as they needed in order tdraaatisfactory conclusion.

* They avoided burdening the patients and family whtnartificiality of a
repeated face-to-face consultation.

* When aspects of the consultation moved out oftitiet sScope of the trial, as
they did several times, the clinicians took theiobs and direct actions needed
for the situation without concerning themselveshwaty rigid trial protocol.
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This attitude contributed strongly to the succddb®@trial, in which the surgeons
agreed that in 39 of the 44 cases the teleheatibegpvas satisfactory in its own right.
A consequence of this positive response and ofrakgther largely positive
guantitative responses to the exit questionnagréisat the researchers needed to pay
close attention to the qualitative responses ireiieinterviews with the clinicians, and
to the observational data, in order to identifylppeon areas with the trial.

Attitude of the patients and their families

The patients were invited to take part in thisl toiased on the assessment of the their
treatment progress by the surgeon, using critepegified in our proposal to the
hospital’'s Human Research Ethics Committee, thafldvprotect the patients’ and their
families’ interests. Further, the patients at tlospital had generally formed a strong
positive relationship with the hospital and itsxdians. The Royal Children’s Hospital
has had iconic status for quality children’s car&/ictoria for more than half a century.
The patients and their families were generally \mogitive about being involved in this
trial. One parent commented specifically thatwhs pleased to be able to repay the
care that the hospital had shown to her and clyilchking part in this trial.

The responses of the patients and families to tiaatifative items in the exit interviews
were also largely positive. For example, 35 otdfespondents answered “Yes” to
the hypothetical question on whether they wouldehased such a system at a local
healthcare facility for this consultation. Agamg¢onsequence of this situation is that
the researchers needed to pay close attentior tentlall number of negative responses
and to explore the qualitative responses in theietarview to uncover any criticisms

of the trial.

Learning curves

A feature that | was not expecting was the leareimye that the clinicians traversed as
they progressed through the pilot trial. In conwaml telehealth | have not found
reference to the need for the clinicians involvettials to learn to use their telehealth
systems, and this may be due to the less comptexenaf the healthcare and the
simpler nature of those telehealth systems. Irtralrwe observed, and we heard the
clinicians themselves reflect on, the processttiet went through to learn to use a
telehealth approach to their work.

There were several aspects to this learning process

» The surgeons, who were the senior clinicians intoal, spent most of their
training session mapping their existing outpatagroach onto the features
supported by the telehealth system. This wasivelgtstraightforward because
we had designed the telehealth system to suppat w had observed in
several outpatient clinics. Even so, each surgednis level of specialisation
had his own particular approach to his work, anthesurgeon wanted to
conduct his clinic differently to his colleagues.

* The clinic assistants, who themselves were higkilied in their own specialty,
had to learn a new role, which was to manage tieeaation between surgeon
and patient/family, and to conduct any examinatibthe patient in a way that
the surgeon could fully appreciate.

* The surgeons and clinic assistants needed to deaetew professional
relationship with each other in terms of workingether to conduct these

160



outpatient clinics. These particular relationstaps not present in the normal
course of their work — the senior surgeon mightew\the results of a
consultation taken by the registrar, but they donmemally conduct outpatient
consultations together.

« The surgeons were initially uncertain about theesypf consultations that they
could perform with this system. In the exit intew after their first clinic, two
surgeons agreed that they would not be comfortsdséng a new patient or
discharging an existing patient with a teleheatihsultation. Four weeks into
the trial, however, we saw them doing both of theas# reaching an agreed
endpoint in each consultation.

» For these particular surgeons, the range of healtlditions for the patients was
wide. Even towards the end of the trial the pasievere presenting with clinical
situations which were new for this trial. Theseeasatypically required the
surgeon and assistant to continue their learninggss for the telehealth system.

During the course of the four-week trial the surgeand assistants repeatedly observed
in their exit interviews that they were steadilgiiieing to use the telehealth system, and
in particular they were learning how to effectivalgrk with their clinical partner
(surgeon or assistant). This is an important pintuture researchers in tertiary
outpatient telehealth. Even though the speciadisthighly competent in their own
specialty, the complexity of conducting outpatieahsultations in a telehealth mode
requires them to learn how to do so, and the etialugesponses in the first few weeks
of a trial are likely to reflect this learning pess.

Role of laboratory studies

Pilot, or early stage trials are likely to followpariod of development for the telehealth
system. The case studies in this thesis shovilibeg can be a role for laboratory
studies in this period of development. There willcourse, be technical unit testing
that verifies the correct functioning of the vasduardware and software components,
but this will not be sufficient to ensure that #ystem supports the required user
behaviour. User behaviour for this level of telatie needs to be explored in the
context of scenarios that match in some way theed behaviour in the actual trials.

The tension in this situation is that, while ivery important that the telehealth system
support the required user behaviour at the very sta trial with actual patients, the
clinicians at this level of healthcare are likedybie too busy to take part in pre-trial
evaluation studies. The three laboratory studieshvare presented in this thesis
illustrate an approach to resolving this tensi@e can think of this approach in the
style of a Pattern Language (Alexander, Ishikawal.et977), where these studies
identify the (design) problem, namely that it iomactical and inappropriate to ask
highly trained clinicians to take part in studiéselatively low-level components of the
developing system. These studies then illustrgiattern for addressing this problem,
which is to abstract sufficient elements of thaiatscenarios to exercise the system'’s
support for the user behaviour, and to also alistram the actual scenarios the criteria
for evaluating the abstracted scenarios.

161



Pilot trials in the hospital setting

The pilot trial showed that it is very importantdonduct early trials of telehealth
systems for tertiary outpatient consultations iraetual hospital setting. To attempt a
trial in a laboratory setting with actors playifgetroles of the participants would not
capture anything of the high-level clinical skt we observed during the trial, and
any evaluation would only reflect the quality oétimitial briefing for the actors. To
attempt a trial with actual patients in any plateeo than the hospital would also be
very difficult. We observed many dependencies fwithin our trial on the wider
hospital setting, including radiology, patient mgeaent, medical records and close
proximity for the clinicians to their normal worlgriocations. In our case we had both
the surgeon’s and the patient’s rooms within threeshospital but, even if the trial were
to span two healthcare facilities (a tertiary hta@nd a regional healthcare facility, for
example) this same wider context would need torbeiged.

Emergence of previously hidden requirements

Even though we had one and a half years’ of intenaevith the hospital during our
development phase, when we arrived to installeéfehealth system and train the
clinicians we found that eleven of the twelve dians had only recently been involved
in our project and had no familiarity with our teéalth system. During the four weeks
of our trial two of our surgeons had prior commititsg and two other surgeons
substituted their own outpatient clinics on theseasions. Nine months after the trial,
two of the main assistants in the trial had regiginem the hospital and the other
assistants had moved to different hospitals asgbdheir long-term training.

This meant that for five of the six training sessioand for five of the twelve clinics,

we were working with clinicians in a “first timeble. In each case the clinicians
identified additional requirements for the teleliealystem, even though we were at a
late stage of fine-tuning the development. Som@de requirements were preferences
to which the clinicians could adapt, but some waesdatory for the success of their
clinics.

At this level of healthcare, the specialists akelli to each have their own particular
way of doing things. With the volatility of stadivailability that we observed, it is
likely that researchers on future pilot or earlggs trials will meet similar situations.
We dealt with our situation in two ways:

* As an implementation approach, we designed a Evgenerality, redundancy
and flexibility into our system so that we couldkeadjustments to its
functionality during the trial. We used this flb’ity on two occasions,
implementing an additional video camera to obsstaading/walking patients
and configuring the output of the hospital’s congoub show X-Ray data on the
display tablets for both surgeon’s and patienttams.

* As an evaluation approach, we treated these unedveguirements as out-of-
scope events which we noted as valuable inputrfgisabsequent version of our
telehealth system.
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13.4 Evaluating tertiary-level outpatient telehealt h

Pilot or early-stage trials

Pilot, or early-stage trials typically explore whet or not a concept can be taken from
the laboratory into an application setting. In bospital trial we explored whether the
surgeons could conduct their outpatient consuhatisith our telehealth system, and
whether the resulting clinical interactions wouklddxceptable to the participants. A
human-centred approach suited our particular pilatvery well, because it captured
elements of discovery, elements of comparison &ments of measuring success.

Elements of discoveryappeared in the participants’ responses to thé sem
structured questions of our exit interviews, anthimaudio recordings of their
discussions amongst themselves as they completddiért-Scale items. They
also appeared in the video and audio recordingjseoéctual consultations,
where we saw participants respond, in the momerthe progress and events of
the consultations.

Because we were working within a formal Ethics Ap@al framework we were
constrained in what we were able to ask the ppgrdis during the exit
interviews. This constraint, which Corbin noteshe most recent edition of her
book on qualitative analysis (Corbin and Straus¥820derives from a more
formal evaluation approach within the healthcamaiwmnity. This approach is
geared towards the traditional randomised contidlial, where all the
variables except the intervention are fixed. Tasdipular constraint in our trial
was that we could only ask questions that had bstablished prior to the trial
and approved by the Ethics Committee. There wisteedements of a
conservative approach to protecting the interefstiseopatients, in terms of
protecting them from unexpected, inappropriateamfronting questions. As a
result, we could only ask questions about issueghodh we were already
aware.

We included some relatively open questions in theieterview, together with
a closing question inviting them to say anythingeehat they felt was relevant.
This produced some important insights but it wastéd to aspects that the
participants themselves had noticed and were pedarspeak about.

The video and audio recordings, therefore, wergngortant source of
discovery. An example is the question of whatghsicipants actually did
during the face-to-face phase of the consultatidane of them commented on
this aspect, yet it clearly played an important pathe trial. Even though we
researchers were present for half of these consulta(each consultation ran in
parallel to the exit interview with the previoudipat) we were too busy with
the moment to be able to take extensive notes.

Elements of comparisorappeared and were embedded in the participanits’ ex
interview responses. The patients and familieegdly knew what to expect of
these consultations, having attended several prsljipand used this as the
basis for statements or responses to the questfsw explicitly noted that
certain features, such as talking over the closeidgo system, were just like
talking to their surgeon in the same room. Soraéufes were rated as better
than in a normal consultation, for example beinig ad see the examination
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details of their child on the tablet displays.

The surgeons made two types of comparisons:

o Comparing the telehealth consultation for a paldicpatient with their
extensive prior experience of that patient’s candiand situation. They
do this normally with every patient and it enahileem to give a clear
answer about the success or otherwise of each ltatns.

o Comparing that particular telehealth consultatiotinielehealth
consultations conducted earlier in the pilot trielere they were
explicitly observing either their own learning carwith the telehealth
system, or the relative appropriateness of theepttifor a telehealth
mode of consultation.

The assistants typically made comparisons withiptsvconsultations and
focused on their own learning curve. When askgddge the success of each
consultation they were able to draw on their ownichl experience and on their
observations of the attitudes of the surgeon arileopatient and family.

* Elements of measuring successere drawn from the Likert-Scale items in the
exit questionnaires. The responses from the saggand from the assistants
were very clear and professional, and they focusetthe purpose of each of the
consultations. For example, one surgeon notettheimong exit interview after
one clinic, that his sole objective in the congidtawith patient X had been to
persuade the patient and family to leave the bfabech supported the healing
bone) on for another month, and he succeededsrotijective.

The responses from the patients and families witea given with a wider
context in mind. Using a rigid framework like thiert-Scale questions
sometimes produced superficially contradictory oeses which needed an
understanding of this wider context to interpret.

These results suggest that evaluating short-teats for delivering remote tertiary-
level outpatient consultation is likely to invola@swering known questions and also
discovering new aspects. The case studies irtitbsss have shown how a human-
centred evaluation approach can address both & {hants.

Longer-term trials

Longer-term trials will typically be intended togaiuce traditional comparative
evaluations. They will have identified appropriptgpulation sampling, suitable
metrics and ways of comparing between the newvatgion (telehealth) and the
previous approach (face-to-face in the hospitalpidgpatient consultations. The case
studies in this thesis have identified many issuleish will impact on longer-term
trials.

» It would be challenging to construct a matched ttesign, with one patient
receiving a telehealth consultation and the otHace-to-face consultation.
Patients at this level of healthcare have longamdplex treatment trajectories
and their specialists will need to judge whethpagicular patient, at a
particular stage of treatment, is suitable forlehtealth consultation. Finding an
appropriate matching patient for a normal consigltainay take considerable
elapsed time, thus lengthening the time footpririhe overall trial.
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Similarly, it would be difficult to conduct a triahere the patient receives both
a full telehealth consultation and a full face-é@é consultation. Such a trial
design is likely to produce unreliable data. Knedge about the first
consultation would influence the progress of theoad consultation. Stressful
events, such as asking or answering difficult qaastor delivering bad news,
are likely to colour the tone and mood of the sghsat consultation and lead to
unreliable participant responses. Similarly, thecpss of presenting,
persuading and reaching agreement on a furtheénteze plan would have been
completed in the first consultation and would besimg from the second.

| emphasise this point here because it is not afsvio people who design
experiments in the abstract and who are not familith the clinical

implications of carrying them out. We saw the gangs instinctively avoid this
model, concentrating on the telehealth phase aing tise face-to-face phase for
completion or complementary activities. In resgogdo a submitted
conference paper on our work, one anonymous revipregsed our
experimental design, which he or she interpretegi\asg each patient two full
consultations, and suggested that we might rexteeserder for half of the
patients.

It is not easy to make comparisons between tel#haat face-to-face
outpatient consultations at this level of healtecawithin the one specialty the
patients present with a range of problems and coabpapatients are likely to
be at different stages of their treatment. Thigesat difficult to control for
similar patients across the two healthcare deliveogles. Even with two
comparable patients, the task of comparing a telé¢hand a face-to-face
consultation is itself difficult. For specialtifsat require physical examination
of the patient, the telehealth consultation mayehtre added complexity of the
specialist directing a remote assistant and ingginpy their findings, thus
involving additional parties and creating relatioipsdynamics and flow for the
consultation that are not present in the face-te-fequivalent. As our pilot trial
showed, at this level of healthcare the clinicatomes from the consultation
can be influenced by the communications overlayh®telehealth
implementation, making it difficult to isolate measable attributes.

The telehealth participants are not blinded tortimeiolvement in the trial. The
patients will know whether they are conducting tledinical engagement in a
telehealth mode. They will either be actually lecaremotely from the tertiary
hospital or they will be in a telehealth suite witthe hospital, depending on the
design of the trial. The patients taking partha trial will, for ethical reasons,
be volunteers and they are, therefore, likely tmeavith a constructive attitude.
The clinicians will be doing their best to make dhieical event a success, from
a mixture of personal consideration, consideraforiheir patients and in order
not to waste valuable hospital resources. Atlévsl of healthcare each patient
is different and it is difficult (and perhaps undable from a patient-care point
of view) to require clinicians, especially thosedted with the patient, to adhere
to a rigid trial protocol. Where a tool, data gseaction is required for proper
care of the patient, the clinicians will use igaedless of whether or not it is in
scope for the trial.

A telehealth system, by its very nature, involvagipipants and equipment
located at different physical places. An aspeat ik crucial to the success of a
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telehealth system, and which is not present iridbe-to-face equivalent, is the
way in which the telehealth system supports mutnderstanding amongst the
participants. In broadband telehealth the systeoals

o Allow the participants to see what each other inglo
0 Support shared access to objects and data foamitipants

0 Support mutual understanding of voice and gesaar¢hat when
someone speaks or gestures, the other participaote whom they are
addressing and what meaning they are conveying.

This aspect is missing in a face-to-face consoltatiut it is highly important for
the success of a telehealth consultation, and aimgfal evaluation will need to
address it.

During our pilot trial we, the research team, dssad the possibilities of a subsequent
trial with a longer time-frame and a more clinit@tus. It became obvious that many
other factors would be relevant, ranging from orgatonal and professional
relationships between the Royal Children’s Hosatal its remote counterpart through
to high-level government policy for telehealth prags within Victoria. We can see
that, at this level of healthcare, a formulaic agh to designing longer-term telehealth
trials would not be adequate.

Resource implications

In terms of designing a longer-term trial, futues@arch teams should pay attention to
the resourcing implications of maintaining an ea#ilbn program. This analysis of the
resource implications of a human-centred evaluaproach draws on the case studies
from the hospital trial case, reported in Chapidrand 12, and it supports the result R4
as listed in the summary of results in Section T'Bese studies showed that a human-
centred evaluation approach for this class of &éh is very demanding on resources.

* There are likely to be multiple participants, ardhgring an exit response from
each of them will require the presence of membgtiseoresearch team. While
it is certainly valuable to gather simple quaniaidata with Likert-Scale
response items, our case study has shown thagspenses of the participants
in clinical situations such as these are likeljp¢omore complex than can be
captured on a single response scale. We supplethent Likert-Scale items
with semi-structured questions to gather qualitaimd expansive responses,
and these responses were very valuable in exptpanomalies or apparent
contradictions from the participants. We audiosréed the patients and
families as they discussed their responses to itexttScale items and these
recordings also helped in explaining the responses.

» We video-recorded all of the consultations. Analyd these video recordings
was very time-consuming but, as the final caseyssiws, it provided a rich
source of information about the participation dftiatee groups in the
consultations. This information was generally ctengentary to the exit
interview findings. Note that the exit interviewgm constrained to use
guestions that had been prepared in advance amovagpby the hospitals
Ethics Committee and, therefore, only addresseddcsphat we expected to
occur. The video data gave us the opportunityote aspects that we had not
anticipated.
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The resource implications are that a longer-terah tnay not be able to sustain the
level of human-centred evaluation that we useduimpdot trial. Researchers
undertaking longer-term trials of this class oéledalth may need to adopt a
compromise or hybrid solution to their evaluatidduch a compromise may take a form
like the following:

» The researchers will need to establish their l@rgitevaluation objectives for
the trial, and they may need to embed these in $omeof process-centred or
outcome-centred evaluation approach.

* The researchers will want to know whether thereaareserious faults with their
trial’s structure or implementation and they mawduact an initial short-term
human-centred evaluation to investigate this point.

* The researchers will also want to know when a statate (i.e., the clinicians
learning to use the system) has been reached gaid, $hey can use a short-
term human-centred evaluation to establish this.

* Finally, they may want to monitor the progresshaf trial to identify any
anomalous events, such as a change in clinicd) ataf re-start their human-
centred evaluation approach to investigate these.

In our discussions with senior staff at the Royhll@en’s Hospital about a possible
longer-term trial to a regional hospital their fiestimate was that it could take three
months to reach a stable state and that they wexyddct the trial to last at least a year
to capture sufficient data to make a case fortyipe of telehealth to become a standard
service at the hospital. These time-frames imphosis resource commitments to the
process of mounting a longer-term tertiary teletietaial for outpatient consultations.

13.5 Multiple perspectives

The three groups of participants in our trial (®mgs, assistants, patients and families)
brought different perspectives to the conduct araduation of the outpatient
consultations conducted during the trial:

* They had differing expectations for the consultagiand differing criteria for
the success of those consultations.

0 The surgeons expected that they would be ablertdumt the
consultations in a similar manner to conventiomelsultations. Their
criterion for success was that the examinatiomefgatient, together
with the recent radiology images, would be consistéth previous
consultations for that patient and that they woelch agreement with
the patient and family on a plan for treatment anagement of the
patient until the next consultation.

o The assistants’ criteria for success were that Wayld be able to
adequately support the interactions between thgesarand the patient
and family, and that they would be able to presenéxamination of the
patient to the satisfaction of the surgeon.

0 The patients’ and families’ criteria for successeavihat they would be
able to communicate their concerns to the surgadrhave them
addressed, that the surgeon would make an adeexeat@nation of the
patient and that they would be satisfied that tiiea@me of the
consultation led to proper treatment for the patien
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» They brought different but extensive prior expeceto the trial and were able
to make valid evaluations of the trial from theargpective.

0 The surgeons each had long experience in theirapeand were able
to use this experience to judge the success orvadeeof any particular
consultation. They were also very familiar witle ttinical situation of
most of the patients that they saw and were ablséahis patient-
specific knowledge to guide their evaluation of ¢fiaical outcomes.

0 The assistants were competent in their clinicddl faand understood the
needs of the patients and families. They wereetbes able to make
informed judgements about the success of the catsu from the
points of view of the people located in the patendom. Through their
interaction with the surgeon they were also ablellovhether they had
adequately presented what they had seen abouatieafto the surgeon.

0 The patients and families were generally into threglrehabilitation
phase of their surgery, and had already attendexy matpatient
consultations at the hospital. This prior expezseemeant that they were
able to give meaningful evaluation responses tod¢kearch team.

These different prior experiences meant that afldlgroups of participants were able to
give informed responses to the evaluation of tha pial. This gave the researchers
the opportunity to compare the different responas, points of agreement reinforcing
aspects of the evaluation, and points of disagreeftegging issues that needed closer
investigation.

This is not necessarily the case in current teléhéterature. Evaluation data is not
always collected from each group of participaritsmany cases data is collected from
the patients or their families but little use oisitreported. In other cases the healthcare
scenarios involve the patients’ first contact vtk health system for their particular
condition where they do not have the personal eepee to usefully comment.

The important point for future researchers is thmatrials of tertiary-level outpatient
telehealth, the participants are likely to havedkperience to present a valid
perspective on the events in which they take padtthat the researchers need to solicit
their evaluation responses and to give these reggadequate weight.

13.6 Context, scope and priorities

The observations from our case studies show thatutd be very difficult to conduct
this type of telehealth outpatient consultatioséttings other than at the tertiary
hospital for the specialist and at a suitably egeghealthcare facility for the patient.
In this section | explore the implications of coxitéor tertiary outpatient telehealth.

Contexts

| observed two levels of context being implicitgferred to during the consultations of
our pilot trial:

» The broader hospital context. The patients weemleaware of this context
and it shaped their demeanour and behaviour. Théilg and its procedures
were familiar to them and were invested with a lefeérust by the patients and
their families. This context contained other seeg, such as radiology,
physiotherapy and other allied healthcare servimed,in cases where more
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complex treatment was needed it contained othenasts. This context
created pressures on the patient and family: ggttirihe next appointment
within the hospital, dealing with tired childrersfecially younger siblings of
the patient), even rushing to catch an expirindipgrmeter.

* The patient’s clinical context. This context residn the treatment history of
the patient, their relationship with their surgethrgir medical records, and the
memories of previous inpatient and outpatient evdating their treatment.

These contexts influenced the evaluation respdinsesthe parents and patients, and
created potentially confusing or contradictory wasges for the researchers to analyse.
Two examples illustrate this point:

* One family responded that they would (hypothetjjailave been happy to have
had this outpatient consultation using a telehealtkdle at a location more
convenient to their home. Further into the exieimiew they stated that it was
important to them that the face-to-face phase ettimsultation occurred. Their
responses to the more open questions in the ietersfiowed that they had
other appointments at the hospital that day arrdhfat particular day, it was
important for them to have come into the hospital.

* A second family gave the same pair of responsdghbkir explanation was that
their young child had formed a strong friendshiphvthe surgeon and would
have been disappointed if he had not seen the auigeerson.

For the researchers to adequately understand targriet the Likert Scale and yes/no
responses from the participants they need to beeawfdhese wider contexts.
Scope of the pilot trial and priorities for the clinicians

Our pilot trial was located entirely within the Ipatsl, with the patients’ and surgeon’s
rooms set up in two meeting rooms on the same tibone wing of the hospital. The
activities of the pilot trial concerned a very sfiecomponent of the overall treatment
of the patients who had volunteered to take paitientrial. The scope of the pilot trial
covered some, but not all, of the activities thatewequired for the consultations that
were scheduled for the trial and this concept obf®” is important in understanding
and interpreting the trial.

Examples of items which were in scope:

* Voice and gesture communication, shared access¢o and image data on the
tablet displays, the surgeon directing the asdistaexamine the patient

* The standard consultation structure: greetingsudision of the recent past,
raising and addressing issues, examining the gatenewing radiology data,
proposing and agreeing on a plan for the immedidtee, closure

» Patients presenting for review appointments afiegery
Examples of items which were out of scope:
* Patients presenting with new symptoms

» Shared access to the patient's medical recordsgeetithe surgeon’s and
patient’s rooms

* The surgeon writing follow-up referrals (X-ray, @therapy and other allied
health treatments) for the patient
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* A surgeon needing a viewpoint which was not suggabity the existing video
cameras

When something occurred which was out of scopetatuation process needed to deal
with it. A more mechanistic evaluation process,ewample recording success or
failure, might have flagged these out-of-scope &van failures, thus masking the
underlying causes. A human-centred approach dftile used in these case studies
would be aware of the boundaries of the trial andld note the out-of-scope event as a
valuable piece of feedback for the next iteratibdevelopment of the system under
trial.

The flow of events, and in particular those evelnigen by the clinicians’ priorities in
looking after the interests of their patients, sbmes masked the presence of these out-
of-scope events. This point is illustrated by s@xamples:

* One patient presented with new symptoms of the sarderlying condition but
in different limbs, and so there was no X-ray d#tthose limbs. There was
also some difficulty showing the surgeon an extevieav of the extent of the
problem. The surgeon stepped out of the role@tiilal by sending her back to
Radiology for additional X-rays and scheduling ecsel appointment later that
day. From the clinicians’ and patient’s points/aw this was an acceptable
outcome.

From a mechanistic evaluation approach the “tiekkibx” response to the
guestion “would you have been satisfied to letghgent go home after just the
telehealth phase” would have been “No”. From a éwhoentred evaluation
approach it highlighted that people matching pasi¢ém opportunities for a
telehealth appointment might not be 100% correcabse they may not have
the most up-to-date information.

* The medical records at this hospital exist in pdpen and could not be
meaningfully shared between the surgeon and thetass The surgeons dealt
with this by modifying their normal procedures affee first week and briefing
the assistant on the case in the few minutes béferpatient arrived.

» The surgeons chose to offer but not to write aatef@rrals during the telehealth
phase. Instead, they wrote them during the fadade phase, retrieving the
patient’s bar-coded labels from their medical rdsas necessary.

Future researchers might try to design a trialquokto handle these events but my
observations suggest that the clinical complexitths tertiary level of healthcare
creates flows of the consultations that are altlgubfferent. Out-of-scope events are
likely to occur and the protocol may not be ablée¢al with them.
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14 Conclusion and future work

14.1 Overview

My conclusion takes the form of a set of major hlsstoncerning human-centred
evaluation approaches for the development anditigabf broadband telehealth systems
to support tertiary outpatient consultations. Bhesults are summarised in Section
1.6, and in each of my case studies | indicate lwbfdhose major results the
conclusions from that case study support. In¢biscluding chapter | repeat the list of
major results and interleave that list with sumesof how the evidence from my case
studies, together with my reflections on those sasdies, supports those results. |
finish this chapter with an exploration of possifl&ure work in this area.

14.2 Major results

The four major results, labelled R1, R2, R3 and&d,stated below, and they are
accompanied by summaries of the evidence, froncdke studies, that supports them.

R1 Development of broadband telehealth systentefiary outpatient care
must account for the high level of human interactiovolved. Scenario
testing of these interactions will require referero the actual clinical
context of the intended application even thouglessdo clinicians, patients
and patient data may be very restricted duringdbeelopment phase.

Observations during hospital outpatient clinicghie early stages of our
project (Chapter 5) and during the outpatient ctiagans of our pilot trial
(Chapter 12) showed that outpatient consultationisisilevel of healthcare
can involve extensive human action and interactmd, that the flow and
interactions within any particular consultationivdépend on the specific
circumstances.

We also observed how scarce the hospital clinittame was, and
concluded early in our project that it would bdidilt and wasteful to ask
them to take part in scenario-based evaluatiowsiinaboratory. The three
laboratory case studies (Chapters 6, 7 and 8) detmad@ an approach to
abstracting both tasks and evaluation criteria foloservations of actual
consultations and to use these in laboratory-beselliations with generic
volunteer participants.

R2 Deployment of broadband telehealth system®foaty outpatient care
contains pronounced transient phases which havéeen noted previously
in the literature.

The case study in Chapter 10 presents the wayttbaurgeons and clinic
assistants mapped their particular consultationtfge onto the resources of
the telehealth system. This involved adaptingrtpeictice to take
advantage of particular features of the systengrehihg their professional
relationship to encompass working together in ehtehlth mode, and
identifying desirable or mandatory changes to éhehiealth system itself.
This process of adaptation continued into the, twdlere certain patients
presented with conditions that caused the surgeoestend their list of
desirable changes to the system (Chapter 11). Méethat organisational
iIssues within this major tertiary hospital preveitiee development team
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R3

from gathering requirements from the surgeons padhe trial, and that
some requirements were only voiced when partiquééients triggered the
need for a missing system feature.

During the trial, the clinicians observed and retiéel strongly on the way in
which they were learning to use the telehealthesygb conduct their
outpatient clinics (Chapter 11). For the surgetms,included becoming
fluent in using the telehealth system, learningitiyge which patients would
be suitable for telehealth consultations and legrto work with their
assistants in a telehealth mode. For the asssstiung involved learning to
anticipate how their surgeon preferred to use ystem and learning to
collaboratively present an examination of the pasi¢o the surgeon. The
surgeons who took part in this study are at theofdpeir profession, yet
they took three to four weeks before they notetlttiiey were comfortable
using the telehealth system.

Effective evaluation of these telehealth systeriir early phases is
complex and requires:

R3.1 A human-centred evaluation approach conducteealistic
settings
R3.2 Both quantitative and qualitative responsesifthe

participants, complemented by observational data

R3.3 Data from all participants, with recognitiohthe competence
of those patrticipants to provide such data

R3.4 Recognition of multiple, and possibly diffgripoints of view
amongst the participants

R3.5 Recognition of the wider clinical and hospdahtexts in
designing and evaluating the trials

R3.6 Recognition of the participants’ views of thegntexts in
interpreting their evaluation responses

The preliminary study (Chapter 4) highlighted thgortance of conducting
tertiary-level evaluations of telehealth systema nealistic setting (R3.1),
of having participants who are competent to makiggments about their
experience with the telehealth system (R3.3) aadrtiportance of
complementing exit interview data with observatiateta (R3.2).

The study presented in Chapter 11, which was basexxit interviews with
all the participants, showed the importance of gaitiy both quantitative
and qualitative response data from the participavitere the quantitative
data presented the broad trends in the trial’dtseand the qualitative data
explained the outliers and apparent contradictwiniseh appeared on
analysis of the quantitative data (R3.2). Thislgtshowed that the different
groups of participants had different perspectiveshe progress and
outcomes of the consultations and differing cradar success (R3.4). The
data from this study showed that the participantkia level of health care
had the experience to competently respond to thengarviews, and that
the patients and families had sufficient experiemrcéheir particular
healthcare trajectory to meaningfully respond tesfions of opinion and
hypothetical questions relating telehealth modesaoé to their own
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R4

situations (R3.3). From the qualitative responaas,in particular those
relating to outliers in the quantitative data, ttisdy shows the importance
of recognising the wider clinical and hospital @axis, and of understanding
the participants’ views of these contexts (R3.56R3

The study presented in Chapter 12, which was basedservational data
of the outpatient consultations, showed the comyl@f the clinical work
conducted during those consultations and the degpenes on the wider
hospital system, reinforcing the need to conduesehearly-stage trials in a
realistic setting (R3.1, R3.5). This study empsedgithe role of
observational data in showing the reality of cortohgcoutpatient
consultations using this telehealth system (R318)tae importance of the
wider clinical context in the actual conduct of ttensultations (R3.5).

In longer-term trials of more mature broadbaatébhealth systems for
tertiary outpatient consultations, a hybrid evalioatapproach is
appropriate, with a human-centred approach emplayeadng the transient
phases and a more mechanical performance or outdzased approach for
steady-state operation of the telehealth system.

As my reflections on the resourcing implicationgarfger-term trials show
(Section 13.4), the human-centred approach whichusa to evaluate the
pilot trial (Chapters 11 and 12) was very resountensive. It is unlikely
that this approach would be sustainable over thg term. A longer-term
trial, however, would only be undertaken with agfe purpose in mind,
with the issues that | raise in my reflections ang-term trials addressed
(Section 13.4), enabling a performance or outcoased) evaluation
approach to be employed.

Based on observations of the clinicians, and itiq4darly the surgeons,
during training (Chapter 10) and during the eargeks of the trial (Chapter
11) we can expect that there will still be pronaceshtransient phases at the
start of a long-term trial. The evidence for tikestence of these transient
phases was gathered using a human-centred evalagiooach, and it is
reasonable, therefore, to propose that a humameckeataluation approach
be used to identify and track the transient phasesy long-term trial.

Data from such a human-centred approach would d@hevevaluation team
to identify when a suitable steady-state of operatif the telehealth system
had been reached, at which point it would be appatgpto begin to use the
performance or outcome-based evaluation data.
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14.3 Future work

Broadening the base for tertiary telehealth

The project which provided the case studies far thesis addressed a single area of
telehealth within the tertiary healthcare systeae(patric surgical outpatient
consultations). There are more areas to be irgagstil, each with different
requirements for a telehealth mode of delivery each with different catchments of
patients:

» Consultations which involve real-time instrumeng@mination of the patient,
such as the use of ultrasound. The challengesdeatreating screen-based
representations of the activities surrounding tgept and shareable interactive
representations of the outputs of the instruments.

» Consultations involving a third party, for examplepecialist giving a second
opinion or a specialist from a complementary sggciar hird-party
involvement may involve different levels of commeations technologies that
require heterogeneous technical support and nepetsentational metaphors
for the parties taking part.

» Consultations which reach down to the primary ¢avel, for example at a
general practice, a local health centre or intopiiieent’'s home. These could
open up very interesting areas of work-practicengeaand requirements
elicitation, together with challenging technicatldmuman-computer interaction
issues aroundd hocinstallation and use of remote telehealth nodes.

Once completed, these projects would provide askmsiwhich to design a more
general-purpose telehealth facility for a tertifgyel hospital, and also to design some
more general-purpose evaluation approaches andcefar this level of telehealth.

Research is also needed to explore potential hadirewemote locations for tertiary-
level telehealth nodes. Examples include deligghiealth services to the prison
population and to other remote groups who are cainstd by location. In Australia
these could include field stations in Antarctical @mote quarantine locations. The
high value of this type of specialist healthcare wmphasised in discussions with staff
at St Vincent's Hospital, Melbourne, which has teatract to provide prison health
services for the Victorian Government. The expexgeof being transported under
guards and shackles across the state and intm#pitdl can be so unpleasant and
degrading that the prisoners often refuse medieatment (Dr Foti Blaher, pers.
comm.). Approaches to designing and conductingt piilals of such systems could
usefully draw on the experience presented in tiesis.

Extending the reach for tertiary telehealth

A major step forward would be to extend the redcdis telehealth delivery beyond
Australia. The Royal Children’s Hospital has athgédegun to work in this area. It has
an international arm with outreach programs intontoes in Asia, including a bilateral
program with the National Hospital of PediatricdHanoi, Vietnam
(www.benhviennhitu.org.vn/intro_en.gsplust prior to our hospital trial a high-quality
videoconferencing link was established betweernloehospitals using research
internet bandwidth provided by the Trans Eurasfarination Network

(www.tein2.ne}. At its inaugural conference, a surgeon at R&€MNelbourne
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conducted a post-operative review with a Vietnanobésie on whom he had operated
the previous month in Hanoi.

The opportunities and good-will are present to tleeresearch, which is presented in
this thesis, to places outside our country’s barddie applied research challenges lie
in the whole range of activities from establishiequirements for multi-cultural
telehealth through development and deployment sggdang and conducting
appropriate evaluations.
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Glossary of terms and abbreviations

AARNet

ACM

AFO

ANU
AUIC

CeNTIE

CHI

CSCW

CSIRO

The Australian Academic and Research Netwanich provides
Internet connectivity to academic and researclititgins in
Australia

The Association for Computing Machinery, an amgsation
dedicated to advancing computing as a science mfegsion. It
supports a wide range of conferences and journdtsei computing
field

Ankle-Foot Orthosis: An external splint foabtlising a patient’s
ankle or foot

Australian National University

The Australian User Interface Conference, ohthe conference
streams hosted as part of the Australian Compuienge Week
set of conferences

Centre for Networking Technologies for théormation Economy,
a research program led from within the CSIRO IChi@eand
supported by funding from the Australian Departnant
Communications, Information Technology and the Arts

Computer-Human Interaction (sometimes refetceds Human-
Computer Interaction). Also the acronym for theM\@nnual
conference on human factors in computing systems.

Computer-Supported Cooperative Work. Alscattrenym for a
biennial ACM conference and a journal publishedpyinger.

Commonwealth Scientific and Industrial Resked@rganisation —
the Australian Government’s premier science andsirg research
organisation, established as a statuary authapgrting to the
Australian parliament

CSIRO ICT Centre One of the research divisions SIRD focusing on Information

DVTS

ECSCW

HCI

HREC

ICT
MDTM

and Communication Technologies

Digital Video Transport System, an open-sowsafware system
for encoding and decoding video signals for traission over the
Internet

Acronym for the biennial European conferemt€omputer-
Supported Cooperative Work

Human-Computer Interaction (sometimes refetceds Computer-
Human Interaction)

Human Research Ethics Committee, the term ins&dstralia to
refer to the committees which vet research progasablving
research on human subjects

Information and Communication Technologies

MultiDisciplinary medical Team Meeting, a terased by authors
Kane and Luz in their paper describing medical teagetings at
the hospitals in their study (Kane and Luz 2006)
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OZCHI

PACS

RCH

SUMMIT

The annual conference of the Australian Cotaptiuman
Interaction Special Interest Group of the Humandéacand
Ergonomic Society of Australia

Picture Archiving and Communication Systemsystem used in
hospitals for digital storage and transmission etlioal images

Royal Children’s Hospital, Melbourne, Australi@his was the
location for the major case study of this thedibere is also a
Royal Children’s Hospital in Brisbane, Australiadasome of the
cited papers refer to work done there.

The Stanford University Medical Media anddmation
Technologies group
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Appendix A: Questionnaires used in the hospital
trial

This Appendix contains the five questionnaires whathg the Royal Children’s
Hospital pilot telehealth trial. The questionnaiveere:

1. Atwo-item questionnaire that the surgeon complefitelr each patient

2. A set of Likert-Scale items and semi-structuredstjoes that the surgeon
completed after each clinic (i.e. block of patig¢nts

3. A one-item questionnaire that the assistant coraglafter each patient

4. A set of Likert-Scale items and semi-structuredstjoes that the assistant
completed after each clinic

5. A set of Likert-Scale items and semi-structuredstjoes that the patient and
family completed after their consultation.

Surgeon (asked after each patient)

1. The tele-health appointment alone was satisfpct
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

2. Would you have been satisfied to let the patesve after the tele-health
appointment?

. Yes

. No

Surgeon (asked after each clinic)

Likert-Scale Items:

1. 1 was comfortable greeting the patient and kanmsing the tele-health system.
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

2. |l was able to understand the patients/carerseras during the tele-health
appointment.

. Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree
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3. I was able to address these concerns durinigliihealth appointment.
. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

4. | was able to explain the future treatment pland expected outcomes during the
tele-health appointment.

. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

5. I was able to direct the assistant.
. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

6. | was able to understand what the assistanseisg/touching/doing.
. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

Semi-structured questions
1. In general how did the consultation aspectonfryappointments go during this block
of tele-health appointments?

2. Did you experience any difficulties communiogtwith the participants using the
system during this block of tele-health appointrielhat were these difficulties?
What caused these difficulties?

3. Was there any particular consultation or eleméthe consultations that you wanted
to comment on? What are these?

4. In general during this block of tele-health ajppments, how well were you able to
communicate to the assistant what you needed hirtglao? What did you use to
communicate with the assistant?

5. In general during this block of tele-health @ippments, how well were you able to
understand what the assistant was seeing, featihgl@ing?

6. Where there any aspects of the system whick ea@nfusing? What were these?
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7. During this block of tele-health appointmernlis, you change how you conducted
the appointment over the system as you became farmikar with the environment?
How?

8. During this block of tele-health appointmenlis, you and the assistant develop any
strategies for working together as time went onfAatWvere these?

9. (If this is not the first block). How did ydind using the system during this block of
appointments compared to your earlier experiengtstire system?

10. Any other comments?

Clinic Assistant (asked after each patient)
Likert-scale item
1. Overall the tele-health appointment went satisirily.

. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

Clinic Assistant (asked after each clinic)

Likert-scale items
1. 1 was comfortable greeting the patient/famitg @pecialist.

. Strongly agree

. Agree

. Neither agree nor disagree
. Disagree

. Strongly disagree

2. |l was able to take part in the consultatiort pathe appointment as appropriate.
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

3. I'was able to understand the specialist’'s toes.
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

4. | was able to act on the specialist’s direcion
. Strongly agree

. Agree
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. Neither agree nor disagree
. Disagree
. Strongly disagree

5. I was able to communicate to the specialisttwiaas seeing, feeling and doing.
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

Semi-structured questions
1. In general how did the consultation aspechefappointments go during this block
of tele-health appointments?

2. Did you experience any difficulties communiogtiwith the participants during this
block of tele-health appointment? What were tlfreulties? What caused these
difficulties?

3. In general during this block of tele-health @ippments, how well were you able to
understand what the specialist needed you to do?

4. In general during this block of tele-health appments, how well were you able to
communicate to the specialist what you were sedgsling and doing? How did you
do this?

5. Where there any aspects of the system whick e@nfusing? What were these?

6. During this block of tele-health appointmeunlis, you change how you used the
system as you became more familiar with the enviremt? How?

7. During this block of tele-health appointmernlis, you and the specialist develop any
strategies for working together as time went onfiatWvere these?

8. (If this is not the first block). How did ydind using the system during this block of
appointments compared to your earlier experiengstiie system?

9. Any other comments?

Patient/family (asked after their consultation)

Likert-scale items

1. During the tele-health appointment | was ablsde the specialist clearly
. Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree
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2. During the tele-health appointment | was abladar what was said clearly

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

3. | felt comfortable having this appointment ggsthe tele-health system
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

4. | could get the doctor to understand and regpomy concerns during the tele-
health appointment

. Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

5. During the tele-health appointment | was wattigat others might be listening
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

6. | felt that the face-to-face appointment wasessary
. Strongly agree

. Agree

. Neither agree nor disagree

. Disagree

. Strongly disagree

Semi-structured questions
1. How far did you travel to get to this appointitie

2. How long did it take to get to this appointnient

3. If you could have an appointment closer to yfmame using the tele-health system
instead of travelling to this hospital, would yoW®?hat would the trade-offs be for you?

4. How was it different talking to the doctor ovke tele-health system?

5. Did you feel that the doctor was able to makaecurate examination of your child
using the tele-health system? Why or why not?
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6. What did you think about the role that the tssit played?

7. What other comment do you have about your espes during the tele-health
appointment?

8. Do you have any other comments?

9. Do you have any questions?
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Appendix B: Consultation times — duration and
frequency

Table B.1 of this appendix shows the times takerHe telehealth and face-to-face
phases of the consultations, and the time perichisdsiled for the subsequent
consultations. Table B.2 shows the distributiotheftime-periods until the next
consultation.

Surgeon Duration Tele Duration FtF Next consultation
(code) (min:sec) (min:sec)

S1 24:40 7:25 3 months
20:50 9:50 12 months
21:20 5:15 2 months
14:40 2:45 3 months
25:55 8:55 6 months
23:10 5:50 6 months
15:25 1:40 Discharge
23:10 4:15 3 months
13:25 0:55 Discharge
19:20 5:55 6 months
26:25 1:20 6 months
22:15 1:25 3 months
24:40 5:05 6 months
16:05 1:05 3 months
20:55 4:30 12 months
26:50 7:00 3 months
13:40 3:55 Discharge
31:50 3:00 Soon

S2 21:10 2:20 1 month
24:40 5:00 3 months
20:55 9:40 3 months
21:35 10:40 Later that day
12:00 1:00 3 months
19:45 4:30 2 weeks
15:30 5:00 3 months
15:05 6:05 1 week

S3 8:50 n/a Discharge

185



9:30 1.00 3 years
10:10 2:30 6 weeks
10:40 2:10 12 months
8:50 1:10 24 months
5:10 2:30 8 months
16:45 4:25 5 months
9:00 5:25 5 months
7:45 0:55 1 month
11:05 1:20 6 months
6:55 0:40 Discharge
S4 13:25 3:20 2 months
9:00 4.05 12 months
11:05 3:20 12 months
S5 16:45 3:00 12 months
13:05 2:00 4 months
24:15 n/a 12 months
26:00 3:30 6 months

Table B.1: Duration of telehealth and face-to-facphases, and time until the next
scheduled consultation, grouped by surgeon

Time-period till next appointment Number of patients
One month or less 6
Two to three months 13
Four to six months 10
Seven to twelve months 8
Greater than twelve months
Discharged 5

Table B.2: Distribution of time-periods until next appointment

186



Bibliography

Adler, A. and A. Henderson (1994). A Room of Our®Wxperiences from a Direct
Office Share Conference on Human Factors in Computing SysteHis94,
ACM SIGCHI.

Alexander, C., S. Ishikawa, et al. (1977). A Patteanguage: Towns, Buildings,
Construction Berkeley, California, Centre for Environmentatusture.

Bashshur, R. (2002). "Telemedicine and Health Cdi@emedicine Journal and e-
Health8(1): 5-12.

Bashshur, R., G. Shannon, et al. (2005). "TelenmeeliEvaluation.” Telemedicine and
e-Health11(5): 296-316.

Bauer, M., G. Kortuem, et al. (1999). "Where Areuv®ointing At?" A Study of
Remote Collaboration in a Wearable Videoconfere®ystem Third
International Symposium on Wearable Computers D& C'

Bellotti, V. and A. Sellen (1993). Design for Proyain Ubiquitous Computing
EnvironmentsThird European Conference on Computer-Supportezp€rative
Work, Kluwer Academic Publishers.

Bly, S., S. Harrison, et al. (1993). "Media Spad&aanging People Together in a Video,
Audio and Computing Environment.” Communicationshef ACM 36(1): 28-
47.

Boehm-Davis, D. (2008). "Discoveries and Developta@m Human-Computer
Interaction.” Human Factof)3): 560-564.

Boulanger, B., P. Kearney, et al. (2001). "Teleroiggi: A Solution to the Followup of
Rural Trauma Patients.” Journal of the American&ga of Surgeon$92(4):
447-452.

Boyle, M. and S. Greenberg (2005). "The Languadersacy: Learning from Video
Media Space Analysis and Design." ACM Transactmm€omputer-Human
Interaction12(2): 328-370.

Carati, C., S. Shimizu, et al. (2006). "High detfon digital video links for surgical
training." Journal of Telemedicine and TelechPe26-28.

Celi, L., E. Hassan, et al. (2001). "The elCU: g just telemedicine.” Critical Care
Medicine29(8): N183-N189.

Clarke, A. (2005). Situational Analysis - Grounddtkeory After the Postmodern Tyrn
Sage Publications.

Corbin, J. (1998). "The Corbin and Strauss Chrdliimiess Trajectory Model: An
Update." Scholarly Inquiry for Nursing Practitg(1): 33-41.

Corbin, J. and A. Strauss (2008). Basics of QualgaResearch, 3rd Editioisage
Publications.

Damore, L., J. Johnson, et al. (1999). "Transmissidive laparoscopic surgery over
Internet2.” American Journal of Surgetryg5): 415-417.

Dev, P., S. Srivastava, et al. (2004). "Productiba Multisource, Real-time Interactive
Lesson in Anatomy and Surgery: CORN Demonstratidaurnal of Educational
Technology Systen33(1): 3-10.

187



Dev, P., S. Srivastava, et al. (2006). "Collabemtiearning Using Internet2 and
Remote Collections of Stereo Dissection Imagesni€dl Anatomy19: 275-
283.

Dourish, P. (2006). Re-Space-ing Place: "Place™&peéce" Ten Years Oonference
on Computer Supported Cooperative Work, ACM.

Dourish, P., A. Adler, et al. (1996). "Your PlageMine? Learning from Long-Term
Use of Audio-Video Communication." Computer Suppdr€ooperative Work
5(1): 33-62.

Dourish, P. and K. Anderson (2006). "Collectiveoimhation Practice: Exploring
Privacy and Security as Social and Cultural PhemanidtHuman-Computer
Interaction21: 319-342.

Dourish, P. and S. Bly (1992). Portholes: SuppgrAmareness in a Distributed Work
Group Conference on Human Factors in Computing Systeris92, ACM
SIGCHI.

DVTS_Consortium. (2004). "Digital Video Transpostistem." from
http://www.dvts.jp/en/index.html

Fish, R., R. Kraut, et al. (1992). Evaluating Videoa Technology for Informal
CommunicationConference on Human Factors in Computing Systeris92,
ACM SIGCHLI.

Fish, R., R. Kraut, et al. (1993). "Video as a Trealbgy for Informal Communication."
Communications of the ACNA6(1): 48-61.

Friedman, C. and J. Wyatt (1997). Evaluation MethimdMedical InformaticsNew
York, Springer.

Fussell, S., L. Setlock, et al. (2004). "GesturgserQ/ideo Streams to Support Remote
Collaboration on Physical Tasks." Human-Computegrhction19: 273-309.

Gardner, H. and M. Martin (2007). "Analyzing Ordigzales in Studies of Virtual
Environments: Likert or Lump It!" Presentté(4): 439-446.

Gaver, W. (1992). The Affordances of Media Space<llaborationConference on
Computer-Supported Cooperative Work, ACM.

Gaver, W., T. Moran, et al. (1992). Realizing a&bd=nvironment: EuroPARC's
RAVE System Conference on Human Factors in Computing Systeris92,
ACM SIGCHI.

Gaver, W., A. Sellen, et al. (1993). One is Not &gtu Multiple Views in a Media
Space Conference on Human Factors in Computing SystéT&RACT '93
and CHI '93, ACM SIGCHI.

Griffiths, L., I. Blignault, et al. (2006). "Telerdeine as a means of delivering
cognitive-behavioural therapy to rural and remotntal health clients.” Journal
of Telemedicine and Telecat@(3): 136-140.

Gunn, C., M. Hutchins, et al. (2005). Using Collediive Haptics in Remote Surgical
Training World Haptics, Pisa, Italy.

Gunn, C., D. Stevenson, et al. (2004). A Remoteraative Master Class in Surgery
Australasian Computer-Human Interaction Conferéd£€HI 2004.

Gwangju_Institute_of Science_and_Technology (20083t Multi-party Cyber-
medical Collaboration Demonstration with StereoscéiD Video Transport of
Live Surgery. On-linehttp://netmedia.qgist.ac.kr/~medic#@ltcessed 10th
March 2009.

188



Hansen, S. (2007). Useable and Used: A Case Sfutlg &®ole of the Social Sciences
in the Development of an Emerging Technology foaltteare. School of
Social Science and International RelatidBgdney, University of New South
Wales.Bachelor of Social Science (Hons)

Hansen, S., T. Robertson, et al. (2008). Using elioA Research Approach to Design a
Telemedicine System for Critical Care: A Reflectidwmistralasian Computer-
Human Interaction Conference OZCHI 2008.

Harrison, S. and P. Dourish (1996). Re-Place-inac8pThe Roles of Place and Space
in Collaborative System€onference on Computer Supported Cooperative
Work, ACM.

Heath, C., P. Luff, et al. (2001). Creating Cohefmvironments for Collaboration
Seventh European Conference on Computer-Suppodepetative Work,
Kluwer Academic Publishers.

Heath, C., P. Luff, et al. (1995). Reconsidering Yhrtual Workplace: Flexible Support
for Collaborative Activity Fourth European Conference on Computer-
Supported Cooperative Work.

Huang, K.-J. and S. Shimizu (2008). "Uncompressiel@® Image Transmission of
Laparoscopic or Endoscopic Surgery for Telemeditihelemedicine and e-
Health14(5): 479-485.

Huis in 't Veld, M., H. van Dijk, et al. (2006). "8ystematic review of the methodology
of telemedicine evaluation in patients with postarad movement disorders."
Journal of Telemedicine and Teleca6): 289-297.

Hutchins, M., D. Stevenson, et al. (2005). "Comroation in a networked haptic
virtual environment for temporal bone surgery tiragn"’ Virtual Reality9(2-3):
97-107.

Ishii, H. and M. Kobayashi (1992). ClearBoard: Aa8dess Medium for Shared
Drawing and Conversation with Eye Conta€bnference on Human Factors in
Computing Systems CHI'92, ACM.

Ishii, H. and N. Miyake (1991). "Toward an openrgaaworkspace: computer and
video fusion approach of Teamworkstation." Commatimns of the ACM
34(12): 37-50.

Jan, R.-L., J.-Y. Wang, et al. (2007). "An InterBatsed Interactive Telemonitoring
System for Improving Childhood Asthma Outcomes awin." Telemedicine
and e-Healtli3(3): 257-268.

Kane, B. and S. Luz (2006). "Multidisciplinary Medl Team Meetings: An Analysis
of Collaborative Working with Special Attention Taming and
Teleconferencing.” Computer Supported Cooperativek/¥5: 501-535.

Kirk, D., A. Crabtree, et al. (2005). Ways of thartds Ninth European Conference on
Computer-Supported Cooperative Work, Springer.

Kirk, D. and D. S. Fraser (2006). Comparing Rentésture Technologies for
Supporting Collaborative Physical Taskonference on Human Factors in
Computing Systems CHI '06, ACM SIGCHI.

Kirk, D., D. S. Fraser, et al. (2005). The EffectsRemote Gesturing on Distance
Instruction Computer Supported Collaborative Learning 20@5p@&i, Taiwan,
Lawrence Erlbaum Associates.

Klecun-Dabrowska, E. and T. Cornford (2000). "Telglth acquires meanings:
information and communication technologies withaalh policy." Information
Systems Journdl0(1): 41-63.

189



Kraut, R., S. Fussell, et al. (2003). "Visual Imf@tion as a Conversational Resource in
Collaborative Physical Tasks." Human-Computer butgon18: 13-49.

Kurata, T., N. Sakata, et al. (2004). Remote Collation using a Shoulder-Worn
Active Camera/LasekEighth International Symposium on Wearable Corefsut
ISWC'04, IEEE Computer Society.

Kuzuoka, H. (1992). Spatial Workspace Collaboratdi$sharedview Video Support
System for Remote Collaboration CapabiliBonference on Human Factors in
Computing Systems CHI '92, ACM SIGCHI.

Kuzuoka, H., T. Kosuge, et al. (1994). GestureCaAndideo Communication System
for Sympathetic Remote Collaboratid@onference on Computer Supported
Cooperative Work, ACM.

Kuzuoka, H., S. Oyama, et al. (2000). GestureMaMdbile Robot that Embodies a
Remote Instructor's Action€onference on Computer Supported Cooperative
Work, ACM.

Leong, J., C. Sirio, et al. (2005). "elCU prograaadrably affects clinical and economic
outcomes." Critical Carg(5).

Li, J., T. Robertson, et al. (2008). Multidisciginy Medical Team Meetings: A Field
Study of Collaboration in Health Cargustralasian Computer-Human
Interaction Conference OZCHI 2008.

Li, J., L. Wilson, et al. (2006). "Development oBeoadband Telehealth System for
Critical Care: Process and Lessons Learned." Telaine and e-Health2(5):
552-560.

Luff, P., C. Heath, et al. (2003). "Fractured Egpés: Creating Environments for
Collaboration.” Human-Computer Interactid®& 51-84.

MacFarlane, A., R. Harrison, et al. (2002). "Thedféas of a qualitative approach to
telemedicine research.” Journal of TelemedicineTeldcare8(S2): 56-57.

MacKay, W. (1999). Media Spaces: Environments dordmal Multimedia Interaction.
Computer Supported Cooperative Wokk Beaudouin-Lafon, John Wiley &
Sons Ltd 56-81.

Millat, B., A. Fingerhut, et al. (2006). "Live suegy and video presentations: Seeing is
believing ... but no more: a plea for structurggriand ethical considerations.”
Surgical Endoscop$0: 845-847.

Moran, T. and R. Anderson (1990). The Workaday Wé&d a Paradigm for CSCW
Design Conference on Computer Supported Cooperative WM.

Nardi, B. (2005). "Beyond Bandwidth: DimensionsCizinnection in Interpersonal
Communication.” Computer Supported Cooperative Wdrk91-130.

Nelson, E.-L. and S. Palsbo (2006). "Challengdslemedicine equivalence studies.”
Evaluation and Program Planni@§ 419-425.

O'Leary, S., M. Hutchins, et al. (2008). "Validatiof a Networked Virtual Reality
Simulation of Temporal Bone Surgery.” Laryngoscap& 1040-1046.

Olson, G. and J. Olson (2000). "Distance Mattdtgithan-Computer Interaction
15(2/3): 139-178.

Ou, J., S. Fussell, et al. (2003). Gestural Compatiun over Video Stream:
Supporting Multimodal Interaction for Remote Colbhasitive Physical Tasks
Fifth International Conference on Multimodal Ineés, Vancouver, B.C.

Palen, L. and P. Dourish (2003). Unpacking "Privdoy a Networked World
Conference on Human Factors in Computing Systems@IHACM SIGCHI.

190



Palmer, D., M. Adcock, et al. (2007). AnnotatingtwiLight for Remote Guidance
Australasian Computer-Human Interaction ConferéD2€HI 2007.

Pande, R., Y. Patel, et al. (2003). "The Telecomoaiion Revolution in the Medical
Field: Present Applications and Future Perspect@arrent Surgeryp0(6):
636-640.

Pawson, R. and N. Tilley (1997). Realistic EvaloatiSage Publications.

Reason, P. and H. Bradbury (2001). Handbook ofolscResearchiSAGE Publications.

Reddy, M., P. Dourish, et al. (2006). "TemporaiityMedical Work: Time also
Matters." Computer Supported Cooperative Whisk29-53.

Robertson, T. (2002). "The Public Availability ot#ons and Artefacts.” Computer
Supported Cooperative Wolk: 299-316.

Robson, C. (1993). Real World Researlackwell.

Rosser, J., N. Gabriel, et al. (2001). "Telemengand Teleproctoring.” World Journal
of Surgery?5: 1438-1448.

Sellen, A. (1992). Speech Patterns in Video-Medi&enversationgonference on
Human Factors in Computing Systems CHI '92, ACM GHEk

Seymour, N., A. Gallagher, et al. (2002). "Virtirdality Training Improves Operating
Room Performance: Results of a Randomised, Doulihel&l Study.” Annals
of Surgery2364): 458-464.

Shimizu, S., N. Nakashima, et al. (2007). "Telesty@gystem with Original-Quality
Moving Images over High-Speed Internet: ExpansiathiWthe Asia-Pacific
Region." Journal of Laparoendoscopic & Advancedyi®ai Techniqued 7(5):
673-678.

Shimizu, S., N. Nakashima, et al. (2006). "Inteiorad! transmission of uncompressed
endoscopic surgery images via superfast broadbdachket connections.”
Surgical Endoscop#0: 167-170.

Shimizu, S., N. Nakashima, et al. (2009). "One HaddCase Studies of Asia-Pacific
Telemedicine Using a Digital Video Transport Systaer a Research and
Education Network." Telemedicine and e-Hedl8g1): 112-117.

Singapore_National_Eye_Centre (2006). 3-D High m&dén Telemedicine
Transmission in Ophthalmology. Onlinevatvw.snec.com.sg/news/press-
160206.aspAccessed 23 May 2006.

Smith, A., S. Dowthwaite, et al. (2008). "Concordametween real-time telemedicine
assessments and face-to-face consultations ingtaeditolaryngology.”
Medical Journal of Australia888): 457-460.

Smith, J., D. Stevenson, et al. (2007). Explorimgiface Design for Remote Guidance,
CSIRO ICT Centre, Canberra, Australia.

Stevenson, D. (2006). Evaluating an In-Vivo Surlidaining Demonstration over
Broadband InternefAustralasian Computer-Human Interaction Confegenc
OZCHI 2006.

Stevenson, D. (2008). Training and Process Chah@nllaborative Telehealth Case
Study Australasian Computer-Human Interaction Confeee@dZCHI 2008.

Stevenson, D., M. Hutchins, et al. (2007). CSIRhe Royal Children's Hospital
Telehealth Pilot Study Preliminary Report 07/43%JRO ICT Centre.

Stevenson, D., J. Li, et al. (2008). A Collaborativuidance Case Studyinth
Australasian User Interface Conference AUIC2008SAC

191



Stringer, E. (2007). Action Research: Third Editibns Angeles, Sage Publications
Inc.

Suchman, L. (1987). Plans and Situated Acti@ambridge University Press.

Tang, J. (2007). "Approaching and Leave-Taking: ®eding Contact in Computer-
Mediated Communication.” ACM Transactions on Corepituman Interaction
14(1).

Torppa, M., O. Timonen, et al. (2006). "Patientsaidoctor interaction in general
practice teleconsultations - a qualitative analysisurnal of Telemedicine and
Telecarel2(6): 306-310.

Westbrook, J., E. Coiera, et al. (2008). "Impacamiultrabroadband emergency
department telemedicine system on the care of lgalltpatients and clinicians'
work." Medical Journal of Australid8812): 704-708.

Wilson, L. (2008). Technologies for Complex andtiCal Care Telemedicine. Current
Principles and Practices of Telemedicine and etHeRl Latifi, IOSPress131:
117-130.

Wilson, L. and T. Percival (2002). CeNTIE - A Majmitiative in Broad Band
Communications for Health Applicationdealth Informatics Conference HIC
2002, Health Informatics Society of Australia.

Yamazaki, K., A. Yamazaki, et al. (1999). Gestusdraand GesturelLaser Car:
Development of an Embodied Space to Support Remstriction Sixth
European Conference on Computer-Supported Coopenatork, Kluwer
Academic Publishers.

192



