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1 Introduction 

The telehealth case study referred to in this paper is 

an example of applying information and communi-

cation technologies (ICT) to a complex healthcare 

situation, so that the participants in that healthcare 

situation are able to interact and communicate, dis-

cuss the patient’s condition, make reasoned judge-

ments based on shared access to patient data and 

reach an agreed conclusion on advancing the pa-

tient’s healthcare trajectory [1] towards full recov-

ery.  The “smartness” of this type of healthcare ap-

plication lies in the ability of the application to pro-

vide close-to-seamless communication and data 

links between the participants, so that the partici-

pants can focus on the healthcare situation at hand 

and have all the information that they need readily 

available.  Important requirements for such a tele-

health system will relate to the information and 

communication needs of the participants. 

The telehealth system constructed for the case study 

was designed to support outpatient consultations for 

paediatric patients who were recovering from sur-

gery.  The project to build and conduct a trial of this 

system was initiated by surgeons from the Royal 

Children’s Hospital (RCH), Melbourne, Australia.  

This tertiary-level hospital provides specialist chil-

dren’s health services for a catchment of more than 

six million people, covering a large part of south-

eastern Australia.  Recovery and rehabilitation from 

paediatric surgery can take years and many of the 

surgeons’ patients and their families were regularly 

making long journeys to attend outpatient clinics at 

Abstract 

When developing a “smart healthcare” application that takes the participants beyond their experience of the con-

ventional analogue of that application, a challenge is to gather the requirements for the application and to map 

those requirements onto a successful design.  Some requirements will come from the conventional way of delivering 

the healthcare service.  Some will come from the domains of the technologies that have been used to create the 

smart healthcare application.  Some requirements, however, particularly for point-of-care applications, will 

emerge from the interplay of the actual clinical situation and the novelty of the smart healthcare application.  This 

paper draws on a case study of the development and clinical trial of a point-of-care telehealth application at a ter-

tiary level of healthcare to illustrate the process of requirements elucidation and the mapping of those requirements 

onto the design of the telehealth system.  The telehealth application supports outpatient consultations for post-

operative paediatric surgery patients.  The consultations involve multiple participants, each with different require-

ments for the application.  They engage in a complex dialogue supported by many shared sets of patient data.  They 

bring differing points of view to the consultation and have differing criteria for a successful outcome. 

The case study highlights that, at this complex level of healthcare, important requirements for the ongoing success 

of a smart healthcare application may be uncovered during early clinical trials.  While these early clinical trials 

need to focus on clinical outcomes, they also need to not be bound by rigid trial protocols. Unforeseen events and 

behaviour may occur during the trials. These should be accommodated, in the interests of the patient, and properly 

recorded, so that they can contribute to a wider understanding of what is needed for the healthcare application to 

be successful. 



Stevenson | electronic Journal of Health Informatics 2011; 6(2) 

2 

the hospital, creating a significant burden of travel.  

The surgeons envisaged a telehealth solution for 

many of these consultations, perhaps linking RCH 

to a regional hospital near the patient’s home. 

Clinical requirements were gathered from the analo-

gous face-to-face outpatient consultations that the 

surgeons conducted at RCH.  The project team ob-

served four clinics (half-day sets of consultations) at 

RCH and during an off-site visit by the surgeons to 

the Royal Hobart Hospital in Tasmania.  These ob-

servations showed what happened during the con-

sultations.  They also showed the level of involve-

ment of the patients and their families in the rehabil-

itation progress and their level of active participa-

tion in the consultations. 

Technical and social requirements were drawn from 

the technology fields that would support the tele-

health system, from the research fields of Human-

Computer Interaction and Computer Supported Co-

operative Work, and from prior work in telehealth.  

Design decisions were reached from these require-

ments and working prototypes were progressively 

constructed and evaluated with laboratory-based 

human factors studies. 

The laboratory-based studies were limited in what 

they could achieve.  Individual components could be 

tested for correct technical performance and the 

communication systems could be exercised at an ab-

stract level to test the ways in which they supported 

dialogue between the two nodes of the telehealth 

system, interactive shared access to data, collabora-

tive behaviour amongst the participants and joint 

decision making.  Testing the complexity of actual 

consultations, however, required real patient cases 

conducted in the hospital context. 

The following sections briefly describe the tele-

health study.  They set the context for a detailed ac-

count of the requirements gathering and design de-

cisions during the construction of the telehealth sys-

tem.  A description of the clinical trial and its results 

highlights the requirements that had not emerged 

during the development process but became known 

only as a result of conducting the clinical trial.  

Conclusions are drawn about the nature of these ear-

ly clinical trials and the way data gathered at these 

trials can be used. 

Aspects of this telehealth study have been published 

separately: a clinical evaluation [2], a system for 

remote guidance [3], a human factors study [4], a 

case-study in a comparison of broadband telehealth 

[5], a study of training and process change for clini-

cal staff [6] and as the author’s doctoral thesis [7]. 

1.1 The Telehealth Case Study 

The aim of this case study was to investigate wheth-

er the telehealth outpatient surgical consultations 

could be conducted in an acceptable manner, where 

the judgement of “acceptable” would come from 

multiple points of view.  The clinical cases all in-

volved long-term rehabilitation of the patients.  

From the surgeon’s point of view, “acceptable” 

meant being able to move each patient one step fur-

ther towards recovery by adequately assessing the 

patient’s condition and by proposing a continuing 

plan of treatment or management. 

From the patient’s and family’s point of view, their 

own situation was the one that mattered.  For them, 

“acceptable” meant being able to express their con-

cerns and have those concerns addressed, being con-

fident that the surgeon had adequately examined 

their child and being confident in the proposed 

treatment or management plan for their child. 

From the point of view of the clinician who would 

assist the patients, “acceptable” meant being able to 

manage the communications between the surgeons 

and the patients and families, and being able to con-

duct the hands-on examination of the patient on be-

half of the surgeon. 

The telehealth study required the construction of a 

telehealth system.  Work on this construction (re-

quirements, design, building and laboratory testing) 

commenced in 2006 and was completed in August 

2007.  An important part of this work involved 

mapping the requirements into design features then 

reviewing the implemented designs against the orig-

inal requirements. 

The study included a four-week clinical trial located 

within RCH, with two meeting rooms serving as the 

“surgeon’s room” and the “patient’s room”.  The tri-

al had a weekly pattern of three clinics (general or-

thopaedics, limb reconstruction and maxillo-facial) 

with between 2-6 patients per clinic.  The surgeons 

paired with more junior clinical staff to conduct the-

se clinics, the surgeon located in the surgeon’s room 

and the clinical partner located with the patient and 

family in the patient’s room.  With minor variations 

to allow for prior commitments outside the hospital, 

the surgeon-assistant pairs gained repeated experi-

ence of conducting their particular clinic over the 

four weeks, seeing a total of 44 patients. 

This four-week trial was both a case study and a 

clinical trial.  Robson used the term “case study” to 

mean “... a strategy for doing research which in-

volves an empirical investigation of a particular con-

temporary phenomenon within its real life context 

using multiple sources of evidence” [8].  The 
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sources of evidence included clinical judgements on 

the part of the surgeons, personal judgements on the 

part of the patients and families, and situational 

judgements on the part of the assistants.  They in-

cluded observations of what the participants said 

and did during the consultations and exit interviews 

with the participants conducted immediately after 

the consultations.  It was a clinical trial because the 

concepts of acceptability required the full clinical 

situation – actual patients, surgeons and assistants 

and the clinical information systems of the hospital 

– representing Robson’s “real-life context”. 

1.2 The Telehealth System 

The telehealth system was designed for whole-of-

room use and comprised two rooms, the surgeon’s 

room and the patient’s room.  The telehealth link be-

tween the two rooms consisted of: 

 Three bi-directional video and audio links, one 

giving a wide-angle overview of each room and 

the other two providing close-up videoconference-

like links between the surgeon and two different 

locations in the patient’s room. 

 A number of special-purpose video cameras which 

could be used to show objects of interest to partic-

ipants in the other room, for example, to provide a 

close-up view of the patient. 

 Four tablet displays with electronic pens (two per 

room) on which any available image or video 

stream could be shown, shared and annotated, for 

example, digital X-Ray images from the hospital’s 

Picture Archiving and Capture System (PACS). 

Figure 1 shows the surgeon’s room.  The surgeon 

sits inside a curved desk with easy access to the two 

video-conference-like systems and easy access to 

specialist display facilities: document camera, 3D 

image and video display and a secure computer for 

accessing the hospital’s PACS system. 

 

Figure 1:  Surgeon’s room.  An overview of the patient’s room 

can be seen in the plasma display by the far wall.  (Photo cour-

tesy Royal Children’s Hospital) 

Figure 2 shows the patient’s room.  The participants 

sit on the outside of a matching curved desk.  The 

patient and family would be on the left side of this 

picture where they sit to talk to the surgeon and ob-

serve the consultation.  The assistant would be on 

the right side of the picture, where he or she would 

examine the patient on behalf of the surgeon: 

 

Figure 2:  Patient’s room showing three members of the re-

search team.  An overview of the surgeon’s room can be seen in 

the plasma display by the wall. 

1.3 The Clinical Trial 

The clinical trial involved patients whose situation 

matched the intended purpose of the telehealth sys-

tem, namely that they were attending a review con-

sultation where no intervention was planned and 

where no major decisions about treatment were an-

ticipated.  The patients invited to take part in the tri-

al had a medical history that indicated normal pro-

gress for their situation.  Only patients with an ap-

pointment already scheduled for September 2007 

were invited to take part, so that there was minimal 

disturbance to their consultation regime. 

The trial protocol called for a telehealth phase to the 

consultation, followed immediately by a face-to-

face phase.  At the end of the consultation, the sur-

geon and assistant each completed a short question-

naire about the acceptability of the consultation.  

The patient and family completed an exit interview, 

which addressed several aspects of their response to 

the telehealth experience.  At the end of the clinic 

the surgeon and assistant, each completed an exit 

interview.  Both phases of the consultation were 

video-recorded. 

The face-to-face phase ensured that there was an 

opportunity for the participants to address any issues 

that might not have been adequately supported by 

the telehealth system.  The ordering of the phases 

placed emphasis on the telehealth phase.  Given the 

nature of these consultations, with their discovery 

components (examination of the patient, review of 
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that day’s radiology data) and the agreed outcome 

(the plan for managing the patient’s condition), 

there would have been no logic in reversing the or-

der of the phases.  If the face-to-face phase had been 

completed first, then the telehealth phase would 

have been reduced to role-playing, and, in cases 

where there was bad news or confronting clinical 

observations, there could have been distress for the 

patients and families. 

At this level of healthcare, each case is potentially 

quite different from the rest, even within the same 

group of consultations.  Therefore, there was no 

fixed protocol for conducting the consultations.  In-

stead, it was left to the surgeon to lead the consulta-

tion in whichever direction the surgeon saw as being 

in the best interests of the patient, in the same way 

that normal face-to-face consultations were con-

ducted.  This was in contrast to some approaches for 

clinical trials that require a rigid protocol for the cli-

nicians to follow.  Nelson and Palsbo, for example, 

discuss their perceived difficulties in conducting 

telehealth trials with a clinically trained person as 

the “presenter” (corresponding to our assistant) lo-

cated with the patient.  Their presenters tended to 

step outside the scope of the trial to do things that 

they felt were necessary for the wellbeing of the pa-

tient.  As a result, Nelson and Palsbo felt that it 

might be better for their experiment not to have a 

clinically trained person with the patient.  They ob-

served that the presenters “needed to be socialized 

to the rationale for strong research design in order to 

encourage strict adherence to the protocol” [9]. 

2 Requirements and Design 

This section presents the requirements that were 

gathered from interviews with the clinicians and 

from observation of face-to-face consultations at the 

hospital.  It also presents requirements that were de-

rived from the computer science field of telecollabo-

ration, both from published literature and from the 

research team’s prior experience. 

2.1 Clinical Requirements 

Clinical requirements for the telehealth system were 

gathered by interviewing the surgeons and by ob-

serving normal face-to-face outpatient consultations 

in the areas of surgical specialty that were to be 

covered in the planned clinical trial.  They were: 

 The consultations often occupied the whole of the 

consulting room especially when the surgeons 

were encouraging young patients to move about in 

order to demonstrate mobility of limbs and joints. 

 Access to radiology data (such as X-Rays) was 

important for explaining the current state of the 

patient’s condition, both to the patient and to the 

family. The team observed that this was often dif-

ficult to achieve in the normal consulting rooms.  

Wall-mounted flat-panel screens were difficult to 

point at or gesture over and the surgeon’s own 

computer screen was generally not visible to the 

patient and parents. 

 The level of personal communication between the 

surgeon and the patient and family was often in-

tense.  There were times where the surgeon need-

ed to hear the patient’s frustrations and difficulties 

and times when the surgeon needed to deliver un-

welcomed news about future treatment plans. 

 The surgeon often needed to annotate sketches of 

joints and limbs to illustrate their explanation of 

the patient’s condition. 

 Physical examination of the patient formed an im-

portant part of the consultation. 

 There was a wide variety in the situations of the 

patients, even within the one block of supposedly 

similar cases. 

 The patients and their families (usually their par-

ents) were generally very familiar with the struc-

ture of these outpatient consultations, having al-

ready attended many of them during the course of 

the patient’s treatment.  The parents were very 

familiar with the progress of their own child, hav-

ing been responsible for managing the steady re-

covery from surgery during the preceding months. 

 The patients, especially those from outside Mel-

bourne, were often accompanied by parents, sib-

lings and other relatives. 

These clinical requirements led to the following de-

sign features: 

 The patient’s room was chosen large enough that 

it could be divided into two regions.  One region 

held enough seating for the accompanying family 

so that they could see and hear what was happen-

ing but did not obstruct activities of the assistant 

or the patient.  The other region held an examina-

tion couch, a chair for seated patients, an overhead 

steerable camera and other special-purpose exam-

ination cameras. 

 The desks in both rooms were curved to empha-

sise the spatial partition in the patient’s room and 

to facilitate the surgeon’s view into both parti-

tions. 

 Close-up video systems, similar to video-

conferencing systems, with high-quality video 

streams were installed.  One supported direct dis-



Stevenson | electronic Journal of Health Informatics 2011; 6(2) 

5 

cussion between the surgeon and patient/family.  

The other gave the surgeon a view of the examina-

tion area and supported dialogue between surgeon 

and assistant during the examination of the pa-

tient. 

 Four tablet displays, with electronic pens, were 

installed: one for the family, one for the assistant 

(on an adjustable arm) and two for the surgeon 

(one at each of the close-up video systems).  The-

se displays were configured so that they all dis-

played the same data, thereby making sure that all 

parties could see the same thing simultaneously.  

The electronic pens were configured to support 

freehand pointing and drawing gestures over the 

displayed image or video data. 

2.2 Requirements Drawn from the Tele-
collaborative Technology Field 

In the field of computer science, there is a long his-

tory of work connecting spaces in different physical 

locations by networks of video, audio and data.  

This particular configuration is known as a media 

space, a term coined in 1988 by Robert Stultz (cited 

by Mackay [10]).  Several groups of researchers re-

ported on long-term use of a media space (connect-

ing office spaces of colleagues located in different 

buildings or different cities) [11-13].  Researchers 

conducted experiments in which participants were 

placed in a media space (typically two rooms con-

nected by video, audio and control links) and asked 

to complete sets of experimental tasks that required 

involvement of participants in both rooms for their 

completion [14-17].  Other researchers discussed 

public availability of artefacts and actions within 

shared spaces [18], the distinction between “place” 

and “space” (the physical setup and spatial meta-

phors versus cultural understandings about behavior 

and action) [19] and issues of privacy in a media 

space [20-21].  In reporting on these facets of media 

space research, these papers raised issues that their 

authors expected to be of concern for future devel-

opers of telecollaborative applications. 

Researchers in the emerging field of broadband 

telehealth have published their experiences in using 

high-quality video and audio communications tech-

nologies in the health sector.  There is a decade of 

experience in the use of the Digital Video Transport 

System (DVTS), an open-source software system 

for encoding/decoding video signals at near-

broadcast quality.  Shimizu, in a review paper, re-

ported on 100 examples of demonstration use of this 

technology in healthcare [22], highlighting the value 

that such high-quality video and audio gives to tele-

health applications. 

Requirements that emerged from the literature and 

from this team’s experience of using media space 

technology include: 

 The importance of high-quality low-latency video 

to support dialogue between the two rooms 

 The need for multiple video cameras to cover the 

activities that span the patient’s room 

 The need for the surgeon to have a coherent men-

tal model of the multiple video streams coming 

from the patient’s room (Luff and co-authors call 

this problem “fractured ecologies”) 

These led to the following design decisions: 

 A high-quality video encoder/decoder system was 

used.  Initially the project had access to giga-

bit/second research bandwidth and used DVTS but 

for the clinical trial this was replaced by a security 

video system that used about five mega-

bits/second/video-stream to meet bandwidth limi-

tations of the hospital’s intranet. 

 Video coverage of the remote room was delivered 

by three video streams.  Two formed the close-up 

video-conferencing systems and the third (dis-

played on a raised flat-panel display) used a wide-

angle camera to span the whole room (see Figures 

1 and 2).  The video cameras were fixed in posi-

tion, direction and field-of-view so that they 

formed stable reference points for people using the 

system. 

 The curved desk arrangement supported the men-

tal model that linked the three video displays with 

the actual remote room.  When the surgeons 

panned from left to right across the three displays, 

they saw a sequence of left-hand region, room 

overview and right-hand region of the patient’s 

room.  Similarly, anyone in the patient’s room 

could see whether the surgeon was looking at 

them because they could see either the surgeon’s 

face or the side of the surgeon’s head (as can be 

seen in Figure 2).  This unusual arrangement of 

furniture was proposed by Matthew Hutchins and 

developed by him and Jocelyn Smith, two of the 

author’s former colleagues. 

 In each room the furniture was oriented so that the 

room overview camera pointed at the door leading 

into the room.  This meant that all participants 

were aware of anyone entering or leaving the 

room. 

 Small fold-back display screens were attached to 

the display screens for the close-up video systems.  

This let the participants know when they were on-

camera so that they could properly position them-

selves to be seen by the remote participants. 
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2.3 Testing the Mapping of Require-
ments into Design 

The clinical and technology requirements led to de-

sign decisions that could be tested in an analytic 

manner [23], walking through the consultation sce-

narios.  This was done during the development of 

the system, once at a meeting of surgeons at the 

hospital and three times in the laboratory with clini-

cal specialists leading the walkthrough [7].  The re-

quirements relating to the effectiveness of the com-

munications and shared data links between the two 

rooms of the telehealth system, however, needed to 

be tested in a more active way so two human factors 

experiments were conducted in the laboratory [4, 7, 

24]. 

It was not appropriate to recruit actual patients for 

these human factors experiments because the exper-

iments dealt with components of the telehealth sys-

tem rather than with the system as a whole.  It 

would have been impractical to explain the rele-

vance of the experiments to patients and their fami-

lies whose focus was the immediate wellbeing of 

their children.  In addition, it would have been inap-

propriate to disrupt the lives of families already 

stressed by their children’s healthcare situation.  

Equally, it was not appropriate to recruit clinicians 

to take part in these experiments.  At this level of 

healthcare, clinicians have a heavy workload and it 

would not have been a good use of their time to 

have them take part in component experiments.  In-

stead, the human factors experiments used abstrac-

tions of tasks that had been observed in normal con-

sultations and generic adult participants.  The results 

of the experiments concerned the way the system 

components supported awareness between the two 

rooms of the telehealth system and collaborative be-

haviour of the participants, rather than completion 

of the experimental tasks. 

3 Observations from the Clinical 
Trial 

3.1 Training and Process Change 

The telehealth system was installed at RCH in the 

week prior to the trial and training sessions were 

held for the clinicians using the installed system.  

During these sessions it was found that the surgeons 

and their assistants quickly grasped the functionality 

of the system but spent considerable time establish-

ing how they would need to adapt their normal clin-

ical practice to the telehealth mode of seeing their 

patients [6].  They focused on how the surgeon 

would direct the assistant to examine the patient and 

how the assistant would present the examination and 

its findings to the surgeon.  In some cases, specific 

adjustments to the telehealth system were required, 

including provision of an additional special-purpose 

video camera to enable a low-level horizontal view 

of small children walking and standing. 

It was observed that even though different surgeons 

worked on similar cases, they often had different 

preferences and requirements for the way infor-

mation was presented to them.  For example, when 

the assistant tested for angles of movement of the 

patients’ joints some surgeons were content to be 

told the assistant’s estimates of the angles reached.  

Other surgeons preferred a square-on video view of 

the position of the joint at its extremity of move-

ment and a software protractor to measure the angle 

themselves. 

3.2 Telehealth Outpatient Consultations 

Even though the surgeons and assistants were 

shown how to use the telehealth system prior to the 

trial, as the trial progressed they all commented on 

the progress they were making in learning to use the 

system in a fluent and natural manner.  The sur-

geons became more comfortable talking to the pa-

tients, directing the assistants and interpreting the 

assistants’ findings about the patient.  They became 

more comfortable with the concept of not being able 

to put their own hands directly on the patient.  For 

their part, the assistants reported increasing skill in 

examining the patient so that the surgeon could see 

and follow their examination, using the various vid-

eo cameras of the telehealth system.  Self-reporting 

on this learning phase continued into the third week 

of the trial. 

As the telehealth system was intended for use be-

tween RCH and a regional hospital, it was thought 

that the person taking the role of assistant at the re-

gional hospital would be a generally trained clini-

cian.  Because the staff taking the role of assistant 

during the trial had special skills in the area of the 

consultations, the surgeons could direct the exami-

nation of the patient and request specific results us-

ing high-level clinical language.  They concluded 

that the original concept, of using a generally-

trained clinician as assistant, would not have suc-

ceeded because it would have been too laborious to 

micro-direct the examination of the patient and be-

cause they would not have known how to correctly 

interpret the assistant’s findings. 

Although the surgeons and their assistants knew 
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each other (they worked in the same department in 

the hospital), their previous working relationships 

had involved supervision and review.  For example, 

the surgical registrars who took the role of assistants 

might, in their normal clinical work, see outpatients 

by themselves and then have the specialists come in 

to review their findings about the patient.  Here, the 

surgeons and assistants had to work together to con-

duct the consultation, so they needed to establish a 

new form of their working relationship. 

This trial was conducted in a near-to-realistic situa-

tion and, although the researchers and clinicians saw 

it as a trial of a new way of delivering outpatient 

consultations, the patients and their families saw it 

as a continuing part of their overall treatment.  They 

did not really distinguish between the telehealth 

phase and the subsequent face-to-face phase of the 

consultation and, when asked specific questions 

about the acceptability of their experience, some-

times answered with their overall hospital experi-

ence in mind.  This led to some apparent contradic-

tions in answers to the exit interview questions.  Of 

the 43 patients and families who completed the exit 

interviews, 35 replied “Yes” to the hypothetical 

question as to whether they would have used this 

system had it been available closer to their home ra-

ther than travelling to the hospital.  However, 13 pa-

tients and families reported that the subsequent face-

to-face phase of their consultation was indeed nec-

essary. 

This contradiction is resolved by referring to the in-

terview responses where the patients and families 

discussed their points of view in detail.  It is clear 

that they answered the second question with a wider 

context than that of the trial in mind.  Some had 

travelled long distances for this consultation and it 

would have been unthinkable on this occasion not to 

have seen the surgeon in person.  Others were refer-

ring to their presence in the hospital and to ap-

pointments with other specialists scheduled on the 

same day for their convenience.  Still others had a 

personal preference for the surgeon to make actual 

contact with their child. 

For clinical situations of this complexity, there are 

likely to be aspects of the telehealth equivalent that 

are not in the scope of early trials.  This trial was 

conducted entirely within RCH, so there were no 

provisions for simulating the logistics of a remote 

hospital such as separate scheduling of clinical staff, 

synchronizing of medical records or transfer of X-

Ray images.  The clinicians took additional steps on 

behalf of the patient in an ad hoc manner.  For ex-

ample, in one case the assistant happened to be a 

physiotherapist who took advantage of the face-to-

face phase to refresh the patient’s knowledge of his 

stretching exercises and to reinforce the importance 

of doing these exercises regularly. 

3.3 Requirements that Emerged from the 
Clinical Trial 

Two different forms of requirement emerged during 

the training sessions that were conducted for the cli-

nicians at the hospital prior to the trial: 

 Fine-tuning of the telehealth system in situ 

 Awareness on the part of the clinicians about how 

they would need to modify their clinical practice 

in order to be able to conduct their outpatient con-

sultations in a telehealth mode 

Both of these requirements related to the clinicians’ 

experience of the system in the context of the hospi-

tal.  Intended pairs of clinicians (surgeon and assis-

tant) needed to be present together to establish how 

they would either adapt the telehealth system to 

their practice or adapt their practice to the needs of 

the telehealth consultations. 

The requirements that emerged during the clinical 

trial relate to intentions for longer term trials or de-

ployment of this style of telehealth: 

 Provision for a learning phase when a new sur-

geon or assistant is assigned to use the telehealth 

system.  It was not sufficient for the surgeons to 

be trained in the use of the system; they needed 

time to become fluent in communicating with the 

patient, family and other clinicians and in using 

the interactive shared data facilities.  In the con-

text of a formal evaluation, the data gathered dur-

ing this learning phase should be quarantined from 

the evaluation process. 

 Using generally trained clinicians in an actual re-

mote hospital would not be acceptable because 

they would lack specific skills for examining pa-

tients for these surgical specialties and it would be 

impractical and unreliable for the surgeon to mi-

cro-direct the patient examinations.  An appropri-

ate solution would be to identify candidate assis-

tants at each remote hospital and to train them in 

the particular tasks required. 

 Even with an appropriately trained assistant at the 

remote hospital, for the efficient conduct of these 

consultations it would be necessary that the assis-

tant and the corresponding surgeon develop an ap-

propriate working relationship.  The assistant 

would then be able to properly interpret the sur-

geon’s directions and the surgeon would have con-

fidence in interpreting the assistant’s examination 

outcomes. 
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 When gathering exit interview data, the research-

ers need to have the patients’ and families’ whole-

of-consultation point of view in mind, including 

awareness of the interactions that the patients 

might have had with clinical and hospital staff on 

the day of their consultation.  The particular con-

sultation under study, at this level of healthcare, is 

often linked to other consultations scheduled on 

the same day; for example, the maxillo-facial pa-

tients may also see the orthodontist, the speech 

therapist and the radiography staff.  The patients 

may not necessarily respond to the exit interview 

with just the telehealth consultation in mind. 

4 Discussion 

Novel healthcare applications, such as the telehealth 

case study used in this paper, will have requirements 

for design, requirements for evaluation and require-

ments for long-term use.  Requirements can be 

sourced from knowledge of the conventional meth-

od of handling the healthcare situation and from the 

field of expertise in the technologies used to create 

the novel applications.  How well these require-

ments map into design features may be tested by an-

alytic methods or by human factors experiments in 

the laboratory, as illustrated in the telehealth case 

study. 

For complex, interactive point-of-care applications, 

however, it may not be possible to test the overall 

system without the context of an actual clinical trial, 

as the telehealth case study also illustrated.  In this 

case study the complexity arose both from the ad-

vanced level of healthcare and from the involvement 

of multiple participants, each with their own point 

of view and criteria for success.  It would not have 

been sufficient for the surgeons alone to have role-

played a consultation and then pass judgement on 

the telehealth system, because it was regarded as 

important to assess the judgements of all the partici-

pants, especially the patients and their families. 

In the telehealth case study there were requirements 

that did not emerge until the clinical trial.  Setting 

the system up in the hospital gave the surgeons and 

assistants their first operational understanding of the 

system.  Their response, which was to explore 

adapting their clinical practice to the system and 

adapting the system to their clinical practice, re-

quired the presence and connectedness of the system 

to the wider hospital context.  During the trial, the 

surgeons and assistants became aware of issues that 

would form the requirements for any long-term de-

ployment of this style of telehealth.  These issues 

included the learning curve for the surgeons, the 

importance of training any candidates for the role of 

remote assistant and the need to establish a particu-

lar form of professional working relationship be-

tween the surgeon-assistant pairs prior to conducting 

consultations with the system. 

The exploratory nature of the clinical trial of the 

telehealth system led to a trial protocol that was 

driven by the surgeon’s and assistant’s perceptions 

of the needs of the patient and family.  This matched 

the nature of the clinical process at this tertiary level 

of healthcare, where there is a variation in the needs 

of patients who are in apparently similar situations.  

Events that occurred which might have disrupted a 

more rigid trial protocol were flagged as out-of-

scope and recorded for later study. 

The patients and families approached the consulta-

tions in a manner that was consistent with the realis-

tic nature of the clinical trial, which was itself de-

signed to fit with their normal experience of the 

hospital during their consultations.  Perhaps as a re-

sult, they responded to the exit interview questions 

with their whole-of-hospital experience in mind, ra-

ther than having a focus on the smaller events of the 

outpatient consultation.  The exit questionnaire con-

tained items of fact, items of opinion and hypothet-

ical questions; in many cases, their view of the wid-

er hospital context led patients and families to give 

apparently contradictory answers. 

5 Conclusion 

A point-of-care telehealth application for a complex 

area of healthcare has been used to highlight sources 

of requirements for smart healthcare applications.  

Requirements may come from analysis and observa-

tion of the conventional method for delivering the 

particular form of healthcare and they may come 

from study of the technologies used to create the 

smart healthcare application.  Analytic evaluation 

and laboratory studies may be used to test the map-

ping from these requirements into the design fea-

tures of the application.  Where the application in-

volves complex, real-time interaction between clini-

cians, patients and data, however, there may be re-

quirements that emerge only during actual clinical 

trials, where the full context of the clinical situation 

is present.  Requirements that may emerge during 

early clinical trials can relate to the use of the sys-

tem and to the ways in which the system might be 

evaluated. 

Implications for researchers developing future smart 

healthcare applications are twofold.  Firstly, the re-

searchers should remain open to the possibility that 

early clinical trials will uncover requirements that 
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relate both to the dynamics of the application and to 

the structure of the trials.  Secondly, they should 

maintain a flexible evaluation approach so that both 

quantitative and qualitative data can be collected 

and, in particular, they should be alert to the possi-

bility that out-of-scope or out-of-protocol events 

may indicate the need for further refinement of both 

the application and the evaluation. 

Acknowledgements 

The case study presented in this paper was carried 

out while the author was employed by the CSIRO 

ICT Centre.  This work was supported by the Aus-

tralian Government through the Advanced Networks 

Program (ANP) of the Department of Communica-

tions, Information Technology and the Arts (DoCI-

TA) and by the CSIRO ICT Centre.  The author 

acknowledges his CSIRO colleagues (Matthew 

Hutchins, Chris Gunn, Doug Palmer, Jocelyn Smith, 

Susan Hansen, Jane Li, Laurie Wilson and Ken Tay-

lor) and the staff and patients of the Royal Chil-

dren’s Hospital who were involved in the trials.  

This case study provided data for the author’s doc-

toral dissertation at the Australian National Univer-

sity and he acknowledges his supervisors, Professor 

Tom Gedeon (ANU), Assoc. Professor Henry Gard-

ner (ANU) and Dr Cécile Paris (CSIRO). 

The laboratory experiments were covered by the 

CSIRO Human Research Ethics Committee approv-

als 06/40 and 06/41.  The clinical trial was covered 

by the Royal Children’s Hospital Human Research 

Ethics Committee approval 27064A. 

References 

1 Corbin J. The Corbin and Strauss chronic illness 

trajectory model: An update. Scholarly Inquiry 

for Nursing Practice. 1998; 12(1): 33-41. 

2 Stevenson D, Hutchins M, Smith J. Human-

centred evaluation for broadband tertiary outpa-

tient telehealth: A case study. International Jour-

nal of Human-Computer Interaction. 2010; 

26(5): 506-36. 

3 Palmer D, Adcock M, Smith J, Hutchins M, 

Gunn C, Stevenson D, Taylor K. Annotating 

with light for remote guidance, in Australasian 

Computer-Human Interaction Conference OZ-

CHI 2007. 2007. 103-10. 

4 Stevenson D, Li J, Smith J, Hutchins M. A col-

laborative guidance case study, in Ninth Austral-

asian User Interface Conference AUIC2008, 

Plimmer B, Weber G, Eds. 2008; ACS: Wollon-

gong, Australia. 33-42. 

5 Wilson L, Stevenson D, Cregan P. Telehealth on 

advanced networks. Telemedicine and e-Health. 

2010; 16(1): 69-79. 

6 Stevenson D. Training and process change: A 

collaborative telehealth case study, in Australa-

sian Computer-Human Interaction Conference 

OZCHI 2008. 2008: Cairns, Australia. 65-72. 

7 Stevenson D. Human-centred evaluation of 

broadband telehealth for tertiary outpatient  

consultations: A case study. Research  

School of Computer Science. 2010. 

http://dspace.anu.edu.au/handle/1885/49306 

8 Robson C. Real world research: A resource for 

social scientists and practitioner-researchers. 

Cambridge, Ma: Blackwell; 1993. 

9 Nelson E-L, Palsbo S. Challenges in telemedi-

cine equivalence studies. Evaluation and Pro-

gram Planning. 2006; 29: 419-25. 

10 MacKay W, Media spaces: Environments for in-

formal multimedia interaction. In: Beaudouin-

Lafon M, Ed. Computer supported cooperative 

work. 1999; John Wiley & Sons Ltd. 56-81. 

11 Bly S, Harrison S, Irwin S. Media spaces: Bring-

ing people together in a video, audio and compu-

ting environment. Communications of the ACM. 

1993; 36(1): 28-47. 

12 Adler A, Henderson A. A room of our own: Ex-

periences from a direct office share, in Confer-

ence on Human Factors in Computing Systems 

CHI '94. 1994; ACM Press: Boston, USA. 138-

44. 

13 Dourish P, Adler A, Bellotti V, Henderson A. 

Your place or mine?  Learning from long-term 

use of audio-video communication. Computer 

Supported Cooperative Work. 1996; 5(1): 33-62. 

14 Gaver W. The affordances of media spaces for 

collaboration, in Conference on Computer-

Supported Cooperative Work. 1992; ACM Press: 

Toronto, Canada. 17-24. 

15 Gaver W, Sellen A, Heath C, Luff P. One is not 

enough: Multiple views in a media space, in 

Conference on Human Factors in Computing 

Systems, INTERACT '93 and CHI '93. 1993; 

ACM Press: Amsterdam, The Netherlands. 335-

41. 

16 Heath C, Luff P, Sellen A. Reconsidering the vir-

tual workplace: Flexible support for collabora-

tive activity, in Fourth European Conference on 

Computer-Supported Cooperative Work, Mar-



Stevenson | electronic Journal of Health Informatics 2011; 6(2) 

10 

molin H, Sundblad Y, Schmidt K, Eds. 1995; 

Kluwer Academic Publishers: Stockholm, Swe-

den. 83-99. 

17 Luff P, Heath C, Kuzuoka H, Hindmarsh J, 

Yamazaki K, Oyama S. Fractured ecologies: 

Creating environments for collaboration. Hu-

man-Computer Interaction. 2003; 18: 51-84. 

18 Robertson T. The public availability of actions 

and artefacts. Computer Supported Cooperative 

Work. 2002; 11: 299-316. 

19 Harrison S, Dourish P. Re-place-ing space: The 

roles of place and space in collaborative systems, 

in Conference on Computer Supported Coopera-

tive Work. 1996; ACM Press: Boston, USA. 67-

76. 

20 Bellotti V, Sellen A. Design for privacy in ubiq-

uitous computing environments, in Third Euro-

pean Conference on Computer-Supported Coop-

erative Work, De Michelis G, Simone C, 

Schmidt K, Eds. 1993; Kluwer Academic Pub-

lishers: Milan, Italy. 77-86. 

21 Boyle M, Greenberg S. The language of privacy: 

Learning from video media space analysis and 

design. ACM Transactions on Computer-Human 

Interaction. 2005; 12(2): 328-70. 

22 Shimizu S, Nakashima N, Okamura K, Tanaka 

M. One hundred case studies of Asia-Pacific tel-

emedicine using a digital video transport system 

over a research and education network. Telemed-

icine and e-Health. 2009; 15(1): 112-7. 

23 Sharp H, Rogers Y, Preece J. Interaction design: 

Beyond human-computer interaction. Chichester: 

John Wiley & Sons Ltd; 2007. 

24 Stevenson D. Tertiary-level telehealth: A media 

space application. Computer Supported Coopera-

tive Work 2011; 20:61-92. 

Correspondence 

Dr. Duncan Roderick Stevenson 

Adjunct Associate Professor 

 

Research School of Computer Science 

Australian National University 

Canberra ACT 

Australia 

duncan.stevenson@anu.edu.au

 


