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Abstract

Abstract

Three telemedicine applications which depend on relatively simple telephone technology
to transfer data in the care of patients managing chronic conditions at home are

investigated in order to evaluate their application from the users’ perspectives.

Part one provides an evaluation of four mobile cameraphones, of varying quality, such as
those commonly used to photograph patients for remote diagnosis. The cameraphones are
compared with a digital camera, two videophones and an ISDNG6 conferencing facility, in
their ability to replicate colour and shape. The effects of uploading the images to a laptop
computer and of transferring an image by MSN messaging are also evaluated.

Part two provides an evaluation of electronic weighing scales connected via a wireless
gateway to a landline telephone for the purpose of remote weight monitoring in patients
with chronic heart failure. Self-reported experiences of patients, carers and specialist
nurses are explored and outcomes compared with previously published opinion. The
idiosyncratic nature of health care is highlighted as a main factor in the success or failure

of the system.

The third application is a patient-operated 12-lead ECG unit which transmits data via a
home landline to a call centre, where it is displayed as an ECG trace and a report is given
by specialist clinicians. Self-reported experiences of patients with arrhythmia reveal
systematic phenomena which hinder the effectiveness of the device and which are related
to human, not technological, failings. ECG traces obtained by unskilled lay persons on
paediatric patients are compared with the ECG traces obtained by skilled and experienced

paediatric nurses on the same patients.

The results show that in the case of the cameraphones the technology is less accurate than
normally assumed. In the case of the weight monitoring and ECG equipment however it is

more usually human factors which cause a disappointing outcome.
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Introduction and overview of thesis

Introduction and overview of thesis.

The thesis addresses the evaluation of three telemedicine applications used in the
management of three different chronic conditions, in which a domestic telephone system
via either a landline or mobile network is the medium of data transfer. The applications
are;
e mobile cameraphones used in acquiring images of patients
e aremote weight monitoring device connected via a wireless gateway to the normal
telephone line, for use by patients with chronic heart failure.
e apatient operated 12-lead ECG unit in which the data are transmitted via a normal
landline telephone.
To aid comprehension of the whole, a flowchart is presented in figure 1. The studies seek
to contribute to the body of evidence by exploring some common assumptions and
exposing the truths as experienced by patients, their carers and clinicians. A review of the
growth of telemedicine applications based on relatively simple telephone technology, and
the need for evidence in the field, is presented in chapter 1. It is followed in chapter 2 by
a description of the development of the overarching methodological strategy which
encompasses the disparate methods relevant to each study. The specifics of each method
are described within the individual study to which they relate. The studies are grouped,

according to the telemedicine application they refer to, in three main parts.

Part One investigates the use of mobile cameraphones, a digital camera and three
examples of real-time imaging equipment which are commonly used to transfer visual data
in telemedicine applications, mainly within the clinical specialities of tissue viability and
dermatology. Chapter 3 provides a review describing the use of the equipment to date,
discussing the relationship between the quality of the image and successful telediagnosis or
monitoring. The rationale for the studies is explained. Chapter 4 describes a study which
compares the image quality in terms of colour accuracy afforded by the digital camera and
four mobile phones, ranging in cost and quality from very lowest to the highest available at
the time. POTS, ISDN2 and ISDNG6 video telephony are also briefly addressed, as it the
effect of transmitting an image from one device to another via the messaging facility.

They are followed in chapter 5, by a study which presents a comparison of the distortion

present across the face of the mobile phones and digital camera used in the previous study.
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Part two investigates the use of a landline telephone and wireless gateway to monitor
patients with chronic heart failure. The telephone receives data, via the wireless gateway,
from electronic weighing scales and transfers it to a central call centre staffed by specialist
heart failure nurses and cardiac clinicians. Chapter 6 provides the context for the study
from the literature available and chapter 7 describes a study in which interview data
compare and contrast the perception of patients, spouses and clinicians with each other and
with the reality of events occurring throughout the study. It raises questions regarding the
ability of the system to fulfil expectations, exposing barriers to successful implementation
and suggesting manoeuvres which may facilitate it. Limited data relating to quality of life
and state/trait anxiety scores are offered in chapter 8 and findings are supported by a
vignette of one patient’s experience in an unusual scenario. Chapter 9 offers an appraisal
of the limitations of the evaluation study, a reflective account of the research process and a

summary of the conclusions and recommendations arising from the complement of data.

Part three describes a study in which a landline telephone transfers the audible signal of a
patient-operated ECG machine to a central call centre, where it is converted to an ECG
trace and a clinical report made available within a few minutes. The background and a
review of previous work are presented in chapter 10, following which chapter 11
describes a study which compares the patient/spouse experience with that of the clinicians,
via the medium of interview. Chapter 12 is presented as a vignette of one particular
patient, whose experience contrasted the success of the telemedicine equipment against the
failure of the administrative structure encompassing it. In chapter 13, the quality of ECG
traces obtained from paediatric patients, either by an untrained operator such as the parent,
or sometimes by the child themselves, is compared with the quality of the traces achieved
by a professional paediatric nurse trained in ECG monitoring obtained using traditional
methods. Some limited verbal comment, reported from parents, is included to raise
awareness of the appeal that such a service would have for them. In chapter 14 the
limitations of the ECG studies are described, together with the conclusions and
recommendations arising from the studies, and an overview of the researcher’s perspective

is provided by a reflective summary of the research process.

Finally, chapter 15 summarises the evidence from all studies and discusses the
implications for the successful implementation of telemedicine initiatives. A flowchart of

the thesis content is given in figure 1-1 on the following page.
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Introduction and overview of thesis

Ch. 1 Review of the literature pertaining to relevant telemedicine
applications reliant on simple telephone technology, emphasising the need for

evidence.

!

Ch. 2 Methodological approaches. The development of an evaluation
strategy which incorporates three different telemedicine applications to

provide evidence.

'

!

N

Chapters 3-5

Evaluation of the
colour recognition
accuracy and
distortion occurring in
a range of mobile
cameraphones, a
digital cameral and
real-time devices.

Chapters 6-9

Evaluation of a
remote weight
monitoring device for
patients with chronic
heart failure. Patient,
carer and clinician
perspectives are
compared and related
to the literature.

Chapters 10-14

Evaluation of a
remote patient-
operated 12-lead ECG
device.

)
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Chapter 15

Summation and overview of common findings from the three evaluations.

Fig 1-1 Flowchart and outline of thesis contents.




Chapter 1

CHAPTER 1: A literature review of telephone-based applications in

telemedicine

1.1 The use of telephonic communication in telemedicine. Although there is no
definitive recording of the first use of telephonic communication in telemedicine, it has had
far wider application, and for far longer, than is generally recognised. Since the
inauguration of the American public telegraph service in 1844, it is entirely possible that
there was some unrecorded communication relating to medical matters during the early
years. Zundel claims “it is known that the telegraph was used during the Civil War to
transmit casualty lists and order medical supplies,” although her source is not revealed.
(Zundel, 1996 p 72). Following Alexander Graham Bell’s patenting of the telephone in
1876, it is probable that many unreported telephone conversations of a medical nature
occurred, although the distance over which a telephone conversation could occur was
comparatively restricted. It was over thirty years before the telephone relay was invented
(Brown, 1910) which substantially increased the distance possible between telephone
connections. In testing his invention, Brown transmitted the sound of heartbeats over
several miles of telephone line and claimed that a correct diagnosis could be achieved by
that method. Developments in telephony continued and seventeen years later, in 1927, the
first emergency service was established, when London residents were advised to dial “0” if
they had an emergency, later developing into the “999” emergency service we know today
(Firenet: [cited 2008 Oct 20] ).

Since that time, even though innovations in technology have led to the telephone
communication systems being used to transmit far more than simple sounds, the simple
telephone conversation still has a role which is greater than the merely administrative,
particularly in communications between health care professionals and patients receiving
therapeutic care. In arandomised trial of 613 patients the authors claimed significantly
improved outcomes for patients suffering from depression who had received systematic
follow-up by telephone (Simon, VonKorff, Rutter and Wagner, 2000), and in 2003 the
authors of one systematic review had found that telephone consultations can be efficient

and effective in other areas of patient management, such as “facilitating health promotional

! Available from:- http://www.fire.org.uk/advice/999history.htm
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interventions, in triage, and in promoting access and delivery of routine health care to
people with chronic disorders” (Car and Sheikh, 2003 p 966). They claimed additional
advantages in staff training, possible cost savings and public satisfaction, although there
had been some concern raised by clinicians about medical and medico-legal risks. In
contrast, Meyer and colleagues (Meyer, Raman, Hemmen, Obler et al., 2008) in their study
relating to patients with acute stroke, found that fewer correct treatment decisions and
more incomplete data resulted from a telephone consultation alone, than from an
alternative telemedicine facility. In this case the alternative facility was web-based, but it
cast doubt on the efficacy of the telephone alone versus a consultation including additional
facilities. In 2004, an initiative to establish a system of telephone support for families
caring for palliative care patients at home was reported to have provided a feeling of
security and lessened the isolation experienced by those families (Wilkes, Mohan, White
and Smith, 2004).

Telegraphic transmission provided an additional facility to the telephone call , as
demonstrated in 1929, when a description and picture of transmitted dental X-rays
appeared in the publication Dental Radiography and Photography (Anonymous, 1929).
Facsimile (FAX) transmissions have also been employed as an additional diagnostic aid,
having been used routinely for the remote diagnosis of X-rays since 1947 and the results
reportedly being comparable to a face-to-face diagnosis (Gershon-Cohen, 1952). It should
be noted that the quality of detail visible on the original dental radiographs of 1929 and
Gershon-Cohen’s radiographs in 1947 was vastly inferior to the detail visible from modern
X-ray equipment and those results may well not apply today, however fax is still used to
transmit documents and pictures such as ECG tracings, either between healthcare
professionals or, increasingly, between patients operating home monitoring devices and the
commercial companies interpreting the data®. ECG recordings can also be captured and
transmitted as sound without the need for mediation by fax, as in the Broomwell
Healthwatch system of home monitoring in which the 12 lead ECG is said to require

nothing more than a normal phone (BroomwellHealthwatch, 2010).

2 For examples, see:- http://www.broomwellhealthwatch.com
http://www.hommed.com
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Although two-way interactive television had been in use for consultation and education
purposes since the late 1950°s (Benschoter, 1967, Wittson and Benschoter, 1972) it is
widely accepted that the first commercially available “picture phone” was unveiled at the
Bell Telephone Pavilion at the 1964 World's Fair. Since that time technological
developments have allowed a variety of videophones to emerge, all of which are employed
in a wide variety of telemedicine initiatives. For example Videophones were found to be
useful in a pilot project relating to the secure access to patient records over the internet
(Vasudevan, 2001) and The Eastern Montana Telemedicine Network provided two-way
videophone communication to parents of newborn children who were hospitalised (EMTN,
2002). The Regional Medical Centre at Lubec used POTS (Plain Old Telephone Service)
videophones to assist communication between nurses and patients (Edwards and Patel,
2003) and in a study involving patients receiving palliative care patients and their families
commented that the “visual features of the phone enhanced the care that they received”.
(Miyazaki, Stuart, Liu, Tell et al., 2003 p75). However Miyazaki and colleagues had
conducted a related study at the same time in which the use of the videophones was related
to antenatal care. In that case the authors found that videophone communication was used
mainly for booking appointments and arranging home visits. Although conducted on very
small numbers (six patients and three staff provided evidence via an exit interview) it does
suggest that this equipment may be better suited to some clinical circumstances than to
others. The reported success of a system in which POTS videophones were used to
provide a connection between schoolchildren and elderly residents living in long term
facilities (Troen, 2006) may suggest that its strengths lie in psycho-social support rather

than the purely medical.

In contrast to the reported successes, the use of a POTS videophone in a child abuse
prevention programme was not an unmitigated success (Inouye, Cerny, Hollandsworth and
Ettipio, 2001). The authors concluded that logistic and technical difficulties caused low
patient and clinician acceptance, and satisfaction was low due to the type of equipment and
picture quality. The especially sensitive psycho-social aspect of child abuse may have
some bearing on the findings, but interestingly, in reviewing the development of
telepsychiatry, one author found that the service users were more comfortable with
mediated services than the professionals were (Mclaren, 2003). This supported the
findings of an earlier author who, in trialling a psychiatric service by videophone, found

that some patients preferred the video consultation because they reported finding it far
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easier to tell the psychiatrist the things they wanted to say (May, Ellis, Atkinson, Gask et
al., 1999).

Employing more sophisticated technology, single and multiple ISDN (International
Services Digital Network) lines have been confirmed as accurate and rapid vehicles for
transferring echocardiogram (ECG) images (Widmer, Ghisla, Ramelli, Taminelli et al.,
2003, Milazzo, Herlong, Li, Sanders et al., 2002), and the use of a videoconference
camera, connected via a single ISDN line and the patient’s television set, for real-time
audiovisual connection with the hospital, has been described in the care of patients with
advanced chronic obstructive pulmonary disease (Vontetsianos, Giovas, Katsaras,
Rigopoulou et al., 2005). Videoconferencing has, in the main, been shown to be a useful
alternative by which to provide a variety of services where geographical distance is an
issue, particularly in psychosocial interventions. The added advantage of the potential to
reduce costs to patients and the health service is frequently cited, as in the case of a
videoconferencing facility which communicated between a department of emergency
medicine and a number of local correctional facilities, in which the authors claimed that
38% of patients avoided a journey to the emergency department (Ellis, Mayrose and
Phelan, 2006). In addition to clinical benefit and cost saving, there appears to be a number
of other advantages. For example in investigating videoconferencing as a tool to aid
stroke victims, the authors found that it not only allowed participants to access the
rehabilitation service more readily, particularly the patient education aspects, but that
participants were also using it to increase their social network (Lai, Woo, Hui and Chan,
2004).

Videoconferencing has also been shown to be useful as a multi-purpose tool in a
telepaediatric burns service, not only as a medium for patient consultation but also for
educating and supporting the occupational therapists involved in the patient management
locally (Smith, O'Brien and Jakowenko, 2006, Smith, Kimble, O'Brien, Mill et al., 2007).
Although the study reports only potential cost savings for the health service and participant
satisfaction for the clinicians accessing the educational content, it must be assumed that the
videoconferencing process is effective, as it was still in operation in 2009, albeit with the
support of digital photographs received via email (personal email from Dr Smith). Smith
and colleagues also made claims of cost-savings in the use of videoconferencing for the

telepaediatric mental health service described above (Smith, Stathis, Randell, Best et al.,
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2007) and in a similar discipline related to mental health other authors found it a promising
method to bring appropriate cognitive behavioural therapy to patients with obsessive-
compulsive disorder (Himle, Fischer, Muroff, Van Etten et al., 2006). More recently it has
been described with regard to its contribution to undergraduate and postgraduate dental

education (Reynolds, Eaton and Mason, 2008).

In a study comparing the accuracy of pre-recorded video images with face-to-face
consultations in the assessment of ENT conditions (Smith, Perry, Agnew and Wootton,
2006) the authors reported 81% concordance between diagnoses from face-to-face
consultations and those made from videoconferencing using pre-recorded video footage, in
patients with ear, nose and throat conditions. The evidence was later supported by a
retrospective audit, confirming that there were no missed diagnoses or ongoing ENT

related problems (Smith, Dowthwaite, Agnew and Wootton, 2008).

Most of the telemedicine evaluation has relied on demonstrating an acceptable
comparability with a face-to-face consultation. However a study into videoconferencing
with associated facilities used in paediatric and perinatal cardiology rather surprisingly
showed significantly higher levels of parental satisfaction, in terms of explanatory advice
compared to a face-to-face consultation (Weatherburn, Dowie, Mistry and Young, 2006).
Videoconferencing has also been claimed by some authors to have the potential to enhance
paediatric and perinatal cardiology services (Dowie, Mistry, Young, Weatherburn et al.,
2007), thus supporting the claim related to tele-psychiatry, that a telemedicine consultation

may in some aspects be superior to the face-to-face consultation.

Moving away from the designated landline telephone connections, mobile phones and
cameraphones have also been used in a number of telemedicine applications. Ishida and
colleagues (Ishida, Yonezawa, Maki, Ogawa et al., 2005) described a respiration
monitoring system which automatically sends episodes of apnoea during sleep via a mobile
phone to the hospital, and in another study the authors concluded that capturing and
transmitting plain X-ray films of musculo-skeletal trauma via a mobile cameraphone
enhances clinical care (Archbold, Guha, Shyamsundar, McBride et al., 2005), although

again numbers were small and the evaluation largely subjective.
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1.2 The need for evidence

Telemedicine is now claimed to have applications in a growing number of medical
specialities, such as; cardiology, home care, radiology, emergency care, surgery,
dermatology, psychiatry, oncology, pathology, ophthalmology, haematology, ENT,
nephrology and pre-hospital care, as well as in professional education, patient education,
research, public health and healthcare administration. Despite the growing number of
telemedicine studies however, some authors have commented on the lack of high quality
evidence, one commenting that, “Despite enthusiasm and development of such new
projects, conventional clinicians need further longer term observation to grasp the
advantages and pitfalls before more widespread use of telemedicine becomes
commonplace” (Pal, 2001 p189). Hailey and colleagues supported this view by saying
“Although further useful clinical and economic outcomes data have been obtained for
some telemedicine applications, good-quality studies are still scarce” (Hailey, Ohinmaa
and Roine, 2004 p318). Hjelm expressed a similar view, writing “As yet there are limited
data on the clinical effectiveness and cost-effectiveness of most telemedicine
applications... objective information about the benefits and drawbacks of telemedicine is

limited” (Hjelm, 2005 p60).

Not all calls for more substantial evidence related to telemedicine in the abstract. In 1995,
according to McLaren and Ball, there was a need for “methods for evaluating the impact of
particular technologies...” (McLaren and Ball, 1995 p1390) but the paucity of evidence
still appeared to be an issue until relatively recently. For example Louis and colleagues
acknowledged that telemonitoring had a role in the management of patients with heart
failure, but went on to say that “adequately powered multi-centre, randomised controlled
trials are required...” (Louis, Turner, Gretton, Baksh et al., 2003 p583). It has already
been mentioned that evidence relating to the impact of illness on the families of patients is
scarce and in the care of patients with implanted cardiac defibrillators, it was noted that
“Further research into the unique needs of partners ... would be significant in developing
practice and theory” (Albarran, Tagney and James, 2004 p210). Two years later the lack of
high quality evaluation was still being remarked upon, for example in relation to home-
based telemedicine interventions in chronic diseases it was noted that, “There are still

significant gaps in the evidence base” (Hersh, Hickam, Severance, Dana et al., 2006 pV).
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In some studies however, the initial promise of a beneficial telemedicine application was
seen to remain unfulfilled, as in the case of an internet-based videophone support for a
young boy with attention-deficit hyperactivity disorder (ADHD), who was hospitalised for
bone marrow transplantation (Bensink, Shergold, Lockwood, Little et al., 2006). Clear
examples of reduced inherent anxiety and distress were given in this single case, but the
evaluation was subjective and as of October 2008 the system had not been adopted, or even
trialled more widely because, according to Dr. Bensink, “Internet access at the bedside for

all patients” was a main issue (personal correspondence from Dr. Bensink).

A similar situation occurred following the study by Dr. Troen, previously mentioned on
page 6, which investigated the use of videophones as intergenerational connections for
quality of life issues. The programme continued for four years. It ceased because,
according to Dr. Troen “the individual in charge of the project at the Senior Citizen facility
left and no other social worker wanted to continue the project” (personal email
correspondence from Dr. Troen). Dr. Troen went on to say that he had learned from his
experiences of this telemedicine application that there were certain essential elements
without which the initiative would founder. Those elements were all concerned with
people (users and providers) and not with the equipment. They included training,
continual reinforcement, and the importance of selecting the right people (people who
“care”) to lead the project from the outset. It would appear that many telemedicine
applications, regardless of how beneficial or effective they might be, are reliant for their
success or failure on the individuals involved, and the following studies seek to illuminate
not only the effectiveness of the equipment used but also the human perspective and
contribution to its successes and failures. Although the internet has been touched upon,
and is one of the largest and fastest-growing uses of telephone networks in telemedicine, it
is not a major part of the telemedicine applications evaluated in these studies and therefore
will not be addressed.

10
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CHAPTER 2: Methodological approaches

Introduction. This chapter describes the identification and subsequent logical
development of one initial research idea into a research strategy. It resulted in a
participant-oriented evaluation study covering three telemedicine applications, all of which
use relatively simple telephone technology in the support of patients managing chronic
conditions at home. During the process it became apparent that there was a need to
achieve better understanding of the practical realities experienced by the users of these
telemedicine applications, both to foster a more effective approach to the adoption and
continued use of the technology, and also to enable more meaningful evaluations to be
carried out in the future. To that end, those evaluations sought to expose the discrepancies
in the participants’ experiences, not only between the individual participants, but also

between the participants and some generally recognised “facts”.

2.1  Stage 1. Identification of a simple research problem. The researcher had read
with interest a number of telemedicine studies which claimed to indicate that correct
diagnoses could be achieved from the images of wounds, captured using mobile
cameraphones or digital cameras and subsequently relayed to relevant experts for
evaluation at a distance. However the researcher noted that some of the studies contained
inherent weaknesses which had not been properly addressed and was concerned that such
weaknesses may lead to an inappropriate reliance being placed on the use of photographic
images with potentially harmful results. The literature is reviewed more fully in chapter 3,
but to give an example, in some studies which compared diagnoses made by two or more
clinicians from pictures diagnostic agreement was accepted as evidence that the diagnosis

was correct. This is questionable on a number of counts, as;

¢ In this, and many other studies, patients were not followed up to verify that the
diagnoses had in fact been correct. It is possible that both diagnoses might have been
incorrect and this is particularly the case if a photographic anomaly created an
appearance which deviated from the original subject.

e A high percentage of agreement was used as evidence that this procedure was a

viable alternative to a face-to-face consultation, appearing to suggest that a 4%
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misdiagnosis from images was an acceptable price to pay for a telemedicine service
which would be cheaper and more time-efficient.

A further example was that many authors expressed the belief that as mobile phone
technology improved and the number of pixels increased, the resulting images would be
more accurate and thus accuracy of diagnosis would also improve. The researcher felt

very strongly that these assumptions were unreasonable, on the grounds that;

e Although a greater number of pixels ensure better resolution it will have no
significant impact on the quality of the image obtained unless the photographer is
aware of the other contributing factors of photography, such as lighting, movement,
distortion etc. The final appearance of sharpness of image, which may be blurred due

to “camera shake” or subject movement, is termed the definition.

The number of pixels does not reduce the distortion of shape, which is due partly to

the curvature of the viewing screen, but largely to incorrect photographic angle.

It assumes that all operators will have at least the same level of photographic ability
as the researcher. If the method is adopted widely in the monitoring of patients in the

home, possibly by the patients themselves, this is unlikely to be the case.

Mobile cameraphone images are often subject to software “enhancement,” intended to
make the resulting photographs more attractive to potential users. Any manipulation

of an image is prone to the dangers of inaccurate replication of the original.

An increase in software enhancement is generally associated with an increase in cost,

and cost was one of the features that authors had assumed indicated quality.

It appeared therefore that there were a number of questions requiring answers. So,
following a format which had become familiar to the researcher over many years of
teaching, a template was used to clarify the nature and purpose of inquiry. This resulted

in a research design framework, shown in figure 2-1 overleaf, of a quasi-experimental
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investigation into the comparative quality of images obtained from a variety of
equipment commonly used in teledermatology. A review of that framework revealed
the nature of the study as being both evaluative and exploratory, the purpose being to
identify any areas of concern regarding image quality which might point to a need for
rigorous scrutiny from a clinical perspective. That scrutiny should subsequently inform
clinical practice as to the scope of safe use of mobile cameraphones for diagnostic or

monitoring purposes.

2.2 Stage 2. The emergence of a wider problem and common aims. Deeper
exploration of the problem might not have occurred except that coincidentally during the
early phase of clarification of this study the researcher was invited to consider also
evaluating two telemedicine devices intended to monitor heart conditions. One was a set
of automated weighing scales which enabled weight changes to be monitored daily by an
outside agency, in the case of patients with chronic heart failure. The second was an ECG
unit which patients used to record their own 12-lead ECG trace whenever they experienced
pre-specified symptoms. Both devices relied on the provision of a fixed landline telephone

in order to transfer data to an “expert” for remote evaluation.

On reviewing previous studies relating to ECG monitoring in the home and to the remote
monitoring of patients with chronic heart failure, the researcher recognised that these also
included some assumptions, or at best generalisations, which might not hold true in all
circumstances. They are explored more fully later, but to illustrate the point, some studies
claimed that remote weight monitoring reduced readmissions and improved patient
wellbeing. However in those studies the monitoring of weight was performed by the
patient and reported to a nurse during a regular telephone phone call. During that
telephone call, which was initiated by the nurse, the patient provided a range of clinical
information, of which weight was only one part. There was no evidence to show that the
patient-reported weight monitoring was accurate, or that any benefit derived from the
weight monitoring at all, rather than from the simple fact of regular phone calls which

served to remind the patient of self-care behaviour in terms of diet, activity, etc.
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Research Design Framework 1 ~ Mobile Phones and Comparative Image Quality.

Problem ~ Weaknesses of arguments and findings in studies of mobile phone diagnosis.
e .Assumption of being right simply because observers agree
e  Assumption that the more expensive the equipment the more accurately it will perform.
e Number of pixels is important for resolution, but cannot be assumed for colour or distortion.

Units of Analysis?
e  Staff involved in evaluating dermatological conditions and/or tissue viability.

Units of Inquiry?
e  Colour —replication of a matrix of colours from an image (% score of correct identification.)
e Area — comparison of area measured at different points on the image (% difference.)
e  Detail — assessment of clinical features. (Subjective)

(Future study to be determined depending on results of experimental study)

e  Clinical studies to assess relevance of colour reproduction

e  Clinical assessments. Eg diagnoses or evaluation of the progression of disease

e Confidence of above. (High confidence level when the evaluation was actually incorrect is
potentially particularly dangerous to patients.)

e  Statements from participants. (What is it about the image that makes diagnosis or evaluation
easy, difficult or impossible.)

Topics?
e  Use of photographic equipment in the diagnosis or evaluation of disease in dermatology/tissue
viability

e  Accuracy of reproduction & potential implications of accuracy and inaccuracy.
e  Potential effect on patients and working practices & cost implications

Nature of Effect?
e  Match between image and original object = findings in other studies supported, even though
the reasoning might have been faulty
e  Mismatch between image and original object = potential patient mis-diagnosis?
e  Better matching relates to increased cost of equipment = previous recommendations safe
e  Better matching does not relate to cost of equipment = previous recommendations unsafe.

Variables?

e  Type of diagnosis (whether based on colour as in erythema, or on size as in ulcer healing)
Staff (training, experience, eyesight etc)
Equipment. (Mobiles, cameras, video, etc)
Imaging conditions (quality of lighting, minimal movement, perpendicular projection)
Viewing conditions (ambient light & temperature, glare reduction.)

Major themes?
e Relevance of the findings of quasi-experimental study to clinical practice?

Purpose?
Evaluation and policy development.

Fig 2-1 Research Design Framework for mobile phone study.
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The implication in many studies was that the patient would be told what to do and would
do it, however no reason was offered as to why an unusually high percentage of patients
had refused to participate, why there was a high incidence of non-compliance, or why
some “were lost to the study.” Nor was evidence offered to support the decision that some
participants were dismissed as “ineligible” because their heart failure was “too severe,” or
they had dementia, or they had no partner at home. It was assumed that the system would
not be appropriate for them, but it could be argued that these patients were those in most
urgent need of an automated system as they did not have the skills or ability to do this for
themselves. Furthermore, due to the nature of chronic heart failure, which is associated
with age and with cognitive dysfunction, it is likely that all sufferers would ultimately fall
into the “ineligible” categories. The results of such studies often implied that remote
monitoring afforded better health and substantial cost saving, quoting comparison of bed-
days and hospitalisation events. However the comparison of percentages relate only to
those heart failure patients who were otherwise physically and mentally fit, who had a
carer living at home and who chose to participate. Had the reduction in bed-days and
hospitalisations been presented as a percentage of all heart failure patients, the results may

well have appeared a lot less dramatic.

In considering the 12-lead ECG unit used in the home, a patient-operated version had not
previously been investigated. Similar equipment had been shown to be of use when
operated by visiting doctors or nurses and this had been used to indicate the cost-benefits
of such a scheme. There was no evidence to suggest that patients either would or would
not be able to perform this task nor was there an indication to what extent other treatment
provided by the visiting clinician had contributed to the outcome. A patient-operated one-
lead ECG apparatus had been shown to be cost-effective, but the one-lead ECG equipment
is worn like a wristwatch, and it does not require any physical preparation before use. The
12-lead unit however requires the removal of clothing, some education and a degree of
dexterity in order to operate it. This was a strong indication that a fuller exploration of
users’ experiences would be required if it was considered worth pursuing as a useful
diagnostic tool for patients in the home at the time an arrhythmia occurred.

One major concern in incorporating the heart monitoring aspect into the original research

idea of image replication in mobile phones, was that the automated weighing scales and the
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ECG unit required a fixed landline telephone, as neither was approved for use with a
mobile telephone. Being particularly interested in the mobile phone aspect, the researcher
queried why not, asking the question of representatives of the telemedicine company, and
of a number of general practitioners and consultants who were interested parties in the

heart monitoring research. All respondents offered the same two reasons, these being that;

e the quality and reliability of mobile phone communication signals were not yet good
enough. A recurring point was that the signal is compressed during periods of busy
transmission and thus the quality of the information, particularly the ECG trace,
might suffer from loss of data. It was feared that the signal would not get through at
all or be severely delayed, and thus would be an unacceptable danger to patients
using either piece of equipment.

e there was no need to transmit the data from a mobile phone as these patients did not

normally venture far from their home.

In order to verify the truth of the reasons given, the researcher first sought advice from a
senior representative of a large mobile phone company. It transpired that uncompressed
data transfer would not present a problem as mobile phone signals can be tagged with a
unique identifier and transmitted as a priority, thus minimising delay and signal
compression. The argument against the use of transmission via mobile phone also
presupposes that medical data would be transmitted over the general network, although in
America specific networks have been developed for the transference of just such data. The
representative indicated an interest in pursuing this line of enquiry with a view to
commercial development, but the researcher felt that the equipment should be evaluated as
it was intended to be used in the first instance, whilst building into the evaluation the
identification of any need for the facility to be mobile. If a need was discovered during
that evaluation, then a further study could follow. However the meeting had confirmed
that once again prospective users of telemedicine held firm convictions which were not

necessarily correct, but which were obstructing the progress of unprejudiced inquiry.
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The three telemedicine applications being considered (the mobile camera phone for image
transfer, the automated weight monitoring system and the remote diagnosis of ECG data)

undoubtedly had a number of features in common, i.e.,

e regular monitoring or early diagnosis of a chronic condition, hopefully resulting in
better care and reduce costs.

¢ claims of increased access to expert resources which were in short supply

e concern with accessing that expert opinion from a remote location

¢ reliance on relatively simple telephone technology to transfer data from the home to

that expert service.

However it was beginning to emerge that by far the most sinister commonality was the
inference that the evidence on which policy (and therefore clinical practice) was based,
was at best unproven and at worst false, in its assumptions. Incorrect assumptions might
lead to a promising telemedicine application being vetoed without trial, but even more
worryingly they might lead to an inappropriate telemedicine application being adopted in
clinical practice. Not only might that be harmful, but the very fact of its adoption could be
used as evidence in support of its expansion, thus reinforcing any misconception which
might originally have existed. So whilst the evaluation of three separate telemedicine
applications would provide valuable information about the nature and scope of those
individual applications, a second aim had emerged. That aim was to expose the potential
impact of mistaken assumptions or beliefs on the timely and effective adoption and
continued use of telemedicine applications, so that future initiatives might more accurately
address the problems they were intended to solve. Thus the recognition of assumption and
the potential importance of its consequences had produced a unified central research aim in
which the three specific applications, through useful evaluation in their own right, had

assumed the role of tools by which to achieve that aim.

Figure 2-2 on the following page shows a diagrammatic representation of the relationship
between the individual evaluations and the aims of the study as a whole. It also clarifies
the trail of evidence required to achieve the final outcome. Thus the aims and objectives

can be defined as follows;
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2.2.1 Aims and objectives of the study.

Aims:-

Object

To Illuminate the factors which act to encourage the successful

implementation of telemedicine strategies and,

To expose barriers which act to delay or deter the successful implementation

of a telemedicine strategy
ives:- To evaluate the individual telemedicine applications
To identify differences in beliefs and opinions between user groups

To identify differences between users’ views and published material

This characterised the end of the second stage. The next stage was to define the

parameters within which the details of the investigation could later be constructed.

Recognition of assumption leads to.......

\ 4

Evaluation 1 Evaluation 2 Evaluation 3

\ | /
Yields:-

a) Evaluation of individual telemedicine applications

b) Examples of disparity in beliefs and opinions between users and assumed
truths. “Users” in this context may include patients, their carers, and clinicians.

Reveals:-
a) Evidence of efficacy and shortcomings of the applications.
b) Evidence of the reality of some practical issues related to the telemedicine
applications in contrast to claims or assumptions made by others

Leads to:-
a) Ilumination of the factors which act to encourage the successful
implementation of a telemedicine strategy, and,
b) Identification of barriers which act to delay or deter the successful
implementation of a telemedicine strategy

Leads to:-
Suggestions of ways in which the effective deployment of telemedicine applications may
be encouraged and the barriers removed, or at least reduced.

Fig 2-2 The relationship between the individual evaluations and the overall aims of
the study.
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2.3 Stage 3. Defining the parameters of the research strategy. Much of the research
strategy relating to the comparison of mobile phones was under the control of the
researcher. The researcher was limited by time constraints related to the availability of
daylight conditions, the availability of the observers and the availability of the
telemedicine coordinator at the distant hospital. The two studies relating to the monitoring

of heart conditions however were under the influence of external factors.

Funding had been sought and obtained from the Department of Health and so certain
features of the research were already established with the intention of evaluating the items
of equipment for future use within a specific health authority. Twenty-five sets of each of
the telemedicine applications had been acquired, together with the use of the monitoring
service, for a period of six months. A team of clinical and managerial staff had already
been defined and the researchers were brought in to steer the research. The team therefore
comprised the clinical lead, who was a GP currently in general practice locally, cardiac
nurses who were working in hospitals, general practice and in the community, the manager
with special remit for cardiology, and the researchers. The detail of the research strategy
had therefore to fulfil the requirements of a number of interested parties and also meet the
constraints of the limited budget available. Team meetings were held in order to identify
and discuss elements of the evaluation that the various team members felt should be

included.

2.3.1 Outcomes of meetings relating to weight monitoring. The initial meetings with
the health care provider team and the heart failure nurses gave a vague indication that
comparative data were required, but that it had not been defined or even contemplated to
any great extent. These meetings centred on practical minutiae, such as how the list of
weights for each patient would be communicated to the nurses, how often, and where the
focus of responsibility would lie in the event of a patient’s weight exceeding pre-defined
limits. It was clear that the nurses saw the weight monitoring initiative as being inflicted
on them, rather than something they would control and drive, and the early meetings raised
more questions than they answered. The telemedicine company was approached in an

attempt to clarify the available choices in relation to working practice.
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A few non-negotiable variables existed, which were that participants;

= had to be fluent in English, as no other language was offered in the call centre.

= had to be able to stand on the scales without support.

= had to have a landline telephone.

In contrast, there were numerous negotiable variables. To give a few examples;

= What results were sent (All daily weights for every patient or only those weights
which had exceeded pre-defined limits, or even only those which exceeded pre-

defined limits for a specified period of time)

= How the results were sent. (E-mail, fax, mail, telephone)

= Where the results were sent. (to the specialist nurse, GP, consultant, patient / any
combination of those.)

= How often the results were sent. (Daily, weekly, or only when there was an adverse

event.)

= Action to be taken. (Whether the telemedicine staff should merely alert the patient’s
nurse or doctor and leave it to them to take the appropriate action, or whether the
telemedicine staff should themselves initiate remedial action by contacting the patient

and providing advice on medication etc.)

When asked to specify their selection from the list of variables, the nurses made very
different choices. The differences and the reasons offered are discussed in chapter 7, but
disparity, it seemed, was already in evidence. Given that the fundamental theme was to
address the nature and scope of disparity and to see how that impacted on care, the

decision was taken to allow each nurse their choice of working practice as far as possible.
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Recognising the requirement for comparative data however, the researchers insisted that
the selection of patients and the administrative procedure of receiving and operating the
telemedicine equipment should be identical for every patient.

The processes of defining the data required and teasing out the operational details of the

research strategy occurred in the fourth stage and is described in section 2.4

2.3.2 Outcomes of meetings relating to ECG monitoring. Not surprisingly the
managers stressed the need for evidence of cost effectiveness, whilst the clinicians debated
the clinical scenarios in which they perceived a need for this equipment. The managers
offered evidence from the past six months, relating to the number of patients having made
multiple unplanned visits to emergency services complaining of either arrhythmia or chest
pain, without having obtained a diagnosis. The cardiologists on the other hand, saw a
potential use for this equipment in the case of post-operative patients, at least in the first
few weeks after being discharged to their home. The decision was made to investigate the

use of the equipment in patients with arrhythmia, on the basis that;

= post-operative patients should be excluded as they often had abnormal anatomy of
the heart, due to the operation. The equipment had not been proven on abnormal

anatomy, but this was noted for a possible additional study.

= chest pain may be related to factors other than the heart and thus the limited supply of

equipment might be given to patients who did not necessarily have a heart condition.

= jt was the policy to send patients with post-operative chest pain straight back to
hospital without delay, and in the nurses’ opinion there would not be an opportunity

to record an ECG at that time whilst waiting for an ambulance.

There was a clear requirement for an evaluation study which provided comparative
evidence relating both to costs and to healthcare outcomes, between patients using the
telemedicine equipment and those who did not. The process of defining the precise nature

of that evidence occurred in the fourth stage and is described in the next section.

25



Chapter 2

2.4  Stage 4. Teasing out the details of the research strategy. This process occurred
during the same time period for both items of equipment and the two groups reached
similar, but not identical, conclusions. Minor discrepancies, when brought to the attention
of both teams, often resulted in ideas being embraced. The prime example of this is that
the ECG team had not considered including the effect on partners of arrhythmic or heart
failure patients in the evaluation, but agreed it was a good idea when raised by the

researchers and supported by the heart failure nurses.

Conducting an evaluation which, in the opinion of all the relevant parties, addressed all the
important issues, was a matter of prime importance. The researchers asked the clinical
teams to perform three tasks which would result in the operational details of the research
plan. The first task was to define the broad clinical research question which, since the
intention was to conduct an evaluation was quickly agreed to be “To what extent is this
telemedicine system of value, or potential value, in caring for patients with this chronic
condition?” (Heart failure was the chronic condition specified in the first study and

intermittent undiagnosed arrhythmia in the second.)

The second task was to define the concept of “value.” Discussion led to the concept of
“value” being defined by its relationship to the individuals involved. Thus it emerged as :-
a) Value for patients and carers related to :-
= Benefit or detriment to health of patients
= Benefit or detriment to socio-psychological aspects of life for patients and partners.
b) Value for staff related to improvements in patient care or working practices.

c¢) Value for healthcare providers related to value for money.

The third task was to operationalise the research, in other words specify the data that would
provide evidence on each concept defined. At this stage differences occurred in the

development of the two studies and they are described separately.
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2.4.1 Operationalising the research. ~ CHF study. This required a careful balance
between what was wanted by the clinicians (health outcomes), what was wanted by the
healthcare providers (cost / benefit assessment) and what was practical in terms of the
financial and time constraints imposed. The constraints imposed in trying to achieve this
balance were not always immediately understood by members of the team and the

discussions and resultant outcomes are explained under the relevant heading below.

2.4.1.1 Benefit or detriment to the health of patients. Some team members had the pre-
conceived notion that the research would replicate other studies and provide a statistical
analysis relating to changes in hospital admissions derived from comparisons between
experimental and control groups. Given that only twenty-five sets of weighing scales were
available, the comparative data gathered would not provide very robust statistical evidence,
as numerical comparisons of this nature require a greater number of participants in each
group than the funding allowed for. The telemedicine company were approached to
provide double the number of weighing scales and supporting services than the original
funding allowed. They agreed to do this at no extra cost, whilst at the same time giving
assurance that the records would be available to the researcher, who was free to publish

whatever outcomes arose.

The heart failure nurses were keen to obtain feedback from the patients as they felt that
there were many facets to healthcare that could not be quantified so easily. They did
however recognise that the funding available would not allow for the time and travel
required to conduct interviews with all patients, but that it was possible, with the extra

equipment now available, to gather:-

= Subjective data from interviews with a small sample patients, carers and staff to
provide reported health changes and identify other hitherto unrecognised issues that

might arise.

= Quantitative data from patient notes relating to incidence of time to respond to

decompensation, number and duration of hospitalisations.
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2.4.1.2 Benefit or detriment to social and psychological aspects. This was the subject of
similar discussion, mainly between the nurses, who expressed the strong opinion that

“reassurance” and “worry” were important issues both for patients and for their carers.

Exploration of the issue led the team to decide that “anxiety,” or more accurately “changes
in anxiety” was the topic of choice for investigation, as a reduction in anxiety may reduce
the tendency towards depression, which is a common comorbidity of heart disease.
“Quality of Life” assessment was a very familiar concept to the clinicians, and they
assumed it would be incorporated as a matter of course. The only discussion was on which
instrument to choose, and that centred on the apparent trend in recent studies to use newer
instruments than, for example, the Minnesota “Living with Heart Failure” questionnaire.
Since telemedicine is a rapidly expanding subject of research, it was thought better to have
a study comparable to work which would follow, rather than work which may become
outdated. Acting on advice from a researcher with many years of experience in the topic,
the pragmatic decision was taken to use the MacNew Quality of Life assessment tool, as
trends indicated that this might become the standard in the future and it had an instrument

being piloted for carers, which others did not.

Although there was now sufficient equipment available to allow the analysis of
comparative data the team were in unanimous agreement that there was a strong case for
the collection of patient views. The nurses had expressed the firm belief that in chronic
heart failure, changes in psychosocial state were influenced more by complex extraneous
factors than by a single medical intervention, and it was important to differentiate between
causes. They also gave accounts of patients being distressed because they either felt
slightly unwell, or had noticed a small weight change and were not sure of what action to
take. On the one hand they “didn’t want to bother the nurse” but on the other hand they

“didn’t want to cause trouble by needing to go into hospital.”
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Following the discussion on the relevance of worry, reassurance and anxiety, it was
suggested that a patient diary might be useful, in order to capture those occasions. Thus

the required data were identified as:-

Comparisons of MacNew Quality of Life scores

Comparisons of Spielberger State / Trait Anxiety scores

Interviews with a sample of participants and their partners or carers.

Diaries of patient experience

2.4.1.3 Value for staff related to an improvement in patient care or working practices.
Although it was possible to identify differences in the way each nurse used the weighing
scales by observing the administrative data from the telemedicine company, it would be a
meaningless exercise without a rigorous investigation of the reasoning behind those
differences. The nurses explained that their work situations were very different, that
external influences regulated their practice and that they were keen to explore the impact of
those influences. It was apparent that, if those influences did indeed impact on practice
within the sphere of heart failure care, it was important to recognise them and consider the

implications.

The two sources of evidence were therefore defined by the evidence required, and were:-

= Interviews with CHF staff to gain insight into the implications of introducing

automated weight monitoring into their practice

= Comparison of the administrative choices they make in using the equipment.
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2.4.1.4 Value for money. Managers and nurses alike felt that emergency hospitalisation
due to decompensation was one of the highest costs to the health service in this group of
patients and also one of the most easily preventable by vigilant weight monitoring. Thus a
simple comparison of the number and duration of hospitalisations between experimental
and control groups was all they required. The researcher felt that this was an over-
simplified view, which would ignore subtle changes in the patterns of use of NHS
resources by patients. For example a reduction in the number of phone calls patients made
to the heart failure nurses due to reassurance from the staff at the telemedicine centre, or a
change in outcomes such as an unplanned phone call or extra home visit by the nurse due
to an alert from the telemedicine service, would probably not be recognised through
quantitative comparison, because the six month period specified for the study would be too
short for such changes either to take effect or to occur in such numbers as to be noticed.
These changes, though subtle in quantitative effect, would in all probability be noticed by
the patients and the nurses however. Therefore it was agreed that the researcher should

collect:-

e Comparative data on interactions with healthcare resources from medical notes.

¢ Interview data of perceptions of change in the use of resources from the patients,

their partners and the nurses.

The final debate addressed two questions which had cropped up during previous
discussion. The first was whether patients who were classified as 1 on the New York
Heart Association (NYHA) scale should be invited to participate. Previous studies already
mentioned in the literature review had excluded this group as being too mild to require
such frequent monitoring. The clinicians agreed with this view and so only patients in
classes 11-1V were deemed eligible. With hindsight this was the incorrect decision, and

that point is discussed further in chapter 7.

The second question addressed the logistics of recruitment and the means by which
patients would receive the electronic weighing scales. The nurses were concerned that

patients would need assistance to install the equipment and this, together with the extra
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task of obtaining informed consent would place an unacceptable burden on their time.
There was little option in the method of recruitment, which had to be done by the heart
failure nurses as until informed consent had been received the researcher could have no
details or contact with the patients identified. However in the case of patients needing
assistance to install the equipment, the researcher felt that this was an issue which should
be explored and not simply circumvented at outset. Therefore the decision was taken that
the company would administer the scales according to their normal practice of sending
them, with installation instructions, via parcel delivery. Any problems related to

installation would be noted as a research finding.

Reflecting on the major elements of the evaluation strategy thus agreed, the researcher
noted that in order to elicit a full representation of each participant’s experience of the

previously defined concepts of “value,” it was necessary to collect;

a) inter-group data, in order to compare the experiences of those participants having access
to the telemedicine equipment (the experimental group) with those participants not
having access to the telemedicine equipment but continuing with normal care (the control

group), and also to compare the experiences of patients with those of staff.

b) intra-group data to compare experiences of individuals in each group in order to find out;
= if any of the benefits or detriments reported in the literature were realised, and if so
whether changes occurred over time, either due to the progressive nature of the
disease or to learning / familiarisation related to the technology, and,

= if findings demonstrated patterns of similarity, or if they were idiosyncratic in nature.

This reflection completed the design process and resulted in the production of a flowchart,
seen in figure 2-3 on the following page.
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Patients with CHF

!

Clinical judgement identifies 100 patients who need weight monitoring
Informed consent and randomisation

50 to receive telemedicine 50 to receive normal care only

plus normal care
0 months, baseline assessment:-
Patients:- State/trait anxiety & QoL questionnaires. Interviews with 5%
Partners:- As above
Staff:- Interviews

3 months, intermediate assessment
Patients:- State/trait anxiety & QoL questionnaires. Interviews with 5%
Partners:- As above
Staff:- None

6 months, final assessment
Patients:- State/trait anxiety & QoL questionnaires. Interviews with
5%
Partners:- As above
Staff:- Interview
Ancillary data from medical records & company records

Fig. 2-3. Flowchart of the Chronic Heart Failure study

2.4.2 Operationalising the research ~ ECG study. The process of defining firstly the
research question and subsequently the concept of value resulted in discussions which
often mirrored those that occurred with the CHF team. There were however inevitable
differences which arose as consequence of the clinical condition concerned and the way
the telemedicine equipment was intended to be used. As a result of this it proved

impossible to separate discussion of the benefit or detriment to health from the
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psychosocial aspects and so the two concepts are considered together. Another notable
difference was that although inferences might be drawn from a change in the number of
emergency visits to hospital, there was no easily identifiable members of staff whose
working practices would be affected by a patient-operated ECG. The concept of “value for

staff” was therefore omitted at this stage.

2.4.2.1 Benefit or detriment to the health of patients and psychosocial aspects. The
value to patients and carers was initially perceived in a very similar manner to the CHF
study, in that a statistical analysis of medical outcomes between experimental and control
groups would provide the necessary comparative data. However in this case the number of
items of equipment could not be doubled, so quantitative evidence would not be as robust.
Also, a comparison of the number and duration of hospitalisations was not appropriate, as
this equipment was intended to achieve a diagnosis from within the home environment
and, if successful, might actually result in a hospitalisation for treatment, rather than avoid
one. This would not, of course, be an unplanned admission and would hopefully signal the
end of unplanned attendances, but as the time period had again been specified as six

months this was not likely to be demonstrated within the time span available.

Furthermore, the number of possible actions and outcomes was much greater in this case
than for patients with CHF and due to the difference in the urgency of the symptoms there
was much less time in which to make the decisions. In daily weight monitoring the patient
could take hours to ponder whether or not to report a weight increase to the nurse, without
serious adverse effect. Due to the sporadic and alarming nature of arrhythmic events
however, the patients have to decide very quickly whether to call their GP, call NHS
Direct, phone for an ambulance, or simply do nothing and wait for the episode to pass.
Add to that the opportunity to record one’s own ECG and obtain specialist advice by
telephone, and it will be obvious that the comparison is not a simple one.

All of those actions have the potential to provide life-saving advice or to cause life-
threatening delay, if chosen in preference to any of the alternative actions. Moreover it is
entirely possible that participants might choose to take more than one course of action, for

example if they were not satisfied with the advice received from one source, if they were
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experiencing delay outside their control, or if the clinical symptoms worsened. The
importance of making the right decision, and making it quickly enough to be effective,
places an additional burden of anguish on patients and carers, and it is possible that this
burden in turn can exacerbate symptoms. Although the anxiety and quality of life scores
would enable a comparison between experimental and control groups, as well as a “before
and after capture of event” comparison, it was felt that it was important to allow the
patients and their partners the opportunity to share their experiences through interviews,
thus revealing any ancillary issues that might have arisen during the course of the study.
The problem with that was that in situations involving multiple choices, multiple actions,
and a degree of alarm such as would occur in patients undergoing an arrhythmic episode, it
is unlikely that patients would recall the events with the same clarity as experienced at the
time. Therefore patient diaries in the form of brief notes following each arrhythmic event

were added to the list of data to be collected, the list comprising:-

The pathway of the action(s) taken

The clinical outcomes resulting from the choices made above

State / trait and quality of life anxiety scores

Interview data and notes in patient diaries.

Invited comment or interview with staff members.

2.4.2.2 Value for money. The managers and lead clinician were keen to conduct what they
called an “economic evaluation,” but accepted that this could not be achieved within the
time and budgetary constraints imposed. They agreed that the identification of potential
changes in the pattern of use of NHS resources would be an acceptable compromise. That,
together with data relating to the clinical outcomes and any advantage or disadvantage
from the patient’s perspective, would enable them to consider the cost / benefit balance of

the equipment and to decide if further economic analysis was necessary.
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The evidence selected to evaluate this concept was therefore virtually identical to that

required in the evaluation of the benefit or detriment to the patient, and comprised:-

A comparison of number of arrhythmic events between experimental and control groups

A comparison of the pathway of action taken between experimental and control groups.

(Medical and telemedicine records, patient reports.)

A comparison of the clinical outcomes resulting from the above.

A simplified comparison of the use of healthcare resources arising from the data

specified above.

Interview data and patient diaries to reveal other benefits and/or detriments from the

perspective of the participants.

State / trait anxiety and quality of life scores to reflect any psychosocial benefits

afforded by the equipment to patients and carers.

Interview data or comment from staff involved in the care of those patients.

The evaluation strategy formulated is best demonstrated by the flowchart in figure 2-4 on

the following page. Following the production of an explicit research strategy, the

administrative details of recruitment and informed consent were discussed. It was agreed

that a member of the health care provider team would interrogate the data base to identify

and invite as participants all patients who had had one or more unplanned hospital visit due

to episodes of arrhythmia within the past six months. On acceptance, potential participants

would be invited to meet with the researcher for a full explanation of the research and a

demonstration of the equipment, prior to being required to give signed consent.
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Patient group:- 50 patients, matched as nearly as possible.

25 patients with ECG unit

25 patients without ECG unit

~a

e

On each occasion a patient experiences arrhythmia. ..

N

Do
nothing

// / v |
Do Call Call Call NHS | Doown Call | Call Call NHS
nothing GP Ambulance direct ECG GP Ambulance direct
]
N v vy 0Ny
Do own ECG | Sendto E Clinicians Follow Up
while waiting »| BroomWell | with or without ECG
\ 4 \ 4 ,
Clinicians Follow Up Advice by phone i v
With or without ECG to patient ! Clinical
| Outcomes
v v !
Clinical Clinical | !
Outcomes Outcomes |

All 50 patients followed up for 6 months with Daily diaries.
Questionnaires and interviews at 0, 3 and 6 months

Staff interviews

Fig 2-4 Flowchart of ECG study

2.5 Stage 5. Revisiting the research framework. Prior to submitting the two proposals

for the approval of the relevant ethical committee, the researcher again reflected on the

three studies to see how they fit together within a single design framework relating to the

harmony, or lack of it, between the theoretical aspirations of telemedicine applications and

the practical realities of it. In other words, would the studies address the need to explore

the disparity between belief and reality as required by the researcher, whilst at the same

time yielding the evaluation required by funding bodies and other interested parties?
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The research framework was revisited by means of a template of questions already
described in figure 2-1 on page 18, this time incorporating all three evaluations. The result
can be seen in figure 2-5 on the following page, which shows that all prospective users in
each of the three cases might hold theoretical assumptions or arguable beliefs which could
potentially impact on the findings. The strong underpinning of data collected directly from
the users concerning their experiences was an inevitable requirement, both of the
evaluations conducted on behalf of the health service and of the investigative strategy

required by the researcher.

Clearly a greater number of studies based on widely differing telemedicine applications
would provide a greater portfolio of evidence than the single circumstance of an
investigation into the use of mobile phones. The differences would provide the breadth
that was required for the findings not to be dismissed as idiosyncratic to a single instance,
whilst the commonalities would give coherence to the inquiry. This exercise had therefore
confirmed the appropriate research strategy. However, during the early stages of
conducting the research, difficulties arose which caused a revision of some of the practical

facets of the methodology, and these are described in the next section.
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Research Design Framework Revisited

Problem 1:- What is the “truth” of the users’ experiences of the three telemedicine devices, compared to
the truth as perceived by other users and to claims made for similar services elsewhere?

Problem 1:- Mobile cameraphones used for clinical photography— how do they perform?.
e How do mobile camera phones compare in image quality? Are more expensive models better?
o How do mobile cameraphone images compare in quality with those from other equipment?
¢ Does the choice of equipment affect clinical evaluation?

Problem 2:- Does the weight-monitoring telemedicine system work for the users involved?
o How are benefits and/or detriments of the device perceived and expressed by the users?
e How do the users’ perceptions compare with each other and with documentary evidence available?
e How might differing opinions impact on how the telemedicine equipment is used, if at all?
o How does all of the above compare with claims made by others?
o Are there situations in which a mobile telephone connection would have been advantageous?

Problem 3:- Identical to problem 2 above but related to the ECG monitoring device.

Units of Analysis? All users directly involved. ie patients, carers and clinicians.

Units of Inquiry? Data which identify the practical realities and permit comparison with other studies, ie
¢ Quasi-experimental tests in colour comparison & distortion of images from mobile phones.
o Assessment of clinical application by users, including comments where relevant.
o Interviews & focus groups with a sample of patients, carers and health care professionals.
o Medical records
o Questionnaires
o Other documentation eg from telemedicine company, communications from the users.

Topics? Matters arising from the above.

Anything the user feels is important

Confirmation or negation of assumptions and generalisations relevant to each piece of equipment.
Improvement in healthcare (or not.) eg reduction in unplanned admissions etc.

Differences in quality of life and anxiety levels between groups and changes over time

Nature of Effect?
o Similarities and/or differences in views of users
o Similarities and/or differences in evidence with published or generally accepted recommendations

Variables? All users and the equipment in general.
¢ The patients (physical and mental capabilities, stage of disease etc)
e The carers (different relationships with patient, different coping mechanisms or priorities?)
e The clinicians (different opinions & working practices.)
e The equipment
o System of use of the equipment in case of automated weighing scales.

Major themes? Benefits (or detriments) of the telemedicine applications
Effectiveness of the system and features which facilitate or obstruct it.

Purpose? Evaluation and policy development.

Fig. 2-5 Research Design Framework Revisited
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2.6 Stage 6. Methodological approaches reviewed. The methodology, when considered
in its entirety in order to scrutinise the validity of the approach, revealed a number of
interesting features. A research design comprising multiple methods had been derived
largely because a pragmatic approach had been taken to the collection of the data identified
as being relevant in the “operationalisation” stage previously described. Employing a
number of methods may permit alternative sources of evidence to support or refute each
other in the investigation of the topics of interest. Thus simple numerical scores indicating
a change in “Quality of Life,” which might lead to conclusions about the telemedicine
equipment, could perhaps be strengthened by identifying specific examples of how the
participants identified and perceived this change and also the strength of feeling they
encompassed. Alternatively, the conclusions might just as easily be refuted by participants
who indicate that the change was due to other factors and not necessarily related to the
telemedicine equipment. To give a further example, the interview material of a limited
number of participants, which is invariably context-laden and also subject to the personal
interpretation of the researcher, may give rise to conclusions which might be strengthened
(or refuted) by a greater number of participants showing similar (or dissimilar) patterns of
change in questionnaire scores. The choice of using a number of methods was therefore

shown to be a sound one.

Whilst a mixed method approach has been described as providing “strengths that offset the
weaknesses of both quantitative and qualitative research” (Creswell, 2007 p 9) and appears
to describe this design perfectly, it would be erroneous to claim that this was the intention
at the outset. To suggest an “approach” of any kind is to infer that the design plan adhered
to a predetermined model, and as already explained the features of this design arose
inevitably out of pragmatism. Therefore, rather than a “mixed-method approach”, it was
simply a mixture of methods which had arisen from the largely positivist and constructivist

paradigms embraced.

Whilst recognising that the study design had both qualitative (interview) and quantitative
(questionnaire score) aspects, it is acknowledged that a polarised distinction between the
terms “qualitative” and “quantitative” is rarely completely accurate, and that research

practices lie somewhere on a continuum between the two (Newman, 1998). A more
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specific explanation of that view was offered by Trochim, who pointed out that all
quantitative data are based on qualitative judgements and all qualitative data can be
described and manipulated numerically (Trochim, 2006). This point is emphasised here
because judgement may be compromised, either in patients who are known to have some
degree of cognitive dysfunction due to the nature of their disease or in patients whose
condition gives rise to alarm. It might, for example, result in misinterpretation of the
questions posed, or in the participant recording their intended responses incorrectly in the
questionnaire material. Neither the errors in responses nor the misinterpretation would be
recognised from the quantitative data alone, and that possibility further supports the need
for multiple methods.

In addition to using the quantitative and qualitative data to cross check the validity of each,
the intention was also to use both quantitative and qualitative data to compare the
experiences of experimental and control groups. The quantitative data would provide a
comparison in terms of differences in the nature and number of healthcare resources
utilised, changes in anxiety and in quality of life. The qualitative data would be used to
illuminate the nature and extent of those differences by means of the thematic analysis of
interview material, an analytical method advocated by many authors as providing
particularly rich data due to its ability to encompass meaning of spoken words in the
context that they were expressed. (Krippendorff, 1980, Bauer, 2000, Krippendorff, 2004)

It was also the intention to use both forms of data to reflect any changes that occurred over
time, thus revealing any implications that might be due to increased familiarity with the

equipment, adjustment of working practices or changes in the stage of the disease process.

Thus the design afforded elements of;
a) A cross-sectional study, in which a comparison of data from the experimental and
control groups of patients and partners might elicit;
o differences in anxiety and quality of life scores, and the number and duration of
interactions with the health care services.
e any benefits and difficulties related to the practice of weight monitoring by each

method, which might provide insights to inform “best practice.”
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b) A longitudinal study in which any impact on health and wellbeing in the case of
patients and their partners, and on the working practices and deployment of health
care resources in the case of staff, could be identified over time as the telemedicine
system became incorporated into the daily self-care regime of the patients. In
particular, such impacts would be identified if participants in the control group could
subsequently become participants in the experimental group, time and resources

permitting.

Findings which demonstrated the immediate effects of the telemedicine applications and
also the consequences of longer term use, was what the fund holders required, and so

provided additional corroboration in favour of the design employed.

The methodology thus adopted has features which resemble a number of research
methodological models, but does not correspond completely with any specific one. For
example, in recognising that the different views held by the nurses were to some degree the
result of the particular system of operation in which they were employed, it became clear
that all participants were operating within a variety of “systems.” Most patients were
within a family or spousal relationship system, the family unit was interacting with a
complementary system whose central point of focus was the specialist nurse, and the
specialist nurses were operating simultaneously from their own individual niche within the
healthcare system. To further complicate matters, the health system comprised numerous
“mini-systems” in which the nurses interacted not only with other healthcare professionals
such as GPs, consultants and other nurses, but also with policy makers and indeed with the
policies themselves which shaped their working practices. Although to some extent the
research addresses differences between some of those systems, it will be evident from the
complexities described that the design exploits a much broad ranging exploratory approach
than is encapsulated by a systems approach.

Similarly, the “systems” described above could also be said to fulfil the function of “cases”
as “a conceptual umbrella for multiple sub-studies” (Yin, 1993). Again, on the surface the
concept of the case study might be a good fit in terms of units relating to patients, to their

carers, and to the health care professionals involved, and the methods chosen do, to some
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extent, explore those units. They do for example permit the comparison of the benefits and
burdens engendered in the case of a single patient using the equipment in the management
of illness. However again it must be said that a case study approach was not used at the
outset. Had it been, the research design would look very different. It would have had to
focus in on predetermined “cases,” and there were too many possible variations in patients,
carers and staff, to be able to investigate them all thoroughly as cases. On the other hand,
the investigation of only a few would have prevented the broad approach required of an
exploratory study. Therefore the methodological approach does not embrace case study, it

merely reflects facets of it.

The realisation that the methodology did not follow one specific traditional model in no
way detracted from the strength of the design. The process of reviewing the design
reinforced the belief that the strategies employed were the appropriate ones in the
circumstances, although it is acknowledged that a better design would have been
formulated had unlimited resources been available. This was not however the end of the
design process as a number of unexpected events led to the methodology being revised as

the study progressed.

2.7 Stage 7. Methodology revised. During the early stages, difficulties arose with
recruitment of participants to both the CHF and ECG studies. A number of adjustments
were made to accommodate those difficulties, which resulted in significant changes to the
individual evaluation strategies, though probably less so as far as the researcher’s intention

to investigate the disparity between assumption and reality was concerned.
Details of the methods used and the ethical considerations specific to each of the three

studies are given in part 1 for the mobile phone study, part 2 for the chronic heart failure
study and part 3 for the ECG monitoring study.
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PART 1.

An evaluation of the image quality achieved on a selection of
mobile phones, a digital camera and real-time equipment

commonly used in telemedicine applications.
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CHAPTER 3: The use of images and the relevance of image quality in

telemedicine. A literature review.

The advantage of using visual cues in medicine to enhance a point is not in doubt.
Virtually every medical textbook carries illustrations of some kind, such as anatomy,
pathologies or surgical procedures. The desire to use pictures to assist clinical practice is
therefore not surprising, and some authors have commented on their value in providing
accurate and permanent evidence of visible features (Frith and Harcourt, 2005) although no

evidence to support the assumption of accuracy was offered by those authors.

Within a hospital situation it is common practice to rely on recorded images to assist in the
diagnosis, monitoring and treatment of disease. Medical photographers are employed to
record details of the physiognomy of patients and imaging departments produce many X-
ray films and scans from which an expert radiologist produces a full written report for the
requesting clinician. It is a testament to the power of imagery that clinicians usually insist
on seeing the films or scans for themselves, despite the fact that they are not necessarily
able to interpret the images fully and the expert report is readily available. Archbold and
colleagues suggested that this is because the verbal descriptions may not be accurate
(Archbold, Guha, Shyamsundar, McBride et al., 2005) but whatever the underlying
reasons, in many scenarios the viewing of an image appears to be an important part of the
diagnostic process and therefore it is only reasonable to expect that the image should be as
accurate a representation of the live subject as possible. This expectation has led some
authors to insist that medical photographers of excellent ability are required in order to
achieve the standard of quality necessary for accurate diagnosis (Slue, Paglialunga, Neville
and Stiller, 1993). Those authors drew a clear distinction between acceptable medical

images and what they called, rather disparagingly, “snapshots”.

3.1 The need for images in telemedicine. Image capture and transference have become
inexpensive and readily available during the past twenty years or so, mainly due to
advances in digital technology. It is not surprising therefore, that healthcare workers have
been keen to introduce devices such as digital cameras, mobile picture phones and
videophones to support their own clinical practice. This is particularly true in the field of
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dermatology, maybe because dermatology is “perhaps the most visual specialty in
medicine, making it ideally suited for modern telemedicine techniques...” (Massone,
Wurm, Hofmann-Wellenhof and Soyer, 2008 p.101). It may on the other hand be clinical

necessity that is driving the move towards remote diagnosis and monitoring.

Workforce statistics produced in September 2005 and made available online, indicated
that there were at that time approximately 622 dermatologists working in the UK, serving a
population of 60.2 million. Of the 622 dermatologists only 386 were consultants. There
were 196 senior registrar and staff grades, and 40 associate specialists. The associate
specialists are generally in the UK for training or experience and are not part of the
permanent workforce. There is therefore a paucity of dermatology diagnosticians which it
appears that GP expertise is not able to fill, as a number of authors have commented on the
superior diagnostic accuracy of dermatologists above that of other medical practitioners
(Harrison, Kirby, Dickinson and Schofield, 1998, Feldman, Coates, Fleischer, Mellen et
al., 2001) although in one systematic review the authors concluded that the published data

were inadequate to validate that claim (Chen, Bravata, Weil and Olkin, 2001).

Following primary diagnosis, patients often attend clinic where they receive follow-up
care, and according to the workforce statistics mentioned above, the dermatologists were
assisted in the clinics and hospitals by approximately 550 dermatology nurses. There were
also approximately 550 tissue viability nurses, who also provide wound care to patients
with conditions such as chronic ulceration, so the total number of nurses caring for skin
conditions such as those mentioned was just over a thousand. Once the patient returned
home about 45 thousand nurses and health visitors were responsible for monitoring the

patients on a regular basis.?

The role of the community nurses and health visitors is not primary diagnosis, although in
their normal care of the elderly for example they might do that on occasion. Their role is

to monitor wounds and skin conditions and prioritise patient referrals for consultation if

! Accessed at (http://www.healthcareworkforce.nhs.uk) &
National Statistics Online. http: // wwwe.statistics.gov.uk
?RCN personal communication. 2006
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necessary and that role is said to be becoming a collaborative one, between the patient and
professionals from a variety of health care disciplines. (James and Bayat, 2003). Very few
of those healthcare professionals have particular dermatology or tissue viability expertise.
It is understandable therefore that they commonly contact their specialist nursing
colleagues for advice and assistance on patient management, and that picture messaging is
frequently used in cases where patients are seen at home by community nurses seeking
support or advice from more experienced colleagues.® What is surprising however is that
there is evidence to indicate that this practice is being supported at management level with
little or no consideration given to avoiding the potential pitfalls of inappropriate
management due to sub-optimal images. Although historically that evidence had been
mainly anecdotal, according to at least one author it is appearing increasingly in the
literature (Borzo, 2005). For example warnings have been issued by the Medical Defence
Union about the use of mobile phones for text messaging (Norwell, 2003) and also for
using them to take and send digital pictures to assist in diagnosis and management of
patients (E-Health-Media-Ltd, 2004) but those warnings have referred mainly to issues of
security and confidentiality. It is perhaps therefore not surprising that the healthcare staff
keen to use those devices appear to be unaware of their potential weaknesses in acquiring

images of clinical conditions.

Despite the potential pitfalls, the growth of teledermatology supported by the use of images
appears to be certain, as it appears to fulfil a clinical need to provide remote access to
experts (Eedy and Wootton, 2001). Studies evaluating the use of both store-and-forward
and real-time technology in the management of chronic conditions have been undertaken
with increasing frequency. The majority of these studies claim at least a potential, if not
proven, benefit to both the cost and the effectiveness of certain medical specialities within
health care. Whilst many of the current initiatives incorporate an element of internet
communication the contribution of the internet is outside the remit of this thesis, and is
therefore omitted except in a very few instances where it serves to illustrate a particular

point related to image quality.

! Personal communication from the head of a hospital department specialising in tissue
viability.
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3.2 Components of image quality relevant to telemedicine. The majority of studies
relating to the use of images in telemedicine have originated from the fields of
dermatology and wound care. Broadly speaking, it is the shape and colour of the lesion
that an observer considers when describing a medical appearance and offering a diagnosis.
For example the most commonly assessed visual features of skin lesions have been cited as
border irregularity and colour variability (Marghoob, 1999).

Both shape and colour have a number of different descriptors, which for simplicity will not
be employed here, but it will be appreciated that a more precise description than just those
two terms is required. Colour variability for example may refer to one colour being
misrepresented either as a different colour or as a different shade of the original colour.
Errors of this kind can be caused by the equipment itself, in this case the digital software
inherent in the device but previously by the inherent characteristics of film, or it can be
caused by external factors such as improper lighting or reflection from nearby objects.

Shape as it relates to medical diagnosis is slightly more complicated, as it may refer to a
misrepresentation in terms of a distortion into a different shape, or a distortion in the size
of the object whilst keeping the overall shape the same, or both effects may occur
simultaneously. As in the case of colour misrepresentation, errors in shape may originate
within the equipment itself, such as poor quality lenses or display screen, or they may
originate from poor photographic practice such as tilting the camera, thus inducing a
perspective effect.

Superimposed on the requirement for accuracy of shape and colour is the requirement to be
able to see those aspects sharply defined in the image. In common with the factors of
shape and colour, inadequacies in the definition of an image (the ability to resolve fine
detail) can also originate either from the equipment or from the operator. How good any
photographic devices is at capturing and displaying an image is termed the resolution of
the equipment. It is related to factors such as the quality of the lens and the number of
pixels available for image capture and display (or the speed of film in analogue systems).
Since it is a finite and measurable quality usually stated in the technical specifications of

each device it would be redundant to address it further here. However, it should be borne
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in mind that regardless of the resolution of the device used, the resulting image will still be
blurred (have poor definition) if for example the patient or the photographer moves during

the exposure, or if the photographer focuses the image incorrectly.

3.2.1 Colour as a diagnostic descriptor in medicine. Colour has been widely cited as
useful in the description or diagnosis of medical conditions. Atypical moles and
melanomas for example, have been described by Marghoob (op.cit.) as having various
shades of brown, black, red, pink, white and blue associated with them. As a descriptive
factor in the classification of wounds, colour has been considered so important that it has
led to the development colour coding techniques used to assist wound evaluation (Cuzzell,
1988, Stotts, 1990, Krasner, 1995, Kantor and Margolis, 1998, Kingsley, 2003).
Presumably therefore inaccurate colour replication introduces a risk of inaccurate

assessment when diagnosing from images, and thus sub-optimal patient management.

The range of colours which are taken as evidence of wound condition is wide. For example
according to some authors red or purple indicates granulation tissue, yellow fibrous tissue
or necrotic slough, black is indicative of eschar or necrotic tissue and pink or purple
indicates that re-epithelialisation has begun (James & Bayat, 2003, op.cit.). In addition to
the wide variety of skin tones found in the human population, this would seem to make
accurate colour replication across
the entire spectrum an absolute
necessity in image production,
because colour can not only provide

valid and reliable medical evidence

but it may also have the potential to
provide invalid and unreliable
evidence. For example, in an
equivocal image colour has the
potential to effect a subliminal

misperception, as is demonstrated
by the image in figure 3-1. This

Fig. 3-1 Example of an optical illusion

well-known illusion may be
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identified either as a rabbit or a duck by the viewer. It will be appreciated however that an
adjustment of the colour, such as might be caused either by poor photography in rendering
shadows or reflections of light visible or by the technical imperfections due to the

hardware or software inherent in the equipment, will favour one animal being perceived in
preference to the other. Whilst this is an exaggerated example it demonstrates the potential

dangers of the subjective processes of human observation. *

3.2.2 Shape as a diagnostic descriptor in medicine. Dermatological features are
important in diagnosis, for example the borders of moles are scrutinised in order to identify
irregularities and thus differentiate between benign and malignant nevi, and wound borders
need to be delineated in order to determine a measure of their area. Sequential
measurement of wound size in ulceration is common practice and has been advocated by
some authorities in order to track changes and inform treatment strategies
(Scottish.Intercollegiate.Guidelines.Network., 1998). Various methods have been
described to accomplish this (Plassmann, Melhuish and Harding, 1994, Johnson and
Miller, 1996, Goldman and Salcido, 2002), and according to one source, in order to be
effective the method should demonstrate attributes of accuracy, reproducibility, sensitivity,
flexibility and standardisation (Kanthraj, Srinivas, Shenoi, Suresh et al., 1998). When
considering those requirements in respect of wound area measurements it will readily be
appreciated that if those measurements are taken from a digital image instead of from the
live subject, an image of poor quality has the potential to compromise patient management.
If the quality of sequential images varies in different ways, then it is difficult to monitor

changes accurately.

Distortion is one component of image quality which may adversely affect the presentation
of the size or shape of a skin lesion or an ulcer wound. It may be particularly relevant in
the serial measurement of the surface area of ulcer wounds as previously described. The
two main causes of spatial distortion are;

a) poor photographic technique resulting in foreshortening or elongation of the image

and;

t further examples of optical illusions can be found at http://www.coolopticalillusions.com
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b) the optical and technical characteristics of the camera, such as poor quality lenses or
poor quality display screens such as are often found in mobile cameraphones. As a
further complication, and stringent photographic techniques notwithstanding, in the
serial measurement of ulcer wounds for example it is very unlikely that the wound
would occur over a completely flat surface. There would therefore be some
magnification or minification of parts of the image due to “perspective” as the ulcer
follows the natural curve of the body part in question. The image, unlike a patient,
does not move under the pressure of a tracing implement. If in vivo measurement is
compared with measurement from an image it is entirely possible that in the
measurements taken from the image the interobserver agreement would be relatively

high, but possibly inaccurate.

Measures to counteract the effects of distortion have been suggested, such as rulers
incorporated into the image in order to make some mathematical adjustment to the length
and breadth of an object. Although these may assist they rarely provide absolute accuracy
for three reasons. The first is that they cannot compensate for distortion due to equipment
factors, which occurs in an irregular fashion over the face of a camera or mobile phone.
The second is that they rarely lie in the same plane as the wound, because the wound itself
often lies on a curved surface, and the third is that a ruler often introduces a problem of
perspective in itself. If the ruler is rigid it has a finite thickness, therefore the scale on the
ruler is nearer to the lens than the wound, introducing magnification. If the ruler is
flexible, such as the paper versions often used in wound photography, the tendency to curl
over the (usually) curved surface of the body part introduces the same problem of
perspective. In either case compensation for distortion is not easily achieved after an
image is produced and so is an important consideration during the phase of image

production.

Perspective may also exert a subliminal effect on the perception of the lesion
photographed. Referring once more to figure 3-1 on page 49, if the observer focuses to the
right of the animal’s head, it will appear as a rabbit. If the observer focuses to the left it
will be perceived as a duck. Again this is an extreme example but illustrates the point that

the human observer cannot be completely objective. This may be disadvantageous when
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the diagnosis of some skin lesions rests partially on the shape and irregularity of the
borders. This possibly accounts for the better diagnostic performance in consultations in
which the specialist has the facility to palpate or move the patient, as those distortions of

space and light are more easily exposed as illusion.

3.3 The relevance of image quality to diagnosis in telemedicine. Since the emergence of
digital imaging, studies evaluating the use of both store-and-forward and real-time imaging
technology for purposes of informing the management of a range of medical conditions
have been undertaken with increasing frequency. The majority of these studies have
concluded that there was at least a potential, if not proven, benefit to both the cost and the
effectiveness of certain medical specialities within health care. Most studies have also
offered some illumination on the role of image quality in reaching that conclusion.

It has hitherto been assumed, by this author as well as by the majority of those who have
conducted studies into the use of store-and-forward images in telemedicine, that poor
image quality is a main contributor to the often disappointing results in attempting
diagnostic evaluation from those images. In complete contrast to that suggestion Kevdar
and colleagues, in a study of 116 patients with skin conditions, appeared to claim that
image quality had not greatly affected the concordance achieved between observers
(Kvedar, Edwards, Menn, Mofid et al., 1997). The authors commented however that they
had ensured that standardised photographic protocols were followed in the acquisition of
the photographs. Thus they were aware of at least some basic principles of photography
and although there was some variation in the quality of the images, the photography
conformed to some standard of professional practice designed to achieve high image

quality.

Although in the minority, Kvedar and colleagues were not completely alone in suggesting
that there is only a modest relationship between image quality and diagnosis. Five years
later, in two consecutive studies, of 66 and 43 patients respectively with pigmented skin
lesions, Piccolo et al. supported the view that the accuracy of the diagnoses in both studies
was not related to the quality of the images, but concluded that it did depend on the level of
diagnostic difficulty of the specific skin lesion under examination, and also to the level of

experience of the diagnostician (Piccolo, Peris, Chimenti, Argenziano et al., 2002). The
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following year another study was conducted, in which the diagnosis of dermatological
lesions via store-and-forward images were compared with face to face consultation. The
authors found that in two out of the three images referred to as having poor resolution the
diagnosis was still comparable to the face-to-face consultation, implying once again that
image quality was not of paramount importance (Rashid, Ishtiag, Gilani and Zafar, 2003).
It should be noted that in this study a patient history and description of clinical findings
were included with the images. It is therefore impossible to draw a distinction between the
relative contributions of the image and the clinical report in arriving at a diagnosis in this
case, however the following year Oztas and colleagues conducted a study designed to
compare telediagnoses achieved with and without the assistance of clinical information
(Oztas, Calikoglu, Baz, Birol et al., 2004). The accuracy of the telediagnoses, compared
with face-to-face diagnoses, improved from 57% to 70% when the clinical information was

available.

Those arguments notwithstanding, other authors were of the opinion that “the single most
important obstacle to accurate diagnosis is poor-quality digital photography... attempts at
diagnosis with substandard photographs are dangerous and frustrating” (See, Lim, Le, See
et al., 2005 p.148). If a clinician is to rely on images to achieve a diagnosis then those
images must be able to provide reliable information. Therefore the following sections

evaluate a range of image quality components as they relate to some clinical applications.

3.3.1 The effect of operator expertise on outcomes in telemedicine. In 1990 the authors
of a small study, conducted on 10 patients and using both still-imaging and a video camera
to record cutaneous lesions, demonstrated that there were “many possible applications in
dermatology” (Stone, Peterson and Wolf, 1990 p.913). Among those applications the
authors cited the possible analysis of colour and the measurement of lesion contours,
diagnostic practices which would be invaluable in the evaluation of nevi for malignancy or
the monitoring of ulceration. The study was conducted in a laboratory setting and the
photography was undertaken by staff from the dermatology department, who would
presumably be expected to recognise the dermatological features he or she was attempting
to demonstrate and so produce an optimum image. Even so the authors reported that

reproducible positioning of the patient and faithful lighting conditions were difficult to

53



Chapter 3

achieve, both factors already mentioned as contributing to the misrepresentation of shape
and colour respectively. It would appear therefore that expertise in dermatology and
experience in clinical imaging do not necessarily guarantee the best image quality, and that

operator expertise is an important factor.

Many authors have displayed some degree of knowledge of photography. For example
Krupinski and colleagues, in their study comparing store-and-forward and face-to-face
diagnoses of dermatological lesions in 308 patients, asked participants to rate the images in
terms of sharpness and colour quality (Krupinski, LeSueur, Ellsworth, Levine et al.,
1999). This in itself indicates that the researchers had some knowledge of photography,
presumably in addition to an understanding of the clinical features they were trying to
demonstrate to best advantage. It is possible therefore that the high level of concordance
between store-and-forward and face-to-face informed diagnoses demonstrated in this study
was due partly to the fact that a knowledgeable photographer ensured the high quality of

the images.

Opinion surrounding the importance of operator expertise in digital imaging varies
considerably. For example in one study the photography was undertaken by the principal
researcher who admitted to having only minimal experience in either photography or
dermatology (High, Houston, Calobrisi, Drage et al., 2000). The purpose of this was
reportedly to replicate the reality of a busy clinical situation, inferring that it was common
practice for this to happen. In that study a consumer grade digital camera was used to
compare 106 dermatology diagnoses from 92 patients. The authors reported that in cases
of acceptable image quality the disagreement was 2% - 16% (depending on the
dermatologist) increasing to between 25% - 40% when the image quality was considered
poor. Itis of particular interest that those authors suggested that it would be improvements
in the technical specification of the equipment that would bring about improvements in the
accuracy of diagnosis, and not the photographic ability of the user. This is despite the fact
that the equipment had been able to provide acceptable image quality in many of those

cases and lack of photographic expertise had already been acknowledged.
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In contrast to that approach, other authors have demonstrated unequivocally that they
consider photographic expertise an essential requirement for success in telediagnosis. In
2002, in a study intended to evaluate the measurement of leg ulcer area using computer-
aided tracing of digital camera images, the authors concluded that the method which
calculated the area from digital images “is more accurate and quicker than contact tracing
provided that appropriate care is taken when taking the pictures” (Samad, Hayes, French
and Dodds, 2002 p.137). The following year Du Moulin and colleagues stressed the need
for training in taking photographs, although they did not specify the photographic aspects
which needed to be addressed (Du Moulin, Bullens-Goessens, Henquet, Brunenberg et al.,
2003). Interestingly they also stressed the importance of acquiring a full and accurate
clinical history to accompany the images, thus it is not possible to evaluate precisely the

relative contributions of image and clinical history towards arriving at a diagnosis.

Photographic expertise was considered so important by Lake that she described the
development of a close working relationship between dermatologists and medical
photographers, which arose from the dermatologists’ requirement for excellent image
quality (Lake, 2005). In a later study, in which the use of digital imaging in the triage of
patients with skin lesions was evaluated, other authors considered the quality of
photography so important that patients were sent to the medical imaging department of
their local hospital for the photographs to be taken, in order to ensure greater reliability of
the subsequent telediagnosis (McLaughlin, Tobin, Leonard, McEwan et al., 2006). That
same year other authors (Knol, van den Akker, Damstra and de Haan, 2006) tried to avoid
the potential pitfalls of poor image quality by requiring all the GPs participating in their
study to attend a workshop on digital photography and Qureshi and colleagues compared
methods of providing training in photography for patients who were to undertake the

imaging themselves (Qureshi, Brandling-Bennett, Giberti, McClure et al., 2006).

There is of course the question of what constitutes “expertise” in the context of medical
photography. In a study which compared digital image diagnosis with face to face
diagnosis, one group of authors commented that three-dimensional lesions were more
amenable to digital diagnosis than flat, generalised rashes (Scheinfeld, Kurz and Teplitz,

2003), thus it appears that the problems of variability in telediagnosis may not be limited to
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the photographic aspects. Even a professional medical photographer may not have the
necessary experience to differentiate between the specific requirements of each individual
type of wound or lesion, and although one might expect a clinician to appreciate the
clinical features necessary for an accurate diagnosis, he or she may not achieve the
necessary level of expertise in photographic techniques. The latter point may have
contributed to the disappointing results reported by the authors of a study intended to
evaluate if a device they called a “photo-email” could have saved the patient a trip to
hospital (Tucker and Lewis, 2005). In that study eighteen out of the eighty-four
photographs (21%), taken by consultant dermatologists, who were cited as being
experienced clinical photographers, were considered to be of poor image quality. This led
the authors to question the efficacy of all telediagnosis via store-and-forward images, and it
is possible that a promising telemedicine initiative may be abandoned simply because of a

lack of appreciation of all the factors involved in acquiring a useful image.

The question of the nature or the level of photographic expertise that is required in
telemedicine appears to be even more complex when the reasons for the evaluation of the
images are considered. For example Shapiro and colleagues demonstrated a 100%
agreement in treatment plans when evaluating skin lesions, including melanocytic lesions,
for biopsy (Shapiro, James, Kessler, Lazorik et al., 2004). This was despite the fact that
not all images were of sufficient quality to allow evaluation. In contradiction to that view
Mahendran and colleagues reported that a store-and-forward telemedicine system had
“limited diagnostic accuracy for skin lesions” and although they acknowledged that it
“may be suitable and safe for screening out clearly benign lesions” they went on to say that
their study had “casts doubt on its efficiency” (Mahendran, Goodfield and Sheehan-Dare,
2005 p.209). It should be noted that it was standard practice in their study to include a
colour calibration strip within the image and so the colour quality at least should have been

reasonable.

3.3.2 The effect of file compression on outcomes in telemedicine. Leaving aside the
issue of photographic expertise, other authors have commented on the effect of file
compression in digital imaging, some concluding that even the early and relatively low

resolution digital images are sufficient for some telemedicine applications (Perednia,
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Gaines and Butruille, 1995, Perednia, White and Schowengerdt, 1989, Roth, Reid and
Concannon, 1998). Other authors have refuted that and one, whose interest was related to
the telediagnosis of mammography films which require particularly high resolution of fine
detail, suggested that it was digitisation and associated file compression which caused
concern (Abdel-Malek, 1996). That author believed that these factors were critical as they
could potentially cause loss of data which may lead to misdiagnosis. This finding was
supported by other authors who found that compressed digitised images were
comparatively poor at reproducing some of the clinical features relevant in dermatology,
particularly the small blue/grey or red dotted appearance of some melanoma and dysplastic
nevi (Provost, Kopf, Rabinovitz, Stolz et al., 1998).

However some later studies supported the view that file compression was not a problem.
Benger et al. for example reported that images used for accident and emergency
telemedicine purposes were fine, at least within certain limits (Benger, Lock, Cook and
Kendall, 2001). They did however specifically recommend that a high resolution viewing
monitor should be used. Galdino and colleagues similarly found that file compression did
not affect outcomes in their field of plastic surgery, although these authors specifically
warned of the inherent differences among digital cameras, which had resulted in a different
appearance of colour, contrast, focus and overall quality (Galdino, Vogel and Vander Kolk,
2001). Two years later Marghoob, who is cited previously as contributing to the
description of skin lesions in terms of colour and border outline, reported finding digital
photographs very helpful in recognising significant changes in some skin lesions, thus the
file compression had not appeared to detract from clinical usefulness (Marghoob, Swindle,
Moricz, Sanchez Negron et al., 2003). Nor did Andres et al. find any difference in
compressed and uncompressed files, their research having addressed the technical
specifications required of digital cameras used in orthopaedic surgery (Andres, Khanna,
Wenz, Faust et al., 2004). Whether the difference of opinion between these later authors
and the opinions of Abdel-Malek and Provost in 1996 and 1998 respectively is due to
differences in specific clinical problems is not known, but it is possible that technological

improvements had occurred in the intervening period.
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3.3.3 The effect of viewing parameters on image quality in telemedicine. Viewing
parameters, such as the high resolution monitor mentioned above (Benger et al. op.cit.)
have not been specified in every instance of the studies reported here, the authors
sometimes assuming that the reader will know how the images were viewed, but in many
of the studies store-and-forward images were downloaded onto a computer workstation for
viewing. In a much later study using store and forward images, acquired by mobile
cameraphone, for the purpose of assessing burn wounds one author commented that “the
quality (size and resolution) of the display is as important as the camera resolution”
(Shokrollahi, Sayed, Dickson and Potokar, 2007 p.754). The use of a computer monitor
would normally afford better quality image display than would be available on the display
screen of a camera or mobile cameraphone, or on a paper print, provided the parameters of
colour, contrast and brightness etc., are correctly set up and monitored frequently. The
paucity of reference to the display equipment in many studies may indicate an assumption
on the part of the authors that this is always the case, but equally it may be an indication of
the lack of appreciation by the authors that the viewing monitor is an important part of the

imaging chain upon which image quality depends.

3.3.4 The effect of other unspecified technical factors on image quality in
telemedicine. Not all authors have been so specific in defining the aspects of image
quality to which they were referring. Many have simply employed the phrase “poor image
quality” as an umbrella term which included or excluded any number of the possible
component factors. For example in a study on teleradiology “poor image quality” was
cited as the most common reason for not being able to read the images, followed by” lack
of clinical history and not enough images” (Krupinski, McNeill, Ovitt, Alden et al., 1999 p.
166). It should be borne in mind that images derived from radiology are usually
monochrome therefore they do not have the compounding complexity of colour to add to
the reduction in overall quality. Furthermore they are two dimensional and therefore less
problematic to focus and they are less likely to suffer from a degree of movement which
human subjects are prone to do. Therefore it is difficult to imagine exactly what was at the
root of the problem, but it could have been either the resolution capability of the equipment
or operator errors such as poor lighting or movement that were the culprits in this case. Or

of course it may have been a combination of both. However since the clinical history also
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informed the diagnosis to a variable extent once again it is not possible to evaluate
precisely the degree to which the images were of any use at all.

In the sphere of telepathology some authors have been similarly vague in reporting their
findings, one author citing “a variety of technical reasons” for the diagnoses from digital
images being of lower grade than the diagnoses achieved from direct observation of the
glass slides (Odze, Goldblum, Noffsinger, Alsaigh et al., 2002 p.379). A notable exception
to such vague descriptions appeared to be reported the following year. In a review of
common image deficiencies which had been found in one thousand seven hundred fifty-
three telepathology consultations using static images, the authors stated that focus,
improper white balancing of the capture device and inadequate resolution were the main
contributors to poor image quality (Williams, Hong, Mullick, Butler et al., 2003). This
appears on the face of it to be quite specific, however “focus” may refer to the optics of the
device being inadequate, to the need for macro imaging which is not a feature available on
all devices, or to operator error. Similarly “resolution” may refer to the pixel matrix
available on the equipment, or may be a comment on the lack of sharpness of the final
image, which in turn may have resulted from operator error such as movement. Thus the

underlying causes of poor image quality were not easily dissected.

The year after that Desai et al. reported that, in a study of telepathology diagnoses related
to ninety-three cancer patients, in 10.8% of cases the images were not of sufficient quality
to allow diagnosis, although they gave no clarification of the causes of poor quality (Desai,
Patil, Chinoy, Kothari et al., 2004). However a particularly high level of concordance
(90.2%) was reported between diagnoses from digital images and diagnoses from face-to-
face consultations. It must be noted that in this study the number of images taken ranged
from three to twenty-seven per patient. The relatively large number of images may suggest
some difficulty in obtaining the appropriate visual information, possibly for the same
reasons reported by Williams et al. the previous year (Williams et al., op.cit.) or it may
reflect particular diligence on the part of the photographer, which contributed to the high

level of concordance.
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3.3.5 The effect of colour and shape on clinical applications in telemedicine. Not
surprisingly the majority of evidence pertaining to the relationship between the importance
of colour and shape and the relevant clinical applications of telemedicine come from the
realm of wound imaging. Given the assertion throughout the preceding text that accurate
replication of both colour and shape are essential, one early study provided a surprising
alternative view. In a study comparing the measurement of wound area calculated from
images with those taken from contact tracing of patients, the authors found that it was the
inaccuracy of colour replication which enhanced the delineation of wound margins,
making them easier to see (Griffin, Tolley, Tooms, Reyes et al., 1993). This raises an
interesting point about the nature of the photographic effect, which could presumably
disguise important characteristics of a lesion, but which had in this case enhanced features
not easily visible to the naked eye. It is possible therefore that intentional distortion of

colour may have applications in other areas of telemedicine.

Other authors have acknowledged the problems of colour variation and some have
suggested methods of colour calibration to counteract it. Berris and Sanguine looked
towards the accurate calibration, replication and analysis of colour in digital images as
potentially providing a non-invasive method of evaluating wound repair (Berris and
Sangwine, 1997). In their review of published research relating to subject the authors
concluded that this was a difficult task, beyond the capability of commercial software
packages available at the time, although they acknowledged that the technology was
possibly adequate for the diagnosis and monitoring of skin lesions. This last comment
lends support to the notion that not all medical conditions are equally difficult to diagnose
via images, suggesting that the imaging of skin lesions does not require such a high level
of equipment performance. Other authors appear to disagree and describe other methods
of colour calibration, explaining that reproducibility is essential for inter-observer
agreement of conditions such as skin lesions (Lorentzen, Holstein and Gottrup, 1999,
Vander Haeghen, Naeyaert, Lemahieu and Philips, 2000, Maglogiannis and Kosmopoulos,
2003, Maglogiannis, 2004). As already mentioned in the preceding text however, inter-

observer agreement does not necessarily guarantee accuracy.
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However colour calibration appears not to be without problems. For example in one
method the authors remark that “the algorithm was developed using digital skin images of
Russian patients. Because the Russian population is almost exclusively Caucasian the
variability in skin colour is limited. Thus the method might not work as well in populations
with larger variations in skin colour” (Matveev and Kobrinsky, 2006 p.63). In a similar
study comparing the accuracy of calibrated images with non-calibrated images, the authors
found that “Although calibrated images exhibit markedly improved precision and accuracy
compared with non-calibrated images, all variability of the imaging process cannot be
eliminated” (Vander Haeghen and Naeyaert, 2006 p.42). These authors went on to
conclude “With a little care and effort, a calibrated color chart and computer software, it is
possible to greatly improve the quality of clinical imaging in dermatology and possibly
other fields of medicine” (Vander Haeghen and Naeyaert, Ibid). Whilst this is true and is a
technique commonly used by professional photographers, in the experience of this
researcher it does not appear to be a practice that most specialist nurses are even aware of,

let alone use in their telemedicine practices.

In addition to colour, shape is an important factor in the evaluation of some clinical
conditions, particularly wounds. For example in the study previously cited (Griffin,
Tolley, Tooms, Reyes, & Clifft, 1993, op.cit.) the authors noted that although the
measurements of wound area calculated from the images may be influenced by the
distortion involved, they had found that both methods yielded equivalently reliable
measurements. That outcome was later supported in a similar study (Rajbhandari, Harris,
Sutton, Lockett et al., 1999). The authors of another similar study the following year
concluded that the photographic tracings were potentially useful in wound monitoring, but
noted that assessment of area calculated from images produced overall smaller readings
and less inter-observer variability than the calculations arising from contact tracing taken
directly from the patients (Lagan, Dusoir, McDonough and Baxter, 2000). As previously
noted however inter-observer agreement does not necessarily confirm that it is more
accurate. Planimetry involves the tracing of a wound over the body surface, which is
rarely flat, although on a two-dimensional image it will appear so. It may be that
photographic effects or poor photographic technique make it much more likely that

observers arrive at the same incorrect measurement.

61



Chapter 3

That same year an interesting finding was reported by the authors of one study in which
bedside consultation was compared with photographic assessment of pressure sore
ulceration (Houghton, Kincaid, Campbell, Woodbury et al., 2000). These authors found
that although the photographic assessment had been shown to be sensitive to change in
wound appearance of healing ulcers, it had not demonstrated the same sensitivity in non-
healing ulcers. This finding supports the view proposed above that perhaps generalisations
about the efficacy of telediagnosis are inappropriate. It certainly has serious implications
for the evaluation of all studies into remote wound monitoring by digital images. If the
studies were conducted on patients whose ulcer wounds were healing the results may lead
readers into a false assumption that the practice is a safe one under all circumstances,
which may not be the case. Therefore it is not only that different clinical specialties which
may differ in their ability to deploy telemedicine strategies successfully. It may also be the
different clinical situations within each speciality, or even the status of each individual

wound, which determine whether telemedicine strategies are appropriate or not.

Another example supporting that view was presented in a much later study, in which
digital images of sixteen patients with forty-five ulcers were used to assess the accuracy of
the digital imaging method. In that study the authors noted that 7% of the wounds were
too large for effective monitoring via photographs (Binder, Hofmann-Wellenhof,
Salmhofer, Okcu et al., 2007). The authors do not specify the reasons for the size of the
wound being a limiting factor. For example it may have been that the wound presented on
a particularly curved body surface and therefore could not be imaged in entirety from one
direction. Alternatively it may have been that a macro imaging facility was needed to
demonstrate the fine detail of the wound, but that the wound was so large as to make it
impossible to focus correctly due to the large camera —to-patient distance needed to include
the whole area. Whatever the reason, the outcome implies that two ulcer wounds, even if
on the same patient and photographed in the same place and at the time, may not be
equally appropriate subjects for telemonitoring. Binder also reported that just over 10% of
the images were blurred, underexposed, or the framing of the image was not optimum,

therefore the number of patients who were unable to benefit from the telemedicine method

62



Chapter 3

due to the nature of their wound was presumably supplemented by patients who were not
able to benefit due to poor image quality.

Debray et al. had also experienced some difficulty in replicating all the essential features of
awound in a digital image. In this case the difficulty was with the 3D aspect in the
assessment of ulcer wounds via telemedicine, finding that “the lack of palpation
represented a major limitation to remote wound assessment despite the use of probes to
delineate the depth of any opening in the wound bed” (Debray, Couturier, Greuillet, Hohn
et al., 2001 p.353). The authors added that in wound monitoring they had found that
clinical data were probably as important as the images in reaching a diagnosis and forming
a management plan, and it may be that the assessment of wound depth requires an
additional resource, such as on-site evaluation, in addition to high quality images if the

wound status is to be evaluated accurately.

The sequential tracing of wound borders to assess healing by measuring the wound area
appears to be beset by difficulty. In 2003, in a review of wound measurement techniques,
Flanagan reported that the greatest error occurred when identifying the wound margin
(Flanagan, 2003). It would appear that the enhancement effect of colour distortion
reported previously (Griffin et al. op. cit.) had not assisted in the studies that Flanagan
reviewed. It is interesting to speculate whether or not an improvement in technology had

actually resulted in a reduction in the accuracy of wound measurement in this case.

3.3.6 The relevance of image quality components to clinical applications in real-time
telemedicine. The contribution of real-time telediagnosis in dermatology, whilst not as
prolific as store-and-forward studies, should not be discounted as it lends further support to
some of the arguments offered above. A number of authors have studied the effects of a
variety of two-way video consultations between a specialist at a remote location and
patients who are usually accompanied by a professional health care worker and may be
either at home or in a local medical facility (Krupinski, Webster, Dolliver, Weinstein et al.,
1999, Kobza and Scheurich, 2000, Loane, Bloomer, Corbett, Eedy et al., 2000). In the
latter study comprising of ninety-six patients with skin lesions, Loane and colleagues

compared real time consultations with store-and-forward evaluation. They reported that in
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only 51% of cases was there diagnostic agreement between the two methods, and even less
agreement about the management plans suggested for those patients. Furthermore the
authors commented that the video consultations were more clinically efficient because
store-and-forward telediagnosis “limits the dermatologist’s ability to obtain clinically
useful information in order to diagnose and manage a patient satisfactorily” (Loane et al.,
op.cit. p1241). A similar comment came from Carli and colleagues, who evaluated the
reliability of diagnoses by dermoscopy on photographic slides alone (Carli, De Giorgi,
Argenziano, Palli et al., 2002) and concluded that it was not an entirely reliable method,
due to the inability to perform an associated in vivo examination of the clinical
characteristics of the lesions. However, once again the quality of the image may not have
been the only limiting factor, as dermoscopy is limited in the information it can provide
even when conducted in vivo and some lesions are more difficult than others to diagnose
(Skvara, Teban, Fiebiger, Binder et al., 2005).

Despite the difficulties mentioned by the various authors, the overall impression given in
the studies reviewed was that the diagnosis or monitoring of a number of medical
conditions via either real time or store-and-forward images is potentially viable, although
the quality of the images affects the diagnostic accuracy as well as the level to which the
clinician can have confidence in the decisions reached. Whilst funding is not infinite and
many telemedicine practitioners would welcome the ability to buy the latest top-of-the-
range photographic equipment, it should be appreciated that advanced cameras of well-
known manufacturers sometimes demonstrate worse colour accuracy than low-cost
cameras and that neither cost nor manufacturer can be assumed to be indicators of quality
(Matveev, 2002). This is a rather alarming finding as clinical practitioners have a duty to
ensure that the both their photographic skills and their choice of equipment are of an
adequate standard, and they might reasonably expect to be able to rely on both factors of
manufacturer’s reputation and cost to inform their choices. This is no less the case in the
store-and-forward telemedicine applications using mobile cameraphone images and those

issues are explored below.

3.4 The use of mobile phone technology in telemedicine. In view of the reported success

of telediagnosis and monitoring, and the fact that in 2002 according to a leading market
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research company almost 80% of the population owned a mobile phone and the trend
rising (MORI., 2002) it was perhaps inevitable that the wide range of technological

possibilities associated with mobile phones would be evaluated for use in telemedicine.

A wide range of intervention strategies via mobile phone communication have been
proposed. Advice, education, alerts and even the collection of assessment data via text
messaging have been suggested (Downer, Meara, Da Costa and Sethuraman, 2006). The
recording and transfer of a wide range of physiological data have also been explored as a
telemedicine application suitable for mobile phones. (Vaisanen, Makijarvi and Silfvast,
2003). There have even been reported cases of the video capability of cameraphones being
used to good effect in medical emergency (Gray, 2005 *; Parikh and Wong, 2007),
however it is the still picture capability of mobile phones which is of interest in this work

and that is the focus of the issues addressed below.

Many studies spanning more than a decade have claimed cost and healthcare benefits of
using mobile cameraphones to transfer still images in a variety of clinical situations. They
have been used to transfer images of meals for dietary assessment (Wang, Kogashiwa,
Ohta and Kira, 2002) and radiological images in order to access specialist advice
(Yamamoto, 1995). However it is the imaging of human physiognomy related to
dermatology and wound monitoring that provides the largest complement of clinical
applications and the shortcomings of those studies appear to echo those that were evident
in the studies that had employed digital cameras as the image capture device. For example
in a study intended to evaluate the use of cameraphones supplied to some of the
emergency services in Scotland in order to triage injuries prior to their arrival at hospital,
(ElectronicGovernment, 2003) the initiative was abandoned because, according to one
news report, the divisional officer for community safety in that emergency service had
questioned the quality of the images and questioned whether the technology was good
enough to provide a reliable service (McDougall, 2004). No specific detail relating to
either the various components of image quality or the technological limitations was

offered, and nor was there any mention of photographic expertise.

! This reference is no longer available at the URL cited but is reproduced in appendix 1
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Similarly in other studies relating to teleconsultation via a mobile camera-phone, in this
case the triage of patients with extremity injuries, the authors attributed the inferior
diagnostic performance of the telemedicine method to inadequate definition of the image.
Whether this was due to the equipment, to file compression or to poor photography was not
specified, but in common with many other authors they concluded that advances in
technology would afford cameraphones the potential for future applications in telemedicine
(Hsieh, Tsai, Yin, Chen et al., 2004, Hsieh, Jeng, Chen, Yin et al., 2005).

The inclusion of additional clinical data appears to assume the same importance when
using mobile phones in telemedicine as it did when digital cameras were used. In one
study which compared the outcomes in terms of the management plans formulated for 60
patients with extremity injuries, online communication between residents and consultant
plastic surgeons resulted good levels of agreement between the remote surgeons. The
images involved certain aspects reliant on colour replication, such as the evaluation of
gangrene and other wound descriptors, however it is difficult to separate the contribution
of images from other aspects of the remote examination which were communicated online.
Furthermore, in common with many of the studies that used digital cameras, agreement
cannot be taken to prove accuracy, nevertheless the authors concluded that “The
preliminary results showed that the camera phone is valuable and bears potential for

remote management of the extremity wound” (Tsai, Pong, Liang, Lin et al., 2004 p.584).

In attempting to define the contribution and/or limitations of the mobile cameraphone
digital image, the authors of a later study investigated the mobile phone photography of 95
patients with a variety of skin conditions, this time without additional clinical data
(Massone, Lozzi, Wurm, Hofmann-Wellenhof et al., 2005). In this study three tele-
consultations yielded an average correct score of 70% when compared to the face-to-face
diagnosis. Whilst this appears to suggest that additional clinical information is essential,
the authors did comment on poor image quality, which they attributed to limitations of the
optics of cellular phones, particularly in respect of macroimaging, and also to limitations of
the photographer, who was a medical student who did not have experience in either

dermatology or photography. The authors did not enlarge on the reasons for the choice of

66



Chapter 3

photographer but the comment appears to indicate that a dermatologist may have produced
more informative photographs.

A much more explicit evaluation of the limitations of mobile cameraphone images
emerged from a study also conducted in 2005, in which physicians separately evaluated 61
leg ulcers for nine variables of clinical feature via mobile phone images received by email,
and compared their findings to those of a third physician who performed a face-to-face
consultation. The clinical features specified included elements which incorporated some
aspects of both colour and distortion as described previously, such as erythema,
granulation tissue at the normal border, etc. The image quality was regarded as “very
good” in 20% of the photographs and “good” in a further 59%, leading to the conclusion
that “Although this study was performed with the first generation of these devices we were
able to demonstrate the feasibility of such a telemedical wound care consultation” (Braun,
Vecchietti, Thomas, Prins et al., 2005 p.254). That comment infers that they too were
looking to advances in technology rather than improvements in photographic skills to

improve the image quality.

Other authors supported that view but some were much more specific, saying “the real
issue is not resolution. The crux lies in the optical abilities of the camera and the quality of
the lens” and also “it was difficult to keep the phone still” (Larsen, Clemensen and
Ejskjaer, 2006 p.361). These authors went much further in their description of the
limitations of the use of mobile cameraphones, explaining that they had found it necessary
to use a digital camera to collect supplementary images as the mobile phone images
exaggerated the red colour of the skin. They also explained the need to use synchronous
communication to describe features such as swelling (indicating that depth or 3D
replication is a problem in images) and smell (indicating that some clinical features are not

able to be replicated via an image).

None of those limitations appeared to be a problem for Shokrollahi and colleagues when
they found a high correlation between the face-to-face assessment of surface area and
depth in burn wounds and the assessments conducted from mobile cameraphone images of

the same patients (Shokrollahi, et al., 2007 op.cit.). The authors commented on the rapid
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technological growth in mobile cameraphones and questioned why the potential
applications remained untapped in healthcare. However advances in technology have in
fact expanded the range of applications, as seen for example in the automated assessment
of ulcer wounds. In one example a mobile cameraphone was interfaced via Bluetooth with
a laptop computer and used to photograph ulcers, automatically detecting the borders for
the calculation of the surface area. The area of the ulcer wound was calculated by counting
the number of pixels circumscribed by the wound border and then multiplying that value
by the pixel area measurement (Duckworth, Patel, Joshi and Lankton, 2007). Whilst this
method appears to yield more reliable results than planigraphy performed by a human, it
must be remembered that the original image is still framed by a human operator. It is
therefore subject to operator error, such as distortion caused by incorrect camera
angulation and patient positioning, or blurring caused by the difficulty in holding the phone
still.

It appears from the literature that even fewer authors have considered the effects of
inadequate operator expertise in mobile phone telemedicine than with conventional digital
camera images. Shokrollahi et al., for example, claimed that one of the differences
between conventional telemedicine and mobile phone telemedicine was that the
conventional method required training, inferring that the use of a mobile phone did not
(Shokrollahi et al., op.cit.). However this may be an issue that adopts greater prominence
in mobile phone imaging due to the evaluation of initiatives in which patients record

images of their wounds or skin lesions themselves.

It was acknowledged in 2002 that the use of mobile phones in healthcare would require
some attention to the hitherto unresolved issues of user acceptance and user friendliness
(Maglaveras, Chouvarda, Koutkias, Meletiadis et al., 2002) but the feasibility of patients
taking images by digital camera for use in follow-up monitoring was demonstrated the
following year (Eminovic, Witkamp, Ravelli, Bos et al., 2003). Two years after that a
group of elderly patients in Japan were asked to take photographs of themselves for
healthcare purposes (Kotani, Morii, Asai and Sakane, 2005). It is interesting that three out
of nineteen patients refused to do it by instant camera but agreed to do it by mobile

cameraphone. The reader is left to speculate on potential reasons for that, but to send a
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picture from a mobile phone is a relatively simple one-stop affair whereas the use of a

digital camera requires an interface with another device.

The need for user friendliness and patient acceptability was further borne out in 2008,
when 58 patients were asked to use a mobile cameraphone to photograph themselves in
order to evaluate that as a method of remote triage. The results were compared to the
outcomes of a face-to-face consultation (Ebner, Wurm, Binder, Kittler et al., 2008). In
that study 50 out of the 58 did not want to do it, forty of those being because they could not
use the camera of the mobile phone unassisted and the physician took those photographs.
The remaining eight received a short training period, although this was not in the art of
photography but in the technical aspects of using the equipment. Again clinical data
contributed to the formulation of a diagnosis so it is difficult to define the contribution
made to diagnosis by the images alone, but the authors reported that the results were

encouraging.

The majority of studies evaluating telemedicine applications have resulted in the authors
claiming that there is great potential for remote diagnosis based on information from
mobile cameraphones. This potential has not translated into widespread safe and effective
practice at the present time, and nor does there appear to be much, if any, solid evidence on
which such widespread practice could reliably be based. The reasons offered by authors
for the often disappointing results are at best many and varied and at worst they are
unspecific or uninformed. If telemedicine initiatives are to flourish there is a need to
explore those reasons, and it was from identifying that need that the idea of this study was

born.

3.5 The need for this study. A study of the literature has yielded more questions than
answers. Not only “are mobile cameraphones as good as a digital camera for store-and-
forward imaging in telemedicine?” but more fundamentally “were digital cameras good
enough anyway?” Particularly in relation to mobile cameraphones the questions are far too
numerous to list, but include; “does image quality depend on cost?”, “have technological
advances made a difference to image quality?”, “does viewing on a computer monitor

make a difference?”, “do real-time imaging devices deliver images of equivalent quality?”,
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“how important is image quality anyway?”, “does it matter who takes the photograph?”,
“are some lesions more easily diagnosed than others on photographs, and if so, which and
why?”, “does diagnostic agreement equate to diagnostic accuracy?”, “what level of

accuracy is good enough?”

There is little point in attempting to answer the big questions based on clinical or operator
variability until the basic questions of colour and shape accuracy relating to the various
devices have been explored. The following studies attempt to answer just a few of those
questions by evaluating a range of equipment commonly used in the fields of dermatology
and tissue viability, in their ability to replicate colour and shape accurately. Colour and
distortion are addressed in a manner intended to simulate “best practice” conditions that
might be available in a clinical situation within the community setting. That is without the
use of specialist hardware or software and without recourse to a professional photographer
and associated laboratory, but under ideal conditions of amateur photography, utilising the

best techniques so that operator errors are kept to a minimum.
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CHAPTER 4: An evaluation of the accuracy of colour capture and display on a
range of telemedicine equipment.

4.1 Methods.

4.1.1 Aims.

e To evaluate a range of equipment, commonly used in telemedicine for purposes of
remote diagnosis or monitoring of visual features, in their ability to replicate colour
and shape accurately, and in particular,

e To identify any discrepancies between views expressed previously, either in the
literature or expressed verbally by interested parties, and the findings elicited by

this study.

4.1.2 Design. This study relies on the outcomes of a series of observational tests
performed by a cohort of students, mainly qualified nurses, who were studying on a variety

of post graduate health science courses.

4.1.3 Participants. The participants were all volunteers from the student body of the
university in which the study was conducted. The time-frame in which this study was
conducted was severely limited as all observations had to be conducted during optimum
daylight conditions and at exactly the same time, to avoid variations due to differences in
ambient lighting. Therefore the participants comprised a convenience sample of those who
were available and able to complete all the observation tasks during a two-hour period on a

clear morning (n=12). Three were males and nine were females, age range 17 — 47 years.

4.1.4 Measures. All participants undertook all observational tasks. The observation of
each device yielded 25 results of individual colours. Each result was categorised as being
correct, being of correct colour but with errors in the shade (1-6 errors possible), being of a
completely different colour or being absent. Thus 12 participants undertaking 15
observational tasks each comprising 25 separate observations yielded 4500 elements of

data, which are used to draw comparisons between the devices.

4.1.4 Ethical considerations. Advice was sought from the vice chair of the university
ethics committee for health studies who made the judgement that it was not necessary to
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seek ethics approval. There are no funding or employment bodies involved in this study.
The participants volunteered their own time therefore study hours were not compromised
and the study had the approval of the tutor responsible for the courses being undertaken.
The rationale was that it was beneficial for undergraduate nursing students to be aware of
practices they were likely to experience in the course of their work and post graduate
students would benefit from experience of the research process. The participants were
fully informed about the nature and purpose of the research by means of a personal
presentation by the researcher, given during one lecture by the vice chair of the ethics
committee and supervised by him. No volunteer was excluded although not all were able
to undertake the observational tasks during the specified period, however all participants
were provided with lunch and a comfortable rest area for the duration of the tasks. All
participants were assured of anonymity and that no individual data would be published.
All were offered the opportunity to be informed of the results of the study. In terms of the
obligation to society, this study will inform the discussion surrounding the use of some
devices currently commonly used in the diagnosis or treatment of patients. It will add to
the body of evidence which supports or rejects some of the commonly held beliefs which

at present have little basis in fact. In doing so, it may impact on patient care.

4.1.6 Procedure.

4.1.6.1 Methods of data collection. A number of copies of identical shade cards obtained
from a paint manufacturer were used to make twenty-four identical matrices made up of
the coloured squares. Each set consisted of 7 shades of each of brown, blue, yellow, red
and green, (colours which may be clinically relevant as previously explained in section
3.2.1 on page 49. This provided a total of 35 different hues. A diagrammatic
representation of one set of coloured squares is shown in figure 4-1. Paint shade cards
were used because they provided multiple copies of a very large and freely available range
of colours and shades. For each colour the series of shades selected ranged from light to
dark in roughly equal increments. The extremes of the colour ranges were selected so as
still to be easily distinguishable from each other with the naked eye. Therefore the paler
shades were not so pale as to appear white to the naked eye, nor were the darker shades so

dark as to appear grey or black. Each coloured square was assigned a two-digit
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identification number. The first digit represented the colour (1 = brown, 2 = blue, 3 =
yellow, 4 = red and 5 = green). The second digit represented the shade (1 = palest and 7 =

darkest). Thus 11 represented pale brown, 57 was dark green, and so on.

All identification such as name and batch number was removed from the paint cards,
leaving blank pieces of coloured card approximately 2 centimetres square. Random
numbers were written on the back of each coloured square in one complete set, and that
number was copied onto the corresponding square in the other twenty-three sets. A note
was made of the random number and the two-digit colour identifier to which it
corresponded. One complete set of coloured squares was placed in an envelope and a
colleague asked to select and discard ten at random. The remaining twenty-five were
arranged at random in a square matrix and glued onto a piece of cardboard as shown in
figure 4-2. Three more identical matrices were constructed, leaving twenty complete sets
of coloured squares. Each set of loose squares was packed in a protective envelope and

stored until the tests took place.

The original matrix of 25 squares was photographed on each of four* mobile phones and a
digital camera. (*See description of phones 4 & 5 on the following page.) The POTS,
ISDN2 and ISDNG6 systems, when used during the colour assessment test, transferred the

image in real-time and that procedure is described more fully on pages 76-77.

BN | e

Fig. 4-2 Matrix of 25 squares comprising the test 73
obiect

Fig. 4-1 Diagrammatic representation
of array of coloured squares.
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A range of photographic devices commonly used in telemedicine were selected and used to
image the test matrix. Most were selected by convenience, being already available to the
researcher however two of the mobile phones were bought specifically for the purpose of

being able to test a “state-0f-the-art” cameraphone. The technical details were as follows:-

e Mobile phone 1 had been a “bottom-of-the-range” model, available free with

network contracts, having a 3.3 x 2.4 cm picture display, 176 x 220 display pixel
array. 640 x 480 camera pixel array and 65k colours. This phone was no longer
commercially available as it was considered obsolete and had been discarded. It was

retrieved from a dustbin.

e Mobile phone 2 was a “middle-to-low-range” model, which was still commercially

available, either gratis or for a small fee with network contracts, having a 3 x 2.2 cm
picture display, (the display pixel array was not given), a 640 x 480 camera pixel

array and 65k colours.

e Mobile phone 3 was a “middle-to-upper range model”, costing £40 — £50 with a

network contract, and having a 3 x 2.3 cm picture display, a 640 x 480 camera pixel
array but only 256 colours. It was new to the market.

e Mobile phone 4 was a “state-of-the-art” device, costing in excess of £200 as a stand-

alone phone or in excess of £100 if purchased with a network contract. It had a 3.7 x
3.4 cm picture display, 240 x 320 display pixel array, 1632 x 1224 camera pixel
array and 256k colours. It was at the time the most recent mobile cameraphone to
have been released commercially and was marketed on the strength of its camera

capability.

e Mobile phone 5 was an identical model to phone 4 and was purchased from the same

source at the same time. This phone received the image from phone 4, its “sister”
phone, by MSN messaging and this was included to provide an indication of whether
any errors occurred in colour recognition which might be due to data losses during

electronic transfer.
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e The Digital Camera was in the upper to middle-of-the-range category from a well-

known manufacturer of photographic equipment. It was a new purchase and a
relatively recent model, and selected as it was deemed representative of the type of
camera reasonably available to nurses or other healthcare workers in the field. It was
intended for domestic, not professional, purposes, being suitable for “beginner to
serious amateur” and boasting a four megapixel camera array and a 3.8 x 2.8 cm
picture display. The display pixel array was not specified in the literature

accompanying the camera.

e The real-time imaging equipment comprised a POTS videophone, an ISDN2
videophone and an ISDNG6 conferencing facility. All real-time devices were already
available in the university setting and had previously been used in telemedicine
research trials.

In each case the matrix was photographed under optimum daylight conditions, all
photography being performed within a one-hour period during the mid-morning of a bright
day. The highest possible resolution available to each piece of equipment was selected. A
tripod was used with the digital camera to minimise camera shake and to ensure that the

camera remained at right angles to the matrix photographed.

The mobile phones were not equipped with
connections appropriate for a tripod. A frame
was constructed which enabled each phone to be
held firmly in the correct plane perpendicular to
the matrix, as can be seen in fig 4-3. The matrix
was rotated through ninety degrees before
photographing it on each piece of equipment, so
that participants would view it from a different

angle on each piece of equipment and so reduce

Fig. 4-3 Mobile phone setup for photography
of coloured matrix.

the likelihood of their recognising that it was the
same matrix on each image from the colour
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pattern displayed. The images captured on each mobile phone and also on the digital

—

camera were copied onto a laptop

computer. In the case of the video
apparatus “photography” in the
conventional sense did not occur but the
image was captured and displayed in
“real-time” during the test procedure as

described below.

The POTS videophones (white phone in
figure 4-4) were connected to the

conventional telephone socket and the

Fig. 4-4 Setup of POTS & ISDN2 videophones

connection made by dialling the

appropriate telephone number in the normal manner. The matrix was positioned in full
daylight and the videophone making the call (and therefore transferring the image of the
matrix) was positioned so that the integrated camera was aligned with the centre of the
matrix and at right angles to it. The POTS videophone receiving the call was in a remote
location within the same building.

The ISDN2 videophones (black phones in figure 4-4) were set up in a similar manner to
that described for the POTS videophones except that both were connected via the ISDN2
telephone connection.

The ISDNG6 conference facility was set up as shown in figure 4-5 and used in the manner
recommended by the manufacturer for transmitting images of documents. For this
purpose, colleagues at a London tertiary centre assisted. The teleconference coordinator at
the tertiary centre positioned the matrix under the integrated light in the document holder
in the room dedicated to teleconferencing, as used for clinical consultations. A conference
call was convened between the tertiary centre and the university and the camera at the
tertiary centre adjusted by the teleconferencing coordinator, so that a large image was
projected on the screen at the university. The ambient lighting in the teleconferencing

room at the university was restricted to diffuse daylight and the screen positioned so that
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there was no glare. Participants were positioned so as to have maximum daylight available

for viewing their complement of coloured squares.

Sixteen workstations were set up. Nine of these were equipped with devices showing an
image of the matrix of 25 coloured squares, those being five cameraphones, one digital
camera and three real-time devices. Six of the seven remaining workstations had laptop
computers showing an image captured by each of the cameraphones and the digital camera.
At the remaining workstation the image of the matrix was replaced by the original matrix.
This was in order to identify any errors that might be due to eyesight rather than to
inaccurate image reproduction. A complete set of thirty-five coloured squares and a supply
of the data collection forms containing a blank template of the same size and shape as the
original matrix were made available to each workstation. The data collection forms can be

seen in figure 4-6.

Wotk station 1

Matme (Pseudonym)

FPlease use the set of coloured syuares in the exvelope to replicate the pattem.
Use the teraplate below to place your coloured souares in the sppropriate place.
Please leave squares exapty if you don’t have the correct colowr available.

If srom hrve any cormraents abot this task, please jot ther down in the space at the
bottor, Cortinue overleaf i you need more space.

Fig. 4-5 ISDN6 Videoconferencing setup

Co

Fig. 4-6 Mobile phone colour comparison data collection
form.
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Participants were invited to select a pseudonym anonymously from a collection of twenty
and to use it on all data collection forms. Each participant was then directed to a
workstation where they wrote their pseudonym on the data collection form supplied. They
then attempted to reproduce the image displayed on the equipment by placing selected
coloured squares from the complete set of 35 available in front of them onto the
corresponding square on the template. They were asked to leave empty any square for
which they did not have a corresponding coloured square, and to leave to one side any
redundant squares. In fact all colours occurring in the matrix were available to every
participant but the opportunity to convey the information that the colour perceived did not
match any of the colours available, rather than to guess at the closest approximation, made
it possible to recognise poor image reproduction more easily. Participants were invited to
write any comment they felt relevant in the appropriate area at the bottom of the form.

When participants indicated that they had completed each task a member of staff asked
them to leave the work station, after which the number on the back of each coloured square
was copied by the staff member onto the corresponding position on the data collection
form. All thirty-five squares were then shuffled and replaced face-up on the desk and a
new data collection form placed ready for the next participant. All participants performed

the test on all pieces of equipment and also on the “face-to-face” original matrix.

4.1.6.2 Methods of data analysis. In order to carry out comprehensive statistical analyses
it is necessary to have access to the raw data. Most statistical tests are based on assessing
the difference between summary statistics (means, medians etc.) for groups (devices,
colours etc.) with respect to the spread of the data within the different groups. These tests
cannot be undertaken just using summary data (means, medians etc.) alone therefore for
most of the analyses presented below the raw data, originally recorded in an Excel file,
were re-arranged and transferred to the software programme “PASWStatistics 18 for
analysis.

In all analyses the Kruskal-Wallis test was used. This is the non-parametric equivalent of
one way ANOVA for 3 or more groups so it does not assume that the data are normally
distributed, which is appropriate due to the small number of data observations within the

groups (devices, colours etc.) for each analysis.
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The statistical analysis of inter observer agreement was carried out using Fleiss’ kappa test.
The raw data were entered into an Excel file for analysis. The results were interpreted
according to Altman (Altman, 1991 p 404) as shown in table 4-6 on page 117 of this
document. Altman’s interpretation is adapted from the work of earlier authors, (Landis
and Koch, 1977). For ease of orientation, the following summary outlines the foci of the

analyses.

Section 4.2.1 addresses the viewing on the face of the original nine devices when all
observations of matches of coloured squares in the matrix were recorded as either correct
or incorrect. The non-parametric Anova (Kruskal-Wallis) test was used to test whether
there was a statistically significant difference in the percentage accuracy of colour
recognition;

1) according to device, when considering all five colours collectively.

2) according to colour when considering all nine devices collectively.

3) according to device when colours were considered collectively and errors in shade

were permitted to be considered as a correct result.

Section 4.2.2 addresses the changes in recognition accuracy when the images from each of
the six still-imaging devices were transferred to a laptop computer for viewing. The non-
parametric Anova (Kruskal-Wallis) test was used to test whether there was a statistically
significant difference in the percentage improvement in the recognition accuracy;

1) according to device when considering all colours collectively.

2) according to colour when considering the devices collectively.

Section 4.2.3 explores the findings from the above analyses in greater detail. It was not
considered sensible to subject the many different sub-sets of data to the same statistical
analysis, due to the likelihood of incurring Type I errors (i.e. finding spurious statistically
significant results). The previous analyses demonstrate the presence or absence of
statistically significant differences in the percentage correct between devices and colours,
including any statistically significant differences which may still exist when errors in shade
are permitted to be counted as correct and when a laptop computer is used for viewing

purposes. The graphs in this section simply explore this in more detail.
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Section 4.2.4 addresses the phenomenon of colours being perceived as a completely
different colour. The non-parametric Anova (Kruskal-Wallis) test was used to test whether
there was a statistically significant difference in the percentage of colours being mistaken
for a completely different colour;

1) according to colour, both when considering the 6 still-imaging devices collectively
and also when considering all 15 viewing opportunities collectively.

2) according to device, both when considering all colours collectively. This aspect is
explored both when taking only the 6 still-imaging devices into account and also
when comparing results from all 15 viewing opportunities.

3) according to device when considering the mean change in colours misidentified

when images from the 6 still-imaging devices were viewed on a laptop computer.

Section 4.2.5 explores the findings from the above analyses in greater detail, using
graphical representation to illustrate relevant points. Again it was not considered sensible
to subject the many different sub-sets of data to the same statistical analysis, due to the
likelihood of incurring Type | errors (i.e. finding spurious statistically significant results).
The previous analyses demonstrate the presence or absence of statistically significant
differences in terms of the misperception of colour between devices, both when
considering only the still-imaging display and also when the images are displayed on a

laptop computer. The graphs in this section simply explore this in more detail.

Section 4.2.6 compares participants. The non-parametric Anova (Kruskal-Wallis) test was
used to test whether there was a statistically significant difference in the percentage

accuracy recorded by each of the twelve participants.

Section 4.2.7 addresses the inter-observer variability for the data presented above. Fleiss’
kappa measurement of concordance was used to test whether there was statistically
significant agreement between all participants;

1) when considering each coloured square as a separate entity.

2) for each device, according to colour, for the seven categories of shade

3) for each device, according to colour, for integrated categories of shade
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4.2 Results - Colour recognition accuracy

4.2.1 Images were viewed on the normal display of the original device.

4.2.1.1 According to device, all colours considered collectively. The results are
displayed graphically in figure 4-7. No device attained an accuracy of 50% or greater.
When all colours were considered collectively there was a statistically significant
difference between the devices in terms of the percentage of the coloured squares which
were identified correctly by the participants. (K-W Chi-square = 38.365 with 8df and
p<0.001.)

. Colour recognition accuracy for
When judged by these each device across all colours.
parameters the POTS 100 e
videophone was the worst >80
©
performer, achieving an §60
Q
accuracy of only 18%. The o 0 A ¢
(@]
cheapest mobile phone (M1) g ﬁﬁ
T B INNaN| I
performed almost as well as s é
a0
the most expensive state-of-
respectively) although when Fig. 4-7 Box and whisker plot of colour accuracy for each device

across all colours.
the image on the expensive

model (M4) was transferred to an identical model (M5) via MSN messaging the
performance was found to have increased (40% rising to 44% post MSN messaging). Its
performance after MSN transfer was comparable to that of the digital camera, which in
turn was better than Mobile 2 (44% and 38% respectively). Of all the mobile phones, the
mid-priced model performed most poorly. The ISDNG6 conferencing facility performed
poorly compared with the ISDN2 videophone (38% and 47% respectively).
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4.2.1.2 According to colour, considering all nine devices collectively. The data are
summarised in figure 4-8. When all the scores from every device were amalgamated there
was found to be a statistically significant difference in the extent to which individual

colours are recognised with absolute accuracy (K-W Chi-square = 18.465 with 4df and

p=0.001). Relative variation in colour
This indicates that there is a .
accuracy across devices.
statistically significant difference in 100
terms of overall accuracy between the 80 AMEAN
>
five colours. Judged by these § 60 ﬂ
parameters brown has the poorest result § 40 +—
) -
with only 31% of the brown shades g 20 !gﬁ T
c
being identified correctly. Blue has the % 0 !
greatest accuracy overall with 55% . Blue Brown Green Red Yellow
Colour

being identified with complete

Fig. 4-8 Box and whisker plot of colour accuracy across all

accuracy. devices.

It is clear from figure 4- 8 that the recognition accuracy of each colour varies across the
devices. When the recognition accuracy of each colour is demonstrated as it applies to
each device separately, a more complex pattern emerges. This is demonstrated in figure 4-
9, where it can be seen that although in general the blue hues were more accurately
recognised and the brown hues least accurately recognised, there are a number of
exceptions. For example in mobile 1 the red hues out-perform the blues and in mobile 3

three the blue and brown hues achieve the same (poor) level of accuracy.

Accuracy of recognition of individual colours on each
5 100 device
>
&
5 %80 ° o | B Brown
S5 AT ®  Blue
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250 1 @ * | m
8 &0 _ a | ¢ Red
s° $ | W "o | ™| ¢ Green
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Fig. 4 —9. Graph of percentage accuracy of each colour perceived on each device.
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4.2.1.3 According to device, considering all colours collectively and permitting errors
in shade to be included as correct results. The accuracy did not improve to the same
extent for all devices. Results of the chi-square test showed that there was a statistically
significant difference between devices when errors in 1 shade, 2 shades and 4 shades were
included. The difference for 3 shades was not shown to be statistically significant in this
sample. The data are summarised in table 4-1.

+1 shade +2 shades | +3 shade | +4 shades

K-W chi-square 17.483 17.311 14.557 16.518

Df 8 8 8 8

p-value 0.025 0.027 0.068 0.036

Table 4-1. Differences in improvements when errors in shade are included as a correct result.

Figure 4-10 shows the performance of each item of equipment, comparing its accuracy
when variations of shade are included as correct scores in the results. As can be seen in the
graph, the inclusion of a one shade error almost doubles the score for each item of
equipment, bringing the overall accuracy to approximately 70% in the majority of devices.
The exceptions are the mid-priced mobile phone (M3) the POTS videophone and to a
lesser extent the ISDNG6 video-conferencing system. With the inclusion of two or three

variations of shade of colour

Accuracy of colour recognition M 3 shades variation .
with 3 variations in shade. O 2 shades variation the scores for most devices
O 1 shade variation
100 0100 % Accurate approach, or even exceed,
20
g 80 — — [ e 80%, the exceptions again
3 70 +—1— ] 1 ] ] ] )
S 60 || - T being the mid-priced mobile
[=2]
© - ] S— E— — —
b B By — phone (M3) and the POTS
GL) [ | ] - -
R I ] T videophone which are much
20 [ ] [
o4 | e R — lower.
0 — o~ ' ™ < Te) o ' %) ' o~ ©
= = = = | = E 'é é é
Device 8 = =

Fig 4-10 Accuracy of colours identified when errors in shade are
discounted.
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4.2.2 The changes in accuracy of colour recognition when the images were viewed on
a laptop computer. No still images were captured with the real-time devices therefore

they do not appear in this section.

4.2.2.1 Changes in colour recognition accuracy according to device, across all
colours. When considering the colour recognition accuracy of individual devices (for
complete accuracy only) it can be seen from figure 4-11 that the transference of the image
to a laptop computer improved the results in every case, at least when the results from all
colours were amalgamated. The mean change in the percentage recorded as correct is
presented in table 4-2. The differences between devices in the level of improvement were
not found to be statistically significant however. (K-W Chi-square =5.188, df =5,
p=0.393.)

Accuracy of colour recognition when viewed on ;gsﬂages \ariation device Mean Change percentage
device and when viewed on alaptop computer zh:dzs\,dv:'!:ggn Corl’ect
O Accurate
M1 4
20 —— — — '
80 | | —
70 +— — I I — M2 13.4
g .60 - — L LI
g gso | — — | 1 | M3 12.0
8 340 — — -
25 ] ] ] M4 7.0
10 — L -
0 | - M5 12.0
YR VR > K > R o K TR
N AU AU AR AU & 3
v v v v VoSS Camera 2.0
Device

Table 4-2. Mean change in percentage of accurate
colour recognition accuracy for each device when
the image is viewed on a laptop computer.

Fig 4-11 Comparison of colour recognition accuracy,
across all colours, between viewing on device and
viewing on a laptop computer

4.2.2.2 Changes in colour recognition accuracy according to colour, when
considering all devices collectively. It can be seen from the illustration in figure 4-12 on
the following page that when the image was transferred to a laptop computer there was an

improvement in the recognition of each colour when the results were amalgamated across

84



Chapter 4

all six devices. The mean change in percentage correct varied from 3.96% in the blue
colours to 19.1% for the red colours and the data are summarised in table 4-3, however the
Anova analysis demonstrated no statistically significant difference in level of improvement
between colours. (K-W Chi-square = 3.885, df = 4, p = 0.422).

Improv_ement in colour recognition colour Mean percentage
when viewed on a laptop computer. -
Improvement
S 100
5 %0 Brown 12,5
< = Blue 3.96
o2 60
g5 il 3 ¥ Yellow 11.8
©Q 401 T 9] Red 19.1
2 ° ®
£ 20 T 1 T ¢ mean Green 15.3
S 0
) - T T T T T . .
o MITMLITMILTMLT M LT Table 4-3. Mean |mprovement|n accuracy
Devices (%) of colour recognition for each colour
M = mobil d ) LT = lapt when images are viewed on a laptop
Zmopriesanc camera. —_ - 1aptop.. computer compared with viewing on the
original device.
Fig 4-12. Changes in colour recognition accuracy, according

to colour, when original images are transferred from the six
devices to a laptop computer.

However, once again the generalisation is not fully representative of the complex changes
in performance. The changes in recognition accuracy of each colour, as perceived on each
individual device following transfer to the laptop computer, are illustrated in figure 4-13 on
the following page. It can be seen in that figure that the accuracy of recognition of some
colours in certain specific devices actually fell. For example, in both mobile 2 and the
digital camera the accuracy of recognition of the blue hues fell, as did recognition of the

brown hues in mobile 3.

When a one shade variation was included as an acceptable result, the improvement in
accuracy of computer display over device display ranged from 4% to 15%. The image
from the digital camera showed only a modest improvement and its overall accuracy was
rivalled by the images captured by mobile 2 and mobile 4. With the inclusion of the 1

shade error, the accuracy of the digital camera image viewed on a laptop was marginally
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exceeded by the image which has been transferred by MSN messaging prior to being
loaded onto the laptop.

Changes in colour recognition accuracy on each device when
image is viewed on a laptop computer.
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Fig 4-13. Changes in recognition accuracy of each colour for each device when the image is transferred to a
laptop computer.

4.2.3 Exploration of the recognition of colour incorporating all variations in display.
Although brown tones were the least accurately identified overall, it can be seen in figure
4-14 that the individual devices demonstrate very different capabilities with respect to this

colour. The ISDN2 videophone out-performed the other two real-time devices and it also

out-performed all the still-
Browns recognized

. . ’ W soCursts @A=/-1 shads
image devices when the per shade, per device B=- 2shades @=/-3 shades
W=/~ 4 shajes

image was viewed on the

face of the device. It even

out-performed or very
nearly equalled some of the

still imaging devices after

Percentage accuracy

their images had been

—_ o m = W m = I o w0

=2 25 22 (3 (g Ez 5 = 2

transferred to the laptop = E B = 3E = 2 2
Device &

computer. ) — )
Fig 4-14 Accuracy of recognition of brown tones on all devices
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Of the still-image devices the digital camera was the best performer when viewed on the
screen of the imaging device, both when complete accuracy is considered (range 17% -
38%, the digital camera yielding an accuracy of 38%) and also when a one shade variation
is included (range 46% - 83% with the digital camera yielding 83%). However when the
images were viewed on a laptop computer the improvement seen in Mobiles 2, 4 and 5
result in their closely approaching or out-performing the digital camera in terms of
absolute accuracy (range 21%-52% with digital camera yielding 46%). When a variation
of +/- one shade was included a similar pattern emerged, the range in this case being 33%-
85% with the digital camera yielding 73%.

It is tempting to suggest that the reasons for the difference in results when the images are
viewed on the face of the device may be due to the relative sizes of the viewing screens on
the device, however the viewing screen of Mobile 4 (and therefore also Mobile 5) was
slightly larger overall than that of the digital camera (see section 4.1.6.1 page 74 for
details). Furthermore, since both devices were able to be moved by the observer for
comfortable viewing, it is likely that the reason lies in the technical specifications of the

display.

The laptops used to display the images were not identical models and this cannot be
discounted as a reason for the relative differences in the improvements in recognition
accuracy recorded. Further considering the mode of display, Mobile 2 shows an absolute
accuracy of just below 17% from the face of the device, rising to just over 52% when
viewed on the laptop, an improvement of just over 35%. Mobile 1 however showed an
accuracy of 25% on the viewing screen of the device, rising to only 27% on the laptop, an
improvement of only 2%. This reinforces a previous assertion that image capture and
image display cannot be considered as one entity when assessing the quality of a
photographic device. It is an interesting anomaly that Mobile 3 yielded poorer recognition
accuracy via the laptop than on the device, at least in the brown part of the spectrum. One
possible reason for this is that the other aspects of image quality (resolution, distortion,
definition) were also poorer in this device and so degraded the overall appearance of the

image. Those faults, being more evident on the laptop display, may have affected the
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perception of the colour. Another explanation is that the exaggerated reddening of colour
previously observed by some authors, as described in chapter 3 on page 67, may have
occurred to a greater extent in this device than in the others. That colour distortion, being
more easily seen on the laptop display, may have led to observers mistaking more of the
brown squares for red ones in the matrix viewed. More detail in errors of colour

perception is given in section 4.2.4.

As suggested by the overall results for the blue tones, it can be seen in figure 4-15 that
each device demonstrated greater accuracy in this part of the spectrum (range 30%-73%)
particularly when including one shade of variation (range 61%-90%). The cameraphones
performed as well as, or in some instances slightly better, than the digital camera, which
scored 55% recognition with absolute accuracy and 77% with a one shade variation
included. The anticipated exception was Mobile 3 which achieved a recognition score of
only 30% for absolute accuracy and just over 60% when a one shade variation was

) . —— included. When viewed
Blues recognized ijcgra‘e -
per shade, per device Do) a - on the laptop computer
100 the absolute accuracy
90 . .
80 recognition fell slightly
70 . .
:.} > 60 in both Mobile 2 and the
= @
g 3 ig digital camera, but with
= Q
2 % the inclusion of +/- one
20
10 shade variation as a
0
g E g E 2 E 3 5 25 g5 g S 2 correct score all the still-
s s s b = 5§ & 3 3 . .
Device © £ - image devices performed
O
Fig 4-15 Accuracy of recognition of blue tones on all devices approximately equally

(range 85%-91%), again
with the predictable exception of Mobile 3 which nevertheless achieved a recognition score
of 75%. The real-time equipment also performed relatively well. The ISDN 6 system
yielded a better score than the ISDN2 system, achieving 71% and 58% respectively for
absolute accuracy and 88% and 81% with the inclusion of +/- one shade error. Both did
better than the POTS videophone which rendered 45% absolute accuracy and 65% with a
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+/- one shade variation, but this was still better than Mobile phone 3, except in the instance
of including an error of one shade variation when displayed on a laptop computer.

Yellow tones did not demonstrate an encouraging level of accuracy of colour recognition
in the still-imaging devices when absolute accuracy was considered (figure 4-16).
Excluding Mobile 3, which was again by far the worst performer with a score of only 14%,
the range of accurate scores was 33%-39%. The digital camera was at the top of that range
achieving a colour recognition score of 39%. The devices were therefore quite similar in
performance. When taking the one shade variation into account the accuracy of
recognition was much higher and the differences between devices also increased slightly,
(range = 71%-85%) but this time the digital camera was at the lower end of the range with

a score of 71%, therefore had not performed as well as most of the mobile phones.

In considering the real-time equipment the pattern reflects that demonstrated by the brown
tones, with the ISDN 2 videophone performing much better than the other two devices,

yielding a 50% score for the

Yellow recognized Daccurate D=/- 1 correct recognition with absolute

100 per shade per device E;i o accuracy, rising to 75% with the
2 B HH _E::____ iy inclusion of one shade variation,
§ ;8 N — 11 O __:_ B compared with only 14% rising to
% ol = 1 =1 1 — 49% and 8% rising to 29% by the
é o1 R HTHTEH B ISDN 6 and POTS equipment
¢ fﬁ | I E T ELE B respectively.
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Fig 4-16 Accuracy of recognition of yellow tones on all devices. recognition of absolute accuracy

were slightly higher when the images were viewed on the laptop computer, the
improvement ranging from 2%-16%, with Mobile 1 again showing the least improvement.
However when a one shade variation was included in the assessment, Mobiles 3, 4 and 5
showed an improvement of 13%-25% , with Mobile 3 showing the greatest improvement.
Mobiles 1 and 2 and the digital camera showed very little difference to the scores the

observers had recorded when looking at the face of the device directly.
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In the red part of the spectrum it can be seen in figure 4-17 that the recognition of absolute
accuracy ranged from only 6% in the POTS videophone to 52% in mobiles 1 and 5. Again
Mobile 3 was the worst performer of the still-image equipment at 19% but Mobile 2 did
not fare much better with a score of 27%. The digital camera was poorer than mobiles 1, 4
and 5 by an average of 3% and their respective scores demonstrated approximately the
same pattern when the images were transferred to a computer, although the image
transferred by MSN messaging appeared to perform better than all other equipment. It
achieved a similarly high score when including the error of a one shade variation, being
85% for both the red and brown tones. The poor performances given by M2 and M3
showed the greatest improvement after transfer to the computer, rising from 27%-60% and
from 19%-56% respectively. The inclusion of an error of one shade variation raised their
scores further still, yielding 79% & 75% respectively, which was little different to the
digital camera which showed an

Red recoanized Baccurate  B+/-1shade accuracy of 79% under the same
9 i B +/- 2 shades M +/- 3 shades
per shade, per device O +/- 4 shades conditions.

100

The real-time equipment

demonstrated poor recognition

accuracy in the red part of the

Percentage
accuracy

spectrum, with neither the POTS

nor the ISDNG systems rising

- N M <+ [Toll o o - 0 N ©
22 23 %3 %3 @ 8% 6 % 3
= = 2 = = § 5 S 3 0 above 10% for absolute
Device 8

accuracy. The ISDN2
videophone again did better, but

Fig 4-17 Accuracy of recognition of red tones on all devices.

not particularly well, with an absolute accuracy of 25%. The three systems fared much
better with the inclusion of a 1 shade variation, and under these conditions their scores
ranged from 41%-52%, again not particularly encouraging given the importance of red

tones in contributing to the perception of skin, pigmented lesions and infection.
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The green tones showed the greatest variation in accuracy recognition between devices
(Figure 4-18) ranging from only 4% for the POTS videophone to 44% for Mobile 5 after
transfer via MSN messaging, with the digital camera resolving 38% of green tones with
absolute accuracy. Surprisingly the ISDN2 and the ISDN6 equipment, yielding scores of
50% and 52% respectively, did better than any of the still imaging devices when viewed on
the screen of the device. Only when transferred to the laptop computer did Mobiles 2, 4
and 5 perform as well or slightly better, attaining scores of 56%, 54% and 52%
respectively. The greatest improvements, as might be expected were seen when a one
shade error was included and the image viewed on a computer. Again excluding Mobile 3
which, attaining 40%,

B accurate

- m=
was a particularly poor Green recognized 0=/ 2 0=
per shade, per device m=/-4

performer, the range of

recognition accuracy for

the still-image

equipment was 62%-

Percentage
accuracy

92%, the digital camera

giving the greater score,

closely followed by
Mobiles 2 and 4 with E
scores of 85% and 87%

Camera LT
POTS
ISDN 2
ISDN 6

Fig 4-18 Accuracy of recognition of green tones on all devices
respectively.

Arguably one of the most complex relationships to comprehend in terms of accurate colour
display is the effect of changing viewing parameters on the rank order of precision. It is
implied from comment in the preceding literature review that some colours may be
considered more important than others in certain specific clinical situations. The variable
parameters of assessing viewing accuracy, such as the device, the colour, and to what
extent shade is important, have been shown to exert an effect on the extent to which colour
is considered to be perceived accurately. Thus those parameters have the potential to alter
the rank order in which colours are considered to be presented accurately. Since the
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relative accuracies of colour recognition, as brought about by differences in viewing
conditions, may have some clinical relevance, they are illustrated below for completeness.

Referring to figure 4-19, when the images were viewed on a laptop computer compared
with being viewed on the original device, a different hierarchical order of colour
recognition accuracy was seen to occur across all devices except mobile 4. For example on
the display screen of the digital camera the blue tones were recognised more accurately
than any other colour and the greens least accurately. When transferred to laptop computer
this result was reversed, the greens being recognised most accurately and the blues least
accurately. This variation is cannot be dismissed with a simple comparison however, as a
change in the display of any one of the red/blue/green tones will affect the perception of all
other colours. The accuracy score of the blue colours was lower when viewed on the
laptop computer rather than on the original device, falling from 55% to 43%, a trend which
was also seen for M2, but not for the other devices. On M3 the rank order of the brown
tones fell from most accurately recognised to those least accurately recognised when
viewed on the laptop computer, whereas the red tones rose from third place to most

accurately recognised.

Accuracy in rank order, viewed on Accuracy in rank order, viewed on
original device laptopcomputer
100 100
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rblybrg bly g rbr biblrgy birgybr birybrg. blr ybrg blirgbry rblygor blrgybr g rybibl
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Fig 4-19 Differences in the rank order of colour identification when viewed on the original device, on a laptop
computer,
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This indicates a complex pattern of change. For example if colour distortion exists
between the blue/green tones, that distortion may be more evident when the image is
viewed on the better display of the laptop computer, leading to lower but more
representative colour recognition scores. Alternatively, it is possible that the computer
display introduces colour distortion of its own, which may act to amplify the original
colour distortion or, by happy coincidence, may act to correct it. Therefore although the
colours are not perceived accurately this is not the fault of the imaging device but the
display device. The computer display can be manipulated by the operator, for example
either to reflect his or her preferences in brightness or contrast, or in selecting a lower
colour specification (e.g. 16 bit instead of 32 bit) to accommodate limited processing

power of the computer.

Comparing the brown tones captured by the digital camera with those captured by M2,
when viewed on the laptop the browns were next to least accurate in both cases, although
M2 achieved the higher accuracy score (52.1% compared to the digital camera which
scored 45.8%). These factors may contribute to the observation that when viewed on the
laptop computer the digital camera could arguably be said to be inferior to M2, although

individual scores for the green and yellow tones on the camera image were slightly higher.

If a plus or minus one shade difference may be deemed acceptable and is included as an
accurate score, then when viewed on the original device only M2 retains the same rank
order of colour accuracy, and a comparison of scores including a +/- 1 shade error between
those images viewed on the original device compared with the same images viewed on a
laptop computer, shows that the hierarchical order of colour recognition accuracy changes

again. (Refer to figures 4-20 and 4-21 on the following page).
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Accuracy in rank order, viewed on original Accuracy in rank order, including +- 1 shade
device variation, viewed on original devices
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Fig. 4-20 Differences in the rank order of colour identification when a 1 shade error is included.
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Fig.4-21. Comparison of rank order of colour identification when images including an error of +/- 1
shade are viewed on the original device and on a laptop computer.
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Figure 4-22 shows that the transfer of the image from mobile 4 by MSN messaging did not
effect a change in the rank order of the accuracy scores when the transferred image was

viewed on the face of an identical cameraphone, although there was a slight increase in the
accuracy scores of all colours, the increases ranging from 2.1% in the red and brown tones,

to 4.8% for the blue tones. Nor was

there a change in the rank order of Changes in rank order of colour recognition post MSN
messaging

accurate colour recognition on 100
)
80
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20
yellow and brown tones, although 10
every score was hlgher, Wlth ° Mobile 4 Mobile 4 post  Mobile 4 on  Mobile 4 post MSN

MSN transfer  laptop transfer on laptop

mobile 4 when the original image

was transferred to the laptop

computer. Blue tones achieved the

Percentage accuracy

highest score, followed by red, green,

increases ranging from 13.1% for the Viewing device

Fig. 4-22 Changes in the rank order of colour
identification post MSN messaging, when viewed on the
tones. original device, on a laptop computer.

blue tones to 20.8% for the brown

The image received via MSN messaging and subsequently transferred to the laptop
computer, demonstrated another variation in rank order, with the recognition of the red
tones (70.8%) being slightly higher than that of the blue tones (63.1%). This effect was
due not only to the increase in accuracy scores of the red colours (64.6% rising to 70.8%)
but also to a slight fall in the accuracy scores of the blue colours (65.5% falling to 63.1%).

The rank order of the other colours remained unchanged.

As shown in figure 4-23 on the following page, when a +/- one shade error was included in
the analysis the rank order altered in a variety of ways, but none replicated either of the
patterns which had occurred when only absolute accuracy was counted. The MSN
messaging process had not altered the rank order when viewed on the face of an identical
device, but the scores increased for all most colours, the exception being the yellow tones
which fell slightly from 79.2% to 77.8%. The uploading of the pre and post MSN
transference images onto a laptop computer resulted in the greatest changes in the rank

order, with yellow showing the greatest accuracy, affording scores of 91.2% and 93% for
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the original and post MSN images respectively. In the post MSN image the red and brown
tones scored 85.4% and 84.4% respectively. Whilst the scoring of absolutely accurate

identification had been relatively low for the brown tones overall, it was possible that

confusion had occurred

Changes in rank order of colour recognition post MSN
between the red and brOWn messaging +/_ 1 Shade error
. 100
colours. With scores of over % —
90% this seemed less likely to 3 80 - 3
5 70 4
have been the case and more § 60 |
. O 50 A
likely that the errors were = 2
g |
related to the misidentification S 301
[4]
o 20
of exact shades rather than 10
colours, however it is 0-
Mobile 4 Mobile 4 post Mobile 4 on Mobile 4 post
interesting that the pattern Of MSN transfer lanton MSN transfer on
Viewing device lantan

accuracy changes, rather than Fig. 4-23 Changes in the rank order of colour recognition post MSN
simply the accuracy scores. messaging, when including a +/- 1 shade of error.

4.2.4 The incidence of colours misidentified as a completely different colour,
regardless of shade. There were 529 incidences of colours perceived as an entirely
different colour over all viewing possibilities (5 mobile phones and a digital camera which
were viewed on the original device and on a laptop computer, 2 videophones and 1 ISDN6
teleconferencing facility). This comprised 12% (rounded to the nearest whole number) of

the total number of viewing opportunities of coloured squares.

4.2.4.1 Misidentification of colour, according to colour, when considering all devices
collectively. When only the original still-imaging devices were taken into account (that is,
excluding errors recorded from the laptop computers) there was seen to be a statistically
significant difference between the colours thus misidentified. (K-W Chi-square = 17.317
with 4 df and p = 0.002.) Figure 4-24 on the following page shows the variation in the
misinterpretation of each colour. It can be seen that a staggering 27% of red tones and
15% of brown tones (rounded to the nearest whole number) were identified as an entirely

different colour when all devices were considered collectively. Almost 66% of those
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errors occurred in the very palest and very darkest tones present (348 incidences).
However 181 of those errors occurred in the middle range, in which colours could be
expected to be relatively easily distinguished from one another. In addition to the 529

incidences of incorrect colour identification, there were 430 (9.6%) incidences of coloured

squares being recorded as -
g g Percentage of each colour incorrectly

absent. Unfortunately it is perceived as a different colour.

100

not recorded whether those 3 %

incidences were perceived as §°

errors in colour or simply as g *0

errors in the exact shade. It ; 40 27

is possible therefore that the g 20 +22 - I 15
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of colour is higher than that
Colours incorrectly identified

Fig 4-24 Percentage of each colour incorrectly identified as a
different colour.

recorded here.

A summary of the errors which were recorded is presented in table 4-4 below, in which the
instances of error exceeding 10% are highlighted in pink for ease of viewing.

Colours perceived

Colours A
present TN

M brown | blue | yellow red green absent
brown 65.3 0.9 1.6 10.2 2.5 19.4
blue 1.2 85.3 0.0 0.1 2.8 10.6
Yellow 2.0 0.0 80.2 5.2 1.2 11.3
red 25.2 0.0 0.7 62.5 1.4 10.2
green 10.4 2.5 0.0 2.1 76.2 8.8

Table 4-4. Percentaae of each colour mistaken for a different colour.

The difference was also shown to be statistically significant, in terms of the percentage of
colours mistaken for a completely different colour, when all fifteen viewing opportunities
(i.e. including real-time imaging devices and viewing on laptop computers) were

considered together. (K-W Chi-square = 28.936 with 4 df and p<0.001.)
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4.2.4.2 Misidentification of colour, according to device, when all colours are
considered collectively. When the data were further analysed to determine if there was a
significant difference between the inaccurate recognition of colour according to device, no
statistically significant difference was found between the still-imaging devices. (K-W Chi-
square = 9.075 with 5 df and p = 0.106.) When all fifteen viewing opportunities were
considered together however a statistically significant difference in terms of the percentage
of colours mistaken was demonstrated. (K-W Chi-square = 27.269 with 14 df and
p=0.018.)

4.2.4.3 Mean change in percentage of colours recorded as incorrect when images from
the six still-imaging devices were viewed on a laptop computer. In the majority of
cases the transfer of images to a laptop computer reduced the incidence of error of colour
identification, with the exception of mobile 1, for which the mean percentage error

increased when the image was

viewed on a laptop computer. Device Mean change in percentage
. incorr
(See table 4-5.) The difference Incorrect
. . f th M1 5.2
between devices in terms of the M2 140
change in percentage of error was M3 -14.2
shown to be statistically M4 -4.0
significant M5 16
9 Camera -0.8
(K-W  chi-square=15.035, df=5, Table 4-5. Mean change in error of colour identification
_ for each device when images are transferred to a laptop
p=0.010). computer.
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4.2.5 Further exploration of the misperception of colour as a completely different

colour. The pattern of incorrect perception of colours as an entirely different colour is

described more fully in this section.

4.2.5.1 Perception of brown tones. In this study 15% of the brown shades actually

present were mistaken for other colours (n=108). Of those errors, 46 occurred at the

extreme ends of the spectrum, with 13 errors relating to the palest shade and 33 relating to

the darkest shade. Sixty-two occurred in the mid-tonal range. When comparing the

perception of the brown tones on each device, and discounting errors in shade, it can be

seen from figure 4-25 that the
range of squares correctly
perceived as brown ranged from
48% - 88%. There was a
relatively high incidence of
missing responses within the
range of brown tones, indicating
that the respondents did not
recognise the exact match,
however as mentioned above it
cannot be identified whether it
was a misperception in colour,

or merely in the exact shade.

Brown perceived as blue
occurred on nine occasions out of
a possible 720, seven of these
occurring at the extreme ends of
the tonal range. No instance of
this was recorded in any of the
real-time equipment, the digital
camera, or Mobiles 2 and 3,

although one instance was

. e O Recorded as "absent’
Brown correctly identified

@ Recorded as brown

Percentage

Camera LT

Viewing device

Fig 4-25 Percentage of correct identification of brown tones on
each device
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recorded in the image from mobile 3 which was displayed on a computer. The highest

observed occurrence was for mobile 4 after transfer to laptop (figure 4-26). In this case

there were three instances of brown tones being perceived as blue, two out of the three

being the very darkest shade of brown presented.

Brown perceived as yellow was rare occurrence, occurring only eight times in total, out of

a possible 720 opportunities. It did however occur on one occasion on the digital camera

and this was not at either

extreme of the tonal range.

Referring to figure 4-27 it can be

seen that the main occurrence
was on the POTS equipment, on
which three instances were
observed, all three being the
darkest shade of brown which
was misidentified as dark

yellow.

Percentage misidentified

Brown misidentified as yellow per device

@
L

o

e
rots |

|5 DR
|50rG

—
—
=t
=

MALT
M2LT
MILT
MSLT
Camera LT

lewing device

Fig 4-27 Incidences of brown perceived as yellow.

Brown perceived as red. Brown was misidentified as red on sixty-seven occasions (9.3%

of the brown tones actually present). From the graph, (figure 4-28) it can be seen that M2

was the worst offender, but the
digital camera did not perform
particularly well when used to
view the image, with 12.5% of
the browns being misidentified
as red. The image captured by
the digital camera did not
improve a great deal when
viewed on a laptop computer as
8.3% of the brown tones were

still perceived as red. The most

Percentage misidentified

Brown perceived as red

40

35

30

Fig 4-28 Incidences of brown perceived as red
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dramatic improvement in brown tone recognition occurred on M2, on which almost 19%
were thus misidentified when viewed on the face of the device, falling to just over 2%

when viewed on the laptop computer.

Brown perceived as green. Within the occurrences of brown being misidentified as green
(figure 4-29) the observations of particular interest were M1 and the digital camera,
specifically because both demonstrated an increase in this phenomenon when the image
was viewed on the laptop computer. The numbers were very small, being just two
occurrences on M1, both of which concerned the very darkest shade of brown. This total
rose to six when viewed on the laptop, three of which concerned the darkest shade, one the

palest shade and two in the mid-
Brown perceived as green
tonal range. On the face of the w0
digital camera however there was no 3 35
brown/green misperception on the &
2 25
face of the camera, but two when 2 0
()
that image was viewed on the laptop 15 102 125
c : ]
- . o 10
computer. Again it was noted that °  lazaz 42
. o
there were no instances of a o e Jol B8 =2 = =1 =
4 8 © g v g F F F FF 0 o ©
. . = = === 5 24 4 2 223 5 F Z
brown/green misidentification Egggzegesnd dg
- . o ) = -
exhibited by the real-time Viewing device §
equipment. Fig 4-29 Incidences of brown perceived as green
; e 0O Recorded as "absent"
4.2.5.2 Perception of blue tones. Blue correctly identified B Recorded a5 biue
. . 100
As already indicated and as can be %
seen in figure 4-30, the blue shades 80
o 70
were in general the most accurately | & o
c
. o S0
recognised. Of those not accurately | 2 4o
[0
. o 30
recognised most were recorded as 20
being absent so again it is difficult to 10
0
know whether that was due to 2223223 2 é é 'g' 2, 5 g 2 %
< [} n @
misidentification of shade or colour. © g
Viewing device

Following the trend of ather results, Fig 4-30 Percentage of correct identification of blue tones on

each device
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M3 performed most poorly of the still imaging devices although still achieving 74% and
the POTS device achieved only 71% accuracy. There were no instances of blue being
perceived as either yellow or red, and relatively few as brown or green. Those are

addressed together in the following section.

Blue perceived as brown or green. Referring to figure 4-31, where the misperception of
colour occurred there were seventeen instances of it being mistaken for brown, ten of those
occurring at the palest end of the spectrum, and thirty-four instances of it being mistaken
for green, of which twenty-two were at the extremes of the tonal range. The notable
exception in mistaking the blue for green was found on M3, in which eight incidences of
misidentification occurred in the mid-tonal range, in addition to four occurring at the
extremes of tonal range. There was an improvement on that result when the image was
transferred to a computer for viewing, indicating once again the anticipated inferiority of
the display on the face of M3.

Blue perceived as brown Blue perceived as green

Percentage misidentified
S
Percentage misidentified

-_
-
- d
= w
= =

viewing device

Camera LT
POTS
ISDN2
ISDN6

Camera LT ] ;
POTS
ISDN2
ISDN6

Viewing device

Fig 4-31 Incidences of blue perceived as brown or green.
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4.2.5.3 Perception of yellow

tones. Referring to figure 4-32 it Yellow correctly identified 01 Recorded as "absent
O Recorded as yellow
can be seen that when errors of W = =
- Tozlloz|lo2[loalloo[ = P 1 [
shade are ignored the yellow tones 80 17N T Teal = M Meall e
© 704 H H HHHHHHHAH HeH
. (o))
demonstrated a high level of g e K 00 et 0 T
61
. © 504 HHHHHHHHGHAHAH HH H
accuracy of colour recognition = 1 | R R
o 42
which was roughly equivalent to Stlaununaananunnnnt
that of the blue tones, although the Sl O o A I O I
0 T T T T T T T T T T T T T T
. . .. 2 2 2 3L oK K KKK = 0 ©
precise scores for individual 58 =8 R 5 % 2
devices differed. Again the © §
Viewing device ©

instances of colours recorded as Fig 4-32 Percentage of correct identification of yellow tones on
absent were not able to be each device.

differentiated between errors of colour or shade, but as might be expected from such a high
colour recognition score there were relatively few errors recorded. No instances of yellow
being mistaken for blue were recorded and unsurprisingly the lowest overall score was
achieved by M3, both on the face of the device and when viewed on a laptop computer.
The POTS device was the next lowest, achieving a score of 61%. The accuracy score for

the digital camera fell by 8% when the image was transferred to the laptop computer.

Yellow perceived as brown.

. vell ived as b
There were 29 instances of ellow percelved as brown

yellow being identified as brown,
40

35
30
25
20
15

occurring mainly in the two

darkest yellow tones. M3 was the

worst offender (figure 4-33),

-~
N
5

Percentage misidentified

although the image from the 10 69 o

digital camera, when viewed on i T i

the laptop computer performed =EEEs % g é é é é § g % %
(@] £ -

equally badly. Viewing device 8

Whilst the poorer score achieved Fig 4-33 Incidences of yellow perceived as brown.

by the image from M3 when viewed on a laptop may indicate that the shortcomings in
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image capture are not fully realised until that image is displayed on a superior device, the
fact that this has happened also to the digital camera image suggests that it is in fact the

display device (i.e. the laptop) which may be at fault.

Yellow perceived as red. Referring to figure 4-34 it can be seen that all except the digital
camera image viewed on the laptop and the ISDNG6 image had at least one occurrence of
yellow perceived as red. Nineteen instances occurred on the face of M3, and of these only

seven involved the extremes of the tonal range.

That score dropped to eight when
. Yellow perceived as red
viewed on the laptop computer, of
40
which three were the darkest tone of | 5 ..
yellow and none was the palest. The | £ 30 T
S
fact that most errors were occurring | 2 25 I
20
in the mid-tonal range indicates a > 1s
g 111 111
real shift in the colour reproduction, g 10 P 69
e 4.2 4.2 4.2
. . L. 0 5
rather than eyesight difficulties in o 1-4r| LA M 1414 12
0 |_|I = |_|I_|I = = .'_'u'_lu = II_II
distinguishing between two very ££28:2g55555858 98
ESS2:22 8¢ 3 0
pale or very dark shades of two L &
Viewing device ©

different colours Fig. 4-34. Incidences of yellow perceived as red.
Yellow perceived as green. Again mobile 3 stands out as demonstrating the greatest
number of errors recorded (figure 4-35) and since a number of both the blue and the yellow

colours were perceived as green on

the face of this device, and less on Yellow perceived as green
the laptop computer, it is likely . 40
: . Q2 35
that the display is at fault to a =
c
. (]
greater extent than the image ° 25
capture. The image from the £ 20
(o))
.. . < 15
digital camera, when viewed on S 10 "
o 0.J
~ — 4.2
the laptop computer, had a greater |3 5 4 R o
| — /rm /rm -
number of errors recorded, e e s e s f e o
=222 5%5 23903025
although the numbers were very §===22229 %00
Viewing device 8
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small (three instances, two of which involved the darkest tone). If the computer monitor
display had a tendency towards over-enhancement of green tones then it is clearly easier
for yellow to be compromised than, say, red. However since this did not happen with M3,
it is possible that the errors were due at least in part to some observers using an

inappropriate viewing angle, as this changes the perception of colours seen.

4.2.5.4 Perception of red tones. It can be seen in figure 4-36 that once again M3 was the
worst performer in terms of visualising the red tones, yielding an accuracy score of only

44%. The real time equipment did

not perform much better, with

Red correctly identified O Recorded as "absent

B Recorded as red

scores ranging from 54% on the
ISDN2 videophone to 63% for the

ISDNG6 equipment. One reason for

the poor performance may be found

Percentage

in the comparison of those red tones

accurately perceived as red and

those misidentified as brown, and 3 9§ 2%

POTS
ISDN2
ISDN6

this is discussed further in the next

Camera LT

Viewing device

aragraph. No instances of red : ——
paragrap Fig 4-36 Percentage of correct identification of red tones on
tones being misidentified as blue each device.

occurred.

Red tones perceived as brown. Referring to figure 4-37 it can be seen that a relatively
large percentage of red tones were misidentified as brown, ranging from 10.4% in the
images from M3 and M5 which were viewed on the laptop computer, to 38% in the image
of M2 viewed on the face of the device. Since the darker that the colour red becomes the
closer it is to brown, this perhaps lends support to the suggestion that the viewing angle
may be responsible for errors in perception, as it can readily be verified that red tones vary
considerably when the viewing screen of a laptop computer is adjusted in angle relative to
the observer. This may also explain the anomalous finding when the image from M4 was

viewed on the laptop computer. To provide further evidence for this argument, the sum of
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the red tones perceived as either red or brown were combined and are presented in figure
4-38. It can be seen that very high scores were recorded, the range being 77% - 98% with

a standard deviation of 7%.

Red perceived as brown Incidence of red tones perceived as either
red or brown

100

J

Percentage misidentified
Percentage

M1LT
M2

M3

M4

M5
Camera
M1LT
M2 LT
M3 LT
M4 LT
M5 LT
Camera LT
POTS
ISDN2
ISDN6

s
o]
£
©
6]

B Seen as brown
B Seen as red Viewing device

Camera LT

Viewing device

Fig 4-37 Incidences of red perceived as brown Fig 4-38 Incidences of red perceived as either red or
brown

Red tones perceived as yellow. Although only three instances of this occurrence were
reported (figure 4-39) one of those being on the face of M3 which could arguably be said
to explicable as M3 had been

found to be consistently poor in Red perceived as yellow

colour reproduction, it was 40
35

considered odd that the two %

other instances involved a red 25

20

tone which was in the middle
15

of the range and not at either 10

extreme.

Percentage misidentified

- -
- 4
g W
= =

M1LT
M2 LT
M3 LT
POTS
ISDN2
ISDN6

Whilst experimenting with the §

Camera LT

Viewing device

viewing angle it was noted that

Fig 4-39 Incidences of red perceived as yellow
as the angle became more
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extreme the red tones appeared to veer towards the yellow part of the spectrum, but
appearing orange rather than yellow. Whilst this might reasonably be mistaken in the very
darkest tone of yellow, it was not easily mistaken in the mid-tonal range. It seems unlikely
that two observers would be mistaken, either in the coloured square they chose or in the
respective position they had placed it on the blank matrix, because they were reproducing a
pattern and therefore the error would have caused mistakes to occur in adjacent squares.
However it is possible that some other unidentified factor had influenced the colour
perceived, for example a reflection of an article of clothing worn by the participant might

conceivably have been cast on the face of the viewing device.

Red tones perceived as green. There were eleven errors of this type made by seven
participants. It will be seen from figure 4-40 that there was no conformity in pattern. For
example the instances which were recorded from the display screen of the digital camera
did not occur when that image was transferred to a laptop computer. However the same
error did not occur on the display screen of M5 but was recorded when that image was
transferred to a laptop computer. Of the errors, three were made with the shades at the

very palest extreme, three at the darkest extreme and five in the middle tonal range. This

finding was particularly difficult :
Red perceived as green

to comprehend in terms of

40

changes in colour saturation due 35

30

to viewing angle, as despite many
25

attempts the author was not able ”

to reproduce this finding. At

15

10

extremes of viewing angle red

; 5 154 =5 4 54— 54
variously appeared as brown, iﬁﬁ%
0 4

terracotta, pale pink, yellow and $s2=s¢2

Percentage misidentified

Camera
M1LT

M2 LT

M3 LT

M4 LT

M5 LT
Camera LT

even pale lilac at one extreme Viewing device

angle, but on no occasion did the Fig 4-40 Incidences of red perceived as green

author perceive red as green.

Red — green colour blindness is not uncommon, however since participants who did not

score 100% accuracy on the face-to-face task of re-creating the coloured matrix were
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omitted from this study it is unlikely to be due to that factor. Furthermore there were
eleven errors of this type made by seven participants. Of these, three were made with the
shades at the very palest extreme, three at the darkest extreme and five in the middle tonal
range. Again the possibly has to be considered that the misperception may be connected to
some factor related to either the environment or to certain participants. As previously
explained natural daylight was used during the study and the room where the viewing
occurred was a dedicated telemedicine conference room and had been decorated
accordingly, with plain walls of muted beige, therefore this effect was not likely to have
been caused by ambient lighting. However it is possible that some participants sat in a
position where reflections of, for example, either of an item of clothing or of the shrubbery

outside the window, interfered with the viewing process.

4.2.5.5. Perception of green tones (figure 4-41). The recognition of green tones was on
the whole slightly poorer than blue or yellow, but better than the brown and overall slightly
better than the red. The accuracy ranged from 48% to 96%. M3 was predictably the worst
performer and the accuracy was improved only slightly when that image was viewed on
the laptop computer. The image from the digital camera performed better than the most
expensive mobile (M4) when viewed on the face of the device, but that order was reversed
when viewed on the computer, the digital camera image achieving an accuracy score of
92% against 96% for the

. A ; e O Recorded as "absent’
image from M4. No instances Green correctly identified 8 Rocorded as groen
were recorded in which green 100 ey
. 90 1 96t9_2——-96
tones were mistaken for 80 T ——{ 188l 168 HasH 88
70 -_-_—77-79_ 75 I H H H—H H
yellow, but the other errors are o coderBH H B HTH H | N (71|
(@) —_—
. s so4 HHHHHHHHHH
presented on the following § w4 Gl 1] P4 ]
— 30_ H H H H H H H H H H
[0
pages. Eoal 1 | | O | S I S [ R ]
w4 HHHHHHHHHH
O T T T T T T T T T T
$§gIg2eghEobE558 298
ES 323222383
© g
Viewing device o

Fig 4-41 Percentage of correct identification of green tones on each
device.

108



Chapter 4

Green tones perceived as brown. As seen in figure 4-42, the incidence of green tones
being identified as brown was a

. L G ived as b
relatively common finding, the reen perceived as brown

exceptions being the images from

both M4 and the digital camera E >

when viewed on the laptop g

computer and ISDN6. 23% of the %

green tones were identified as g

brown on the face of M3, which § H H H

reduced to just under 15% when Ssgigshs55555K0g 8

that image was viewed on the § R % 250
8

Viewing device

computer.

Fig 4-42. Incidences of green perceived as brown

Green tones perceived as blue. Twenty errors of this type occurred, and are shown as

percentage of error in figure 4-43. Seventeen of those errors involved the very darkest

shade of green being mistaken for _
Green perceived as blue
the darkest blue. There was no
- - - 40
recorded incidence of green being T
mistaken for blue or indeed blue % 30
. . ©
being mistaken for green on any of w ®
€ 20
the real time equipment, although S L
©
it is acknowledged that there were G 10 4= T a—
- cid £ col bei S .o, 424242 o 4.2
more incidences of colours bein o W“—H‘H_H :

g 0 T IHIHIHIHIHI T T T IHI T T T
reported as absent in the images $¢23LeehEbEE85582g¢
displayed on th | ti ;2225833

(@] £ -
isplayed on the real time Viewing device &
equipment. Fig 4-43 Incidences of green perceived as blue
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Green tones perceived as red. It can be seen in figure 4-44 that there were very few
incidences of this error occurring. None occurred in M1, two in M2, 3 in M3 and only one
occurrence in each of M4, M5 and the digital camera. Three of those occurrences involved
the extremes of shade. However when the images were transferred to the computer two

scores worsened, those being M4 and the digital camera, both of which increased by 1.

Again there was no recorded

.. . .. Green perceived as red
incidence of this occurring in the

40

real time equipment. Once again,
35

during further experimentation the 30

25

researcher was able to replicate this
20

phenomenon by changing the o

Percentage misidentified

viewing angle, although to such an 10 8.3 -
e 2. . 4242
extreme extent that it is difficult to 5 2t2t2t 2%
_ o 0 ﬂ o ”ﬂnm .
believe that any participant would 28232 ghh5E58550 .8
. . . ES3S$232¢c2 33
choose to view an image from this 3] E =
Viewing device §

angle. Fig 4-44 Incidences of green perceived as red

4.2.5.6 Errors in recognition of colour, regardless of shade, as seen on each device
before and after transfer to a laptop computer. Figure 4-45 illustrates the extent to
which each colour was mistaken for another colour on the four cameraphones. The devices
display some similarity in the greatest errors, for example the frequency of the confusion
between red and brown tones is evident, as is to a lesser extent the confusion between
green and brown tones and between yellow and red. However it is clear that the devices do
not behave in an identical fashion when the image is viewed on the display screen of the
device. When the images from the cameraphones were transferred to a laptop computer
the confusion between red and brown tones was seen to persist, although the patterns of
error had changed a little (figure 4-46). To give just one example it can be seen in the
illustration that when viewed on the face of the original device M2 shows a greater degree
of error where red is perceived as brown than does M1, but when the images were viewed

on the laptop computer the levels of error are almost equal.
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Following transfer of the image from M4 via MSN messaging, although there were slight
differences in the exact scores the pattern of error is virtually identical (figure 4-47), the
most frequently occurring error again being the confusion between red and brown tones.
There was a slight reduction in colour identification error when the image sent via MSN

messaging was viewed on the laptop computer.

The digital camera showed a similar trend in red/brown confusion (figure 4-48) which
again appeared to persist even when the image was displayed on the laptop computer.
Other errors were few and although the pattern of error appears to be very different when
viewed on the laptop, it is acknowledged that the numbers were very small and a larger

sample size may have yielded different scores.

Finally the real-time equipment (figure 4-49) had fewer recorded errors than the still image
equipment, with the single largest error again being red mistaken for brown. The ISDN2
and ISDNG6 equipment performed particularly well, although there were a relatively large

number of colours reported as being absent.
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Digital camera
Errors in colour perception regardless of shade

25

20

15

10

5

Number of

0
g
3

2t

P E3TE 30 5
(Browns Il -1 IR

Colours perceived as other colours

yellow
yellow
yellow
red
brown
blue
yellow
red
green

Digital camera on Laptop
Errors in colour perception regardless of shade

Nurrber of

Colours perceived as other colours

Fig 4-48 Changes to errors in colour identification when the image from the digital
camera is transferred to and viewed on a laptop computer.
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4.2.6 Comparison of the accuracy of the twelve participants. The K-W test produced a
Chi-square test statistic of 9.85 with 11df and p=0.544. Therefore no statistically
significant difference was demonstrated between the participants in terms of the percentage

of squares accurately identified.

4.2.7 Inter-observer agreement and variability. For the purposes of this section it is
important to understand that in this case good agreement can refer to high accuracy in
colour recognition, in which case the devices can be said to be accurate in their colour
reproduction and display. Alternatively, good agreement can be achieved when the
accuracy of colour recognition is poor. In that situation it is convenient to consider errors
in the perception of a particular tonal shade to be either “positive” or “negative.” In this
context a “positive” error is one in which one shade or colour was positively represented
by the imaging device as a different shade or colour present in the matrix, but the same
“wrong” colour was perceived by many participants. This situation would occur if, for
example, there was a systematic flaw in the colour representation of the imaging device,
such as incorrect colour balance or perhaps manufacturers deliberately enhancing red tones
to make the image appear “brighter.” A “negative” error on the other hand would
describe a situation in which participants recorded incorrect shades or colours, but did not
record the same “wrong” colour, thus affording poor agreement between participants.
Such a situation might arise if, for example, the appearance was affected by changing
circumstances external to the imaging and display software. Reflections and changes in

viewing angle have already been suggested as examples of this.

Fleiss’ kappa was selected as the statistic of choice to measure of inter-observer agreement

in his section as it relates to situations such as

this one in which there were multiple Value of K Interpretation
observers. Cohen’s statistic on the other hand | <0.2 Poor agreement

is specific to two observers. The 0.21-0.40 Fair agreement
interpretation of the kappa scores given 0.41-0.60 Moderate agreement
conform to those prescribed by Altman (op 0.61-0.80 Good agreement
cit.) which for ease of reading are reproduced 0.81-1.00 Very good agreement
in table 4-6.

Table 4-6. Interpretation of k values after Altman
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4.2.7.1 Kappa calculations considering each square as a separate entity. The results
given in table 4-7 are presented in order of best to least agreement when each coloured
square was taken to be a separate entity. It can be seen that the three real-time devices
appear from this table to be the better performers, however this is not necessarily a true
representation as these three devices have the greatest number of colours recorded as
absent. As previously explained there was no way to ascertain how the absent data were
perceived, for example as being only marginally different to any of those available to the

participant, or if they were perceived as being entirely different.

Overall it can be seen that there was poor agreement recorded on every still imaging device
except one. The exception was mobile 2 which demonstrated slight agreement when errors
in shade were ignored. Interestingly, this device had one of the highest incidences of

confusion between the brown and red tones, indicating that this was indeed a failing in the

equipment.
Device Separate Integrated
5 ficinant (i " t shades shades
oor participant agreement is perhaps no ISDN 6 0.23182 0.24879
surprising in the situation where each POTS 0.23157 0.26380
separate square observed is considered as | ISDN 2 0.17106 0.15260
a separate entity, but it was surprising Mobile 2 0.15718 0.20050
that when ignoring errors in shade, which il - UL L2
h olv b dioi Mobile 1 0.09706 0.11895
might reasonably be expected to improve Camera Laptop 0.08518 0.14017
agreement, it actually made it worse in M5 0.08288 0.10977
six devices (highlighted in yellow in table | M3 Laptop 0.08201 0.11960
4-7). Of the six devices three related to M4 Laptop 0.07309 0.06402
images viewed on a laptop computer, L ITaptop UOr s Ulloo A
_ ) Mobile3 0.05755 0.07678
which lends support to previous Camera 0.04620 0.03623
comments regarding the changes in M2 Laptop 0.04404 0.01995
perception which can occur with this M5 Laptop 0.03953 0.05863
equipment. However, this finding also
j = Fair agreement D = poor agreement

occurred on the digital camera and on
mobile 4, which was the top-of-the-range

mobile phone.

Table 4-7 Kappa statistic for each device, taking each
square as a separate entity
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4.2.7.2. Kappa calculation per device by colour, for the seven categories of shade. It

can be seen from table 4-8 that for most devices and colours fair to moderate levels of

agreement were achieved. The lowest levels of agreement were in respect of shades of

brown, in three cases this being poor. Two of the three cases comprised the image from

M1, displayed both on the face of the device and also on the laptop computer. The third

was the image from M3 which was displayed on the laptop computer, although

surprisingly when viewed on the face of the device agreement was fair to moderate. For

the green and blue shades however M3 demonstrated only slight or poor agreement. The

highest levels of agreement were in respect of shades of red, and there was a high

incidence of the red tones being misidentified as brown. The devices tested varied

considerably in the extent to which observers using them achieved agreement in respect of

perceptions of shade. The best was ISDN 2, followed by the image from M2 displayed on

the laptop, the image from M5 displayed on the laptop, and the image from the digital

camera displayed on the laptop. In every case the use of a laptop improved the level of

agreement achieved for the device in question, despite the often poorer accuracy recorded

when using the computer to display the image. The extent of improvement varied

markedly between devices, with the greatest improvement seen in the digital camera image

and the smallest improvement in M3.

Device Browns Blues Yellows Reds Greens Average
M1 -0.03363 0.31510 0.20224 | 0.40450 | 0.24736 0.22711
M 2 0.27667 0.42392 0.33451 0.44218 | 0.28481 0.35242
M3 0.27353 0.19794 | 0.21470 0.32776 | 0.19661 0.24211
M 4 0.22607 0.30120 0.53531 0.34740 | 0.28607 0.33921
M5 0.24366 0.31290 0.38469 0.36586 | 0.30009 0.32144
Digital Camera 0.25812 0.30675 0.30609 0.29833 | 0.30339 0.29454
M1 Laptop 0.18645 0.39617 0.28302 0.40836 | 0.29844 0.31449
M 2 Laptop 0.33520 0.38225 0.39808 0.44169 | 0.41083 0.39361
M 3 Laptop 0.18433 0.25145 0.23454 | 0.35382 | 0.27717 0.26026
M 4 Laptop 0.23494 0.38767 0.42298 0.44682 | 0.45378 0.38924
M 5 Laptop 0.31900 0.36684 | 0.44351 0.51158 | 0.32709 0.39360
Camera Laptop 0.34130 0.32572 0.33138 0.43803 | 0.48625 0.38454
POTS 0.37396 0.30926 0.24529 0.49108 | 0.48171 0.38026
ISDN 2 0.30687 0.39176 0.32716 0.52969 | 0.460y74 | 0.40324
ISDN 6 0.26324 0.423y81 | 0.38172 | 0.410y60 | 0.38326 0.37252
AVERAGE 0.25265 0.33952 0.33635 0.41451 | 0.34651 0.33791

I:I = Poor agreement

|:|= Fair agreement

I:Iz Moderate agreement

Table 4-8 Kappa statistic for each device by colour, for the seven categories of shade.
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4.2.7.3 Kappa calculation for each device by colour, for integrated categories of
shade. Referring to table 4-9 below it can be seen that when errors in shade were ignored
the levels of inter-observer agreement were substantially increased. The highest levels of
agreement were in respect of red and the lowest were for brown. The images from M2 and
M5, when displayed on the laptop computer, demonstrated consistently substantial
agreement across the entire colour range, suggesting that the errors in colour recognition
were also common to observers, thus indicating that the red/brown confusion was common
to all participants and therefore likely to be a consistent flaw in colour representation.
Similarly, the images from M4 and subsequently transferred via MSN messaging to M5,
when displayed on the laptop achieved Kappa scores which indicated very high levels of
agreement. ISDN 2, which had achieved the best (albeit moderate) agreement in respect of

individual shades, did not score particularly highly when shade categories were integrated.

Device Browns | Blues Yellows | Reds Greens | Average
M1 -0.04155 | 0.58951 | 0.31716 | 0.62368 | 0.16318 0.33040
M 2 0.34130 | 0.67552 | 0.69140 | 0.57356 | 0.54432 0.56522
M3 0.40340 | 0.34005 | 0.24615 | 0.42106 | 0.23665 0.32946
M 4 0.37364 | 0.60621 | 0.66391 | 0.57860 | 0.52975 0.55042
M5 0.40257 | 0.67238 | 0.56702 | 0.60533 | 0.54848 0.55916
Digital Camera 0.47720 | 0.13095 | 0.52145 | 0.53188 | 0.56914 0.44612
M 1 Laptop 0.36372 | 0.60946 | 0.59155 | 0.70241 | 0.43671 0.54077
M 2 Laptop 0.62688 | 0.65091 | 0.67553 | 0.64240 | 0.72415 0.66397
M 3 Laptop 0.22760 | 0.47904 | 0.39475 | 0.58092 | 0.32720 0.40190
M 4 Laptop 0.45859 | 0.67482 | 0.81903 | 0.54218 | 0.75948 0.65082
M 5 Laptop 0.72015 | 0.72449 | 0.84164 | 0.74400 | 0.64649 0.73535
Camera Laptop 0.57395 | 0.64962 | 0.51276 | 0.73776 | 0.59921 0.61466
POTS 0.43365 | 0.45875 | 0.35943 | 0.52425 | 0.58824 0.47286
ISDN 2 0.50002 | 0.57889 | 0.54088 | 0.57175 | 0.64425 0.56716
ISDN 6 0.50645 | 0.63051 | 0.50121 | 0.47327 | 0.65269 0.55283
Average 0.42451 | 0.56474 | 0.54959 | 0.59020 | 0.53133 0.53207
I:I = Poor agreement I:I = Fair agreement I:I = Moderate agreement
|:| = Good agreement |:| = Very good agreement

Table 4-9 Kappa statistics for each device by colour, for integrated categories of shade.
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4.2.8 Summary of the findings. A summary of the statistical analyses is given in table 4-

10 below.

Test of mean percentage accuracy

As displayed on device, (excluding laptop computer):-

Comparison of devices, colours considered
collectively.

Comparison of colours, devices considered
collectively.

Comparison of devices, colours considered
collectively & errors in shade included in results.

>

Findings

Statistically significant difference demonstrated.

Statistically significant difference demonstrated.

Statistically significant difference demonstrated for
errors in 1,2 and 4 shades.
(No statistically significant difference for 3 shades.)

Improvements in mean percentage accuracy when displayed on the laptop computer:-

Comparison of still-imaging devices, colours
considered collectively.

Comparison of colours, devices considered
collectively.

>

No statistically significant difference demonstrated
in the level of improvement between devices.

No statistically significant difference demonstrated
in the level of improvement between colours.

Incidence of colours misperceived as a completely different colour.

Comparison of colours, still-imaging devices
considered collectively.

Comparison of colours, all viewing opportunities
considered collectively

Comparison of only still-imaging devices, colours
considered collectively

Comparison of all viewing opportunities, colours
considered collectively

Comparison of change of mean percentage error
when images viewed on laptop computer.

Observer accuracy and agreement

Comparison of the accuracy of the 12 participants
Comparison of participant agreement according to
device, considering all 15 viewing opportunities

Comparison of participant agreement according to
colour, considering all 15 viewing opportunities

>

Statistically significant difference demonstrated
between colours misidentified.

Statistically significant difference demonstrated
between colours misidentified.

No statistically significant difference was
demonstrated between devices.

Statistically significant difference was demonstrated
between devices.

Statistically significant difference was demonstrated
between still-imaging devices.

No statistically significant difference demonstrated
between participants in percentage accuracy.

Poor agreement was recorded for all except the
ISDN 6 and POTS devices.

The highest levels of agreement related to red tones.
The lowest levels of agreement related to brown
tones

For the still-imaging devices transfer to laptop
improved the levels of agreement in every instance.

Table 4-10 Summary of findings of analyses.
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In addition to the analyses on the previous page a number of observations were made
which, whilst unable to benefit from statistical analysis due to the small numbers involved,
may be relevant in terms of their clinical significance. Those additional observations are

as follows:-

e Typically only about 30-50% of colours were perceived accurately on the imaging
devices, even under the best conditions of amateur photography.

e Whilst there were some statistically significant differences demonstrated in the
accurate recognition of colour, both according to colour and according to the
devices, the patterns of variability were complex.

e On the whole brown tones were the most poorly replicated and the blue tones best
replicated, although this did not hold true for every device or every condition of
viewing.

e The digital camera often performed better than the mobile phones, but in some
cases some mobile phones performed better when considering individual colours,
particularly the red tones.

e The accuracy of colour replication did not appear to be related to the cost or to the
stage of technological development of the devices.

e There was considerable variability between observers, with very good agreement

being achieved only in a very few instances.

4.3 Limitations of the study.

There are a number of limitations to this study which make it difficult to draw hard and

fast conclusions about the precise performance of individual devices.

The participants were neither randomly selected nor were they a cohort of specialists such
as dermatologists with years of experience of looking at images. A cohort of nurses were
chosen because they were used to looking at patients with a variety of visual clinical

presentations and would potentially employ any of the devices in any one of a number of
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ways at some time during their career. There was no attempt at counterbalancing for two
reasons. Firstly, in a normal working environment nurses make such assessment of
patients throughout their working day. Thus even if a statistically significant difference
were found in their viewing accuracy according to order of viewing (and with such small
numbers that would be both unlikely and unreliable), it would not be possible to insist on
those conditions being met in the clinical situation. Secondly, the participants varied in the
time taken to complete observations. Had counterbalancing been employed it would have

reduced the overall number of observations, thus reducing even further the data available.

The number of participants, or sample size, was one of the major limitations to statistical
analysis. A larger number of participants would have provided more data, however
participant numbers were restricted by the limitations set for the time period of data
collection. Whilst that time period could have been extended it was thought important that
the viewing conditions should be kept as constant as possible. Even in the most settled
conditions of weather the ambient daylight changes throughout the course of the day, due
to the sunlight traversing different thicknesses of atmosphere. That in turn affects the
perception of colour. Therefore it was decided to review the initial data from a single
cohort conducting observations within a strictly limited time period, with a view to
adapting the method towards a clinically relevant scenario for a future study. From a
practical perspective the sample size in this case is only relevant if no, or very few, errors
were found. In reality just one such error, regardless of whether it is the device, the colour
or the mode of viewing which caused that error, is indicative of a problem which may cost
a life. 12 participants have adequately demonstrated that their perception of colour from
images captured and displayed on a range of devices is neither very accurate nor

consistent.

The measures used to collect the data provided a good indication of what is likely to
happen in the clinical situation. It may have carried more weight from the scientific
perspective had the wavelength of reflected light been measured. This however would not
have included the idiosyncrasies of viewing by humans, and furthermore it carries the risk
of assumption that if the image were indeed a close representation of the original, then the

process of using this equipment for diagnosis was a safe one. It was therefore a more
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realistic approach to test the current situation first and to follow that with further research

into the individual components of any error found.

No still images were captured from real-time devices, which in retrospect would have
provided a useful comparison against still image capture by cameraphones or digital
camera. Finally, although there was space on the form to include any comments
participants felt relevant, they were not specifically invited to comment on the colours
which they felt had recorded as absent. In retrospect this would have been very useful as
without that comment it is impossible to know whether the missing data indicated a small
error in perception of shade or whether the relevant portion of the matrices had been

perceived as an entirely different colour.

Access to resources, for example expert support and a greater range of equipment (or the
funding to purchase it) would have permitted a more robust study in terms of defining
stricter parameters of operation. One example was in the choice of the computers used to
compare different modes of display. It seems likely that better image quality is achievable
on a computer monitor than on the face of the mobile phone or camera. The results did not
invariably confirm this however and it is possible that the better image quality available to
the computer monitor was not fully demonstrated in this case due to variations in the brand
of computer available and the fact that the laptop version allowed for variation in viewing
angle. In addition, the lack of expert assistance in achieving standardised parameters of
contrast, brightness and colour setup also meant that the viewing parameters were more
variable than would have been the ideal under strictly controlled laboratory conditions.
Since the best conditions of amateur photography were aimed for it would have been better
had this been achievable. However once again the reflection of normal clinical practice
provided useful data and avoided a potential misconception that viewing images on a

computer invariably improved the quality.

Generalisability is a particularly difficult concept to evaluate in this case, as it applies to
the individual components of the image tested and also to the overall concept of diagnosis
from captured images. “Do no harm” is the fundamental principle of medical care, and

therefore one must emphasise that individual findings related to colour, device or viewing

124



Chapter 4

conditions are not generalisable under any circumstance. On the other hand the fact that
accuracy in colour recognition cannot be relied on, even when using the best technology
currently available, is a fact generalisable to every circumstance and is particularly

important to its use for medical diagnosis.

4.4 Discussion. The questions posed at the end of chapter three (pp. 69-70), which arose
from the review of the literature, cannot be fully answered by this study. Nevertheless it
has provided evidence to support some of the assumptions made by previous authors and

negate others.

The opinion that a digital camera should always be used in preference to a mobile phone
was emphasised when it was included as a recommendation in the American Telemedicine
Association's Practice Guidelines for Teledermatology (Krupinski, Burdick, Pak,
Bocachica et al., 2008) . The results of this study support that guideline in some
circumstances but not in others. Whilst it is true that the digital camera was the better
performer if all the colours are considered to be of equal importance, it has already been
noted that in this study the colour which was identified correctly in the greatest number of
cases (blue) was that which might be considered to be the least clinically relevant, as there
was only one reference in the preceding literature review to blue in relation to diagnosis.
Conversely the colour which was identified with least accuracy (brown) was arguably the
one which has the greatest clinical relevance as there was much more comment in the
literature relating to brown shades, particularly in the diagnosis of skin lesions which is
complicated by the wide variety of skin tones occurring in the human population.

Drawing from those clinical indications, if skin tones and the changing pigmentation
exhibited by naevi are the most important visual features for a clinician, then there is a case
for concluding that the relatively inexpensive mobile phone (M2) should be used in
preference to the digital camera provided that the images were viewed on a computer, as
the accuracy of the brown tones recognised from the mobile cameraphone image reached
79.2%, and on the digital camera image it was 6% lower (72.9%). Furthermore two of the
mobiles outperformed the digital camera in the red tones as well, both on the face of the
original device and also on the laptop computer. One of those mobile phones was the most

expensive “state-0f-the-art” device (M4), the other one being the obsolete (and gratis)
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device (M1). These results support the view of Matveev and colleagues, in that as far as
the integrity of colour replication is concerned cost is not an indicator of quality (Matveev
2002, op.cit.). Matveev, a consultant dermatologist, further commented that he had not
only found that the red and brown colours were most poorly reproduced photographically,
but also that they were often confused by observers in practice, making diagnosis of skin
lesions, erythema and infection particularly difficult (personal conversation conducted in

Graz, Austria., unrecorded). The findings in this study further support Matveev’s findings.

The discussion is further complicated if errors in shade are deemed to be clinically
important, which in evaluating changes in pigmentation they may well be. However it is
not known whether diagnostic assessment relies on absolute colour representation or
whether it relies on a comparative assessment when contrasted either against the
surrounding tissue, or against the tissue as it appeared on a previous occasion. If the latter
case is true then an error of one or two shades may not be relevant to the clinical diagnosis
provided that the error is constant. Alternatively there may be an argument for deliberately
adjusting the shade of certain colours in order to enhance them, such as to provide better
visualisation of the borders of a wound so that it can more accurately be measured, as
appears to have been found by accident by authors of a study previously reviewed (Griffin

et al., op.cit.).

Similarly confounding arguments apply to the insistence that images should be viewed on
a computer, as that is not without complications either. Despite the results indicating that
transferring the images to a laptop computer did improve the recognition accuracy in the
majority of cases, and in view of the point made earlier that the mode of display is as
important as the capture of the image (Shokrollahi et. al., op.cit.), this cannot be considered
a blanket recommendation. There was some evidence to suggest that even laptop
computers of identical make and model may differ in their display characteristics, and
furthermore there was some indication that the mobility of the viewing screen on a laptop
computer may be responsible for some distortion of the perceived colour. It would be
tempting therefore to draw the conclusion that desktop computers with fixed monitor

screens should be used in preference to laptops. However this study offers no evidence to
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support that view, as desktop computers were not tested and they may perform equally

badly, or even worse.

Given the arguments proposed above, there may be a case for considering the notion that
each clinical condition requires specific items of photographic and display equipment to
demonstrate its individual features to best advantage. There are however dangers in this
approach. The fact that one photographic apparatus yields much better image quality than
another does not necessarily mean that the device is good enough. It must be remembered
that the accuracy of colour recognition demonstrated on the range of devices addressed
here was relatively poor, particularly if errors of shade are considered significant (and that
has yet to be explored). Added to that, the images used in this study were captured using
the best photographic techniques available to the knowledgeable amateur, including
optimum conditions of daylight, a method of holding the device still during photography
and selecting the appropriate settings for exposure. This is not likely to be the case in all
clinical situations, where limited space, poor lighting and inexpert technique will add to the
inherent shortcomings of the equipment. Conversely of course, simply because one
photographic device has poorer colour replication or lower resolution than another, it does
not necessarily mean that it is inadequate for all purposes. For example it was mentioned
in chapter three that some authors had found real-time consultations valuable for providing
information that still images alone could not. Reversing that argument, in the personal
email correspondence from Dr. Smith, cited on page 7, Doctor Smith had made it clear that
whilst the video conferencing was a useful tool, additional still images were often required
for the visualisation of the wound area. The inference here is that real-time imaging fulfils
a different function to the still-images, therefore it is possible that the concept of “quality”
as it refers to both modalities is not measured by the same parameters. Accuracy of colour
in a video device may be entirely irrelevant in a scenario where appearance can be
described verbally by a nurse or health visitor attending the patient at home. Thus before
equipment is evaluated on technical parameters alone some analytical thought must be

given to defining the needs it is intended to fulfil.

Similarly some analytical thought must be applied to the limitations of telemedicine

strategies which are acceptable, in relation to the options which may or may not exist.
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Expediency may dictate the limits of working practices in telemedicine. For example
although the digital camera may prove to be the better vehicle for recording images, digital
camera images need to be uploaded to be transferred. Sometimes it may be preferable to
get a second opinion whilst the nurse in on hand to do something about a problem, rather
than wait for the nurse to return to the office and then schedule a second visit to the patient.
Depending on the clinical situation, even a modest cameraphone may be good enough to
access that second opinion in a timely and cost-effective fashion, provided it can
adequately replicate the specific clinical features necessary for diagnosis in that particular
situation. Similarly, although the ISDN2 device provided a much more accurate
representation of the image, if a patient has to be seen at home where there is only a single
telephone line, and a two-way consultation is necessary, then the choice is between using
the POTS model or nothing.

The growing markets for mobile cameraphones and laptop or notebook computers indicate
that there is a need for transportable data. Even if these machines were proved to be
inferior to a desktop model for viewing the clinical presentation of medical conditions, the
shortage of dermatologists in the UK previously cited may make it necessary for policy
makers within the National Health Service to make a choice between a rapid diagnosis via
mobile phone (with or without a laptop or notebook computer) and no rapid diagnosis at
all. In other words the option of providing the highest possible quality of service in every
circumstance is simply not available. The best a practitioner can do is to evaluate the
choices available to him or her, and decide which of them may be of any benefit at all.

The question is how to make those practices which involve instant photography as safe and

reliable as possible.

The ideal answer would be to conduct rigorous research in order to map the optimum
technical requirements for both image capture and image display in telemedicine, dictate
those requirements to the manufacturers of equipment and finally give the resulting ideal
equipment to any practitioner ever likely to take a photograph of a patient. This may be
possible in the long term, but telemedicine is happening here and now using equipment
commercially available. To test and assign every device on the market in terms of its

appropriateness for telemedicine applications in every clinical situation is clearly not
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practical. Not only are the clinical requirements not yet identified in terms of best colour
replication, but the rapid progress of technology makes it impossible to test every new
device. Furthermore the ancillary issues related to human factors, such as how to achieve
optimum conditions of photography and viewing with each new device could not be
ignored and that would present an impossible training burden. However given the old
adage that “It’s a poor workman who blames his tools”, it is the task of decision-makers in
the health service to ensure that both the “tools” and the “workmen” are able to do the job
effectively. In the absence of evidence to the contrary, it must be assumed that the
measure of good “tools” in this case must be the faithful replication of the subject
photographed, rather than the artificial enhancement of certain features. That is, the image

does not have to be pretty, it has to be accurate.

Problems of accurate colour recognition appear to fall into two main categories, one being
the variation in colour due to the choice of device used and the other being due to variation
in human practices of taking and viewing photographs. The photographic ability of the
operator has not been addressed in this study apart from the removal of operator variables,
as far as possible, from the tests conducted. It will be mentioned in the following
discussion only in the context of the variability in clinical expertise that is likely to be

encountered in the wide range of clinical scenarios where telemedicine may be found.

4.4.1 One pragmatic interim solution. The problem of variable colour replication
between devices is not entirely accidental. When photographic film was the only medium
able to capture images there were a number of different film types available, each intended
for a specific purpose. Thus Kodak film was tailored towards capturing red and blue tones,
excellent for photographing brightly coloured scenes such as sand, sea and sky. Fuji on the
other hand was the film of choice for recording woodland landscapes, as it enhanced the
brown and green tones. Some film was produced specifically for portraiture, being tailored
toward replication of skin tones and this was used mainly by professional photographers as
it was very expensive. The average layman, with little more than “point and shoot™ ability,
would not achieve noticeably better results than he would with the cheapest product and in
any event the more brightly coloured photograph appeared to be the preferred choice of

this group of users. It appears that a parallel situation exists today within the field of
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digital photography. The professional or knowledgeable amateur is still able to select a
high quality camera (although perfect colour reproduction is now achieved through the use
of techniques for adjusting the white balance) whilst the mobile cameraphone market is
aimed at the “point and shoot” layman. Following previous marketing strategies
manufacturers have incorporated software features such as edge enhancement and face
recognition, into mobile cameraphones, in an attempt to compensate for poor photographic
ability and thus achieve the “brighter” (but less faithful) picture. Ironically this often
makes it even more difficult to obtain a photograph which accurately replicates the original
subject, as turning off the “helpful” automatic features requires some advanced knowledge
of the device. Not only are many cameraphone owners still of the “point and shoot”
variety, but the frequency with which owners exchange their mobile phones for newer

models makes it unlikely that they will ever fully grasp the peculiarities of each device.

According to the guidelines proposed by Krupinski, which have already been mentioned in
this chapter, practitioners should “recognise that safe and effective telehealth practices
require specific training, skills, and techniques” (Krupinski et al., op.cit. p289). It would
be an easy matter to adhere to Krupinski’s proposed guidelines of ensuring that
photography was undertaken by people with skill and training if the photography were
carried out in large hospitals, where medical photographers in consultation with
dermatologists know what essential features they are attempting to demonstrate, but this is
not the case. The clinical scenarios that give cause for concern here are those such as the
community nurse or health visitor who “sees something funny” and seeks advice from a
specialist nurse, or the clinic patient who is housebound and seeks between-visits advice
from his specialist clinic nurse. In those scenarios there is a danger that the images will be
of the “snapshot” variety previously described (Slue et al., op.cit.) unless measures are
introduced to improve them. Therefore the pragmatic approach would be to devise
measures which are appropriate to any photographic device and every user. Thus they
would need to be simple to understand, easily accomplished, relatively inexpensive and,
since the practice of imaging patients by cameraphone is already a fact of healthcare, able

to be implemented quickly.
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In terms of colour replication the obvious solution is to insist on colour calibration in every
image, the problem being that image calibration requires some knowledge and expertise in
itself. In the clinical situations described so far it is the operator of the device who is likely
to have the least expertise both in photography and in the clinical specialty, be it
dermatology or wound care. The difficulties of training every member of staff who may
ever take a photograph of a patient have already been outlined, however from the
operator’s perspective calibration only requires that a strip of paper be included in every
image, therefore it should be easily accomplished. The more difficult task of achieving the
calibration lies with the clinician receiving the image. Since those clinicians are likely to
be found in a specialist clinic or department within a hospital there is likely to be expert
support available, as medical photography or medical physics personnel routinely carry out
quality monitoring of the viewing equipment in X-ray departments. Therefore it should
not pose a great problem to ensure that the viewing conditions for telemedicine
applications are maintained at the highest level. The clinician’s responsibility would be to
ensure that they adhered to best practice in terms of the viewing conditions. Examples of
this might be ensuring ambient lighting conditions by switching off extra lighting or
closing the window blinds as necessary, ensuring the contrast and brightness functions of
the monitor remain at the optimum level and ensuring that diagnosis is made from the
appropriate viewing position, not compromised by using an acute viewing angle because

two or more people are trying to view the same monitor screen for example.

However having placed the onus for image quality on the clinician receiving the image, the
quality of the raw data is important. For the best colour replication the use of daylight
rather than artificial light is the first basic rule, although as seen from the results of tests in
this study colour calibration will still be required of every device, even a digital camera, to
produce an accurate representation of the subject. Whether this should form the basis of a
guideline in the UK is a question for the experts in consultation with managers to answer.
However it must be stressed that this measure can be seen as no more than a “quick fix” of
one immediate problem. The bigger picture, to use a pun, encompasses questions about
the nature of imaging required to illustrate each clinical problem to best advantage and
how best to provide that imaging. It includes consideration of ancillary factors such as the

contribution that verbal or written description of the clinical history makes to the outcome
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of remote consultation and to what extent non-visual clues such as smell or texture are

important in each case.

Nowadays the potential for immediate and cost effective solutions to difficult clinical
problems make it unreasonable to deny the opportunity to use these tools in any field of
clinical work where they are found to be helpful. It is up to the experts in the various fields
to decide what constitutes “optimal”, what is “good enough” and what, in extremis, is “the
best we can do”. It is up to the experts, in consultation with the managers, to prescribe
what is appropriate and what is necessary. Given the outcomes of the equipment tests
described in this study it is difficult to see that there is any justification for doing nothing.

Conclusions.

e There was found to be statistically significant variation between devices in terms of
the mean percentage of accuracy of overall colour recognition, but not in line with
predictions that images would improve as mobile technology was developed and

that newer more expensive would produce better images than obsolete models.

e There was also found to be statistically significant variation between colours in
terms of the mean percentage of accuracy of colour recognition when the devices

were considered collectively.

e The mean percentage accuracy in colour recognition improved overall when the
images were viewed on a laptop computer, although there was no statistically
significant difference demonstrated in that improvement, either according to device

or according to colour.

e The results have demonstrated that the pattern of accuracy of colour capture and
display is extremely complex, so much so that generalised recommendations
related to device, colour or viewing method cannot reliably be made. This is very
important clinically where patient diagnosis and treatment may rely on correct

identification of colour.
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Chapter 5. A comparison of the distortion characteristics of the still

imaging devices.

5.1 Introduction. Distortion and definition have relatively common test tools associated
with their evaluation. Definition is a product of the resolution of the equipment and
external factors such as poor photographic technique causing “blurring” of the image.
Resolution is directly controlled by the manufacturer, being related to the number and size
of pixels making up the matrix of a digital image and the quality of the lens used. These
factors are determined by the manufacturer and the information is freely available to
purchasers, therefore this aspect of image quality will not be addressed here.

Distortion, arising from the curvature of the viewing screen and also from misalignment of
the central plane of focus by the operator, usually causes straight lines to be perceived as
curves, particularly towards the periphery of the screen. This can be seen in Figure 5-1
which is a photograph of the face of one mobile cameraphone displaying a picture of a
straight line grid. The “bending” of the lines is particularly noticeable at the edges of the

picture.

In this example the effect of the distortion is to make the squares appear to bulge out from
the corner points. This is termed “barrel” distortion, and acts to make the area enclosed by
the square to appear to larger than it is in reality. Sometimes the distortion presents an
alternative appearance, in which the sides of the square are drawn towards the centre of the
square, creating the effect known as “pincushion” distortion. In that case the area enclosed
by the square would appear smaller than it is in reality. However on mobile phones, and
also on older television screens before the introduction of flat screen technology, barrel
distortion was the common form, due to the convexity of the screen. The distortion
therefore is also partially determined by the manufacturer, but is rarely identified in the
technical specifications of the device. Nor is it always easy for the operator to recognise
when the central plane of focus is misaligned during the photographic phase, and this is
particularly the case with irregular shaped devices such as some mobile phones. Nor is it

always easy to identify distortion when viewing the resultant image.
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Furthermore, when the observer is aware that the object viewed is in fact a vertical or
horizontal structure, such as in a picture of a doorway, familiarity with the object causes the
brain to compensate for the distortion and the curvature is not noticed. However in irregular
objects, such as the margins of an ulcer wound, the brain is not able to compensate and the
observer perceives what is displayed as
reality. In such cases the viewer would be
unaware that the image was distorted and that
therefore any measurements made from such
an image would be inaccurate. The study
described here will therefore compare the
area of a square displayed in the centre of the

viewing screen with the area of identical

squares which are displayed at the periphery
of the viewing screens of a range of mobile Fig 5-1 The effect of screen distortion on

o straight lines
cameraphones and a digital camera.
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5.1.1 Aims.

e To compare a range of equipment, commonly used in telemedicine for purposes of
remote diagnosis or monitoring of visual features, in the extent of distortion of an

Image as it is displayed on the face of the device, and

e To ascertain to what extent the assumption made by some previous authors, that cost
and technical obsolescence are predictive factors in image quality, are correct in the

case of distortion.

5.1.2 This pragmatic experimental design compares the measured areas of an image of a
matrix of 1 cm square shapes across the faces of four mobile phones and a digital camera.

5.1.3 Participants. There were no participants in this study. All images and measurements

were acquired by the researcher.

5.1.4 Measures. The defined areas circumscribed by computer software technology were
compared in terms of the percentage difference between the area in the centre of the field of
view and eight areas occurring around the edges of the field of view. Those differences in

percentage area were compared between devices.

5.1.5 Ethical considerations. In terms of the obligation to society, this study will inform
the discussion surrounding the use of some devices currently commonly used in the
diagnosis or treatment of patients. It will add to the body of evidence which supports or
rejects some of the commonly held beliefs which at present have little basis in fact. In doing
so, it may impact on patient care. There are no funding or employment bodies involved in

this study and no participants.

5.2 Method for the comparison of distortion. A grid comprising a number of squares
measuring 1cm along each side was printed onto a sheet of A4 paper. It was photographed
using each of the four mobile phones and a digital camera, ensuring that the image of the
squares filled the whole of the field of view, including the periphery. The photographic
apparatus was the same equipment as used for the colour comparison study in chapter four,
with the exception of the real-time equipment, which was not included in these tests. The

details are repeated here for ease of reading. Three of the mobile phones were selected by
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convenience, being available to the researcher, and one bought specifically for the purpose
of being able to test a “top-of-the-range” cameraphone. The technical details were as

follows:-

e Phone 1 was a “bottom-of-the-range” model, available free with network contracts,
having a 3.3 x 2.4 cm picture display, 176 x 220 display pixel array. 640 x 480
camera pixel array and 65k colours. This phone had been thrown away and was

retrieved from a dustbin.

e Phone 2 was a “middle-to-low-range” model, which was available either free or for a
small fee with network contracts, having a 3 x 2.2 cm picture display, (the display

pixel array was not given), a 640 x 480 camera pixel array and 65k colours.

e Phone 3 was a “middle-to-upper range model, costing £40 — £50 with a network
contract, and having a 3 x 2.3 cm picture display, a 640 x 480 camera pixel array but

only 256 colours.

e Phone 4 was a “top-of-the range” model, costing in excess of £100 with a network
contract, and marketed on the strength of its camera capability. It had a 3.7 x 3.4 cm
picture display, 240 x 320 display pixel array, 1632 x 1224 camera pixel array and
256k colours.

e The Digital Camera was in the upper to middle-of-the-range category from a well-

known manufacturer of photographic equipment. It was intended for domestic, not
professional, purposes, being suitable for “beginner to serious amateur” and boasting a
four megapixel camera array and a 3.8 x 2.8 cm picture display. The display pixel

array was not provided in the manufacturer’s literature.

In each case the matrix was photographed under optimum daylight conditions, all
photography being performed within a one hour period during the mid-morning of a bright
day. The highest possible resolution available to each piece of equipment was selected and

in the case of the digital camera a tripod was employed to minimise camera shake and to
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ensure that the camera remained at right angles to the matrix photographed. The mobile
phones were not equipped with connections appropriate for a tripod therefore a frame was
used which held the phone firmly in the correct plane perpendicular to the matrix, as was

shown previously in figure 4-3 on page 75.

Each cameraphone was set to display the captured image, and a photograph taken of the
display screen using a digital camera, ensuring that this time the image appeared in the
centre of the field of view and incorporated a wide border, to exclude any distortion which
might occur at the periphery of the camera. (See figure 5-2 below for one example of the
resultant photograph showing viewing screen in centre and large border around.) Both the
frame for immobilising the cameraphone and the tripod for immobilising the camera were
employed and care taken to align both devices perpendicular to each other. Each captured
image was transferred to a desktop computer with a flat monitor screen, and adjusted until it
filled the monitor screen. In this way the grid appeared in the centre of the monitor screen
with a large border surround, thus also limiting any distortion which may have occurred at

the periphery of the monitor screen.

A designer software package (Autocad)
was used to calculate the area of a series r
of squares, numbered one to eight

around the periphery, and the one in the

centre. A schematic diagram of the

relevant squares is shown in figure 5-3

on the following page. The technique

involved moving a pen-type cursor to
outline the edges of any particular shape a- 7 G

.....

and when the shape was enclosed the Fig. 5-2 Photograph of one cameraphone showing
area was calculated automatically. The image of grid

researcher had over twenty years’

experience of this technique, in delineating tumours in the process of CT scanning,

nevertheless each square was measured three times and the mean area calculated.
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The area of the central square was designated as being 100% for the purposes of the
calculation and the area of each of the other eight designated squares was calculated in terms
of the percentage relative to that of the central square. Thus any square calculated to be over
100% was perceived as being larger than the central square, and any calculated to be less

than 100% was perceived to be

smaller. 1 2 3

5.3 Results.

The results are depicted in

both graphical and plan forms,

showing the percentage area of

Fig. 5-3. Schematic diagram of squares used in area
figure 5-4 on the following calculations.

each square filled in pink in

page relative to the central square which was designated to be 100%. Thus square 1 was the
uppermost square in the left hand corner which was imaged in entirety. Square 2 was the
uppermost square in the centre of the field of view. Square 3 was the upper right-hand
corner, and so on, labelled in clockwise rotation round the face of each device. The
graphical representation the central square (100%) is highlighted in red and on the plan it is

highlighted in yellow.

On the display screen of Mobile 1, as can be seen in figure 5-4 overleaf, two of the squares
have a measured area close to that of the central square. This device had the smallest
measured difference between any single square and it’s central reference counterpart. The
areas of all other squares imaged on this device were larger, two by more than 25%.
Enlargement of the perceived areas at the periphery is not surprising, although perhaps the

percentage of enlargement may be considered so.
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The distortion of the area of a square
o, relative to its position on the face of M 1

Percentage range
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Square number 127.5% | 122.1% | 122.6%

Fig. 5-4 Graph and plan of distortion present on Mobile 1

Referring to figure 5-5 on the following page, which demonstrates the results from Mobiles
2 - 4 and the digital camera, it will be seen that the greatest measured difference between
any single square and its central reference counterpart occurred in mobile 4, which was the
most expensive device and marketed on the strength of its photographic capabilities. There
was a measured difference of 28.31%, the outer square being smaller than the central square

in this case.

When considering the range of variation displayed across the faces of the devices, the digital
camera showed least variation in measured areas, that being just over 10%. Mobile 1 has
already been described, the greatest difference in the measured areas being 27.2%. This was
almost, but not quite, the poorest performer of the mobile phones, whereas in the colour
replication tests it had been one of the best. Mobile 2 was approaching the performance of
the digital camera, the greatest difference in measured areas being 13.52%. However it is

Mobiles 3 and 4 that provided the greater surprises.

139



Area as percentage of centre

Distortion of area of a square relative to
its position on the face of M2

140

Chapter 5

Percentage range
=96.15-109.6
=13.45%

100.7% | 109.6% | 107.5%

98.7% | 100% 102.6%

N Y % % e 9 b A%

Square number

96.15% | 106.1% | 106.1%

Area as percentage of centre

Distortion of area of a square relative to
its position on the face of M3

Percentage range

140

90 -

]

=

g4

'10»'»'»»,6@0;:0«%
&

Square number

= 86.0-100.8

14.8%%
98.0% | 96.2% | 100.8%
100.6% | 100% | 97.9%
86% 96.1% | 100%

Area as percentage of centre

Distortion of area of a square relative to its
position on the face of M4

Percentage range

=72.37-108.4

= 36.03%
75.7% | 72.37% | 78.4%
94.3% | 100% 108.4%
84.8% | 97.8% | 83.9%

-10

N Y % b @ © b A %

Square number

Area as percentage of

Distortion of area of a square relative to its

140 position on the face of the digital camera

el
o
I

B
o
I

centre square

Percentage range

KN
o

T T T - T - T U -

Square number

=96.1-106.3

=10.2%
100.7% | 106.3% | 106.1%
98.7% | 100% 102.6%
96.1% | 106.1% | 106.1%

Fig. 5-5 Graphs and plans of distortion on the mobile phones and digital camera.
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From the study on colour replication it will be remembered that Mobile 3 was the device
which, although not the cheapest, had consistently performed most poorly in the colour tests.
Despite having a percentage range of almost 15% in terms of measured areas across the face
of the device, it will be seen from the graph and the plan in figure 5-5 on the previous page
that it performed almost as well as the digital camera apart from one outlying result for
square number 7. Without that outlier, the maximum percentage difference was only 4.7
however that illustrates the problem of unpredictable distortion rather neatly. Mobile 4 on
the other hand was the device considered to be state-of-the-art at that time, and marketed on
the strength of its camera capability. It is therefore surprising that the all but one square had
a measured area less than that of the central square, and that the percentages of the area of

each square relative to the central square differed by over 36%.

5.3.1Summary of the findings. There was variation in the extent to which distortion
occurred across the face of the 5 devices, in terms of the percentage difference relative to the
central square.

The greatest difference measured between any single square and its central reference value
was 28.31% and occurred in mobile 4.

The smallest difference measured between any single square and its central reference value
was 0.3% and occurred in mobile 1.

The largest range of measured areas relative to their central square was 36.03% and occurred
in mobile 4.

The smallest range of measured areas relative to their central square was 10.2% and

occurred in the digital camera.

5.4 Limitations of the study. Given the manual method used to measure area described in
this study, it is inevitable that a degree of error is inherent in the measurements recorded.
The problem of measurement error due to the process of manipulating the cursor along the
precise line of each square has been noted in the section describing the methodology. In this
study the greatest variation found between the series of three measurements taken was 6%.
Therefore measurement error may account for some findings but is unlikely to account for
the larger variation noted. However since manual tracing is the method usually used in the

serial measurement of skin wounds in the clinical situation it was considered important to
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reflect reality and embrace those errors in the measurements, as being representative of the

smallest errors an experienced operator was likely to incur.

A second source of error is related to the technique of photography. It was noted in the
method section that small errors of perspective may occur if the plane of focus of each
device is not absolutely perpendicular to the object being photographed. To illustrate this
effect, figure 5-6 shows a photograph of an earlier version of the test tool (which was later
discarded). This test tool was deliberately photographed at an extreme angle to illustrate the
point. In it the vertical array of paired squares on the left hand side appear larger than the
corresponding paired squares on the right hand side, although they are in reality the same
size. This may have resulted in the
enlargement or minification of some of
the squares relative to each other in the

images captured on the devices. Once

again however it was felt important to -

caplure such errors 2 (hey represented ?g H\H mm‘iumuumm NWIWWI M

the best techniques of amateur - 111

photography, thus strengthening the

argument that in many clinical scenarios

the results would have been much more . . :
Fig. 5-6 Photograph of test tool illustrating

variable. perspective distortion.

Finally, the distortion occurring across the face of each device was not fully mapped by this
method. Unfortunately the researcher had assumed that any distortion would occur in a
regular pattern across the face of a device, as it does across the face of an imaging monitor.
It appears that in mobile cameraphones the pattern is more uneven and it may be useful to
make a greater number of measurements across the face of each device to assess the extent
of distortion more accurately, as it is likely that the precision engineering of flat screen
monitors, which afford excellent image quality in diagnostic imaging departments, is not

applied to the mobile phone industry.
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5.5 Discussion. It has already been acknowledged that whilst every care was taken to
arrange the photographic apparatus perpendicular to the test tool during photography a small
error cannot be discounted, and thus small differences in the measured area of each square
cannot be assumed to be entirely due to the equipment. However it is the pattern of
percentage difference which indicates that the differences may not be due entirely to
perspective distortion. If they were, then those further from the camera would always be
smaller than those nearest to it, and it can be seen from the plans in figures 5-4 and 5-5 (pp.
139-140) that this is not the case. For example, if in the case of mobile 1 (see figure 5-4 on
page 139) the photograph had been taken from the angle of the bottom three squares, the
next row up would all have been smaller. This is not the case as one was actually larger.
Furthermore the top row would have been smaller still, yet the square above the central one
is almost 17% larger. In fact the plan shows that from no direction do the squares appear
progressively smaller. One further error may have arisen due to small errors in
measurement, although the greatest variation found between the series of three
measurements taken was 6%. Therefore measurement error may account for some findings
but is unlikely to account for the 36% difference noted in M4, and it is likely that the
precision engineering of flat screen monitors, which afford excellent image quality in
diagnostic imaging departments, is not applied to the mobile phone industry.

The fact that there is considerable variability in the distortion characteristics of mobile
phone display screens is not commonly acknowledged in the marketing literature prepared
for the domestic arena. It is likely therefore that busy health care professionals without
photographic training are not aware of it either. It has been suggested by a few authors,
mentioned in the preceding literature review, that the serial measurement of ulcer wound
area from digital images, either by digital camera or by mobile phone, may be viable. That
may be possible provided that the image is always transferred to a laptop computer prior to
measurement, but that aspect has not been tested here. The purpose of these tests was to
demonstrate that shape, and therefore size, is distorted to a variable extent when viewed on
the face of a mobile cameraphone, so that the clinical relevance may be considered by
healthcare professionals in respect of their own practice and by healthcare managers in
respect of policy decisions.
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One particular concern was that from the evidence displayed in the results it may not even
be possible to rely on the distortion being regular across the face of the device. It has been
acknowledged that this was surprising to the researcher, who from years of medical imaging
experience had expected a normal pattern of distortion, in which the central areas of the field
of view were constant and a fairly regular pattern of enlargement or minification occurred
towards the periphery. (This provided a pointed reminder that the researcher was not
immune to the dangers of assumption either.) The faces of the devices did not display quite
such a regular pattern, indicating that the display capability is probably poorer than that of a
flat screen monitor, although that has not been proven. Nevertheless it does indicate that it
may be wise to view images on a high quality medical imaging monitor where possible and
to ensure that the relevant clinical area is encapsulated within the central part of the field of
view, the outer border not being used to image the wound or lesion. This practice has
drawbacks of its own, as the smaller the field of view the poorer the resolution, and if the
image needs to be magnified to demonstrate tiny features then it could not resolve such fine

detail as it could if the entire field of view were used.

Thus once again it is the clinical relevance which dictates the importance of the various
aspects of image quality. For example the use of a cameraphone image in some
teledermatology scenarios may not rely on shape or size of the lesion. It would appear from
the literature that in some cases the increase in size of a lesion may be assessed not by serial
photography but by reported account from the patient via the GP. In those circumstances it
would seem that the visual appearance of a lesion from a photograph relies heavily on the
fine detail and colour components as diagnostic factors and rather less on absolute
measurement of shape or size. Furthermore, since mention was made by some authors of
including “the surrounding area” it is likely that the lesion, presented in the centre of the
display screen, suffered less from distortion than it might have otherwise done. It is of
concern however that the successful use of cameraphones in those clinical scenarios may
serve to act as supportive evidence for their use by less expert operators working under a
completely different set of circumstances. In clinical situations requiring regular serial
monitoring of a suspicious lesion, for example, it may not even be the same device which is
used on consecutive occasions, which may lead to failures in treatment, as in failing to

administer antibiotic therapy in a timely fashion.

144



Chapter 5

It is therefore possible that these devices are being used not only incorrectly but also
inappropriately at the present time.

Without a good photographic knowledge of both technique and technology it is
understandable for healthcare workers to assume that paying a goodly sum for a
cameraphone ensures at least reasonable quality. However, just as cost or claims of
technological superiority were not reliable predictors of performance in terms of colour
replication, nor do they appear to predict accurate shape replication, as it was the most
expensive and technologically advanced device which demonstrated the greatest degree of
distortion. Furthermore, there did not appear to be any association between performance in
colour replication and performance in shape distortion between the devices, therefore
clinicians may have to consider the relative importance of those factors individually if using

such devices in their work at the present time.

The idea of instant images assisting in rapid diagnosis and treatment is still a good one
however there is a need for objective assessment of the equipment and a method to ensure
that the basic principles of competent photography are employed by every practitioner.
Without that, the potential exists to get some instances of patient care badly wrong, due to
no fault of the healthcare professional except a lack of knowledge of the vagaries of a device
which although it undoubtedly has virtues, also has drawbacks. In the longer term it should
not be difficult to manufacture cameraphones with better technical specification in terms of
screen distortion, if this is what the medical profession needs. Unfortunately that has yet to
be defined.

Conclusions

e The devices were very different in the degree to which shape was distorted when
displayed on the face of the device.

e The digital camera demonstrated less distortion than any of the cameraphones,
having a difference of 10.2% between the smallest and largest measured area.

e Mobile 4, the most expensive mobile cameraphone, and the one marketed on the
strength of its camera capability, demonstrated greatest distortion, having a
difference of 36.03% between the smallest and largest measured area.
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e The pattern of distortion across the face of each device was not regular and was
therefore unpredictable.
e Neither cost nor “state—0f-the-art” technology in the cameraphones was a predictor

of performance in terms of distortion.

Amalgamated conclusions and recommendations for part 1.

e The devices tested appear to demonstrate a relatively poor degree of accuracy in
reproducing colour and shape.

e The parameters tested on the devices do not appear do not appear to demonstrate any
particular pattern in the irregularities discovered, either in terms of colour
recognition accuracy or the distortion of shape, thus it is impossible to draw
generalisable conclusions or make recommendations specific to any device or to any
specific intended use.

e There did not appear to be an association between the accuracy of colour

reproduction and accuracy of shape replication, between devices.

It is recommended that at the present time;
e caution is exercised in the use of photographic images to assist diagnosis.
o staff are made aware of the potential risks and limitations of the devices.
e Dbasic photographic principles are employed in the acquisition of images for
telemedicine purposes.
e colour calibration measures are adopted for all telemedicine practices involving the

diagnosis, monitoring or treatment of skin lesions.

It is further recommended that in the longer term;
o further research should be encouraged which will identify the most effective method
of ensuring that all relevant staff are able to acquire high quality images.
o further research should be encouraged which will identify the technical features
required of imaging devices in each clinical scenario.
e consideration is given to the production of a telemedicine image device or devices

that will fulfill those technical requirements.
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Part 2 Introduction

Introduction.

Part two of this thesis describes the evaluation of a remote automated weight monitoring
system used by patients with chronic heart failure. Four chapters are presented in relation
to this study. The first, chapter 6, provides a literature review which considers the
problems posed by chronic heart failure to the individuals concerned and to the health
services. The purpose and efficacy of weight monitoring as a medical strategy is
addressed, and also the success and limitations of telemedicine weight monitoring
initiatives. Finally a case is made for the need to conduct this study. Chapter 7 describes
the findings from a series of interviews conducted with patients, their carers and the health
care professionals whose duty it was to care for them. The purpose of this part of the study
was to illuminate the idiosyncratic factors which impacted on the utilisation of the weight
monitoring system under scrutiny. Chapter 8 considers the evidence, ancillary to that
above, which provided further support of some of the findings from interview material.
The ancillary evidence comprised the state/trait anxiety and quality of life questionnaires
and also a short vignette of one family’s experiences and their innovative method of coping
with the difficulties they encountered. Chapter 9 provides an overview of the limitations
of the study, a short reflexive account which explores some personal observations and

reflections, and the conclusions and recommendations arising from the findings.
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Chapter 6

CHAPTER 6: Literature review of weight monitoring in Chronic Heart Failure

6.1  Chronic heart failure ~ costs and care. Chronic Heart Failure (CHF) is “by far
the most common form of HF leading to hospital admission, accounting for 80% of cases”
(Dickstein, Cohen-Solal, Filippatos, McMurray et al., 2008 p2391). It carries a poor
prognosis and is differentiated from acute and transient heart failure in that there is no cure
and treatment is palliative (Cowie, Mosterd, Wood, Deckers et al., 1997). Although the
prognosis appeared to be improving in the late 1990’s (Cleland, Gemmell, Khand and
Boddy, 1999), it was, two years later, still “as malignant as many common types of cancer”
(Stewart, Maclntyre, Hole, Capewell et al., 2001 p315). It continues to impose a
considerable burden on healthcare resources.

The total direct cost of heart failure in the UK was estimated to reach £905million in the
year 2000, representing almost 2% of the total NHS expenditure, with secondary and home
care costing an additional 2% (Stewart, Jenkins, Buchan, McGuire et al., 2002) . Since
these patients are at high risk of early readmission and death (Cleland, Swedberg, Follath,
Komajda et al., 2003), hospital admissions were a main component of this (Mclntyre,
2000, Stewart, Jenkins, Buchan, McGuire et al., 2002, Ayers, 2005).  According to the
2002 report on coronary heart disease statistics there were at that time approximately
880,000 patients with definite or probable chronic heart failure, with 63,000 new cases
being identified each year (Petersen, 2002). Although those figures were later revised, in
2006 the number of persons with heart failure was still estimated to be something over
676,000 (Allender, 2006). Since that time the prevalence of heart failure has declined
when expressed as a percentage of overall disease, as have deaths from coronary heart
disease in the elderly (Fleming, Cross and Barley, 2005), however the actual burden on the
healthcare service is predicted to increase, due to an overall increase in population and to
an increasing proportion of elderly persons within that growing population (Department of
Health, 2004, Allender, Scarborough, O'Flaherty and Capewell, 2008). Paradoxically, this
burden is further amplified by improvements in care, as seen in the increasing numbers of
patients who survive after acute myocardial infarction (He, Ogden, Bazzano, Vupputuri et
al., 2001). The high occurrence of readmission to hospital in this group of patients is often
due to causes which are potentially preventable, such as failing to seek medical attention
when symptoms worsen, or non-adherence to medication or diet plans (Stewart,
Greenfield, Hays, Wells et al., 1989, Rich, Beckham, Wittenberg, Leven et al., 1995,
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Jaarsma, Halfens and Huijer-Abu Saad, 1996, Michalsen, Konig and Thimme, 1998, Neily,
Toto, Gardner, Rame et al., 2002). Treatment is therefore directed towards improving the

symptoms or slowing their deterioration (Department of Health, 2000).

6.2 Problems of self-care and symptoms-monitoring in Chronic Heart Failure. The
NICE guidelines, developed by the National Collaborating Centre for Chronic Conditions
(NICE, 2003) recommend that all patients with chronic heart failure should be monitored,
suggesting that education in a number of self-care behaviours would be beneficial to
patients. Self-care has been defined as “the decision and strategies undertaken by the
individual in order to maintain life, healthy functioning and well-being” (Jaarsma,
Stromberg, Martensson and Dracup, 2003 p364). The importance of regular monitoring of
the symptoms, and the ability to take effective action when the symptoms worsen, has been
emphasised by many authors who have studied the efficacy of disease management
programmes (DMPs) in heart failure, the efficacy being measured largely in terms of a
reduction in mortality and in the number and duration of hospitalisation events (Rich,
1999, Gillespie, 2001, McAlister, Lawson, Teo and Armstrong, 2001a, McAlister, Lawson,
Teo and Armstrong, 2001b, Stewart and Horowitz, 2003, Duffy, Hoskins and Chen, 2004,
Gonseth, Guallar-Castillon, Banegas and Rodriguez-Artalejo, 2004, Ofman, Badamgarav,
Henning, Knight et al., 2004, Phillips, Wright, Kern, Singa et al., 2004, Holland, Battersby,
Harvey, Lenaghan et al., 2005, Roccaforte, Demers, Baldassarre, Teo et al., 2005, Tsai,
Morton, Mangione and Keeler, 2005, Whellan, Hasselblad, Peterson, O'Connor et al.,
2005, Gohler, Januzzi, Worrell, Osterziel et al., 2006, Jovicic, Holroyd-Leduc and Straus,
2006, Martinez, Everss, Rojo-Alvarez, Figal et al., 2006, Chaudhry, Phillips, Stewart,
Riegel et al., 2007, Pare, Jaana and Sicotte, 2007, Seto, 2008).

One of those authors, having conducted a review of the literature available, suggested that
heart failure is often selected for DMP’s because those outcomes are easily measured in
“standardised and objective ways, such as a decrease in the number of hospitalisations”
(Gillespie op. cit., p42). The author further commented that the majority of those studies
reviewed demonstrated that the monitoring and treatment of symptoms were highly
effective when measured by those parameters. Later authors however evaluated 32
projects and reported that they had differed in effectiveness, commenting on the

differences between the studies which they thought might be responsible (Windham,
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Bennett and Gottlieb, 2003). Two years after that a meta-analysis of the available
literature concluded that different DMP methods in heart failure appeared to be equally
effective (Roccaforte, Demers, Baldassarre, Teo et al., 2005) thus it was not only the
outcomes but also the methods used in heart failure disease management programmes that

were variable.

The symptoms of chronic heart failure are numerous and may vary considerably (Ekman,
Cleland, Andersson and Swedberg, 2005, Patel, Shafazand, Schaufelberger and Ekman,
2007) but include sudden weight gain, breathlessness, anxiety, loss of memory, fatigue,
and the swelling of feet, ankles or abdomen (Carlson, Riegel and Moser, 2001, Lewin,
2005, British Heart Foundation, 2007, Dickstein, Cohen-Solal, Filippatos, McMurray et al.,
2008). Since these symptoms can deteriorate rapidly self monitoring is said to require
vigilance (Davidson, Paull, Rees, Daly et al., 2005) and such frequent monitoring as to
place the burden firmly on the patient or a close carer. However some authors question the
efficacy of self-monitoring in patients with CHF, due to age-related disabilities such as the
loss of hearing, visual acuity, and functional status (Sweitzer and Warner, 1999, Carlson,
Riegel and Moser, 2001).

Cognitive dysfunction is a common adjunct to the condition (Riegel, Bennett, Davis,
Carlson et al., 2002, Dunderdale, Thompson, Miles, Beer et al., 2005, Lavery, Vander Bilt,
Chang, Saxton et al., 2007) which has been associated with poor participation in
outpatient programme (Ekman, Fagerberg and Skoog, 2001). Such changes would
naturally affect the patient’s self-monitoring ability. For example poor self-monitoring
performance has been attributed to patients either having difficulty in recognising the
symptoms (Carlson, Riegel and Moser, 2001) or perceiving them as being “of unclear or
low importance” (Horowitz, Rein and Leventhal, 2004 p635) and the authors of the Euro-
heart failure survey (Lainscak, Cleland, Lenzen, Nabb et al., 2007) demonstrated that
patients may misunderstand or may not even recall recommendations regarding self-care
management. Self-monitoring is therefore not necessarily easily accomplished by patients
with chronic heart failure and many authors have emphasised the importance of patient
education and frequent interaction with a specialist nurse in achieving that goal
(Hagenhoff, Feutz, Conn, Sagehorn et al., 1994, Happ, Naylor and Roe-Prior, 1997, Ni,
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Nauman, Burgess, Wise et al., 1999, Riley and Blue, 2001, Stromberg, Martensson,
Fridlund, Levin et al., 2003, Dickstein, Cohen-Solal, Filippatos, McMurray et al., 2008).

6.3 The purpose and efficacy of weight monitoring in chronic heart failure. The
purpose of weight monitoring is to act as an indicator of the rapid build-up of fluid in the
body which is ultimately responsible for the symptoms of breathlessness and swelling of
abdomen, feet and ankles. The weight gain due to fluid retention is much more rapid than
weight gain due to diet and so can be distinguished from it. It can be detected several days
before the resulting symptoms are experienced by the patient by vigilant daily weight
monitoring. Thus it can facilitate immediate intervention and its role is preventative rather
than curative, being to permit “effective use of lower and safer doses of diuretic drugs”
(Hunt, Baker, Chin, Cinguegrani et al., 2001 p 2107). Regular weight monitoring is
therefore emphasised as an important self-care activity in a number of respected sources of
information and advice on caring for patients with CHF, not only in the guidelines cited
above (Hunt et al., op. cit.) but also the Heart Failure Plan of the British Heart Foundation
(Lewin, 2005) and the ESC guidelines (Dickstein, Cohen-Solal, Filippatos, McMurray et
al., 2008), and in one systematic review the authors concluded, “Experience suggests that,
of currently available measures, weight may be the most useful for home monitoring of
patients with heart failure...” (Louis, Turner, Gretton, Baksh et al., 2003 p 589) .

It is not recommended entirely without caution however. In one study of 77 patients who
were self-reporting their degree of stability or clinical deterioration, a conflicting viewpoint
was expressed in which the authors (Lewin, Ledwidge, O'Loughlin, McNally et al., 2005)
found that weight gain did not predict clinical deterioration adequately and others
expressed concern that in chronic heart failure, reliance on physical signs may result in
inadequate therapy (Stevenson and Perloff, 1989). Furthermore, non-adherence to the
strategy and non-recognition of symptoms presumably apply equally to weight monitoring
as to other self-care behaviours in patients with CHF. In one of the aforementioned studies
in which 113 patients were surveyed (Ni, Nauman, Burgess, Wise et al., 1999)
approximately 40% of patients did not recognise the importance of weighing themselves
daily. Of the patients who did think it was important only 58% actually did it (45% of the
total cohort) and 27% weighed themselves only twice a month or less. Similarly other

authors, who reported finding benefits from a DMP, also found that sudden weight gain
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was the least easily recognised symptom, with over 60% of patients not able to recognise it
(Carlson, Riegel and Moser, 2001). They reported that most patients said it was not of
much importance, (p 356) 20% had no confidence in their ability to do something to
relieve their symptoms (p357) and 59% had little or no self confidence in their ability to
evaluate their actions (p 358). Another author (Horowitz, Rein and Leventhal, 2004)
reported similar findings and cited one patient who gained 9 pounds in one week but took

no action.

Adding to the misunderstanding, although recommendations and advice on weight
monitoring is freely available, the advice given regarding the purpose and frequency of
weight monitoring is often confused and contradictory. For example in their publication
“living with Heart Failure” the British Heart Foundation (British Heart Foundation, 2007)
recommend weight monitoring every morning, but in their publication “The Heart Plan”
(Lewin, 2005) they say the in some circumstances perhaps every two or three days is fine.
This is compounded by advice to weigh yourself regularly, without indicating exactly how
regularly, but then they go on to advise that the patient’s weight could go up and down
depending on how much they eat and whether or not they take enough exercise. It is little
wonder therefore that patients are confused about both the importance and the reasons for

vigilant daily weight monitoring.

That would be confusing enough, but there is some anecdotal evidence that patients and
their families read publications such as the NICE guidelines, which are primarily intended
for the guidance of health care professionals.® The full connotations of the medical
terminology may be lost to the layman and in any event the guidelines represent advice,
but not a mandate on how to treat patients with heart failure (McDonald, 2005). In the
ESC guidelines for example is a table listing the symptoms of CHF (Dickstein et al. op.
cit., p 936) which includes “oedema”, “ascites” and “fluid overload,” but does not specify
that patients should record daily weight and recognise rapid weight gain until later in the
document, which may well be missed by a patient looking for a quick reference. Similarly,
the use of terminology such as “Assessment of fluid status... chiefly by physical

examination, changes in body weight...” as is used in the NICE guidelines (NICE 2003,

® From an anecdote related by Dr Martin Cowie, on patients presenting for consultation h