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Abstract

A real-time (synchronous) system is regarded as an important technology for telemedicine.
Through this technology, a medical professional can communicate with their associates and
patients in an environment which is close to an actual clinical setting. This technology,
however, is not yet to be widely adopted in actual diagnosis due to medical professional has no
intention to adopt this technology. In other words, medical professional s low motivation is the
main impediment to low adoption rate of this system.

In order to increase actual usage of real-time telemedicine system in diagnosis, this research
aims to identify what the factors might influence adoption intention of medical professional.
We began to use semi-interview and a KJ method to assess different types of system and
identify the factors which might influence adoption intention of medical professional. Based on
voice of medical professional and data derived from initial investigation, we proposed an
acceptance model and hypothesized several important determinants and relationships which
might influence the behavior intention of medical professional. Both of the psychological
factors and perceived effect factors that affect medical professional have been included in this
model. Then, by collecting data using experiment and online questionnaire, primary data were
collected. Through analyzing the data by using statistic analysis method such as paired
comparison and SEM model, our hypotheses in the model have been tested and our model has
been remodified.

As a result the model we proposed has showed critical factors which influences toward
adoption intention of medical professional. It is expected to explain why medical professional
has low intention to adopt this system, and what should be focus for improving intention.

Keywords:
1. Real-time telemedicine system 2. Technology acceptance model 3.experiment
investigation 4. Questionnaire investigation 5.requirement analysis
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Chapter 1 Introduction

1.1 Overview

(1)what is telemedicine

Telemedicine is the use of information technology in order to provide clinical health care at a distance
[1]. Through telemedicine system, the medical information can be transferred via electronic
communication such as telephone line or internet for the purpose of consultation or diagnosis. It
provides a new choice of application to medical professional who wants to improve his/her work
efficiency. The main advantage of telemedicine is to create a platform for medical communication
without distance limit. It is not only as simple as phone connection, but also might be equipped with
advanced communication technology. For instance, there is a typical case that most medical
professionals are nowadays regularly contact each other or discuss medical cases through e-mail or
telephone. And also, there are some telemedicine cases with satellite transmission can be regarded as
practicality of telemedicine integrated with advanced technology.

Telemedicine is increasingly important in our society since it has been considered as a critical
information service and solution for the issue of medical professional insufficient, especially in the
remote resource constrained areas. Different from simple discussion of cases, development of
information technology has brought out a revolution of telemedicine in a variety of fields such as
Tele-education, Tele-surgery and Tele-consultation. Besides, more and more patients want to gain the
medical service as well as in hospital by using telemedicine system recently. It triggers a progress of
telemedicine in many countries.

In Japan, the first experiment of telemedicine was triggered back to 1971, researchers used telephone
line to send and receive medical picture and text at a long distance [2]. Since the first experiment,
substantial researches in terms of telemedicine are in progress, and kinds of new technologies are
introduced into telemedicine. For example, satellite was introduced in telemedicine as a second choice
to transmit medical data for the purpose of support the medical resource-constrained areas in the south
of Japan [3].

(2) Types of telemedicine system

Telemedicine can be classified into two categories:

Real-time (synchronous): this type of telemedicine system mainly manifest in(1) presence of both sides
at the same time during the medical procedure.(2) a real-time interaction does happen between two sides.
It ranges from simple Tele-consultation by telephone call to complex robotic surgery. Since it allows
patient to contact medical professional directly, the patient could be responded by professional as
quickly as possible.



Store and forward (asynchronous, store and forward is abbreviated as S&F in this thesis): it does not
need a direct link between both sides at the same time. Data or image are acquired and transported from
one side to the other side at a convenient time [1]. Comparing with real-time type, this type of
telemedicine encounters an omission of an actual communication between medical professional and
patient. This type has to rely on a historical report or audio/video information in lieu of a physical
examination.

On the other hand, Telemedicine is also broken into three types from another perspective:

1. Doctor to Doctor Model (D to D): connection only takes place between medical professionals. Patient
is not involved in this model, instead of that, only communication between medical professionals has
been considered in this model. This model plays a role when a professional want to consult to or discuss
with other medical professional. Therefore, this model mainly represents education in telemedicine,
Teleconference and Tele-consultation.

2. Doctor to Patient Model (D to P): interaction between medical professional and someone who needs
medical advices or treatments is the key feature of this model. This model is rather complex that D to D
due to intervention of patient.

3. Doctor to Nurse Model (D to N): Besides medical professional and patient, paramedic is also
involved in this model. In general, Medical service is mostly required by people without enough IT
experience or lives in nursing house. Paramedic, in this model, works as a bridge between patient and
medical professional that help patient with professional’s support (Fig 1.1 shows the three types of
model for telemedicine system).

— N ()

Patient,
Special Clinic, < > Civilian
function <:> Normal
hospital hospital Paramedic |~—]
<:: ——

Fig.1.1: Three models of telemedicine

(3) Use of real-time telemedicine system
As an increasing of requirement for using telemedicine, an important advantage of real-time
telemedicine system should be noted in this study:

Due to the influence of urban concentration and a rapid aging population, Telemedicine system is a
2



useful means for uneven distribution of medical resource. However, it is still difficult to admit
telemedicine system instead of actual consulting doctor. The main reason is that patient can only accept
medical examination in an environment of face to face in principle [5]. This results that telemedicine
system can be only used as assistant until it can really provide a face to face condition.

On the other hand, according to the report of information and communication statistic database for year
2001, “Services using your screen in which you can receive health consultations and diagnosis from a
doctor and provide welfare and care services for the elderly’ is selected as the first position by 43.2% in
the list of Japanese householders expected IT service ranking (Fig 1.2). The probability is more than
twice as much as the second one which is “Administrative services such as applications and
notifications, and reservation services for public facilities™. It suggests that real-time telemedicine
system for diagnosis is in high demand and it is no doubt that more detailed problems will arise in
telemedicine by intervention of patient.

SEMYCESUSINgG your screen in which you can receive health consultstions and diagnosizfrom & d octor and provide weltare and cate services for the eldedly. J132
Yidea-on-temand (tobe ableto seethe movies and pragram s you want to see &t anytime) services

Administrative services such asapplications and notifications, and reservation services for public faclfies

T¥ phone services (be shleto seethe other paty's face whenusingtelephang)

Procedures and services & banks and post offices, such 85 balance statem ents andtransfers.

Fig.1.2: From year 2001 information and communication statistic database

In conclusion, patient demands for an environment provided by telemedicine which is close to clinical
setting to take an actual diagnosis at a distance. These issues cannot be resolved only by store and
forward system. Thus, it indeed needs an effective telemedicine system which can resolve medical issue
for remote medical resource-constrained areas.

1.2 Current problem

From patient’s perspective, direct communication with medical professional is of important. This is the
main benefit of real-time telemedicine system. Although, real-time telemedicine system is expected to
provide a virtual clinical environment, low adoption rate is the fact partly because real-time
telemedicine system is not enough to meet this requirement of medical professional for several reasons
such as low quality of image and high cost. And it also has an issue refer to motivation [6]. Therefore,
we need to investigate the effective real-time telemedicine system which has to comprise a multitude of
new communicative elements to provide higher performance and reproduce an environment which is
close to a real clinical setting (patient and professional are in the same room). Besides, motivation to
adopt this type of telemedicine system is also critical concern in this study. In next section, we will
discuss the current status of telemedicine and the barriers to adoption in detail.



1.2.1 Current status of telemedicine system

At first, it is needed to have certain knowledge in terms of current status of telemedicine. This study has
collected certain actual cases or long-term program of Telemedicine system and listed part of them
below.

Table 1.1: list telemedicine applications

Project Abstract Type
Model

Katsurao In Katsurao village, Japan, videophone system is Real-time

telephone adopted. The doctor can observe and communicate S&F

telemedicine his patient through videophone. Support from

system government is a critical reason for decreasing cost for

(Real case) individual which makes this project successful and DtoP

benefits chronic disease patient.
PLANET A medical information community network has been S&F
(Real case) constructed in Chiba, Japan. The patients could DtoP

receive their medical record and send their own DtoD
medical data to doctor through the internet any time.
When it comes to transmit individual information via
the internet, Security is an important problem that i
have to consider. This system offers an advantage
information protection service which makes it

successful.
K-MIX This medical network is managed by Kagawa S&F
(Real case) Medical Association which is composed of Kagawa D to D

University Hospital, Kagawa Central Hospital and
likes. It provides medical service from medical
professional to people who live in Kagawa
prefecture. The system enable medical professional
to gain medical from each other support by
diagnostic imaging
UTMB to the This telemedicine system works for people who are Real-time
South Pole in Antarctica which is the remotest place on the earth. S&F




teledermatology When this system works, image of patient is sentto D to D
(lon-term partner  hospital  via  satellite.  Although
program) videoconference system is installed in the system, it
only works sometimes due to the limit of satellite
availability.
Telemedicine for An internet-based telemedicine system has been used Real-time
Neonatal intensive for neonatal intensive care. The parents can view Dto N
care unit real-time video of their newborns. It reduces cost of
health care and regarded as a new field of
telemedicine.
Video A video conferencing system is adopted in Okayama Real-time
conferencing pharmaceutical association for seminar, discussion ptgD
system for and conference. The introduction of this system is
Okayama useful for cost reduction and communication
pharmaceutical increase.
association
Video A real-time system installed in five older families. Real-time
conferencing The patient can consult professional by this system. D to N
system for older in  Because of high performance of this system, thereis D to P
Sandefjord , aplan for increasing the adoption if economic permit.
Norway

From the case study of Telemedicine system, regardless of type of telemedicine system, it has found that
the system has effectively improved professional’s work efficiency and decrease economic and time
cost. Nevertheless, amount of telemedicine cases and programs suggests several points in current status
of telemedicine system that should be notice: (1) Store and forward type of telemedicine is more widely
adopted than real-time telemedicine system in case of Tele-care (2) although there are some practical
cases or experiments related to real-time telemedicine system, mostly could only provide service for
limit medical use. It has not yet to be adopted in actual diagnosis.

1.2.2 Barriers to adoption of real-time telemedicine system

In fact, adoption of real-time telemedicine involves an overcharging question that what the barriers to
progress of real-time telemedicine system are. Kinds of factors would contribute to the barriers to
adoption of real-time Telemedicine.

From the economic perspective, a practical real-time telemedicine system requires relatively more

5



complex devices and stable network for both sides in order to guarantee the quality of service. It will
result in an issue which includes availability of home device and high cost. Although the equipment cost
of real-time telemedicine system has decreased in recent years, it has little significance [7]. For instance,
a video conferencing system cost approximately 1200000(yen). This is a critical reason which impedes
the patient or medical professional to adopt it if no change in the price of device. And also, other
potential expense is ongoing which includes telecommunication cost, technical support, maintenance
and likes. Neither patient nor medical professional, thus, can support this system easily.

In addition, immaturity of system also plays an important role. A real-time telemedicine system is
composed of hardware (display, computer processing unit, camera, etc.), software (OS), network and
likes. Lots of existed cases of real-time telemedicine are reported above. Nevertheless, available range
is still limited due to uncontrollability of network, low definition of image. For instance, real-time time
delay due to network traffic is a main reason for constraining availability of conventional real-time
telemedicine system. A test for real-time system demonstrates that as network become unstable, longer
time delay happened and block of color spot appeared on screen which causes difficulty in actual
diagnosis. This problem results in low confidence to adopt this system. It is no doubt that this issue must
be addressed if we want to import it into medicine.

Resistance to new technical system is a crucial issue when it comes to adoption of new technology. In
other words, motivation of adopting real-time telemedicine system is needed to increase. From medical
professional perspective, replacing a conventional system with a new system always is challenged by
behavioral change in work, familiarity of conventional medical system and mistrust of new system [9].
Furthermore, there is no enough evidence and evaluation to prove the advantage of real-time
telemedicine system to professional. And the need for real-time telemedicine system from patient’s
perspective is still not recognized clearly which might influence the motivation of medical professional.

Other potential impediments are influencing the adoption. First, standards issues of real-time
telemedicine are still underway. A lack of clinical standards in terms of telemedicine system that result
in the use of real-time might be not in permit of patient and professional. Second, legal issues are always
discussed in development of telemedicine system. Confidence for telemedicine cannot be built without
concern of privacy and security-related aspect [10].

In conclusion, four main reasons to impede real-time telemedicine system have been discussed in this
section. Based on this, we can identify the issue of this research and prepare, design the research.

1.3 objective and significance of this research

In this research, we propose to adopt a real-time telemedicine system for actual medical applications.
6



Virtual Face-to-Face diagnosis (P to D model) by which patient can communicate with medical
professional through real-time telemedicine system. Patient can be examined by medical professional
through system. professional can determine the disease by patient’s signs and symptoms.

Objective of this research: In order to enhance the usage of real-time telemedicine system for diagnosis.
The core objective of this study is to investigate medical professional’s requirements for real-time
telemedicine system and improve the motivation of professional by psychological perspective. The first
purpose is to analyze the requirement to real-time telemedicine system in medical professional’s
perspective. In this study, new real-time telemedicine system will be adopted to compare with existing
real-time telemedicine system and demonstrate to medical professional, that might be helpful to identify
what medical professional really want from the system. Second, as presented in [6], motivation is
critical factor for adoption of telemedicine. This research is to identify the factor of resistance and
relationship between each factor. It is expected to extend a practical technology acceptance model for
real-time telemedicine system. By this model, it is supposed to predict the adoption of system and
confirm the key point to improve low adoption intention to high adoption intention as in Fig 1.3.

AS IS:
Indefinite factors #
influence intention

Low adoption intention

To Identify
factor which
may influence
intention

TO BE:
Identifiable factors - High adoption intention
influence intention

Fig 1.3: As is to be of research

In other words, the aim of this study is to develop specific research objectives as follow:

1. By comparing three types of real-time telemedicine system to understand the requirement from
medical professional. And identify what type of system is accepted easier and why it accepted
easier.

2. To investigate medical professional’s current attitude toward real-time telemedicine system.

3. Toinvestigate the influence of each factor. And identify the relationship between factors

4. To investigate the requirement of real-time telemedicine system by questionnaire and
semi-interview.

5. To review literature of technology acceptance model and theory in terms of telemedicine.
7



6. To investigate the usefulness of real-time telemedicine system, especially the system we proposed
7. To expand a practical model for promotion of real-time telemedicine system based on Technology
acceptance model.

* Identify factor may influence
intention of adoption

* Construction of a
practical model

- Experiment
* Questionnaire

USING

Fig.1.4 The object this study is demonstrated by TO-BY-USING.

Significance of this research: The findings of this research is not only to introduce the technology
acceptance model into real-time telemedicine from medical professional’s perspective, but also
integrate proposed factors into this model different with traditional models. The achievement from this
research should help the researcher and engineer of real-time telemedicine system to plan their
strategies to support and motivate medical professional to use the system more in their work. And, the
model generated from this research should provide a useful tool for understanding the determinants of
behavior intention which might help the researcher and engineer to achieve their goals.

In other words, this study is useful for points as follow:

1. It is helpful for understanding the requirement of medical professional for real-time telemedicine
system.

2. To investigate the factors this might affect the adoption of real-time telemedicine system.

3. To expand a practical model for predicting the adoption of real-time telemedicine system

1.4 Structure of this Thesis

This thesis is organized as follow. Chapter 2 introduces the real-time telemedicine system we adopted
for research, and it also reviews the theory of technology acceptance model and existing technology

acceptance model related to telemedicine. Chapter 3 describes the initial investigation for medical
8



professional requirement and the consequence of this investigation. Chapter 4 discusses the hypotheses
and framework of model, research preparation and the method of research are described in Chapter 5.
Result of data analysis is in chapter 6 and Chapter 7. Chapter 8 concludes this thesis and gives a
summary of future work.

Chapter 4

Chapter 1 || Chapter 2 | »| Chapter 3 | Chapter6 Chapter 7

Chapter 5

Fig.1.5 Logical dependence between chapters



Chapter 2 Real-time telemedicine system and TAM

2.1 The real-time telemedicine system and TAM

A real-time telemedicine system is to (1) reproduce a condition which is close to a physical clinical
setting in order to meet the requirement of both sides of system (2) transmit data in real-time. For the
purpose of that, real-time telemedicine system is gradually developing which provides many types of
systems for professional to choose. It is not difficult to note that advanced technology does not mean the
most appropriate choice for professional. A system which can really meet the requirement of
professional must be designed based on a complete understanding of medical professional’s
requirement. In order to analyze the requirement of professional, it is necessary to adopt the advanced
real-time telemedicine system besides existing real-time telemedicine system to demonstrate and
compare. The difference between the systems will be helpful for studying the factors which might
influence the adoption behavior of real-time telemedicine system. The real-time telemedicine system, in
this research, as a means to simulate an environment that (1) two sides of system can communicate as
well as being face to face (2) the quality of service (image, video, and voice.) is enough for medical
examination and treatment. The Real-time telemedicine system adopted in this research is integrated
with (1) full high-definition communication system or (2) stereoscopic system. Besides, previous
research had found that conferencing telemedicine system is still useful in certain situations despite its
relatively lower quality of image and real-time capability.

In addition, technology acceptance model is used as a framework to expand a practical model. In this
chapter, we will review this model and introduce the main factors and relationships included in this
model. We also explain the reason why we adopt it in this research.

2.2 Real-time telemedicine system

1. Real-time telemedicine system with high-definition system (non-compressed): As discussed in
previous researches, it is difficult to provide a service in medical level only by existing real-time
telemedicine system in market. The purpose of integrating a high-definition communication system is to
meet requirement of medical professional by providing a high quality service in medical quality. The
first important feature of this system is large-size display (>=32"") which can provide wider view of
filed than conventional system. This advantage will be helpful for medical education, discussion and
conference.

Second, more precise (pixels size<=0.5mm) and higher resolution (1920*1080 pixel) display are two
other significant features for this system. According to the report of [12], treatment or medical

consultation can operated better with high-definition display.
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Last but not least, in general, video of real-time telemedicine system is compressed before transmission.
In order to improve the quality of image of real-time telemedicine system, transmission of
non-compressed video is considered when capability of network is enough to support this service.

In conclusion, this system aims to provide an application of observing high-definition image at a
distance to medical professional.

In previous research, real-time telemedicine system with full high-definition communication system has
been evaluated by medical professional of different professional specialties. Comparing with
conventional real-time telemedicine system, high-definition communication system demonstrates a
high performance in presentation of color and detail. It was suggested that this system might appropriate
for diagnosis of affected part such as dermatology [12].

2. Real-time telemedicine system with 3D system: The basic principle of conventional stereoscopic
system (as 3D below) is presenting the left and right image to the appropriate eyes. By difference of
images we perceived, we can visualize the stereoscopic structure of objects via the display. In other
words, stereoscopic parallax (observing different images of object with each eye) is the key point for
most stereoscopic display. We can also perceive depth information through movement parallax
(observing different images of object by our movement) besides stereoscopic parallax [13] [14]. In this
research, stereoscopic displays we adopted for research are all based on stereoscopic parallax.

In order to project the image to appropriate eyes accurately, Some stereoscopic systems requires optical
devices close to user’s eyes (e.g. glasses, helmet, and likes), while other systems can project a field in
where user could observe stereoscopic images without devices. Although wearing glasses is
inconvenient that results in limited commercial value, most stereoscopic displays in the market still
require observer to wear special glasses. The special glasses are categorized in three types which
include shutter glasses, colored glasses and polarized glasses. We adopted stereoscopic display with
shutter glasses for this study. And also, Acquirement of Stereoscopic video needs special stereoscopic
camera with two lenses.

Conventional researches and experiments demonstrate the benefit of stereoscopic system in many
aspects of medicine. By conveying more accurate depth information, the stereoscopic display is playing
an important role in many aspects of medicine.

(1) The first benefit of stereoscopic technology is stereoscopic image for medical diagnosis or
consultation. Through stereoscopic display, professional is able to recognize the shape and depth of
tissue without rotation of 3D model such as 3D CG or extra images. There are many researches related
in stereoscopic image have reported the medical use in x-ray angiography [14], in surgery of minimally

invasive operation [15] and ophthalmology [16].
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(2) Itis no doubt that medical training is critical for medical students to gain experience before they
become professional, yet medical training in operating room might delay the speed of operation and risk
the patient. Thus, medical training needs to simulate a real medical environment for increasing
opportunities of experience accumulation. Stereoscopic technology is a useful method for this purpose.

First, there was an important finding in [18] as it reported that lack of stereoscopic display results in
difficulty in recognition of structure especially when students have low spatial abilities.
Correspondingly, stereoscopic display is beneficial for students with low spatial abilities. And also, the
advantage of improvement in depth perception is mostly cited for Tele-education in medicine [19].

(3) The third benefit of stereoscopic display is for surgery including both surgical planning and
procedure. In [20], it has reported that viewing 3D structure through stereoscopic display had several
advantages over 2D image by reducing workload, planning time and increasing accuracy in surgical
planning. Other researchers have also found the advantages of stereoscopic technology for surgical
planning in different medical fields.

On the other hand, as increasing adoption of minimally invasive surgery, stereoscopic display can
provide depth information to professional in the process of surgery. It has also proved the usefulness of
stereoscopic display in improvement of visualization of image and decrease in time required for surgical
task achievement comparing with non-stereoscopic display [21].

3. Teleconferencing system: Besides the real-time telemedicine system we proposed before, it still need
to note that teleconferencing real-time telemedicine system is playing an important role in medicine by
its availability. In order to transmit the high-definition image via low bandwidth network, this system
compresses the data by H.236 and display the high-definition image without decreasing quality of
image in theory. On the other hand, this type of system keeps the quality of image by sacrificing
real-time capability that causes the difficulty in observation of patients in dynamic situation. In this
study, we will adopt it to compare with the telemedicine system we proposed and expect to obtain more
information.

Table 2.1: The different effect among the three systems

system With High-definition With stereoscopic | Teleconferencing system
technology
Main High definition More depth information | Work in relatively low
Benefit More detail can be | provided bandwidth
observe High-definition image High-definition image
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Non-compressed

Main High cost Wearing Glasses Low real-time capability
Drawback 3D discomfort

2.3 Adoption of technology acceptance model

In order to successfully complete the objectives of the research, we need a logical framework to carry
out our work related to the research. In this research, we adopted technology acceptance model as a
main framework.

Since the first technology acceptance model (abbreviated as TAM) has developed, it has been used for
analyzing how users come to accept and use information technology system. For the simplicity and
understandability, TAM had been tested and extended in a variety of fields and it has proved that it is an
important method to investigate how to promote new technology by researching the determinants that
influence the adoption of information system and predicting the adoption behavior.

There is a number of researches for TAM involved in adoption of information technology, and research
related to telemedicine system have been published. In this model, however, relationship, determinant
and construction might be varied with distinguishing cultures or situations [22]. It is therefore, in this
study, | use it as a fundamental model to extend a practical model for analyzing adoption behavior of
real-time telemedicine system in perspective of medical professional.

In this study, partly because of understandability and simplicity of TAM, it will be used for this study.
We adopted several determinants as standards to evaluate the attitude toward systems. And then, TAM
would be extended and tested for analysis of adoption behavior in position of medical professional. In
this chapter, we firstly review the concept of TAM, introduce some existing models related in
telemedicine and represent a practical model for real-time telemedicine.

Technology acceptance model was relying on a model of reasoned action (TRA) which applied to
analyze and predict human behavior on adoption of new information technology. It has found that even
a system met the technology performance might still were not widely used [23]. There are many factors
might influence the adoption of new technology besides perceived effect factors. As an important model
in information management, TAM aims to apply an explanation for behavior intention in adoption.

In TAM, usage and intention are two core measures to judge the adoption behavior which we have to
note and distinguish. Usage means the actual behavior: in some research, usage is used to measure
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whether user really like to use the technology actually. Different with usage, intention is not an actual
behavior but suggested link to actual behavior. In addition, perceived usefulness and ease of use are core
determinant which has direct influence to behavior intention. More detail will be present in chapter 4.

Behavior intention |::> Usage (Actual use) |::> Actual adoption

Fig.2.1: Main relationship in TAM

In many researches, TAM as a core of a boarder evolutionary structure has includes four major
categories which include (1) Prior factors (2) the incorporation of factors derived from other theories (3)
contextual factor, they are considered as direct or indirect determinant to behavior intention [23]. As
described in fig 2.2, the most important and effective factors in TAM are perceived usefulness and ease
of use which directly effect on user’s behavioral intention.

Prior factors
Perceived usefulness .
Behavior

] .—’ . .
Incorporation factors intention

Perceived ease of use

Contextual

Fig.2.2 Core construct and relationship in TAM

TAM have been continuously studied and expanded, an important upgrade-TAM 3 has also been
proposed. Because of widely adoption, TAM has also come to one of used model to analyze the
adoption behavior in telemedicine in some researches. For instance, in [24], the model has been
extended and tested by different groups of physicians, as the consequence showed that there are little
correlation coefficients between social factors such as social image and adoption behavior of medical
professional which is very different from previous researches. And also, perceived voluntariness of use
has nothing to do with intention to adopt. Another test of TAM has demonstrated that previous
experience regarding information technology is a reason for increasing demand for quality of
telemedicine service. And also, it has investigated that training for system, technical and administrative
support effects on intention to adopt directly [25]. The subject-norms has no direct influence but indirect
influence on behavior intention has been found in [26]. It has also found that the influence of perceived
ease of use toward perceived usefulness and behavior intention is not significant in telemedicine [27].

In conclusion, as presented before, the constructs and relationships in TAM might different as the
situation and role of users. There is no TAM for real-time telemedicine system currently. It is needed to
develop a model for real-time telemedicine. And we also integrated other perceived effect factors in
TAM.
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Comparing with existing model in previous researches, in this study, TAM is not only a model analyze
and predict the behavior of medical professional but also a framework to evaluate and develop a
standard for real-time telemedicine system. (1) It will include prior factors, contextual factors. (2) It also
includes local hypothesis and existing hypothesis from previous researches. (3) The requirement-based
factors will be adopted in this model for evaluation and test. More detail will be introduced in chapter 5
and 6.

2.4 Summary

In this chapter, we introduce the real-time telemedicine system we proposed for this research and the
difference between systems. They will be demonstrated to medical professional for the purpose of
evaluating telemedicine system and find the determinant and factor for extending acceptance model for
real-time telemedicine.

On the other hand, we had reviewed the technology acceptance model in terms of telemedicine. This
model will be adopted as a framework to evaluate the attitude toward real-time system and expanded for
the real-time telemedicine system we proposed in this study. In other words, this chapter introduces two
important respective to achieve our research goals. The next chapter will present the initial investigation
by semi-interviewing with medical professional.
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Chapter 3 Initial investigation

3.1 Introduction

For the purpose of requirement analysis, initial investigation of this research is to obtain the voice of
medical professional in terms of attitude, expectation to the real-time telemedicine system.
Semi-interview was used in this initial investigation which included an open conversation, simple
questionnaire and open-ended questions. The consequence will be helpful in reorganization of
requirement, design of research and extension of practical model. In order to improve the reliability of
result, we had demonstrated the three types of real-time telemedicine system proposed in previous
chapter to medical professional and compared systems by using the factors of TAM (such as ease of use,
usefulness). More than ten medical professionals who are from five different specialties (including
dermatology, internal medicine, surgery and The ENT) have been invited to attend this initial
investigation. The interviewed and questionnaire survey were used to gain the information from
professional after demonstration. In the next section, the procedure and result will be presented.

3.2 The demonstration of system

The demonstration has been carried out twice in Keio university hospital and Suginami medical
association respectively. Due to lack of actual usage of this type of system, how to enable the
professional to perceive and experience the advantage and disadvantage of real-time telemedicine
system is the main purpose of this demonstration. After this demonstration, a semi-interview,
open-ended questions and a simple questionnaire have been executed. The content of conversation and
data were recorded and expected to further research.

Table 3.1: Demonstration in Keio University and Suginami

university hospital

Location Keio university hospital | Suginami medical association
Number of | Four medical | Five medical professionals
participator professionals in | from independent hospital or

clinical

Professional Surgery, internal | Surgery, Dermatology,
specialty medicine, internal medicine, ENT
Demonstrated High-definition sys. High-definition sys.

system 3D sys. 3D sys.

Teleconference sys.

The system we demonstrated for the initial investigation will be introduced in detail in next chapter.
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There were three types of system we have demonstrated to medical professional. By comparing these
three types, we can (1) assess the effects of existing real-time telemedicine system, (2) evaluate the
attitude toward advanced real-time telemedicine system of medical professional with high-definition
system or 3D system, (3) gain a thorough understand of requirement from medical professional, (4)
investigate the factors might influence the adoption behavior. Medical professional in Keio university
hospital had been consulted their expectation for real-time telemedicine system while the professional
from Suginami medical association had been investigated their attitude toward each real-time
telemedicine system.

3.3 Attitude toward real-time telemedicine system

Professional attitude is a key point that contributed to requirement and acceptance [26]. In this study,
attitude comprised several factors which derived from the previous research of TAM. The result of
demonstration has turned out that three types of system we adopted can support some medical
application such as consultation and simple diagnosis.

As a consequence, medical professionals have showed a positive attitude toward real-time telemedicine
system regardless which type of it. Although, the cost might impede the adoption, Real-time
telemedicine system is really considered as a useful means with two points: (1) it is a proper method in
consideration of providing service to remote resource constrained areas but has little significance in
modern metropolis such as Tokyo or Osaka, (2) it will be actual used by medical professional if
practicability for diagnosis advance and reach a level which the system is safe and accurate enough.
During the interview, the professional have showed their interest in system as we expected. This result
might be from curiosity to a new technology rather than intention of adoption. A simple questionnaire
was used to study their attitude.

The items in simple questionnaire comprised several factors such as do you think it is useful for you jab,
do you think it is easy to use, do you want to adopt it for job and do you think it is useful in telemedicine.
These questions were designed based on previous research of TAM. And we also requested medical
professional to give their evaluation to technical standard such as perceived accurate color, perceived
definition, perceived depth information and sense of presence. Medical professionals were requested to
give a score for each system they observed. The range of score is from one (strongly disagree) to five
(strongly agree), the higher one means higher evaluation to system. In this demonstration, conventional
telemedicine system and High-definition system were classified into one group as 2D system. We
demonstrated three types of systems in the same time for one hour that enable the professional observe
the system clearly. As a result, an important finding represented that 2D system (High-definition system
and teleconferencing system) has received more positive support rather than 3D system has received

from medical professional. The result will be analyses associated with the information from interview.
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Fig 3.1: Score from otolaryngologist 2D telemedicine system (mean: 3.875)

3D telemedicine system (mean: 2.625)
From otolaryngologist's perspective (Fig.3.1), the 2D telemedicine system is advantaged in all factors
except perceived depth perceived ease of use and perceived accurate color. The otolaryngologist gave a
high evaluation (4~5 point) to usefulness, perceived definition, adoption intention but low evaluation to
perceived depth information as we predicted. In contrast, despite the 3d system has accepted a high
evaluation in perceived depth information, it still did not show its usefulness to otolaryngologist which
resulted in low score in adoption behavior. According to the interview, otolaryngologist prefers to use
special tools for diagnose the inner of nose or throat. When it comes to telemedicine, both of image
quality and depth information from the display are important. Therefore, stand on the position of
otolaryngologist, high-definition system might be useful to otolaryngologist as a support. By contrast,
although 3D system can provide more accurate depth information from the display, it showed no
significance to an otolaryngologist with experience.
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Fig 3.2: Score from dermatologist 2D telemedicine system (mean: 3.75)
3D telemedicine system (mean: 3.25)

From dermatologist perspective (Fig.3.2), as we predicted before the semi-interview, the 2D

telemedicine system is advantaged in all factors except perceived depth information and accepted a
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higher evaluation than 3D system. Compare with otolaryngologist, the dermatologist gave a 4 point to
quality of image which means the 2D system is still need to improve in quality of image for diagnosis in
dermatology even it can provide a better quality of image than existing system. In contrast, despite the
3d system has accepted a high score in perceived depth information, it still did not show its usefulness
and performance in transmission of image to dermatology which resulted in low score in adoption
behavior. According to result of interview, dermatologist mainly focuses one point (affected part) that
3D has nothing to do with the diagnosis in dermatology.
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Two surgeons have attended this semi-interview (Fig3.3). From the graphic, it presented that different
from other professional, there is a no significant difference between two systems. As we predicted,
depth information is an important advantage to surgeon that might increase the practical value of 3D
system. According to the result of interview, 3D system has indeed showed its usefulness in surgeon
especially in the minimally invasive operation or Tele-surgery. However, this advantage cannot
significantly improve its practical value unless for educating young doctor who have no enough
experience.
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Fig 3.4: 2D telemedicine system (mean: 3.75)
3D telemedicine system (mean: 3.125)

From physician perspective, a little difference between two systems has found in this graphic. Physician
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mainly focuses on the communication between both sides. In other words, physician might pay more
attention to voice transmission rather than dermatologist. Through this investigation, it has found that
physician might believe the usefulness of high-definition telemedicine system but has no significant
intention to actual adopt the system.

In the initial investigation, we also compare each medical professional °s attitude toward system. Four
of findings are described as follow. First, in the Fig 3.5, it has found that the 3D system received less
score in usefulness and adoption intention which means the stereoscopic video is not a critical issue in
the process of diagnosis. Only one surgeon has given a relatively higher score to 3D system as we
predicted before. Against to expectation, physician has showed a lower attitude to both of systems. The
reason will be discussed in next section.
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Fig 3.5: Usefulness and ease of use

Second, the Fig. has demonstrated that medical professional can perceive depth information through 2D
system as well as 3D system, since medical professional has much professional experience in medicine.
The practical value of 3D system is in education for young doctor or medical student.
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Fig 3.6: Perceived depth information

In conclusion, 2D high-definition system is regarded as an effective means to used in telemedicine for
medical examination by interview, however, it still need to be improved in representation of image for
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dermatology diagnosis. The practical value of 3D system mainly involves in tele-education and
tele-surgery due to medical professional is not familiar with 3D display. In addition, the result indicates
that (1) as described in previous research, medical professional has no requirement for perceptive of
depth from 3D system because of their experience. 3D system might be helpful to young medical
professional for increasing accurate of operation and to medical student for a deeper understanding. (2)
The attitude to system is influenced by professional specialty as we predicted before. The professional
might focus on different function of system (3) although the teleconferencing system has compressed
the data which result in time delay, it can work in medicine as non-compressed system in certain
conditions (4) it has found that medical professional has no high intention to use the system in diagnosis
regardless of high performance of the system.

3.4 Expectation for real-time telemedicine system

The second purpose of the semi-interview is to collect advices from medical professional to find the
points which are needed to improved, (it can also be regarded as what are the important factors they
concern) in real-time telemedicine system. Before we consult medical professional, several factors
might influence the effectiveness of telemedicine system have been summarized by researcher.

They are (1) usability: how ease to operate the system, (2) real-time capability: the quality of real-time
service. It mainly involved in time delay or smoothness of live video (3) perceived definition: the
professional can observe the object clearly, (4) perceived accurate color: the professional can observe
the color of object clearly, (5) perceived depth information: the professional can observe the color of
object easily. Besides, we also acquired medical professional to give other factors which need to
improve. The consequence as follow:

0%

H perceived definition

H perceived depth
information

H usability

M real-time capability

M cost

Fig 3.7: The important factors

The usability is an important factor to improve. Both of medical professional and patient can
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communicate without complex operation like store and forward telemedicine system. However, there
are some new issues related to ease of use might rise when use the real-time telemedicine system. For
example, the ease of use might include definition of image (the professional can observe easily through
the display), voice transmission (the professional and patient can take a conversation easily) and likes.
There is no significant difference between 2D system and 3D system in ease of use except the glasses.
The need of glasses might be a detractor for medical professional who wearing glasses. Visual fatigue is
also an issue mentioned by medical professional when they observe the display for a long time.

The Real-time capability is another significant concern of medical professional especially in the
procedure of diagnosis. It presents that, offering a smooth communication without time delay is needed
by medical professional in diagnosis. For example, negative effect from time delay is significant in the
procedure of medical consultation such as dermatological diagnosis. It has found that, with support of
GI-POF network, the time-delay has been decreased effectively [12]. It indicates that advantage system
with support of stable network is a useful method to improve real-time capability.

Table 3.2 Results of Communication Delays (average) [12]

Communication Delay A: GI-POF B: Videoconference C: Web Camera
Round Trip Delay — Measured (msec) 115 1,096 451
One Way Delay — Calculated (msec) 58 548 223

Perceived depth information is placed the third place that need to enhance. Although the advantage of
3D telemedicine system is to offer more accurate depth information, it is still need to improve in order to
practical use in medicine. This issue might also be related mainly to resolve the 3D-discomfort.

The cost also has power to influence the adoption of real-time telemedicine system. Despite the cost of
system is decreasing in recent years, medical professional still expected a significant decrease in system
cost.

In conclusion, real-time telemedicine system has showed an acceptable performance in image display
but it still needs to improve in usability (30%), need an improvement in real-time capability (30%) to
support its performance. This research will focus on usability since the real-time capability is
investigated in previous research.

3.5 Other aspects from initial investigation

Besides the perceived effect factor, we had also investigated other factors which might influence the
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attitude toward real-time telemedicine system such as professional characteristic.

Working preference: working preference is a work condition the professional like or dislike that
influences the attitude toward system. For instance, an important benefit of our real-time telemedicine
system is large screen which capability for more observers to watch at the same time. Nevertheless, in
general, the size of display which medical professional adopted is around 24inch, it turns out that large
display meets the requirement of medical professional properly for discussion or conference but
individual work.

Professional specialty: as mentioned in last section, professional specialty is important factor that
influence the attitude to system. For example, quality of image is the most important factor in
dermatologist perspective while fluent communication is the most important factor in physician
perspective. On the other hand, perceived depth information is important for surgery but dermatologist.

IT usage: in previous research, computer attitude of course plays a role to impact the attitude of system
user [24]. Medical professional using computer might cause a positive effect to adoption of new system.
In this initial investigation, we studied medical professional’s IT ability by asking questions such as
how often do you use you use your computer to send email or how often do you use your computer to
search information. It has found that medical professional who is familiar with information technology
has a negative attitude to both of 2D and 3D systems. Although this result might be regarded as small
probability event since the P-value is larger than 0.5, we assumed that a medical professional with
higher ability in information technology might be severer on new technology than other medical
professionals. This result can be considered as a reference for further research.

Table 3.2: correlation between IT usage and attitude

Correlations

[Tecore FoedD For2D
[Tzcore  Pearzon Correlation 1 -0t -.800
Sig. (2-tailed) il Aod
M ] ] ]

Affiliation: Through a comparison of two groups, it has noted that medical professional from university
has a positive attitude in 3D system rather than professional from Suginami since it can play an
important role in medical education. In addition, medical professional in clinical or hospital might pay
more attention to cost than professional from university hospital. Therefore, the Affiliation is a factor
which might influence the adoption of new system.

Network: it is no doubt that network is an important factor to impact the real-time telemedicine system.

Although, with advent of FTTH, the high bandwidth network can support more stable, safer real-time
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telemedicine system to work, no stable and high bandwidth network can be provided in rural sites. Thus,
it is needed to understand the influence from bandwidth to real-time telemedicine. In other words, one
purpose of this initial investigation is to identify the lowest bandwidth for practical diagnosis and
consultation, how network influence the effect of system and whether the influence of bandwidth might
be impacted by professional specialty. We demonstrated real-time requested medical professional to
judge as well as actual diagnose. We digest the part from the result as follow:

Table 3.3: Bandwidth survey

physician | Bandwidth | Evaluation Detail of image
1 4.4Mbps can diagnosis 60fps
2 2Mbps cannot diagnosis 60fps (image noise)
3 3Mbps cannot diagnosis 60fps (Posterization)
5 1.5 Mbps cannot diagnosis 30fps
6 1.4 Mbps can diagnosis in certain condition | 30fps deteriorate the quality of image
7 80Kbps cannot diagnosis 30fps (Posterization)
8 450 Kbps | cannot diagnosis 30fps
9 1005 Kbps | can diagnosis in certain condition | 30fps
demonologist | Bandwidth Evaluation Detail of image
1 50Mbps can diagnosis 60fps
2 20Mbps can diagnosis 60fps
3 14Mbps can diagnosis 60fps
4 18.5Mbps can diagnosis in certain condition | 60fps
5 10Mbps can diagnosis in certain condition | 60fps

In this open experiment, all medical professional has been acquired to observe the image displayed from
teleconferencing system and high-definition system without image compressed. 3D system is not
included in this open experiment. Medical professionals have been categorized in to two types: image
focus such as demonologist and non-image focus such as physician. The professional will observe the
display while assess that whether the image can be used in actual diagnosis.

We adjusted bandwidth randomly and then acquire the professional to assess the quality of image. As a
result, in 1005Kbps/30fps or above, the physician can examine the patient through display in certain
condition, 4.4Mbps is the lowest standard for physician's examination. In 10Mbps or above, the
demonologist can observe the affected part through display in certain condition. 50Mbps is the lowest
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standard for demonologist™ examination. This result has indicated that (1) the physician who focuses on
the communication in diagnosis can diagnose the patient with a relatively low quality of image. (2) in
contrast, the demonologist who focus on the quality of image has a higher requirement for diagnosis.
And it also elicited that whether we can use bandwidth as a measurement to assess the quality of
real-time telemedicine system.

3.6 Summary

By and large, this chapter describes the achievement of initial investigation for research which includes
the attitude toward real-time telemedicine system, the mostly concern of medical professional and
important respective might influence the adoption of real-time telemedicine system. It has found that
high-definition telemedicine systems can be used in diagnosis regardless of compressed or
non-compressed. Medical professional can gain the information they need through 2D system although
it still needs to test by actual usage. However, associated with an open experiment and interview, it has
found that network is a key point might determine the performance and impede the professional to adopt.
In particular, as a low cost system, the influence of network to teleconferencing system is high than need
to investigate. In addition, there are some other factors related to professional characteristic might
influence the adoption behavior.

On the other hand, 3D system were not accepted by most professionals due to medical professional can
perceive the depth information through 2D system by their experience. It has found that 3D system
might be more powerful in education. In other words, 3D system is usefulness when the user are
younger professional or with no much medical experience.

The achievement and other findings from this investigation will be adopted for further research of

practical model. Much detail will be discussed in next chapter associated with the theoretical framework
and hypotheses in this research.
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Chapter 4 Theoretical framework and hypotheses

4.1 Introduction

The integrated real-time telemedicine system, review of technology acceptance model and initial
investigation of professional attitude have been discussed in the previous chapters. This chapter is to
represent the basic concept and explain the factors of practical technology acceptance model for
real-time telemedicine system. The key determinants, moderator and certain factors based on
requirement we proposed for the model will be discussed.

4.2 Research objectives and basic concept of model

As mentioned in chapter 3, using of TAM as a framework to extend a new practical model for real-time
telemedicine is the main objective of this research. Through expanding the original model and thorough
understanding of determinant and relationship in this model, we can predict the possibility of adoption,
diagnose the reasons of adoption behavior and increase the possibility of acceptance. There is another
important objective of this research is to associate non-psychological factor related to practical
perceived effect factor in the model and measure their influence using experiment and questionnaire.

One benefit of TAM is to successfully measure the adoption behavior for new technology. In many
previous researches of TAM, intention to use technology or actual usage is elected as key variable to
measure the adoption. When a technology is yet to be widely adopted or in the development, possibility
of actual adoption can be measured by intention behavior as well as actual use. This might raise an
issue: can intention accurately predict the actual usage? In research of TAM, some previous longitudinal
researches have proved the effectiveness of behavioral intention when the new technology had never
been introduced before [28]. The important role of behavioral intention is a critical point in this research
because the real-time telemedicine system has a low adoption rate in fact. This study will only adopt the
behavioral intention as core concept to test and measure since we expected the behavior intention for
real-time telemedicine will lead actual use. Besides, we will adopt the basic theory from [29] and use
some of variable in the model for real-time telemedicine system.

In addition, existing TAM has only reflect the influence of psychological factors such as social
influence and characteristic factor such as age and sex, but nothing to do with the direct influence from
the system. In this research it is expected the influence from system toward behavior system. It will be to
explore the direct influence from system and integrate them into model.
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4.3 Theoretical framework

In this study, theoretical framework is defined as an assembly of factors and logical relationships which
might be important to the adoption behavior. It is essential to develop this conceptual framework for
thorough understanding of the variables and their influence in this model. There are four types of terms
adopted in this study.

The core construct (direct determinant) comprised perceived usefulness (PU), perceived ease of use
(PEOU), IT usage (ITU) and expectation of system (EOS). These core constructs are regarded as
influences to adoption of real-time telemedicine system.

Four Moderating constructs consist of three items related to medicine. They are Affiliation, medical
specialty and medical work experience. In contrast, individual character such as age, gender and sex are
not included in the model. These moderating variables are expected to impact the relationship among
core constructs and the influence toward the behavioral intention for adoption in this study.

Five perceived effect factors (requirement-based factors) are proposed for this model in this study.
Different with previous researches of TAM, perceived effect factors are not expected to impact the
intention directly in this research. There are consisting of five factors: including perceived accurate
color (PAC), perceived definition (PD), perceived depth information (PDI), perceived sound (PS) and
perceived smoothness video (PSV). They are considered to impact the usefulness and effectiveness of
telemedicine system.

Based on the proposed constructs, variables and relationships in the model, several hypotheses will be
tested and measured in this study.

(1)Whether core constructs can significantly impact the intention of adoption of real-time telemedicine
system, (2) whether moderators have significant impact on the influence of core constructs toward the
behavior intention of adoption of real-time telemedicine system, (3)whether moderators affect the
relationship of the requirement-based factors,(4) How perceived effect factors will be influenced by
moderators.

(1)Direct determinant

In previous researches, a number of determinants have been proposed in TAM. For this study, I mainly
focus on the direct determinants that based on the prominent previous research of TAM and in
combination with previous investigation in chapter 3. The major determinants in this study are
perceived usefulness (PU), perceived ease of use (PEOU), IT usage (ITL) and Expectancy of system
(EOS). I will explain the reason of adaptation of these determinants.
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Perceived usefulness:

The direct power of perceived usefulness has been proved in lots of previous researches of TAM. From
it has been theorized by first TAM, it has been tested and supported as a direct determinant to behavior
intention in many cases.

In this study, perceived usefulness is defined based on first TAM as the degree to which a medical
professional believes that using the real-time telemedicine system would enhance his/her medical job
performance.

Perceived ease of use

Perceived ease of use was also supported in previous researches and cases. It has presented a direct
influence on both of behavior intention and perceived usefulness with strong evidence. Thus, it is
justified as an important direct determinant in this model as the degree to which a medical professional
believes that using the real-time telemedicine system would be free of effort for medical task.

IT usage

IT Usage might be analogous to self-efficacy referred to computer ability in some previous researches
of TAM. It has been proved in many previous researches that people with higher ability of computer
might have more positive attitude toward new technology. In previous investigation, a negative
correlation has been found between attitude toward real-time telemedicine system and ability of
computer. It turns out that medical professional might have a higher expectation on new telemedicine
system. In this model, IT usage might be classified into several factors and tested respectively in this
research. It is justified as the degree to which a medical professional has experience in information
technology in life and work environment.

Expectancy of system

Although in previous research, performance expectancy is an important variable that influence the
behavior intention. It means a degree to which an individual believes that using a system will help user
to attain gains in job performance [26].The five constructs that pertain to performance expectancy are
perceived usefulness, extrinsic motivation, job-fit, relative advantage, and outcome expectations. In this
model, we adopted the relative advantage as a new variable - expectation of new system (derived from
attitude determinant) is potential determinant in this model which link up perceived effect factors with
behavior intention for adoption. In previous investigation, relatively lower degree of satisfaction toward
teleconferencing real-time telemedicine system has been indicated. In order to improve the system to
meet the requirement from medical professional, | used KJ method to collect and categorize
professional s requirement (the detail will be described next) and hypothesized that the degree to which
a medical professional believes that existing system is not meet their requirement and a more advanced
real-time telemedicine system is needed.
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Social influence

Social influence based determinants have been supported as a significant determinant in TAM by many
researches. However, in previous research of TAM, inconsistency of social influence has been found in
TAM of telemedicine [31]. Social influence (or subject norms) has no significant influence on behavior
intention comparing with perceived usefulness and perceived ease of use. Furthermore, in this research,
the social influence cannot be perceived by medical professional by its low adoption rate. Thus, the
social influence will not be adopted in this research.

Behavior intention

Actual usage behavior cannot be measured because the real-time telemedicine | proposed system has
never been used in real work environment. It means that only behavior intension can be measured in this
study. Results of much research have indicated the correlation between intention and usage was
significant in the TAM. Therefore, behavior intention is a proper measurement for predict the adoption
behavior of medical professional. However, it has also found that intention is more predictive when
users have experienced technology before. Therefore, | had demonstrated the system we proposed to
medical professional before | tested this model. Consequently, behavior intention for adoption of
real-time telemedicine system is the main measurement for prediction in future.

(2) Moderator

The moderator as the third type of variable in the model might modify the value of other variables.
Through testing the different groups of medical professional, we can test the effectiveness of moderator.
If the test result shows a significant difference between groups, it indicates the effectiveness of
moderator.

People personally differ with their age, gender, position for preference of technology. Thus, the same
system might provide different effectiveness to different people, especially when it used in the medicine.
This model will take account of professionalize of telemedicine system that only includes
professional-related moderators. There are four moderators in this model: (1) professional specialty
presents major field of medical professional such as dermatology, internal medicine. This moderator is
to influence the focus point in the medical task. For instance, dermatologist might focus on image while
physician might focus on communication. The difference between medical professional is expected to
impact the perceived usefulness or perceived ease of use. (2)Medical work Experience means the degree
of specialization. (3) Medical background indicates the type of medical professional. More detail will be
described as follow:

Professional Specialty
Despite professional specialty has never been associated with TAM as moderators in previous
researches, it is playing an important role in acceptance of new telemedicine. In many previous research,

professional specialty always been used as a background rather than a variable [32]. It is found that the
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requirement for telemedicine system will be significant different. For example, the dermatologist
mainly diagnoses a patient by observing the color of skin which indicates the importance of display of
color. In contrast, the physician might put more focus on the communication and sound. There are
several categorizes will be tested in this model as (table 4.1)

Table 4.1 Assumption of category based on initial semi-interview

Image focus: Communication focus:
perceived accurate color, perceived definition, | sound, depth information, video fluency
video fluency

Dermatologist (from initial investigation) Physician (from initial investigation)
Otolaryngologist (from initial investigation) surgeon (from initial investigation)
Etc.(depends on the result of questionnaire) Etc. (depends on the result of questionnaire)

Medical work Experience

Experience has been clearly theorized in TAMZ2 that it has a significant impact on the influence of
subject norm toward intention. The previous research has showed that effectiveness of subject norm was
decreasing with increasing of experience in system operation. In this study, medical work experience is
a measurement for professional skill and knowledge. In previous investigation, the work experience has
explicitly demonstrated its influence on attitude toward system. For instance, medical professional
experience has more negative attitude toward 3D telemedicine system than medical students do. It is
expected to impact the influence of perceived usefulness and perceived ease of use to intention.

Individual background is important respect that influences the intention of adoption. In this study,
medical background is a concept of the institution which the professional belong to. For instance, it has
been found that a medical professional from a university hospital might accept new telemedicine system
easily because he/she has a background as educationalist or researcher [33]. In contrast, some medical
professionals might tend to reject use new technology when they are in a position of manager.

(3) Perceived effect factors

Perceived effect factors are new factors which link the effect of telemedicine system and requirement.
They were expected to directly influence usability of system. In this research, they represent that how
medical professional perceive the system on their own perspective. Relationship among these factors
was regarded as a critical respective which needed to conduct a further study. The perceived effect
factors were derived from medical professional’s requirement, we will investigate the influence,
relationship and importance of this group.

This part will mainly introduce the process of perceived effect factor design. In the first stage, we used

30




KJ method to collect the requirement from professional based on the semi-interview, and then classified
these items into several groups.

Before the initial semi-interview, we have classified the requirement into four groups based on previous
research: (1) perceived accurate color (PAC): the factor to which a medical professional believes that
color is displayed accurately, (2) perceived definition (PD): the factor to which a medical professional
believes that he/she can observe the object in more detail through system, (3) perceived depth
information (PDI) the factor to which a medical professional believes that he/she can gain the depth
information through display, (4)sense of presence (SOP): the factor to which a medical professional
believes that he/she can perceive a work environment which is close to clinical setting.

Through the initial semi-interview, the AHP method has been taken to investigate the weight of each
factor as a pilot test. The table represents the weight of factors on medical professional’s standpoint.
According to this result, it have found that the weight of each factor is different and it also showed that
the weight has been influenced by medical professionals specialty. Stand by otolaryngologist’s position,
display perceived accurate color and High-definition for medical use are more important than perceived
depth information and sense of presence. Stand by dermatologist and physician’s position, the result is a
little different with otolaryngologist's. With pilot test, we could confirm that medical professional has
different perspective in effect of system. Yet, it is still difficult to confirm the weight of each factor only
based on the semi-interview because of small sample size. And we found that the factor we proposed in
semi-interview could not satisfy the requirement for actual diagnosis. It needs to re-abstract the factors
based on the semi-interview.

Table 4.2: Weight of perceived effect factors

otolaryngologist | PAC | PDI | PD SOP | weight
PAC 1 7 1 7| 0.438
PDI 0.143 11]0.143 1| 0.063
PD 1 7 1 7| 0.438
SOP 0.143 10.143 1| 0.063

C.L 0

(PAC, PD) > (PDI, SOP)

dermatologist PAC |PDI |PD SOP | weight
PAC 1 9 1 9 0.45
PDI 0.111 10111 1 0.05
PD 1 9 1 9 0.45
SOP 0.111 1(0.111 1 0.05

C.L 0
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(PAC, PD) > (PDI, SOP)

physician PAC | PDI |PD SOP | weight
PAC 1 4 0.5 4 0.35
PDI 0.25 1 0.5 1 0.126
PD 2 2 1 4 0.424
SOP 0.25 1| 0.25 1 0.1
C.l. 0.062

PD>PAC>PDI>SOP
According to the table, it has found that the weight of each factor has no significant difference in their
ranking regardless of professional specialty. The three medical professional has all focused on the
quality of image that against our expectation. This result is still needed to investigate again in further
research.

In the semi-interview, in order to enable medical professional to experience the system, we stimulated a
condition in which the professional can communicate with patient through the system. The conversation
in the process of stimulate diagnosis has been record (Fig 4.1) on which we used KJ method to analyze.

It has found that sense of presence comprise two detail factors perceived sound (PS) and perceived
video smoothness (PVS). The weight of five factors will be tested in further research. (1) Perceived
sound: medical professional can communicate with patient normally and learn information from sound.
(2) Perceived video smoothness: the image can be transmitted fluently without breakdown (Fig 4.2).
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Fig 4.1: Voice from medical professional
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Fig.4.2: New factors abstracted
Influence of network
In previous semi-interview, real-time capability is important and needed to improve in medical
professional s perspective. Besides real-time capability, other effects of system might also be influenced
by network. In order to investigate the relationship, we propose bandwidth as a measure which is
expected to influence the effect of telemedicine system. In this research, an experiment will be
conducted to identify the relationship between network and system.

4.4 Research hypotheses

The categories of hypotheses will be tested and technical (requirement-based) factors will be
investigated. The first category is hypotheses for the direct influence between behavior intention and
direct determinant. The second one is hypotheses for the testing the moderator impact the influence of
direct determinants. And last but not least, perceived effect factors will be investigated.

Direct hypotheses

The direct hypotheses will be tested the relationship between behavior intention and direct determinant.
H1. Perceived usefulness has a significant influence on behavior intention of adoption

H2. Perceived ease of use has a significant influence on behavior intention of adoption

H3. Perceived ease of use has a significant influence on Perceived usefulness

H4. IT usage has a significant influence on behavior intention of adoption

H5. Expectancy of system has a significant influence on perceived usefulness

Moderating hypotheses
The hypotheses for moderator will be tested.
MH.1 The influence of perceived usefulness toward behavior intention is moderated by professional
Specialty
MH.2 The influence of perceived usefulness toward behavior intention is moderated by medical work
Experience
MH.3 The influence of perceived usefulness toward behavior intention is moderated by Affiliation
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MH.4 The influence of perceived ease of use toward behavior intention is moderated by professional
Specialty

MH.5 The influence of perceived ease of use toward behavior intention is moderated by medical work
Experience

MH.6 The influence of perceived ease of use toward behavior intention is moderated by Affiliation
MH.7 The influence of Expectancy of system toward behavior intention is moderated by professional
Specialty

MH.8 The influence of Expectancy of system toward behavior intention is moderated by medical work
Experience

MH.9 The influence of Expectancy of system toward behavior intention is moderated by Affiliation

Perceived effect factor hypotheses
This research is to test the influence of network toward real-time telemedicine system. Several
hypotheses will be tested by experiment and online questionnaire.

PEFH.1 The weight of each factor is moderated by Professional Specialty.

PEFH.2 The weight of each factor is different.

PEFH.2.1 Bandwidth is an effective measure (stimulus) to evaluate the relationship between perceived
effect factors and network.

PEFH.4 The influence of bandwidth toward perceived effect factor is different.

4.5 Summary

In this chapter, we proposed a concept framework associated with the result of initial investigation
based on which a practical model could be developed. In Fig 4.3, there are four parts in this model:
behavior intention, moderator, direct determinant and perceived effect factors. The relationships
between each construct which will be tested. In the next chapter, we will introduce the method of this
research.
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Chapter 5 Research preparation

5.1 Introduction

In last chapter, we derived the information for our model from the initial investigation. After we
obtained the information from the initial investigation, a further research is to extend a practical model
for real-time telemedicine system based on technology acceptance model. Extension of a model is a
haphazard and tough task due to a number of hypotheses needs to propose and test. It needs to choose a
logic methodology in order to successfully achieve the research objectives. And process of preparation
will be presented in this chapter. First, the rational of methodology in this study will be discussed and
explained in terms of research design, scope of research, development of questionnaire, testing plan,
data collection, data analysis and deduction. Second, the actual experiment for system will also be
discussed. In sections 4.2 and 4.3, we review the detail of real-time telemedicine system we adopted and
the research process with V-model.

5.2 The adoption of real-time telemedicine system

As mentioned in chapter 2, the real-time telemedicine system we adopted in this study integrated with
two important technologies (chapter 2): (1) high-definition communication system (no compressed) (2)
stereoscopic system. Moreover, the teleconferencing system was also adopted for research. In
semi-interview, we have demonstrated these systems to medical professional. And we also used this
system for experiment of bandwidth survey. The detail of specification is described in this section.

(1) Real-time telemedicine system with high-definition communication system (no compressed)
The high-definition real-time telemedicine system is used for demonstration. It will be involved in
semi-interview and questionnaire. The Fig 5.1 shows the detail of this system.

&
Camcorder Q‘ﬁ
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HDV-OTR™ (non-compressed) HDV-OTR™

HDMI
System A

Ethernet (compressed)

- System B —
Videoconference Videoconference

Ethernet (compressed) | ¢

5 Y £

Web Camera System C Web Camera

Fig 5.1 Real-time telemedicine system (hon-compressed)
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(2) Real-time telemedicine system with stereoscopic system
The 3D real-time telemedicine system is used for demonstration. It will be involved in semi-interview
and questionnaire. The Fig 5.2 and table 5.1 showed the detail of this system.
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doremi Labs
Dimension-3D

HD-SDI x 2

i
|HDI\I]

i

Digital Handycam
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GbE-SW
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Network

GbE-SW
Comm-Box

HDR-TD10
Fig 5.2: real-time telemedicine with 3D system
Table 5.1: System specification

Item Specification

Video | Input HD-SDI x 2
Output HD-SDI x 2
Codec H.264 AVC (HP Level 4.0)
Video Format 1920x1080 59.94i
Bit Rate 6-24Mbps

Audio | Input HD-SDI x 2 (Embedded Audio)
Output HD-SDI x 2 (Embedded Audio)
Audio Format AAC-LC 256kbps
# of channel 2

System | Transport RTP
Stream Format | MPEG2-TS
3D Transmission | Dual Stream
QoS FEC
Signaling SIP

(3) Teleconferencing real-time telemedicine system

The 3D real-time telemedicine system is used for demonstration. It will be involved in semi-interview
and bandwidth survey. There are two types of teleconferencing system we adopted. (1) Cisco

Telepresence System QuickSet C20 and Panasonic VC500.
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Table 5.2: System specification of teleconferencing system

Specification | Description
Type QuickSet C20 VC500
Image
S B
Bandwidth * H.323/SIP up to 6 Mbps point-to-point 1.5 Mbps minimum* for 720p
512 kbps minimum™* for 4SIF
Video * H.261, H.263, H.263+, H.264 ITU-T H.264 high profile level 4.0
Standards (B picture is not supported)
Video * Native 16:9 Widescreen Resolution: 1080i
Features  Advanced Screen Layouts Resolution: 1080i

* Intelligent Video Management

* Local Auto Layout

5.3 Research process

This whole procedure in this study is in accordance with a research logic based on VV model. Section 4.3
is to review the whole research process:

(1) Defining the issue (Chapter 1): Through observing the current status of real-time telemedicine
including type and adopted rate. And through investigating previous researches and cases, the issue
of why real-time telemedicine system cannot be adopted widely has been defined.

(2) Proposition for issue (chapter 2): in order to resolve the issue of low adoption rate of real-time
telemedicine system, | propose a practical model using technology acceptance model as a basic
framework. By this practical model, we can identify the factors which might influence the adoption

behavior and predict the possibility of adoption behavior.

(3) Initial investigation (chapter 3): preliminary information (requirement from medical professional)
gathering through VOX for purpose of information collection on what and why. By demonstrating
different types of systems to medical professional and semi-interviewing with them, it will make
sense for further understand and feel the current problem. The achievement of this step will be
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helpful for developing hypotheses of practical model.

(4) Modeling and hypotheses (chapter 4): based on previous research and initial investigation,
developing a theoretical framework incorporating correlative factors which contribute to behavior
intention is the main objective in this step. We not only propose the factor and relationship for the
practical model, but also integrated the factors into this model in a logical manna.

(5) Test and modify the practical model (chapter 6, 7): after the work in chapter 5 and 6, an experiment
and online questionnaire were used to identify the determinant to the behavior intention. By data
collection and analysis, the reliable and validation of practical model can be tested, modified and
proved. In the chapter, more details of data analysis and specific topic will be involved.

(6) Summary for Extension of practical model (chapter 7,8): a process of conclusions by interpreting
the meaning of the results of the data analysis and prospect for the future work.

Defining the Extension of practical
Proposition for Test and modify the practical
Initial Modeling and

Fig. 5.3: V-model for this research

5.4 Scope of research

Survey is the core of this study which involved in a series of rational respective. Based -on the purpose
of research, it devised following a number of decision associated with what the type of this study, what
method will be used in this study such as semi-interview or questionnaire, the definition of study setting
in relation to where the study would be conducted, unit of analysis and the level of investigation, time
horizon of study which is temporal aspect and how the data would be collected, measured and analyzed.
The following are the research considerations for this research in accordance with the research process
derived from V-model.

(1)The type and setting of study
Before we expand a practical model from TAM for real-time telemedicine, the type of research needed
to be identified. There are two types used in this research. First, it is a correlational type since it is

interested in delineating the variables that associate with research problem, and deducing the
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relationship among variables. For instance, in this research, the relationship between behavior and
psychology has been researched in this research. On the other hand, this research also attempts to
investigate the difference between the groups of medical professional and identify the influence of
network toward real-time telemedicine system by experiment. Therefore, it can also be regarded as an
experimental type [35].

As both of correlational type and experimental type are involved in this research, it needs to involve
non-contrived setting and contrived setting in this study. An investigation of the behavior intention of
medical professional and the relationship among variables is surveyed through an open questionnaire
which can be carried in a nature environment without artificial setting. In addition, a contrived setting is
deserved when it comes to evaluate the influence of network to system. In order to insure the quality and
accuracy of result gathering from experiment, the subject was assembled in one room and respond to
researcher (us) according to the experiment plan.

(2) Unit of analysis and Time horizon of research

For this study, the units of analysis comprise two independent units: (1) the Keio university hospital
which is a university hospital includes academy and a hospital. It refers to the level of semi-interview,
data collection and subsequent analysis, (2) the Suginami medical association which is a professional
academic organization in Suginami area. It refers to the level of semi-interview, data collection and
subsequent analysis as well as the Keio university hospital. The difference between the two groups is
academic position which many influence their attitude to adopt new technology. The Suginami
physician association comprises lots of manager of hospital. Their focus is different from medical
professional from university hospital or research institution. For example, the professional from
Suginami physician association attend to cost of system rather than educational effect.

In addition, the time horizon of this research classified as a one-short study, since it is to aims at gather
data for analysis through online questionnaire and experiment.

(3) Data collection and analysis

The procedure of data collection includes semi-semi-interview, experiment and online questionnaire.
The more detail will be described as follow. Analysis is a step in where the data is analyzed for
identifying the hypotheses we proposed and investigating the requirement from medical professional.

(4) Research methodology

Research methodology is the approach of the research process and certain concerns with the following
issues: the reason of data collection, the type of data needs to collect, from where and when I can collect
the data for this research and the method for last data analysis.
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5.4.1 Reason of data collection and type

Before we enter into the main research of this study, it is necessary to identify what type of data needs to
collect, that is important to this research in order to choose the research method and design the
experiment. A number of previous researches for analysis of requirement are proposed, in this study,
collection the voice of customer (medical professional) is a basis for further analysis of requirement.
When it comes to the step of modeling, the statistic data is needed to collecting and editing. Besides,
from the initial investigation, it has found that network might influence the effectiveness of real-time
telemedicine system. We need to identify the influence of network and find a way to control the
influence. The data for judge the influence is collected through experiment.

5.4.2 Adoption of method

Methods adopted in this research were categorized into three groups according to the objective of the
study and type of data for collection: (1) Semi-interview method is to collect the voice (requirement)
and basic information for evaluation of system and extension of practical model, (2) Questionnaire
method is to gather primary statistic data for modeling, (3) experiment is to evaluate the influence of
network to effectiveness of telemedicine system, (4) statistical method is used for data analysis.

(1) Semi-interview method:

The semi-interview is conducted by direct communication as face to face to collect information from
medical professional. The first advantage of this method is that Because of the specialty of medicine,
compare with statistic method, it is easy to collect the data by semi-semi-interview even from a small
group (3~5 persons) and conducted in the initial step of the research. In addition, there is another
advantage of this method is to establish a relationship for further research and gain motivate
respondents. This is important in this study since the difficulty of inviting medical professional to attend
our research. When we semi-semi-interview with medical professional, the real-time telemedicine
systems were demonstrated for improving the responds quality.

(2) Questionnaire method:

In this research, we need amount of data for test the hypotheses we proposed. Questionnaire is an
efficient method for primary data collection in the situation of we can predict the consequence and know
exactly what we want to gain from our questions. The [36] suggested that questionnaires to large
numbers of individuals simultaneously is less expensive and less time consuming than
semi-interviewing with each subject. It also does not require as much skill to administer a questionnaire
as to conduct semi-interviews which are important to the researcher of this study. In this research, online
questionnaire is used to collect the data from professional for each variable and hypotheses. Because
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medical professional can complete the questionnaire at their own convenience and no distance limit for
questionnaire delivery. In short, questionnaire is a convenient way for both sides.

(3)Experiment

In order to learn the influence of network to system and test the hypotheses we proposed, an experiment
will be conducted in hospital and our laboratory. Experiment, in this study, is to evaluate the influence of
network toward real-time telemedicine system. First and observation is conducted. We will request the
subject (medical professional and student) to observe the display, and then some questions related to
quality of effectiveness will arise. The result of this experiment will be used for forming a practical
model and understanding the influence of network. Although medical professional is the main research
subject of this study, however, non-professional (student) is also included in the experiment. Method of
limit will be used in the process of experiment, after the experiment, T-test, ANOVA, will be used for
data analysis. The detail will be represented in section 4.6.

5.5 Experiment design

In initial stage of this research, the network is an issue that influences the quality of telemedicine service.
In this research, it has questioned that how to measure the quality of real-time telemedicine with
perspective of medical professional. Bandwidth is proposed by us to address this issue. We will develop
a simple telemedicine system with teleconferencing system and change bandwidth artificially to
whether bandwidth can be considered as a measure. The image will be assessed by subjects and
analyzed. Non-compressed system will not be included in this experiment this time. Although, it might
questioned that teleconferencing system which is from different manufacturers might cause difference
in effect of system. The existing teleconferencing is compressing the image with same protocol which
could support our hypotheses in this research. In this study, bandwidth was adopted as a measure to
adjust and evaluate the quality of telemedicine service. There were three 3 steps in this research. (1)
Through semi-interviewing with medical professional, it is to identify a standard image for consultation
or diagnosis in medicine(completed in chapter 3), (2) using one system for testing the reliability of the
threshold derived from the initial semi-semi-interview, (3) compare two different real-time telemedicine
systems to confirm the generisability of bandwidth.

5.5.1 Experiment setup

The experiment was separated into two parts and conducted in Shinkawasaki campus of Keio
University by Subjects of students and staff who are from KPRI. In the experiment, two different
teleconferencing systems were adopted for transmitting the real-time video of researcher to subjects. A
simple communication was taken between researcher and subject to enable it easier to judge the effect
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of system. As we hypotheses we proposed, bandwidth is regarded as measure for evaluate the system
effect, a Packet-shaper was inserted into the network path for adjusting bandwidth during the
experiment. The process of experiments was controlled by the researcher.

Table 5.3: Experiment

Experiment part NO. | Experiment partl( Step 2) Experiment part2 (Step 3)
Adopted system Panasonic teleconferencing | Panasonic teleconferencing
system system

Cisco teleconferencing system
Number of Subject 5 subjects 6 subjects

5.5.2 Method for experiment

In the experiment partl, we used the method of limits to determine a video threshold and judge whether
the result from the semi-semi-interview is reliable. Bandwidth begins with an undetectable stimulus and
then gradually increases or decreases the intensity until the max limit of bandwidth. In this research, the
range of bandwidth is from 1.0Mbps to 6.0Mpbs. And the two threads (down-thread and up-thread)
were conducted. The subject had to response to each stimulus through comparing two displays. And
evaluate the effect of system by choosing ‘equal’, ‘low’ or ‘higher’. Theoretically, only when the
stimulus was 4.4Mpbs, did the subject respond ‘equal’. In fact, the threshold for observe the stimulus
was expected lies somewhere around 4.4Mpbs. In the experiment part 2, the same method was used as
well as part 1. However, two systems were adopted and demonstrated in the same thread which will be
helpful to compare two systems and investigate the influence from bandwidth.

5.5.3 Process of experiment

The subjects were 5 persons in part 1 and 6 persons in part 2 with normal vision. During the experiment,
subject were acquired to response each stimulus in four respects which are (1) Collective impression,
(2) perceived accurate color, (3)perceived definition, (4) perceived depth information, (5) perceived .
The factor of perceived sound would not be included in this experiment since some technical
problems.

The first step was to introduce the objective of the experiment and the way to response the question to
our subjects. In experiment part 1, the subject were assembled in front of one display and showed a
real-time video which was equal to the standard image derived from initial investigation. When the
experiment begins, bandwidth was adjusted to 1.0Mbps and gradually increased by step of 0.5Mbps.
The subjects were acquired to response to the real-time image and response to each stimulus. If they
perceive one stimulus is the same as the standard one, they would choose “equal’, otherwise they would
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choose ‘lower’ or ‘higher’ instead of ‘equal’. After one trial, the process was repeated from 6.0Mpbs to
1.0Mbps. The data from this experiment part 1 would be used to test the relationship between each
perceived effect factor and network.

In experiment part 2, two systems were used to display real-time image to subjects. Subjects were
acquired to compare two real-time images from each system. The image from Cisco system will be used
as a standard (it used in the initial investigation before). The subject could choose the “equal” if they
believe the images from Panasonic system are in the same level to standard. Otherwise, they would
choose ‘lower’ or ‘higher’ instead of ‘equal’. It was to confirm the hypotheses in the model.

Experiment part 2 | Experiment part 3

% ﬁ\ System A % System A System B

Fig 5.4: Experiment part 1 and part 2

5.5.4 Data collection and analysis

In this experiment, we had used a simple questionnaire which established as 5 point scale, we measured
and recorded evaluation score from the subjects while they were viewing each stimulus of the two
different systems

After we gain the primary data from experiment, we would (1) use one-sample t-test or Mann-Whitney
U to explore the differences between sample value and standard value. It is used because this study
needs to compare the mean score on some continuous variables for identify the impact of network, and

44



the hypotheses we proposed in the research, (2) One-way ANOVA or Kruskal-Wallis H to compare the
effect for each bandwidth.

5.6 Development of questionnaire

For the purpose of developing a questionnaire to collect primary data, this research conducted
preliminary information collection by semi-interview integrated with information derived from
literature survey in previous research. There were three steps in design of questionnaire.

5.6.1 Preliminary information collection

Because the objective of initial semi-interview conducted in this research is not only to gather
information for requirement analysis, but also expected to provide important information that would be
necessary in design of questionnaire and extension of practical model. As mentioned in chapter 3, a
mass of information was collected. Key variables have been abstract from the semi-interview, and
elaborately combined with the classic variables from the previous research with the aim of developing
an effective questionnaire to be used in next survey.

Several professional aspects (such as medical work experience) associated with organizational position
(such as Affiliation) are abstracted from the semi-interview. For instance, the relationship between IT
self-efficacy and attitude has showed the influence of IT self-efficacy variable. Besides of this, some
other key variables from previous research had been supported by the information from the
semi-interview such as perceived might affect behavior intention, perceived ease of use might has
positive on behavior intention. These variables were all integrated into the questionnaire design.

In conclusion, questionnaire was formulated in order to elicit important information for this research
associated with the real-time telemedicine system adoption intention, professional aspect,
organizational position and other aspects.

5.6.2 Questionnaire design

In the stage of questionnaire design, how to minimize the bias and ensure the reliability and validation
of result is a main concern. We had focus on three areas during the design of the questionnaire, (1) the
wording of question: accuracy of wording for question is important for avoiding the bias, (2) planning
of issue in terms of how the variables will be categorized, scaled, and coded and (3) enable the general
questionnaire easy to understand and respond.
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The items used for measure in questionnaire are based mostly on the previous research. Since there are
no exclusive question items for real-time telemedicine system, we adopted and modified the items from
previous research associated with new items. We integrated questions from previous research into the
questionnaire only when they really related to the research objectives and some items might possibly for
further data analysis were selected to become part of the input into the questionnaire design process. In
this research, new items were also made for questionnaire. In the chapter.3, we have found the influence
of IT usage that included in the questionnaire consequentially. However, there is no proper group of
items to measure the variable because existing items have difficult to describe the objective of my
research. Thus, we made the items and test them before the last version questionnaire sent.

It was essential to explain the questionnaire objectives and the image of real-time telemedicine system
that we adopted for this research. We firstly explained that the study was a research which is to gain
voice from medical professional. In the questionnaire, it was clearly stated the system with vivid picture
to make the questionnaire easy to answer. A test has been conducted before that only about 15 minutes
need to answer the all questions. In addition, an important point we had to note, as showed in initial
investigation, 2d and 3d system are different in evaluation. Therefore, we design this questionnaire and
analyze the data for 2D system and 3D system respectively.

In order to improve the response rate, we formed this questionnaire separated into three sections. Some
of them used a five-point Likert scale which is a popular for measuring attitudes. By Likert scale,
respondents indicate their attitudes by checking how strongly they agree or disagree with the question
that range from very positive to very negative. In this study, the scale ranges from strongly disagree =1,
quite disagree = 2, neutral = 3, quite agree = 4, strongly agree = 5. And paired comparison is used in
questionnaire for measuring the degree of importance in effectiveness of real-time telemedicine system.

The three sections in this questionnaire as follow:

Section A focused on characteristic information, it comprised questions established as character
symbols such as how long you have been working as a doctor or which association you are belong in
right now. The design at this section was based on literature survey.

Section B focus on the information of IT usage, it comprised questions referred to the frequency of
technology usage and degree of how interested in new technology. This section is important to measure
the IT usage of medical professional and the amount of items for measure is constricted. The process of
this section design as follow:

(1) KJ method and brainstorming were used in the first step of question design. At first, the topic of
brainstorming is identified as “how to judge a person's IT usage”. The participators of this research
consult the previous research while review the behavior related to IT in their mind while referenced
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and then recorded their ideas on the sticky-note. The ideas were categorized into several groups
which based on the Fig.
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Fig.5.5 IT usage

(2) After the first step, several categories have been identified. Next step is to test the items for
confirming the reliability. A simple online questionnaire is conducted in SDM to collect the
information of the students and professor’s IT usage. The data has been analyzed by factor analysis,
the result showed in the table. By relatively fewer items, the questionnaire has been considered to
cover the usage of information technology.
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Fig 5.6 Result of factor analysis for IT usage items
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Table5.4: Category of IT usage
Category Specific behavior
Normal information technology ability Give a presentation by PowerPoint or likes
Use database to search paper

Use the professional software such as spss
Download the file from website

Upload the file to website

Advanced information technology ability Read the magazine related to hardware

Make programming

Own and operate a website
Keep in touch with information technology Watch the 3D film

Use search engine

Read the information magazine

Experience the Tele-conference

Interested in information technology Own a smart phone

Own a tablet PC

Use the internet service such as Amazon.com

(3) Through the result of the step 2, we modified the first result and deleted some items of them.
Consider of the actual IT usage of medical professional, some of items abstracted from the table will
be associated with questionnaire. By relatively fewer items, the questionnaire can cover the ability
of information technology. The question was established as 3-scale and 2-scale.

Section C was an important section used for testing and generating the models for 2D real-time
telemedicine system and 3D real-time telemedicine system especially the model of technology
acceptance for this research. It focused on the determinants that were expected to influence behavior
intention based on theories and models in Chapter 5. The question items were established as a 5-point
Likert- scale. In this section, besides the items derived from previous research, some new items have
been designed for construct of expectancy of system.

Section D is investigating the degree of effectiveness of real-time telemedicine system. Paired
comparison (established as a 7-point scale) was used for measure the weight of effect. Based on the
result in chapter 3, it has noted that medical professional focus on the different effect of system. For
instance, the dermatologist might focus on the perceived accurate color display rather than depth
information. This section was developed to investigate how medical professional judge the importance
of effect. It comprised 5 items and 10 questions.
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5.7 questionnaire items

The items in this model we adopted are derived from previous research and designed by us. In order to
suit the question items to this research. It is needed to redesign the question items based on original
items. This section is to list the question items for each structure (Table 5.). They will be grouped into
two questionnaire section for 2D and 3Dsystems.

Table 5.5: Questionnaire items for IT usage (Japanese in actual questionnaire)

Behavior intention | attempt to use this system in diagnosis

| want to recommend this system

| plan to use the system in diagnosis

perceived usefulness: | find the system to be useful in diagnosis

Using the system is to know better about the patient

Using the system enhances my effectiveness in diagnosis.

Perceived ease of use The operation of this system is easy to understand
| find it easy to get the system to diagnose
Expectancy of system | am satisfied with low definition system

| am satisfied with 2D system

| expect a safe and high-accurate system

5.8 population, sample, data collection and data analysis

The population of further research is two groups of medical professional. One is medical professional
who from Keio university hospital and have already had experience the demonstration which mentioned
in chapter 4. And another group is medical professional who from Suginami medical association. Part of
them has experienced the demonstration in chapter 4. The total population is more than 600 and 10% of
it is expected to answer the questionnaire. And the medical has different background which is supposed
for extension of practical model.

Sample size of this study is expected to more than 30 and less than 500 is appropriate for most research.
In this study, respondent for this study is expected to 40~50.

This research was seriously concerned about the response rate for this survey since the response rate
from in medical professional is usually very low. Instead of that, we used a professional online
questionnaire system [37] for questionnaire which is easy to enhance the respondent rate and the result
can be collected by us quickly. In terms of the response rate, we tried to keep the questionnaires as brief
as possible and prolong the period of respondent.
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After collecting data, data will be edited and analyzed using professional software. In this research,
SPSS, Excel and AMOS were used in the step of data edition and data analysis. This process mainly
focuses on data editing and analyzing. In order to quantify the data, we had coded by assigning
numerical symbols, each question, and item has assigned a unique name, and some information of them
were identified clearly such as specialty and medical work experience. This will be help for further data
editing and analyzing.

Before we enter to the actual analysis of Data, it is necessary to check and adjust for errors, legibility,
omission and consistency for further research. Error of data might be due to the stage of inputting data.
It is necessary to confirm there is no inputting error in this study. In order to avoid this problem, this
inputting data have been executed by two times. Omission of data was due to the low intention for
responding questionnaire and amount of questions. It is very difficult to avoid due to the relatively
complex questionnaire. In this study, expectation and maximization (EM) in professional software was
used to define the missing data. The missing data will be filled in through professional software.
Legibility and consistency of data are important issue which directly influences the result of data
analysis. This would be tested after collecting data.

After data editing, statistic method was used to analyze data for extension of practical model.

(1) T-test and Mann-Whitney U: Independent sample t-tests and U test were used to explore the
differences between two groups such as males and females, young medical professional and
specialist in many researches. It is used because this study needs to compare the mean score on some
continuous variables for identify the impact of moderator we proposed in the model.

(2) One-way ANOVA and Kruskal-Wallis test: Although it is similar to t-test as a comparing means
method, it can be used when the groups is more than two. For instance, the moderator medical
specialty in this model refers to five groups that out of capability of t-test.

(3) Structural equation modeling: The main objective of this research was to generate a model of
Technology Acceptance that described behavior intention. Structural Equation Modeling was
considered to be suitable. The generated model is expected to be a model that is both substantively
meaningful and statistically well-fitting.

5.9 Summary

In summary, this chapter introduces the main construct of this research, system detail in the research,
method of research and questionnaire development. In the next chapter, we will analyze the data and

conclude the result.
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Chapter 6 Primary data analysis

6.1 Introduction

The goals of data analysis in this chapter are to test and investigate the results of (1) the reliability of the
instrument based on internal consistency of the measures by testing the Cronbach’s alpha together with
inter-item correlation (2) the descriptive analysis associated with primary data, (3) the attitude to
real-time telemedicine system, (4) whether there are significant differences between different groups
including Affiliation, professional experience, and professional specialty. This preliminary data
analysis will be achieved by using descriptive statistical techniques (5) whether there are significant
differences in weight between perceived effect factors, (6) how the network (bandwidth) influence the
effect of system, (7) whether we can measure the effect of telemedicine system by bandwidth, (8)
whether the require-based factor might be influenced by professional specialty.

6.2 result analysis of network experiment

In chapter 3 and chapter 4, the hypotheses and result have been proposed. In this section, the result of
experiment of bandwidth survey will be discussed. As mentioned, the purposes of this experiment were
to investigate the influence of network to perceived effect factors and investigate whether we can use
bandwidth as measure to assess different real-time telemedicine system.

In the part 1 of experiment, (1) interval of uncertainly (1U) is to determinate the range of uncertain about
the stimulus. In this experiment, the measure represents the influence of bandwidth to each factor. As
the value of 1U is increased, the subject judges the standard stimulus more difficulty which means
bandwidth has little influence on this factor (2) Point of subjective equality (PSE) is a subjective
judgment for standard stimulus. In previous research, PSE is also different with standard stimulus. It is a
measure to judge whether the people is sensitive to the standard stimulus (3) Different threshold (DL) is
smallest detectable difference between a starting and secondary level of a particular sensory stimulus
[39], it is a detectable difference for measuring how difficult subject notice the standard stimulus.

1. Collective impression: in the initial investigation, we acquire medical professional to assess the
quality of image and give a score for collective impression. Thus we acquired the subject to assess
the collective impression. From the table, it shows that responses of subject in each trial were not the
same. As the experiment is repeated (trial 3 and trial 4) the responses differ from trial to trial.
Average value is adopted as measure to judge the stimulus. In this experiment, the subject detected
the stimulus at a level of 4.15 Mbps. 1.3Mbps of Ul is a range of uncertain range that the subject
could not judge the standard stimulus accurately.
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Table 6.1: Collective impression
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Perceived accurate color: after the initial investigation, perceived accurate color as an important
factor in diagnosis has been confirmed by the semi-interview. In order to assess the influence of
network to this factor, it has been measured in this experiment. From the fig. Average value is
adopted as measure to assess the stimulus. In this experiment, the subject detected the stimulus at a
level of 3.75 Mbps which is significant different with standard stimulus 4.4 Mbps. 2.2Mbps of Ul is
a range of uncertain range that the subject could not judge the standard stimulus accurately. In other
words, perceived accurate color is not influenced by network significantly.

52



perceived accurate colour
Bandwidth
(Mbps)

6.00

5.50

5.00

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

LI{(Mbps)
Ln(Mbps)

aver LI(Mbps)
aver Lo(Mbps)
Unconfirmed ITU
DL just noticeable different
PSE

4. AMPbs—-PSE

up

Lo+ + 4+

423
273
435
283

22

11
373
065

Table 6.2: Perceived accurate color

2

c
T

Louonon o+ + o+

473
273

3

c
T

e+ 4 4+

4.23
123

4

c
T

Lonnonn o+ o+ + + +

473
073

3

c
T

e+ 4 4+

4.23
123

6

DOWN

o+

3.23
123

7

DOWN

Lo n + +

3.23
3.23

8 9

10

DOWN DOWN  DOWN

+ +

r+ +
323 323
425 475

o+ o+

3. Perceived definition: after the initial investigation, perceived definition as an important factor in
diagnosis has been confirmed by the semi-interview. In order to judge the influence of network to
this factor, it has been measured in this experiment. From the table 6.3, Average value is adopted as
measure to judge the stimulus. In this experiment, the subject detected the stimulus at a level of 4.05
Mbps which is different with standard stimulus 4.4 Mbps. 1.4Mbps of Ul is a range of uncertain
range that the subject could not judge the standard stimulus accurately. In other words, perceived
definition is influenced by change of bandwidth comparing with perceived accurate color.
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4. Perceived depth information: after the initial investigation, it has found that a experienced medical
professional can perceive depth information from 2D system as well as 3D system which has been
confirmed by the semi-interview. In order to judge the influence of network to this factor, it has been
measured in this experiment. From the fig. Average value is adopted as measure to judge the
stimulus. In this experiment, the subject detected the stimulus at a level of 3.31 Mbps which is
different with standard stimulus 4.4 Mbps. 3.1Mbps of Ul is a range of uncertain range that the
subject could not judge the standard stimulus accurately. In other words, Perceived depth
information is influenced by change of bandwidth.

Table 6.4: Perceived depth information
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5. Perceived video smoothness: after the initial investigation, it has found that perceived video
smoothness is a critical factor contributing to perceived presence which has been confirmed by the
semi-interview. In order to judge the influence of network to this factor, it has been measured in this
experiment. From the fig. Average value is adopted as measure to judge the stimulus. In this
experiment, the subject detected the stimulus at a level of 4.2 Mbps which is different with standard
stimulus 4.4 Mbps. 1.1Mbps of Ul is a range of uncertain range that the subject could not judge the
standard stimulus accurately. In other words, perceived video smoothness is influenced by network
significantly comparing with other factors as we expected.
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Table 6.5: Perceived video smoothness
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As a conclusion of experiment part 1, it has found several important points as showed in table 6.6. (1)
Larger value of IU has showed that bandwidth has relatively less influence on perceived accurate color
and perceived depth information. This result as we expected before this experiment that influence of
network to each factor is distinguishing. (2) Although the subject tends to choose a stimulus which is
lower than standard stimulus, it generally approximate to 4.40 Mbps by which we could believe subject
were sensitive enough to the influence of network to image. (3) Bandwidth could be regarded as a
measure in certain situation although it is not accurate enough.

Table 6.6: Comparison of each factor

Factor Collective Perceived perceived Perceived Perceived
impression accurate color | definition depth video
information smoothness
IU (Mbps) 1.30 2.20 1.40 311 1.06
PSE (Mbps) | 4.15 3.75 4.05 3.31 4.17
DL (Mbps) 0.65 1.10 0.70 1.56 0.53

In experiment part 2, two systems were adopted to assess. The Cisco one was set as a standard to
compare. The t-test and were used to Kruskal-Wallis test to analyze. In this part, we acquired the subject
to assess the four factors without collective impression.

In the first stage of this analysis, one-sample t-test was used. The test value was set as 3 (equal).
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According to the Central limit theorem, the t-test valid for large samples from non-normal distributions.
We used one-sample t-test to analyze the data when the sample size is large enough (equal=83 in this
research).

Table 6.7: Result of experiment part 1
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P Mrezalution a4 218 1.077 118
P Maccuracyecalor 34 3.08 1.089 1114
P Mperceiveddepth 2 3.83 823 1
P Mvideatrans o 262 28 0@k
One-Sample Test
Tezt Walue = 3
15% Confidence Interval
Mean of the Difference
1 df Sig. (2-tailed) | Difference L owwer |pper
P Mrezalution -6.959 83 oo -8 -1.06 - 54
P Maccuracycolor 0 23 485 ik -15 a2
F Mperceiveddepth 33 a3 0m .3 Rk 3
P Mvideotrans -4 507 a3 oo -.am - hh -

The table 6.7 shows the result of how the subjects assess the Panasonic system comparing to Cisco
system. There are important finding in this result. (1) The result shows that it has a significant different
between two system in perceived definition, perceived depth information and perceived video
smoothness despite they are observed at the same bandwidth. (2) The Tandberg system performance
better in perceived depth information but perceived video smoothness and perceived definition. (3)
There is no critical essential difference between two systems in perceived accurate color. We could
conclude that the performance of teleconferencing system are different even they use the same protocol
to compress the image data.

In order to analyze the influence of network (by bandwidth), we compare each groups of bandwidth

from 3Mbps to 7Mbps. The result from table has showed that difference in the four perceived factors
between systems was not modified by network significantly.
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Table 6.7: Result of experiment part 2

bandwidth I ean Fank

P Mrezolution 3 12 2954
4 12 2500
b 12 3392
i 12 3258
7 12 3146
Total i1}

P MNaccuracwoolor 3 12 30.29
4 12 3075
b 12 2817
i 12 3125
7 12 3204
Total fill

PMperceiveddepth 3 12 2796
4 12 EERN
b 12 EFR
i 12 217
7 12 2708
Total i1}

P Mvideotrans 3 12 3233
4 12 25,25
b 12 3542
i 12 3425
7 12 2525
Total i1}

Test Statistics®®

P MNaccura P Mperceiy
P Mresolution cycolor eddepth P Mvideotrans
Chi-5quare 2.154 264 3.628 4518
df 4 4 4 4
Asymp. Sig. o7 985 459 340

3. Kruskal Wallis Test
b. Grrunine Wariahle: handwidth

In conclusion, according to the result from two experiments, it has found that the network has a
significant influence to system. It impacts the perceived video smoothness, perceived definition but
perceived accurate color and perceived depth information. In other words, unstable network impact the
professional who focuses on perceived video smoothness and perceived definition in their work. It
supposed to assess teleconferencing system with bandwidth in this research. However, the result
suggested that bandwidth can only be regarded as a measure for one system. Each system has its own
advantage and drawback which causes a difficulty in assessment of the system only with bandwidth.

6.3 weight of perceived effect factor

In order to investigate the importance of each perceived effect factor from medical professional

perspective, we used the paired comparison to acquire the professional compare each factor. Paired

comparison of AHP and paired comparison of Haga were used for analysis. Because the subject might

mistake in consistency when they respond the Paired comparison of AHP, it needs to adjust the primary
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data by researcher. We used the method which developed by Pro.tanaka [39] to adjust the primary data
for a fit consistency index. In this section, there were 26 medical professional have taken this
questionnaire. In this questionnaire, al: perceived accurate color, o2: perceived definition, o3:
perceived depth information, a4: perceived sound, a5: perceived video smoothness.

The result from 26 medical professional has shows that perceived definition and perceived accurate
color are the most important factors and followed by perceived sound, perceived depth information,
perceived video smoothness. (Perceived definition, perceived accurate color> perceived sound,
perceived depth information, perceived video smoothness) this result represent that medical
professional mainly focus on the quality of image rather than depth information or fluency of video.
After discuss the collective result, we will discuss more detail as follow.

Table 6.8: Data from all subject (N=26)

ol o2 o o d L3
0376523077 0623077 -0430760 036154 033077

-2 0246154 0784267 -027195
- —-0g2482 -01885 120273 significant difference
- d —073sde 022035 -1.25697 significant difference
1= 0 070788 012858 -122581 significant difference
G2—ed 053077 0412868 -1 448288 significant difference
2—-oed 082452 04860 —-1.50273 significant difference
Z-d D -0853385 -043573 -1.47186 significant difference
a-ad 005385 0464267 -057195
3-aed 002308 0495036 -034119
d-0ed 00307659 0342883 -042734

(1) The table has shows the weight of factors only from perspective of physician. According to the table,
the most important factor is perceived definition and perceived accurate color and followed by
perceived sound, perceived depth information, perceived video smoothness. This result was against
our assumption. (perceived definition, perceived accurate color> perceived sound, perceived depth
information, perceived video smoothness)

Table 6.9: Data from physicians (N=15)

& o2 o403 o4 &3
0546666667 0373335 -010667 -030667 -020667
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0677381

073071

-2 -002667

- 0godaad 14357381 -005071

al—odd 1053333 1737381 0349285 significant difference
1o 1053333 1757381 0349285 significant difference
2—0da 062 1384048 -002405°

2— o d 108 1784042 0375952 significant difference
2= 0 102 1724042 0373852 significant difference
-4 04 11040428 030405

Chd— LD 04 1104043 -0.30405

-5 0 0704042 -070405

(2) The table has shows the weight of factors only by perspective of surgeon. According to the result,

there are no significant different between factors except perceived accurate color and perceived
depth information. Referencing this result and semi-interview, we could conclude that (perceived
definition, perceived video smoothness, perceived sound>perceived depth information> perceived
accurate color). It is questioned that perceived depth information was not the most important factor
in the system which contraries our expectation. This could be explained that experienced surgeon
can perceive depth with their experience.

Table 6.10: Data from surgeons (N=4)

21 o o d o d (o4
08 033 -015 013 0.23
al-ae? =1.358] 055563 214437 |significant difference
e l-aed 083 0144368 144437
al-ad 085 -015563[ 17443537 |significant difference
1= =1.058] 0253563 -1.84437 |significant difference
G2-od 07 1494368 -0.09437
2-od 04 1194368 -0.39437
H2-d D3] 1094368 -049437
a-ad 03[ 0494368 —1.09437
ha-aea 04 03594388 118437
d-0ed -01| 0694368 -083437

(3) The table has shows the weight of factors only by perspective of dermatologist. According to the
result, there are no significant different between factors except perceived accurate color and
perceived depth information. Referencing this result and semi-interview, we could conclude that
(perceived accurate color, perceived definition, perceived video smoothness > perceived depth
information, perceived sound). This result was in accordance with our assumption. Dermatologist is
mostly focus on the quality of image.
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Table 6.11: Data from dermatologists (N=3)

1 o o o d k]

08 0533333 -046667 -053333 0066667
-2 0266667 1811734 13784
1= d 1266667 2811734 -03784
a1 -ad 17333343 J.3724 0022264 rsigniﬂcant difference
Ce1-ceh 0733333 23784 081173
G2—ad 1 28450687 -0g4507
oL 2=k d 1466667 3111734 01784
L= h 0466667 2111734 11784
Shd— o d 0466667 2111734 11784
Ced-aeh -053333 1111734 21784
- h -1 0643087 -2K4307

(4) Because the sample size was small that some data cannot be analyzed by paired comparison of Haga,
we used paired comparison of AHP to analyze this type of data. The table has shows the weight of
factors only by perspective of Orthopedist. Three orthopedists responded this question. We will
calculate each weight of factor and analyze the result based on the average. According to the result,
although orthopedist has different opinions in their responses, no significant difference between
them. The last result has showed that in perspective of orthopedist, perceived definition is the most
important factor which followed by perceived depth information and perceived video smoothness,
perceived accurate color and perceived sound are in the last two places. This result was in
accordance with our assumption.

Table 6.12: Data from orthopedists (N=3)

Orthopedist1 | PAC | RES |PDI |PS PVS | Weight
PAC 1 1 3 5 5 0.34
RES 1 1 5 5 5| 0.392
PDI 0.333 0.2 1 3 3| 0.137
PS 0.2 0.2 ] 0.333 1| 0.333| 0.051
PVS 0.2 0.2 ] 0.333 3 1 0.08
C.l. 0.072
Orthopedist 2 | PAC | PD PDI | PS PVS | Weight
PAC 1/0.333|0.143 | 0.143 | 0.143 | 0.034
PD 3 110.143 [ 0.143 | 0.143 | 0.054
PDI 7 7 1 1]0.333| 0.241
PS 7 7 1 1 1| 0.289
PVS 7 7 3 1 1 0.38
C.l. 0.075
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Orthopedist3 | PAC | PD PDI | PS PVS | Weight
PAC 1 0.2 ] 0.333 3 1] 0.134
PD 5 1 1 3 1| 0.315
PDI 3 1 1 3 1| 0.265
PS 0.333 | 0.333 | 0.333 1|0333| 0.071
PVS 1 1 1 3 1| 0.214

C.l 0.082

Perceived effect factor | PAC | PD PDI PS PVS
Average score 0.169 | 0.254 | 0.214 | 0.137 | 0.181

(5) The table has shows the weight of factors only by perspective of otolaryngologist. Two
otolaryngologists responded this question. We will calculate each weight of factor and analyze the
result based on the average. According to the result, otolaryngologist has different opinions in their
responses. However, it is the same to focus on the display of medical image. The last result has
showed that in perspective of otolaryngologist, perceived accurate color and perceived definition
which present the quality of image are the most important factors. And then it is followed by
perceived sound, perceived depth information and perceived video smoothness.

Table 6.13: Data from otolaryngologists (N=2)

otolaryngologist 1 | PAC | PD PDI | ST | PVS | Weight
PAC 1 5 5| 5 7| 0.547
PD 0.2 1 1 3 5| 0.163
PDI 0.2 1 11 5 5| 0.185
ST 02/0333| 02| 1 1| 0.058
PVS 0143| 02| 02| 1 1| 0.048

C.l 0.079

otolaryngologist 2 | PAC | PD PDI | ST PVS | Weight
PAC 10.333 1 1 1 0.15
PD 3 1 3 1 3| 0341
PDI 10.333 10.333 1| 0.114
PS 1 1 3 1 3| 0.282
PVS 110.333 110.333 1( 0114

C.L 0.038
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Perceived effect factor | PAC | PD PDI |PS |PVS
Average score 0.346 | 0.252 | 0.150 | 0.17 | 0.081

(6) The table has shows the weight of factors only by perspective of pediatrician. Although only one
pediatrician responded this question, we calculated each weight of factor and analyze the result
based on the result. According to the result, it suggested that in perspective of pediatrician,
perceived definition is the most important factor which followed by perceived depth information
and perceived video smoothness, perceived accurate color and perceived sound are in the last two
places.

Table 6.14: Data from pediatrician (N=1)

pediatrician PAC | PD PDI | PS PVS | Weight
PAC 1 0.2 1 3 5| 0.191
PD 5 1 3 3 5| 0473
PDI 1/0.333 1 3 3| 0.184
PS 0.333 | 0.333 | 0.333 1 3 0.1
PVS 0.2 0.2 ] 0.333] 0.333 1| 0.052

C.l. 0.095

In conclusion, as we supposed before this analysis, medical professional focus on different point when if
they use the real-time telemedicine system to diagnose. In generally, most medical professional focuses
on the quality of image. The result of this analysis will be used in the model to describe the relationship
among perceived effect factors. It will also be adopted in the test of moderator.

6.4 Reliability analysis of primary data

After the data edition and initial analysis (chapter 5), this step is to enter the analysis process.

To test the reliability of questionnaire, we adopted Cronbach’s alpha analysis for the measurement.
According to the DeVellis(1991), the questionnaire can be regarded as strongly reliable survey when the
value of Cronbach’s alpha is more than 0.8, reliable when the value of Cronbach’s alpha is range from
0.6 to 0.8, and unreliable when he value of Cronbach’s alpha is under 0.6. In addition, inter-item
correlation value is used to test the correlation between items. As suggested by Cohen (1988),
correlation (r) = 0.10 to 0.29 (small correlation, both positive and negative correlation), r = 0.30 to 0.49
(medium correlation), and r = 0.50 to 1.0 (large correlation). It might support the results of Cronbach’s
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alpha coefficient in the questionnaire.

For the items of 2D system, internal consistency reliabilities based on Cronbach’s alpha for
measurement items are considered to be strongly reliable as showed in the table 6.15 (0.803). as the
item-Total table showed, Cronbach’s alpha if item deleted value indicates the change of Cronbach’s
alpha value when the item was deleted. It suggested that the it is needed to review the item if Cronbach’s
alpha if item deleted value exceed 0.803. Based on the result associated with inter-item correlation
value, IT 1 was deleted for next analysis. However, considering the importance of EOS 12D, we
reserved this item for next analysis.

Table 6.15: Reliability test for 2D system in total

Reliability Statistics

Cronbach's
flpha Bazed
on
Cronbach's Standardized
Alpha Item=z M of lems
.03 15 22

Item—-Total Statistics

Corrected Squared : Cronbach's :

Gcale Mean if Scale Wariance Item-Tu:u.taI Multiplfa : Alpha if Item :

Item Deleted if Item Deleted | Correlation | Correlation | Deleted |

Il hh .06 48844 M3 O 805 :
IT2 Bh.03 46824 AER N 789 I
N 54 45 50827 278 . L
Im4 hh.1h A 867 239 : 800 |
ITh h4 63 49,105 380 . 745 :
ITG hG.0R 49 722 A1 N 745 I
IT? B6.0h 49988 292 : Jaa |
ITa BR.20 47077 A0 0 793 |
Im9 b4 41 h0.&09 AN . 798 :
ITin Bh.70 B0.105 A0 N Jaa I
Imi hh.43 h0.437 ATe : Ja7 :
Imi2 hh.ad 0,302 267 O 99 |
BI12D 5399 43,059 B3 . 77 :
BI22D h4.18 42,744 Rilit] J 73 I
PUT2D 5321 46,168 AT . el :
PU22D h3.hG 46,925 406 O Ja2 :
PU32D B4 .01 45931 h1a : 86 :
ECQLMZD 5417 46.847 430 N 91 I
EOU22D £4.24 47772 425 ¥ 207 |
ECQU3ZD n407 43,873 fif2 . 75 :
EQS 12D h4.02 h9 540 -.ha7 : .Bh0 :
EQS22D h3ng 44130 had N 80 I

For the items of 3D system, internal consistency reliabilities based on Cronbach’s alpha for
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measurement items are considered to be strongly reliable as showed in the table 6 (0.889). as the
item-Total table showed, Cronbach’s alpha if item deleted value indicates the change of Cronbach’s
alpha value when the item was deleted. It suggested that the it is needed to review the item if Cronbach’s
alpha if item deleted value exceed 0.889. Based on the result of Cronbach's alpha if item deleted value
associated with inter-item correlation value, IT 1, IT 3 and IT 9 were deleted for next analysis. In this
research, EOS13d as an important item for construct EOS has showed a relatively lower correlation
with other items caused by its ambiguity. However, we still reserved this item for further analysis.

Table 6.16: Reliability test for 3D system in total
Reliability Statistics

Cronbach's
flpha Bazed
o
Cronbach's Standardized
Alpha Ttems M of Items
aaa Al 22

Item-Total Statistice = = = +ceccmmmmmm e

1 |

Corrected Squared : Cronbach's :

Scale Mean if | Scale Variance Item-Total Multiple : Alpha if Ttem :

Item Deleted if tem Deleted Correlation Correlation Deleted I

IT1 h214 7h.663 216 : ETTHN B
Im2 B215 7h.140 306 I RLHI
Im3 h1.58 79006 127 | 801 :
Im4 h327 TH.A34 .39k | 887 |
ITh B1.7h ErREY! 2R3 I -1
ITG ERE 76732 Adg : 887 1
Im? ERE 77684 217 | 8490 :
Ima hag2 73.087 A28 : 886 |,
Ima h1.5d4 87 50 | RN
gl 52 82 77.918 208 A g00 |
Imi B2 56 77038 ARG | aa7 :
Imi2 h2 46 77601 248 : 889 |,
BI13D 1.4 4 433 a0 I 872 :
BI23D h1.64 Fif 486 And : A7
BI33D h1.53 607 Ao : ars |
Fl13D B1.0h 027 63 | a7 |
Fl23D B0.99 71.424 K1k ! 80 :
Fl3aD B1.50 fih. 994 A | 8 |
ECQLED h1.32 70607 634 : a0 |
EOU23D 51.50 64.535 862 | an |
EQS13D B1.46 wa BIlH] I RIS
EQS 23D h0.4a7 8,240 145 : 76 !

6.5 Demographic Data and Cross-Tabulation

After the reliability analysis of primary data, a general analysis was conducted to know the basic

characteristic of this data. The questionnaire was sent to medical professional who from Keio university
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hospital Suginami physician association and other institutions (N=42). The basic information was
including sex, age, medical work experience, professional specialty and Affiliation as presented in the
table 6. The information derived from the data will be helpful to understand the construct of respondent.

Table 6.17: Demographic data

Characteristic Group Percentage (%) Case (person)
gender Male 86 36
female 14
age Under or equal 30 2
30 ~ 40 10
41 ~ 50 24 10
51 ~60 38 16
Over or equal 61 26 11
medical work experience Under or equal 3 yeas
4~10
11~20 19
21~30 43 18
Over or equal 31 26 11
Professional specialty Physician 39 16
dermatologist 10 4
Surgeon 15 6
otolaryngologist 7 3
pediatrician 5 2
ophthalmologist 2 1
radiotherapist 2 1
medical student 2 1
orthopedist 17 7
Affiliation clinical 68 28
hospital 12 5
University hospital 17
Research institution 2

(1) As is showed, the majority of medical professional who responded to the survey were male (86%).

(2)A substantial number of professional were in the age range from 51 to 60 years (38%), Over or equal
61 (26%), from 41 to 50years (24%), from 31 to 40 years (10%), and Under or equal 30 (2%).
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(3)Regarding medical work experience, the majority experience year is of 21 ~ 30 (43%) compared to
Over or equal 31 (26%), 11 ~ 20 (19%), 4 ~ 10 (3%) and under or equal 3 years (2%) which indicates a
lack of young doctor in this survey. In this study, they were grouped into younger with no enough
experience (0~3 years) , moderate medical professional (4~10) and ,experienced medical
professional(over 10 years) in order to find the big picture of whether there were any differences

(4)The highest percentage of Affiliation is from clinical (28%), compared to university hospital (17%),
hospital (12%), and research institution (2%).

(5)Several types of professional specialty have been reported in the questionnaire which comprised
Physician (39%), orthopedist (17%), surgeon (15%), dermatologist (10%), otolaryngologist (7%),
pediatrician (5%), ophthalmologist, radiotherapist, medical student (2%). They were categorized into
several types by what they focus on during the medical task.

After initial demographic analysis of primary data, cross-tabulation has been used for a better
understanding of respondents. In this analysis, cross-tabulation has been produced within medical
professional related measurement such as medical work experience and professional specialty, gender
and age have not been included.

Not only were there more physician (39%) than other specialty in hospital and clinical, but there was
also more physician in research institution and university hospital. This might help to provide
supplementary information in terms of who played important roles in this questionnaire or who
interested in real-time telemedicine system. The second share is comprised by surgeon and other
(orthopedist (7 cases), (radiotherapist (1 case), ophthalmologist (1 case), pediatrician (2 cases)). They
are all from hospital and clinical.

professional posgition * professional speciality Grosstabulation

Count

profeszional specialit
medical otolaryneo
phyzician SUrgeon dermatologist ztudent ather logist Tatal
professional university hospital 3 3 1] 1 0 ] 7
position hospital and clinical 12 2 4 0 12 E 3
rezearch inititution 1 I} 1] 0 0 ] 1
Total 16 i 4 1 12 3 42
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rather than professional with experience of over 31 years. In university hospital, respondent comprised
21~30. It should be noted that medical professional in this survey mostly with a high work experience

university hospital

hospital and clinical

professional position

research inititution

professional speciality
B physician
B surgeon
O dermatologist
B medical student
O cther
B ctolaryngologist

Fig.6.1: Professional position and professional specialty
Medical professional with Medical work experience of 21~30 (17.2%) works in hospital or clinical

which might influenced the result such as the attitude to new technology, and improve the quality of
survey in professional level.

profeszional position * work experience Crosstabulation

Ciount
work, experience

under or

equal 3 4-10 11-21 21=30 over 31 Total
professzional university hospital 1 1 1 4 0 7
pozition hozpital and clinical 1 a g 12 m a4

rezearch inititution 1] 1] ] 1 0 1

Total 2 ] 10 17 10 42
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12— wark experience
B under or equal 3
m 410

0O 11-20

W 21-30

O over 31

10—

. [

]
university hospital hospital and clinical research intitution

professional position

Fig. 6.2: Professional position and professional experience

In conclusion, medical professional mostly from clinical and are of experienced were important points
that might influence the result potentially. Thus, it needs to investigate the primary data with descriptive
analysis.

6.6 Descriptive analysis of primary data

The investigation of this questionnaire was divided into two groups: 2D system (it also can be identified
as high-definition system) and 3D system.

6.6.1 Background of IT usage

As the table shows, medical professional demonstrates an IT usage as well as other IT users. In other
words, medical professional has showed their interest to information technology, however, there is no
significant evidence can suggest they are skill in information technology. The IT usage is classifies into
several types by factor analysis in chapter 5. This will be useful to understand the IT usage of medical
professional. Medical professional shows their skill in basic IT skill (giving presentation, using
professional software), and unfamiliar with advanced IT skill such as programming or operation of
personal website. They has shows their interest in internet and use the internet service frequently.
Although they are not professional in information technology, however, most of them responded they
were interested in information technology. As a summary, although medical professional we questioned
comprised old professional, they keep in touch with IT as well as us.
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Table 6.18: IT usage score

1 =no, 2= occasionally, 3= frequently Mean | Mode
Making slide to give a presentation 2.29 3
Using the professional software 2.10 3
I can do programming 1.17 1
Watching 3D cinema 1 1
Using the internet service 2.48 3
Experiencing the teleconferencing 1.1 1
Using the SNS 1.95 2
Using search engine to search online information 2.71 3
Sending e-mail 2.79 3
1 =no, 2= yes Mean | Mode
I have my own site 129 |1
| am interested in information technology 171 |2
I have smart phone or tablet PC 145 |1

6.6.2 Attitude toward real time telemedicine system

At the time of this survey, the subjects who responded the questionnaires have been inquired their
attitude toward system by investigating adoption intention.

(1) For 2d system:

Medical professional tends to have neutral attitude toward the system. They might tend to use the
system in their job because the advantages of system (3.24), yet they might stop to use the system by the
high cost and lack of standard.

Table 6.19: behavior intention for 2D system

Bl for 2D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| attempt to use this system in diagnosis 3.24
| want to recommend this system 3.10

It indicates that medical professional has a relatively more positive attitude to usefulness. This system is
usefulness in their job (3.95), it tends to be know better the patient’s condition (3.74). Yet, they have a
neutral attitude in enhancement of their effectiveness in diagnosis (3.31).
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Table 6.20: Perceived usefulness for 2D system

PU for 2D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| find the system to be useful in diagnosis 3.95
Using the system is to know better about the patient 3.74
Using the system enhances my effectiveness in diagnosis. 3.31

The table perceived ease of use indicates that medical professional tends to believe this system is easy to
use (3.14), but no significant since the mean only around 3.0. It has found that medical professional has

no enough confidence in ease of use of this system.

Table 6.21: Perceived ease of use for 2D system

EOU for 2D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

It will be easier to diagnose if | use the system 3.14
The operation of this system is easy to understand 3.12

Expectancy of system shows medical professional was not satisfied with the low definition system

(2.78) and tends to expect a safe and high-definition system (3.60)

Table 6.22: expectancy of system for 2D system

EOS for 2D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| am satisfied with low definition system 2.78

| expect a safe and high accurate system 3.60

(2) For 3D system:

Compare with 2D system, the result of 3D system shows a lower intention from medical professional.

They have no plan to use the 3D system recently (2.67).

Table 6.23: behavior intention for 3D system

Bl for 3D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| attempt to use this system in diagnosis 3.14
I plan to use the system in diagnosis 2.67
I want to recommend this system 2.88
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It indicates that medical professional has a relatively positive attitude to usefulness. This system is
usefulness in their job (3.36), it tends to be know better the patient’s condition (3.40). Yet, they have a
neutral attitude in enhancement of their effectiveness in diagnosis (2.93).

Table 6.24: perceived usefulness for 3D system

PU for 3D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| find the system to be useful in diagnosis 3.36
Using the system is to know better about the patient 3.40
Using the system enhances my effectiveness in diagnosis. 2.93

The table perceived ease of use indicates that medical professional tend to believe this system is easy to
use (2.93), and they tend to keep a neutral attitude to operation of 3D system (3.07). in generally,
medical professional does not believe the system is easy to use.

Table 6.25: perceived ease of use for 3D system

EOU for 3D system Mean

1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

It will be easier to diagnose if | use the system 2.93

The operation of this system is easy to understand 3.07

Expectancy of system shows medical professional was not satisfied with the 2D system (2.95) and tends
to expect a safe and high accurate 3D system (3.40)

Table 6.26: perceived ease of use for 3D system

EOS for 3D system Mean
1 = strongly disagree, 2= disagree, 3= neither agree nor disagree, 4= agree, 5= strongly agree

| am satisfied with 2D system 2.95
| expect a safe and high accurate 3D system 3.40

In conclusion, despite the type of system, medical professional did not show much positive intention to
adopt the system although they believe that the system can be used in medicine. Relatively lower ease of
use might be a barrier to system adoption as we expected. In addition, the professional were unsatisfied
with existing system.
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6.7 Difference between groups

In this research, it was investigated whether there were any significant differences in the mean scores of
four constructors between groups (moderator): (1) whether there were significant difference in behavior
intention, (2) whether there were significant difference in perceived usefulness, (3) whether there were
significant difference in perceived ease of use, (4) whether there were significant difference in
expectancy of new system. We used statistic method to analyze the primary data.

(1) Professional specialty

For professional specialty, we firstly analyzed the primary data for all professional specialties. It has
found no significant difference in items between groups.

In the second step, based on the result of paired comparison, we categorized this moderator into two
types (1) focus on quality of image: perceived accurate color and perceived definition (2) focus on
perceived presence: perceived sound, perceived depth information and perceived video smoothness (3)
No significant focus. The result shows no significant difference between groups.

(2) Affiliation

This moderator has categorized into several categories at first: (1) with research attribute and without
research attribute. The result shows no significant difference in items regardless of types of systems. (2)
With educational attribute and without educational attribute. The result shows no significant difference
in items regardless of types of systems. (3) Independent clinical and integrated hospital. The result
shows no significant difference in items regardless of types of systems.

(3) Medical work experience

In chapter 5, we hypothesized that medical work experience is an important moderator. It comprised
five groups: low experience (under or equal 3 years), moderate experience (4~10 years), high
experience (11~20 years) and Higher experience (over 21 years). We firstly investigated and compared
all groups to identify whether there is significant difference between different groups. The results
(Table ) clearly showed that the a number of items that were significantly different between groups, it
suggests that 10 years medical work experience might influence the attitude of medical professional to
new system. And then, we categorized medical professional by work experience into two groups:
under 10yeasr and over 10 years, it has found that younger professional believe that it is easy to use
the system.
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Table 6.27: between under 10yeasr and over 10 years
PU32d | EOU12d | EOU22d

Mann-Whitney U 44,000 | 35.500| 38.500
Wilcoxon W 747.000 | 738.500 | 741.500
z -2.058 | -2.381 -2.267
Asymp. Sig. (2-tailed) .040 .017 .023

Exact Sig. [2*(1-tailed Sig.)] | .061(a) | .023(a)  .033(a)

(4) Experienced demonstration

In the respondents of this questionnaire, some medical professional has experienced the demonstration
and interviewed by us before. According to the previous research, the system users might have a
positive attitude to system if they have experience in development of new system. Thus, we expected
that medical professional with experience of demonstration might have different attitude toward new
system from medical professional without experience. The result shows that there were significant
differences in three items which including perceived usefulness and expectancy of system. Experience
of demonstration elicited statistically significant higher perceived usefulness. Medical professional who
has attended demonstration before represents more positive attitude to adopt 2D system. This finding
was correspondent with our expectation.

Table 6.28: between experienced demonstration and non-experienced

PU12d | PU22d | EOS13d

Mann-Whitney
U 54.000 | 52.000  35.000
Wilcoxon W 720.000 | 718.000 | 701.000
Z -2.167 | -2.163| -2.895
Asymp. Sig.

y_p 9 .030 .031 .004
(2-tailed)

6.8 Summary

The descriptive analysis of primary data was carried out in this chapter. It focuses on three sections in
terms of (1) influence of network (2) influence of perceived effect factors (3) analysis of primary data
from questionnaire.

(1) Through analysis of data derived from experiment, it has proved the influence of network and
effectiveness of bandwidth as a measure for real-time telemedicine system but generality for
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different systems.
(2) Weight of each factor has been investigated and it has found that the weight might be influenced by
medical specialty.

(3) This chapter analyzed the data collected from questionnaire and states the reliability analysis of
questionnaire items. The results were satisfactory and confirmed that the items and result were
reliable and valid. After using statistic method to investigate the difference between groups. The
results indicated that experience played an important role. Medical professional with lower medical
work experience or had experienced the demonstration showed a positive attitude to 2D system and
relatively lower attitude to 3D system.

Further analysis using SEM will be presented in next Chapter, in relation to assessing the relationship
between construct and behavior intention.
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Chapter 7 SEM for real-time telemedicine system

7.1 Introduction

In this chapter, through descriptive analysis and experiment, it has found that medical professional
generally has a neutral attitude toward systems regardless of what type the system is. There are
Important questions associated with determining the reasons behind their intention. This chapter will
investigate what significant determinants influence medical professional's behavior as these
determinants are expected to play important roles in explaining medical professional’s behavior
intention. In order to answer these questions, a model derived from the primary data will be tested, and
modified in this chapter with careful consideration associated with the goodness of fit of the model to
the data.

The practical model being generated and its interpretation might help promote real-time telemedicine
system adoption and consequently help improve possibility of developing a system which actually meet
requirement of professional. And we also would investigate the impact of moderators on the generated
model. It is to examine whether the moderators impact on the influence of the variables toward behavior
intention.

In order to improve the reliability of our practical model, a two-step approach is adopted in test process.
It needs to ensure that the item used to measure each of the constructs is adequate at first. And then, the
second step involves the assessment of the structural model which shows the relationships between the
constructs.

In this research, we acquired subjects to respond two systems: high-definition real-time telemedicine
system and 3D real-time telemedicine system. Thus, this chapter will introduce two types of models and
compare them.

7.2 Modeling for system

7.2.1 Model estimation and remodeling

After we test the reliability of items and deleted some items in the model. We will estimate the

relationship between constructs of this model with reliability test, validity test and model fit measures.
This research is not only a test of a model but also includes new constructs we proposed. Therefore, in
the procedure of modeling, [41] Standard estimate will be used in path analysis. The default method of
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computing parameter estimates is maximum likelihood. The standardized regression weights,
correlation, squared multiple correlations will be displayed in the model. In the first step of the process,
we had proposed the original model to which only included three constructs as a pilot test. And then we
would add the new constructs in this model and use the trial and error to test the constructs. In the
process of modeling, RMSEA is based on the non-centrality parameter which regarded as currently the
most popular measure of model fit. The value of 0.05, and 0.08 to indicate good, and mediocre fit
respectively. In this model, this value is the most important value to find the most fit model and
relationship. In spite of GFI and AGFI are used for measure the model fit in some previous research, we
chose not to adopt in this research due to the value of GFI and AGFI are affected by sample size.
Another important measure is the p-value by which we can judge whether the relationship between two
construct is significant or not. In some situation, however, it neither confirm the relationship nor negate
a relationship when p-value is larger than 0.05. In this research, we will consider three types of P-value
of 0.05, 0.01 and 0.001(two-tailed). Two steps of modeling would be conducted. First step: test only
three existing constructs from previous research which including behavior intention, perceived
usefulness and perceived ease of use. Second step: add two proposed constructs in the model for testing.
Relationship between expectancy of system and behavior intention, between IT usage and behavior
intention would be tested.

1. In the original model for 2D real-time telemedicine system, we firstly test the by sample correlation
among each latent constructs, it was expected that the correlation among latent constructs was not larger
than 0.8 or 0.9. The table 7.1 shows that three constructs in the model are empirically distinguishable.
This was important to conduct further research. The second is to observe the fit of model. The model has
showed a good fit and it has found that increase of perceived ease of use will improve perceived
usefulness. The relationship between behavior intention and perceived ease of use was of higher
correlation (0.274, statistically significant at 0.5 level) than relationship between behavior intention and
perceived usefulness (0.229, not statistically significant).

Table 7.1: Independency of constructs

EEIE
behavior intention ~ <--> perceived usefulness 418
perceived usefulness <--> perceived ease of use 094
behavior intention ~ <--> perceived ease of use 268

Table 7.2: Fit of model
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NFI RFI IFI TLI

i Deital thol Delta2 rtho2 01
Default model O52 911 1003 1008 1.000
FEFOET ) 1.000 1.000 1.000
I ET N 000 000 000 000 000
Sl EMSEA LO90 HI9 PCLOSE
Default model 2000 000 149 611
I ET 480 431 531 .000
Table 7.3: Correlation among constructs

HEIE

perceived usefulness <--- perceived ease of use 020

behavior intention ~ <--- perceived usefulness 229

behavior intention ~ <--- perceived ease of use 274

In the second step of 2D system modeling, we added expectancy of system (EOS) and IT usage as the
fourth construct and fifth construct into this model and test the relationship among them. It has found
that EOS is strongly correlative with behavior intention. It needs to reconsider the validation of question
items. We found that one item of EOS was ambiguous to behavior intention. It has to delete it in order to
guarantee validation of this model. IT usage shows its independence from other constructs. This model
has showed a good fit and demonstrated two important relationships. Perceived usefulness is an
important construct which influence the behavior intention (0.319, statistically significant at 0.01 level)
and expectancy of system has demonstrated its influence on behavior intention (0.636, statistically
significant at 0.001 level) than other construct. Comparing with expectancy of system, IT usage has no
significant impact to behavior intention although correlation between IT usage and behavior intention is

Table 7.4: Independency of constructs

HEE
behavior intention <--> perceived usefulness 519
perceived usefulness <--> perceived ease of use 098
perceived usefulness <--> expectancy of system 499
perceived usefulness  <--> IT usage 323
behavior intention <--> perceived ease of use 350
behavior intention <--> expectancy of system 977
behavior intention <--> [T usage 358
perceived ease of use <--> expectancy of system A36
perceived ease of use <--> IT usage 253
expectancy of system <--> IT usage 399
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Table 7.5: Fit of model

EMSEA
M RMSEA LO90 HI9 PCLOSE
Default model 067 000 117 310
BT ET 288 262 315 000
BEE g

. NFI RFI  IFI TLI
' Deltal thol Delta2 tho2 X1

Default model 811 731 965 946 962
EFOET I 1.000 1.000 1.000
BT ET 000 000 000D 000 000

Table 7.6: Correlation among constructs (skype2D: Expectancy of system)

HEIB
perceived usefulness <--- perceived ease of use 024
behavior intention ~ <--- perceived ease of use 089
behavior intention  <--- perceived usefulness 319
behavior intention  <--- 1T usage -.105
behavior intention  <--- skypel2D 636

In conclusion, the model for 2D system (high-definition system) has indicates that expectancy of system
has a positive influence on behavior intention. It also proved that perceived usefulness and perceived
ease of use can impact behavior intention respectively. We also found that IT usage has no significant
impact to behavior intention. The next section would introduce modeling for 3D system.

Perceived |
Usefulness | ™~_  +significant
+ not significant
Perceived ease | Behavior
of Use + significant | intension
Expectancy of ---""'4"'.5ignificant = not significant
System e

o
-

IT usage

Fig 7.1: Image of model for 2D system
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2. In the original model for 3D real-time telemedicine system, only three constructs have been included
which are behavior intention, perceived usefulness and perceived ease of use. By validation test, it has
found strong correlation among constructs. Thus, we need to delete some items for improving
validation of model. After deleting several items, the validation of model has been improved as table
the data shows in the table represent a good fit of this model and relationship between each constructs. It
has found that perceived ease of use indeed influence the perceived usefulness (0.632, statistically
significant at 0.01 level) and behavior intention (0.455, statistically significant at 0.001 level). And
perceived usefulness impacts behavior intention (0.249, statistically significant at 0.05 level). This
result has proved our assumption that in 3D system, ease of use is an important factor which determine
whether medical professional decide to use adopt the system.

Table 7.7: Independency of constructs

HEEE
perceived usefulness <--> behavior intention 756
perceived usefulness <--> easytounderstand3D 644
behavior intention  <--> easyvtounderstand3D 614

Table 7.8: Fit of model
NFI RFI IFI TLI

b Deltal thol Delta2 tho2 o1
Default model 974 934 1005 1012 1.000
BRFOET I 1.000 1.000 1.000
T ET 000 000 000 000 000
£ RMSEA LO90 HI90 PCLOSE
Default model 000 000 186 588
T ET 540 474 609 000

Table 7.9: Correlation among constructs (easy to understand 3D: perceived ease of use)

HEIB
perceived usefulness <--- easytounderstand3D 632
behavior intention  <--- easvtounderstand3D A55
behavior intention  <--- perceived usefulness 249

In the second step of 3D system modeling, we added expectancy of system (EOS) and IT usage as the
fourth construct and fifth construct into this model and test the relationship among them. This model
has showed a good fit and represented that Perceived ease of use influence the perceived usefulness
(0.632, statistically significant at 0.01 level) and behavior intention (0.337, statistically significant at
0.01 level). It is the most critical construct which influence intention than other constructs. We also

found that perceived usefulness (0.283, statistically significant at 0.05 level) and expectancy of new
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system (0.206, statistically significant 0.05 level) have impacted to behavior intention. IT usage
(0.045, not statistically significant), however, has no significant impact toward behavior intention in

this model.

Table 7.10: Independency of constructs

R
perceived usefulness <--> behavior intention 749
perceived usefulness <--> easvtounderstand3D 655
perceived usefulness <--> notwoD3D 041
perceived usefulness <--> IT usage 237
behavior intention ~ <--> easytounderstand3D 614
behavior intention  <--> notwoD3D 140
behavior intention  <--> IT usage 223
easvtounderstand3D <--> notwoD3D 132
IT usage <--> easviounderstand3D 253
IT usage <--> notwoD3D -.350

Table 7.11: Fit of model

FoE oy

. NFI RFI  IFI TLI
' Deltal thol Delfta2 rho2 <11

Default model 838 757 971 954 969

BEFOET ) 1.000 1.000 1.000
BT ET ) 000 00D 00D 000 000
EMSEA

£ RMSEA LO9) HI90 PCLOSE
Default model 066 000 129 349
W ET 306 273 340 000

Table 7.12: Correlation among constructs (easy to understand 3D: perceived ease of use, notwo3D:

Expectancy of system)
HEIB
perceived usefulness <--- easytounderstand3D 632
behavior intention  <--- easvtounderstand3D 337
behavior intention ~ <--- perceived usefulness 283
behavior intention  <--- 1T usage 045
behavior intention  <--- notwoD3D 206
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In conclusion, the model for 3D system has indicates that perceived ease of use is the main factor which
influences behavior intention.

Perceived

Usefulness L
i ~.__ +significant

+ significant

+ significant Behavior

. .
of Use " intension

Perceived ease

-
-

+ significant_____..----"""".

-
Py

Expectancy of

System + not significant

-
<

IT usage

Fig 7.2: Image of model for 3D system
7.2.2 multiple- group analysis

In this research, the second step in SEM analysis is related to multiple-group analysis has been carried
out for moderator of professional specialty. In order to investigate the impact of moderators on the
influence of determinants toward behavior intention, groups of hypotheses would be tested by
multiple-group analysis. The objectives of comparing between groups are to investigate whether there
are any significant differences between them. We will test whether there are any differences among
groups. Three main categories of moderators are: (1) medical professional specialty (2) medical work
experience (3) Affiliation.

As mentioned, the analysis is sensitive to sample size. In this research, only 42 cases have received. In
this step of multiple group analysis, therefore, we used the model we proposed without IT usage
construct for analysis of null hypotheses due to (1) small size of sample and (2) insignificance of model
we proposed.

In 2D system:

(1) Medical Affiliation: independent clinical and integrated hospital. There was no significant
difference in the model

(2) Professional specialty: two groups of image focus and perceived presence focus. It has found that
this moderator impact the influence of perceived ease of use toward perceived usefulness and
influence of expectancy of system toward behavior intention
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(3) Medical work experience: two groups of less than 20 years experience and over 20 years experience.
It has found that this moderator could impact influence of the perceived ease of use toward

perceived usefulness and influence of expectancy of system toward behavior intention.
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Fig 7.3: image focus and perceived presence focus (F1 behavior intention, F2 perceived usefulness,
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In 3D system, the proposed model only with expectancy of system was adopted since it concludes most
information.

(1) Medical Affiliation: independent clinical and integrated hospital. No significant impact from

Affiliation Medical specialty Medical work

experience
Perceived |
Usefulness | ™~ Ir
e | /
~L. -:_;'
- | !
\& | y
N | I --""--._ "
Perceived ease , / ~__| Behavior
; . .
of Use . / | intension
I ;' .-".-- -
Jo—" e
Expectancyof | _— e
System ,

IT usage

Fig 7.5: Image of moderator in 2D model

moderator in model has been found in this research.

(2) Professional specialty: image focus and perceived presence focus. It has found that this moderator
impact the influence of perceived ease of use toward perceived usefulness and influence of perceived

ease of use toward behavior intention.

(3) Medical work experience: Less than 20 years experience and over 20 years experience. It has found
that this moderator could impact influence the perceived ease of use toward perceived usefulness and

influence of perceived usefulness toward behavior intention.
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Fig 7.8 Image of moderator in 3D model

7.3 Summary

In this chapter, we mainly discussed the process of modeling for 2D real-time telemedicine system and
3D real-time telemedicine system respectively. Through test of the model, data analysis and experiment
(chapter 6), it has found the relationships among determinants and test the hypotheses proposed in
chapter 4. The result of this chapter will associated with chapter 6 as follow:

(1) Direct hypotheses

H1. Perceived usefulness has a significant influence on behavior intention of adoption
In 2D system, perceived usefulness has a significant influence on behavior intention
In 3D system, perceived usefulness has a significant influence on behavior intention

H2. Perceived ease of use has a significant influence on behavior intention of adoption

In 2D system, perceived ease of use has a significant influence on behavior intention
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In 3D system, perceived ease of use has a significant influence on behavior intention

H3. Perceived ease of use has a significant influence on Perceived usefulness
In 2D system, perceived ease of use has no significant influence on perceived usefulness
In 3D system, perceived ease of use has a significant influence on perceived usefulness

H4. IT usage has a significant influence on behavior intention of adoption
In 2D system, IT usage has negative influence to perceived usefulness (not significant)
In 3D system, IT usage has negative influence to perceived usefulness (not significant)

H5. Expectancy of new system has a significant influence on perceived usefulness
In 2D system, Expectancy of system has a significant influence on behavior intention
In 3D system, Expectancy of system has a significant influence on behavior intention

(2)Moderating hypotheses

MH.1 The influence of perceived usefulness toward behavior intention is moderated by professional
Specialty

In 2D system, impact of moderated professional Specialty is not identified

In 3D system, impact of moderated professional Specialty is not identified.

MH.2 The influence of perceived usefulness toward behavior intention is moderated by medical work
Experience

In 2D system, impact of moderated medical work experience is not identified.

In 3D system, influence of perceived usefulness toward behavior intention is moderated by professional
work experience.

MH.3 The influence of perceived usefulness toward behavior intention is moderated by Affiliation
In 2D system, impact of moderator affiliation is no identified.
In 3D system, impact of moderator affiliation is no identified.

MH.4 The influence of perceived ease of use toward behavior intention is moderated by professional
Specialty

In 2D system, impact of moderated professional Specialty is not identified.

In 3D system, influence of perceived ease of use toward behavior intention is moderated by
professional Specialty

MH.5 The influence of perceived ease of use toward behavior intention is moderated by medical work
Experience
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In 2D system, impact of moderator medical work experience is no identified.
In 3D system, impact of moderator medical work experience is no identified.

MH.6 The influence of perceived ease of use toward behavior intention is moderated by Affiliation
In 2D system, impact of moderator affiliation is no identified.
In 3D system, impact of moderator affiliation is no identified.

MH.7 The influence of Expectancy of system toward behavior intention is moderated by professional
Specialty

In 2D system, influence of expectancy of system toward behavior intention is moderated by
professional Specialty

In 3D system, impact of moderated professional Specialty is not identified.

MH.8 The influence of Expectancy of system toward behavior intention is moderated by medical work
Experience

In 2D system, influence of expectancy of system toward behavior intention is moderated by medical
work experience

In 3D system, impact of moderated medical work experience is not identified

MH.9 The influence of Expectancy of system toward behavior intention is moderated by Affiliation
In 2D system, impact of moderator affiliation is no identified.
In 3D system, impact of moderator affiliation is no identified.

(3)Perceived effect factor hypotheses
PEFH.1 The weight of each factor will be moderated by Professional Specialty
The weight of each factor is moderated by Professional Specialty

PEFH.2 The weight of each factor is different
The weight of each factor is different.

PEFH.2.1 Bandwidth is an effective measure to evaluate the relationship between perceived effect
factors and network.

Bandwidth is an effective measure for assess of one system. Yet, it has no generalinzability for different
systems.

PEFH.4 The influence of bandwidth toward perceived effect factor is different
The influence of bandwidth is indeed moderated by perceived effect factor
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Through modeling, we had found some important factors which will influence medical professional to

adopt the real-time telemedicine system. It will be useful to improve the motivation and enhance the

adoption of real-time telemedicine system. This research includes a number of points that concluded as
follow:

(1) Requirement analysis from medical professional has suggested that both of 2D system and 3D
system can meet the requirement of medical professional in certain situations. However, medical
professional still has no enough intention to adopt the system due to psychological reasons. Through
this research, we can address the critical points for the issues. We can find out the psychological
reasons which will influence the adoption behavior.

(2) The second important finding in the research is analysis of real-time telemedicine system. It
includes the influence of network to system and how to improve the system for meeting the
requirement of medical professional.

(3) Medical professional has different requirement based on their personal characteristic. Investigation
in this issue will be helpful to improve the system and thorough understand their requirements to
real-time telemedicine system.
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Fig 7.9: Image of 2D system model (moderator: red line, direct determinant: blue line, indirect
determinant: blue wide arrow)
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Next chapter is to conclude important findings of this research and future prospect of further study.

Chapter 8 Conclusion and prospect

8.1 conclusion

In this final chapter, we will conclusion all achievements of this research. We also will review the
limitations of the research and suggestions for further research are also discussed. This research is to
analyze requirement of medical professional and extend a practical model based on technology
acceptance model.

The findings associated with attitude to real-time telemedicine system, adoption intention, direct
determinant and indirect determinant, difference between groups, improvement of motivation to adopt

real-time telemedicine system. Detail key findings according to the chapter 4 will be briefly
summarized and discussed in detail in this chapter.

8.1.1 Attitude toward real-time telemedicine system
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From initial investigation, we have found that 2D high-definition system can meet the requirement of
medical professional in a degree of diagnosis. When it comes to adopt this real-time system in actual
diagnosis, however, low intention from medical professional has been studied. This result shows us
that improvement in performance of system is not the most critical determinant to behavior intention.
Psychological factor such as perceived usefulness or perceived usability are also critical in order to
improve their motivation. Improve the usability such as perceived accurate color, perceived definition
are helpful to spread the system. Comparing with 2D telemedicine system, 3D system has shows a
relatively lower degree in acceptability regardless its high performance. Through semi-interview with
medical professional, it has found that medical work experience as the main determinant which could
influence adoption intention of 3D system. In semi-interview, experienced medical professional can
perceive depth information with 2D system easily which results medical professional do not prefer to
choose a glasses-based 3D system for obtaining depth information. On the other hand, younger
medical professional or medical students have showed more positive attitude to 3D telemedicine
system. They might accept this type of system easier since they are not experienced as well as old
professional.

In conclusion, medical professional has a neutral attitude toward real-time telemedicine system. They
can really perceive the improvement in performance of system and be impacted by effect of real-time
system. However, this system is not ‘must ~ to be accepted currently in actual diagnosis. Besides high
cost or social need for this system, it needs to improve system in usability according to their medical
backgrounds. It needs to convince medical professional that this system is important in their job and it
is easy to use this system in diagnosis with low risk.

8.1.2 Adoption intention and determinant in model

By Building this model, we could make a thorough understand about adoption intention of real-time
telemedicine system and discuss influence of determinants and relationships among determinants.

To the model, it mainly involved in four types of parts: (1) behavior intention: indicates the adoption
behavior. It is a measure by which we can predict whether medical professional want to adopt the
real-time telemedicine system (2) direct determinant: represents the determinants which might
influence the behavior intention (3) moderator: represents medical professional’s personal characteristic
which might influence the relationship among direct determinants and perceived effect factors (4)
perceived effect factor: proposed based on requirement of medical professional which might influence
usefulness and influenced by network. Through experiment and modeling, we tested the hypotheses in
chapter 4. The relationship in this model has been described in chapter 7.

(1) From the average score of behavior intention for 2D system and 3D system, medical professional
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tends to keep a neuter intention to adopt or recommend this system.

(2) From the average score of perceived of usefulness, 2D system has gained a relatively higher score
contrast with 3D system. Although medical professional tends to believe they could use this
system in diagnosis, they have no confidence in improvement of their performance with system.

(3) From the average score of perceived of ease of use, 2D system is advantaged in ease of use.
Glasses-based 3D system is the main reason to decrease ease of use.

(4) From the average score of expectancy of system, medical professional demonstrated that they are
not satisfied with existing real-time telemedicine system and relatively high expectancy for safer
and accurate system.

In conclusion, through observing average score of each construct, we could understand that medical

professional showed their interested in new system but relatively lower usefulness and ease of use.

The relationships among them are discussed as follow.

8.1.3 How to improve motivation to adopt real-time telemedicine system

Through analysis of model, certain relationships among constructs have been identified which is
helpful to clarify what the determinant influence behavior intention. In 2D model, perceived
usefulness in diagnosis and expectancy to system are two important factors which influence behavior
intention. It needs to increase opportunities of demonstration of ream-time telemedicine system and
enable medical professional to realize importance of this system in diagnosis. For instance,
demonstration of lower quality system will be helpful to make medical professional know importance
of new real-time telemedicine system. In 3D model, perceived ease of use is the main resource to
improve behavior intention. As we expected before this analysis, 3D system can not only provide
high-definition image to medical professional but also offer depth cues, however, wearing glasses is
decreasing ease of use especially for some professional with glasses. Different with 2D system, we
need to focus on ease of use in order to improve motivation to adopt 3D system. Although IT usage
has showed negative effect upon behavior intention which suggests IT usage might cause a severe
attitude toward new system, low coefficient and no significant result were not enough to support this
hypotheses in this study.

In addition, as mentioned in chapter 4, medical background is really critical in adoption intention of
real-time telemedicine system. In the last chapter, multiple-groups analysis estimates influence of
medical work experience and professional specialty in the model. As discussed in chapter 7, in
condition of 2D system, medical professional with less medical work experience might be influenced
by expectancy of system easily. It suggests that they accept new system easier rather than experienced
professional. It also tested role of professional specialty in the model. Image focus group tends to
believe that increasing of ease of use will lead improvement in usefulness while perceived presence
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focus group tends to experience new system. In condition of 3D system, less medical work experience
cause professional to be influenced by perceived usefulness easily. To image focus group, ease of use
in 3D system is important and impacting their adoption intention.

Although affiliation has showed nothing important cues in this model, it is still important that
influence professional’s attitude to system. For instance, in semi-interview, we have found that some
medical professionals with educational background have more positive attitude to 3D system.

Last but not least, perceived effect factors which were derived from usability influence behavior
intention indirectly. As result of analysis in chapter 6, in step of designing real-time telemedicine
system, it needs to consider two issues (1) what medical professional wants from proposed real-time
telemedicine system. (2) Is the system we proposed can work in a relatively unstable or low
bandwidth network while meet requirement of medical professional. In issue (1), medical professional
focuses on different functions of system such as perceived depth information or perceived definition
by their medical specialty. Designing system based on their different requirements will be useful to
improve usability of system. And a defective system can also meet requirement of medical
professional. For instance, orthopedist might focus on perceived depth information and perceived
video smoothness while dermatologist focuses on image. In issue (2), real-time telemedicine system
can also perform on a relatively lower bandwidth or unstable network because medical professional
might focus on different effect of system. This finding suggests that low quality real-time telemedicine
system can be adopted in certain situations since they can work with relatively lower bandwidth
network.

8.1.4 Limitation of this research

The results of this research were valuable because this research has drawn upon a wide range of
viewpoints. However, there are still some limitations for this research. The limitation concerns the
sample size for questionnaire survey. The sample size was less than 50 cases which might questioned
valid of this research, however, MLE been found to provide valid results with sample sizes as small as
50 cases.

8.2 Prospects

A real-time telemedicine system acceptance model is still ongoing which needs to extend and test.
Further research is to (1) investigate latent technical and psychological factors which influence the
behavior intention of medical professional. For instance, we would not include cost in the model in this
research. However, it plays an important role in making decision. It will be discussed in further research.
(2) Further expand perceived effect factors besides the factors we proposed in this thesis. (3) Further
investigation in relationship between network and perceived effect factors needs to be conducted.
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