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Abstract

The demand for healthcare services are rising as the world’s population is increasing, and on
average, people are living longer. As a result, healthcare services are becoming more complex to
organise and expensive to provide. Researchers in the field are arguing that the current
centralised model of healthcare provision cannot address challenges relating to service cost,
quality and availability and there is a need to decentralise it. To decentralise, virtual collaboration
systems where healthcare organisers, providers and receivers can work together and share
resources across time and space are seen as the future of healthcare.

Literatures suggest that a modelling framework specific to healthcare virtual collaboration is yet
to be developed and there are unaddressed challenges relating to the organisation and
management aspects of healthcare virtual collaboration. In this thesis, Virtual Breeding
Environment (VBE) and Virtual Organisation (VO) concepts are used as theoretical bases to answer
research questions relating to modelling, organising and managing virtual collaboration for
healthcare. To contribute to the modelling aspect of virtual collaboration in healthcare and
address organisational and managerial challenges of healthcare virtual collaboration the first
objective of the thesis is to develop a modelling framework to enable system developers model
healthcare virtual collaboration in terms of participants and services classification, representation
and descriptions. The second objective is to develop a framework based on concepts developed
in the modelling framework, to be used as guide to develop systems for organising and managing
healthcare virtual collaborations.

To achieve the objectives, a deductive research approach is used to develop theoretical
frameworks first, and later implement and evaluate the frameworks. For evaluation purpose,
Technology Acceptance Model (TAM) is modified three times by adding new constructs. The
extended TAMs are used as theoretical evaluation frameworks to test the acceptability of the
technologies developed in this thesis. For each extension, a set of hypotheses are defined to be
tested by prospective target users. Survey questionnaire is used as a data collection method, and
Structural Equation Modelling (SEM) technique is used to analyse the collected data statistically
in AMOS software.

The first contribution of this thesis is a Healthcare Virtual Breeding Environment Modelling
Framework (HC-VBE-M-F) which consists of a service and participant classification mechanism, a
domain specific modelling language and a service orchestration description language. The frame
work is implemented as a Java application and has been tested for acceptance by system
developers.

The second contribution is a Healthcare Virtual Breeding Environment Framework (HC-VBE-F)
which is based on the first framework. The framework consists of a conceptual description, a
member selection mechanism, a service level agreement creation and management mechanism
and a provider verification and validation mechanism. The Framework is implemented as a mobile
application and it is evaluated by healthcare requesters and providers for acceptance.

The evaluation results show that the frameworks are both acceptable by prospective users and
their intensions to use systems developed based on the two developed frameworks are positive
and validated empirically. The achievements of this thesis are the developed mechanisms and
frameworks that together facilitate the modelling and development of healthcare virtual
collaboration systems based on VBE and VO concepts.
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Chapter 1 : Introduction

This chapter introduces the research topic and put it into context through providing
research motivations and challenges in the Sections 1.2 and 1.3. The research aims and
objectives are outlined in Section 1.4 and the target groups of the research are defined in
Section 1.5. The contributions of the research are listed and described in Section 1.6 and
the thesis structure is presented in Section 1.7. Finally, a summary of the chapter is

provided in Section 1.8.

1.1 Research Introduction

Healthcare is a fundamental human right and the right was reaffirmed in the world
leaders meeting in Alma-Ata [1]. To fulfil their obligations, governments around the world
are investing a lot of time and resources in their healthcare systems with the aim to
improve care availability, increase timely-care provision and make healthcare more
affordable to provide and receive [2][3][4]. According to [5], healthcare spending takes
up 17% of US Gross Domestic Product (GDP) and it is expected to rise from 17.4% to 19.6%
by 2024. Developed countries such as the United Kingdom and France are also investing

more than 10% of their GDP in their healthcare systems [6].

A major reason for the increase in spending is down to the fact that throughout the world
the number of population is rising and the demand for healthcare services are growing
[7]. Forinstance, in England, patients with long-term health conditions reached 15 million
in 2014 and 70% of available beds and half of General Practitioners’ visits went to this
type of patients [8]. It is argued by the authors of [6] and [9] that the current centralised
model of healthcare cannot answer the complex organisational and managerial questions
arises during care provision; and cannot deal with today’s healthcare challenges where
more timely collaboration and resource sharing is required. In support of this claim,

researches such as [10] and [11] indicate that despite the continuous efforts by
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governments around the world to improve healthcare, challenges such as cost and timely
access to healthcare remain at large. These challenges, if left unaddressed, can lead to
inefficiency and patient dissatisfaction as [12] states that access, availability and cost are

essential patient satisfaction attributes in healthcare.

To address collaboration and resource sharing challenges in healthcare, the authors of
[9] and [13] claim that healthcare provision has to be decentralised in order to increase
opportunities to recruit providers and resources for a given care, when and where
needed. To decentralise healthcare, cross stakeholder collaborations that can take place
regardless of geographical boundaries is seen as the way to provide care in future
[14][15][16]. To facilitate the decentralised collaborations, virtual healthcare is emerging
as a strong option [17] [18] [19] [20] [21][22]. Virtual care is becoming a reality and it is
“no longer a futuristic idea” claimed in a report published by the centre for health solution
on virtual care programs (Deloitte) in 2018 [23]. The report also states that “virtual care
is a must-have” for modern healthcare systems as it has the potential to diversify care
delivery channels to patients, provide “convenience and access” and support “patient-

centricity”.

Virtual collaboration concept is important to healthcare because collaborating within
virtual settings provide the platform for patients to seek support and information beyond
the scope of healthcare institutions [24]. Virtual care is made possible by new information
and communication technologies which has encouraged team-based collaborations to
provide care and has transferred the traditional single care provider model to multi care
provider model [25]. In virtual care, technologies such as online messaging, chat rooms
and videoconferencing are used as a medium to connect healthcare requesters and
providers. During a typical healthcare provision many stakeholders (e.g. healthcare
professionals and government agencies) will have to collaborate and share resources
which make healthcare provision a complex process. For example, in England, privately
run GP practices, community trust, mental health trust and acute care trust are some of
the organisations involved in providing care [8]. To cope with the complexity of bringing

all required parties together to provide a given care, the authors in [26] suggest that
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efficient collaboration mechanisms that are capable of aligning stakeholders and

resources are required.

Healthcare virtual collaboration presents many organisational and managerial challenges
that requires an environment capable of regulating and formalising the collaboration
process. To manage and organise virtual collaboration, researchers have developed the
concepts of Virtual Breeding Environment (VBE) [27] and Virtual Organisation (VO) [28].
Researchers are becoming interested in the concepts as virtual collaboration among
people are becoming the norm and communication technology advances [29][30]
[31][32]. VBE is a long-term alliance between a number of key stakeholders, supported
by information and communication technologies that provide the environment for the
formation and operation of short-term and goal-based collaborations known as VO [33].
To put the concepts into perspective for healthcare, VBE can serve as a virtual hospital
where the need of a patient is addressed by recruiting healthcare professionals and
resources on the fly and dedicate a virtual space (VO) for collaboration and service

provision for a specific duration and to achieve a specific goal.

In this thesis, VBE and VO concepts have been used as theoretical bases to develop a
Healthcare Virtual Collaboration Modelling Framework (HC-VBE-M-F) to enable
healthcare system developers understand and model healthcare virtual collaboration
scenarios. The concepts are also used to develop a Healthcare Virtual Collaboration
Framework (HC-VBE-F) to address organisational and managerial challenges of healthcare
virtual collaboration. The frameworks are described and empirically evaluated using

Technology Acceptance Model (TAM) [34] in Chapters 5 and 6 respectively.

1.2 Research Motivations

The motivations behind modelling and developing virtual collaboration for healthcare are

summarised in the following points:

1- In many fields of science such as engineering, models and visualisation techniques are
used to simplify complex scenarios with the aim to facilitate better understandings and

manage implementation risks. [35] States that a modelling framework to model the
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divergent aspect of virtual collaboration in a given community would be interesting.
However, “Visualisation of aspects of virtual collaboration has received relatively little
research attention in the past” [36], and a similar claim is also made by the authors of
[37]. Researchers in the field of virtual collaboration are yet to offer a generic design
modelling framework as claimed by authors of [38]. The prospect of providing a modelling
framework capable of modelling virtual collaboration for healthcare in a simple,
understandable and comprehensive manner is one of the motivations driving this

research.

2- In healthcare, timely service provision is crucial for patients and could mean life if the
service is provided on time or death if the service is not provided on time. The idea that
virtual collaboration could provide services in a timely fashion and across borders, makes
the concept very attractive and provide a motivation to research it for possible

contributions that it can make to healthcare.

3- Cost plays a great role in the provision of every service, normally high cost of a service
means it cannot be provided as often as necessary to those who are in need of the service.
To reduce cost, healthcare virtual collaboration as an alternative to the current
centralised model of healthcare has the potential to make a great contribution by
providing a platform for healthcare services to be provided without the need for patients
to travel and use local healthcare resources. The possibility of reducing cost of care and
increasing healthcare availability though the utilisation of virtual collaboration, provides

a motivation to research it.

4- Service quality attributes such as staff professionalism and service relevance are some
of the service quality measuring factors that healthcare providers shoulder most of the
responsibilities. In many occasions, time and energy is wasted and service quality is
compromised by incompetent service providers which they claim to have a good track
record. In virtual collaboration, during member recruitment, the profile of members could
be screened and validated electronically before job assignments which can raise the

quality of care.
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5- For an effective healthcare provision, promptness is required, in a typical situation
professional, family members, administrators, local authorities and many more have to
work together to deal with the situation. Brining all these parties together is a highly
complex and time-consuming venture with undesirable consequences if not managed
properly. Virtual collaboration, through a described and guided framework, can cater for
the management and promptness required especially for the services that can be

provided virtually such as consultations and first aid guidance.

1.3 Research Challenges and Questions
The following points summarises the research challenges and questions.

1- Due to the complexity and broadness of the theoretical and practical use of virtual
collaboration concept, it is yet to be fully researched. The majority of research literatures
available such as [39] focus on the functional aspect of virtual collaboration. The authors
of [38] claim that researches carried out so far on virtual collaboration “ do not yet provide
a comprehensive view on its design”. Therefore, developing a model for virtual
collaboration is a challenge as claimed by [20] and [40] which is also the case for

healthcare virtual collaboration.

2- The authors of [41] state that, within a VO, it should be possible to determine roles and
services that are going to be provided and [40] suggests for a virtual collaboration to fulfil
its purpose the roles of its members should be coordinated. These researches point
towards the need for a role and service coordination mechanism. This challenge is
mentioned in [42] in a form of service orchestration. Therefore, developing a mechanism
capable of classifying roles and services in healthcare virtual collaboration and a

mechanism to describe the service provision coordination present challenges.

3- In virtual collaboration many parties have to collaborate to complete a task, these
parties need to be organised and managed to have a productive result. Since virtual
collaboration takes place in cyberspace the organisation and management of
collaborators and resources offer real challenges in terms of member selections, member

verification and validation and Service Level agreement (SLA). [43] Identifies a number of
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requirements that a typical VO should fulfil, for example a VO can have members that are
participants of other VOs, resource could be shared between different VOs and in a given
VO the same member can have different roles. Within this context, developing a member
selection, a member verification and validation mechanism and an SLA mechanism for

healthcare virtual collaboration present real challenges.

4- Developing concepts and frameworks for healthcare virtual collaboration requires
proper evaluations to ensure that the developed concepts are sound and usable which is

a research challenge.

From the challenges described, a number of research questions (RQ) are deduced to be

answered in this thesis as follows:

RQ1: How to classify the main stakeholders and services in virtual collaboration for
healthcare?

RQ2: How to model and describe service provision in virtual collaboration for healthcare?
RQ3: How to manage and organise virtual collaboration for healthcare?
RQ4: How to select, verify and validate participants for healthcare virtual collaboration?

RQ5: How to regulate virtual collaboration for healthcare?

1.4 Research Aims and Objectives

The General vision of this thesis is to initiate a new approach in healthcare provision based
on VBE and VO concepts where there are many VBEs on global level competing to form
VOs to provide real-time care. Figure 1.1 provides a diagrammatic view of the research
vision in which the oval shape represents the world and the Healthcare Virtual Breeding
Environment (HC-VBE) depicted as squares represent healthcare VBEs around the world.
The square with more details in the middle represent the possible content of each HC-
VBE which can create many Healthcare Virtual Organisation (HC-VO). A HC-VO is created
for a specific purpose with the aim to achieve four goals (reduce cost, raise quality,
increase availability and provide timely service) which are placed on the four corners of

the diagram.
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To realise the vision, the aim is to develop a modelling framework specific to healthcare,
to help system developers model healthcare virtual collaboration scenarios more
effectively. And based on the modelling framework, develop a virtual collaboration

framework to guide the understanding and development of virtual healthcare systems.
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Figure 1.1: The healthcare virtual collaboration vision of the thesis which shows a number of
rectangles representing VBEs with a possible content of a given VBE shown in the middle

1.4.1 Research Objectives

To achieve the aims and answer the research questions, Figure 2 shows the objectives

and sub-objects of the thesis which are:

1- Develop and evaluate a generic modelling framework for healthcare virtual

collaborations based on VBE and VO concepts that includes:

A- A service and participant classification mechanism to enable the classification of
roles and services of healthcare virtual collaboration scenarios.
B- A domain specific modelling language to model participants and services in
healthcare virtual collaboration scenarios.
C- An orchestration description language to describe service orchestration in
healthcare virtual collaboration scenarios.
2- Develop and evaluate a virtual collaboration framework for healthcare, based on the

concepts and models developed in objective one that includes:
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A- A conceptual architecture that outlines the main components and working steps
for healthcare virtual collaborations.

B- A member selection mechanism for healthcare virtual collaborations.

C- A member verification and validation framework for healthcare virtual
collaborations.

D- A set of SLA templates to frame contracts between participants of healthcare

sed on

virtual collaborations.

1. HC-VBE Modelling 2.HC-VBE Framework

Framework

- ~ A-Conceptual HC-VBE

A-Service and architecture
Participant Classification e
Mechanism - B-SLA Templates
B-Domain Specific < C-Member Verification
Modelling Language - and Validation

Mechanism

C-Servi.ce_Orchestration - . D-Member Selection
Description Language Mechanism

Figure 1.2: Research objectives, objective 2 is developed based on objective 1

1.5 Target Groups

The target groups of this research are healthcare stakeholders and system developers.
Healthcare stakeholders can use the modelling framework (HC-VBE-M-F) described in
Chapter 5 to visualise and plan ahead for possible virtual collaboration without technical
expertise. The modelling framework is simple and text based which requires minimal
effort to learn and use. Developers can use the modelling framework to model VBE and
VO based healthcare virtual collaboration systems in terms of roles and use cases, and
use the service orchestration mechanism to describe service provision coordination.
System Developers can also use the HC-VBE-F described in Chapter 6 as an architectural

base and a guide for healthcare virtual collaboration system developments.
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1.6 Thesis Contributions

The contributions of this thesis are to frameworks for healthcare virtual collaboration
which are both evaluated empirically. The first framework is a modelling framework
which is called Healthcare Virtual Collaboration Modelling Framework (HC-VBE-M-F).

Three specific contributions make up the overall contributions of the modelling

framework which are listed below. Technology Acceptance Model (TAM) is extended with

one new construct (Perceived Ability to Model) to evaluate the acceptance of system
developers of the HC-VBE-M-F which is implemented as a Java application. The new
construct has been validated by system developers as an acceptance factor for modelling
languages. This is also a contribution that extends the applicability of TAM in examining
users’ acceptance of new modelling technologies. The extension is explained in Section

4.3.2 and validated in Section 5.5.

A. A unique conceptual Service and Participant Classification Mechanism (SPCM) for VBE
and VO based healthcare virtual collaboration is developed as a result of addressing
RQ1. The SPCM is a high-level classification of the main roles and services developed
with the aim to simplify and help understanding the healthcare sector. On VBE level,
the SPCM classifies roles (Human and non-human) into Organisers who participant in
organising a VBE to provide healthcare virtually and Support which represents roles
of information and communication support systems that facilitate virtual
collaboration in healthcare VBEs. As for the service, all healthcare VBE management
tasks are classed as Task which represent the use cases required for managing a
healthcare VBE. On VO level, the SPCM classifies roles into Provider who represent all
healthcare providers that participants in healthcare virtual collaboration and
Requester which represents all who request healthcare virtual collaboration services
such as patients. As for service, on VO level, the SPCM represents all types of
healthcare virtual collaboration services as Service. The SPCM is described in Section
5.2.

B. A domain specific modelling language (DSML) to model the structural aspect of VBE
and VO based healthcare virtual collaborations is developed to address the modelling

part of RQ2. The DSML provides modelling notations to model the participants and
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services classified based on the SPCM. The DSML is extended from UML use case
diagram notations using the UML profiling notation extension mechanism. The DSML
provides five new graphical notations to model HC-VBE participants (Organiser,
Requester, Provider and Support) which are all extensions of the UML actor notation
modelled as a stickman. To model HC-VBE services (Task and Service), the DSML
provides two new graphical notations which are extensions of UML use case notation
modelled as an oval shape. The DSML provide a new relationship notation to model
automatic relationship which is an extension of the UML relationship modelled as a
straight line. The DSML is described in Section 5.3.

C. A unique Service Orchestration Description Language (SODL) for VBE and VO based
healthcare virtual collaborations is developed as a result of addressing the service
description part of RQ2. The SODL is comprised of two components; the first
component is a mechanism that captures scope, attributes and process aspects of an
orchestration. The second component is a textual description language developed for
describing the sequence of actions during a service orchestration. The language has a
specific and defined structure as well as a sentence grammar to ensure consistencies

in all service orchestration descriptions. The SODL is described in Section 5.4.

The second contribution is a healthcare Virtual Collaboration framework (HC-VBE-F),
developed based on the concepts and models outlined in the modelling framework
described in Chapter 5, to address RQ3. The framework is described on conceptual,
component and process levels which can be used by system developers as a guide to
develop healthcare virtual collaboration systems. The framework contributes towards
realising the implementation of VBE and VO concepts for healthcare. On conceptual level,
the framework describes how HC-VBEs and HC-VOs can be formed and managed for
healthcare virtual collaboration. The conceptual description is provided in Section 6.2.1.
On component level, the HC-VBE-F specifies all the main components required for
creation, operation and dissolution of HC-VBEs and HC-VOs. Each component is described
and their main functions are outlined in Section 6.2.2. On process level, a detail step by
step process is provided to show how the framework works, more details can be found in

Section 6.2.3.

26



TAM is extended with four new constructs (Perceived Healthcare Globalisation, Perceived

Healthcare Availability, Perceived Healthcare Quality and Perceived Clinical Effectiveness)

to create two new TAMs (HC-VBE-TAM-Requester and HC-VBE-TAM-Provider). The new

TAMs are used to evaluate healthcare providers and requesters acceptance of the HC-

VBE-F which is implemented as a mobile application. The extensions contribute towards

further validation of TAM in predicting the acceptance of new healthcare technologies.

The extensions are detailed in Section 4.3.2. The collaboration framework is enhanced

with three new mechanisms that are developed to address member selection, service

level agreement and provider verification and validation challenges in healthcare virtual

collaboration. The mechanisms are:

A. A conceptual Member Selection Mechanism (HC-VBE-MSM) for HC-VBE and HC-VO

C.

collaboration is developed as a result of addressing RQ4. The mechanism proposes to
select members based on tasks which is different from reputation-based and
predefined criterion-based mechanisms proposed by researchers in the field. The HC-
VBE-MSM provides a seven steps guide to select the right member for HC-VOs. The
mechanism contributes towards addressing the challenge of member selection for
healthcare virtual collaboration. It is described in Section 6.3 in detail.

A Healthcare Provider Verification and Validation Mechanism (HC-VBE-PVVM) is
developed for HC-VBE and HC-VO collaboration as a result of addressing the
verification and validation part of RQ4. The HC-VBE-PVVM is a conceptual mechanism
which utilises blockchain technology to verify and validate healthcare providers who
offer to provide a virtual healthcare service. Unlike similar blockchain-based
mechanisms proposed in literature, the mechanism provides a seven steps process
which can be used as an implementation guide for the mechanism. The mechanism
contributes towards addressing the challenge of user verification and validation in
virtual healthcare. It is described in Section 6.4.

Two SLA templates have been developed to regulate and formalise contracts between
HC-VBE and HC-VO participants as a result of addressing RQ5. The first template is a
Master SLA template which works as an umbrella for all the SLAs approved between

participants of a particular HC-VO. The second template is developed to regulate the
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terms and conditions of a healthcare service between two virtually collaborating
participants. The templates are similar to the ones suggested in literature in terms of
purpose and structure, but different in details and content presentation. They are
text-based, simple to understand and contains the necessary clauses that depict a
formal contract. The templates contribute towards the formalisation, standardisation
and regulation of healthcare services provided in a given HC-VO. The templates are

described in Section 6.5.

1.7 Thesis Structure
The thesis consists of seven chapters as follows:

Chapter 1: Introduces the research topic, motivations, challenges, aims and objectives
and the main contributions of the thesis. At the end, a summary of the chapter is
provided. The chapter consists of eight sections which are 1.1 Research Introduction, 1.2
Research Motivations, 1.3 Research Challenges and Questions, 1.4 Research Aims and
Objectives, 1.5 Target Audience, 1.6 Thesis Contributions, 1.6 Thesis Structure and 1.8

Chapter 1 Summary.

Chapter 2: Provides the scientific background for the VBE and VO theories as well as
technologies (e.g. blockchain) used in developing the modelling and collaboration
frameworks in Chapters 5 and 6. A brief background of Technology Acceptance Model
(TAM) is also provided which is used as a theoretical evaluation framework to evaluate
the two frameworks developed. At the end, a summary of the chapter is provided. The
chapter consist of eleven sections which are 2.1 Collaboration, 2.2 Virtual Collaboration,
2.3 Virtual Community, 2.4 Healthcare Virtual Community, 2.5 Virtual Breeding
Environments and Virtual Organisation, 2.6 Modelling Virtual Collaboration, 2.7 Service
Level Agreement, 2.8 Blockchain Technology, 2.9 Technology Acceptance Model, 2.10

Structural Equation Modelling and 2.11 Chapter 2 Summary.

Chapter 3: This chapter provides a brief review of related literatures and identify the gaps
that this research is aiming to address. The chapter touches upon the state of the art in

healthcare virtual collaboration modelling, healthcare virtual collaboration frameworks
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and healthcare SLA creation and management mechanisms. As a justification for choosing
to use TAM as theoretical base for evaluation, a review of a number of related researches
are provided. Finally, a summary of the chapter is provided at the end. The chapter
consists of seven sections which are 3.1 Virtual Collaboration Models, 3.2 Virtual
Collaboration Frameworks for Healthcare, 3.3 SLA Creation and Management, 3.4 Partner
Selection Mechanism, 3.5 Service Orchestration, 3.6 TAM for Healthcare Applications and

3.7 Chapter 3 Summary.

Chapter 4: Describes the research design and methodology which are used to achieve the
aims and objectives of the research. The chapter starts by explaining the main steps taken
to conduct the research and end up with zooming into each step to provide fine details
about how the step is executed. The chapter also provide implementation details of the
frameworks. At the end, a summary of the chapter is provided. The chapter consists of
four Sections which are 4.1 Research Methodology, 4.2 Research Design, 4.3 Evaluation

Strategy and Methods and 4.4 Chapter 4 Summary.

Chapter 5: The chapter presents the HC-VBE-M-F as well as the framework evaluation
results and discussions. The components of the modelling framework which consist of a
service and participant classification mechanism, a domain specific modelling language
and a service orchestration description language are described. The framework is
demonstrated through developing simple healthcare virtual collaboration scenarios and
modelling them using the framework components. Attheend,a summary of the
chapter is provided. The chapter consist of seven sections which are 5.1 Healthcare Virtual
Collaboration Modelling Framework, 5.2 Service and Participant Classification
Mechanism, 5.3 HC-VBE Domain Specific Modelling Language, 5.4 Service Orchestration
Description Language, 5.5 HC-VBE-M-F Evaluation Results, 5.6 HC-VBE-M-F Discussions

and 5.7 Chapter 5 Summary.

Chapter 6. The chapter presents the HC-VBE-F. The framework is described on
conceptual, component and process levels. As part of the framework, a member selection
mechanism for healthcare virtual collaboration is presented which provides a step by step
guide as to how potential virtual collaboration members can be selected. The chapter

also, provides a detail description of a healthcare virtual collaboration provider
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verification and validation mechanism. The final part of the framework is the description
and explanation of two SLA templates that can be used to regulate and formalise
contracts between healthcare virtual collaborators. The evaluation results of a mobile
application prototype developed based on the HC-VBE-F are presented and discussed and
a summary of the chapter is provided at the end. The chapter consists of eight sections
which are 6.1 Healthcare Virtual Collaboration Framework, 6.2 The HC-VBE Framework
Description, 6.3 HC-VBE Member Selection Mechanism, 6.4 HC-VBE Provider Verification
and Validation Mechanism, 6.5 HC-VBE Service Level Agreement Templates, 6.6 HC-VBE-

F Evaluation Results, 6.7 HC-VBE-F Discussions and 6.8 Chapter 6 Summary.

Chapter 7. The research is concluded in this chapter and a list of key achievements are
presented. A number of future research ideas are introduced and a list of publications
and future publication plans are provided at the end. The chapter consists of four sections
which are 7.1 Conclusion, 7.2 Research Achievements, 7.3 Published and Planned

Publications and Future Works. Figure 1.3 shows the structure of the thesis in detail.
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1.8 Chapter 1 Summary

This chapter introduced the research topic, the motivation and challenges for the

research. The content of the chapter is summarised in the following points:

1-

Healthcare is a complex multi-dimensional service where many stakeholders such as
medical professionals, governmental agencies and organizations have to collaborate
to organise, manage and provide. The demand for healthcare services is rising due to
the rise in population numbers and population aging, the rise in demand has led to
increase in cost and waiting time for patients.

The current centralised model of healthcare provision cannot cope with the rising
demand for healthcare; therefore, a new decentralised model is required to facilitate
collaboration and resource sharing across time and space in order to make healthcare
more efficient.

Virtual collaboration where participants can come together regardless of whereabout
they are, to collaborate and share resources to achieve a common goal, has the
potential to facilitate a new model of healthcare provision.

The organisation and management aspect of virtual collaboration present challenges
such as how to model healthcare virtual collaboration, how to recruit members for a
given virtual collaboration and how to regulate the rights and responsibilities of each
participant.

The aim of this thesis is to develop two frameworks for modelling, organising and
managing healthcare virtual collaboration.

To develop the frameworks, the concepts of Virtual Breeding Environment (VBE) and
Virtual Organisation (VO) are used as theoretical bases.

To evaluate the developed frameworks, Technology Acceptance Model (TAM) is used
as a theoretical evaluation framework, survey questionnaire is used as a data
collection instrument and Structural Equation Modelling (SEM) is used as a statistical
calculation technique in AMOS software.

The contribution of this thesis is the development of two frameworks; the first
framework is a modelling framework that consists of a service and participant
classification mechanism, a domain specific modelling language and a service
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orchestration language. The second framework is developed based on the first
framework to address organisational and managerial challenges of healthcare virtual

collaboration.

In Chapter 2, a brief background of the concepts and technologies used in this thesis is

provided.
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Chapter 2 : Background

This chapter provides background information about the concepts and technologies used
in the research to formulate frameworks for modelling and facilitating virtual
collaboration for healthcare. The chapter contains nine sections, Section 2.1 provides
background on collaboration, and Section 2.2 introduces virtual collaboration. In Section
2.3, the concept of virtual community is introduced. In Section 2.4, background about
healthcare virtual community is provided. Section 2.5 explains VBE and VO concepts.
Section 2.6 explains the importance of modelling in virtual collaboration. Section 2.7
introduces SLA and Section 2.8 introduces blockchain technology. Technology Acceptance
Model as a theoretical base for evaluation is introduced in Section 2.9 and Structural
Equation Modelling as an empirical evaluation technique is introduced in Section 2.10.

Finally, a summary of the chapter is provided in Section 2.11.

2.1 Collaboration

The term “collaboration” is frequently used to convey the joint actions between two or
more parties towards achieving a common goal [44]. In a typical collaboration, all
collaborating parties share responsibilities in accomplishing a task and get a joint credit
for the outcome [45]. Working together and helping each other have always been part of
human life from the days when joint efforts were needed to hunt to today’s data driven
world. Today, human with human, human with machine and machine with machine

collaborations are the norm.

The human demand for a better life has led to a busier life style where the amount of
time that people have for a face to face and direct collaboration has been reduced. In the
absence of direct collaboration, a virtual one can serve as the alternative. It is for this
reason that the concept is widely researched for possible facilitation in providing
important services such as education and health [46] [47]. Virtual collaboration is a

complex and multi-dimensional process that requires integration of various approaches,
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techniques and technologies to realise it. Hereafter, a brief background of the concepts
and technologies that serve the base for the healthcare virtual collaboration frameworks

developed in the thesis is provided.

2.2 Virtual Collaboration

Advances in the internet and telecommunications have transformed the traditional face
to face collaboration; and have introduced a new type known as Virtual Collaboration (VC)
where collaborating parties share resources and work together [48][49]. In VC,
collaborating parties use modern technologies to connect with each other and share
resources. According to [50], telecommunication, databases and multimedia are the
three main technologies used in VC, where collectively, they provide means to create
collaboration platforms such as websites, blogs, and discussion boards. Figure 2.1 shows
a wholistic view of virtual collaboration where information and communication
technology (ICT) brings Humans and machines together to create three VC settings
(Human-Human, Human-Machine and Machine-Machine) regardless of geographical

borders.

Figure 2.1: Virtual collaboration settings between human and machine participants

In Human-Human VC, ICT provides means such as telecommunications to connect two
humans together, through which, they can collaborate and exchange information. In
Human-Machine VC, humans and machines can communicate and collaborate with each

other using specially designed interfaces that works as a translator between them. In
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Machine-Machine VC, machines exchange electronic signals that can be interpreted to
meaningful commands on both sides. The aim in all VC settings is to complete a common

task.

VCis flexible and allow collaboration to happen when and where needed [51]. The flexible
nature of VC has helped in reducing cost and improving quality in specialised fields such
as manufacturing since collaborators can share information in real-time without the need
for them to be at the same location [52]. Researches such as [53] claim that “collaboration
in virtual settings are occurring on a regular and increasing basis” and according to [54],
healthcare collaboration in virtual settings is going to increase due to globalisation and
the rising demand for healthcare. This is because, in healthcare, complex considerations
are required in diagnosing and treating a given case which imposes the need for

collaboration between different healthcare specialists.

VC has also been considered for improving service quality by companies and
organisations; for example, customers of Dell computers collaborate virtually with the
company to request a specific computer by selecting the components that make up the
computer [38]. In order for the services provided through VC to become reliable it
requires a persistent environment with advanced ICT at its heart [55]. Technology
dependency is one of disadvantages of virtual collaboration, which means, if the

technology needed is not available collaboration cannot take place.

2.3 Virtual Community

Virtual Community (VCom) is the product of virtual collaboration, in which, a group of
geographically spread individuals get together similar to the real world community to
share ideas and exchange services facilitated by ICT [56][57]. The authors of [58] describe
VCom as a community of agents (agents can be individual, organisation or machines)
collaborating using ICT with the aim to provide services to each other. Howard Rheingold
define VCom as “social aggregations that emerge from the Net when enough people carry
on those public discussions long enough, with sufficient human feeling, to form webs of

personal relationships in cyberspace’ [59].
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According to [60], shared goals such as solving a particular problem, collaborative
participation, shared resource and shared social values such as being supportive are some
of the attributes that virtual communities possess. Amazon, eBay and Gumtree are
examples of such community. The communities are business oriented where members of
the community buy, sell and advertise goods virtually. Health care virtual community is
considered as one of target users of the virtual collaboration frameworks developed in
this thesis. Figure 2.2 visualises three virtual communities C1, C2 and C3 in a virtual
environment. Each community is created by a number of entities modelled as network of
different sizes of circles that represents individuals and organisations. Each community is
created for a specific purpose based on specific shared goals and values. The communities
can also collaborate and share resources between each other (resource sharing is

indicated by the blue three-way headed arrow) based on shared goals and values.
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Figure 2.2: Virtual communities in a virtual environment

2.4 Healthcare Virtual Community

Healthcare virtual community (HVCom) is composed of patients, doctors, healthcare
educators, providers and organisations collaborating and sharing health related
information online [61] [62]. HVCom is becoming increasingly important as the number
of people searching online for healthcare information is on the rise. Rentrop and Straton
Marketing Research Company carried out an investigation in Romania and found 81.9%

of 1300 survey responses received, went online in search of health information [35]. In a
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similar research, which was carried out in the early years of virtual community
emergence, the authors of [63] found that, up to the time of their research, 33 million
Americans have searched for health related information online. Individuals who search
online for health information are referred to as e-patients. HVCom is known to “
empower patients with knowledge, facilitate health information dissemination, and

provide social and psychological support” [40].

HVCom can facilitate the provision of some forms of healthcare such as consultation to
patients even when the patients and care providers are at two different locations [64]
[65]. Different types of HVComs exist and they can be formed between patients to share
stories and obtain psychological support from each other which is known as Patient-
Centred community, or, they can be formed between healthcare professionals to share
ideas which is known as Professional-Centred community [20]. Communication in HVCom
communities is normally asynchronous which is not suitable for real-time communication
and collaboration. VO is a form of virtual community formed on a short-term base which
is considered more suitable for the dynamic nature of healthcare as claimed by [66]. The
reason is, members commit for a short period to provide a service in a VO and after the
set goal is achieved, they are free to join other VOs. The flexible and temporary nature of
VO is one of the determining factors considered in choosing it as a theoretical base for

the purpose of concept development in this thesis.

2.5 Virtual Breeding Environment and Virtual Organization

Virtual collaboration comes with challenges such as regulation and organization to ensure
that the collaborating parties meet their obligations. Collaboration is taking place
between a number of collaborators to achieve a common goal; each collaborator is
required to contribute to the process according to their level of obligations, however, this
offer challenges in terms of defining the level of obligations and enforcing it. Researchers
have been developing VBE and VO concepts to address the challenges

[55][56][67][68][31][32].
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VBEs are created by individuals, organisations and other relevant parties using ICT to
provide a long-term environment for virtual collaboration. The main job of the
environment is to recruit and connect collaborators and facilitate the process of resource
sharing between them under some enforceable rules and regulations [69]. A possible
collaborator recruitment method from a universal pool is suggested by authors in [70].
Theses environments can serve different collaboration purposes, for example, Virtual
Research Environment (VRE) developed to help researchers connect and Open Science
Grid (OSG) developed to facilitate scientific resource sharing [29][30]. Initiation,
operation and dissolutions are the three main life-cycle stages of a VBE as described by
authors in [27]. VBE is capable of overseeing the process of creation, operation and
dissolutions of a number of parallel and temporary collaboration ensembles known as

VOs.

VO is an independent container for a number of collaborating parties that wish to
collaborate and share resources to achieve a goal, after which, it is dissolved and the
collaborators are free to form or join a new VO. VO is defined by [33] as “A loosely bound
consortium of organisations that together address a specific demand that none of them
can (at the given time) address alone and once the demand has been satisfied the VO
might disband”. For the world of business, the authors of [71] define VO as a “temporary
network of independent companies, suppliers, customers, and even rivals - linked by

information technology to share skills, costs, and access to one another’s markets”.

Virtual collaboration presents many organisational and management challenges which
researchers aim to tackle using the facilities offered by VBE and VO concepts. The
concepts are believed to create a common organised virtual space where collaborators
can share resources and work together [72]. To understand the management aspect of
VBE and VO, the authors of [28] have developed a framework that models the structural
and behavioural aspects of the concepts. The concepts are general and requires a
different organisational and managerial approach in different sectors. For instance, a
framework to manage VBE and VO in the business sectors is proposed by [27] which aims
to describe roles and services and the authors clearly sate that the framework is not

suitable for the healthcare sector.
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In this thesis, a virtual collaboration framework specific to healthcare is developed with
the aim to fill in the gap. Healthcare management and provision requires a dynamic
mechanism that can adjust to different needs and circumstances, the idea that VO can be
formed on goal bases with no long-term commitments from its collaborating members

makes it appealing to healthcare.

The life cycle of a VO is similar to that of VBE according to [69] and [73], but with much
shorter life-time for each stage. Figure 2.3 is a lifecycle diagram for VBE and VO. In the
initiation stage of VBE, parties who are willing to commit to long-term base collaborations
and resource sharing are recruited along with required resources (indicated by the arrows
pointing to the VBE initiation stage) to provide the operational support needed for the
life spam of the VBE. In the operation stage, VBEs accept requests based on which VOs
are created (oval shapes inside the VBE operation indicate VO life-cycle stages). The main
task of a VBE is to recruit collaborators and provide required resources to initiate the
requested VO and oversee the operation and dissolution of the VO. Finally, the VBE is
dissolved when its service is no longer needed in which case collaborators and resources

are freed to be reused.
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Figure 2.3: VBE and VO life-cycle showing the three stages (initiation, operation and dissolution)
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2.6 Modelling Virtual Collaboration

To convey information, diagrams play an important role [74], they are created by human,
for human, to offer conceptual solutions to problems using geometric and symbolic
representation [75]. Diagrams are seen much like a natural language that use words and
grammar of the language to form a meaningful sentence [76], since a diagrammatic or
visual sentence is also made up of visual notations and grammars [77]. The structure of
VBE and VO is important to be described as stated by [78] and to do so, there is a need
for a formal modelling language. According to [79] modelling languages can be classified

into two groups, general purpose and domain specific.

Due to advancement in technological solutions and the attempt to tackle ever more
complex scenarios, domain specific modelling has gained importance recently
[80][81][82]. Because of the diversity and complexity of virtual organisation structures,
developing an inclusive model usable for VBEs and VOs in all sectors requires an intensive
research. Therefore, developing a domain specific modelling language (DSML) can be
more achievable for the obvious reason that every sector is different and requires

different configurations in their design.

According to [83], DSML consists of a set of abstraction and notations that can be
understood by experts in the field to which the DSML is created for. This means that the
notations of DSML is more specific compared to general modelling languages such as
UML. DSML provide solutions by “raising the level of abstraction” and the final products
are generated from them. [84] Argues that diagrams created using DSML are formal
descriptions of the domain and they are suitable for formal documentation. With this in
mind, a DSML for VBE and VO based healthcare virtual collaboration is developed later in

section 5.3.

2.7 Service Level Agreement

In virtual environments, SLA is a widely accepted mechanism to regulate collaborations
and resource sharing. SLA is simply a contract that regulates service providers, receivers

and expected service attributes. It also outlines the responsibilities of each party,
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expected rewards in case of full service delivery and expected penalties in case of contract
violations [85]. SLA is defined by [86] as “a contract that defines the level of services a
service provider promises to a service consumer”. Formation, deployment, enforcement
and termination are the life cycle stages of SLA [87]. [86] Identifies the main components
of SLA as (1) expected service description, (2) the reliability level of the service, the
monitoring and service reporting, (3) the service conditions. SLA is normally created based
on a predefined template which is believed to speed up the process of SLA agreement
between service requesters and providers [88][89][90]. SLA isimportant in a collaborative
environment especially when collaborating parties expect services from each other. It
provides a framework for working where the interest of all parties is protected and
formalised. SLA in conceptual models can increase the level of understanding and service
development according to [91]. In this thesis two SLA templates have been developed for
healthcare virtual collaboration and their structure and content are presented in the

Section.

2.8 Blockchain technology

In this research, blockchain technology is considered as a base to develop a mechanism
for healthcare provider validation and verification in Section 6.4. Nakamoto in 2008
proposed the concept of Bitcoin [92], which removes the third-party authentication
mechanism during transactions made online. Instead, authentication happens in a peer-
to-peer network where all peers in the network hold a copy of the same information
(Hash value in the Bitcoin context). In blockchain, transactions are recorded between
peers in a network using cryptography and store the records in a digital ledger which is
called a block. To verify and validate the content of blocks, each block is linked to the
other and, during the verification and validation process the content of all blocks should
match. Figure 2.4 shows the composition of blocks as block header, hash of previous block

header and Merkle root.
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Figure 2.4: Blocks linked in a chain showing the concept of Blockchain technology

A unique hash value of the previous block is stored in each block in a chain, in case of
requests to change a block all the hash values are compared, for the change to be
recorded successfully, they all have to match. Any unconfirmed alteration to a block will
render the block invalid as changes to the content of a block will alter the unique hash
value which will not match with the hash values stored in other blocks. This mechanism
safeguards the validity of the information contained in a block. Data security is an
important requirement in healthcare systems, in blockchain, to ensure data security
within a block, public key cryptography is used. This is where the information in a block is
encrypted using a publicly available key, but to decrypted back to its original information,
a private key which is held by the block owner is required [93]. This process verifies the

identity of the block owner.

Permissionless and permissioned are the two main types of blockchain, the former
allows free requests to change a block by the owner and in the later, requests to change
a block is controlled by a central authority that requires the requester to provide identity
verification credentials such as user name and password [94]. For the purpose of this
research permissioned blockchain is chosen to be used later in the development of the

healthcare provider verification and validation mechanism.
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2.9 Technology Acceptance Model

The authors of [95] claim that most researches in the field of healthcare informatics have
focused on technical aspects of developing and implementing healthcare systems and not
enough attentions have been paid to the acceptability of such systems among prospective
users. The acceptability level has been used as indicators by system developers to decide
whether to continue developing a system or not [96][97][98]. Theory of reasoned action
(TRA) and theory of planned behaviour (TPB) [99] are both used in the development of
Technology Acceptance Model (TAM) [34].

The TAM pictured in Figure 2.5 was published by Davis in 1989 after a small refinement
from the original one he developed in his PhD thesis in 1985 [100]. The TAM proposed by
Davis consists of four constructs which are perceived ease of use, perceived usefulness,
attitude towards using, and intention to use. Each construct tests an aspect of technology

acceptance by prospective users of the technology in question.

Perceived H,b
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Figure 2.5: Original Technology Acceptance Model developed by Davis in 1989

Davis describes Perceived Usefulness (PU) as “the degree to which an individual believes
that using a particular system would enhance his or her job performance” and perceived
ease of use (PEU) is described as “the degree to which an individual believes that using a
particular system would be free of physical and mental effort” [34]. Attitude towards

Using (AU) is described as” individuals positive or negative feeling about performing the
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target behaviour (e.g. using a system) “ and Intention to Use (IU) is described as “ the
degree to which an individual has formulated a conscious plan to perform or not perform

some specific future behaviour” [101] [102].

The lines connecting the four constructs represent causal hypothesis used test the causal
effect of the constructs on each other. Hypothesis is described as “A proposition to be put
to test to determine its validity” [103]. Formulating and testing hypothesis has served as
one of the fundamental pillars of research and it is popular among researchers. To
evaluate the frameworks developed for healthcare virtual collaboration in this thesis,
TAM is used as a theoretical base to develop evaluation models which includes extending
the original TAM model with new constructs and formulating new hypotheses. TAM
extensions are described in Section 4.3.2. [104] States that TAM has been successful in
providing “general explanation of the determinants of computer acceptance and explains

computer usage behaviour in a wide range of computer user domains”.

According to [105], hypothesis “can be formulated based on previous research and
observation”, previously tested TAM hypotheses found in literatures such as
[106],[107],[108] and [109] and the original TAM hypotheses were used as a base to
formulate hypotheses for this research. The aim was to find out users’ intention to use
the developed healthcare virtual collaboration modelling framework implemented as
Java Application and the virtual collaboration framework implemented as a mobile
application. The hypotheses adopted and later modified from the original TAM published

by Davis are the followings:

Hia: “Perceived ease of use will have a significant effect on perceived usefulness”.
Hib: “Perceived ease of use will have a significant effect on attitude towards using”.
H.a: “Perceived usefulness will have a significant effect on attitude towards using”.
Hab: “Perceived usefulness will have a significant effect on intention to use”.

Hs: “Attitude towards using will have a significant effect on intention to use”.

44




2.10 Structural Equation Modelling

To statistically analyse data obtained empirically during this research, Structural Equation
Modelling (SEM) is used [110][111]. According to [112], SEM is the most frequently
deployed method in analysing data collected from survey questionnaires. The technique
utilises path analysis and regression testing to test the extend of relationships between
surveyed items [110]. One of the attractive aspects of SEM is the graphical representation
of measured and unmeasured constructs and the relationships between them, which has
made it popular among researchers who prefer visual models over mathematical

formulas. Table 2.1 shows the main graphical notations of SEM.

[110] States that SEM is more flexible than traditional statistical approach since it works
based on a defined model, takes into account errors in variables and it is a multivariate
estimation technique. Table 2.2 is a brief comparison between SEM and traditional
statistical approach. In this research, TAM is modelled using the modelling symbols of
SEM in AMOS to compute statistical values that can be interpreted for user acceptance
testing purpose. Each construct in TAM is modelled as an oval (latent variable). To
measure the latent variables, a number of questions are developed in a questionnaire,
each question is represented as a rectangle (measured variable) in SEM. The symbols are
linked using the causal effect (single headed arrow) and the circles of SEM are used to

represent possible error values in the collected data.

Table 2.1: Structural Equation Model Notations

No. Name Symbol Explanation

1 Measured A rectangle represents a variable that
Variable can be measured directly.

2 An Oval represents unmeasurable latent

. variables which requires a number of
Latent Variable
measured variables to measure it.
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No. Name Symbol Explanation

3 Represents possible errors in a dataset of

O a variable.

4 Represents the causal effect between

Error variable

variables in a path diagram.
Causal effect —_—

(Direct effect)

5 Represents covariance relationship

. ‘\/‘ between variables.
Covariance (none-

directional path)

Table 2.2: A comparison between Structural Equation Model and Traditional Statistical Method
summarised from [146].

Structural Equation Modelling Traditional Statistical Method
e Multivariate (measured and latent e Single-variate (measured variable
variables). only).
e Appropriate for testing a number e Appropriate for testing a single
of interlinked hypothesis in a wide hypothesis.

range of areas such as economy,

health, family, self-efficacy.

e A formal model is required to be e The default model is estimated
estimated and tested. and tested.

e A number of statistical estimation e One estimation equation is solved
equations are solved in parallel. at a time.

e Takes errors into account. e Does not take errors into account.
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Structural Equation Modelling Traditional Statistical Method

e Model fit test is based on multiple e Model fit is based on a single
tests. straightforward test.

e To estimate a latent variable e Latent variables cannot be
multiple measure are required. estimated.

e Relationship between variables e No graphical modelling is
can be represented in a graphical available.
model.

2.11 Chapter 2 Summary

This chapter provided a brief background of the concepts and technologies used to

develop the healthcare virtual collaboration modelling and collaboration frameworks.

The content of the chapter is summarised in the following points:

1-

Virtual collaboration is where a number of parties come together to share resources
and work on a common goal without meeting face to face. Virtual collaboration is
facilitated by modern information and communication technologies such as the
internet and telecommunication.

Virtual Breeding Environment is described as a permanent setting that is created by a
number of collaborating parties with the aim to facilitate the management and
creation of short-lived and goal-based virtual collaboration known as Virtual
Organisation. The two concepts have been used as a theoretical base two develop the
modelling and collaboration framework in this thesis.

Modelling is a method to simplify complex settings, the technique is used in many
fields of science such as engineering and manufacturing. To facilitate the design of a
healthcare virtual collaboration system, a domain specific modelling framework is

considered necessary by researchers.
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4-

Service Level Agreement is a widely accepted mechanism to regulate the terms and
conditions of a collaboration where the rights and responsibilities of each party is
stipulated. The creation, deployment, enforcement and termination are considered
the life cycle stages of SLA. In this thesis, two SLA templates are developed to be used
for regulating the rights and responsibilities of healthcare virtual collaboration
participants.

Blockchain technology is a peer to peer network that records transactions in a block
and distribute a copy of the block to all peers in the network. The technology removes
the need for a third party to verify and validate the content of a transaction by
comparing all copies of a block held by participating peers in the network. This
technology is considered to develop a healthcare virtual collaboration provider
versification and validation mechanism in this thesis.

Technology Acceptance Model (TAM) is a widely used theoretical evaluation
framework to examine the acceptance of a new technology by users. TAM examines
the extend of the effect of usefulness and ease of use of a technology on the intention
of a user to use the technology. The original TAM model is modified by adding new
variables in order to adapt for the purpose of this thesis.

Structural Equation Modelling (SEM) is statistical data analysis technique which is
frequently used to analysed data collected from survey questionnaires. The technique
makes use of path analysis and regression testing and it is popular among researchers
who prefer to use visual models instead of mathematical formulas. In this thesis the
technique is used to analyse data collected to evaluate the two developed

frameworks.

In Chapter 3, a brief literature review is provided to present the current state of the art in

addressing virtual collaboration modelling, organising and managing for healthcare and

identify the gaps that puts the need of this research into context.
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Chapter 3 : Literature Review

This chapter reviews a number of the literatures available on developing models and
mechanisms for virtual collaboration. The chapter also presents literature reviews on the
use of TAM in evaluating healthcare systems. Section 3.1 presents some proposed
modelling approaches for virtual collaboration and Section 3.2 presents reviews of virtual
collaboration frameworks developed by researchers in the field. Section 3.3 presents a
number of available SLA creation and management mechanisms and Section 3.4 provides
some partner selection mechanisms proposed in literatures. A brief review of a number
of service orchestration mechanisms are outlined in in Section 3.5. A review of literature
on the use of TAM to test healthcare applications is provided in Section 3.6 and finally, a
summary of the chapter is provided in Section 3.7. To put frameworks developed in this
thesis into the context of current on-going research, more related work reviews will be

provided in relevant sections in Chapters 5 and 6.

3.1 Virtual Collaboration Models

Enterprise related modelling approaches have been researched for some times and some
of them are currently in use, for instances, Unified Modelling Language (UML) [75] [113],
business Processing Modelling Notation [114], Integrated Definition Methods (IDEF)
[115], Business Process Modelling Language (BPML) [116]. As for virtual collaboration, the
authors of [117] propose the Vienna Development Method and the authors of [38]
present a virtual organisation model that combines both “structure and process
components”. The federation-agent-workflow (FAW) model is suggested by [70] to model
collaborating federated agents that come together to accomplish a task. As for the
elements of virtual organisation, the authors of [38] present a model as agents, behaviour
and autonomous federation. [118] Offers a formal framework for modelling agent-based

VOs. The purpose of the framework is to describe services provided by agents in grid
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applications and they focus on creating VOs automatically using intelligent agents.
Providing explicit constructs of VOs is a feasible approach to define its structure, for this

[119] suggests APPEL language for defining the policies of the construct.

The structure of VO is difficult to define due to its dynamic nature, therefore, finding a
model capable of capturing important aspects of VO structure is a challenge [120]. To
address this challenge the authors of [33] present a Virtual Organisation Modelling
language that aims to model the structural and orchestration aspect of VO supported by
a persistent breeding environment. The language consists of two sets of notations which
are VO-S that define the structure of supported VOs and VO-R that defines the internal
reconfiguration of VOs. This modelling language is developed for business environment
and the language lacks graphical syntax; however, in developing the HC-VBE-M-F in this
thesis, their direction is adapted for healthcare virtual collaboration with added graphical

notations.

3.2 Virtual Collaboration Frameworks for Healthcare

Researchers have proposed a number of frameworks for virtual collaboration in
healthcare for different purposes. A number of such researches are outlined here to
provide a basic review of the different proposals. An image interpretation framework is
outlined in [121] to allow healthcare professionals to share images provided by a patient
with other healthcare professionals for diagnostic and treatment purpose. The authors
of [122] suggest that team-based care is becoming the norm and to support the process,
they propose a multi-agent framework where they describe a number of components
which they call agents to manage different aspects of team work collaborations in
healthcare. The framework is specific to teamwork management within a local healthcare

system and dese not outline team creation mechanism.

The authors of [123] propose a Fog technology-based framework for healthcare
collaboration which is specific to machines within a healthcare system. They call the
collaborating entities “nodes” and the communication between them is powered by

Internet of Things (loT). Another similar framework to the Fog-based framework is
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proposed by [124] based on Cloud to connect healthcare Virtual Labs together. The
framework is composed of seven components which they call agents, each managing
different aspects of the collaboration. The frameworks mentioned are rather technical

and do not consider human participants in the collaboration process.

A Smart Healthcare System Framework is proposed by [125] that uses cloud and mobile
technologies to provide care. The framework aims to utilize a mix of technologies to
enable healthcare providers to create, provide and reuse healthcare services in a virtual
independent module. The framework is yet to be implemented and tested for
acceptability which is an important stage to be passed by any new technology before its
application. The review suggests that a comprehensive healthcare virtual collaboration
framework is yet to be developed as the frameworks presented are developed to address
specific aspects of virtual collaboration. It is one the objectives of this research to develop

a general and comprehensive virtual collaboration framework for healthcare.

3.3 SLA Creation and Management

The importance of SLA as a mechanism to define and manage electronic resources in a
virtual world is increasing and it is becoming more detail intensive. For example, the
authors of [126] propose a SLA for defining Quality of Service (QoS) constrains and others
propose it for service management [127]. In a virtual collaboration setting, automatic
management of resource sharing, participant selection and goal achievement measures
are required, for this, authors in [127] propose that SLA is the way to automate. A detail
definition of roles and obligations for participants of a given VO is vital for achieving their
set goals [128]. The importance of SLA management for virtual service provision is
realised by many researchers, for instance, the authors of [136] propose SLAC
management framework aimed at managing cloud services. They focus on the formal
description of SLAs and manage the SLA once it has been agreed by all parties. A SLA
framework for providing web services is proposed by [137] for regulating the agreements
between clients and service providers. The authors of [89] propose a SLA management
framework which deals with electronic contracts for distributed multimedia contents. The

framework enables consumers to define the quality of services they require before they
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are delivered by service providers. TrustCoM proposed in [138] is an example of SLA
management framework aimed at ensuring a trustworthy SLA creation. Others propose a
logic based SLA management framework where they make use of knowledge
representation to manage SLA [139]. As for creating SLA, there are a number of available

mechanisms, Table 3.1 is a summary of a number of them.

Table 3.1: e-Contract Mechanism Examples

Years/decades Reference e- Contracting Creation Mechanisms
2000 [129] WSDL, ebXML, UBL
2003 [130] SLANg
2003 [131] WSLA
2007 [132] WS-Agreement
2007 [133] Ce-pi
2010 [134] C-Semiring
2010 [135] SLA*
2014 [136] SLAC

Not all services provided in healthcare can be provided electronically, human involvement
therefore is inevitable. [135] Claims that popular SLA mechanisms such as WSLA [140],
CC-Pi [133] and WS-Agreement suffer from flexibility and support for services that have
human involvement. All available electronic SLAs mentioned are developed for machines
to understand which can be difficult for human user to read and understand. Human and
machine readability is an attribute that a SLA for healthcare virtual collaboration should
possess to be deemed suitable. With this in mind, it is one of the objectives of this thesis

to develop SLA templates that are text-based and support human readability.

On machine level, developing a language to describe SLA is another challenge. Due to the

unique form of SLA in different domains, a generic SLA language capable of describing

52



service provision in all domains is yet to be defined. It is for this reason that researchers
in the field have defined a number of domain specific languages to express SLA. For
instance researchers in [141] and [142] have developed SLAng specific to network
services and the authors of [131] propose languages for web services. Object Constraint
Language (OCL) is used in [143] to deal with service violation. WSaAgreement [132] and
SLA* [135],are some other researches aimed at developing languages to write machine
readable SLA and each is developed for a specific domain. It is not the intension of this
research to develop a language for describing a machine-readable SLA, therefore any of

the languages mentioned can be adapted if deemed suitable in future researches.

3.4 Partner Selection Mechanism

To achieve the dynamicity required in the formation of a healthcare VO, it is important
to specify a mechanism for collaborators selection [69]. Recruiting the right partner into
a VO setting is crucial for a successful collaboration. The authors in [144] claim that there
is a gap in research on partner selection mechanism. To contribute to the body of
literature, they propose a partner selection mechanism based on formal concept analysis.
A criteria-based partner selection framework for virtual enterprise (which is similar to VO)
is proposed by [145], in which, they survey literature for proposed partner selection
criteria and filter the most important ones based on asset procedures. The framework is
specific to business enterprises and may not be suitable for healthcare VO, however the
method can be considered for possible adaption.

In a similar research, the authors of [146] propose a multi-agent model for partner
selection, in which, they use price, quality, delivery time and past performance as
selection criteria. The model uses an auction environment where potential partners can
bid to offer a service and the criteria are used to select the best offer. Auction model in
business could be a workable choice since the aim is to maximise profit, but in the context
of healthcare, quality is more important. Moreover, the researchers have not outlined a
clear mechanism for selecting partners within their model. Researchers in [70] suggest
selecting partners from a universal pool of organisations based on short term objectives

and long term objectives. The mechanism is rather ambiguous, it does not answer the
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partner selection question fully instead raises many more questions such as how do we
classify members into short term and long term based? Literatures reviewed in this
section show that there is a need for a clear partner selection mechanism that can be
followed to select the right virtual collaborators for healthcare as none of the proposed
mechanisms is healthcare specific. It is one of the sub-objectives of this thesis to develop

a clear step by step healthcare virtual collaboration partner selection mechanism.

3.5 Service Orchestration

The authors in [42] claim that coordinating resource sharing is a real problem in dynamic
and multi-participant grid collaboration; they stress the need for clear resource sharing
rules between participants. The term that is most recognised with coordination process
in virtual collaboration is “orchestration”. [147] Describes orchestration as the activity
sequences that takes place in a specific organisation, and the concept as a global
coordinator for all elements involved in a virtual collaboration, is explained in [148]. For
collaboration and orchestration mechanism, [70] proposes the use of communication
languages such as KQML [149][150], as for the member selection and collaboration
negotiation, they recommend the language outlined in [151]. The concept of
orchestration is not widely researched for healthcare virtual collaboration, there are a
few available researches such as [15] that aims to support the “dynamic creation,
management and coordination of virtual medical teams for the continuous treatment”’.
One of the sub-objectives of this research is to develop an orchestration mechanism for

healthcare virtual collaboration.

3.6 TAM for Healthcare Applications

The use of Technology Acceptance Model (TAM) is extremely popular among researchers
for testing the acceptability of newly developed ICT-based applications in healthcare
[95][152] [153].In this section, the uses of TAM in a number of available researches are
presented. A home telehealth service for people aged 50 and above was tested for
acceptability by authors in [154] using TAM in Slovenia. [155] Uses and extends TAM to
examine factors affecting users’ intention to use mobile healthcare information system in
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Jordan. A telemonitoring system was developed in Spain by the authors of [156] and to
examine the factors that influence the intention to use the system by users, they used
TAM. The acceptability of tablet computers by paediatricians was tested in [157] using an
extended TAM and users attitude towards using electronic medical record systems was
tested in a similar way in [158]. TAM has been used to study acceptability and
implementation barriers of electronic health record systems by physicians in [159]. TAM
was also used by the authors of [160] to examine nurses expected usefulness and ease of

use with regard to healthcare information systems in Jordanian hospitals.

A mHealth application for elderly patients was developed by researchers in [161] and to
research the factors affecting the intention to use the technology by target users, they
used a modified version of TAM. The authors in [95] carried out a systematic review of
the use of TAM in healthcare informatics up to the year 2017 and they found that mobile
application for healthcare is one of the main technologies evaluated for acceptability
using TAM. This survey supports the approach of this research to evaluate the developed
virtual collaboration concepts through implementing it as a mobile application and use

TAM to evaluate it.

3.7 Chapter 3 Summary

This chapter provided a brief literature review on frameworks, mechanisms and
techniques developed for different purposes of virtual collaboration in healthcare. The

following points summarise the content of the chapter:

1- Modelling virtual collaboration has been researched for business purposes and
several modelling frameworks such as Unified Modelling Language (UML) and
Business Process Modelling Language (BPML) are currently used. There is a gap in
literature on modelling virtual collaboration for healthcare. To fill in the gap, a
modelling framework for healthcare virtual collaboration is developed and evaluated
in Chapter 5.

2- Several healthcare virtual collaborations have been presented in literature such as an

Image Integration Framework for healthcare to facilitate image interpretation in a
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collaborative setting between healthcare providers. A Fog-based collaboration
framework is developed to connect medical laboratories. The frameworks are task
specific which reveals a gap in literature about a comprehensive collaboration
framework for healthcare. To fill in this gap, a healthcare virtual collaboration
framework is developed in Chapter 6.

3- There are a number of mechanisms presented in literatures for virtual collaboration.
For the creation and management of SLA mechanisms such as SLAng and SLAC are
developed, for partner selections, mechanisms such as criteria- based partner
selection mechanism is developed and for service orchestration, mechanisms such as
KQML is developed. None of the mechanisms is healthcare specific. in Chapters 5 and
6, similar mechanisms are developed specifically for healthcare virtual collaboration
as part of the modelling and collaboration frameworks.

4- Technology acceptance Model (TAM) is widely used to test the acceptance of new
healthcare technologies by prospective users. This chapter provides a brief literature
review about a number of researches that have extend and used TAM as a theoretical
evaluation framework. To evaluate the two developed frameworks in this thesis TAM

is used.

The next chapter presents the methodology and evaluation strategy of the thesis.
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Chapter 4 : Methodology

This chapter describes the research design and methodologies that are practised to
achieve the aims and objectives of the study. It starts by providing a general idea about
the research method used in this thesis in Section 4.1 and provide a comprehensive
research design in Section 4.2. In order to evaluate the frameworks developed for
healthcare virtual collaboration effectively, an evaluation strategy is outlined and
described in Section 4.3. The strategy contains the concept implementations, testing, data
collection and data analysis processes. Finally, a summary of the chapter is provided in

Section 4.4.

4.1 Research Methodology

Research is described by [105] as a “A logical and systematic search for new and useful
information on a particular topic”. Basic research leading to theoretical discoveries as well
as conceptual construction of knowledge regarding the use of virtual collaboration in
healthcare sector was the focus of this study.

The overall aim of this research is to model and develop virtual collaboration for
healthcare, and answer research questions that have been defined in Section 1.3.
Modelling healthcare virtual collaboration requires an intense understanding of the
sector in terms of healthcare stakeholders and services. To bring about the understanding
required, in-depth literature review was conducted. To investigate how virtual
collaboration can facilitate healthcare service provision, current virtual collaboration
concepts needed to be studied and adapted. To ensure that the developed collaboration
concepts are acceptable by healthcare providers and receivers, they had to be tested
empirically. In light of these research needs, a mixed methods research approach

consisting of literature reviews and survey questionnaire was performed.
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4.2 Research Design

Success of a research partly depends on the research design used to carry out the
research. Research design is defined as the overall plan to study and collect data [162].
In designing the research for this thesis a deductive research approach was adopted,
which aims to develop theoretical concepts before testing it [163]. In this research,
theoretical healthcare virtual collaboration frameworks have been developed first before
carrying out empirical evaluations. Figure 4.1 shows the overall research design used in
this study. The design consists of five major steps. In step one, the healthcare sector is
researched from literatures found on the internet, books and published papers. In step 2,
the concept of virtual collaboration is researched from literatures found on the internet,
books and published papers. In step three, a HC-VBE modelling framework is developed
which includes a service and participant classification framework, a domain specific
modelling language and a service orchestration description language. In step four, HC-
VBE collaboration framework is developed which includes a theoretical architecture, a
member selection mechanism, a member validation mechanism and SLA templates. In

step five, the developed frameworks are evaluated. The steps are described in Section

4.2.1.
eSO (®E
3 R .

Research § Member selection
- Healthcare ~

HC-VBE
Collaboration
Framework

mechanism

Visits and Sector Books
Interview
\ | R / \ Mg.:\:ndaﬁon / Frameworks
NS = : b User
/ a “ / a %}’ﬁ‘ \ Acceptance
Publis\he $Papers Orchestration mechanism E\fa|uati0n

HC-VBE
Modelling
Framework

Member and
Service
Classification

Q’ \—/
e L \ = /
\ InTeet / \'\-\.__ Modelling Icons __//

Figure 4.1: General search design used to carry out the research in this thesis

Virtual
Collaboration

v 84
» £

Current
Systems

58




4.2.1 Research Design Steps Description

This section provides a brief description of each of the five steps in the research design.
Step 1: Research healthcare Sector

To understand the structure and elements that makes up the healthcare sector in terms
of stakeholders and services available, literatures found on the internet is studied and
analysed. It was decided that a deductive method is appropriate to identify healthcare
services and stakeholders from the literatures found. To begin with, search words such as
“healthcare, health care, and health-care” were used in different databases such as
Google Scholar, Scopes and Science Direct to obtain references that could provide an

overview of the sector.

As a result, more than a 100 books and articles such as the ones cited in this thesis were
found and studied. From the result of the study, a summary chart for stakeholders and
services of healthcare was drawn which can be found in Figure 5.2. The research outcome
of this step was further processed and adapted to develop the service and participant

classification mechanism described in Section 5.2.
Step 2: Research virtual collaboration

To understand the concept, purpose, technology and use of virtual collaboration, similar
to the previous step, available literatures found in major research database on the
internet were reviewed. As a result, relevant literatures found were studied and analysed
to paint an overall picture of the current state of virtual collaboration. The main aim of
this step was to understand the feasibility, mechanism, scope and applicability of virtual

collaboration in healthcare sector.
Step 3: Develop healthcare virtual collaboration modelling framework

From the results of steps one and two, frameworks relating to modelling and applying the
concept of virtual healthcare in healthcare were developed. The first framework
developed is a generic modelling framework which can be used to model HC-VBE and HC-

VO collaboration scenarios. The framework is developed for healthcare system
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developers as target audience with the aim to provide them with a tool to classify and
model stakeholders and services for healthcare virtual collaboration. The modelling
framework is described in Chapter 5. The framework consists of a service and participant
classification mechanism described in Section 5.2, a set of modelling graphical notations
developed by extending UML use case diagram graphical notations which are described
in Section 5.3 and a service orchestration description language described in Section 5.4

that can be used to describe healthcare virtual collaboration service processes.
Step 4: Develop healthcare virtual collaboration frameworks

This is the second framework which provides a step by step VBE and VO based
collaboration initiation, management and dissolution. It is developed based on the
concepts developed in the modelling framework with the aim to facilitate healthcare
provision remotely to those in need. The collaboration framework is described in Chapter
6. The framework consists of a general conceptual collaboration framework presented in
Sections 6.1 and 6.2 which describes how a heartcare service is requested, processed and
provided in a clear step by step process, a member selection mechanism that formalises
the process of member selection for a particular healthcare service requested described
in Section 6.3, a healthcare provider validation mechanism described in Section 6.4 and
a number of general service level agreement templates that formalises contracts between

participants of a healthcare virtual collaboration described in Section 6.5.
Step 5: Framework Evaluation

There are many organizations around the world working to develop healthcare
information systems to improve the quality of care and reduce cost [164]. One of the most
common ways to ensure that a system achieves its intended aims is to perform user
acceptance evaluation. The authors of [165] claim that evaluation can aid advancing
healthcare systems through identifying the strength and weakness of a system in terms
of acceptability and intention to use by users. Healthcare system evaluation has many
dimensions such as human, organizational, clinical and technological which makes it a

challenging task that requires different approaches to address it [165].
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Healthcare information systems have an unpredictable nature, evaluation is performed
to ensure that an information system meets its intended purpose. [166] States that
“health information systems evaluation finds its roots in technology acceptance models”.
To evaluate user’ acceptance of the technologies developed in this research, TAM [108]
was chosen as a theoretical evaluation framework. The authors of [160] state that TAM is
widely used and its validity, reliability and robustness has been proven. Structural
Equation Modelling (SEM) [111] was then used as a statistical data analysis tool to
empirically show the acceptability of the virtual collaboration frameworks developed in

this study.

4.3 Evaluation Strategy and Methods

According to [167], there are three types of strategies that can be considered when it
comes to information system evaluation which are “Goal-based evaluation, Goal-free
evaluation and Criteria-based evaluation”. Goal-based evaluation is performed against a
set of goals identified prior to the system development, Goal-free evaluation is performed
without any prior goals, it is rather performed to discover the potential of a developed
system, and finally Criteria-based evaluation is performed against a number of identified

criterion that the system must adhere to in order to be deemed successful.

As for implementation strategies, “IT-system as such” and “IT-system in use” have been
identified as two different strategies to perform information system evaluation. The first
is concerned with having only evaluators of a system to collect data and carryout the
evaluation. The second is concerned with involving users of a system to collect data and
let evaluators perform the evaluation [167]. A mixture of Goal-based and IT-System in use
evaluation was performed in this thesis. Other information system evaluation approaches
such as summative, which evaluates a system at the end of development and formative,
which evaluates a system during development are suggested by [166] and [168] with the
aim to provide more guidance for evaluation. Evaluation is at the heart of research and
to ensure that the evaluation for this research is carried out in a systematic way, an

evaluation strategy was developed. The strategy consists of 8 steps that was used as a
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roadmap to ensure the quality and reliability of the end results. Figure 4.2 shows all the

8 steps and each step is described in detail in the following sections.
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Figure 4.2: Evaluation strategy steps used to evaluate both the HC-VBE-M-F and the HC-VBE-F
frameworks

4.3.1 Frameworks Implementations (Step 1)

To evaluate the acceptability of both frameworks developed, they were implemented as
a prototype in order to make them available as tools to be used by the target audiences.
The HC-VBE-M-F was implemented as a Java stand-alone application that could be down-
loaded onto a computer and be used directly to model healthcare virtual collaboration
scenarios. The HC-VBE-F was implemented as a mobile application that healthcare
providers and requesters could install on their mobile phones and use it to provide and
request healthcare services whenever and wherever, provided they have an internet

connection. The two implementations are described in Sections 4.3.1.1 and 4.3.1.2.

4.3.1.1 Modelling Framework Implementation

UML is widely used by developers and system designers to model different aspects of a

system, which means there are a wide range of tools available for UML modelling such as
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UMlLet, ArgoUML, and StarUML. Since the notations of the modelling language developed
for healthcare virtual collaboration is an extension of UML use case diagram, it was
natural to follow a similar deign of tools available to model UML. The layout of most UML

modelling tools consists of three parts:
1- Graphical notation

Majority of UML tools, including the ones mentioned, have graphical notations ready for
the user to drag and drop, after notation selection, editing capabilities such as resizing

and moving are provided to edit the notation.
2- Canvas

Majority of UML tools provide a canvas for the users to draw their model on. Multi

canvases can be opened each for a separate project.
3- Documentation

The common way to document models is to save them as images and print them. As for
model modifications, the tools normally provide the capability to save projects and be
reopened for later modifications.

To design and implement the modelling tool, the same design and layout of available tools
was followed, but with less functionalities. The aim was to develop a prototype which can
be used by healthcare virtual collaboration system developers to model scenarios and
provide technology acceptance feedback later. Having this in mind, with the help of one
of the author’s students, a simple Java-based application prototype was implemented
with the aim to support the evaluation process. The prototype is simple and includes all
the notations in the modelling framework that can be used to build a model without much
efforts.

The tool is composed of two main parts, the first allow users to model healthcare virtual
collaboration scenarios through using relevant notations that represent types of roles and
services as described in Section 5.2.1. Figure 4.3 shows a few screenshots of the modelling
part of the prototype and a few stages of model development. The second part of the

prototype implemented the HC-VBE-SODL described in Section 5.4 that can be used to
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describe the service orchestration of a particular scenario.. Figure 4.4 shows a few

screenshots of the second part with different stages of orchestration description process.
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Figure 4.3: Implemented HC-VBE-M-F Java application screenshots showing framework notations
and different stages of model development
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4.3.1.2 HC-VBE Framework Implementation

The virtual collaboration framework developed in Chapter 6 is complex with many
features that require a lot of time and resources to implement fully, however, to evaluate
the basic concepts of the framework, a mobile application prototype was developed with
helps from two of the author’s students. The use of mobile technology for providing
access to healthcare has been promoted by researchers as an easy and affordable method
that has the potential to save time and cost [169][161]. The application encompasses all
the main stages of the framework such as virtual organisation initiation, creation and
management and implements the main components of the framework. The prototype
was developed to be tested by healthcare providers and requesters for acceptability using

TAM as a theoretical evaluation framework.

The application is available on the author’s personal website for users to download and
use for feedback and data collection purposes. The mobile application serves as a virtual
breeding environment where healthcare requesters and providers can register, negotiate
and provide or receive a healthcare service. The application formalises the agreed service
terms and conditions in a form of electronic SLA, based on which, the environment
creates a dedicated VO for the agreed participants to collaborate and share resources for
the duration they have agreed on. The Created VO will be dissolved as soon as the terms
of the contract are fulfilled and the duration has expired. To elaborate more on the

protype implementation the following steps were executed.
1- Identify prototype functionalities for implementation

To develop the prototype, its main functions had to be identified that covers the most
basic but essential aspects of the developed framework. As a result, the following
functionalities were identified before the protype development, as minimum

requirements:
e Healthcare requesters should be able to:

a) Register as a requester: The prototype shall allow healthcare requesters to
register their details in a registration form and submit it to the HC-VBE mobile

application successfully.
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b)

d)

f)

g)

Request a healthcare service: The prototype shall allow healthcare requesters to

fill in a healthcare request form and submit it successfully.

Negotiate a service: The prototype shall allow healthcare requesters to negotiate

a healthcare service with a healthcare provider.

View SLA: The prototype shall allow healthcare requesters to view a final agreed

SLA.

Approve SLA: The prototype shall allow healthcare requesters to approve a SLA
after agreement on the terms and conditions of the SLA with a healthcare
provider.

Virtual contact: The prototype shall allow healthcare requesters to have a real-
time virtual communication via audio or video or both with providers.

Provide feedback: The prototype shall allow healthcare requesters to provide
feedback on services they received via the prototype and rate healthcare

providers in terms of service satisfaction.

e Healthcare providers should be able to:

a)

b)

d)

Register as a provider: The prototype shall allow healthcare providers to register
their details in a registration form and submit it to the HC-VBE mobile

application successfully.

Offer a healthcare service: The prototype shall allow healthcare providers to
view all healthcare requests made by healthcare requesters and make an offer

for a service successfully.

Negotiate a service: The prototype shall allow healthcare providers to negotiate

a healthcare service with a healthcare requester.

View SLA: The prototype shall allow healthcare providers to view a final agreed

SLA.

66




e)

f)

Approve SLA: The prototype shall allow healthcare providers to approve a SLA
after agreement on the terms and conditions of the SLA with a healthcare

requester.

Virtual contact: The prototype shall allow healthcare providers to have a real-

time virtual communication via audio or video or both with a requester.

e Healthcare organisers should be able to:

a)

b)

d)

Register as an organiser: The prototype shall allow healthcare organisers to
register their details in a registration form and submit it to the HC-VBE system

successfully.

View all running VO: The prototype shall allow organisers to view all running

VOs for monitoring purposes.

View all Master SLA: The prototype shall allow organisers to view all master

SLA created for a running VO for enforcement purposes.

View SLA: The prototype shall allow organisers to view all SLA within a VO for

monitoring and enforcement purposes.

2- Implementation technologies

To develop the prototype, implementation technologies had to be selected and it was

decided

to use React Native technology for developing the mobile application. In

developing the mobile application view layer, React Native [170], Android [171] and I0S

[172] technologies were used. For the server side, Node.js [173], Express.js [174] and

Socket.io [175] were used, and finally MySQL [176] was used to develop the database. To

handle the video and audio calls between healthcare requesters and providers the multi-

platform

opensource video conferencing technology provided by (jitsi.org) was integrated

into the mobile application. Figure 4.5 shows the main technology groups, their purpose

and relationships used in developing the prototype.
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Figure 4.5: HC-VBE mobile application implementation technologies used to develop the view
layer, the application layer and the database.

3- Application Architecture

A three-tier architecture was chosen for the mobile application, here a brief description
of each layer is provided. The first the layer is the environment that organises and handles
requests for registration and healthcare services. The environment creates a master SLA
for each HC-VO which records some HC-VO-specific information such as creation date,
expiry date, the participants of SLAs and a unique ID that will be used for future
referencing. The master SLA acts as an umbrella for all the SLAs in the HC-VO and
individual SLAs can be navigated to for modification purposes via the master SLA. Section

6.4.1 provides more detail about the concept of master SLA.

The second layer is a negotiation layer that service as the middle engine between the HC-
VBE and the HC-VO management layer. It is responsible for handling negotiations
between healthcare service providers and requesters and it will trigger the creation of
HC-VOs once negotiations have ended. The third layer is where all HC-VOs are in
operation and monitored for SLA enforcements and modifications. Each HC-VO is

separate from the others and each is created under specific SLAs for specific purposes
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and they all run in parallel. Figure 4.6 shows the mobile application architecture

described.

Virtual Breeding Environment

Healthcare Virtual Breeding ‘ ‘
Environment Master Master

Userame SLA1 SLA2
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Negotiation Engine

Vo2

SLA1

Figure 4.6: HC-VBE-F mobile application architecture showing the three layers

4. Prototype working steps

The framework functions in an eight-step process illustrated by the prototype
screenshots in Figure 4.7. Initially, the HC-VBE mobile application accepts healthcare
service requests from requesters, and then process the requests and announce them to
registered providers for them to view. In step three, providers can either accept a request
offer made by a requester or make a new offer based on some changes to the initial
request. The HC-VBE mobile application will announce the offer to the requester in the
same way, the requester can accept the offer or make a new offer to the healthcare

provider in contact.

This process is handled by the negotiation engine and is aided by a decision support
system in a complete system to speed up the negotiation process. The decision support

system is not developed within the scope of this thesis and can be developed in the future.
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When negotiation ended in step five, the HC-VBE mobile application generates a SLA
based on the negotiation result for both parties to approve. In the subsequent steps, the
HC-VBE mobile application creates a VO for the requester and provider to collaborate
virtually for the duration they have agreed on in the approved SLA. Finally, in step 8, the
HC-VBE end the particular HC-VO process with feedbacks and rewards for both requesters

and providers after successful service provision or service termination for any reason.
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Figure 4.7: Mobile application screenshots for the prototype working steps developed based on
the HC-VBE-F

4.3.2 TAM Extension and Hypotheses Formulation (Step 2)

The value of any healthcare system is in its effective use, [152] claims that a great number
of information systems developed for healthcare are not in use due to user acceptability
concerns. [177] States that there is a lack of information about the acceptability of
collaboration systems in healthcare. The intention to use any new healthcare technology
is important to be gaged before its full development and installation. To test user
acceptance, the original TAM was extended through adding new constructs to develop
mew TAMs specific for this research. Hypotheses for each extended TAM model were

defined based on the original TAM hypotheses presented in Section 2.9.
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It is recognised by Davis [34] that sometimes it is necessary to modify the TAM to
accommodate new factors which might be influential in users’ acceptance of a new
technology. In their review paper, the authors of [178] claim that “added variable
approach” is the most common approach to use TAM. This is where researchers add new
constructs to the original TAM to adapt the model for their own study. The approach is
used by many researchers such as [107], [109], [179] and [155]; following their directions,
the same approach was used in this research. Depending on what technology is tested for
acceptance, relevant factors have to be identified. Factor identification is a challenge and
there are studies that concentrate on acceptance factor identification, for instance, [180]
identifies factors for e-Government service acceptance test using the theory of planned

behaviour.

To identify new acceptance factors to be added to the original TAM as new constructs,
available literatures were studied and as a result five new constructs were defined and
added to the original TAM to form three new TAMs and eight new hypotheses were
formulated for the three sperate TAMs. In the case of the HC-VBE-M-F, one new construct
(Perceived Ability to Model) was added to the TAM and two new hypotheses were
formulated to be tested by healthcare system developers. For the HC-VBE-F, two new
constructs (Perceived Healthcare Globalisation and Perceived Clinical effectiveness) were
added to the TAM and three new hypotheses were defined to be tested by healthcare
providers. Two new constructs (Perceived Healthcare Availability and Perceived
Healthcare Quality) were added to the TAM and three new hypotheses were defined to
be tested by healthcare requesters. The newly extended TAMs and hypotheses are
described in Sections 4.3.2.1, 4.3.2.2 and 4.3.2.3.

4.3.2.1 TAM Extension for HC-VBE Modelling Framework

Researchers have used TAM to evaluate the acceptability of modelling languages
previously, and their direction is followed to evaluate the developed HC-VBE-M-F
implemented as a java application prototype. For examples, TAM has been used by [181]
to evaluate System Modelling Language (SysML) and the authors in [182] have used TAM

to evaluate the acceptance of UML diagrams by undergraduate students. A basic yet
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curtail feature of a modelling language is its ability to model the domain correctly. This
feature has been mentioned in DSML related literatures. In [183] the authors suggest
that DSML should demonstrate concepts that users in the domain are familiar with,
represented by graphical notations that are suitable to model the domain. The concept
of relevance is suggested by [184] as a criteria for developing DSML, which refers to how
closely models developed using the DSML represent the domain. The ability of a DSML in
providing a model solution that is fit for the purpose of the domain is indicated by [185]
as a quality criteria, and the authors of [186] state that “language-domain
appropriateness” is a quality measure which measures the extent to which a model
represents a domain. Therefore, to evaluate the modelling ability of the HC-VBE-M-F,
TAM was extended with one new construct which is Perceived Ability to Model (PAM)
and it can be defined as the degree to which an individual believes that models
constructed using the modelling framework captures a healthcare virtual collaboration
scenario correctly. Figure 4.8 shows the added construct to the original TAM and the
extended model has been used as a base for hypothesis development, questionnaire

design and data collection.
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Figure 4.8: Extended TAM for HC-VBE-M-F showing the added PAM construct

Based on the extended TAM shown in Figure 4.8 and the original TAM hypotheses
described in Section 2.9, the following hypotheses were defined to be tested in order to

evaluate system developer’s acceptance of the HC-VBE-M-F developed in Chapter 5.
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i.  Hi: Perceived ability to model has a significant effect on healthcare system
developers’ perceived usefulness of the HC-VBE modelling package.
ii. Ha: Perceived ability to model has a significant effect on healthcare system
developers’ perceived ease of use of the HC-VBE modelling package.
iii.  Hsa: Perceived ease of use has a significant effect on healthcare system developers’
perceived usefulness of the HC-VBE modelling package.
iv.  Hsb: Perceived ease of use has a significant effect on healthcare system developers’
attitude towards using the HC-VBE modelling package.
v.  Haa: Perceived usefulness has a significant effect on healthcare system developers’
attitude towards using the HC-VBE modelling package.
vi.  Hgb: Perceived usefulness has a significant effect on healthcare system developers’
intention to use the HC-VBE modelling package.
vii.  Hs: Attitude towards using has a significant effect on healthcare system developers’

intention to use the HC-VBE modelling package

4.3.2.2 TAM Extension for HC-VBE-F Providers

Healthcare professionals look for functionalities in a healthcare system that improves
their effectiveness and delivers value for them and their patients [187]. The authors of
[166] state that beside technological concern, healthcare information system has “clinical
effectiveness” concern that should be addressed. Clinical effectiveness has been defined
as “ the application of the best knowledge, derived from research, clinical experience, and
patient preferences to achieve optimum processes and outcomes of care for patients”
[188]. In this context, Perceived Clinical Effectiveness (PCE) was added to the original TAM
as an important determinate of healthcare providers attitudes towards using a healthcare
system developed based on the framework. PCE can be defined for the purpose of this
research as the degree to which an individual believes that the healthcare provided

through systems developed based on the HC-VBE-F is clinically effective.

Everyone is concerned about healthcare and due to globalization, options to receive
healthcare has widen. The concept of medical tourism which refers to people traveling to

a foreign country to receive healthcare services is researched in [189] and [190]. People
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who travel abroad will have to invest time, money and effort to receive the care they
need. To address this issue, the HC-VBE-F in Chapter 6 is developed with healthcare
globalisation in mind, which means, making virtual healthcare available and accessible
globally to provide care over time and space to those in need. Through this, healthcare
providers can reach as many healthcare requesters as possible without the need for them

to travel.

Healthcare globalisation is also important for filling in healthcare professional shortages
and increase collaboration between healthcare stakeholders. The HC-VBE-F developed
can bring together healthcare professionals from different locations to provide care and
provide the integrated platform needed for medical research. To evaluate this aspect of
the framework and find out whether healthcare professionals who test the mobile
application prototype believe that the HC-VBE-F has the potential to globalise healthcare,
the second construct which is called Perceived Healthcare Globalisation (PHG) was added
to the original TAM. PHG can be defined as the degree to which an individual believes
that using systems developed based on the HC-VBE-F would make healthcare service
provision global. The two new constructs are coloured yellow in the extended TAM

pictured in Figure 4.9.
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Figure 4.9: Extended TAM for HC-VBE-F for healthcare professionals showing the two newly
added constructed (PCE and PHG)
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Based on the extended TAM shown in Figure 4.9 and the original TAM hypotheses
described in Section 2.9, the following hypotheses were defined to be tested in order to
evaluate healthcare providers acceptance of the HC-VBE-F implemented as a mobile

application prototype.

i.  Hia: Perceived healthcare globalization has a significant effect on healthcare
providers perceived clinical effectiveness of the HC-VBE application.
ii. Hib: Perceived healthcare globalization has a significant effect on healthcare
providers perceived ease of use of the HC-VBE application.
iii.  Hic: Perceived healthcare globalization has a significant effect on healthcare
providers perceived usefulness of the HC-VBE application.
iv.  Ha: Perceived clinical effectiveness has a significant effect on healthcare providers
perceived usefulness of the HC-VBE application.
v.  Hsa: Perceived ease of use has a significant effect on healthcare providers perceived
usefulness of the HC-VBE application.
vi.  Hsb: Perceived ease of use has a significant effect on healthcare providers attitude
towards using the HC-VBE application.
vii.  Haa: Perceived usefulness has a significant effect on healthcare providers attitude
towards using the HC-VBE application.
viii.  Hab: Perceived usefulness has a significant effect on healthcare providers intention
to use the HC-VBE application.
ix.  Hs: Attitude towards using has a significant effect on healthcare providers intention

to use the HC-VBE application.

4.3.2.3 TAM extension for HC-VBE-F Requester
To evaluate the HC-VBE-F acceptance from healthcare requesters perspective the original
TAM was extended with two new constructs. The first is Perceived Healthcare Availability

(PHA) and the second is Perceived Healthcare Quality (PHQ).

The availability of healthcare services where and when needed is an important attribute
of an effective healthcare service. Service convenience, which refers to the availability of

healthcare service at requesters’ time and place of choice in the context of this research,
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is a determinant adopted form [191] and [109]. In the later study, convenience is
described as the extent to which healthcare requesters believe that an IT-based
healthcare system minimises “the amount of physical and mental energy spent when in
need of medical help and/or advice”. Therefore, PHA can be defined for the purpose of
this study as the degree to which a healthcare requester believes systems developed based

on the HC-VBE framework increases healthcare availability.

The quality of healthcare service provided is another important factor in convincing
healthcare requesters to use a system. Different scholars have interpreted service quality
differently, for instance [192] sees service quality as “on-time professional and
personalised service” and others have referred to quality in terms of response time and
accessibility [193]. To assess the extent of users’ belief with regard to the quality of
healthcare services provided though systems developed based on the HC-VBE-F, the
second construct which is called Perceived Healthcare Quality (PHQ) was added to the
original TAM described in Section 2.9. For the purpose of this research PHQ can be defined
as the degree to which a healthcare requester believes that the quality of healthcare
provided through systems developed based on the HC-VBE framework is acceptable”.
Figure 4.10 shows the extended TAM that is used to examine healthcare requesters

acceptance of the HC-VBE-F implemented as a mobile application prototype.
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Figure 4.10: Extended TAM for HC-VBE Framework for prospective patients showing the two
newly added constructs PHQ and PHA
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Based on the extended TAM shown in figure 4.10 and the original TAM hypotheses
described in Section 2.9, the following hypotheses were defined to be tested in order to
evaluate healthcare requesters acceptance of the HC-VBE-F implemented as a mobile

application prototype.

i. Hia: Perceived healthcare availability has a significant effect on healthcare
requesters perceived healthcare quality of the HC-VBE application.
ii.  Hib: Perceived healthcare availability has a significant effect on healthcare
requesters perceived ease of use of the HC-VBE application.
iii. Hic: Perceived healthcare availability has a significant effect on healthcare
requesters perceived usefulness of the HC-VBE application.
iv.  Haz: Perceived healthcare quality has a significant effect on healthcare requesters
perceived usefulness of the HC-VBE application.
v.  Hsa: Perceived ease of use has a significant effect on healthcare requesters perceived
usefulness of the HC-VOBE application.
vi.  Hsb: Perceived ease of use has a significant effect on healthcare requesters attitude
towards using the HC-VBE application.
vii.  Haa: Perceived usefulness has a significant effect on healthcare requesters attitude
towards using the HC-VBE application.
viii.  Hab: Perceived usefulness has a significant effect on healthcare requesters intention
to use the HC-VBE application.
ix.  Hs: Attitude towards using has a significant effect on healthcare requesters intention

to use the HC-VBE application.

4.3.3 Research Instruments (Step 3)

Researchers have used various methods to examine new technology acceptance by users,
for example authors in [194] have used open question and answer sessions to gage users
thoughts and feedbacks on users satisfaction of a clinical system they have proposed.
[193] Used one-to-one and one-to-many interviews to test nurses acceptance of their
nursing care plan system and [195] used observations to collect data for their critical care

information system acceptance evaluation. However, according to [107], survey
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guestionnaire is the most widely used data collection method for user acceptance
evaluation of a new healthcare information system. Therefore, survey questionnaire
method was selected to be used in this research as a data collection instrument. Three
sets of questionnaires based on measurement items for each construct in the given
extended TAMs in Sections 4.3.2.1, 4.3.2.2 and 4.3.2.3 were designed and printed on A4
sheets. The questionnaires were then given to prospective users of the two developed

frameworks to fill in.

The filled in questionnaires were collected straight after they were filled in by survey
participants. The data were then transferred into SPSS datasheets to be processed
further. A questionnaire set was composed of two separate forms, the first form was to
obtain the participants consent to take part in the research and the second form was the
guestionnaire to be filled for the acceptance testing. The questionnaire sets were
translated to the Kurdish language by a professional legal translator which is the local
language were the data is collected. The translated version was given out alongside the
English version to help those whose level of English was not adequate to understand the
guestions. The participants were asked to read the Kurdish version of the questionnaire
items but fill in the English version as no scales were provided on the Kurdish version.
Translating questionnaire items to the local language was similarly performed by authors

in [159].

The filled in questionnaires were screened for completeness to ensure that there is no
missing data. If any unfilled section spotted the relevant participant was asked to revise
it. All filled in questionnaires are numbered and kept for future references and
verifications along with the participant details. At the beginning of data collection
sessions, survey participants were informed of their rights to withdraw from the process

at any time they wished as participation was voluntary.

4.3.4 Research Measurements (Step 4)

The questionnaires were designed based on the TAMs extended in Section 4.3.2, each

model consisted of 5-6 unobserved variables (latent variable). For each latent variable,
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4-5 observed items were defined based on previously defined and validated
guestionnaire items from studies such as [196], [177], [197], [157] and [108]. Unobserved
variables cannot be measured directly by survey participants as their scope is broad and
flexible to answer, however, observed items are measurable directly by survey
participants as they are formulated to capture a specific aspect of users’ intention to use
a system. Unobserved variables are measured as a result of analysing the collective

answers for all its observed variables.

To measure each item and gage participants feeling, Linkert Scale measurement was used
as it is one of the most popular measurement scales used by researchers [107].
Questionnaire items were measured on a seven-point Linkert-type scale and the
measures were (1) strongly disagree (2) quite disagree, (3) disagree, (4) neutral, (5)
slightly agree, (6) quite agree and (7) strongly agree. To ensure the appropriateness of the
guestionnaire items and make necessary changes to its structure and meanings, they
were pilot tested by three small groups per the target users before their actual use. As a
result, the wording and the structure of several questionnaire items were changed before

their actual use.

4.3.5 Sampling Methods and Outcomes (Step 5)

The surveyed participants of this research were mainly from the Kurdistan Region of Iraq
where the author currently works as a lecturer and some were from Finland where the
author stayed for a month as a pedagogy student. The target audience for the first part
of this study was system developers including software engineers, system designers,
programmers, project managers and university lecturers who teach software
developments. They were contacted though paying them a visit in their working places or
acquiring their personal contact numbers. They were then given locations, dates and
times for conducting the research. The original target number was 100 participants
however, there aren’t many system developers in the region and therefore only 28
participants turned up for this part of the research. In total 82% of the surveyed
participants were male and 18% were female. Table 4.1 shows the demography of the

surveyed participants.
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Table 4.1: System developers’ demographic data who participated in the survey after using the
Java application developed based on the HC-VBE-M-F

Variable Item System Developer Frequency (N=28) %
Male 23 82

Sex Female 5 18
Age 15-20 0 0

Age 20-30 9 32

Age Age 30-40 15 54
Age 40-50 4 14

Age 50-60 0 0

Age 60-above 0 0
Occupation System developers 28 100

The target audiences for the second part of the study were healthcare providers and
requesters. To recruit healthcare providers, hospitals and healthcare directorates were
contacted in the region. Permissions such as the ones in Appendix E were requested to
conduct the research inside hospitals during working hours or outside working hours in
cultural centres. Incentives such as offering free dinners were one of the techniques used
to recruit research participants. The concept of healthcare provider is a general one,
therefore, all healthcare related professionals were invited such as doctors, nurses,
pharmacist, first aiders etc. As for the healthcare requesters, lecturers and students from
the University of Human development in the Kurdistan Region were recruited. The target
number for both healthcare providers and requesters were 100 each, i.e. 200 in total. For

this part of the research, the targets were met.

For healthcare providers, in total 56% of the surveyed participants were male and 44%
were female. The highest age rang was 30-40 years with 32% and the highest healthcare
provider participant were nurses with 53%. As for the requesters, in total 61% were male
and 39% were female. The highest age range was 20-30 with 44% and the highest
prospective healthcare requester participants were University lecturers with 57%. Table

4.2 shows the demography of the surveyed participants.
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Table 4.2: Healthcare providers and requesters demographic data that tested the mobile
application developed based on the HC-VBE-F

Variable Item Healthcare Provider | % | Healthcare Requester %
Frequency (N=100) Frequency (N=100)
Male 56 56 61 61
Sex Female 44 44 39 39
Age 15-20 0 0 3 3
Age 20-30 27 27 44 44
Age Age 30-40 32 32 36 36
Age 40-50 30 30 9 9
Age 50-60 11 11 7 7
Age 60-above 0 0 1 1
Nurse 53 53 0 0
Doctor 15 15 0 0
Other medical 32 32 0 0
Occupation staff
Student 0 0 43 43
Lecturer 0 0 57 57

4.3.6 Applications Testing and Data Collection (Step 6)

There were two applications developed for both the modelling and the virtual
collaboration frameworks described in Chapters 5 and 6. The first application was
implemented as a Java stand-alone application and the second application was a mobile
application. They were both developed to be used by prospective users as part of user

acceptance evaluation process which is designed based on TAM.

The application testing method for each of the applications were slightly different as
described in the next two sections, however a direct face to face application testing
method was chosen over an online one following the direction of others such as [161].
They noticed that the method has the advantage of addressing concerns and questions

of participants which they may have during testing and filling in the questionnaire; the
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same advantage was noticed during the data collection process for this thesis. The data
collected was documented in SPSS, Figure 4.11 shows some of the data documented after
following the applications testing methods described in Sections 4.3.6.1 and 4.3.6.1. The
first left column represents participants and the numbers on the rest of the columns
represent answers given by the participants for each questionnaire item specified by each
column header. The Column headers are abbreviations for questionnaire items which are

described in Sections 2.9 and 4.3.2.
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Figure 4.11: A screenshot of sample data collected based on the surveyed questionnaires
developed for testing both frameworks

4.3.6.1 HC-VBE-M-F Application Testing Method

The developed Java application was made available on a number of laptops for use, also
perspective users (healthcare system developers) were given the option to put the
application on their laptops and desktops if they wished. There were occasions that
research participants thought a demonstration of the application was good enough for
them to fill in the questionnaires. The testing process was given about an hour and it was

performed in four steps explained below and pictured in Figure 4.12.

1- In short seminar style presentation, the modelling framework concepts and

components were explained to participants. The aim was to familiarise participants
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with the concept behind the modelling framework as well as the components and
modelling steps required to model a healthcare virtual collaboration scenario. During
the presentation, concerns and questions of participants were answered which

helped them to progress quickly during the testing stage.

As a second step, a healthcare virtual collaboration scenario was provided to the

participants to model using the Java application.

In this step, the relevant questionnaire was handed out to the participants to fill in.
They were asked to select a number that best represent their answer with regard to

each questionnaire item on a 7-point Linkert Scale.

This step was the final step where completed questionnaires were collected and
checked for completeness. The data was then transferred into SPSS data sheets to be

processed later during data analysis.

1. Present Framework Concepts
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2. Define a simple healthcare
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3. Use modelling application to
draw a model for the scenario

Figure 4.12: HC-VBE-M-F Application Evaluation and data collection Steps
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4.3.6.2 HC-VBE-F Mobile Application Testing Method

To test the virtual collaboration framework developed in this study, the functionalities
and working steps of the mobile application which is developed based on the framework
were demonstrated to research participants. Demonstrating the working steps of the
mobile application allowed users to experience the full working process of the prototype
without the need for them to spend too much time on getting to know the different

functionalities of the application before actual use.

Although the option to use the protype was given to participants but in most cases, users
felt that the demonstration is good enough for them to understand the concept behind
the application. Demonstrating the mobile application saved time for both the researcher
and the users during the process of data collection. This method has also been used by
other researchers, for example the authors of [198] showed patients the way that their
developed online posting for Emergency Department waiting time worked rather than
letting users use the website; and the authors of [199] used a similar method to test a

home telemedicine system.

To demonstrate the working process of the prototype the following five steps were taken

which are pictured in Figure 4.13.

1- Two or three prospective users (requester and providers) from the recruited
research participants were invited to download the application onto their smart

phones if they wanted, if not, readily set up mobile devices were provided.

2- They were instructed to register as either a healthcare provider or healthcare

requester.

3- Once they registered, they were guided step by step regarding how to make a
healthcare service request in the case of requesters, and how to make a service

offer in the case of providers.

4- The HC-VO creation and operation by the HC-VBE mobile application was
demonstrated from start to finish, each step of the process was announced to the

attended audience and the outcome was shown around. Internet was needed for
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each smart phone in the demonstration process as the mobile application had to
connect to a database hosted externally which was developed as a part of the

application.

5- After allowing some times for questions and answers from the participants, the
printed questionnaires were distributed to be filled in by the participants. The
filled in questionnaires were then collected and the data from them were

documented using SPSS software.

1. Present Framework Concepts
5. Users fill in questionnaire and components

e ()
D

4. Allow time for questions and 2. Invite participant to

answers download mobile app
3. Use mobile application to

request and provide healthcare
service

Figure 4.13: HC-VBE mobile application evaluation and data collection steps

4.3.7 Data Analysis (Step 7)

Structural Equation Modelling (SEM) was utilised to analyse the data obtained from the
survey questionnaires filled in as a result of testing the applications. SEM is one of the
most widely used techniques to statistically analyse collected data for the constructs of
aTAM [112]. SEM uses path analysis, regression testing and other methods to statistically
estimate and examine the extent of relationships between unobserved variables and their
observed items in a specific model [110]. To draw the extended TAMs for this study and
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perform the SEM analysis, AMOS version 23, SPSS version 25 and Microsoft excel 2019
were used. AMOS is a tool that utilizes structural model to compute several different
statistical results for acceptance testing such as standardised estimates for each test path
[180]. Figure 4.14 is screenshots of the AMOS program and outcomes of some of the

analysed data, such as factor loading between observed items and their related

unobserved variable.
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Figure 4.14: A screenshot of AMOS model created based on one of the extended TAM and some
computed statistical results for the model

To understand how to use AMOS, IBM provides and updates AMOS user manual regularly
[200]. The AMOS models developed for the three extended TAMs are similar to the one
in Figure 4.14 and they are presented and explained in Section 4.3.7.1,4.3.7.2 and 4.3.7.3.
The arrows between the latent variables indicate the causal effects between them. The
arrows between the latent variables and the observed items indicate the item loading on

each latent variable. The strength of the loading is indicated by a number on each loading
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which is between 0 and 1. The closer the value to 1 the stronger the item loading on the
latent variable. The circles pointing to the latent variables and observed items represent
error values in the item loading. The generation of such values on a SEM diagram indicates

that the model has been run by AMOS successfully without any error.

4.3.7.1 HC-VBE-Modelling Framework AMOS Model

Figure 4.15 is the SEM model developed in AMOS based on the extended TAM explained
in Section 4.3.2.1. The figure shows all the latent (unobserved variable) with their related
measured items (observed variable). Each latent variable is a construct in the
corresponding TAM. In this case, there are five latent variables represented by the oval
shapes, namely Perceived Ability to Model (PAM), Perceived Ease of Use (PEU), Perceived
Usefulness (PU), Attitude towards Using (AU) and Intention to Use (IU). In total, there are

20 observed items, 4 for each latent variable represented by the squares.
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Figure 4.15: HC-VBE-M-F-TAM Structural Equation Model developed in AMOS
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4.3.7.2 HC-VBE-F-Provider AMOS Model

Figure 4.16 is the SEM model developed in AMOS based on the extended TAM explained
in Section4.3.2.2. The model consists of six latent (unobserved) variables represented by
the oval shapes, namely Perceived Clinical Effectiveness (PCE), Perceived Healthcare
Globalisation (PHG), Perceived Ease of Use (PEU), Perceived Usefulness (EU), Attitude
towards Using (AU) and Intention to Use (IU). In total there are 24 observed items, 4 items

for each latent variable denoted by the squares.
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Figure 4.16: HC-VBE-F-TAM-Provider Structural Equation Model developed in AMOS

4.3.7.3 HC-VBE-F-Requester AMOS Model

Figure 4.17 is the SEM model developed in AMOS based on the extended TAM explained
in Section 4.3.2.3. It shows all the latent (unobserved constructs) with their related
measured items (observed variable). The model consists of five latent variables

represented by the oval shapes, namely Perceived Healthcare Quality (PHQ), Perceived
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Healthcare Availability (PHA), Perceived Ease of Use (PEU), Perceived Usefulness (PU),
Attitude towards Using (AU) and Intention to Use (IU). In total there are 25 observed

items, 4 for each latent variable except PHQ which has 5 items.
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Figure 4.17: HC-VBE-M-TAM-Requester Structural Equation Model developed in AMOS

4.3.8 Statistical Results Selection (Step 8)

Many different statistical results can be computed for data analysed in AMOS and SPSS,
in this section, a brief introduction is provided for each of the statistical values selected
to be computed to support the evaluation process and show users acceptance of the
developed healthcare virtual collaboration modelling and provision frameworks. The
selected statistical results are Mean, Standard Deviation, Factor Loading, Significant p
Value, Correlations Coefficient Matrix, Average Variance Extracted, Construct Reliability,

Cronbach’s Alfa, Kaiser-Meyer-Olkin and Model Fit Indices.
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4.3.8.1 Mean

Mean is defined as the sum of all observations in a distribution divided by the total
number of all observations [201]. It is calculated to show the average of all values in a
specific distribution; in the context of this research two different mean (average) values
are computed. The first one is the average of all values given to a particular observed
item, which means, if we have 24 observed items in a TAM then we have calculated 24
different means. The second one is the average value of all the observed item for a
particular unobserved variable, which means, if we have 6 unobserved variables in a TAM
then we have 6 different average values. Mean present researchers with a single value
that is representative of all the answers given to a particular questionnaire item and it is
a powerful tool that enable researchers to easily draw conclusions. Equation 4.1 is used

to calculate Mean (average).

Equation 4.1: The equation for calculating "Mean"

where:
e A =average (or arithmetic mean)
e n =the number of participants in a research

e x =the values given to a particular questionnaire item.

4.3.8.2 Standard Deviation

Standard deviation measures how far the values in a particular distribution are from the
average value [202]. Big standard deviation value indicates widely spread values from the
mean; the bigger the standard deviation value the more widely spread are the values in
a given set of values. In the context of this research small standard deviation value is
preferred since it indicates that participants’ perception towards a particular item in a

guestionnaire are close to each other. It provides support to conclude whether answers
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given to a specific item by perspective users are consistent or not. Equation 4.2 is the

mathematical formula for standard deviation.:

(X, - A’
n—1

Equation 4.2: The equation for calculating standard deviation

Where:
e S=standard deviation
e x =the value of each data item
e A =average values
e n =number of data items

4.3.8.3 Factor Loading

Factor loading is the indication of relationship strength between an unobserved variable
and it’s observed variable the higher the loading value the stronger the relationship [203].
In SEM the latent variable is indicated by an oval shape, the observed item is indicated by
asquare and the error variance for each observed item is indicated by a circle [204]. Figure
4.18 shows a SEM diagram and Equation 4.3 is the general formula for factor loading

calculation.
X =AF +e.

Equation 4.3: The equation for calculating factor loading

Where:

X is the observed item, F is the unobserved variable, A is the factor loading of Xon F, e is

the measurement error of X and m is the observed item number.
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For instance, if we have a latent variable (F) that has four observed items (X1...X4) then

the formula for each factor loading (A) is:

X1=A:F + e;

Xq
X2 =AF + e; \
X3 =As3F + e3 1
X1 =A4F + €4

7771

Figure 4.18: Structural Equation Model components

4.3.8.4 Significant p value

To accept or reject a hypothesis, researchers use “significant p value” which is a number
between 0 and 1 and the acceptable level of significance is set as 0.05 [205]. A hypothesis
is accepted if the significance value calculated is less than the set value. p value is

calculated using Equation 4.4.

p— pO
\/poa— pO0)

7 =

n

Equation 4.4: The equation for calculating significant p value

where:

e Z jsavalueto be looked up in significance value table

o Pisthe sample proportion
e pOis the assumed population proportion in the null hypothesis

o N jsthe sample size
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4.3.8.5 Correlation Coefficient Matrix

Correlation coefficient is also known as Pearson Product-Moment Correlation, measures
the covariance of two variables [206]. Usually a collection of variables together provides
an overview of a goal, for example in this research more than 20 questionnaire items
(observed variables) are used together with the aim to show whether users accept the
proposed technologies for healthcare virtual collaboration or not. Correlation coefficient
matrix is a method to summarise data where values above 0.3 is considered acceptable

according to [207]. Figure 4.19 shows the structure of a correlation coefficient results

table.
Variables for which correlation coefficients are calculated
The same 1.000
variables /0668 1.000
are 0.726 0.699 1.000
0.572 0.682 0.605 1.000
repeated 0.388 0.442 0409 / 0440  1.000
0.550 0.682 0.627 ) 0.652 0.498 1.000
Correlation between Shows a variable correlates
PHQ and PHA with itself perfectly

Figure 4.19: Structure of correlation coefficient results table

4.3.8.6 AVE (Average Variance Extracted)

AVE measures the convergent validity that is used to examine measurements, and the
calculated value indicates the internal consistency of answers for a set of related
guestionnaire items [208]. Values above 0.5 is considered acceptable and Equation 4.5 is
used to calculate AVE.

AVE:Z/1

n

N

Equation 4.5: The equation for calculating Average Variance Extracted
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Where:

e AVE is the average variance extracted

o A'isthe square of factor loading

e nisthe number of indicators

4.3.8.7 CR (Construct Reliability)

CR measures internal consistency of measurements similar to Cronbach Alpha [209]. CR
values above 0.7 is considered to represent acceptable reliability. Equation 4.6 is used to

calculate CR.

QA"
CR =
QA +(2.9)

Equation 4.6: The equation for calculating composite reliability

Where:

e (CRis the composite reliability
o Aisfactor loading

L4 o is measurement error

4.3.8.8 Cronbach's Alpha

Lee Cronbach developed the statistical model which is known as “Cronbach alpha” to help
researchers calculate the reliability of measures of a test [210]. Cronbach alpha is the
statistical measure used for internal research variable reliability and validity which is a
value between 0 and 1 and measures ranging above 0.6 is considered a good reliability

and validity indicator [211].

In the context of this research Cronbach alpha helps to decide whether the observed

items (questions in a questionnaire defined for a particular unobserved variable) correctly
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measures the unobserved variables such as Perceived Usefulness. Equation 4.7 is used to

calculate Cronbach alpha.

n*A
o =—= —
V+(n-1)*C

Equation 4.7: The equation for calculating Cronbach Alpha

Where:

e n=the number of items.

e A =average covariance between two observed items.
e V=average variance.

e a = calculated Cronbach's Alpha value

4.3.8.9 Kaiser-Meyer-Olkin

Kaiser-Meyer-Olkin test is carried out on data sets to assess the adequacy of the data
sample to carry out factor analysis [212]. A sample values above 0.5 is considered

adequate for factor analysis. Equation 4.8 is used to calculate the value.

Zrij2
KMO. 2]

a AR

i) i#]

Equation 4.8: The equation for calculating KMO

Where:

e KMO is the sample adequacy measurement value
e risthe correlation matrix
e yisthe partial covariance matrix

e the calculation will be performed under the assumption that jzi
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4.3.8.10 Model Fit Indices

Model fit statistical values are calculated to show how best a model represents theories
presented in a research and there are many different fit indices which have made it
difficult to bring about consensus among researchers regarding their use [213]. According
to [214], the most used fit indices are chi-square (x2), GFI, TLI, CFl, RMSEA and SRMR for
which they provide a table where the definition and recommended values of the indices
are outlined. Kline in his famous book [215] (p.221) suggests that as a minimum, Chi-
Square, RMSEA, CFl and SRMR should be reported for model fit analysis. According to
[213] absolute fit indices such as Chi-Squared test, RMSEA, GFl and SRMR “provide the
most fundamental indication of how well the proposed theory fits the data”. Based on
their suggestions fit indices listed in Table 4.3 were used to evaluate the fitness of the
extended TAMs in this study.

Table 4.3: Recommended model fit indices and recommended values

Model fit index Description Recommended Value
CMIN/DF Chi Square in AMOS Between 1 and 3
CFI Comparative fit index (baseline comparison) CFI20.90
TLI Tucker Lewis Index (baseline comparison) TLI >0.90
IFI Incremental fit index (base line comparison) IFI 20.90
RMSEA Root Mean Square Error of Approximation RMSEA £0.08

(Absolute fit indices)

SRMR (Standardized) Root Mean Square Residual SRMR £0.08

4.4 Chapter 4 Summary

This chapter provided a detail account of the methodology and evaluation strategy used
to achieve the aims and objectives of this thesis. The following points summaries the main
content of the chapter:

1- A deductive research approach is followed to complete this research. This is where

theoretical frameworks are developed first and then evaluated empirically. The
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research design consists of 5 stages which care research the healthcare sector,
research virtual collaboration, develop virtual collaboration modelling framework,
develop virtual collaboration framework and finally implement and evaluate the
frameworks.

An eight steps evaluation strategy is followed to implement and evaluate the two
developed frameworks. The first step is to implement the frameworks; the modelling
framework is implemented as a Java stand-alone application and the collaboration
framework is implemented as a mobile application. In step two, TAM is extended
three times to adapt it for this research. The first TAM is extended with one new
construct (Perceived Ability to Model) for evaluating the healthcare virtual
collaboration model. The second TAM is extended with two new constructs (Perceived
Healthcare Globalisation and Perceived Clinical Effectiveness) to examine the
acceptance of the collaboration framework from healthcare providers perspective.
The third TAM is extended with two new constructs (Perceived Healthcare Quality and
Perceived Healthcare availability) to examine the collaboration framework from
healthcare requesters perspective. New hypotheses are defined for each extended
TAMs to be tested by relevant target audience.

Survey questionnaire is used as a data collection instrument and research
measurements are developed based on 7 points Likert-Scale measurements.

Survey participants from the Kurdistan Region of Iraq, where the author currently
works as a lecturer, are invited to participant in the research. In total, 28 system
developers participated in evaluating the healthcare virtual collaboration modelling
framework presented in Chapter 5, 100 healthcare requesters and 100 healthcare
providers participated in evaluating the healthcare virtual collaboration framework
presented in Chapter®6.

Structural Equation Modelling (SEM) is used to model the three extended TAM using
AMOS software. The SEM models are used to analyse collected data and compute
statistical results such as mean, standard deviation, factor loading and model fit
indices.

The next chapter presents the Healthcare Virtual Collaboration Modelling Framework

(HC-VBE-M-F).

97




Chapter 5 : Modelling Framework

This chapter presents a modelling framework specific to healthcare virtual collaboration,
developed based on VBE and VO concepts. Section 5.1 provides a brief opening about the
characteristics and components of the modelling framework. The framework consists of
three parts which are: A Service and Participant Classification Mechanism (SPCM)
described in Section 5.2, a Domain Specific Modelling Language (DSML) described in
Section 5.3 and a Service Orchestration Description Language (SODL) described in Section
5.4. The framework is implemented as a Java application and evaluated by users’ (System
designers and software developers) for acceptance using TAM. Section 5.5 presents the
evaluation results and in Section 5.6 the results are discussed. Finally, a summary of the

chapter is provided in Section 5.7

5.1 Healthcare Virtual Collaboration Modelling Framework

Developing a modelling framework that is understandable by stakeholders is a research
challenge [216]. Modelling VO for healthcare allow healthcare stakeholders to
understand virtual collaboration at a level of abstraction that doesn’t require
technological expertise. Modelling also allow picturing a VO structure independent from
its operational aspect [216]. In this study, a modelling framework for healthcare virtual

collaboration is developed with following attributes in mind:

1- Be able to model VBE and VO based collaboration scenarios for the healthcare

domain.
2- Be simple, understandable and usable by healthcare stakeholders.
3- Be platform and technology independent.

Developing a modelling framework for a complex sector as healthcare, and be able to

capture an aspect of collaboration (virtual collaboration in this case) between its
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stakeholders to provide a healthcare service, is a challenging task. Some backgrounds and
literature reviews in this regard are provided in Sections 2.6 and 3.1. The aim here is to
answer the two specific research questions relating to the modelling aspect of this

research which are:

1- How to classify the main stakeholders and services in virtual collaboration for
healthcare?

2- How to model and describe service provision in virtual collaboration for healthcare?

To answer the research questions relating to the modelling aspect of this research, the
direction of [28] is followed to model healthcare virtual collaboration structure and
behaviour. The modelling framework developed for VBE and VO based healthcare virtual
collaboration consists of three parts which are Service and Member Classification
Mechanism, Domain Specific Modelling Language and Service Orchestration Description

Language. The framework components are pictured in Figure 5.1.

Domain
Specific |
Modelling
Language

Service and Service

Member | ‘ Orchestration
- Classification Description

Mechanism ‘ Language
77 Healthcare | -
" Virtual
Collaboration
Modelling
Framework

Figure 5.1: HC-VBE Modelling framework components (SPCM, DSML and SODL)
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5.2 Service and Participant Classification Mechanism

Developing a classification mechanism that is representative of all stakeholders and
services in a sector is a research challenge [216]. To classify services and participants in
healthcare on an abstract level, one must identify the main components in terms of
environments, stakeholders and services first, for this purpose, research articles such as
[217] and [218] as well as online sources such as websites about healthcare is studied .
Figure 5.2 presents the findings of the study in terms of different types of roles and

services that exists in healthcare sector.

In general, 6 classes of roles and services are identified, which are, care providers,
executives, consumers, care environments, electronic devices and healthcare services.
Care providers can be broken down to a number of sub-categories such as healthcare
equipment manufacturer, healthcare communities and agencies, academic institutions,
financial agencies, governmental agencies, pharmaceutical companies and medical
professionals. Each of the sub-categories is composed of a number of sub-sub-categories,

for instance medical professionals include doctors, nurses and pharmacists.

The executive class represents all individuals and organisations who oversee and manage
healthcare environments. Consumers represent patients and people around patients who
are affected during a healthcare service provision. Care environments represent places
where healthcare is provided such as hospitals and patient homes. Electronic devices
represent all electronic equipment that support the process of healthcare provision used
by both patients and doctors. Finally, the service can be divided over healthcare related

administrative services and care related services.

In a typical virtual collaboration scenario, many of the identified stakeholders will have to
collaborate to provide a service. This clearly presents a complex collaboration setting that
requires a simplification mechanism to understand. Abstract models can simplify the
complexity, this where a modelling language that is simple and understand by

stakeholders play a vital role.
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Figure 5.2: Summary of healthcare roles and services identified as a result of studying resources
in the form of articles and websites

The findings presented in Figure 5.2 have served as the base for developing the service
and participant classification framework which is outlined in Section 5.2.1. In order to
develop an abstract and generic classification that is simple and inclusive, the categories
are further refined into three main classes which are stakeholders, environment and
services as shown in Figure 5.3. Here, a brief description of each refined category is

provided:

1- Stakeholder: The class represents all individuals, organisations, governmental and
none governmental agencies who participant in providing, consuming and managing

healthcare. They can be classified into three sperate sub-classes:

a- Care providers: These are healthcare professionals and organisations that provide

care.
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b- Executives: These are healthcare organisers and managers who ensure the smooth

running of healthcare related operations.

c- Care consumers: These are patients and family members who receive healthcare

services.

2- Environment: This is the environment where healthcare is provided. Generally, they

consist of two types:

a- Physical environment: This type of environment is the traditional healthcare
environments where healthcare is provided such as hospitals, clinics and

institutions.

b- Electronic environment: This type includes all the electronic systems where care

is provided using information and communication technologies.

3- Services: This class is concerned with all the services required to provide, run and

maintain healthcare services; they can be classified into two types:

a- Care related service: This type includes all the services that are concerned with

providing care to consumers.

b- Management related service: This type of service is concerned with managing the

healthcare environments to ensure the orderly operation of care provision.

Healthcare

— —
NI NI ~
\ Stakeholders > < Environment 1 Sreetes

S -

Care

. Consumers |
‘\h—//’f \\_—1/’ \—//

Figure 5.3: Refined healthcare roles, services and environment classifications
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5.2.1 SPCM Description

To describe virtual collaboration scenarios in healthcare in a manner that both healthcare
system developers and stakeholders understand, a simple service and participant
classification mechanism would contribute to the process positively. In developing the
SPCM, the author has followed the direction of other researchers who have suggested
classification frameworks similar to what is outline in this section. For instance the
authors in [28] have proposed a general business-oriented actor and resource
classification framework to model VBEs and VOs at abstract levels. Grid technology has
been used by the authors in [219] to define resources and assign roles and services in

managing healthcare virtual organisation.

The authors of [27] propose a framework by which general roles and service relating to
VBE and VO in business can be defined, however, they state that “Clearly neither
Competencies nor resources of the organizations in the VBE for Healthcare (e.g. Doctors
practice office, insurance company, ambulance services, etc.) can be defined by the same
ontology”. A framework that uses the concept of service-based agents to classify virtual
organisation participants is outlined by the authors of [118]. To define the SPCM for VBE
and VO based healthcare virtual collaborations, the direction of [15] is followed. In this
thesis, a role-based classification method is used to develop the mechanism using the
roles and services summarised in Section 5.2. The mechanism is aimed to achieve two
objectives, first to be general and wholistic in classifying services and participants in
healthcare virtual collaboration and second, be simple and understandable by healthcare

stake holders.

Figure 5.4 shows the SPCM classes and their mapping with the healthcare classes
identified in Section 5.2. The mechanism is developed to classify participants and services
for VBE and VO-based healthcare virtual collaboration. It is comprised of six classes which
is can be applied to all healthcare virtual collaboration scenarios. The mechanism
addresses the structural organisation of VBE and VO-based healthcare collaboration on

an abstract level. It is designed with healthcare system developers in mind to provide
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them with a mechanism that they can use to breakdown complex scenarios for system

design purposes.

Service and Participants
Classification Mechanism

! ] ! | |
< Organiser >< Support >< Task > <Flequester >< Provider >< Service >
Framework

Framework ra

Mapping to Mapping to
Healthcare Healthcare
Components

. . Management Care Care Care
(Executwes 1( ElectronlcsT related 1 (CnnsumersT Providers T related 1

Components

Figure 5.4: Healthcare service and participants classification mechanism mapped to the six classes
of stakeholders and services

As illustrated in Figure 5.4, the mechanism classifies roles and services on VBE and VO

levels as below:

1. HC-VBE level: Participants are classified into two distinct classes of participants, the

first is Organiser and the second is Support. Service is classified as one class which is Task.

a) Organiser: Roles that participant in the establishment of a HC-VBE are called
Organiser which can be individuals and organisations. This class is denoted by

<<Organiser>> Name and has the following responsibilities:

e C(Create HC-VBE to provide an environment for healthcare service provision

virtually.
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Oversee and manage a HC-VBE environment and operations.

Recruit other participants who wish to contribute to the creation and
management aspect of HC-VBE.

Ensure resource availability and accessibility as required for operating a HC-VBE
and HC-VO.

Ensure all necessary facilities are available for timely HC-VO creation.

b) Support: Represent electronic resources such as decision support systems and

databases which provide operational support to HC-VBE or HC-VO. It is denoted by

<<Support>> Name and has following responsibilities:

Data storage.

Organise communications between healthcare service provider and requester.
Collaboration and sharing facilitation.

SLA creation and management.

Provide electronic Input mechanisms for resources as required from HC-VBE
internal and external sources.

Provide output mechanisms for managers, care providers and receivers.

c) Task: All HC-VBE management activities that are carried out by Organisers are classed

as Task, which is denoted by <<Task>> Name and has the following responsibilities:

Provide a common interface for Organiser collaborations.
Administer resource allocations.
Define and manage resource access privileges.

Define Organiser rights and responsibilities within a HC-VBE.

2. HC-VO level: Participants are classified into two distinct classes of participants, the first

is Requester and the second is Provider. Service is classified as one class which is Service.

a) Requester: This class represents virtual collaboration participants who request a

healthcare service from a HC-VBE; it is documented as <<Requestor>> Name and has

the following responsibilities:

Request virtual healthcare services.
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e Respond to queries that are sent by HC-VBE participants (Organiser and provider).
e Negotiate a healthcare service to be received.
e Approve SLA after negotiation.
e Pay for healthcare services provided.
e Rate Providers and services provided.

b) Provider: Healthcare professionals who are recruited by a HC-VBE to provide services
in HC-VOs are classed as Provider. For example, a psychologist can be recruited to
provide a consultation service to a patient. It is documented as <<Provider>> name

and has the following responsibilities:

e Provide a healthcare service.
e Negotiate a healthcare service to be provided.
e Approve SLA after negotiation.
e Expect to be rewarded after complete service provision.

c) Service: The class represents short-lived virtual collaborations known as HC-VOs
which are created by HC-VBEs to provide a specific service for a specific period to a
Requester. The responsibilities of Service are similar to those of Task and it is

documented as <<Service>> Name.

5.3 HC-VBE Domain Specific Modelling Language

Theoretically, the dynamic nature of VO has the potential to offer solutions to many
different problems that require timely solutions, however, when it comes to the
application of the concept, there are a number of structural, functional and behavioural
barriers that are yet to be finalised. Describing a process in detail helps in simplifying its
complexity; models can provide a form of description that “increases the readability of a
process and its evaluation” [220]. The concept of VO supports collaboration over time and
space, but before such a concept is realised it has to be modelled as models facilitate

implementation process [221].

Models and visualisation techniques are used in many fields of science such as

engineering and manufacturing to facilitate a better understanding of a particular
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scenario, however “Visualization of aspects of virtual collaboration has received relatively
little research attention in the past” [36]. A structural model that could visualise how
different stakeholders in a typical HC-VO is structured is a significant contribution to the
realisation and implementation of the concept in healthcare [78]. The authors of [15]
have implemented a virtual medical team creation and management system in Cyprus
which is an example of the kind of systems that the DSML developed in this thesis can

contribute to its design and development.

Following the directions of [222] and [118], conceptual models independent from
implementation details is explicitly chosen to provide a generic view of virtual
collaboration for healthcare. Authors in [223] claim that “Using non-formal
representation often helps to gain a common understanding of the problems at hand”.
The authors in [224] state that to facilitate the description of challenges facing the
healthcare domain due to its complexity, conceptual models can be used. The ability of
Service Oriented Architecture (SOA) to show a number of service providers working
together, makes it a good candidate to be used for modelling in healthcare. But, SOA has
mainly been used to model the technical aspects of interoperability in healthcare systems

“not modelling the actual health care processes” [14].

Unified Modelling Language (UML) is a popular modelling language which is used widely
by system developers to model the behavioural, structural, and conceptual aspect of a
process [225]. There are researchers who have attempted to use UML diagrams to model
some aspects of healthcare. For instance, UML has been used to model a number of
healthcare related processes such as optimising hospital processes [226], organising
hospital-based cancer registration process [227]. UML models are capable of modelling
different system aspects, one of which is a use case diagram. UML use case is the model
that is chosen as the base to develop the DSML for healthcare virtual collaboration in this

thesis.

UML use case diagram has become the tool to draw simple and static views of a system
where actors and functions of a system are modelled and documented; it is easy to
understand and require limited introduction to the model notation [228]. The graphical

notations offered by UML to draw a use case diagram are generic not specific, for example
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the stickman and the oval shape notations pictured in Figure 5.5 are used to represent all
types of actors and functionalities of a system, regardless of the type and behaviour of
the actors and function. The authors of [185] claim that adopting general purpose
modelling languages such as UML are not always suitable to model problems in specific

domains, hence the development of a DSML could be considered as the alternative.

Figure 5.5: UML use case diagram actor and use case graphical notations

Actor

The complexity of virtual healthcare provision suggests that there is always the
opportunity for a wider range of stakeholders to participate in providing a care as
healthcare virtual collaboration can take place on a global level. During a typical
healthcare service provision, many stakeholders come together to provide the service,
some healthcare professionals and others outside the healthcare sector. Researches such
as [13] has used UML to model the execution procedure of treatment provision to
patients and they have drawn the conclusion that UML diagrams “cannot be used directly
in the hospital domain”. The author of this thesis has researched the suitability of using
UML to model healthcare in [229] and the outcome points towards a similar conclusion

that UML diagrams cannot model healthcare scenarios effectively .

Therefore, a healthcare virtual collaboration DSML becomes an important tool for
modelling in the sector. In developing the DSML, UML use case diagram is extended using
UML profile extension mechanism. The extension is necessary to ensure that the model
notations represent specific actors and use cases that are visually separable from each

other.
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5.3.1 UML Use Case Notation Extension

Domain specific graphical languages can simplify complex problems by allowing for
abstractions [223]; building these languages are often complex and require collective
effort and time, hence finding the right abstraction for a specific domain is a challenge.
For this reason, customising and extending an available general modelling language such

as UML can be more affordable as well as more acceptable since it is widely used.

Profiling as a lightweight extension mechanism is being promoted by UML which has
played a great role in the widespread use of the language [230]. The mechanism facilitates
the introduction of new modelling elements without the need to define a totally new
modelling language [230]. [231] Explains how the UML profiling mechanism can be used
to develop a new DSML. The mechanism is used in a number of other studies, for
examples, [223] proposes the use of UML profile for developing a DSML for embedded
systems, and the authors in [129] use the mechanism to define a Service Modelling
Language. Authors in [232] propose a domain ontology that can aid the evaluation
process of DSML developed using UML profile. Figure 5.6 shows the organiser actor which
is part of the HC-VBE-A package extended using UML profiling mechanism form the use

case actor profile.

<<profile>> Organiser

<<Metclass>>
Actor

<<stereotype>>
Organiser

MName: String
Role: String ‘——/
SLA: String

Start: Time

End: Time
Collaborate : Data

Figure 5.6: UML profile for organiser actor extended from the UML actor notation in this thesis
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The UML use case diagram extensions performed to create the healthcare virtual
collaboration DSML in this thesis consist of four packages. The packages are specifically
developed to model the components of the proposed service and participant
classification mechanism presented in Section 5.2. The packages are called healthcare
virtual collaboration actor (HC-VBE-A), healthcare virtual collaboration use case (HC-VBE-
U), healthcare virtual collaboration relationship (HC-VBE-R) and Healthcare virtual
collaboration environment (HC-VBE-E). In HC-VBE-A package, the traditional actor
notation is customised using the profile mechanism and four new notations are
introduced representing virtual collaboration actors in healthcare as specified in the
SPCM which are Requester, Provider, Organiser and Support.

Figure 5.7 shows the mapping between the extended use case notations to the service
and participant classification mechanism outlined in Section 5.2 and the description of

these extensions are presented in Table 5.1.

Classification Mechanism

HC-VBE HC-vO

(oo e W) (o i Y o)
. |

~
2<fask>> <chervices»
name name
/\ ~—

[ Service and Participants J

( Environment and Relationships —
— — ——
automatic collaboration Mix collaboration VBE bound
unaal
\ ry

Figure 5.7: The service and participants classification mechanism mapping to the developed
DSML for healthcare virtual collaboration
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In extending the UML actor notation, different shapes have been used to modify the
default UML stickman notation’s head which is circle by default, with the aim to sperate
the four new actors visually and aid visual recognition by modellers. The inspiration for

selecting the-shapes has come from the common traffic signs that are recognisable easily.

For the healthcare “provider” actor, the stickman notation’s head is a circle shape with a
cross in the middle which is the sign for healthcare related ensembles such as hospitals.
For the healthcare “requester” actor, the stickman notation’s head is a triangle shape,
indicating (give ways to) which can be interpreted as (need help). For the healthcare
“organiser” actor, the stickman notation’s head is a Dimond shape, the shape is used in
traffic concept for warning and directing drivers i.e. organising their driving. For the
“support” actor, the stickman notation’s head is a trapezoid shape, representing
electronic devices.

In HC-VBE-U package, the use case oval shape notation is customised and two extensions
are introduced representing Tasks and Services of HC-VBE and HC-VO which are specified
in the SPCM. Both the “task” and “service” shaped are visually separated by drawing
horizontal and vertical lines across the original oval shape. In HC-VBE-R package, the
association line is customised and two new association types have been introduced
representing electronic and semi-electronic communications. The two new association
lines are visually separated by adding a rectangle to the association line representing
electronic communication and an added square bracket representing semi-electronic
communication.

Semi-electronic means a communication that involves both direct face to face and virtual
at the same time. For example, a doctor could be providing a service to a patient in his
office directly while collaborating with another doctor virtually about the case of the
patient. The final package is the system boundary notation customised to represent the

HC-VBE-E where collaboration take place.
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Table 5.1: The UML use case notation extension description that make up the developed DSML

Packages No. Graphical Notation

Description

)<

<<Organiser>> Name

>

<<Provider>>Name

HC-VBE-A

S>>

<<Requester>>Name

A

<<Support>>Name

<<Service>>

HC-VBE-U name

The notation depicts Organiser who participate
in the creation and management of HC-VBE.
This notation always appears on the top of a

HC-VBE model.

The notation depicts the healthcare providers
who join a HC-VBE to provide a specific virtual
healthcare service for a specific duration. This
notation always appears on the right of a HC-

VBE model.

The notation depicts virtual healthcare service
requesters such as patients. Requester’s job is
to ask HC-VBE for a service which subsequently
be provided by creating a HC-VO for the
request. This notation always appears on the

left of a HC-VBE model.

The notation depicts HC-VBE and HC-VO
electronic resources such as databases that
provide operational and management supports.
This notation always appears on the bottom of a

HC-VBE model.

The notation depicts HC-VOs that come to
existence based on a request made by a
requester. The service exists for a specific
duration and it is created to achieve a specific
goal. It gets dissolved once the goal is achieved.
This notation always appears inside a HC-VBE

model.
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Packages No. Graphical Notation

Description

2 .
<<Task>>
name
\\—___—/
1 |
L
HC-VBE-R
2 1]
L
1 <<Environment>> |
HC-VBE-E

5.3.2 A Modelling Example

The notation depicts HC-VBE tasks where the
task is created for management of a HC-VBE.
Tasks are long- term based and may continue
for the duration of the HC-VBE life time. This

notation always appears inside a HC-VBE model.

This notation is used to indicate electronic
collaboration using communication
technologies between two entities of a HC-VBE.
This notation always appears crossing a HC-VBE
model between Service or Task and Requester,

or Provider or Support or Organiser.

This notation is used to indicate a mix of direct
and electronic collaborations between two
entities of a HC-VBE. This notation always
appears crossing a HC-VBE model between
Service or Task and Requester, or Provider or

Support or Organiser.

This notation represents the HC-VBE where HC-

VO is created and live to provide a service.

To demonstrate how the DSML developed facilitate the process of modelling a healthcare

virtual collaboration, the following scenario is considered.

To reduce cost and provide on demand consultation for patients who require after

treatment monitoring, the local healthcare authority in Leicester decides to setup a HC-

VBE-Leicester and appoints following participants:
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1. Aclinical operation manager as Organiser

2. An accountant as Organiser

3. The local authority central patient record system as Support
The participants collaborate in a Task to manage the operation of the HC-VBE-Leicester
to ensure the smooth running of the virtual environment and the availability of resources
for HC-VO creations. Figure 5.8 shows the structure of the HC-VBE-Leicester modelled
using the DSML described in Section 5.3.

N

<<0rganiser>> << Organiser>>
Clinical Manager Accountant

<<Environment>>
HC-VBE-Leicester

i
<<Task>>
Manage and
Maintain

<<Support=>
Patient Record System

Figure 5.8: Use case Diagram for the HC-VBE-Leicester collaboration scenario modlled uing the
developed DSML

5.3.2.1 Using HC-VBE-Leicester to provide care

To model a healthcare service provision by the HC-VBE-Leicester, a case study has been

extracted and simplified form [218] as follows:

A decision has been taken to discharge a male patient named John who had left hip total

joint arthroplasty in the past 15 days. The progress of the patient will be monitored at his
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home. The patient’s movement is limited because of his operation and he has to be

assisted in his demotics needs as he lives alone.

Surgical Site Infection is one of the most common possibilities after surgery, if the patient
is not cared for properly. the infection is caused by “contamination of an incision with
microorganisms from the patient's own body during surgery” [233]. To prevent the
patient from being infected collaborations between the patient and healthcare
professionals in the hospital is crucial. For such a case the HC-VBE-Leicester is asked by
Mr. Johan as directed by his surgeon to provide a real-time consultation service which

they call SSI-Prevention that facilitates:

1. The collaboration between the patient and healthcare providers.

2. Allow his surgeon to access real-time information recorded by a monitoring health

device installed at his home.
3. Select and recruit a pharmacy to provide him with the right medication when needed.
4. Select and recruit a carer to look after him in terms of cooking and cleaning.
5. Find and recruit a nurse to treat his surgical wounds.

To model the scenario, the participants of the “SS/-Prevention” can be classified based on

the SPCM developed as follows:
1. Organiser: The Surgeon who performed the operation.

2. Providers: A nurse to treat Mr. John’s wounds, a pharmacy to provide medication

when needed and a carer to cook and clean.

3. Support: The local authority’s central database and a health monitoring device

installed at the patient’s home.
4. Requester: Mr. John is the service requester

5. Service: SSI-Prevention.
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Figure 5.9 shows the virtual collaboration model for the scenario modelled using the

NN

{{D[ganiﬁer};“ :{,Drganiser}} ﬁ-:ﬂrganiserh-.‘l-
Accountant Clinical Manager Surgeon <<Providers>
\ Nurse

<<Environment>>

HC-VBE-Leicester
<<Provider=>

Pharmacy

SN =

<<Support=> <<Support>>
Patient Monitoring System Patient Record System

DSML developed.

AN

N1

<<Reguester>>
Mr. John

< Task»>
Wanape @
Maintain

<<Service»>
551-Prevention

Figure 5.9: Use case diagram for the HC-VO collaboration (SSI-Prevention) modelled using the
developed DSML

5.4 Service Orchestration Description Language

To show the processing steps of online services, the term “orchestration” is a familiar
word among researchers. The aim of orchestration is simply to show the workflow details
of an online activity [234]. The other term that is also used to describe processing steps
of online services is “choreography” and the difference is, orchestration is known to
represent centrally controlled collaboration whereas in choreography the service
providers are loosely controlled [235]. It was decided that orchestration is more suitable

for healthcare virtual collaboration and the reason is, in order to ensure all collaborating
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parties, deliver the right services following enforced terms and conditions, a centrally
controlled mechanism is more appropriate.

To model service orchestration there are a number of approaches suggested, for instance,
the authors in [236] are proposing to use UML activity diagram. Their approach has great
usability potentials as the diagram is frequently used among business service modellers
and software developers. However, it suffers from lack of details as the diagram only
shows activities without the required data that is needed for each step of the
orchestration. The Authors of [234] propose the use of “Reo” which is a graphical
modelling language to model orchestration. Their proposed mechanism only shows the
connection and data flows between web services with the aim to generate technical code.
Their approach lacks details such as the condition under which the orchestration takes

place.

Business Process Execution Language (BPEL) [237], is one of the most popular
orchestration workflow languages that is becoming industry standard and supported by
tech companies such as Microsoft and IBM. BPEL provides the mechanism to implement
orchestration of web services. In BPEL, the orchestration between service providers over
the web is encoded in XML, and provides a mechanism to send and receive XML messages
sequentially and in parallel [237]. Initially, BPEL didn’t have the support for human
activities, but later, the language was extended and BPEL4People was introduced [238].
The new extension is essential for the purpose of this research since in healthcare virtual

collaboration human is involved as service providers alongside machines.

In BPEL, first a service requester sends an input message to be processed and once the
request message is received service attributes will be identified as variables and necessary
service provision modules are assigned to be invoked. The result of service provision will
be sent back to the service requester in the final stage. Figure 5.10 shows the steps BPEL
uses to orchestrate services. To address the gaps identified in this section, a mechanism
specific to healthcare virtual collaboration service orchestrations is developed and
presented in the next section which consists of an orchestration mechanism (HC-VBE-OM)

and a service orchestration description language (HC-VBE-SODL).
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o

BPEL Process ™

e
| N

Receive

1. Input Message

Requestor Service

4 N

Reply

Variable
3. Output Message

Figure 5.10: BPEL orchestration process. showing how requests are orchestrated

5.4.1 HC-VBE-OM Introduction

Here, an orchestration mechanism is developed that captures three aspects of healthcare
virtual collaboration service orchestration which are, the scope of the orchestration, the
required information for the orchestration to take place and the actual orchestration
process. This is different from BPEL as BPEL only shows the orchestration process without
showing the scope and required information. Each aspect of the mechanism captures a
number of details of an orchestration. Figure 5.11 shows the three aspects of the

mechanism and Table 5.2 provides a short description of each aspect of the HC-VBE-OM.
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Orch-Scope

¥

1- Master SLA
2- SLA

HC-VBE- Orchestration
Mechanism

Orch-Attributes

¥

1- ExpectedService
2- InitiatedBy

3- ImplementedBy
4- UnderCondition

Orch-Process

¥

1- Action
2- Call
3- Answer

4- Influence

Figure 5.11: the proposed HC-VBE Orchestration mechanism components

Table 5.2: Orchestration mechanism component description

No. Orchestration

Reserved word

Explanation

Aspect
1 Scope
2 Orchestration
Attributes

1. Master SLA

2.SLA

1. ExpectedService

Represent the scope of the orchestration as
each HC-VO will have a Master SLA under which
all SLAs are linked. More details regarding
Master SLA is provided in Chapter 6.

In a typical HC-VO there are collaboration
between participants, the terms and conditions
of the collaboration is assumed to be formalised
in an SLA. More details are provided regarding
SLA in Chapter 6.

Represent the expected service that is going to
be orchestrated. This service is identified in the

SLA in the Scope section. There might be several
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No.

Orchestration

Aspect

Reserved word

Explanation

3

Orchestration

Process

N

w

1

. InitiatedBy

. ImplementedBy

. UnderCondition

. Action

. Call

. Answer

. Influence

expected services in an SLA; if that is the case

then there is an orchestration for each.

Indicates the participant who has requested the

service as specified in the SLA in the Scope.

Indicates the participant who provides the
service as specified by the SLA identified in the

Scope.

This section contains all the constraints under
which the orchestration is going to be carried
out. If any of the conditions are not true the

orchestration does not take place.

This indicates what activity is the orchestration
is for and starts the orchestration process once

the request for the activity is received.

This step is triggered by (Action) and it will
invoke the service provider to start providing

the service.

Represents the outcome of the orchestration.
Penalty will be issued if the service provision
has not met the conditions specified in the SLA

otherwise reward will be issued.

This part identifies the next orchestration that
is going to be triggered after the completion of

the current orchestration.
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To facilitate the implantation of the developed orchestration mechanism in the future, it
has been mapped to BPEL4People. Figure 5.12 shows the mapping between the HC-VBE-
OM and BPEL4People.

HC- VBE- Business Process Execution
Orchestration Language
Description Language (BPEL+ BPEL4People)
1- Master SLA < - 1- <scope>
2-SLA 7 2- <scope>
3- ExpectedService 3- <variable> or <task>
4- InitiatedBy € 3 4- <partnerlink> or <processinitiator>
5- ImplementedBy 5- <partnerLink> or <potential Owner>
6- UnderCondition 6- <receive <condition> >
-< ive>

7- Action 7- <receive

8- <invoke>
€ > 9- <reply>
10- <variable> or <task>

8- call
9- Answer
10- Influence

Figure 5.12: HC-VBE Orchestration mechanism mapping to BPEL

To perform the mapping, a similar direction as in [239] was followed to map the
developed orchestration framework to BPEL4People. In the mapping, the three main
aspects of the orchestration mechanism and their sub sections are stated and mapped to
their equivalent BPEL4People XML tags which are described in [237] and summarised in

Table 5.3. The mapping is as follows:

1- The orchestration scope which is decided by a Master SLA and the SLA which the
orchestration is for, can be implemented as <scope> tag in BPEL4People.

2- The process component of the orchestration mechanism consists of ExpectedSerivce
which can be implemented as <variable> or <task> tags, InitiatedBy can be
implemented as <partnerLinK> or <processinitiator>, ImplementedBy can be
implemented as <partnerLinK> or <processOwner> and underCondition can be
implemented as <received <condition>.

3- The third component of the orchestration mechanism consists of Action which can be

implemented as <receive>, Call which can be implemented as <invoke>, Answer which
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can be implemented as <reply> and Influence which can be implemented as

<variable> or <task>.

Now the question is, if we can map the orchestration mechanism to BPEL4People why not
use BPEL4People instead? The answer is, BPEL4People is an implementation language
based on XML that require technical skills to be created and understood. The
orchestration mechanism outlined here has a human understandable textual structure
that does not require technical skills to create and understand and it is developed for

modelling purposes.

Table 5.3:BPEL4People tag descriptions used in the mapping process

No. Tag Description
1 <Variable> Describes the attributes of a service or a requester or
provider.
2 <Task> Describes a human task.
3 <PartnerLink> Describes the service initiator or owner.
4 <ProcesslInitiator> Describes service initiator.
5 <PotentialOwner> Describes service owner.
6 <Receive <Condition>> | It is used to specify the conditions of the service that is

expected to be provided.

7 <Receive> The tag is used to specify a service to be provided.

8 <Invoke> The tag is used to initiate a service to be provided by a
partner.

9 <Reply> The tag contains a response of an accepted service

request described in <Receive>.

5.4.2 Orchestration Description Language

As a result of the research carried out on orchestration for this thesis, it was concluded
that a graphical orchestration model cannot frame the required information in a given
orchestration alone. Therefore, a textual description language to describe an

orchestration, following the direction of others such as [240] was developed.
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Healthcare is complex and there are many details that have to be accounted for in order
to start and end an orchestration. The textual orchestration description language
presented in this section is designed to describe the three aspects of the orchestration
mechanism as presented in the previous section (scope, attributes and process). To
standardise the orchestration textual description language, here the sentence structure
and reserved words of the language are outlined. Figure 5.13 shows the structure that
each sentence will have. It consists of two parts, the first is called Section Identifier (SI)
and the second is called Orchestration Line Statement (OLS). The second part consists of

two sub-parts which are processing line requirements and the outcome of the line.

In the first section (1. Section Identifier), there is always one of the 9 reserved words
defined in Table 5.4 in the order presented in the table. This part of the sentence is
separated from the second part using a colon (:). The next part contains one or more
statements, each separated by a dot (.) and then followed by relevant properties of the
statement. The “2.1 requirement” sub-section is linked to the “outcome” sub-section
using either an equal (=) sign to imply that the two sides of the statement should be equal
in order for the next line of the orchestration to be triggered or a right arrow (=) sign to
imply that sub section two is the outcome of the sub section one. The “2.2 Outcome”
sub-section has the same structure as sub Section 2.1. Each statement in section two (2.
Orchestration line statement) ends with a semi-colon (;). In addition to the sentence
structure, Tables 5.4 and 5.5 provide a number of logical operators that can be used in

the textual orchestration description language.

2. Orchestration line statement

2.1 Requirement 2.2 Qutcome

1-Section Identifier

Statement. Property Statement . Property

or action (condition) or action (condition)

Figure 5.13:Sentence structure of the textual orchestration description language developed
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Table 5.4: The developed Textual orchestration description language reserved words

No. Reserved Word Purpose

1 Invoke Request to perform an action

2 Send Transfer content of an interaction

3 Receive Arrival of a request from requester

4 Reply Transfer the content of a completed interaction

5 Wait Wait while required conditions are not met for an action
6 Complete An interaction is completed

7 Cancelled An interaction is cancelled before reaching the planed end
8 Trigger Initiate an interaction

9 True A condition is met

10 | False A condition is not met

11 Empty A request has no content

12 | Expire A request is out of date

13 | If Conditional statement

Table 5.5:0rchestration description language logical operators

No. Logical operator Purpose

1 |(OR) Optional action

2 & (AND) Parallel action

3 () Statement container
4 - (Causal effect) Results in

5 All mathematical

symbols as it may be

needed can be used.
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5.4.3 Orchestration Description Example

To illustrate the applicability of the orchestration language for healthcare virtual

collaboration the following simple case study is described using the language.

A local software development company, a private healthcare company and a finance
company in the city of Leeds-UK come together to form a HC-VBE called (Leeds-VBE) to

provide the following services:

1- Facilitate HC-VO formation based on service requests.
2- Recruit participants (healthcare providers) for HC-VOs to provide the requested
service.

3- Create SLA between participants for the services they agree to provide and receive.
4- Monitor the implementation of the SLA in terms of rating services, fines and rewards.
5- Disband HC-VOs and terminate SLAs after accomplishing set goals.
6- Archive required data and information for future use.

To show how Leeds-VBE can serve healthcare service requesters we consider the

following simple scenario:

Mr. David is a 40 years old male who recently had a car accident and had an operation on
his back after being injured in the accident. He spent two weeks in hospital after his
operation and then dismissed and sent home. Due to the operation his movements are
restricted and require care at home. He has asked Leeds-VBE to find a carer to take care

of his domestic needs and a nurse to treat his operation wounds.

Mr. David has requested that the individuals recruited should fulfil the requirements
specified in Table 5.6. It is now the job of Leeds-VBE to process the request and find the
right participants based on Mr. David’s requirement specification. Once all participants
are recruited Leeds-VBE will from a HC-VO called TreatWound to implement and monitor

the collaboration.
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Table 5.6:Healthcare provider requirement specification requested by Mr. David

Participant @ Service Working Availability = Qualification | Distance Cost
hours (time) (miles)
(per
from his
hour)
home
Carer Treat 7am -3 7am —5pm High school 15 miles £12
wound pm
Nurse Domestic | 3pm — 24 hours Qualified 10 miles £30
house 6pm Nurse
work

To demonstrate the application of the HC-VBE-SODL, the TreatWound orchestration

which is provided by a Nurse is described using the orchestration description language in

Table 5.7 and each line of the orchestration is explained in Table 5.8.7

Table 5.7:(TreatWound) orchestration described using the Orchestration description language

Sections Section HC-VBE-Orchestration (TreatWound)
Components
Orchestration MSLA, SLA Master.ID =2, SLA.ID=5

Scope
Orchestration

Attributes

ExpectedService:
InitiatedBy:
ImplementedBy:

UnderCondition:

Action:

TreatWound.Service = Master.SLA.Service;
Patient.Requester = Master.SLA.Requestor;
Nurse.Provider = Master.SLA.Provider;

TreatWound.Duration = (StartDate= 01/2019 &
EndDate = 03/2019);

& TreatWound.Payment = £30/hr;
& TreatWound.OCL(Frequency)= 1 per Day;

TreatWound.Service = TreatWound.Receive;
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Sections Section HC-VBE-Orchestration (TreatWound)

Components

Orchestration & TreatWound.StartDate = True;

Process
Call: (TreatWound.Service = Ture) = invoke.Nurse;

Answer: (Nurse.Reply = Completed) 2 TreatWound.Payment =

True;

If TreatWound.Duration = ((StartDate= 01/2019 &
EndDate = 03/2019)= True); &

((TreatWound.OCL(Frequency)= 1 per Day)=True);

| (Nurse.Reply = Cancelled) 2> TreatWound.Payment

= False;

If TreatWound.Duration = ((StartDate= 01/2019 &
EndDate = 03/2019)= False); &

((TreatWound.OCL(Frequency)= 1 per Day)=False);
Influence: (TreatWound.Payment = True) = SLA.Archive; |

(TreatWound.Payment = False) = SLA.Archive;

Table 5.8: TreatWound Orchestration Explanation

HC-VBE Orchestration (TreatWound)
1. Scope: Master.ID =2, SLA.ID=5

1. Explanation:

(Scope) represent the boundary in which the orchestration takes place. In this example the
content of scope navigates to where exactly the orchestration information is obtained. In the
statement, the content is obtained from service level agreement with identification number 5

which is administered by a master service level agreement with identification number 2.
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HC-VBE Orchestration (TreatWound)
2. ExpectedService: TreatWound.Service = Master.SLA.Service;

2. Explanation:

(ExpectedService) represent the service that is agreed on to be provided. The statement indicates
that the expected service is (TreatWound) of collaboration type (Service). This service is equal to
the (Service) agreed on in the identified SLA which is navigated to by the statement
(Master.SLA.Service).

3. InitiatedBy: Patient.Requester = Master.SLA.Requester;

3. Explanation:

(InitiatedBy) represent the requester (human or device) that has requested the service agreed on
in the SLA. The statement indicates that a (Patient) of participant type (Requester) has requested
the service. For this orchestration to take place the requester is the same as the one declared in

the SLA.

3. ImplementedBy: Nurse.Provider = Master.SLA.Provider;

3.Explanation:

(ImplementedBy) represent the provider (human or device) that is going to take the responsibility
to provide the service. In this example a (Nurse) of participant type (Provider) is going to provide

the (TreatWound) service.

4. UnderCondition: TreatWound.Duration = (StartDate= 01/2017 & EndDate = 03/2017);
& TreatWound.Payment = £30/hr;
& TreatWound.OCL(Frequency)= 1 per Day;

4. Explanation:

(UnderCondition) represent the conditions under which the service is implemented. The success
of the orchestration process will be validated against the stated conditions. These are the

conditions under which the two participants (Patient) and (Nurse) have agreed to collaborate. In
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this example the conditions are that the duration of the service is 2 months during which a visit

is paid daily for which the nurse will be paid £30 per hour.
5. Action: TreatWound.Service = TreatWound.Receive;

& TreatWound.StartDate = True;

5. Explanation:

(Action) represent the activity that is going to take place in the orchestration. In this example the
action is the (TreatWound) service. The action will start when it is received by the (process) part

of the orchestration and the start date is valid.
6. Call: (TreatWound.Service = Ture) = invoke.Nurse;

6. Explanation:

(Call) represent the start of the process. In this example when the action condition is true the

participant of type (Nurse) is requested to start the action (TreatWound service in this case).
7. Answer: (Nurse.Reply = Completed) 2 TreatWound.Payment = True;

If TreatWound.Duration = ((StartDate= 01/2017 & EndDate =
03/2017)=True); & ((TreatWound.OCL(Frequency)= 1 per
Day)=True);

| (Nurse.Reply = Cancelled) > TreatWound.Payment = False;

If TreatWound.Duration = ((StartDate= 01/2017 & EndDate =
03/2017)= False); & ((TreatWound.OCL(Frequency)= 1 per
Day)=False);

7. Explanation:

(Answer) represent the result of the action. In this case if the Nurse returned the (Completed)
message with all conditions observed, payment will be made otherwise payment will not be

made.
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8. Influence: (TreatWound.Payment = True) = SLA.Archive; |
(TreatWound.Payment = False) = SLA.Archive;

8. Explanation:

(Influence) represent the next orchestration that will be triggered to start. In this case the

orchestration for the (Archive) service will be triggered.

5.5 HC-VBE-M-F Evaluation Results

Framework implementation, testing methods, data collection and analysis process are
already described in Section 4.3. In this section, system developers’ acceptance
evaluation results for the HC-VBE-M-F are presented and discussed. The results are
produced using data collected during the survey, modelled and analysed using Structural
Equation Modelling technique in AMOS software. The SEM model developed based on
the HC-VBE-TAM-Provider is pictured in Figure 4.15 and described in Section 4.3.7.1.

5.5.1 Overall Analysis Results

This section provides the results for Mean, Standard Deviation, Factor loading, and
Significance p value obtained as a result of analysing the collected data using the
guestionnaire designed based on the HC-VBE-M-F-TAM. The questionnaire used can be
found in Appendix D. “Mean” is the average of all values given to an observed item by
surveyed participants. The Mean results for the observed items are between 4.71 and
5.25 which indicate agreeability of participants with the measuring statements in the
guestionnaire. The result is significant and conveys that the concepts developed in the
HC-VBE-M-F and demonstrated through the developed Java application prototype is

acceptable by system developers.

Standard deviation measures the deviation of answers from the mean and the smaller the

better. The standard deviation values are between 1.101 and 1.693 which indicates that

130



the answers given by research participants were close to each other since the standard
deviation values are not too large. This result shows that research participants view about
the modelling tool were fairly consistent. This finding increases the credibility of the
results and provides a good acceptability support for the modelling framework. The result
of individual item factor loading indicates strong link between observed items and their
unobserved variable with values between 0.768 and 0.942 which are all above the
acceptable cut-off value 0.5 [241]. The factor loading results suggests the effectiveness of
individual measurement items in measuring the unobserved acceptance factors in the

extended TAM which subsequently increases measurement reliabilities.

To measure the significance of relations between the unobserved variables and their
observed items, significance p value is computed for each construct. Significance test is
necessary in SEM to ensure that the result is not produced by chance and it is widely
accepted that a value is considered significant when (p<0.05) [205]. Significance
computed values are indicated as *** in AMOS analysis results output which indicates
that p<0.001. The result of all items is significant which suggests a high probability that
the results are not produced by chance. Table 5.9 summarises the overall data analysis
results for the modelling framework acceptability evaluation. The table shows statistical

results for each questionnaire item within the context of their unobserved variables.

Table 5.9: Overall data analysis results for HC-VBE-TAM-Modelling framework which includes the
Mean, Std., Factor loading and Significance value

Unobserved Observed Variable and its Std. Factor p <0.05

Variable related questionnaire Mean Deviation Loading  (Significance)
item

Perceived PAM1 4.79 | 1.500 0.925 p<0.001

Ability to Models produced using the HC-VBE modelling package

Model (PAM) | represents virtual collaboration in healthcare.
PAM2 482 | 1541 0.837 p<0.001
Models produced using the HC-VBE modelling package
simplifies complex healthcare virtual collaboration

scenarios.
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Unobserved Observed Variable and its Std. Factor p < 0.05
Variable related questionnaire Mean Deviation Loading  (Significance)
item
PAM3 496 | 1.598 0.917 p<0.001
Models produced using the HC-VBE modelling package
represent roles of virtual healthcare stakeholders.
PAMA4 471 | 1.357 0.867 p<0.001
Models produced using the HC-VBE modelling package
describes the collaboration process between virtual
healthcare stakeholders.
Perceived PU1 4.96 1.374 0.879 p<0.001
Usefulness Using the HC-VBE modelling package improves my
(PU) healthcare virtual system development process.
PU2 5.25 1.404 0.942 p<0.001
Using the HC-VBE modelling package saves me effort and
time to understand a healthcare virtual collaboration
scenario.
PU3 486 | 1.297 0.812 p<0.001
Using the HC-VBE modelling package would be more
effective to use for modelling healthcare virtual
collaboration systems than other modelling languages.
PU4 482 | 1.278 0.846 p<0.001
Overall, | find the HC-VBE modelling package useful for
modelling healthcare virtual collaboration systems.
Perceived PEU1 4.96 1.478 0.902 p<0.001

ease of use

(PEU)

Learning to use HC-VBE modelling package would be easy for

me.
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Unobserved Observed Variable and its Std. Factor p < 0.05
Variable related questionnaire Mean Deviation Loading  (Significance)
item
PEU2 479 | 1.101 0.858 p<0.001
| would find it easy to model healthcare virtual collaboration
systems using the HC-VBE modelling package.
PEU3 5.07 | 1.386 0.909 p<0.001
It would be easy for me to become skilful at using the HC-
VBE modelling package.
PEU4 5.07 | 1.585 0.942 p<0.001
| would find the HC-VBE modelling package easy to use.
Attitude AUl 5.14 | 1.693 0.950 p<0.001
towards using | Using the HC-VBE modelling package would be a good idea.
(AU)
AU2 4.89 1.257 0.895 p<0.001
Using the HC-VBE modelling package makes modelling
healthcare systems more interesting.
AU3 493 | 1.609 0.935 p<0.001
Using the HC-VBE modelling package would be a pleasant
experience.
AU4 4.82 1.219 0.871 p<0.001
| would like to use the HC-VBE modelling package.
Intention to IU1 486 | 0.970 0.848 p<0.001
use (1U) | intend to use the HC-VBE modelling package.
U2 4.82 | 1.090 0.768 p<0.001

It is likely that | will use the HC-VBE modelling package.
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Unobserved Observed Variable and its Std. Factor p < 0.05

Variable related questionnaire Mean Deviation Loading  (Significance)
item
U3 4.82 | 0.983 0.888 p<0.001

| expect to use the HC-VBE modelling package.

U4 5.00 | 1.361 0.866 p<0.001
| am willing to recommend other people to use the HC-VBE

modelling package.

5.5.2 Intermeasurement Correlation

Intermeasurement correlation shows the link between all observed items, Table 5.10
shows the analysis result of intermeasurement correlations for the questionnaire items
examining the HC-VBE-M-F-TAM. There are 20 measurement items in the questionnaire.
Each questionnaire item is correlated to all other questionnaire items in a questionnaire
including itself. A perfect correlation value which is 1, is produced when a questionnaire
item is correlated with itself perfectly, but the values would be less than 1 in all other

cases.

The intermeasurement results for all questionnaire item in this case are between 0.4 and
0.9 which are above the 0.3 acceptable cut off point. The results prove that the scores
given to all items as answers are closely related. This means that research participants
shared similar opinions on measurement items and they were all positive.
Intermeasurement values provide a detail map of the scores given to individual items in
a questionnaire. If the majority of correlation values are above 0.3 that indicates that the
guestionnaire items have adequately captured users view of the technology being tested

in this context.
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Table 5.10: HC-VBE-TAM-Modelling framework intermeasurement correlations

PAM1
PAM2
PAM3
PAMA4
PU1
PU2
PU3
PU4
PEU1
PEU2
PEU3
PEU4
AU1
AU2
AU3
AU4
U1
U2
U3
U4

PAM1
1.00
0.78
0.85
0.84
0.79
0.84
0.69
0.77
0.72
0.82
0.77
0.75
0.87
0.79
0.76
0.79
0.74
0.63
0.75
0.76

PAM2

1.00
0.75
0.68
0.80
0.72
0.71
0.77
0.78
0.68
0.73
0.73
0.78
0.66
0.71
0.59
0.68
0.60
0.71
0.78

PAM3

1.00
0.78
0.74
0.90
0.64
0.74
0.80
0.82
0.79
0.76
0.85
0.74
0.82
0.80
0.78
0.65
0.80
0.80

PAM4

1.00
0.73
0.78
0.69
0.78
0.64
0.73
0.74
0.72
0.81
0.74
0.80
0.68
0.70
0.59
0.63
0.70

PU1

1.00
0.83
0.81
0.76
0.71
0.68
0.64
0.70
0.78
0.77
0.74
0.70
0.61
0.56
0.71
0.75

PU2

1.00
0.75
0.77
0.83
0.83
0.71
0.79
0.86
0.88
0.84
0.83
0.71
0.61
0.78
0.78

PU3

1.00
0.72
0.75
0.63
0.67
0.71
0.72
0.72
0.76
0.62
0.57
0.40
0.62
0.69

PU4

1.00
0.76
0.74
0.68
0.70
0.75
0.77
0.77
0.60
0.73
0.53
0.65
0.75

PEU1

1.00
0.79
0.82
0.84
0.77
0.76
0.81
0.67
0.75
0.59
0.79
0.85

PEU2

1.00
0.69
0.79
0.83
0.81
0.77
0.83
0.77
0.65
0.75
0.67

PEU3

1.00
0.91
0.78
0.64
0.78
0.62
0.67
0.52
0.69
0.79

PEU4

1.00
0.81
0.78
0.83
0.70
0.68
0.56
0.70
0.77

AUl

1.00
0.86
0.87
0.87
0.80
0.68
0.82
0.79

AU2

1.00
0.84
0.78
0.72
0.61
0.73
0.76

AU3

1.00
0.79
0.80
0.71
0.83
0.85

AU4

1.00
0.73
0.70
0.81
0.65

U1

1.00
0.67
0.75
0.70

U2

1.00
0.73
0.70

U3

1.00
0.75

U4

1.00
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5.5.3 Characteristics of Constructs

At construct level, the result supports strong acceptability for the concepts developed in

the HC-VBE-M-F. The mean value for each construct variable computed as an average for

all observed item answers for a particular construct is close to 5 with standard deviations

between 0.978 and 1.371. Table 5.11 shows the result for all constructs tested, the

number of observed items per construct, means and standard deviation computed for

the 28 samples. The significance of means and standard deviations results on the

acceptability evaluation has already been explained in Section 4.3.8. The result suggests

that on construct level the survey participants’ acceptance attitude towards the

modelling framework were positive since the values are close to 5, which equals to

“Agree” in Likert-Style measures. The result also suggests that on construct level the

answers were similar since the standard deviation values are not too large.

Table 5.11: Statistical results for HC-VBE-M-F-TAM construct characteristics

Construct statistics

Constructs Observed

Items

Perceived Ability to Model (PAM) 4

Perceived Usefulness (PU) 4

Perceived Ease of Use (PEU) 4

Attitude Towards Using (AU)

S

Intention to Use (IU) 4

Mean

4.821

4973

4973

4.946

4.875

Std. N
Deviation

1.371 28
1.220 28
1.288 28
1.356 28
0.978 28
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5.5.4 Data Validity and Reliability

In survey research, one indicator of measurement validity and reliability is internal
consistency reliability of items in a questionnaire; valid and reliable measurement should
produce high consistency of answers between items measuring the same construct. To
ensure measurement validity and reliability, internal consistency reliability is computed
for the collected data based on three most used statistical validity and reliability
calculation methods which are Cronbach's Alpha [210], Construct Reliability (CR) and
Average Variance Extracted (AVE) [208].

The acceptable value for AVE is 0.5 or above and the value computed for all constructs in
this part of the study are above the cut off value ranging from 0.712 to 0.834. These
results suggest that the amount of variance produced as a result of correct data collected
for each construct is much higher than the amount of variance which may have been
produced as a result of errors in the data collected. The suggestion supports strong data
reliability which is vital for validating the technology acceptance claims made with regard
to the modelling framework developed in this thesis.

CR acceptable value is 0.7 or above, the result for all constructs are above the value
starting from 0.908. The acceptable value for Cronbach's Alpha is 0.7 again the result for
all constructs are above the value starting at 0.902 and the overall test value is 0.982.
These results suggest strong data validity and reliability which supports the conclusions
reached for the AVE results. Kaiser-Meyer-Olkin Measure has been computed to ensure
sampling adequacy and the result is 0.885 which indicates that the sample used in the
study is adequate as values above 8 is considered acceptable [242]. The adequacy of the
sample data is important to be proven statistically which in turn increases the findings
made as result of analysing the sample data.

The Individual construct factor loading indicate strong connections between the construct
and its measured questionnaire item as all values are above 0.9 which is much higher than
the 0.5 acceptable value. The correlations between the constructs in the model as values
start with the correlation between IU and PU being the lowest (0.814) which is much
higher than the 0.3 acceptable value. The strong correlation between the constructs

supports the validity of the model which in turn support the empirical conclusions made
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with regard to the acceptability of the modelling framework. Table 5.12 shows the

summary of results obtained for collected data reliability and validity.

Table 5.12: HC-VBE-M-F-TAM data reliability and validity results
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A 2
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Perceived Ability | 0.787 | 0.937 | 0.933 | 0.949 1
to Model (PAM)
Perceived 0.759 | 0.926 | 0.931 | 0.945 | 0.908 | 1
Usefulness (PU)
Perceived Ease of | 0.816 | 0.947 | 0.940 | 0.931 | 0.882 | 0.853 | 1 0.982 | 0.885

Use (PEU)

Attitude Towards | 0.834 | 0.953 | 0.947 | 0.956 | 0.895 | 0.889 | 0.879 | 1

Using (AU)

Intention to Use | 0.712 A 0.908 | 0.902  0.945 | 0.876 | 0.814 | 0.852 | 0.902 1
()

5.5.5 Model Fit Indices

Model fit indices are calculated to find out whether the model used fits the data and it is
acceptable. As explained in Section 4.3.8.10 that many fit indices have been suggested by
researchers but the most recommend ones are Chi Square (CMIN in AMOS), CFI, TLI, IFI,
RMSEA and SRMR [214][215][213]. Based on the recommendations, Table 5.13
summarises the model fit indices computed in AMOS for the HC-VBE-M-F-TAM.

The computed Chi Square value for the model is 1.318 which is within the recommend

value of 1-3. Chi Square is a measure of badness of fit, a value that is not significant
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(p>0.05) indicates that the model is acceptable. This means that the covariance matrix
calculated based on the collected data is similar to the predicted covariance matrix by the
model. In this case, the Chi Square value suggest that the model designed to test the
acceptability of the framework is acceptable and is fit for the intended purpose. CFI
compares the fit value of the model with a fit value of a base model (alternative model)
with value closer to 1 indicates an acceptable fit. The CFl value computed is 0.925 which
has exceeded the recommended 0.90 cut of value and hence indicates a good fit. These
results suggest that the model used to test the acceptability of the framework is closer to

ideal, hence indicate the fitness of the model.

TLI and IFl are both comparative fit indices similar to CFl with computed values of 0.913
and 0.928 respectively. They both support the claim that the model fit is acceptable since
the values are above the 0.9 cut off value. RMSEA calculates the difference between
covariance matrix value for the same observed item in both the tested and predicted
model. The recommended value is 0.08 or smaller, the value computed for the HC-VBE-
M-F-TAM is 0.108 which is slightly bigger (0.0208 difference), however since all other fit
measures are within the acceptable cut off values, this can be overlooked and be

considered as acceptable.

SRMR is the final fit value computed which measures the standardised difference
between predicted and observed covariance matrix with a recommended value of 0.08
or smaller. The computed SRMR value for the HC-VBE-M-F-TAM is 0.048 which is smaller
than 0.08 and suggests a good model fit. The model fit values collectively support the
fitness of the model to test the acceptability of the framework by prospective users and

the results produced from it can be relied on.

All the results so for far presented were computed to show whether the results produced
in testing the hypothesises are statistically sound or not. Collectively the results suggest
the hypothesis results are statistically sound. The results of the hypotheses testing are

presented in the next section.
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Table 5.13: HC-VBE-M-F-TAM fit results

Overall fit Description Computed | Recommended Value
index Value

CMIN/DF Chi Square/ Degree of Freedom 1.318 Between 1 and 3

CFI Comparative fit index (baseline | 0.925 CFl=20.90

comparison)

TLI Tucker Lewis 0.913 TLI >0.90

Index (baseline comparison)

IFI Incremental fit index (base line | 0.928 IF1>0.90

compression)

RMSEA Root Mean 0.108 RMSEA £0.08
Square Error of

Approximation (Absolute fit indices)

SRMR (Standardized) 0.048 SRMR £0.08
Root Mean

Square Residual

5.6 HC-VBE-M-F Discussions

This section discusses the results obtained for this part of the evaluation with regard to
the two research questions stated in Chapter 1. The questions focus on the modelling
aspect of healthcare virtual collaboration and the extent to which the research questions

have been answered is examined.
RQ1: How to classify the main stakeholders in virtual collaboration for healthcare?

To be able to model healthcare virtual collaboration the first step is to develop a generic

classification model for the roles and services in the sector. With this in mind and to
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answer the research question, an in-depth literature search was conducted to understand
healthcare in terms of stakeholders and services. The challenge was to deduce a generic
classification mechanism that is applicable to all possible scenarios of healthcare virtual
collaboration. Healthcare is a broad and complex sector which is quite difficult to carry
out a holistic analysis for in terms of roles and services. To guide the research, VBE and
VO concepts are used as a theoretical base and as a result, a generic virtual collaboration
role and service classification mechanism which is called Service and Participant
Classification Mechanism (SPCM) is developed and described in Section 5.2. The
mechanism classifies services and participants for a given virtual collaboration scenario at
an abstract level. The mechanism is simple and can be applied to any healthcare virtual
collaboration scenario to classify the roles and service. The applicability of the mechanism
is demonstrated with a simple healthcare virtual collaboration example in Section 5.2.1.
The evaluation results show that the mechanism is seen by system developers as
acceptable for classifying roles and service in healthcare. This result is significant and

important since the rest of the concepts developed in this thesis are based on the SPCM.
RQ2: How to model and describe service provision for healthcare virtual collaboration?

The research outcome obtained in the process of answering RQ1 served the based to
answer RQ2, which led to developing a DSML for healthcare virtual collaboration. In
Section 5.3 a modelling language which is called HC-VBE-DSML is developed and
described. The language enables healthcare virtual collaboration system developers to
model a scenario in terms of roles and services. The modelling language serves as a
generic tool that provides graphical notations specific to certain roles and services as well
as a collaboration orchestration mechanism for healthcare, based on VBE and VO
concepts. The graphical notations are packaged in a DSML which is developed based on
UML use case diagram. The DSML is developed with the aim to be simple, easy to learn
and comprehensive in representation. With regard to the service description part of RQ2
a Service Orchestration Description language is developed. The language is text-based
which can be used by system developers to describe service provision in a given
healthcare virtual collaboration scenario. The orchestration is mapped to BPEL4People

for implementation purposes in the future.
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To evaluate the modelling approach for healthcare virtual collaboration the modelling
language was implemented as a Java application and the application was evaluated for
user acceptance using TAM as a theoretical evaluation framework. TAM is adapted
through extending it for this part of the study, a detail description for the extension
process is provided in Section 4.3.2. Based on the HC-VBE-M-F-TAM seven hypotheses
were defined in Section 4.3.2.1. The result of testing those hypotheses based on the data
analysis carried out in AMOS show that Hi with a significance value of less than 0.05 is
accepted; which means PAM has a significant effect on PU. The result provides empirical
proof that research participants believe that the modelling framework is capable of
modelling virtual collaboration in healthcare domain (indicated by p-value for PAM
construct in Table 5.14) and this will influence its usefulness. The p-value for the causal
effect of PAM on PEU hypothesised in H, is 0.001 which is less than 0.05. This means that
H; is accepted and PAM has a positive effect on PEU. The interpretation of this result is
that research participants believe PAM of the modelling framework will contribute to its

PEU.

Hsa which hypothesises the causal effect of PEU on PU is rejected with a p-value of 0.927.
This leads to the conclusion that the research participants didn’t believe that PEU will
have a causal effect on PU. A possible reason for this finding could be the fact that the
modelling framework is based on UML use case which is considered easy to use and
useful, not one causing the other. This explanation could also be applied to Hsb which is
rejected with a p-value of 0.116 which hypothesises the causal effect of PEU on AU. The
result indicates that research participants didn’t believe that PEU of the modelling
framework changes their AU as they have already indicated their intention to use, shown

by the result of IU construct with a mean value close to 5 (Table 5.3 in Section 5.5.3).

The causal effect of PU on AU hypothesised by Haa is accepted with a p-value of 0.001
which indicates that since the research participants found the modelling framework
useful, they also think of using it and the usefulness factors will influence their AU. This
finding contradicts the result of Hsb which hypothesises the causal effect of PU on IU and
it is rejected with a p-value of 0.646. According to this result PU will not lead to IU. Having

said that, the evaluation results show that research participants intend to use the
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modelling framework as the mean value of IU is close to 5 (Table 5.3 in Section 5.5.3) and

Hs which hypothesises the causal effect of AU on IU is accepted with a p-value of 0.015.

Overall, these results show that the surveyed participants were positive about the

contribution that the HC-VBE-M-F makes towards modelling the structural and aspect of

VBE and VO based virtual collaboration in healthcare. Table 5.14 summarises the

hypotheses test results and the bold lines in Figure 5.14 illustrates the accepted paths

(hypotheses) in the HC-VBE-M-F-TAM.

Table 5.14: HC-VBE-M-F-TAM hypotheses testing results

Hypos. Evaluated Causal Effect

H, Perceived Usefulness <--- | Perceived Ability to Model
(PU) (PAM)

H; Perceived Ease of Use <--- | Perceived Ability to Model
(PEU) (PAM)

Hsa Perceived Usefulness <---  Perceived Ease of Use
(PU) (PEU)

Hsb Attitude Towards Using = <--- | Perceived Ease of Use
(AU) (PEVU)

Hsa Attitude Towards Using = <--- Perceived Usefulness (PU)
(AU)

H.b Intention to Use (IU) <--- | Perceived Usefulness (PU)

H5 Intention to Use (IU) <--- Attitude Towards Using

(AU)

Sig.Level
at p<0.05
p<0.001

0.001

0.927

0.116

0.001

0.646

0.015

Acceptance

Accepted

Accepted

Not

Accepted

Not

Accepted

Accepted

Not

Accepted

Accepted
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Figure 5.14: HC-VBE-TAM-M-F accepted hypotheses

5.6.1 The HC-VBE-M-F Limitations

The HC-VBE-M-F is developed with the aim to be simple, generic and capable to model all
VBE and VO based healthcare virtual collaboration scenarios. The structural aspect of the
model which is based on UML use case diagram provides a set of simple notations to
model roles and functions in healthcare virtual collaboration, however there are several
important system feature that requires to be accommodated in a model such as system
performance, availability, security which cannot be modelled using the developed
modelling language. The process aspect of the model which is developed as an
orchestration description language can describe possible steps in a given healthcare
virtual collaboration service statically, however, it lacks a formal simulation or validation

procedure to evaluate the correctness of processes described.

5.7 Chapter 5 Summary

This chapter presented the Healthcare Virtual Collaboration Modelling Framework (HC-
VBE-M-F) and the concepts and mechanisms that make up the framework are explained

in detail. The content of the chapter is summarised in the following points:

1- In order to understand the healthcare sector, a detail map of the roles and services of

the sector is deduced from literatures available on major research data-bases such as
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Springer and Elsevier. In total 6 classes of roles and services are identified which are
care providers, executives, consumers, care environments, electronic devices and
healthcare services. The identified roles and services are used as a base to develop a
participant and service classification mechanism.

A Service and Participant Classification Mechanism (SPCM) is developed that classifies
healthcare virtual collaboration participants and services. The mechanism uses the
VBE and VO concepts as a guide for the classification. On VBE level, healthcare virtual
collaboration participants and services are classified into Organiser, Support and Task.
On VO level the participants and service are classified into Provider, Requester and
Service. The mechanism is generic and can be used to classify participants and service
of all VBE-based healthcare virtual collaboration.

A domain specific modelling language based on UML use case diagram graphical
notations is developed to model the roles and services identified by the SPCM. To
develop the modelling language, UML profiling technique is used to extend the
notations. The actor notation (stickman notation) is extended four times with
different head shapes to represent the four identified participants (Organiser,
Support, Provider and Requester). The use case oval shape of UML is extended twice
to represent Task and Service.

A Service Orchestration Mechanism (SOM) is developed to describe the processing
flow of a healthcare virtual collaboration service. The mechanism includes an
orchestration description language that uses structed sentences to describe the steps
in a given service.

The evaluation results show that the framework is acceptable by system developers
participated in the survey and their intension to use systems developed based on the

modelling framework is positive.

In the next chapter, a healthcare virtual collaboration framework is presented which

is developed based on the modelling framework presented in this chapter.

145



Chapter 6 : Collaboration Framework

This chapter presents a healthcare virtual collaboration framework that has been
developed based on the modelling framework in Chapter 5. The framework is comprised
of a conceptual description presented in Sections 6.1 and 6.2 with aim to manage and
organise virtual collaborations for healthcare. A member selection mechanism is
described in Section 6.3, a healthcare provider validation mechanism is described in
Section 6.4 and a set of service level agreements (SLA) templates that formalises the
agreements between collaborating participants are described in Section 6.5. The results
and findings of the user acceptance evaluation for the framework which is implemented
as a mobile application are presented and discussed in Section 6.7. Finally, a summary of

the chapter is provided in Section 6.8.

6.1 Healthcare Virtual Collaboration Framework

The current centralised model of healthcare provision cannot deal with today’s
healthcare challenges such as the rise in demand and increased cost of care [9]. Moving
the healthcare sector towards a multi-provider model where a number of individuals and
organisations collaborate together to provide services are seen as the future of
healthcare [14][15][16]. In this section, the author presents and describes a virtual
collaboration framework for healthcare which is called Healthcare Virtual Breeding
Environment Framework (HC-VBE-F) developed based on the role and service concepts
developed in the modelling framework in Chapter 5. The aim of the framework is to
facilitate and organise virtual collaboration and resource sharing for healthcare. Figure
6.1 shows the framework components which are a conceptual framework, a member
selection mechanism, a healthcare provider validation and verification framework and a

set of SLA templates.
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This chapter aims to answer the remaining research questions as listed below:
1- How to manage and organise virtual collaboration for healthcare?
2- How to select, verify and validate participants for healthcare virtual collaboration.

3- How to regulate virtual collaboration for healthcare?

HC-VBE . —
] ; q', ik
Patient 1 m : K _—
w0 HC-VBE
Member
—  E3PRE| Selection
ﬁ\— =t Mechanism
[ }
a 0 &
| [T | [
HC-VBE HC-VBE HC-VBE member selection
framework concepts mechanism

Framework

HC-VBE provider
HC-VBE verification and validation
SLA templates mechanism

Figure 6.1: Components of the healthcare virtual collaboration framework which consist of a
conceptual framework, a member selection mechanism, a provider validation and
verification mechanism and SLA templates.

6.2 The HC-VBE Framework Description

The theoretical base of the framework is drawn from two well-researched virtual
collaboration concepts which are VBE and VO [27] [31] [32]. The concepts originally
developed for the world of business to address collaboration management and regulation

challenges in virtual settings and recently they have been considered for application in
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education, e-commerce and teleworking [46] [47]. In healthcare, the concepts have been
researched for specific healthcare services, for example, VO concept is considered in a
TeleCare pilot-study for collaboration and patient record sharing between stroke
specialists in The Netherlands [243] . The researchers describe VO but they fall short in
providing a working framework and they have not explained how the concept of VO is
utilised in their approach. The authors of [244] explain a virtual hospital project in Finland
in which VO is used as theoretical base for virtual collaboration in a hospital without

presenting the workflow and management process for the collaboration.

As a solution to provide a type of mental healthcare which is not bound to physical
structures in hospitals, the authors in [245] suggest the use of VO but similarly they don’t
provide any clarity as to how the concept is going to be used to provide the virtual care.
To create a platform for radiologist to collaborate and share medical images and other
resources a MammoGrid Virtual Organisation is suggested by [246]. They describe a
number of functionalities of the VO on technical level without explaining the processing
steps that the VO implements in organising the collaboration and resource sharing. These
studies focus on a specific aspect of healthcare and none provide a comprehensive
framework for healthcare collaboration and resource sharing in a virtual organisation

setting.

There is clearly a gap in researches carried out on the use of VBE and VO concepts in
healthcare as the studies cited are the only ones managed to be found and they are more
than 13 years old. To contribute to the body of literature and fill in the gaps identified in
the use of VBE and VO in healthcare, a comprehensive framework is presented in the next
few sections. The framework is described on conceptual level, component level and
process level as shown in Figure 6.2. On conceptual level, the figure shows the general
architecture in terms of roles and services. On component level, the figure shows the
main components that make up the framework which will be explained in detail in terms
of component functionalities and groupings in later sections. Finally, on process level, the
figure shows a flowchart like diagram which describes how the framework works to

organise and facilitate virtual collaboration for healthcare.

148



/ HC-VBE - st \\

Pathest
Necrerato

9]
<
[\
I\
[\
| \
Ao Ao

1. HC-VBE-Framework
Conceptual-Level

/ HE-VBE components
v vo

’ VO Maonitoring Maneges

4R

Manager

2. HC-VBE-Framework o
Component-Level : 2

LR
Mg
rngeisten
g

st ey

VBE Monitoring |
Manager

Rapository b
“naocces > Manager
Chanus

Avsbereme
Marages

Dhaprte
oA P g

.
4 oy W

3. HC-VBE-Framework oy - e o S
Process-Level My e "

v I
2y v || Glagurte
\\ | Manager

Figure 6.2: lllustrating the HC-VBE-F description on conceptual, component and process levels

6.2.1 The HC-VBE Framework Concept

Healthcare has a dynamic nature in which the duration of care and the required resources
are varied from one case to another [247]. The dynamicity of care provision is even more
prominent in virtual healthcare since collaboration and resource sharing requires real-
time synchronisations and managements. Therefore, a framework to facilitate the
management and coordination aspects of healthcare virtual collaboration becomes
essential. The framework developed here aims to facilitate the creation of virtual
environments where healthcare professionals, health institutions and other
organisations, supported by ICT infrastructures, can come together to provide healthcare

services. The framework also facilitates the management of healthcare collaboration on
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both HC-VBE and HC-VO levels. A single HC-VBE can create many HC-VOs based on
requests for healthcare services send to the HC-VBE by requesters. The HC-VBE facilitates
parallel but sperate running of created HC-VOs. Electronic Service Level Agreement (SLA)
serves the base for the terms and conditions under which each HC-VO is created. SLAs are
agreed between requesters and providers prior to creation of the HC-VO for a particular
request. In virtual environments, SLA is a widely accepted mechanism to regulate

collaborations and resource sharing.

One of the advantages of employing SLA is guaranteeing a trustful relationship between
collaborating parties. In virtual organization, members are recruited and discharged as
per task requirements, therefore, it is possible that many of the members collaborate
with each other for the first time. A major part of healthcare services depend on trust as
it provides psychological comfort to service providers and consumers [138]. It isin human
nature to be cautious about trusting someone you meet or work with for the first time;
this is even more difficult in virtual settings as collaborating members don’t meet each
other face to face. The concerns can be addressed in an understandable and enforceable

SLA [248]. SLA can also formalise service expectations as claimed by [249].

In a virtual setting where unidentified number of participants are online to provide a
service, it is always a challenge to select the right one for the services requested. With
this challenge in mind, in Section 6.3, a member selection mechanism is presented which
is an important part of the HC-VBE framework. The framework makes use of SLA
templates generated based on healthcare service requests send to the HC-VBE, and
selects the right participant based on a number of criteria such as qualification and
reputation. Once the right participant is identified and selected from a pool of providers,
verifying and validating the credentials of the selected participant presents another
challenge that has to be addressed. To address the challenge, in Section 6.4 a virtual
healthcare provider verification and validation framework that uses blockchain

technology is presented.

Figure 6.3 shows the overall infrastructure of the framework. In the diagram, Requesters
appear on the left of the system boundary, Providers appear on the right, Organisers who

manage the VBE appear on top and Support appears at the bottom of the system
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boundary. Participants and resources join force under independently managed entities
which is called Service in the case of short goal-based collaboration and Task in the case
of long-term management-oriented collaboration. All participants are bound by SLAs
approved by participants in a given collaboration settings. Before explaining the
components, which make up the framework, it has to be noted that the framework is

designed under the assumptions that:

1. Human participants have the necessary competence to use computers and smart
devices.

2. The internet and local networks are the mediums facilitating the communications
between participants.

3. Expected healthcare services are the ones which are virtually achievable such as

consultation services.
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Figure 6.3: The HC-VBE framework general structure that shows the classification of collaborating
participants and HC-VBE and HC-VO created based on SLA
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6.2.2 Framework Component Description

HC-VBE and HC-VO participants in the framework can be human or electronic devices
collaborating and sharing resources through communication technologies [27]. In
designing the framework, the SPCM described in Section 5.2 and published in [250] is
used. In this section, each of the components of the framework which is shown in Figure

6.4 are described.

HC-VBE Framework Components

VBE components VO components

Initiation Megotiation and VO Monitoring Manager

Manager Creation
Manager
Manager
Participant Dispute
Task
Catalogue

Service VBE Monitoring

Catalogue

|

Request
Checker

Request
Parser

Requester Manager

identifier Constraints

negotiator

i
ke
it
0o

R

epository
Manager

Type of

Service
identifier

Constraints
\ identifier J

Figure 6.4: HC-VBE components grouped in 5 groups (Initiation Manger, Negotiation and Creation
Manager, VBE Monitoring Manager, Repository Manager and VO Monitoring Manager)

Change
Manager

SLA Creator

Dispute
Manager

6.2.2.1 VBE Initiation Manager

The component manages healthcare requests sent by participants (e.g. patients) to the
HC-VBE for a service (e.g. regular heart rate check) and has five use cases as defined

below. A service request could be a simple function triggered by a registered Requester
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or Organiser or a detailed request for a service [250]. In both cases, the HC-VBE generates
a request report. The report contains the necessary information for creating an SLA and

makes it available to the Request Checker use case for processing.

e Request checker

It analyses the request report sent by the HC-VBE and carries out the following checks:
1- Validity check: Checks the validity of the following attributes:

a- Date of the request.
b- Time of the request.
c- Requester details such as ID and attributes.
d- Requested service description, by checking that the necessary information is
provided in specified fields of the request report.
2- Scope check: It is carried out to ensure that the service requested is within the scope
of the HC-VBE. The check mechanism was not intended to be specified here but it
can be for example by searching for keywords in the service description attributes of

the request report.

3- Completeness check: Checks the availability of the required data to trigger an SLA

creation process.

e Request parser
The function of this use case is to parse the content of the request report into internal
conceptual representation which is the classification of roles and services as per the SPCM

[250].

e Requester identifier
Once the parsed request report is made available, this use case identifies the requesters

of the service by searching for the followings:
a- Name and ID of participants

b- Role types of the requester (Requester or Organiser)
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e Type of service identifier

The function of this use case is to identify the requested service type in the request
report. To do so, it searches through the parsed report to identify if the request report is
for a Service or Task. If it is not specified in the report then the use case searches for
indications to decide what is the request for, and it uses a number of indications to make

the decision:

a- To decide the request is for Service, information generated by the Requester
identifier use case is used. If the request is made by a participant with role type
Requester then the use case decides that the requested service is of type Service, this

is because Requester can only request a Service formation [250].

b- To decide the request is for Task, it uses the information generated by the Requester
identifier use case. If the request is made by participant with role type Organiser then
the use case decides that the request service is of type Task, this is because Organiser

can only request a Task formation [250].

e Constraint identifier
Constraints play a vital role in specifying meticulous details of an SLA such as duration of
service, quality of service, rewards, and penalties. The use case checks for constraints in
the request report and make it available to the Constraint negotiator use case described
later in this section. Since SLA contains terms to be fulfilled by each participant, a
constraint-based mechanism is necessary to regulate the terms; for this, Object
Constraint Language (OCL) can be used following the footsteps of others such as [85] and

[141] and also for the following reasons:

1- It has become the default language for expressing specification requirements [251].
It is flexible and facilitates future extensions as separate OCL expressions can be

written for each parameter based on the purpose of the parameter [85].

2- It is a general purpose and text-based specification language which requires a low
learning curve. A text-based human readable SLA can be an effective way to speed

up the negotiation process required for VO formation. Such mechanism can be
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implemented and provided as a negotiation tool to human participants; such tool has

already been considered and implemented by other researchers [252].

3- OCL-based constraint can be converted to Web Ontology Language (OWL) which is
machine readable and helpful during framework implementation, as claimed by
authors of [253]. The authors provide a direct mapping between OCL and OWL which
is pictured in Figure 6.5. The mapping is done between specific OCL expression and

OWL tags, for instance, OCL context is mapped to <sch:pattern id> tag.

<sch:schema
xmlins:sch="http://purl.oclc.org/dsdl/schematron">

pb <sch:pattern id="Tournament">

<sch:rule context="/tournament">

<sch:let name="t" value="." />

<l-- PSM1 -->
context t:Tournament P+ <sch:assert test="start le end">
/¥ PSM1 */ Dates inconsistent,
inv: t.start <= t.end ’ <sch:value-of select="6t/start" />
message: ‘Dates inconsistent, is greater than
{t.start} is greater than {t.end} in {t.name}' <sch:value-of select="$t/end" />

in <sch:value-of select="$t/name" />
</sch:assert>
</sch:rule>
</sch:pattern>
</sch:schema>

Figure 6.5: OCL to OWL mapping between OCL expression and OWL tags taken from [250]

6.2.2.2 Negotiations and Creation

This component facilitates the negotiation and creation of SLA, based on the healthcare
service request processed by the Initiation Manager component. It supports the following

use cases:

e Participant catalogue

This use case has a number of important functions as follows:

a- Keeps record of previous participants of a HC-VBE in terms of member identification
attributes, ratings, availability, specialty, performance history and any other

required information.
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b-

Search for suitable participants within the record to identify a suitable participant
for the requested service. This set uses the participant selection mechanism
described in Section 6.3.

Trigger an advertisement for specific participants such as Provider and Support
when such participants are not available within the internal catalogues.

Approve participant applications in collaboration with the registration use case of
the HC-VBE.

Task catalogue

The functions of this use case are as follows:

a-

b-

C_

Keep record of previous Task implemented by a HC-VBE in terms of task
descriptions, task identification attributes and task durations.

Search for reusable Task based on the requested service requirements. This is to
speed up the Task formation and implementation process within the VBE to deliver
the fastest service possible to healthcare service requesters.

Process the details of a new Task as it is formed in order to stipulate them in the SLA
that is going to be created for the participants of the Task.

Service catalogue

The functionalities here are similar to the one of Task catalogue but instead of Task the

functions are performed for Service.

Constraints negotiator

Constraint negotiation is one of the essential tasks in bringing all participants together to

agree on an SLA. The function of this use case is crucial in the framework. It is responsible

for presenting all available options to participants so that they can make a decision on the

conditions under which they want to participant or receive the healthcare service. The

use case has the following main functions:

Fetch the constraints in the service request report

Make the constraints available to all prospective participants

Present all participants who are willing to fulfil the specified constraints in the
request report. The mechanism of the presentation is not specified but could be

based on percentage of constraint acceptance by each participant.
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d- Stipulate in an SLA, the confirmed and agreed on constraints.

e SLA creator

The use case puts together all gathered information and generate SLAs. The task here is
closely linked with the result of the other use cases detailed so far. An SLA is generated
for each HC-VBE participant that participate in service provision in a given HC-VBE
collaboration settings so that each participant knows their exact roles, obligations and

rewards.
e Convertor

Not all who participate in healthcare virtual collaborations are computer or system
experts, normally ordinary people are the main customers of such services. Therefore, it
is important to have an SLA which is written in human readable and understandable

format. The functions of this use case are:

a- Convert machine readable SLA into human readable text.

b- Convert SLA created by a HC-VBE into machine readable OWL.
If any changes made to the clauses of an SLA during service provision the convertor will
convert the changes from machine readable format into human readable format and vies-
versa. Figure 6.6 illustrates the conversion process where the converter is the bridge
between text-based SLA and OWL-based SLA and the double headed arrows indicate bi-
directional conversion capability. The conversion process and mechanism are not
outlined in this thesis since it is an implementation matter that may differ from one virtual
collaboration system to the next.

Clause 4: <<HC=-VC=-SLA>> puration Prefix(:=http:/ /v
StartDate: date Prefix(owl:nhttn:)

Prefix(xsd:=Cattp://wv.v3. 0rg/ 2001/ 0 Schesad))

EndTime: time
Constraints: OCL

semanticueb, org/hee/ontologies/

MR
Val/e

StartTime: time Prefix(rdf:=chtep:/ /v vd. o/ 1599/02/22-rd! -aymax-nad)) {
Constraints: OCL <::> Prefix(ml:=Chtep:/ /v, w3, 0rg/ X0/ 1538 /nanespace))
EndDate: date

SLA

SLA Convertor SLA
Text Version OWL Version

Figure 6.6: A view of the convertor use case working mechanism
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6.2.2.3 Monitoring Manager

Once an SLA is created and sent for implementation, it has to be monitored to ensure that
the terms and conditions are observed and respected. The Monitoring Manager

component performs the monitoring function through the following use cases:
e Enforcer

The function of this use case is to ensure that the terms and conditions stipulated in an

SLA are observed and implemented by performing the followings:

a- Match continuously the participants attributes stipulated in the implemented SLA
to the ones provide the service in the Task. The matching can be performed by

comparing participant IDs and Names for example.

b- Monitor the implementation of the attributes of services stipulated in an SLA
through checking service satisfaction indicators such as satisfaction ratings by

service requesters to ensure that the full agreed services are provided.

c- Trigger the process of rewarding participants in terms of ratings and payments once

the services requested are fully delivered and confirmed by service requesters.

d- Trigger the process of fining participants who have violated the terms and

conditions of an SLA.
e Change manager

The use case manages and detects changes that may be made to an SLA during
implementation. Changes can be requested by participants of an SLA before and during
SLA execution. For instance, changes can be requested to enhance SLA terms and
conditions to better the services provided or the other way around. In case of changes,

the use case performs the followings:
a- Gather information such as the change requester IDs and the change requested.
b- Specify the clause numbers in the SLA that the change affects.

c- Notify all affected participants of the change.
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d- Trigger the Convertor use case to convert the changes to text and OWL version.

e- Replace an old SLA with a new one and make it available for the Monitoring

Manager use case for implementation.
e Dispute manager

This use case processes all complaints sent to a HC-VBE regarding an SLA content
adherence, for example, a service requester could rate a service provider poorly for the
service provided. In such a case, the service provider can complain about the rating and

the use case has to process the complaint, for this, it takes the following actions:

a- lIdentify the SLA which the complaint is about by searching for the SLA attributes

provided in the complaint such as ID of the SLA.
b- Identify the parties involved in the complaint from the identified SLA.

c- Compare results gathered during SLA implementation with the information provided

in the complaint.
d- Inform involved parties of the complaint outcome.

e- Make changes to records held about the SLA and affected participants.

6.2.2.4 Repository Manager
This is the last component which includes two use cases as follows:
¢ Maintainer

To keep all records about a specific SLA up to date, regular checks have to be made in
collaboration with other use cases especially the Change manager. Therefore, regular

checks and keeping records up to date is the main function of this use case.
e Archiver
This use case has the following functions:

a- Create a Master SLA for each Task and Service where SLAs for all participants are

placed under one umbrella for the purpose of implementations and linkage. Figure
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6.7 illustrates the Master SLA where (p) represents a participant within a specific
virtual collaboration to which an SLA is created. All changes and referral requests for

SLA clauses are made through the Master SLA to which the SLA is belong.

b- Archive SLAs created and provide access to each one for future references and
reuses. This part of the use case plays an essential role in dispute management since

it holds records about all SLAs and make them available for access at any time.

Master SLA

Figure 6.7:Master SLA concept where a number of SLA can be linked together under one Master
SLA

6.2.2.5 VO Monitoring Manager

This component performs the same functions as VBE Monitoring Manager component
except here the monitoring is performed for HC-VOs which have different participants

and the duration of service provision is shorter than the one of HC-VBE.

6.2.3 The HC-VBE Framework Working Steps

This section provides a step by step description of the HC-VBE-F working process. The
descriptions provided are none-technical as technical implementations are left for
framework implementers’ preference in the future. The framework organises and

manages virtual collaboration for healthcare in 16 steps pictured in Figure 6.8.
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Before any participant can initiate a healthcare virtual collaboration, they will have to
register in a HC-VBE system. Participants (requesters, providers and organisers) will have
to fill in a registration form to ensure that all required participant’s information is
available for SLA creation and enforcement purposes. Once participants filled in the
registration form and their details are approved by a HC-VBE, they can start making
service requests in the case of requesters, provide a service in the case of providers and

provide management services in the case of organisers.

The main processing flows for a HC-VBE system are:
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1- After a service request form is submitted by a service requester, the HC-VBE creates
a request report with similar content to the one shown in Figure 6.9 and sends it to
the checker use case to be checked. The request report will be created based on the

SLA templates described in Section 6.5.

Request report

Requester details:

1 0d: e, (e.g. 10)
2- Name: .....ccceceecveveneneene. (€.8. Hoger Mahmud)
3- Address ..ccceveneenenn (e.g. Huddersfield, UK)

4- Contract information:...(e.g. hoger@gmail.com )

Service requested

1- Service title:................... (e.g. head ache consultation)

2- Type of service................ (e.g. service)

3- Service description:...... (e.g. continuing headache at front part of head)

4- Service constraints ( duration, payment rate).......... (e.g. consultation for 1 hours

on 24-12-2018 between 14:00 till 15:00 will pay 50 pounds)
Providers required

1- Title s (e.e. Neurologist doctor)
2- Qualification :......cccoeeeunene (e.g. BScin Medicine)
3- Constraints (availability):.(e.g. be available in the afternoon)

Figure 6.9: Request report example with possible contents

2- Thereport will be checked by the checker function of the system which carries out the
following checks to make sure that the request report is complete. If any information

is missing the requester will be notified to provide the missing information.

a. Requester details
b. Service requested
c. Providers required
d. Service conditions

e. Offered payment amount
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After the check is completed, the system sends the request report to be parsed
(separate the information contained in it) for providers and service required. The

parsing process uses the SPCM described in Section 5.2.

The parsed information from the request report will then be sent to the recruiter and
creator components to search the catalogues for the right participants. It also initiates

a Service or a Task, based on the request made.

To recruit the requested participants, first, the internal database is searched, in the
event that the right participant could not be found the system advertises the request

to external HC-VBEs to find the right participants.

Once the right participants and services are identified, the information will be
collected and sent to the negotiation component to start negotiating the terms and

conditions of the service.

The negotiation component then generates an SLA (OWL-based version) based on the

identified information.
The HC-VBE sends the OWL-based SLA to the converter use case.

The converter use case converts the OWL-based SLA to a text-based human readable

SLA.

10- The converted template will be sent to both requesters and providers for review and

approval.

11- Providers and requesters read the SLA and either approve it or request changes to it.

In the case of change requests, the agreement will be sent back for renegotiation.

This process cycles through until the final agreement is reached.

12- Once the SLAs are approved by all parties they will be converted back to OWL-SLA and

sent to the Monitoring and enforcement component for implementation. At this
stage, a Service (HC-VO) will be created if the original request was for a Service and a
Task (VBE management) will be created if the original request was by organisers for

Task.
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13- After a Service is created and running, if any change was requested to be made to the

approved SLAs during the run, the request will be sent back to the negotiation use

case to be approved by all parties before implementation.

14- In the event of change requests approval, they will be accommodated in the old SLAs

and converted to OWL-based SLA and send it back to the enforcement and monitoring

component.

15- After the service provision is complete, then the monitoring use case either reward

the provider and charge the requester or it will fine the provider for not observing the

terms and conditions of the SLA.

16- Finally, all SLAs will be archived in a repository for referral and reuse in the future.

Figure 6.10 is the overall UML activity diagram for the HC-VBE-F which shows the

activities performed by each component and the flow of information between the
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Figure 6.10: The framework UML activity diagram that show the flow of activity stage by stage
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Finally, as described, the developed framework is a generic one that supports the
identification, recruitment and management of healthcare virtual collaboration
participants which may come together to provide a healthcare service. The framework
has advantages over other proposed frameworks. For example a virtual telehealth
framework is suggested in [254]. Similar to the proposed framework in this thesis, the
authors have developed the framework with the aim to facilitate healthcare provision
virtually. The framework is designed specifically to manage stroke cases collaboratively

and facilitate doctor to doctor consultation.

One of the main differences is, the authors have stated that patients using their
framework can only request a service in the time allocated by healthcare professionals,
which clearly is a limitation on the use of the framework. The framework described in this
thesis enable requesters to request a healthcare service on demand and be serviced in
real-time. This is because patients can request services at any time they may wish and
there will always be a healthcare provider to provide the service requested. The second
difference is that the authors state that healthcare providers can only be recruited from
the local repository but the developed HC-VBE framework is designed for global level
collaboration where providers are recruited from a pool of providers around the world.
The third difference is that the framework is designed to provide specific services whereas
the developed HC-VBE framework is generic and can be used to provide all types of

healthcare virtual services.

6.3 HC-VBE Member Selection Mechanism

Collaborating and working in a virtual world lacks direct performance supervision, which
means, enforcing timely performance requirements on collaborating parties may not be
achieved easily. One way to deal with this issue is to make sure that the right collaborating
participant is selected. Researches such as [255] emphasises the importance of effective
mechanism for member selection in dynamic domains and [256] states that, in dynamic
and complex environments where many possible partners and technologies exist,
member selection process is a challenge. The Authors of [257] state that having the right

team member in a team is an essential success factor that should be taken seriously.
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How to select the right member? Under what criterion? Are questions researched by
researchers in different fields and the issue is yet to be resolved. The authors of [258]
claim that there is a lack of unified framework for team member selection. The challenge
in virtual collaboration is even greater, because besides having the right professional
skills, collaborating virtually, requires participants to be technically competent in the

technology that is going to be used for the collaboration [259].

According to [256], there are two member selection processes, the first considers
historical member performance and the second uses predetermined criterions to assess
the suitability of new members. Historical member performance can be gaged through
reputation. The concept of reputation has been considered in some researches for the
purpose of member selection. For instance, reputation accumulation processes where
members can rate other members based on personal experience and collaboration
results, are considered by authors in [260] and [261]. Defining the right criterion is also a
challenge that is being researched, for instance, [262] identifies partner characteristics,
knowledge and capability, and degree of fitness as three criterions to be considered for
partner selection. Over recruitment and under recruitment is another issue realised by
researchers in the field [257]. In this section a task-based member selection mechanism

is outlined by which problems such as over recruitment is avoided.

To tackle the issue in virtual enterprises, a partner selection mechanism is developed by
[255] that considers both time and cost as the two main selection determinate criterion.
In a similar attempt, a temporal team member selection framework is suggested by [258].
The authors of [263] use combinational auction to deal with partner selection issue which
may work in a domain where time is not an important factor as the selection takes time
to be finalised based on who offers more for a product. However, this kind of mechanism
is not suitable for healthcare domain as service quality and fitness has to be considered

alongside cost and time.

To select the right member for healthcare virtual collaboration, a 7-step member
selection mechanism (HC-VBE-MSM) pictured in Figure 6.11 is developed. The mechanism

makes use of the SPCM described in Section 5.2 and the HC-VBE-F described in
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Section 6.2 to select a member for virtual collaboration. The mechanism’s working steps

are described in the next section.

1. Read Parsed
request report

7. Recruit 2. Identify
Participant Participant

HC-VBE
Member

Selection 3. Identify

Pp Mechanism Participants
Participant Attributes

6. Approve

4. Search
Internal and
External

5. Propose
Participant

Figure 6.11: A seven steps HC-VBE Member Selection Mechanism, developed to work within the
HC-VBE-F

6.3.1 Member Selection Mechanism Steps

In this section each step in the mechanism is described.
Step 1: Read parsed request report

It is assumed per the HC-VBE-F, as a result of processing the initial request from a
healthcare requester a parsed report has been generated in which participants in the
report are separated based on the SPCM. The member selection mechanism makes use
of the parsed report, reads and analyses its content and start initiating the member

selection process based on the information provided in the record.
Step 2: Identify participant

Having analysed the parsed report in the previous step, now the required participant is

identified. For instance, if a healthcare member of type provider and title “psychologist”
167




is requested, this step in the mechanism will note this information and pass It on to the

next stage of the member selection process.
Step 3: Identify participant attributes

The information in the previous step now has to be analysed further to identify the
attributes of the participant. The process in this step is vital to ensure all the necessary
details of the identified participant is noted and processed before passing it on to the next

stage of the selection process.
Step 4: Internal or External search

In this step, participants who possess the required attributes and roles are searched for
in order to be contacted for possible service provision. First, the search will be in the HC-
VBE repository; this is to speed up an SLA finalisation process as details of previous
participants are already saved and the search list is shorter. The search will be moved to
external HC-VBEs if the right participant could not be found or negotiation fails. As per
the HC-VBE-F, in this case, the participant requirements are advertised to external HC-

VBEs for possible offers.
Step 5: Propose participant

As the result of the search, if the required participant is found, then the member
credentials are going to be verified and validated using the provider verification and
validation mechanism described in Section 6.4. After verification and validation, the HC-
VBE-MSM proposes the details of the provider to the requester for possible negotiation.
At this stage, the status of the proposed member is undecided in terms of recruitment

and it will be decided in the next step.
Step 6: Approve participants

If the negotiation in the previous step is successful then the mechanism notifies both
requesters and providers to approve each other. The approval will serve as a base for the
SLA that is going to be created for both. This is a preliminary approval just to enable the
process of SLA creation to be triggered, the final approval is going to be made when the

created SLA is approved by both requesters and providers.
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Step 7: Recruit participant

After both collaborators (requester and provider) approve each other, at this stage, the
SLA between them are finalised and the provider will be formally recruited. This will lead
to the start of HC-VO formation process. Figure 6.12 is the UML activity diagram for the
HC-VBE-MSM process. The diagram shows the activities that are performed throughout

the seven-step mechanism.

Read parsed
request reprot
Notify Requester (No Match)> [Iderrtify F'ar‘tic:ipant]
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Match Maker [ i P P ]
[Unsuccessfull Negotiation]

[Match npt found] [Match Found] O
MNegotiate

[Suc:cessful\tegatiati on]

. Recruit )
[Approve participant Participant -

Figure 6.12: HC-VBE -MSM activity diagram showing the flow of activities to select a participant

6.4 HC-VBE Provider Verification and Validation Mechanism

Technology-based healthcare systems have altered the way care is provided to those in
need with emphasis on raising the quality of care and reducing the cost of care [264].
Virtual healthcare is one of the ways that technology is playing a decisive role in its
delivery, however, there are challenges that are yet to be addressed. In virtual healthcare
settings, it is highly probable that healthcare providers and receivers do not know each

other, which formulates the user validation and verification challenge.
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Patients are entitled to be served by qualified healthcare professionals with their
credentials verified and validated. Moreover, to prevent information falsification and
identity assumption it is vital that virtual collaboration systems in healthcare offer the

assurance needed regarding the identity and attributes of the collaborators.

This section describes a healthcare provider verification and validation mechanism (HC-
VBE-PVVM) which is developed based on blockchain technology. A brief background on
blockchain technology is provided in Section 2.8 which serves the foundation for the
development of the mechanism. Blockchain technology is sighted for huge potentials in
many areas of services, and reputable companies such as the Tierion/Philips partnership
(Netherlands), GEM (U.S.), IBM, Guardtime (Europe) and Brontech (Australia), are all
considering the technology in addressing challenges related to their needs [265].
Healthcare providers are taking a keen interest in applying the technology to solve

healthcare provision related challenges as claimed in a study by Deloitte [266].

There are studies such as [267] that claims current user authentication systems such as
password and usernames have not been very successful and suggest blockchain is the
technology that can provide the full solution. The thesis author does not intend to
comment on the technical implementation of blockchain for healthcare provider
verification and validation but rather provide a conceptual description of the mechanism.
The implementation details and challenges may require a separate research to be carried
out in the future. In this section, the main participants, the authentication system
conceptual structure and the processing steps that serve the bases of the mechanism are
provided. To shed some lights on the applicability of the mechanism it is applied to a
simple healthcare scenario. The HC-VBE-PVVM described in the next section has been

published in a peer reviewed journal in [268].

6.4.1 HC-VBE-PVVM Description

Blockchain has been considered in a diverse fields of research ever since it was reported
in 2008 [92], and its famous crypto currency application (Bitcoin) in 2009 [269].

Healthcare is one of the fields that researchers are considering the technology as a
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possible solution to some healthcare provision related challenges. The technology is
already used for patient identification [270], patient record control [271] and healthcare
record sharing between stakeholders securely [264]. A swiss company (Healthbank

(www.healthbank.coop)) is developing a blockchain-based system to control healthcare

data transaction verification and validation. The technology is considered for healthcare
provider qualification validation and verification in [272] in a similar way as the proposed

mechanism without specifying the verification and validation process.

Care provider reputation plays an important role in raising quality as healthcare
requesters seek providers with high reputation; to secure the authenticity of provider
reputation, blockchain has been used by the authors of [273]. To prevent drug
counterfeiting, Hyperledger is using blockchain to develop a system in collaboration with
a number of well-known companies such as IBM, Cisco and Intel [274]. To provide a secure
platform to enable healthcare specialists to share information, a network based on
blockchain has been launched by Gem Health in the US [275]. Blockchain technology is
believed to play a vital role in healthcare which has created a buzz to an extend that some
healthcare researchers call it a revolution [287]. For long, the concern around to be sure
that the person you talk to online is who they claim to be, has been present. Despite the

invention of many authentication techniques the concern is yet to be addressed fully.

The mechanism presented here aims to aid healthcare virtual collaboration system
developers with a step by step roadmap that enables them to use blockchain technology
for healthcare service provider validation and verification purpose. The mechanism works

under the following assumptions:

1- Healthcare systems are developed based on the HC-VBE-F concepts developed in this

thesis where any request for healthcare service is processed and provided virtually.

2- A number of virtual collaborators including HC-VBEs, healthcare institutes,
governmental agencies and academic institutes participate in creating a blockchain to
share and validate healthcare providers credentials. HC-VBEs seek the verification and
validation of healthcare providers that they intend to recruit for service provision.

Healthcare institutions validate reputational attributes such as length of experience and
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professionalism of the healthcare provider to whom the verification and validation are
required. Academic institutes are responsible to verify and validate the academic

qualifications that the healthcare providers claim to hold.

Under the above assumptions, a HC-VBE-PVVM that performs its function in a seven-step
process. The mechanism components and working steps are shown in Figure 6.13. Each

working step of the mechanism is described in Section 6.4.1.1.
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Figure 6.13:HC-VBE provider verification and validation mechanism steps and components

6.4.1.1 PVVM Working Steps

The following steps describe how the HC-VBE-PVVM works:

1- Service request initiation: In a HC-VBE, requests will be received for a service from a
requester in a form of a request report as explained in Section 6.2.3. Once this took
place, the HC-VBE takes the necessary steps as in Section 6.3.1 to find and contact a

service provider.
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2-

Provider identification: If the provider requested is found within the local database it
means the provider has already gone through the verification and validation process,
in that case, the provider will be recruited to provide the service after mutual
acceptance by both healthcare providers and requesters. Otherwise, a newly
unverified and unvalidated provider can be found and contacted from a pool of

external providers.

Provider validation and verification request: After the newly found provider declares
its intention to provide a particular healthcare service, the HC-VBE sends a verification
and validation request to the formed blockchain. The mechanism broadcasts the
information provided by the healthcare provider in the blockchain to be verified and

validated.

Blockchain verification and validation initiation: As result of the previous step, now
all nodes in the chain has received the request and the process of verification and
validation can start. In blockchain, verifying and validating a transaction which is
known as mining, comes with an incentive (e.g. financial payment) and the node with
most computational power wins the incentive. Having made that clear, now the nodes
in the chain compete to verify and validate the providers information requested by

the HC-VBE. The competition speeds up the verification and validation process.

Provider information comparison: In this step, the information received by the nodes
are processed and compared with blocks held by relevant authorities (e.g. academic
institute or hospital where the provider has claimed to have worked). In blockchain
technology, there are several methods that is used for the comparison process such

as Proof of Work (PoW).

Verification and validation result: When the process of information comparison is
completed, the requester HC-VBE will be notified of the outcome and the result of the

process will be broadcasted to other nodes to update their records.

VBE result processing: If the provider’s information and credentials are verified and
validated successfully then the HC-VBE will take the necessary steps to recruit the

provider, and subsequently form a HC-VO for the healthcare requester and the
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approved provider. Otherwise, the HC-VBE will take steps to find new healthcare

providers for the requested service and repeat the steps 2-7.

Finally, the initiation of using blockchain technology to address a well-recognised
challenge in healthcare virtual collaboration, sums up the original contribution of this part
of the research. However, the mechanism is conceptual and it is yet to be implemented.
The mechanism has the potential to be a possible future PhD research as further research
and implementation is required to fully realise the mechanism and prove its contribution

in the field of healthcare, empirically.

Researchers mention that despite the acclaimed contribution of blockchain technology to
the healthcare sector conceptually, the implementation and adaption of the technology
is very slow due to the fact that it requires significant computational resources and the
cost of its use is challenging to estimate [278]. Having said that, the technology deemed
full of potential and there are studies that suggest the opportunities for its use in
healthcare. For example, the authors of [282] suggest several potential services that
blockchain can provide in healthcare such as bringing stakeholders of healthcare closer
by removing third parties during collaboration and sharing resources, hence reducing

transaction charges and keeping records secure and trusted.

6.4.1.2 HC-VBE-PVVM Application Example

The mechanism is designed to provide verification and validation for virtual healthcare
service providers that offer to provide a service in HC-VBEs. One of the most common
virtual healthcare services is consultation. The service’s purpose is to hold conversation
with a patient in order to guide the patient on healthcare concerns. To show the

applicability of the mechanism the scenario below is considered:

Mr. David has recently developed a pain in his back after a fall while playing football. After
a number of hospital visits for close check-ups, he has been advised by a specialist that he
has to perform a number of specific exercises in the next few months to manage the pain.
His local doctor has introduced him to a HC-VBE where he can request consultations with

a physiotherapist on a weekly basis.
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Now Mr. David can use the virtual services provided by the HC-VBE to receive guidance

regarding his exercise without the need to visit his local healthcare institute. In order to

receive the care, he takes the following steps:

1-

He fills in a request form after registering himself in the HC-VBE system for a
physiotherapist consultation. In the form, he explains his health issue and specifies
the attributes of the physiotherapist as (having good reputation, minimum 6 years of
experience, qualified by an EU university and should speak good French as he is a
French national). He also specifies the duration of the service and the amount he is

willing to pay for the service. He sends the request to the HC-VBE for processing.

The HC-VBE takes the steps outlined in Section 6.3.1 to find a physiotherapist that
matches the request made by Mr. David. The HC-VBE search in the service providers
local repository does not yield a close match. Now the HC-VBE advertises the request
to external HC-VBEs and a physiotherapist who claims that he is a French national
with 9 years of experience and an EU graduate with close matches to the other

attributes specified in the request, offers to provide the service.

The HC-VBE now uses the outlined verification and validation mechanism to ensure
the claims made by the provider are correct or false. To perform the verification and

validation checks the HC-VBE takes the steps 3-7 described in section 6.4.1.1.

6.5 HC-VBE Service Level Agreement Templates

Managing SLA in a complex, multiparty and dynamic environment such as healthcare

virtual collaboration is a challenge. The challenge is recognized by researchers in the area

and they all point to the need of a comprehensive SLA framework [276][277]. To manage

SLA in virtual and distributed environments, various approaches such a modelling SLA

based on business objectives have been suggested by authors in [278][279][280]. The

main management tasks in SLA lifecycle have been researched intensely and there is a

common agreement that negotiation, creation, monitoring and closure are the four major

tasks in the cycle [281][282] [283][284] [87]. On a practical level, for SLA negotiation and

creation, efficient protocols are required, for such requirements some significant works
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are on-going such as the extension to WS-Agreement by [285]. The approaches are
proposed for domains other than healthcare and they do not present a clear and
comprehensive SLA management process. Similar to the approach taken in this thesis, the
authors of [286] propose a SLA framework for federated virtual organisation without
providing details as to how the SLAs are created and managed. In Section 6.2 within the
HC-VBE-F a clear SLA life-cycle management process is provided where the SLA

negotiation, creation and monitoring process is described.

As for the structure and content of SLA, the concept of SLA template is commonly used
to provide a consistent structure and content for SLAs created for a specific domain or
purpose [88][89][90]. A template, provides the structure and the main sections that
should be included in an SLA, such as involved parties, service attributes and constraints.
Templates also speed up the agreement process during negotiation since participants
learn what is required from them and what they will get in return. The majority of virtual
service providers such as those in could computing businesses, offer SLAs based on
specific templates [287]. In a fast-changing environment such as healthcare having an
electronically enforceable SLA to guarantee the delivery of the right service at the right
time and at the right cost is essential. Another important point is the fact that not all
services provided in healthcare can be provided electronically, human involvement
therefore is inevitable. [135] Claims popular SLA mechanisms such as WSLA [140], CC-Pi
[133] and WS-Agreement suffer from flexibility and support for services that have human

involvement.

All available electronic SLAs are machine readable and could be difficult for ordinary
human user to read and understand. The SLA templates presented in this section have a
text-based version which supports human readability and involves human decision
making in the process which makes it different from others. This work is a step forward
in formalising the structure of SLAs for HC-VBE. As for the HC-VBE-SLA template
implementation they can be implemented in OWL, and OCL can be used to define service
constraints. Figure 6.14 is a section of the Master SLA template implemented in OWL. In

a separate approach, the authors in [288] propose an RDF-based language to represent
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contracts, however the language is semantic web specific which limits its use as not all

virtual organisations necessarily base their collaboration on semantic web architecture.

Master Template Text-hased Master Template OWL-based
about="WealthcareVrtualColaboration_SLA_Master_Template'f>
Master paltheare olaboration_SLA_Master_Template#Clause_L:_[HC-VC-SLA) MasterDetals’/>
df: about="HealtheareirtualColaboration_SLA_Mastes_Templates], 1 Mastarll"s
Clause 1: <<HC-VC-5LA»> MasterDetails \
1.1: MasterID: int ( ce="htkp:/ o m3.06g/ 2002/ 07 ol #topOboectProperty' >
1.2: Creationbate; date SN =ealthcareviriualollaborabon_SLA Master_Template#Clause 1. (HC-VC-SLA) Mastedetals’/>
1.3: CreationTine: tine <JowkRescon
1.4: Status: active | waiting | completed | “",rj'jh duman
cancelled atanges
<owl:Restnchion
1.5: CollaborationType: task | service T ——R
1.6: Slalio: number =ity w3 e 2001 NNLSchemasnt >
1.7: All8laID: int fonl:Restrctio
K / /onl:ObjectProperty>

Figure 6.14: A section of the OWL version of the Master SLA

To enforce, monitor and manage SLAs, the authors of [289] suggests GSMA architectures
and the authors of [131] Identify the main components of a typical SLA which is used as a
guide to develop the clauses of the developed SLA templates in this section. Here, two
templates are going to be presented; the first template is a Master SLA described in
Section 6.5.1 and the second template is a general SLA described in Section 6.5.2. Figure
6.15 shows the template package developed for the HC-VBE-F which consists of two
templates namely HC-VBE-SLA and HC-VBE-Master-SLA.

HC-VBE-SLA
Templates

HC-VBE-
Master-SLA

HC-VBE-SLA

Figure 6.15: HC-VBE-SLA template package components

Each template consists of a number of clauses and the naming convention of each clause

is as follows:

e (Clause Number: <<HC-VBE-SLA>> Name, where Number and Name are variables i.e.,

they are different for each clause.
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To ensure that the templates are designed objectively, the following attributes are

identified to be considered in the templates:

1- Be generic, this is to ensure that it can be used as a base for all possible HC-VBE
collaborations SLA creation.

2- Be simple and clear in terms of structure and content.

3- Be readable by both human and machine.

4- Be modified and adapted with ease.

The templates are text-based, human readable, scalable and are the base for all SLAs
created in VBE and VO based healthcare virtual collaborations. For better readability,
referrals, navigations and amendments, each clause and its sections are numbered. The
same numbering system shall appear in the OWL-based version of the SLA templates.
Figure 6.16 shows a section of the OWL version of the Master template detailed in the

next section which is implemented using Protégé software.

Rl HealthcareVirtualCollaboration_SLA_Master_Template (file:;/C:/Users/ZETTA/Desktop/PHD%20material/ researches/sla%20paper 42016/HealthcareVirtualCollaboration_SLA Master_Template) : [C:\Users\ZETTA\Desktop\PHD ...

Fie Edt View Reasoner Tools Refactor Window Help

ﬂ > ‘@ HealthcareVirtual |_SLA_Master_Template (file:/C:/Users/ZETTA/Desktop/PHD%20materialresearches|

[ Actve Ontology | Entiies | Classss | Oblect Properties | Data Properties | Annotation Properties | individuals | OWLVIz | DLQuery | OnioGraf | Ontology Differences | SPARGL Query

[ Class hierarchy | Class hiesarchy (infened) | Annolations | Usage
Show: tms d»sjmms named sub/superclasses

Found 8 uses of 'Clause_1:_(HC-VC-SLA)_MasterDeta

¥~ @ Thing V- m 1.1:_MasterID
‘Clause_1: (HC-VC-SLA) MasterDetails' 1.1:_Master ) ‘ ‘ -
‘Clause_2:_{HC-VC-SLA)_Changes' : ™ 1.1:_MasterID Domain topQbjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails

V- m1.2:_CreationDate
: m1.2:_CreationDate Domain topObjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails'

¥- m1.3:_CreationTime
: ® 1.3:_CreationTime Domain topObjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails'

V- m1.4:_Status
H ® 1.4;_Status Domain topObjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails'

v ® 1.5:_CollaborationType
™ 1.5:_CollaborationType Domain topObjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails'

¥-m1.6:_SlaNo
: m1.6:_SlaNo Domain topObjectProperty some 'Clause_1:_(HC-VC-5LA)_MasterDetails'

v ®1.7:_AllSlalD
: ® 1.7;_AlISIaID Domain topObjectProperty some 'Clause_1:_(HC-VC-SLA)_MasterDetails'

¥ 'Clause_1:_(HC-VC-SLA)_MasterDetails'
| ‘Clause_1:_{HC-VC-SLA)_MasterDetails’

Figure 6.16: A screenshot of the Mater SLA template implementation in Protégé
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6.5.1 HC-VBE Master SLA Template

The purpose of having a Master SLA in the repository manger is already explained in
Section 6.2.2.4; here the basic structure and content of a master template is described.

As it is shown in Figure 6.17, the master consists of two clauses:

1- Master details: The function of this clause is to hold basic required data about the
Master SLA for identification purposes such as id, creation date, creation time, status
of the master, the number of SLAs it contains and finally the id of each SLA contained

in the master. The information contained in this clause is described in Table 6.1.

2- Changes: The clause holds a record of all the changes that are going to take place in
the SLAs contained in a given Master SLA. The information contained in this clause is

described in Table 6.2.

Master SLA

Clanse 1: <<HC-VBE-SLA>> Mastser
: MasterID: Int
: CreationDate: date
: CreationTime: time
: Statuns: active | waiting | completed | cancelled
: CollaborationType: task | service
: S5laNo: number
: All151aID: enum

Clanse 2. <<HC-VBE-SLA>>»> Changes
2,1: ChangeInS$1aID: numbsr
2.2: ChangeInClause: number

2.2.1: Properties:
2.2.1.1: HewDetails: text, OCL, Number, Currency, Time,
Date, percentage, active, walting, completed,
cancelled

Affectz: clause numbers, sub-clause number,
property number

Figure 6.17: Text based Master SLA template developed for the HC-VBE-F
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Table 6.1: Master SLA clause 1 description

Clause Data Type Description
Section
1 <<HC-VBE-SLA>> This indicates that this is a master-SLA template.
Master
1.1 MasterlD integer A unique Identification number by which the
master is identified and referred to during
implementation and monitoring.
1.2 CreationDate date The date that the Master SLA is created and the
type of data that it holds is date.
1.3 CreationTime time The time that the Master SLA is created and the
type of data that it holds is time.
1.4 Status active | | This is the status of the Master SLA which can only
waiting | | be at one of the four status below:
completed | 1- Active: Indicates that the master is currently
| cancelled active and being implemented.
2- Waiting: Indicates that the master is yet to be
approved or activated.
3- Completed: Indicates that the master was
successfully implemented.
4- Cancelled: Indicates that the master was
cancelled before it was activated or completed.
The statuses are separated by (|) which is an OR
logical operator.
1.5 CollaboratationType task | The type of the collaboration for which the master
service is created which is either Task or Service. The two
different types of HC-VBE services are separated by
(1) which is an OR logical operator.
1.6 SlaNo number Indicates the number of SLAs contained within the

master. The type of data that is held in the line is
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Clause Data Type Description
Section
number, starting with 1 as no Master SLA can be
created without containing at least 1 SLA.
1.7 AllSlalDs enum Each SLA that is linked to the Master SLA has a

Table 6.2: Master SLA clause 2 description

unique ID. Here all SLAs’ ID contained in the Master

SLA are listed.

Explanations

Clause Data Type
section
2 <<HC-VBE-
SLA>> Changes
2.1 ChangelnSlalD | integer
2.2 ChangelnClause | number
221 Properties
22.1.1 NewDetails Text (|,&)
OCL (],&)

Number (|,&)
Currency (|,&)
Time (|,&)
Date (|,&)
Percentage
(1,&)

active (],&)
waiting (|,&)
completed

(1,&)

This is where the changes with regard to SLAs
contained within the Master SLA are recorded.
The ID of the SLAs in which the changes occur and
the type of data it holds is integer.

The clause number of the SLA in which the change
occurs. The type of data it holds is a number since
each clause is numbered.

The attributes of the change are under this section.
The new details that will be replaced in the affected
SLA is recorded here. The data it holds can be a
mixture of the data types specified. The data types
change per the line number of the SLA that the
change takes place. As each line numbered holds a
different data type, therefore the reason this
section has so many different data types is because
it has to accommodate changes requested to any
section of the SLA. The (|,&) are the OR and AND
logical operator which indicates that the data type

can be alone or with other data types.
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Clause Data Type Explanations

section

cancelled (|,&)
2.2.1.2 Affects ID(],&) This indicates the SLAs that are going to be affected

clause numbers | as the result of the changes described in the

(1,&) previous section. which can be any of the data
sub-clause types specified. The (|,&) are the OR and AND
number (|,&) logical operator which indicates that the data type
property can be alone or with other data types.

number (|,&)

6.5.2 HC-VBE General SLA Template

This section describes a general SLA template to be used as a base for all the SLAs that
will be created by a HC-VBE. The template consists of six clauses which are General,
Collaborator 1, Collaborator 2, Expected Service, Duration and Enforcement. Each clause
is designed for a specific purpose and a diagrammatical view of the template shown in

Figure 6.18. In this section the content of each clause is described.

General .

Collaborator

Enforcement \ / 1
SLA
Template
Duration / \ Collaborator
2
Expected
Service

Figure 6.18: The main six clauses of the developed general SLA template for HC-VBE
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1- <<HC-VBE-SLA>> General: The purpose of this clause is simply to present a basic

information about an SLA such as the SLA ID, creation date and time. Figure 6.19

shows the structure and content of the clause as will be seen by healthcare requesters

and providers and Table 6.3 describe each line in the clause.

/félause 1: <<HC-VBE-SLA>> General ﬁ\\
1.1: ID: int
1.2: CreationDate: date
1.3: CreationTime: time
1.4: status: active | waiting | completed | cancelled
1.5: MasterID: inter

V.

Figure 6.19: HC-VBE-SLA template Clause 1 structure and content

Table 6.3 : The general SLA template first clause description

Clause Data Type Explanations
Sections
1 <<HC-VC-SLA>> text This is the header name of the clause and the
General information contained in this clause is “general”
and relevant to the whole SLA.

1.1 ID integer A unique identification number by which the SLA
is recognised and referred to. The data type of
the line in the SLA is integer.

1.2 CreationDate date This is the creation date of the SLA and it is
represented by a date data type.

13 CreationTime time This is the time of SLA creation and it is
represented by a time data type.

1.4 Status active | This is where the status of the SLA is shown and

waiting | there are four states:
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Clause Data Type Explanations

Sections

completed | Active: Means the SLA is currently being

| cancelled | implemented.

Waiting: Means the SLA is awaiting activation or
approval.

Completed: Means the SLA has been
successfully implemented.

Cancelled: Means the SLA is cancelled before it
was activated or completed.

The statuses are separated by (|) which is an OR

logical operator.

15 MasterID integer This is the Master SLA ID to which the SLA is

belong. It holds an integer data type.

2- <<HC-VBE-SLA>> Collaborator 1: The clause contains required information about the
participant (requester) who the SLA is created for. The clause’s structure and content
are shown in Figure 6.20 and described in Table 6.4 which is also the same for clause
3. The assumption here is that every participant has pre-registered and their details

and credentials are approved.

Clause 2: <<HC-VBE-SLA>> Collaborator 1
2.1: Participant: Requester | provider | Organiser |

Support
2.1.1: Properties:
.1.1.1: ID: int
: Name: fext
: ContactDetails: text and number
: Credentials: textand number

I .1.1.5: Constraints: OCL

Figure 6.20: HC-VBE-SLA template Clause 2 structure and content

N KRN KN

1.1
.1.1.

1.1

1.1

n o= W
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Table 6.4: The general SLA template second and third clause description

Clause Data Type Explanations
sections
2&3 <<HC-VC-SLA>> text The word “Collaborator” indicates that this
Collaborator section holds data about a HC-VBE participant.
283.1 Participant Requestor | The participant type for whom the SLA is created
| Provider | and must be one of the four types. The role of
| Organizer | each type is explained in section 4.1. The
| Support | statuses are separated by (|) which is an OR
logical operator.
283.1.1 Properties The properties of the participants are recorded
under this section.
283.1.1.1 ID integer When participants register for the first time,
they are assigned a unique ID by which they are
recognised and referred to. Here the ID of type
integer is displayed.
2&3.1.1.2 Name text The name of the participant that was recorded
during registration, it is represented as text data
type.
2&3.1.1.3 | ContactDetails text and The contact details of the participant recorded
number during registration, could be both text and
number, text is for address and number is for
telephone for examples.
2&3.1.1.4 Credentials Textand | This is a brief description of the approved
number credentials of the participant such as
qualifications and years of experience.
2&3.1.1.5 Constraints OCL This part displays all the constraints that the

participants has put in place in order to
participate in the collaboration. Constraints are
written in OCL to make it short and concise for

human and aid the conversion process to OWL
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Clause Data Type Explanations

sections

version later. An example of constraint can be
the duration that the participant is available to

collaborate.

3- <<HC-VBE-SLA>> Collaborator 2: This clause contains required information about the
participant (Provider) who provides a healthcare service; Figure 6.21 shows the

structure of the clause and Table 6.4 presents the information recorded in this section.

Clause 3: <<HC-VBE-SLA>> Collaborator =2
3.1: Participant: Requesteor | provider | Organiser |
Support
3.1.1: Properties:
.1.1.1: ID: int
: Name: text

: Credentials: textand number

Wwwwww
HKH R R
[

2
.3: Contactbhetails: text and numbsr
4
5

: Constraints: OCL

Figure 6.21: HC-VBE SLA template Clause 3 structure and content

4- <<HC-VBE-SLA>>Expected Service: The clause contains details of the expected service
to be provided by the provider named in the SLA, Figure 6.22 shows its structure and

content and Table 6.5 describes the content of the clause.

Clause 4: <<HC-VBE-SLA>> ExpectedService
4.1: HasRollIn: Service | Task
4.1.1: Properties:
4.1.1.1: Description: text
4.1.1.2: Constraints: OCL

Figure 6.22: HC-VBE-SLA template Clause 4 structure and content
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Table 6.5: The general SLA template fourth clause description

Clause Data Type Explanations
sections
4 <<HC-VC-SLA>> This is the name of the section which
ExpectedService indicates that purpose of the clause.
4.1 HasRollln service | | Here the type of the service that is going to
task be provided is indicated to be Service or
Task as per the SPCM in section 4.1.
4.1.1 Properties The attributes of the expected service will
be listed under this section.
4.1.1.1 Description Text A text-based description of the expected
service will be provided as part of this line.
4.1.1.2 Constraints OCL The constraints that shapes the expected

service such as the method of service
provision, the rate of the service and the
type of the service are provided under this

section.

5- <<HC-VBE-SLA>> Duration: This clause contains the details of the duration in terms

of start and end date and time of the expected service. Figure 6.23 shows the

structure and content of the clause and Table 6.6 describes the content of the clause.

/cla.use 5:

<<HC-VBE-SLA>> Duration

5.1: startDate: date
5.2: S5tartTime: time
5.3: Constraints: OCL
5.4: EndDate: date
5.5: EndTime: time
5.6: Constraints: OCL

\

Figure 6.23: HC-VBE-SLA Template Clause 5 structure and content
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Table 6.6: The HC-VBE-SLA template fifth clause description

Clause Data Type Explanations
sections
5 <<HC-VC-SLA>> The name of the section which indicates that
Duration it contains duration related data.
5.1 StartDate date The start date of the expected service is

noted here with a data of type date.

5.2 StartTime time The start time of the expected service is

noted here with data of type time.

5.3 Constraints OCL All the constraints relevant to the start time
and date are recorded here using OCL such as

the time is am or pm.

5.4 EndDate date The end date of the expected service is noted

here with a data of type date.

5.5 EndTime time The end time of the expected service is noted

here with data of type time.

5.6 Constraints OCL All the constraints relevant to the end time
and date of the expected service are recorded

here using OCL such as am or pm.

6- <<HC-VBE-SLA>> Enforcement: The clause contains the SLA enforcement attributes
that must be monitored during implementation. Figure 6.24 shows the structure and

content of the clause and Table 6.7 describes the content of the clause.
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Clause 6:

o o h o h h

1.
.1.
1.
1.

6.1.

<<HC-VBE-SLA>> cenforcement
6.1: Qos: criterions

6.1.1: Properties:
1.1:
1.2:
1.3:
1.4:
1.5:

Availability: percentage
Accessibility: percentage
Satisfaction: percentage

ResponseTime: time
Constraints: OCL

6.2: Reward: payment and promotion

6.2.1: Properties:
6.2.1.1: Payment: currency
6.2.1.2: Rating: number

6.2.1.3: Constraints: OCL
6.3: Penalties: payment and promotion
6.3.1: Properties:
6.3.1.1: Payment: currency
6.3.1.2: Rating: number
6.3.1.3: Constraints: OCL

Figure 6.24: HC-VBE-SLA template Clause 6 structure and content

Table 6.7: The HC-VBE-SLA template fifth clause description

Clause Data Type Explanations
sections
6 <<HC-VC-SLA>> The name of the section which indicates the
enforcement SLA enforcement related data will be held here.
6.1 QoS (Quality of | criterions | This sub-section is concerned with the quality
Service) of the expected service as described in the next
sub-sections which holds data of type QoS.
6.1.1 Properties These are the quality of service properties that
are going to be monitored during service
implementation.
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Clause Data Type Explanations

sections

6.1.1.1 Availability percentage | The percentage that the service is expected to
be available. Measurement mechanism is
beyond the scope of this research.
Measurement type should be in percentage for

transparency reasons.

6.1.1.2 Accessibility percentage | The percentage that the expected service is
expected to be accessible during collaboration.
Measurement mechanism is beyond the scope
of this research. Measurement type should be

in percentage for transparency reasons.

6.1.1.3 Satisfaction percentage | This is the satisfaction rate expected to be
achieved after service provision from
healthcare requesters point of view.
Measurement mechanism is beyond the scope
of this research. Measurement type should be

in percentage for transparency reasons.

6.1.1.4 ResponseTime time The speed of the required response during
expected service provision. Measurement
mechanism is beyond the scope of this
research. Measurement type should be in time
for transparency reasons.
6.1.1.5 Constraints OCL All constraints related to the quality of the
expected service are recorded here using OCL
such as expected allowed waiting period for a
response to be provided.
6.2 Reward Payment The expected reward if the criterion of the
and quality of expected service is fulfilled. It can be

promotion
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Clause Data Type Explanations

sections

in a form of payment as well as promotions

done through rating the service provider.

6.2.1 Properties The properties of the reward are described

under this section.

6.2.1.1 Payment currency The amount of payment in currency that the
participant should receive after successful

service provision.

6.2.1.2 Rating number The rate of promotion that the participant will
receive after successful service provision.
Rating are provided as numbers. The rating
mechanism is technical and beyond the scope

of this research.

6.2.1.3 Constraints OCL All the constraints related to the reward are

recorded here using OCL.

6.3 Penalties payment This part records the details of penalties the
and participant incurs in terms of payment and
promotion | promotion.
6.3.1 Properties The properties of the expected penalties
6.3.1.1 Payment currency The amount of payment in currency that the
participant will be fined after unsuccessful
service provision.
6.3.1.2 Rating number The rate of demotion the participant will

receive after unsuccessful service provision.

191



Clause Data Type Explanations

sections

6.3.1.3 Constraints OCL All the constraints related to the penalties are
recorded here using OCL such as the precise
conditions that the healthcare service provider

will incurs the penalty.

6.6 HC-VBE-F Evaluation Results

This section provides two separate sets of evaluation results computed to examine users’
acceptance of the HC-VBE-F implemented as a mobile application prototype. The first set
of results are the evaluation results from healthcare providers perspective and the second
set of results are the evaluation results from healthcare requesters perspective. The
framework was evaluated by 200 participants, 100 of which were healthcare providers
and the other 100 were healthcare requesters using the steps outlined in Sections 4.3. In
Section 6.7 the results of the hypotheses testing defined for both extended TAMs (HC-
VBE-TAM-Provider and HC-VBE-TAM-Requester) are discussed compared.

6.6.1 HC-VBE-TAM-Provider Evaluation Result

Framework implementation and data collection process is already described in Sections
4.31 and 4.3.6. Here, the healthcare providers acceptance evaluation results for the HC-
VBE-F are presented and discussed. The results are produced using the data collected
during the survey and analysed using Structural Equation Modelling technique in AMQS
software. The SEM model developed based on the HC-VBE-TAM-Provider is pictured in
Figure 4.16 and described in Section 4.3.7.2.

6.6.1.1 Overall Data Analysis Results

This section reports on Mean, Standard deviation, Factor loading, Significance value and
Intermeasurement Correlation values which were computed for the data collected using

the questionnaire designed for healthcare providers and can be found in appendix B.
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Mean is the average of all values given to an observed item by surveyed participants. The
Mean results for the observed items are between 6.08 and 6.54 which indicate strong
agreeability of participants with the measuring statements in the questionnaire. The
result is significant in the context of this research which conveys that the concepts
developed in the HC-VBE-F and demonstrated through the developed mobile application
prototype is acceptable by healthcare providers. This is because scale 6 represent high

agreeability in the Likert Scale questionnaire as stated in Section 4.3.4.

Standard deviation measures the deviation of answers from the mean and the smaller the
better as small values indicate that participants answers to individual questionnaire items
were close. The standard deviation values are between 0.769 and 1.203 which indicates
that the answers given by research participants were close to each other. This result
shows that research participants views about the concepts behind the mobile application
protype were fairly consistent. This finding increases the credibility of the results and
provides a good acceptability support for the HC-VBE-F. The result of individual item
factor loading indicates a strong link between observed items and their unobserved
variables with values between 0.710 and 0.912 which are all above the acceptable cut-off
value 0.5 [241]. The factor loading results suggest the effectiveness of individual
measurement items in measuring the unobserved acceptance factorsin the HC-VBE-TAM-
Provider model which subsequently increases measurement reliabilities which is

important for the validity of the hypotheses testing results.

To measure the significance of relations between the unobserved variables and their
observed items, the significance value which is symbolised as p value is computed.
Significance test is necessary in SEM to ensure that the result is not produced by chance
and it is widely accepted that the significance value is when (p<0.05) [205]. Significance
computed values are indicated as *** in AMOS analysis results output, which indicates
that p<0.001. The result of all items is significant which suggests a high probability that
the results are not produced by chance. Table 6.8 summarises the overall data analysis
results for HC-VBE-F acceptability evaluation from healthcare providers perspective.

The table shows statistical results for each questionnaire item within the context of their

unobserved variables.
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Table 6.8: HC-VBE-TAM-provider overall data analysis results which includes the Mean, Standard
deviation, Factor loading and Significance value

Unobserved Observed Variable and  Mean | Std. Factor p< 0.05
Variable Related Questionnaire Deviation | Loading @ (Significance)
Item
Perceived PHG1 6.38 | 0.982 0.764 p<0.001
healthcare Using the HC-VBE application enhances healthcare providers
Globalisation | collaboration.
(PHG) PHG2 6.50 | 0.980 0.879 p<0.001
Using the HC-VBE application helps making healthcare more
widely available.
PHG3 6.48 | 0.990 0.792 p<0.001
Using the HC-VBE application provides the opportunity to
serve healthcare seekers around the world.
PHG4 6.54 0.834 0.750 p<0.001
Using the HC-VBE application would be instrumental in
globalising healthcare.
Perceived PCEl 6.49 0.893 0.840 p<0.001
Clinical Using the HC-VBE application would facilitate providing the
Effectiveness | right care through making patient history available.
(PCE) PCE2 6.51 | 0.916 0.808 p<0.001
Using the HC-VBE application would facilitate providing the
right care through recruiting specialist care provider.
PCE3 6.22 1.031 0.762 p<0.001
Using the HC-VBE application would facilitate providing
timely care through anytime collaboration capability.
PCE4 6.47 | 0.881 0.845 p<0.001

Using the HC-VBE application would facilitate providing care

in the right place through anywhere collaboration capability.
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Unobserved Observed Variable and  Mean | Std. Factor p< 0.05

Variable Related Questionnaire Deviation | Loading | (Significance)
Item

Perceived PU1 6.23 | 1.162 0.815 p<0.001

Usefulness Using the HC-VBE application improves my performance in

(PU) providing care.

PU2 6.38 | 1.003 0.834 p<0.001
Using the HC-VBE application improves my availability to

provide care.

PU3 6.36 | 1.010 0.912 p<0.001
Using the HC-VBE application improves my patient
management tasks.

PU4 6.51 | 1.000 0.785 p<0.001
Overall, | find the HC-VBE application useful in providing
healthcare.

Perceived PEU1 6.08 1.203 0.855 p<0.001

ease of use | Learning to use the HC-VBE application would be easy for me.

(PEV) PEU2 6.16 0.982 0.784 p<0.001
I would find it easy to provide care using the HC-VOBE
application.

PEU3 6.33 | 0.975 0.846 p<0.001
It would be easy for me to become skilful at using the HC-VBE
application

PEU4 6.22 | 1.088 0.710 p<0.001
| would find the HC-VBE application easy to use.

Attitude AUl 6.61 | 0.777 0.766 p<0.001

towards using | Using the HC-VBE application would be a good idea.

(AU) AU2 6.47 | 0.810 0.793 p<0.001
Using the HC-VBE application makes providing healthcare
more interesting.

AU3 6.39 | 0.920 0.777 p<0.001

Using the HC-VBE application would be a pleasant experience.
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Unobserved Observed Variable and  Mean | Std. Factor p< 0.05

Variable Related Questionnaire Deviation | Loading | (Significance)
Item
AU4 6.36 | 0.938 0.752 p<0.001

| would like to use the HC-VBE application

Intention to | U1 6.38 | 0.908 0.785 p<0.001
use (1U) | intend to use the HC-VBE application.
U2 6.33 | 0.922 0.722 p<0.001

It is likely that | will use the HC-VBE application.

U3 6.35 | 0.903 0.863 p<0.001
| expect to use the HC-VBE application.

U4 6.43 | 0.769 0.829 p<0.001
I am willing to recommend other people to use the HC-VBE

application.

6.6.1.2 Intermeasurement Correlation

Intermeasurement correlation shows the link between all observed items, Table 6.9
shows the analysis results of intermeasurement correlations for the questionnaire items
examining the HC-VBE-TAM-Provider. There are 24 measurement items in the
guestionnaire. Each questionnaire item is correlated to all other questionnaire items in a
guestionnaire including itself. A perfect correlation value which is 1 is produced when a
guestionnaire item is correlated to itself, but the values would be less than 1 in all other
cases. The intermeasurement results are between 0.264 and 0.756 which indicates that
some of the intermeasurement are weak since the acceptable cut off point is 0.3. Having
said that the vast majority of the intermeasurement results prove that the scores given
to most of the items are closely related. This means that the research participants shared
similar opinions on measurement items. Intermeasurement values provide a detail map
of the scores given to individual items in a questionnaire. If the majority of correlation
values are above 0.3 that indicates the questionnaire items have adequately captured

users view of the technology being tested in this context.
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Table 6.9:HC-VBE-TAM-provider intermeasurement correlation results

PHG1
PHG2
PHG3
PHG4
PU1
PU2
PU3
PU4
PEU1
PEU2
PEU3
PEU4
ECE1
ECE2
ECE3
ECE4
AUl
AU2
AU3
AU4
U1
U2
U3

PHG1
1.00
0.68
0.62
0.51
0.61
0.64
0.59
0.53
0.44
0.42
0.51
0.34
0.58
0.43
0.51
0.56
0.49
0.60
0.51
0.39
0.32
0.24
0.42

PHG2

1.00
0.73
0.66
0.48
0.62
0.65
0.55
0.40
0.43
0.47
0.44
0.75
0.65
0.62
0.64
0.54
0.63
0.54
0.48
0.38
0.34
0.43

PHG3

1.00
0.60
0.58
0.60
0.60
0.55
0.26
0.40
0.33
0.29
0.50
0.55
0.54
0.60
0.57
0.62
0.53
0.49
0.32
0.31
0.40

PHG4

1.00
0.49
0.61
0.63
0.62
0.36
0.44
0.38
0.36
0.54
0.51
0.53
0.61
0.58
0.59
0.53
0.59
0.42
0.40
0.46

PU1

1.00
0.76
0.75
0.64
0.31
0.49
0.38
0.34
0.62
0.60
0.54
0.64
0.50
0.59
0.58
0.53
0.35
0.30
0.51

PU2

1.00
0.73
0.61
0.31
0.45
0.33
0.37
0.62
0.65
0.61
0.66
0.57
0.59
0.60
0.58
0.37
0.32
0.40

PU3

1.00
0.76
0.35
0.53
0.43
0.37
0.72
0.70
0.67
0.74
0.62
0.66
0.65
0.59
0.47
0.38
0.60

PU4

1.00
0.28
0.41
0.34
0.27
0.51
0.53
0.58
0.62
0.58
0.59
0.55
0.50
0.43
0.30
0.56

PEU1

1.00
0.69
0.76
0.55
0.45
0.27
0.42
0.39
0.30
0.36
0.33
0.48
0.43
0.24
0.40

PEU2

1.00
0.60
0.60
0.46
0.46
0.50
0.45
0.47
0.51
0.40
0.58
0.53
0.43
0.55

PEU3

1.00
0.62
0.56
0.39
0.49
0.45
0.33
0.38
0.42
0.37
0.41
0.29
0.42

PEU4

1.00
0.44
0.47
0.49
0.41
0.37
0.39
0.33
0.42
0.41
0.26
0.35

ECE1

1.00
0.73
0.63
0.71
0.48
0.60
0.60
0.55
0.39
0.35
0.46

ECE2

1.00
0.64
0.66
0.48
0.57
0.57
0.57
0.36
0.35
0.48

ECE3

1.00
0.61
0.42
0.57
0.56
0.46
0.40
0.39
0.46

ECE4

1.00
0.62
0.71
0.63
0.61
0.49
0.49
0.60

AU1

1.00
0.66
0.65
0.58
0.44
0.41
0.50

AU2

1.00
0.61
0.51
0.44
0.45
0.56

AU3

1.00
0.62
0.44
0.35
0.41

AU4

1.00
0.61
0.42
0.55

U1

1.00
0.53
0.67

U2

1.00
0.66

U3

1.00
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6.6.1.3 Characteristics of Construct

At construct level, the result supports strong acceptability by the healthcare providers for
the concepts developed in the HC-VBE-F. The mean value for each construct variable
computed as an average for all observed items for a particular construct is above 6 with
standard deviation of less than 1. Table 6.10 shows the constructs, the number of items
used to calculate the means, their mean and standard deviation values. The result
suggests that on construct level the survey participants’ acceptance attitude towards the
HC-VBE-F were positive since the values are above 6 which are equals to “quite Agree” in
Likert-Scale measures. The result also suggests that on construct level the answers were

similar since the standard deviation values are less than 1.

Table 6.10: HC-VBE-TAM-provider construct characteristics results which includes Mean and
Standard Deviation

Constructs Observed Mean Std. Deviation | N
Items

Perceived Clinical Effectiveness | 4 6.423 0.803 100
(PCE)

Perceived Healthcare Globalisation | 4 6.475 0.808 100
(PHG)

Perceived Usefulness (PU) 4 6.370 0.922 100
Perceived Ease of Use (PEU) 4 6.198 0.906 100
Attitude Towards Using (AU) 4 6.458 0.722 100
Intention to Use (IU) 4 6.373 0.747 100
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6.6.1.4 Data Validity and Reliability

Sections 4.3.8.(6,7,8 and 9) have already explained the importance of measurement
validity and reliability as well as the most common validity and reliability statistical
methods. Here the statistical data validity and reliability values computed for the data
collected from healthcare providers through the survey questionnaire designed for HC-
VBE-TAM-Provider are presented. The acceptable value for AVE is 0.5 or above and the
values computed for all constructs in this part of the study are above the cut-off value
ranging from 0.596 to 0.702. These results suggest that the amount of variance produced
as a result of correct data collected for each construct is much higher than the amount of
variance which may have been produced as a result of errors in the data collected. The
suggestion supports strong data reliability which is vital for validating the technology

acceptance claims made with regard to the HC-VBE framework developed in this thesis.

CR acceptable value is 0.7 or above, the result for all constructs are above the value
starting from 0.855. The acceptable value for Cronbach's Alpha is 0.7 again the result for
all constructs are above the value starting at 0.856 and the overall Cronbach's Alpha value
is 0.959. These results suggest strong data validity and reliability. Kaiser-Meyer-Olkin
Measure is used to measure sampling adequacy and the computed value is 0.919 which
indicates that the sample used in the study is adequate as values above 8 is considered
excellent [242]. The adequacy of the sample data is important to be proven statistically

which in turn increases the findings made as result of analysing the sample data.

The Individual construct factor loading indicates strong connections between the
construct and its measured questionnaire item as all values are above 0.7 which is much
higher than the 0.5 acceptable value. The correlations between the constructs in the
model as values start with the correlation between PEU and PU being the lowest (0.488)
which is higher than the 0.3 acceptable value. The strong correlation between the
constructs supports the validity of the model which in turn support the empirical
conclusions made with regard to the acceptability of the HC-VBE framework. Table 6.11

shows the summary of results obtained for collected data reliability and validity.
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Table 6.11: HC-VBE-TAM-provider Data validity and reliability results
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Perceived Clinical | 0.6 | 0.8 |08 |09 |1 09 |09
Effectiveness (PCE) 64 |87 |84 |10 59 | 19
Perceived 06 108 |08 08 07 |1
Healthcare 36 |75 |73 |66 |72
Globalisation (PHG)
Perceived 0.7 109 |09 08 08 |07 1
Usefulness (PU) 02 04 04 8 |18 |73

Perceived Ease of | 06 |08 08 0.7 |05 |05 04 |1

Use (PEU) 41 |77 |72 16 |99 33 |88

Attitude  Towards | 0.5 |08 0.8 |09 07 07 07 05 1

Using (AU) 9% 55 56 |04 |75 |52 /80 |59

Intentionto Use (IU) | 0.6 0.8 08 0.7 05 |04 05 05 06 1
43 |77 74 |50 |92 |99 |67 19 |62

6.6.1.5 HC-VBE-TAM-Provider Model Fit

Model fit values indicate that the results generated from the model can be reproduced
and the model is statistically acceptable. In Section 4.3.8.10 the most recommended fit
indices are described which are Chi Square (CMIN in AMOS), CFl, TLI, IFI, RMSEA and SRMR
[214][215][213]. The model fit indices computed for the HC-VBE-TAM-Provider are
summarised in Table 6.12. The computed Chi Square value for the model is 1.460 which

is within the recommend value of 1-3. Chi Square is a measure of badness of fit, a value
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that is not significant (p>0.05) indicates that the model is acceptable. This means that the
covariance matrix calculated based on the collected data is similar to the predicted
covariance matrix by the model. In this case the Chi Square value suggest that the model
designed to test the acceptability of the framework is acceptable and is fit for the

intended purpose

CFl compares the fit value of the model with a fit value of a base model (alternative
model) with value closer to 1 indicates an acceptable fit. The CFl value computed is 0.914
which has exceeded the recommended 0.90 cut-of value and hence indicates a good fit.
These results suggest that the model used to test the acceptability of the framework is
closer to ideal, hence indicate the fitness of the model. TLI and IFl are both comparative
fit indices similar to CFl with computed values of 0.903 and 0.916 respectively which are
above the 0.9 cut off value. The model fit results indicate a good fit with the data and

therefore, the model is acceptable.

RMSEA calculates the difference between covariance matrix value for the same observed
item in both the tested and predicted model. The recommended value is 0.08 or smaller,
the value computed for the HC-VBE-TAM-Provider is 0.08 exactly. The final fit measure is
SRMR which measures the standardised difference between observed and predicted
covariance matrix with a recommended value of 0.08 or smaller. The computed SRMR
value for the model specified is 0.063 which is smaller than 0.08 and this result again

indicates a good model fit.

The model fit values collectively support the fitness of the model to test the acceptability
of the framework by prospective users and the results produced from it can be relied on.
All the results so far presented were computed to show whether the results produced in
testing the hypothesises are statistically sound or not. Collectively the results suggest the
hypothesis results are statistically sound. The results of the hypotheses testing are

presented in Section 6.7.
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Table 6.12: HC-VBE-TAM-provider model fit results

Overall Fit Computed @ Recommended Value
Index Value

CMIN/DF 1.460 Between 1 and 3

CFI Comparative fit index (baseline | 0.914 CFI20.90

comparison)

TLI Tucker Lewis 0.903 TLI 2 0.90

Index (baseline comparison)

IFI Incremental fit index (base line | 0.916 IFI 20.90

comparison)

RMSEA Root Mean 0.080 RMSEA < 0.08
Square Error of

Approximation (Absolute fit indices)

SRMR (Standardized) 0.063 SRMR £0.08
Root Mean

Square Residual

6.6.2 HC-VBE-Requester Evaluation Results

This section presents healthcare requesters acceptance evaluation results and discussions
for the HC-VBE-F. The results produced using the data collected during the survey and
analysed using Structural Equation Modelling in AMOS software. The SEM model
developed based on the HC-VBE-TAM-Requester is pictured in Figure 4.17 and described
in Section 4.3.7.3.
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6.6.2.1 Overall Data Analysis Results

This section reports on Mean, Standard deviation, Factor loading, Significance value and
Intermeasurement Correlation values which are computed for the data collected using
the questionnaire designed for healthcare requesters and can be found in appendix C.
Mean is the average of all values given to an observed item by surveyed participants. The
Mean results for the observed items are between 5.02 and 5.63 which indicate
agreeability of participants with the measuring statements in the questionnaire. The
results indicate that the concepts developed in the HC-VBE-F and demonstrated through

the developed mobile application prototype are acceptable by healthcare requesters.

Standard deviation measures the deviation of answers from the mean and the smaller the
better. The standard deviation values computed are between 1.059 and 1.478 which
indicates that the answers given by research participants were close to each other since
the standard deviation values are not too large. This result shows that research
participants views about the concepts behind the mobile application protype were fairly
consistent. The result of individual item factor loading indicates strong link between
observed items and their unobserved variable with values between 0.751 and 0.907
which are all above the acceptable cut-off value 0.5 [241]. Significance p value is
computed to measure relations between the unobserved variables and their observed

items.

Significance test is necessary in SEM to ensure that the result is not produced by chance
and it is widely accepted that the acceptable significance value is when (p<0.05) [205].
Significance computed values are indicated as *** in AMOS analysis results output which
indicates that p<0.001. The result of all items is significant which suggests a high
probability that the results are not produced by chance. Table 6.13 summarises the
overall data analysis results for the HC-VBE-F acceptability evaluation from healthcare
requesters perspective. The table shows statistical results for each questionnaire item

within the context of their unobserved variables.

203



Table 6.13: HC-VBE-TAM-Requester overall analysis results which includes Mean, Standard
deviation, Factor loading and Significance value

Unobserved Observed Variable Mean @ Std. Factor p< 0.05
Variable Deviation Loading (Significance)
Perceived PHA1 5.12 1.335 0.818 p<0.001
healthcare Using the HC-VBE application facilitate fair access to
availability healthcare.

(PHA) PHA2 5.28 1.478 0.751 p<0.001
Using the HC-VBE application provides anytime anywhere
access to healthcare.

PHA3 5.13 1.338 0.858 p<0.001
Using the HC-VBE application makes more varieties of
healthcare available.

PHA4 5.29 1.409 0.863 p<0.001
Using the HC-VBE application makes more specialist
healthcare provider available

Perceived PHQ1 5.12 1.437 0.889 p<0.001

Healthcare Using the HC-VBE helps me find the right healthcare provider.

Quality (PHQ) | PHQ2 5.21 1.336 0.884 p<0.001
Using the HC-VBE application helps me find healthcare
respectful of and responsive to my preferences and needs.

PHQ3 5.24 1.357 0.802 p<0.001
Using the HC-VBE application helps me find the right
healthcare for reasonable price

PHQ4 5.33 1.393 0.875 p<0.001
Using the HC-VBE application helps me find the right
healthcare in a reasonable time.

PHQ5 5.42 1.319 0.818 p<0.001

Using the HC-VBE application helps me find the right

healthcare from a location of my choice.

204



Unobserved Observed Variable Mean @ Std. Factor p< 0.05
Variable Deviation Loading (Significance)
Perceived PU1 5.21 1.274 0.777 p<0.001
Usefulness Using the HC-VBE application improves my chance to get on

(PU) demand healthcare.

PU2 5.51 1.367 0.832 p<0.001
Using the HC-VBE application saves me effort and time to find

needed healthcare.

PU3 5.02 1.378 0.803 p<0.001
Using the HC-VBE application would be more convenient than

visiting healthcare institutions.

PU4 5.23 1.325 0.822 p<0.001
Overall, | find the HC-VBE application useful in receiving
healthcare.

Perceived PEU1 5.18 1.466 0.867 p<0.001

ease of use | Learning to use the HC-VBE application would be easy for me.

(PEU) PEU2 5.22 1.323 0.807 p<0.001
| would find it easy to receive care using the HC-VBE
application.

PEU3 5.47 1.359 0.846 p<0.001
It would be easy for me to become skilful at using the HC-VBE
application.

PEU4 5.30 1.382 0.893 p<0.001
| would find the HC-VBE application easy to use.

Attitude AUl 5.63 1.338 0.907 p<0.001

towards using | Using the HC-VBE application would be a good idea.

(AU) AU2 531 | 1.361 0.836 p<0.001
Using the HC-VBE application makes receiving healthcare
more interesting.

AU3 5.34 1.157 0.812 p<0.001

Using the HC-VBE application would be a pleasant experience.
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Unobserved Observed Variable Mean @ Std. Factor p< 0.05

Variable Deviation Loading (Significance)

AU4 5.59 1.164 0.794 p<0.001

| would like to use the HC-VBE application

Intention to | IUl 5.49 1.040 0.833 p<0.001
use (1U) | intend to use the HC-VBE application.
1U2 5.36 1.142 0.864 p<0.001

It is likely that | will use the HC-VBE application.

U3 5.50 1.059 0.860 p<0.001
| expect to use the HC-VBE application.

U4 5.63 1.143 0.839 p<0.001
I am willing to recommend other people to use the HC-VBE

application.

6.6.2.2 Intermeasurement Correlation

Intermeasurement correlation shows the relationship between all observed items, Table
6.14 shows the analysis result of intermeasurement correlations for the questionnaire
items examining the HC-VBE-TAM-Requester. There are 25 measurement items in the
guestionnaire. Each questionnaire item is correlated to all other questionnaire items in a
guestionnaire including itself. A perfect correlation value which is 1 is produced when a
guestionnaire item is correlated to itself, but the values would be less than 1 in all other
cases. The intermeasurement results are between 0.30 and 0.82 which are within or
above the acceptable cut-off point of 0.3. The results indicate strong correlation between
them, which means, research participants shared similar opinions on measurement
items. Intermeasurement values provide a detail map of the scores given to individual
items in a questionnaire. If the majority of correlation values are above 0.3 that indicates
that the questionnaire items have adequately captured users view of the technology

being tested in this context.
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Table 6.14: HC-VBE-TAM-Requester intermeasurement correlations

PHAL
PHA2
PHA3
PHA4
PU1
PU2
PU3
PU4
PEU1
PEU2
PEU3
PEU4
PHQ1
PHQ2
PHQ3
PHQ4
PHQ5
AUl
AU2
AU3
AUu4
U1
1U2
1U3
U4

PHA1
1.00
0.63
0.72
0.68
0.62
0.65
0.60
0.61
0.52
0.63
0.54
0.54
0.65
0.65
0.58
0.67
0.61
0.70
0.62
0.61
0.45
0.51
0.30
0.36
0.39

PHA2 PHA3

1.00

0.66  1.00
0.70 0.76
0.50 0.58
0.66 0.64
048 0.68
049 0.64
048 0.52
0.64 0.68
0.55 0.56
043 053
0.56  0.67
0.50 0.60
0.57 0.64
0.53 0.65
0.57 0.64
0.59 0.72
0.50 0.64
045 0.67
047 053
040 046
032 0.29
039 037
041 041

PHA4

1.00
0.61
0.71
0.64
0.71
0.51
0.59
0.60
0.55
0.62
0.61
0.59
0.62
0.62
0.72
0.63
0.68
0.56
0.53
0.44
0.48
0.53

PU1 PU2 PU3 PU4 PEU1 PEU2 PEU3

1.00
0.76
0.62
0.63
0.53
0.61
0.54
0.52
0.65
0.70
0.49
0.61
0.54
0.56
0.55
0.58
0.48
0.44
0.46
0.44
0.48

1.00
0.67
0.63
0.55
0.73
0.58
0.57
0.70
0.70
0.58
0.65
0.63
0.62
0.59
0.62
0.53
0.44
0.46
0.44
0.60

1.00
0.72
0.53
0.56
0.48
0.52
0.63
0.62
0.50
0.54
0.52
0.71
0.62
0.66
0.57
0.51
0.46
041
0.52

1.00
0.45
0.57
0.62
0.53
0.66
0.67
0.62
0.59
0.57
0.70
0.73
0.63
0.61
0.50
0.47
0.42
0.54

1.00
0.69
0.72
0.82
0.51
0.47
0.50
0.58
0.59
0.64
0.50
0.55
0.55
0.55
0.46
0.49
0.53

1.00
0.68
0.68
0.75
0.68
0.65
0.67
0.70
0.70
0.59
0.58
0.57
0.54
0.44
0.50
0.57

1.00
0.75
0.59
0.55
0.56
0.65
0.63
0.70
0.64
0.57
0.63
0.49
0.46
0.40
0.46

PEU4 PHQ1 PHQ2 PHQ3

1.00
0.54
0.53
0.51
0.66
0.57
0.69
0.58
0.57
0.64
0.54
0.46
0.48
0.60

1.00
0.82
0.68
0.75
0.71
0.72
0.72
0.66
0.60
0.57
0.56
0.51
0.62

1.00
0.66
0.79
0.69
0.65
0.62
0.61
0.58
0.49
0.51
0.52
0.60

1.00
0.74
0.74
0.64
0.60
0.54
0.56
0.45
041
041
0.47

PHQ4 PHQS5

1.00

0.72 1.00
0.74 0.66
0.69 0.59
0.66 0.62
0.63 0.51
0.48 0.45
0.43 0.40
0.44 041
0.51 0.52

AUl AU2 AU3

1.00
0.76
0.74
0.73
0.62
0.52
0.58
0.60

1.00
0.73
0.69
0.51
0.50
0.44
0.50

1.00
0.58
0.56
0.50
0.48
0.56

AU4 U1

1.00

0.63 1.00
0.64 0.72
0.66 0.69
0.67 0.71

U2 1U3 1U4

1.00
0.79 1.00
0.71 0.71 1.00
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6.6.2.3 Characteristics of Construct

At construct level, the results suggest strong acceptability by healthcare requesters for

the concepts developed in the HC-VBE-F. The mean value for each construct variable

computed as an average value for all observed item of a particular construct is above 5

with standard deviation between 0.97 and 1.23. Table 6.15 shows the result for all

constructs tested. The result suggests that on construct level (each construct tests an

aspect of the technology being tested) the survey participants’ acceptance attitude

towards the HC-VBE-F were positive since the values are above 5 which are equals to

“Agree” in Likert-Style measures. The result also suggests that on construct level the

answers were similar since the standard deviation values are not too large.

Table 6.15: HC-VBE-TAM-Requester construct characteristics results

Constructs Observed Mean Std. Deviation | N
Items

Perceived 4 5.21 1.22 100

Healthcare Availability (PHA)

Perceived 5 5.26 1.21 100

Healthcare Quality (PHQ)

Perceived 4 5.24 1.16 100

Usefulness (PU)

Perceived 4 5.29 1.23 100

Ease of Use (PEU)

Attitude Towards Using (AU) 4 5.47 1.11 100

Intention to Use (IU) 4 5.50 0.97 100
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6.6.2.4 Data Validity and Reliability

In Sections 4.3.8.(6,7,8 and 9) the importance of measurement validity and reliability as
well as the most common statistical methods are already explained. Here, the statistical
data validity and reliability values computed for the data collected from healthcare
requesters through the survey questionnaire designed for HC-VBE-TAM-Requester are
presented. The acceptable value for AVE is 0.5 or above and the value computed for all
constructs in this part of the study are above the cut off value starting from 0.679. These
results suggest that the amount of variance produced as a result of correct data collected
for each construct is much higher than the amount of variance which may have been
produced as a result of errors in the data collected. The suggestion supports strong data
reliability which is vital for validating the technology acceptance claims made with regard

to the modelling framework developed in this thesis.

CR acceptable value is 0.7 or above, the result for all constructs are above the value
starting from 0.894. The acceptable value for Cronbach's Alpha is 0.7 again the result for
all constructs are above the value starting at 0.890 and the overall Cronbach's Alpha value
is 0.972. These results suggest strong data validity and reliability. To ensure sampling
adequacy Kaiser-Meyer-Olkin Measure of sampling adequacy was computed and the
result is 0.939 which indicates that the sample used in the study is adequate as values
above 8 is considered excellent [242]. The adequacy of the sample data is important to
be proven statistically which in turn increases the findings made as result of analysing the

sample data.

The Individual construct factor loading indicate strong connections between the construct
and its measured questionnaire item as all values are above 0.7 is much higher than the
0.5 acceptable value. The correlations between the constructs in the model as values start
with the correlation between IU and PHA being the lowest (0.526) which is much higher
than the 0.3 acceptable value. The strong correlation between the constructs supports

the validity of the model which in turn support the empirical conclusions made with
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regard to the acceptability of the modelling framework. Table 6.16 shows the summary

of results obtained for the collected data reliability and validity.

Table 6.16: HC-VBE-TAM-requester data reliability and validity results
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Perceived Healthcare | 0.6 | 0.8 | 0.8 0.8 1 0.9 | 0.9
Availability (PHA) 79 |94 98 77 72139
Perceived Healthcare | 0.7 |09 |09 09 0.7 1
Quality (PHQ) 17 27 /31 07 |81
Perceived Usefulness | 0.7 09 08 09 |08 0.7 1
(PU) 02 |04 90 04 08 94

o
o
o
00
o
©
o
00

Perceived Ease of Use 0.7 107 107 |1

(PEU) 8 /98 |13 |70 |07 51 |18

Attitude Towards Using | 0.7 |09 09 09 0.7 | 0.8 08 07 1

(AU) 19 |11 |04 |26 |73 |07 |00 |72

Intention to Use (IU) 07 09 09|07 05|06 06 06|07 1
15 |09 11 |70 |26 20 |16 |28 |10

6.6.2.5 HC-VBE-TAM-Requester Model Fit

Model fit values indicate that the results generated from the model can be reproduced
and the model is statistically acceptable. As stated already the most recommended fit
indices are Chi Square (CMIN in AMOS), CFIl, TLI, IFI, RMSEA [214] [215] [213]. The model
fit indices computed for the HC-VBE-TAM-Requester are summarised in Table 6.17.

Chi Square is a measure of badness of fit, a value that is not significant (p>0.05) indicates

model acceptability. The recommended Chi Square value is between 1 and 3 for a model
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to be acceptable; the computed Chi Square value for the model is 1.774 which indicates
that the model and the data are a good fit. This means that the covariance matrix
calculated based on the collected data is similar to the predicted covariance matrix by the
model. CFI compares the fit value of the model with a fit value of a base model (alternative
model) with value closer to 1 indicates an acceptable fit. In this case the Chi Square value
suggest that the model designed to test the acceptability of the framework is acceptable

and is fit for the intended purpose.

The CFl value computed is 0.911 which has exceeded the recommended 0.90 cut-of value
and hence indicates a good fit. These results suggest that the model used to test the
acceptability of the framework is closer to ideal, hence indicate the fitness of the model.
TLI and IFl are both comparative fit indices similar to CFl with computed values of 0.900
and 0.913 respectively which are above the values are within the 0.9 cut-off value. Both
results indicate that the model fits wells with the data and it is acceptable. RMSEA
calculates the difference between covariance matrix value for the same observed item in
both the tested and predicted model. The recommended value is 0.08 or smaller, the

value computed for the HC-VBE-TAM-Provider is 0.088.

The final fit measure is SRMR which measures the standardised difference between
measured and predicted covariance matrix with a recommended value is 0.08 or smaller.
The computed SRMR value for the model specified is 0.064 which is smaller than 0.08

which indicates that the model is a good fit.

The model fit values collectively support the fitness of the model to test the acceptability
of the framework by prospective users and the results produced from it can be relied on.
All the results for far presented were computed to show whether the results produced in
testing the hypothesises are statistically sound or not. Collectively the results suggest the
hypothesis results are statistically sound. The results of the hypotheses testing are

presented in the next section.
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Table 6.17: HC-VBE-TAM-Requester model fit results

Overall Fit Computed Recommended
Index Value Value

CMIN/DF 1.774 Between 1 and 3
CFI Comparative fit index (baseline | 0.911 CFl >0.90

comparison)

TLI Tucker Lewis 0.900 TLI >0.90

Index (baseline comparison)

IFI Incremental fit index (base line | 0.913 IF1>0.90
comparison)
RMSEA Root Mean 0.088 RMSEA £0.08

Square Error of

Approximation (Absolute fit indices)

SRMR (Standardized) 0.064 SRMR £0.08
Root Mean

Square Residual

6.7 HC-VBE-F Discussions

Governments and healthcare providers are in continuous search to find new technology-
based platforms to provide on time and affordable healthcare [290]. Healthcare is
complex and there is always a high demand for up-to-date knowledge and skills in the
field. To cope with the demand, healthcare professionals and institutions are encouraged
to collaborate and share resources, and for this, virtual care technologies are gaining
importance [291]. Forms of virtual care have existed for some times as telemedicine and

telehealth. However, the overall concept of virtual care which is defined as “the
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convergence of digital media, health technology, mobile devices, text messaging, digital
voice assistants, and decision support tools powered by artificial intelligence and
augmented/virtual reality to create a continuous connection between patients,
physicians, and other caregivers” is yet to be realised in a manageable and organised

settings [23].

In Section 1.3, three research questions were stated to be answered for healthcare virtual

collaboration; here the researched answers to each of the questions are discussed.
RQ3: How to manage and organise virtual collaboration for healthcare?

To answer this question a healthcare virtual collaboration framework (HC-VBE-F) is
developed based on the modelling framework described in Chapter 5. The framework
facilitates both the organisation and management of virtual collaboration for healthcare.
The HC-VBE-F consists of a number of components each having a specific function in
organising and managing virtual collaboration in healthcare. The framework working
steps are clearly outlined and explained. To demonstrate the feasibility of the concepts
developed in the framework, a mobile application prototype is developed that
implements the main functionalities and working steps in the framework. The results of
the acceptance evaluation show that the framework concepts and mechanisms have
passed the user acceptance test which is a vital first step in developing a virtual

collaboration system for healthcare.
RQ4: How to select, verify and validate virtual healthcare providers?

To answer the first part of the question, with regard to provider selection, a member
selection mechanism is developed and presented in Section 6.3. Ensuring the right
member is selected to join a given healthcare virtual collaboration, increases trust in both
the service provided and between the members that collaborate. As for the second part
of the question, a user validation and verification mechanism which is described in Section
6.4 is developed. The mechanism uses blockchain technology as a theoretical base to
verify and validate healthcare providers that wish to provide a service in HC-VBE

collaborations. The mechanism provides a detailed step by step guide as to how
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healthcare service providers are going to be verified and validated and it is designed to
increase trust between participants of a given virtual collaboration. The mechanism is
conceptual and the author has not attempted to provide any technical implementation
details as it requires a separate research, however the backbone of the mechanism is
blockchain technology which has already been implemented for various purposes such as

crypto currency.
RQ5: How to regulate virtual collaboration for healthcare?

To answer RQ5, an SLA management mechanism is developed. The mechanism manages
the life-cycle of SLA which is formation, deployment, enforcement and termination [87]
and it is described in Section 6.2. The mechanism is specific to VBE and VO based
healthcare virtual collaboration. Having an electronic contract between collaborating
parties in virtual collaboration is one of the methods suggested by researchers to address

the issue of trust.

To facilitate the implementation of the SLA mechanism, a set of SLA templates are defined
in Section 6.5 that embodies the necessary details for contracts to be approved by parties
in a given virtual collaboration. The templates are text-based human readable which are
designed to increase transparency and separation of rights and responsibilities of the
contract approvers. A mechanism is also suggested to convert the text-based contracts
into machine readable OWL. The basic concepts of the templates are implemented as a
mobile application prototype and are evaluated by prospective users. The results show
that prospective users believe that the templates can contribute to the formalisation and

regulation of SLA in healthcare virtual collaboration.

To examine the user acceptance of the concepts developed in the HC-VBE-F, it was
implemented in a form of a mobile application prototype and examined using Technology
Acceptance Model [34]. One of the mechanisms to investigate the suitability of a
technology in a sector is to examine users’ acceptance of the technology. The importance
of studying the acceptance of users towards a healthcare information technology has

been recognised by researchers [101].
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TAM is one of the most widely used models used to examine users’ acceptance of a new
technology. In evaluating the acceptability of the HC-VBE-F, in Section 4.3.2, the original
TAM is extended with four new constructs to develop two new TAMs (HC-VBE-TAM-
Provider and HC-VBE-TAM-Requester). The results of the acceptance examinations are

discussed in the next two sections.

This study also empirically evaluated four new technology acceptance factors specific to
healthcare virtual collaboration system which are PCE, PHG, PHQ and PHA. The factors
have not been evaluated in previous studies in the context of healthcare information
technology systems and statistical results show that they are significant healthcare
technology acceptance indicators. This result is an important contribution to the list of
latent variables that have been validated previously through extending TAM for

healthcare information technology systems.

6.7.1 HC-VBE-TAM-Provider Discussion

To investigate the healthcare providers acceptance of technologies developed in the HC-
VBE-F for healthcare virtual collaboration based on the HC-VBE-TAM-Provider, nine
hypotheses were defined in Section 4.3.2.2. Here, the result of testing those hypotheses
based on the data analysis carried out in AMOS are presented and discussed. The authors
of [109] state that significant path coefficient is a good tool to empirically accept or reject
a hypothesis in TAMs and the recommend acceptance statistical significance value is

equal or less than 0.05.

The evaluation results show that Hia is accepted with a significance p value of less than
0.001 indicated by *** in AMOS; which means PHG has a significant effect on PCE. The
result provides empirical proof that research participants believe a globally accessed
healthcare virtual collaboration system will affect positively on its clinical effectiveness. A
possible explanation for this could be the fact that a system that allows healthcare
providers around the world to provide care will have more resources to be effective and

provide a timely service. Hib which hypothesises the causal effect of PHG on PEU is also
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accepted indicated by a significance value of less than 0.001. It means that healthcare
providers think that a healthcare system which can be accessed globally will be easier to
use. This is because “anytime anywhere” attribute of a system that can be used on a

timely and on demand base increases system availability which makes it easier to use.

Hic which hypothesises the causal effect of PHG on PU is rejected with a significance value
of 0.390 which is more than 0.05. The result contradicts with expectation since one would
expect that if a healthcare system can be used globally it would be more useful as more
people can benefit from using it. H, which hypothesises the causal effect of PCE on PU is
accepted with a significance value of less than 0.001. This result indicates that healthcare
providers believe that clinical effectiveness of a virtual healthcare system will influence
its usefulness. The causal effect of PEU on PU hypothesised in Hsa is rejected with a
significance value of 0.232; which suggests that healthcare provides don’t think that if a
system is easy to use it means it is also useful. Hzb hypothesises the causal effect of PU
on AU is accepted with a significance value of less than 0.001. The result suggests that
healthcare providers believe that the usefulness of a virtual healthcare system will
influence their attitude towards using that system. Haa is accepted as the computed
significance value is 0.004. Hia hypothesises the causal effect of PEU on AU; which
indicates that healthcare providers attitude towards using healthcare systems developed
based on the HC-VBE framework is affected by how easy they think the system is to use.
The causal effect of AU on IU is accepted by healthcare providers which is hypothesised
in Hab. The acceptance of this hypothesis indicates that healthcare providers intention to
use a virtual healthcare system developed based on the HC-VBE concept will lead them
to heightened intention to use it. The causal effect of PU on IU which is hypothesised in
Hs is rejected with a significance value of 0.379. This result is also one of the unexpected

ones since if a system is useful it would be expected to be used.

Overall, these results show that the participants were positive about the contribution that
the HC-VBE-F can make to virtual collaboration for healthcare. Table 6.18 summarises the
hypotheses test results and Figure 6.25 shows the accepted causal paths indicated by bold

lines.
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Table 6.18: HC-VBE-TAM-provider hypotheses testing results

Sig.Level = Acceptance
Hypotheses Evaluated Causal Effect at p<0.05
Hia Perceived clinical | <--- Perceived p<0.001 | Accepted
effectiveness healthcare
globalisation
H:b Perceived ease of | <--- Perceived p<0.001 | Accepted
use healthcare
globalisation
Hic Perceived <--- Perceived 0.390 Not Accepted
usefulness healthcare
globalisation
H, Perceived <--- Perceived  clinical | p<0.001 | Accepted
usefulness effectiveness
Hsa Perceived <--- Perceived ease of § 0.232 Not Accepted
usefulness use
Hsb Attitude towards | <--- Perceived p<0.001 | Accepted
using usefulness
Haia Attitude towards | <--- Perceived ease of | 0.004 Accepted
using use
Hib Intention to use <--- Attitude  towards | 0.002 Accepted
using
Hs Intention to use <--- Perceived 0.379 Not Accepted
usefulness
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Figure 6.25: HC-VBE-TAM-provider accepted hypotheses results with bold lines indicating the
accepted hypotheses.

6.7.2 HC-VBE-TAM-Requester Discussion

To investigate the healthcare requesters acceptance of technologies developed in the HC-
VBE-F for healthcare virtual collaboration, based on the HC-VBE-TAM-Requester, nine
hypotheses were defined in Section 4.3.2.3. Here, the result of testing those hypotheses

are discussed based on the data analysis carried out in AMOS software.

The evaluation results show that Hia is accepted with a significance value of less than
0.001 indicated by *** in AMOS; which means PHA has a significant effect on PHQ. The
result indicates that healthcare requesters believe that a virtual healthcare system
availability will influence the quality of services provided through it. Hib which
hypothesises the causal effect of PHA on PEU is accepted which is indicated by a
significance value of less than 0.001. This means that healthcare requesters perceive that
the availability of a virtual healthcare system will influence its easiness to use. Hic which
hypothesises the causal effect of PHA on PU is accepted with a significance value of less
than 0.001. Thisis in line with expectation that a virtual healthcare system that is available

to be used when needed will heighten its usefulness.

H; which hypothesises the causal effect of PHQ on PU is accepted with a significance value

of 0.014. This result indicates that healthcare requesters believe that the quality of
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services provided in applications developed based on the HC-VBE-F will be a contributing
factor in its usefulness. The causal effect of PEU on PU hypothesised in Hza is rejected
with a significance value of 0.737; which suggests that healthcare requesters don’t believe
that if a system is easy to use means it is also useful. Hsb hypothesises the causal effect
of PEU on AU is accepted with a significance value of less than 0.001. The result suggests
that healthcare requesters believe that the usefulness of a virtual healthcare system will

influence their attitude towards using that system.

Haa is accepted as the computed significance value is less than 0.001. Hsa hypothesises
the causal effect of PU on AU; which indicates that healthcare requesters attitude towards
using healthcare systems developed based on the HC-VBE framework is affected by how
useful they think the system is. The causal effect of PU on IU which is hypothesised in Hsb
is rejected with a significance value of 0.444. This result is unexpected since if a system is
useful it would be expected to be used. The causal effect of AU on IU is accepted by
healthcare requesters which is hypothesised in Hs. The acceptance of this hypothesis
indicates that healthcare requesters intention to use a virtual healthcare system
developed based on the HC-VBE concept will lead them to heightened intention to use it.
Table 6.19 shows the hypotheses testing results and Figure 6.26 shows the accepted

paths.

Table 6.19: HC-VBE-TAM-requester hypotheses testing results

Sig.Level Acceptance

Hypotheses Evaluated Causal Effect at p<0.05

Hia Perceived <--- | Perceived healthcare | p<0.001 Accepted
healthcare quality availability

H:b Perceived ease of | <--- | Perceived healthcare | p<0.001 Accepted
use availability

Hic Perceived <--- | Perceived healthcare | p<0.001 Accepted
usefulness availability

H, Perceived <--- | Perceived healthcare | 0.014 Accepted
usefulness quality
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Sig.Level Acceptance
Hypotheses Evaluated Causal Effect at p<0.05
Hsa Perceived <--- | Perceived ease of use | 0.737 Not Accepted
usefulness
Hsb Attitude  towards | <--- | Perceived ease of use | p<0.001 Accepted
using
Hia Attitude  towards | <--- | Perceived usefulness | p<0.001 Accepted
using
Hib Intention to use <--- | Perceived usefulness | 0.444 Not Accepted
Hs Intention to use <--- | Attitude towards p<0.001 Accepted
using
Perceived
erceive H Perceived Hib
Healthcare — re—t—)
) Usefulness
Quality
Hq_a r
Hha H,c Attitude H Intention to
! H towards r——— Use
Perceived 38 H,b Using
Healthcare Hb
Availability 1
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Ease of Use

Figure 6.26: HC-VBE-TAM-requester accepted hypotheses with bold lines indicating the accepted

hypotheses

6.7.3 HC-VBE-TAM Providers and Requester Comparison

The mobile application prototype developed based on the HC-VBE-F was evaluated by

both healthcare providers and requesters. Each was tested with a slightly different TAMs,

however the framework they were examining was the same. Therefore, it is important to
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compare the hypotheses testing results for both groups and discuss similarities and

differences between them.

In both cases the extended TAM was comprised of 6 constructs two of which were newly
added to examine relevant acceptability factors. Since the newly added constructs are
examining different factors from different perspectives (Healthcare providers and
healthcare requesters) their results cannot be compared. However, the TAMs have four
original constructs (PEU, PU, AU and IU) and five hypotheses (Hsa, Hsb, Haa, Hsb and Hs)
in common, which allows their results and findings to be compared and discussed.

Table 6.20 shows the results of the comparison and perhaps not surprisingly both
healthcare providers and requesters are the same in terms of accepting and rejecting
hypotheses. Both users have accepted hypotheses Hsb, Hia, Hsb and have rejected
hypotheses Hsa and Hs. From the comparison result one can conclude that the developed
virtual collaboration framework for healthcare was received equally by both healthcare
providers and receivers and their intension to use systems that are going to be developed

based on the HC-VBE-F is positive.

Table 6.20: Comparison between HC-VBE-TAM-provider and requester hypotheses testing results

Healthcare Providers Healthcare
Hypoth | Evaluated Causal Effect Hypotheses Result Requesters
eses Hypotheses Result

Sig.Level @ Acceptance | Sig.Level @ Acceptance

at at p<0.05
p<0.05
Hsa Perceived <--- | Perceived | 0.232 Not 0.737 Not
usefulness ease of Accepted Accepted
use
Hsb Attitude <--- | Perceived | p<0.001 | Accepted p<0.001 | Accepted
towards usefulness

using
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Healthcare Providers Healthcare
Hypoth Evaluated Causal Effect Hypotheses Result Requesters
eses Hypotheses Result

Sig.Level | Acceptance | Sig.Level @ Acceptance

at at p<0.05
p<0.05
Hia Attitude <--- | Perceived | 0.004 Accepted p<0.001 | Accepted
towards ease of
using use
Hib Intention to <--- | Attitude 0.002 Accepted p<0.001 | Accepted
use towards
using
Hs Intention to <--- | Perceived | 0.379 Not 0.444 Not
use usefulness Accepted Accepted

6.7.4 HC-VBE Framework Limitations

This study was carried out on a local level which may not reflect the globalised view of
the HC-VBE framework. The research would have carried more credit if participants were
recruited from different regions and countries to provide feedback on the developed
concept and prototype. However, because the framework needed to be presented and
explained to prospective users before the prototype demonstration, it would have been
difficult to gather and engage users beyond the local area. Another limitation is that the
mobile application protype was developed in English but evaluated in a none-English
speaking country, this posed a limitation on researchers to only invite those who had
some basics of English. This may have affected the sample study representativeness of
the local population negatively. To dilute the effect of this limitation the questionnaires
used in the surveys were translated into the local language and the author answered

guestions and concerns during meetings held for data collection.
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6.8 Chapter 6 Summary

This chapter presented a Healthcare Virtual Collaboration Framework (HC-VBE-F) that

consists of a conceptual description, a member selection mechanism, a healthcare

provider verification and validation mechanism and a set of SLA templates. The content

of the chapter is summarised in the following points:

1-

The HC-VBE-F is described on conceptual level which includes the components
required to provide the use cases that facilitate the initiation, negotiation, creation,
monitoring and archiving life-cycle of a given healthcare virtual collaboration. The
framework working steps are explained in detail which spans over 16 steps.

A Member Selection Mechanism (HC-VBE-MSM) is developed that facilitates the
selection process of suitable healthcare virtual collaboration participants. The
mechanism is made up of a seven steps process. The applicability of the mechanism
is demonstrated by applying it to a simple healthcare virtual collaboration case study.
A Healthcare Virtual Collaboration Provider Verification and Validation Mechanism
(HC-VBE-PVVM) is developed using blockchain technology as a theoretical base. The
mechanism presents a step by step guide as to how to verify and validate a healthcare
provider who offers to provide a service to a requester. The applicability of the
mechanism is demonstrated by applying it to a simple case study.

To standardise the terms and conditions of a healthcare virtual collaboration service
and to regulate the rights and responsibilities of participants, a set of SLA templates
are developed. The templates are text-based and human readable; designed to speed
up the negotiation process between service requesters and service providers. The
content of each clause of the SLA templates are explained in detail.

The HC-VBE-F evaluation results show that the framework is acceptable by healthcare
service providers and requesters and their intension to use systems developed based

on the framework is positive.

The research is concluded in the next chapter which contains research achievements

and future works.
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Chapter 7 : Conclusion and Future Works

This chapter concludes the research in Section 7.1, outline the main achievements in
Section 7.2, presents publications in Section 7.3 and presents future works in Section

7.4.

7.1 Conclusion

Literatures in the field of healthcare show that the demand for healthcare is rising and
the current model of healthcare provision which relies on centralised healthcare
organisations such as hospitals are not coping well. The demand for healthcare is partly
because of the rinse in population numbers and partly because of an aging population
that is becoming a phenomenon in many countries such as Japan. The rise in demand has
increased cost and affected resource availability in care institutions. To reduce cost and
increase resource availability, virtual collaboration is seen as an answer for healthcare.
However, the modelling, organisation and management of virtual collaboration for
healthcare presents many challenges such as, role and service classification, member

selection mechanisms and SLAs which are yet to be addressed.

The aim of this research was to model and develop virtual collaboration frameworks for
healthcare. At the initial stage of the research, a number of challenges regarding the use
of virtual collaboration in healthcare were presented from which 5 research questions
were formulated. How to model and describe service provision in virtual collaboration for
healthcare and how to organise and manage healthcare virtual collaboration are some of
the questions researched in this thesis. System developers use models to simplify
complex scenarios, in this thesis, a modelling framework to model healthcare virtual

collaboration is developed. Based on the modelling framework, a healthcare virtual
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collaboration framework is developed to address the organisation and management

aspects of virtual care provision.

Both frameworks are implemented and evaluated empirically using Technology
Acceptance Modelling (TAM) as a theoretical evaluation framework and Structural
Equation Modelling (SEM) is used as a statistical analysis technique to analyse the data
collected during the evaluation process. AMOS is used as tool to compute statistical
results based on the SEM models and the data collected for each of the developed

frameworks.

The results of the evaluations show that both frameworks are received positively by
prospective users (system developers in the case of the modelling framework and
healthcare requesters and providers in the case of the collaboration framework). The
contributions of this thesis are the modelling and collaboration frameworks for
healthcare virtual collaboration. The main achievments of the thesis is summarised in the

next section.

7.2 Research Achievements
The main achievements of this research can be summarised in the following points:

1. Acomprehensive literature review has been carried out for healthcare sector in general
and as a result the main roles and services in healthcare have been classified. This is
considered as a noticeable achievement because it simplifies the structure of

healthcare to a point that specialists and non-specialists can understand it.

2. A simple and generic service and participant classification mechanism (SPCM) has been
developed for VBE and VO based healthcare virtual collaboration. The mechanism
provides a conceptual classification of roles and services in healthcare which facilitate
in simplifying complex virtual collaboration scenarios for the sector. It also helps
healthcare system developers and professionals to plan ahead and identify

requirements for a given virtual collaboration.
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3. To provide a modelling capability specific to healthcare virtual collaboration, UML use
case notations are extended to develop a domain specific modelling language (DSML)
using the profiling technique provided by Object Management Group. The DSML is
simple to understand and use, which can be used to model all HC-VBE and HC-VO

collaboration scenarios.

4. A healthcare virtual collaboration service orchestration mechanism that is capable of
modelling service workflows has been developed. The orchestration mechanism
covers the scope and processes needed to show the steps of healthcare service
provision virtually. It consists of a textual description language which has been
developed to describe the orchestration mechanism. The language has a sentence

structure and a set of vocabularies to standardise the description.

5. A general conceptual healthcare virtual collaboration framework that describes how
collaborations are organised and managed has been developed. The framework is
described in detail in terms of the number of components that make up the framework

and how it works step by step.

6. A healthcare virtual collaboration member selection mechanism has been developed
which is simple and effective. The mechanism has been described in detail and a step
by step selection process is presented. The mechanism is developed in line with the

other part of the research for ease of integration later in one package.

7. A healthcare provider verification and validation mechanism based on blockchain
technology has been developed. The mechanism is feasible and effective if
implemented and has the potential to address the issue of trust between healthcare
stakeholders which is one of the most outstanding issue in healthcare and it is yet to

be completely addressed by researchers.

8. A set of healthcare virtual collaboration SLA templates have been developed to regulate
contracts between participants during HC-VBE collaborations. The templates are
simple and generic which are capable of documenting all possible virtual collaboration

agreements. The templates provide a base for all SLAs that might be created during a
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healthcare virtual collaboration setting. The templates facilitate faster agreements
between the collaborating participants and they are presented with fine details and
possible implementation mechanisms. The templates are both human and machine

readable.

9- Technology Acceptance Model (TAM) is extended and validated with 5 new constructs.
Perceived Ability to Model (PAM) was added to the original TAM to evaluate the
modelling framework by system developers. To evaluate the HC-VBE-F, Perceived
Healthcare Araciality (PHA) and Perceived Healthcare Quality (PHQ) were added to the
original TAM to evaluate healthcare requesters acceptance. Perceived Clinical
Effectiveness (PCE) and Perceived Healthcare Globalisation (PHG) were added to the
original TAM to evaluate the HC-VBE-F by healthcare providers. The outcome of this
part of the research contributes towards further expanding and validating the
applicability of TAM to evaluate new healthcare technologies. The new constructs
have not been used in previous studies as user acceptance factors. The new constructs
further develop TAM as a theoretical evaluation framework for healthcare

technologies which is an achievement.

7.3 Published and Planned Publications

1. Published papers

A. H. Mahmud, M. Mohammadi, N. Ali, T. A. R. Khan, N. K. Al-Salihi, R. M. D. Omer,
and J. Lu, “Technologies in medical information processing,” Advances in
Telemedicine for Health Monitoring: Technologies, Design and Applications, p. 31,
2020.

| was the main author of this book chapter in which we present a number of technologies
in use in the field of medical information processing. The chapter in general is relevant to
this thesis but in Section 1.6 we present a specific framework that is based on VBE and
VO concept for healthcare information interpretation.

B. H. Mahmud, J. Lu and Q. Xu, “A Blockchain-based Service Provider Validation and

Verification Framework for Healthcare Virtual Organization,” UHD Journal of
Science and Technology, vol. 2, no. 2, pp. 24-31, 2018.
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| was the main author of this paper in which we have presented a healthcare service
provider verification and validation framework for healthcare virtual collaboration. The

paper is based on the framework described in Section 6.4.

C. H. Mahmud, “Modeling Virtual Organization for Home Healthcare Using UML,” Int. J.
Comput. Sci. Eng, vol. 4, pp. 22-31, 2016.

| was the sole author of this paper in which | explain the limitation of UML modelling
language in modelling healthcare virtual collaboration. The paper evaluates UML, based
on a number of modelling criterions and discuss UML limitations. The paper was written

as part of justification for developing the DSML for healthcare virtual collaboration.

D. H. Mahmud andJ. Lu, “A GENERIC VOBE FRAMEWORK TO MANAGE HOME
HEALTHCARE COLLABORATION,” Journal of Theoretical and Applied Information
Technology, vol. 80, no. 2, p. 362, 2015.

| was the main author of this paper in which we present and describe a framework to
classify roles and services for home healthcare based on VBE and VO concept. This paper

is part of the SPCM described in Section 5.2.

2- Planed papers to be published in the future

A. A Healthcare Virtual Collaboration Framework: Evaluating Users’ Acceptance Using

Technology Acceptance Model.
B. A Generic SLA template for VBE- based Healthcare Virtual Collaborations.
C. The Role of Robot in VBE-based Healthcare Virtual Collaborations.
D. A Member Selection Mechanism for VBE-based healthcare Virtual Collaborations.
E. An Orchestration Mechanism for VBE-based healthcare Virtual Collaborations.

F. A Domain Specific Modelling Language for VBE-based healthcare Virtual

collaborations

G. An OWL-based Model for Healthcare Virtual Collaboration Service Level Agreement
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7.4 Future Works

Healthcare virtual collaboration is multi-faceted and requires much more research to
address challenges and issues in realising it. This section presents a number of future

works that would extend the implications and contributions of this thesis.
1. Cultural differences during HC-VBE-based collaborations

Culture may be an influential factor in the usability and acceptability of virtual healthcare
as people are directed to use an electronic medium to explain their health issues rather
that a face to face method. In some cultures, due to religious beliefs or cultural
boundaries it may not be acceptable for people to use an online virtual method to speak
to someone they meet for the first time. The frameworks developed in this research
encourage such encounters and healthcare providers can be recruited from anywhere in
the world. It would be interesting and useful to study the influence of culture in

healthcare virtual collaborations.

Language is another important factor in the success of systems developed based on the
HC-VBE framework. Healthcare requesters and providers may not be able to
communicate directly with each other but through an interpreter since they may be from
different countries. Tackling this challenge would also be an interesting topic to research.
Therefore, culture and language barriers are two new electronic healthcare system

acceptability variables that can be investigated in future studies.

2. HC-VBEs visibility

The concepts presented in this thesis are global where many HC-VBEs can be created
around the world to provide services, collaborate and share resources. The globalised
concept of HC-VBE presents a visibility challenge. The question here is how to make HC-
VBEs visible in order for them to be discoverable to each other. This is an area of virtual

collaboration for healthcare that can be researched in the future.
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3. Service orchestration simulation and validation

The service orchestration mechanism presented in this thesis is theoretical and text based
with no simulation and validation mechanism. Simulation can provide the facility to
visualise healthcare virtual collaboration service provision in action. Service orchestration
validation is crucial to check the soundness of the flow of activities to achieve a goal
before its implementation. Developing a mechanism to simulate and validate the service
orchestration in healthcare is a future work that offers theoretical and technical

challenges to future researchers.
4. Healthcare requester data security and privacy

The issue of data security and privacy of users is well recognised and the importance of
the topic is well researched. However, the theoretical mechanism and the technical
implementation varies depending on the purpose of a system. Healthcare virtual
collaborations based on the HC-VBE-F presented in this thesis surely present its own

unique security and privacy challenges which can be researched in the future.
5. SLA enforcement and monitoring mechanism

One of the most obvious challenge presented in the HC-VBE-F is to do with SLA
monitoring. After an SLA is agreed between healthcare requesters and providers, a robust
mechanism is required for the SLA enforcement and monitoring. The mechanism could
involve artificial intelligence and smart decision support systems to cope with the
dynamic nature of healthcare virtual collaboration. Developing a mechanism to carry out
SLA enforcement and monitoring is a research challenge which can be researched in the

future.
6. SLA dispute management

Service in HC-VBE based system are provided based on SLA which defines the terms and
conditions of the service. The question is, if there is a dispute regarding the extend of
observed terms and conditions by one of the signatory parties of the contract how the
dispute is managed as communication is virtual. This suggests the need for a simple and

effective dispute management mechanism which is a future research opportunity.
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7. HC-BE-PVVM development and implementation

The healthcare provider verification and validation mechanism outlined in Section 6.4 is
a conceptual one and requires further research and implementation. The mechanism is
based on blockchain technology which is a fairly new technology that offers a number of

conceptual and implementational challenges that can be researched in the future.
8. Member selection mechanism development and implementation

The HC-VBE-MSM described in Section 6.3 is a conceptual one that is described in an
abstract level which may need further research and implementation to make it usable in
real systems. Despite the fact that it has been described in a step by step process but it
lacks implementation details which offers development challenges that can be addressed

by further research in the future.
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Appendices

Below a brief introduction to each of the appendices included in this thesis is provided:
Appendix A

During data collection a consent form was given to each survey participants along with

the relevant questionnaire to fill in, appendix A is the consent from.
Appendix B

The appendix is composed of two parts, B1 which is an image of the questionnaire which
was given to healthcare providers to fill in for the HC-VBE-F mobile application acceptance

testing and appendix B2 which is the Kurdish translation of the questionnaire.
Appendix C

The appendix is composed of two parts, C1 which is an image of the questionnaire which
was given to healthcare requesters to fill in for the HC-VBE-F mobile application

acceptance testing and appendix C2 which is the Kurdish translation of the questionnaire.
Appendix D

The appendix is composed of two parts, D1 which is an image of the questionnaire which
was given to system developers to fill in for the HC-VBE-M-F java application acceptance

testing and appendix D2 which is the Kurdish translation of the questionnaire.
Appendix E

This appendix contains examples of official permission letters obtained to conduct part of

the research at certain healthcare authorities and institution.
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Appendix F

The appendix provides images of all the data collected from survey participants of the HC-

VBE-M-F java application.
Appendix G

The appendix provides images of all the data collected from healthcare providers during

the HC-VBE-F mobile application evaluation.
Appendix H

The appendix provides images of all the data collected from healthcare requesters during

the HC-VBE-F mobile application evaluation.
Appendix |

The appendix is a number of tables with the HC-VBE-F mobile application screenshots and

explanations.
Appendix J

This appendix is an example of AMOS data analysis output from which a selection has
been used for evaluation purpose in this thesis. The analysis output is for the HC-VBE-F-

Provider acceptance .data collected from healthcare providers.
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Appendix A: Research survey consent form

RESEARCH CONSERT FORRM

Research Details

Full Mame of Aesearcher- Hoger Hussen Mahmuod

Student Number: uld50259

Title of Aesearch: Modeliing and Investigating Virtual Collabaration for Healthcare

Research Description:

The aim of thi research is to develop modelling and collabaration concepts for healthcare
wirtual callaboration, based on Virtual Breeding Environment (VBE) and Wirtual Organisation
W) concepts, The developed concepts then will be evalusted using Technalogy Aoceptance
Model (TAM) mechanism to establish the level of acceptability of the developed concepts
amongst healthcare providers, healthoare recevers and sirtual system developsrs.

Research mode: PhD in Computer Science and infarmatics

Department: Camputer Science

School: Schoal of Computing & Enginesring

University: Heddersfield - UK

Participant Details

Full Bame of Participant:

age: 15200 20w a0 soseld so-60 0 abewe 650
se  Make [ Fermale [

Contact Mwmbser:

Email Address:

Education: Secondary Sl:h-uuln High Schoal D Grad u;ﬂen F-'.u!-l:-rudu;.ﬂ.-un
Profession:

Place of Waork:

Please read and tide the boxes as appropriate and sign and date the declaration at the snd.
Please ask if ywou want more clarification on any of the points.

=  The research has been explaired to me in verbal and f or written Vi D H'I:ID
Frsrmm by the ressarchar.

= | understand that the res=arch will invalve filling in a number of e D H-un
guestionnaires regarding concepts being  developed far  this
research,

+= | understand that the research inwolves using personal mohbile ves ) o O

phomes ta test a software protofype developed for the ressarch.

‘age 1.of X
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| wnderstand that the réessarch process takes 45 minutes bo
comipleta,

# | understand that | may withdraw from this study at any time
without having to give an explanatian,

+ | understand that all infarmation about me will be treated in strict
confidence and that Dwill not b named in any written wark arising
Fromm this study.

= | underitand that any recardings of me (Video, sound and image)
will be used far research purposes anly and | give my cansent b
their uses.

\’ED
ves O

"|’=D

"|’=D

ne O
I'-I-u-D

ne O

ne O

| freehy give my consent bo participate in this research study and | have besn given a capy of this

farm For my awn information.
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Appendix B: HC-VBE-F healthcare professionals survey
questionnaire

Appendix B1

Questionnaire 1

Questionnaire 1 (Healthcare professionals)

The purposs of this questionnaire is to examine Technology Acceptance bdodel of
developed WOBE-based concepts for healthcare wirtual collaboration by healthcarse
professionals.

Kays: i= Sirongly Deagras 3= Suite D bagres 3= SEgs by D gres 4= Hautral 5= 50 ghely Agrae S= Cuile Agree 7= 52 nengy Agoes

1. Expected healthcare Strongly Mewtral Strongly
globalization Disagres Agree

1. Using the HO-WOEBE spplication enhances
healthcare providers collaboration. 1 3 3 4 5 [ 7

2. Using the HC-WOEBE application helps
making healthcare mors widely available. 1 2 3 4 = & ?

3. Using the HC-WOEE application provides the
opportunity to serve healthcare s=ekers 1 2 3 4 5 (] 7
around the world.

4. Using the HC-WwOEBE application would be

instrumental in globalizing healthcars. 1 2 3 4 5 & 7
2. Expected usefulness Strongly Meutral Strongly
[conwenience) e Agree

1. Using the HC-WOEBE application improves
my performance in providing care. 1 2 3 4 5 [ 7

2. Using the HC-WwOEBE application improves
my availability to provide care. 1 2 3 a 5 ] 7

3. Using the HC-wOBE application improves
my patient mansgemsant tasks. 1 2 3 4 5 [ 7

4, Creerzll, | find the HC-WOBE application
us=ful in providing haalthcare. 1 2 ] q 5 (3 7
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Questionnaire 1

3. Expected easze of use

Strongly

Disagres

L. Learmning to uss the HC-VOBE application
would be easy for ma.

2. l'would find it 2asy to provide care using
the HC-WOBE application.

3. Itwould ke easy fior me to become skilful at
using the HC-WOBE application.

4, | would find the HC-VOBE application easy
to use.

4. Expected Clinical effectiveness

Strongly

Disagres

Strangly

1. Using the HC-VOEBE application would
facilitate providing the right care through
making patient history available.

2. Using the HC-WOEE apglication would
facilitate providing the right care through
recruiting specialist care provider.

3. Using the HC-WOEE application would
facilitate providing timely care through
anytime collaboration capability.

4, Using the HC-wOSE application would
facilitate providing care in the right place
throush armpwhers collaboration capability.
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Questionnaire 1

5. Attitude towards using Strongly Mewtral Strangly
Disagres Agnee

1. Using the HO-WVOEBE application would be a
good idea. 1 2 3 ] & ] 7

2. Using the HC-VOEBE application make
providing heslthcare maore interesting. 1 2 3 4 5 & 7

3, Using the HC-WOBE application would be &
pleasant experisnce. i 2 5 i 5 (7 7

4, |'would [i%e to wse the HO-WOEBE application.

1 F3 3 4 5 G 7
6. Intention to use Strongly b eutral Strongly
Disagres fAgree

1. I intend to use the HC-VOEBE application.

2. It is likely that | will use the HC-WOEBE
application. i 2 ] dq & ] 7

3. | expect to wse the HC-VOEBE application.

4, | am willing to recommend other people to
u=2 the HC-WOBE application. i F] 3 d 5 ] 7

Thank you for completing this guestionnaire
if you hawe any questions regarding this guestionnaire piease email: hoger.mahmudihoed s uk

(* )
* )
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Appendix B2

Questionnaire 1

Questionnaire 1 (Healthcare professionals)

The purposs of this questionnaire is to examine Technology Acceptance kModel of
developed wOBE-based concepts for healthcare wirtual collzboration by healthcars

profizssionals.

Kays: i= Strangly DEagras 1= Quite Dibjires 3= S0 by D jgress 4= Hadilrdl 5= Sghey Agiae E= it Agiee 7= Srengy Agree

1. Expected healthcare globalization

s e ol ey

1. Using the HC-VOBE applicstion enhances
healthcare providers collaboration.

i Euialees HONVOBE ottt Alas e
wmaliaa il s s R Ly -\.l"l-"‘f'"'-"'l" | st

[

2. Using the HC-vOBE application helps
making healthcare mors widely availablze.

s yle HO-VOBE poseesibnn slas 84,2
.\_,l.'q.:a_e_' e g il IERLET, Ly .\_ru_ﬁ._u._.u

-l

3. Using the HC-VOESE application provides the
opportunity to serve healthcare seekars
around the world.

ot HOVOBE  poestba slas a3
ALy ;IJE.I:U _,r.h_}.'.. i sldn jua

i ga b e s ok A0 S e 3 s

4, Using the HC-YOEBE application would be
instrumental in globalizing healthcars.

s g s HONVOBE  cteestan Alas e

sl i Sl i

2. Expected usefulness [convenience]

e e ol gy

1. Using the HC-WOBE application improves
my performance in providing care.

ulils HC-VOBE et slas e
sslen g Reten § ok ERLET Ly ‘_,.u_ﬁ..._.._.u

2. Using the HC-VOEE application improves
my awvailzbility to provide care.

i cwssa e HOWOBE  jtesbas slas a2

wmlaa Al e aldia i ra_;i.._uh _.._.

3. Using the HC-YOBE application improwves
my patient manzgemsant tasks.

bl HOVOBE et Alas el

BN SR RLE PP LI P e g

4, Creerzll, | find the HC-VOBE application
us=ful in providing healthcars.

d...'.:-\.‘.._..l.lq_' h,....:.l_.Eq.. ialy -._...‘_l_.r dﬂ.!._.:_.._.lq...l’-]
sttt e A Eiuly bosdps HC-WOBE

--“.—l_l_ldlq-l

Fagelof 3
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Questionnaire 1

3. Expected ease of usa

TR

L. Leaming to use HC-WOBE application would
be easy for me.

HC-VOBE  jsdde il B g e el

B

2. I'would find it easy to provide care using
the HC-WOBE application.

e deis FERLET L S L P e L :_..q...‘"'.'-\...?
HE- ity slin e gy b paf Jils
NOBE

3. I'wiould be easy for me to become skilful at
using the HC-VWOBE application.

olan 1S ol el 4 cas Ll S pd
HC-WOBE sdde

4. | would find HC-WOBE application easy to
uss.

Sl fe p HG-VOBE sl slios toed

Eaeabid

4, Expected Clinical effectivensss

R

L. Using the HC-VOEBE application would
facilitate providing the right care through
making patient history available.

AL HCNVOBE  jbedtr Ao e
R VTR LSNP Y e ‘_,.u_-\.‘...:._.u LU L

RS R g e e S gl

2. Using the HC-VOEBE application would
facilitate providing the right care through
recruiting specialist care provider.

L HCNOBE b Al 8,2
e P IERLER LT ‘_,.u_-\.‘...:._.u L LI L

B L TR LT BT LR

3. Using the HC-wOSE application would
facilitate providing timely care through
anytime collaboration capability.

] L [ a
Ll HOVOBE  jtedla slas a3
iba AL gl i ih o Bial O allea
e il gl S s S

4, Using the HC-WOBE application would
facilitate providing care in the right place
through ampsihere collaboration capability.

L HONDBE  jbemt Al i8ed
il _ﬂ_._‘ IERLER LT ‘_,.u_-\.‘...:._.u L LI L
st el ‘_,.r..ﬂ.lL.u il & ‘_,.u_..‘...._.._.u

Page 2 of 3
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Questionnaire 1

5. Attitude towards using

TR WY

1. Using the HCO-WOBE application would be &
good idea.

il Es g HO-VOBE sl slas foad

et

2. Using the HC-WOEBE application make
providing hiealthcare more interesting.

o s HOOBE  teaditbas alas 82

| LU T Pt ] -y pELE o S

3. Using the HC-WOEE application would be 2
plessant experience.

g ets HOVOBE Aol Slas l8a.3

it | i wd geall

4, | would ke to use the HC-VOEBE applicstion

HC- fliasils Vi Ba g o p gy e oA

VOBE

6. Intention to use

el B ol

1. | int=nd to use the HC_WOBE application.

HC- il las B ks csalals o]
VOBE

2. It is likeby that | will use the HC_WOSE
apglication.

HCVOBE el fu & v g 802

-r—.-.-.'_lﬁ'-.'

3. | expect to use the HC_WVOEE application.

HOWOBE b s fw o pifiay peflan b3

s

4. | arm willing to recommend other people to
uze the HC_WVOBE application.

artmifales glon MRas gLty sl wsalal sl
mi 5 Als o HCVOBE

Sl gle o als g 535
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Appendix C: HC-VBE-F healthcare requesters survey
questionnaire

Appendix C1

OQuestionnaine 2

Questionnaire 2 (Prospective Patients)
The purposs of this guestionnaire is to examine Technology Acceptance pAodel of
developed WwOBE-based concepts for healthcare virtual collaboration by prospective

patients.
Kays! 1= Steanjly DHidgeoes I= 0o Dighg ree 3= Sghtly Diseg e 3= Peatsal S= Slghtly fgres be Ol ba Sjresa T= Sirosg by dggraa

1. Expected healthcare availability | Strongly Meutral Strongly
Disagres Apres

1. Using the HC-VOBE application fadlitate
fair access o heslthcare. 1 2 ] q 5 B 7

2. Using the HC-WOEBE spplication provides
anytime anmywhere access to healthcare, 1 2 3 4 5 & 7

3. Using the HC-VOEE application makes
more varieties of healthcare available. 1 z 3 q 5 [ 7

4, Using the HC-WOEBE spplicetion makes

more specialist heslthcare provider available. 1 2 3 a 5 G 7
2, Expected usefulness Strongly Meutral Strongly
[convenience) s Agree

1. Using the HC-WOBE application improwss
my chance ta get on demand heshthcare. 1 ¥ 3 4 5 [ 7

2. Uszing the HC-WOEBE spplication saves me
effort and time 1o find needed healthcare. 1 A 3 q 5 & 7

3. Using the HCWOEE appdication would be
more convenient than visiting heslthcare 1 2 3 4 5 [ 7
institutions.

4, Owerzll, | find the HC-VOBE application
u=s=ful in receiving healthcare. 1 z 3 4 5 & 7
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Questionnaine 2

3. Expected sase of use Strongly Meutral Strongly
Disagrees Agres
1. Learning o use the HC-WIBE application
would be easy for me. 1 4 & 7
2. I'would find it easy to receive cars using the
HC-OBE application. 1 4 & 7
3. It would be easy for me to become skilful 2t
using the HC-WIBE application. 1 L1 [ 7
4, | would find the HC-VOBE application easy
to use. 1 4 & 7
4. Expected healthcare quality Strongly Meutral Strongly
Disagrees Agres
1. Using the HC-WOEBE helps me find the right
healthcare provider. 1 4 ] 7
2. Using the HC-WOEE appdication helps ma
find hezlthcare respectful of and responsiveto | 1 4 & 7
my preferences and needs.
3. Using the HC-wOEE application helps me
find the right healthcare for ressonakbls price. 1 L1 [ 7
4., Using the HC-VOEE application helps me
find the right hezlthcare in a reasonable time. 1 4 & 7
5. Using the HC-WOEE application helps me
1 2 q 7

find the right healthcare from a bacation of my
choice.
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Questionnaire 2

5. Attitude towards using Strongly Meutral Sarangly
Disagree Apree
1. Using the HC-VOBE application would be a
good idea. 1 2 4 7
2. Using the HC-VOEE application makes
receiving haalthcare more interasting. 1 2 4 7
3. Using the HC-YOEE application would be 2
pleasant expearisnce. 1 2 4 7
4, | 'would like to use the HC-WOBE application.
1 2 i 7
6. Intention to use Strongly Meutral Sarongly
Disagree Agree
1. I intend to use the HC-VOBE application.
1 ] i 7
2. It is likehy that | will use the HC-VOEBE
application. 1 2 4 7
3. | expect to use the HC-VOEBE apolication.
1 F i 7
4, | am willing to recommend other people to
1 Fa i 7

uze the HC-VOBE application.

Thank you for completing this guestionnaire
if yau hawe any questions regarding this questionnzire please email: hoger. mahmuwdahod ac.uk
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Appendix C2

Questionnaire 2

Questionnaire 2 (Prospective Patients)
The purposs of this questionnaire is to examine Technology Acceptance sModel of
developed WOBE-based concepts for healthcare virtual collzsboration by prospective

patients.

-

Kays: 1= Stoangly Disd gres I= Quse Disagoee 3= Sightly Disagrie 3= Ninatoal S= Sghtly fgired b= St &jresa T= Sirosgly fgraa

1. Expected healthcare availability

s 5 b Sy

1. Using the HC-WOBE application facilitate
fair access 1o healthcare.

s s HOVOBE bt Sl jlge
walaiine il el el s Bl ol

o e i

2. Using the HO-OBE application provides
anytime amywhere access to hesltheare.

wobi i HO-VOBE pteesbas Alas a2

-

ICF LR e ‘_,..=_-_'. ] ;h vy pELE

3. Using the HC-OEBE application makes
more varietizs of healthcare availzble.

Al gose HOVOBE jtagtas slas lgad

RS e il e el ot e e

4, Using the HO-VOBE applicstion makes

more specialist heahthcare provider awailzble.

a gl gase HO-VOBE sl slas i

bl Gaans pl s el R

2. Expected wsefulness [convenience]

R R NI

1. Using the HC-VOBE application improwss
my chance to get on demand healthcare.

g HCVOBE ptedia slas ]
ki) PRy Py N oy e _H_qu_.:a

R L

2. Using the HC-VOBE application saves me
=ffort and time to find needed healthcars

ey B HOVOBE jteste sls 22
e 2l g G hSe e e ke e A g g

- Wi

3. Using the HC-WOBE application would be
more convenient than visiting healthcare
instibutions.

G cdes okl HO-VOBE pteesibon Alas a3

i e 8 el u 4l 5 sl d...'_-\f.__.Ll_;q_.

Pagelaf 3
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Questionnaire 2

4, Overall, | find the HC-YOEE application
uzaful in receiving healthcare,

HiC taifalis Sl S SSE dﬂ.-\._.:_.._._"q...-ﬂ-
ERLAE - e ;L.__l et 4 i o el WOBE

.-“.—l_l_ld.l'-l

3. Expected ease of use

PR NI

L. Learning to use the HC-WOBE application
would be easy for me.

o g HOWOBE sl ol 80 oy o]

i fsll

2. I'would find it 2asy to receive care wusing
the HC-WOBE application.

al ;.5..._... s s o e PR ‘_,..l_'.'. L ;...E'
HCNOBE jtesl aloslSe ge8,,

3. | would be easy for me to become skilful at
uzing the HC-VOBE application.

el sy b et e 4 caas laticd

HC-WOBE

4, | would find the HC-WOBE application easy
to use.

s jleads 4 HOWOBE ptesdan slas t84d

4. Expected healthcare quality

PR NI

1. Using the HC-VOBE helps me find the right
healthcare provider.

d cauns p S e HOWOBE ptesta Slas g

e b ptea bl g g b g CLETy ]

2. Using the HC-OBE application helps me
find hezlthcare respectful of and responsive to
my preferences and needs.

d cauas p /S HOWOBE pteesdor Ales 802
B LR LT Lok Y LS

LY

3. Using the HZ-vOSE application helps me
find the right hezalthcare for rezsonable price.

d caus o5 Ju HONVOBE pjutesilo ales el

R e P el gl et

4, Using the HZ-vOSE application helps me
find the right hezalthcare in 3 reasonable time

d caus o5 Ju HONVOBE pfutesila Alas e

Y e L

Page 2of 3
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Questionnaire 2

5. Using the HC-WOEE application helps me
find the right hezalthcare from a bacation of my
choice.

i caus o5 HONOBE  jteadban Alas a5

A e g et g g e e i
'."-"." L ]

e

5. Attitude towards using

R EErTY

L. Using the HC-VOEBE application would be a
good idea.

St o HEVOBE el alas S 1

cousd =l

2. Using the HC-WOEBE application makes
receving healthcare mors interesting.

e il HO-VOBE jsadibaen Al lo, 2

Y e TR L] B A L e

3, Using the HC-WOSE application would be 2
pleasant exparience.

St g eds HO-WIOBE  prala dlas a3

TR - P L

4, |'would like to use the HC-VOEBE application

HC _‘.._'.:-'\5._..|=q.' d..__..l_lﬁ.-\._. e Ak .-._-_u_';._-.'.ﬂ
MOBE

6. Intention to use

PO RN ET-TY

1. I intend to use the HC-WOBE application.

HC- ptagiie o o g als el 2
VOBE

2. 1t is likely that | will use the HC-VOBE
application.

HCWVOBE  fteeflol f & doia g 802

e g

3. | expect to use the HC-VOBE application.

HCO-VOBE  ptidlas rw € oafas At d

g g

4. | am willing to recommend other people to
uz2 the HC-VOBE application.

rtaafaled gl lRan g hidi wld wsalals el
a5 ekl @ HO-VOBE

cusplisle bl 45

Pape 3 of 3
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Appendix D: HC-VBE-M-F System Developer Questionnaire

Appendix D1

Questionngine 4

Questionnaire 4 [System Developers)

The purposs of this questionnaire is o examine Technology Acceptance Model of the
modelling languags and the orchestration mechanism developed for healthcare virtusl

collaboration kased onm WwOBE concept by system developers.
Keys: i= Sirongly Daagraa I= Quile Diagres 3= Shgstlp D preas 4= Haulral 5= S ghay Agrae E= Ouite Agrae 7= S rengy Agiee

1. Expected ability to illustrate Strongly Meutral swrongly
Disagree Apres
1. Kiodels produced using HE-WWOEBE madelling
package represents wirtual collaboration in 1 ] 5 a 5 & 7
healthcars.

2. Models produced using HC-WVOEE
modelling package simplifiss complex 1 z 3 4 = & 7
healthcare wirtual collaboration scenarios.

3. mAcdsls produced using HC-WOEE
modelling packsge represent roles of virtusl i F 5 q 5 [ 7
he=althcare stakeholders.

4. mhodels produced using HC-WIBE

modelling packsge describes the collaboration i 2 £ i 5 [ 7
process betwesn virtusl heslithocare
staksholders.
2. Expected usefulness Strongly Meutral Strongly
Disagres Apres

1. usingthe Ho-WOBE modelling package
improsyes my healthoars virtusl system i 1 5 a4 5 & 7
dewvelopment process.

2. Using the HC-woBE modelling package
savas mie effort and time to undarstand a 1 z 3 1 5 L7 7
healthcare wirtual collaboration soenario.
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Questionnaire 4

3. Using the HC-wOBE modelling packags

wolld be more effective to use for modelling 1 i 7
healthcare virtusl collaboration systems than
other madeliing languages.
4, Cwerall, | find the HC-VOSE modelling
package useful for modelling healthcare 1 4 & 7
virtuzsl collaboration systems.
3. Expected ease of use Strongly Neutral Strangly
Dizagres Apgree
1. Learning to uss HC-VOEBE madelling
package would be s3sy for me. 1 4 7
2. ' would find it 2asy to model healthcare
virtual collaboration systems using the HC- 1 4 7
WOBE modslling packaze.
3. It would b2 easy fior me to become skilful 3t
using the HC-WOBE modelling packags. i q 7
4. | would find the HC-WOBE modelling
package easy to use. 1 3 4 & 7
4. Attitude towards using Strongly Neutral Strongly
Disagres Apres
1. Using the HC-VOBE modelling package
would be & good idea. i 4 7
2. Using the HCZ-vOBE modelling packaze
makes modelling healthcars systems more 1 4 7
interasting.
3. Using the HC-vOBE modelling package
would be & pleasant experience. 1 q 7
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Questionnaire 4

4, | woould like to wse the HC-WOBE modelling | 1 ] 4 ?
package.
5. Intention to use Strongly Meutral Strongly
Disagree Apgree
L. | intend to use the HC-WOEE modelling
package. 1 4 7
2. It is likehy that | will use the HC-WVOEBE
modelling packase. 1 4 7
3. | expect to wse the HC-VOBE modelling
package, 1 4 7
4, | am willing to recommend other people to
1 i 7

uze the HC-WOBE modelling packags.

Thank you for completing this guestionnaire

if you have any questions regarding this questionnzire please email: hoger. mahmudiEhed. a0 uk
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Appendix D2

Questionnaire 4

Questionnaire 4 [System Developers)

The purposs of this questicnnaire is to examine Technalogy Acceptance bodel of the
madelling language and the orchestration mechanism developed for healthcare virtusal
collaboration based on VOBE concept by system developers.

Kays: i= Sironghy Dk v 3= Guite Db gres 3= SEgstly Diisgris 4= Hautral 5= Sighty Agrae G= Ouite Agree 7= Strongy Agaee

1. Expected ability to illustrate g g g Eh ey
1. Wodels produced using HC-VOBE modelling AL olas e el g ile pe i gl .1
package represents wirtual collaboration in O i pialh | Sileis iy oS Ly 3 HE-VOBE
healthcare. calfasy i el g Alae e
2. Models produced using HC-WOEBE AL s S o 4 e e g gl g 2
maodelling package simplifiss complex gt ab Al sl M f S Gy a HO-VOBE
healthcare virtuzl collaboration scensrios. YL I ST P [ S T ERL B S
3. Modsls produced using HC-WOEBE el s el s ile g g gl 3
modelling packsze represent roles of virtual wilsehatin g gea gl g o8 Ly HE-VOBE

healthcare stakeholders. S RN P Y~ LT CRRP UL SR [

4, Models produced using HC-VOBE AL olas e e g ile p i gl g
modelling package describes the collaboration | ol o Suiles g i 08 Wy 2 HC-VOBE
process betwesn virtuzl healthcare T PR L -~ TP C AP L AT R PR LT
staksholders. gl s,

2. Expected usefulness g g g Eh ey
1. Usingthe HC-wOBE modelling package WS Ga s ey W HOVOBE st sl i
impraves my healthcars virtuzl system Gl el e s 1t

development process. T TR R

2. Using the HC-wOBE modelling package ddes gafla w HOVOBE | sl tlas a2

saves me effort and time to understiand a ol R b SRR i e e B

healthcare virtual collaboration scenario. Ata ials  Eauy b
FPapelof 3
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Questionnaire 4

3. Using the HC-wOBE modelling packags
wolld be mors effective to use for modelling
healthcare virtuzl collaboration systems than
other modeliing languages.

Ay wHCNOBE ey jlas a3

il pa B e b plBal] il al a dt B

L i LN

4. owerzll, 1 find the HC-WOEE maodelling
package useful for modelling healthcare
virtuz! collaboration systems.

Loy & HCVOBE  asl ne 238 Si aataad
P L e Tl TR P L VAP [TrLP r_..'_;'.‘:.

el gl Sl

3. Expected ease of use

wrads e ol gy

1. Learming to use HC-VOBE modslling
package would be s3sy for me.

Wy e HO-VOBE sl sles B0 oy el

e el S b

2. I'would find it 2asy to model healthcare
wirtuzl collaboration systemns using the HC-
WIOEE maodelling packaze.

e il e gy Lo et d‘_t' s ;_..E'

L P R T =
LAy @ HOVOBE i,

3. It would b2 =2asy for me to become skilful at
using the HC-VOBE modelling package.

PR < PR LSPA 4 IR [P P AT WA s W .
el Ly HC-WOBE

4, | would find the HC-WOBE modelling
package easy to use.

L sy o HONOBE sl s j8a el

v it el

4, Attitude towards using

FEEPE S

1. Using the HC-WVOBE modelling package
would be a good idea.

Gas Les 8w HOVOBE et olas e

spmand Sl S § e

2. Using the HC-VOEBE modslling packaze
makes modelling haalthcare systams mare
interasting.

Ga 5 ey HOVOBE | ast plas a2
Falafenh g ol s e ,_r-'.lg'—.'.-

ealfas B i gl R g palis

3. Using the HC-vOSE modelling package
would be a pleasant experience.

Gu s Les w HOVOBE st plas a3

SLICETE A PRy H_,Sq:q_ apmid

Page 2 of 3
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Questionnaire 4

4, |'would like to use the HC-VOEBE modelling
packsse

HCNOBE el i B s pgsjeid
e gE Wy

5. Intention use

FEEPE S

1. Iintend to use the HC-WOBE madelling
package

HC-NVOBE _,r_-_.E': d....:a_.E-.. Aol wsalall ;_..1

SEE

2. It is likely that | will use the HC-VOEE
madelling packsge

Gak Loy p HCAVOBE oty o & s g 02

-,‘—.-.-.'.lh'-.'

3. | expect to use the HC-WOEBE modelling
package.

Gy e HO-VOBE i,

. 2 g . 4
RO UL TR R,

i

4, | am willing to recommend ather people to
usz the HC-VOBE modelling packags.

HC-  astly plios i bty ol padlals fad]

a5 ALdS b e S Ly s VOBE

cuslEale do il s o33

FPage 3 of 3
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iz g palil dog=2s Lid)3S oAydd A
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leapss daml dalell arpymall , SlaydS haag D (LS (Il kogydd
AL it Kurdistan Regional Goyernment JYAS SIAS LAk &
FIRTES Ministry of Health € 68 P
Kalar aenml losnlm

"ger_Mahmud) who is a PhhD student has
conducted part of his research in our health institues . He is working
on research entitled ( Modelling and Investigating Collaboration for

Healthcare).
Should you requlre further information please sisss#f contact us .

944 7F0/066807

SialyRihH
‘,\M)‘S Sty HU w"j s
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JiASWS'5 M
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All data collected for the HC-VBE-M-F

Appendix F

PAMZ  PAM3 PAM4  PU1 PUZ PU3 PU4 PEU1 PEU2 PEU3 PEU4 AUL AU2 AU AU 1 1z U3 4

PAM1

1

10

12

14

17
18
19
20
21

23

24
25

26

27
28
29

All data collected for the HC-VBE-F from healthcare

professionals

Appendix G

PHGZ  PHG3  PHG4  PU1 FUZ FUS FlU4 FELH PEUZ PEU3 PEU4  PCE1 PCEZ  PCE3  PCE4 A1 AUz AUS Alld (0] Iz 3 4

PHG1
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73
T4
ki
76
ko
K
kel
a0
1]

82
%
£
85
26
&7
23
23
an
£l

a2
a3
a4
95
%6
a7
a8
93
100
101

All data collected for the HC-VBE-F from healthcare

Appendix H

requesters

PHAZ  PHAZ  PHA4  PLR PLZ PL3 PLd PELT PEUZ  PEU3 PEU4  PHO1  PHOZ  PHO3  PHO4  PHOS  AUT ALz AU3 Alld 11 1z (i LiCY

PHAT

1
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100
m
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Appendix I: HC-VBE-F mobile application screenshots and
explanations

1. Home Screen 2.1 Register 2.1 Register

Healthcare Virtual Breeding Please fill in the form below Qualification
Environment to register
isabled

Username _ : ‘

Register as 2.4
lusername Address
| ) Username :
Password

idr
Username

Password ' Email or Phone Number
Password

4

Email or Phone Number
Login as

‘ Password

Login

Confirm Password

RodlEter Confirm Password

‘ Register

Cancel

Information

Qualification

“3‘:1[; oled ‘

This is the home interface of = This is the registration form of the HC-VBE mobile application
the HC-VBE mobile that new users will have to fill in to register in the system and
application that includes the  includes the following functions:

following functions: 1- Register: This function lets users submit their details into
1- Log in: This function lets the HC-VBE system for registration.

users to login into the HC- 3- Cancel: This function allows users cancel registration if
VBE system. they wish to do so.

2- Register: This function

allows new users to register

to use the virtual

environment.

3- Information: This function

provides some basic

information about the HC-

VBE.
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3. Requesters options

3.1 Manage Profile 1
(Requester)

3.2 New Request
(Requester)

Requester's Name: adam ali

New Request

Negotiations

Virtual Organisations

Logout

After a successful log in the
APP will provide users with a
number of optional functions
as below:

1- Manage Profile: Allow
users to make changes to
their personal details in the
HC-VBE system.

2- New request: This
function allows requester
users to request a new
healthcare service.

3- Negotiation: Allow
requesters to negotiate the
offers sent to them by the
HC-VBE.

4- Virtual Organisation:
Allows users to view and
progress the Created VOs for
them.

5- Log out: Allows users to
log out of the system

Manage Personal Data

Username

adam ali

Password

Confirm Password

Confirm Password

Qualification

disabled

Address

The “Manage Profile”
function is used to make
changes to the requester’s
profiles. When triggered a
form with relevant filled in
detail of the requester opens
where the requester can
make changes and save the
change.

Eall Fall = &

Create a new request

Number of Required
Collaborators

| .
‘:\u of Collaborators

Service Description

oo besoripton |
|Service Descriptio
1 J

Service Constraint

Payment Amount

Payment Type

To make a new healthcare
requester will have to use the
“New request” function.
When clicked a request form
will open for the requester to
fill in. The form captures the
details required to initiate an
SLA and ultimately the VBE
creates a VO based on this
request.
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3.2 New Request
(Requester)

3.2 New request

(Requester)

3.3 Negotiate

(Requester)

Visa card

Payment Constraint

None

Start Date & Time

Set Start Date & Time

End Date & Time

Set End Date & Time

Duration Constraint

The screenshot above is a
continuation of the request
form

End Date & Time

Set End Date & Time

Duration Constraint

‘None ‘

Create Request

Back to Home

The screenshot above is a
continuation of the request
form where the process is
finalised by clicking on the
“Create Request” button. If
no data is missing the
request will be submitted to
the HC-VBE system for
processing.

View My Requests

Back to Home

The third function available to
the requester is “Negotiation”
when triggered two options
will be presented to the
requester as below:

1-View My Requests: This
function enables the
requester to view all the
requests made by him/her to
the system. It can all show all
offers made by providers to
provide the service.

2- Back to Home: This
function will the requester
back to the main page of the
application.
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3.3.1 Offers made

(Requester)

3.3.1 Offer details

(Requester)

Current Offers

i feel depresse

Back to Home

The requester will be notified
of any offer made by a
healthcare service provider.
For more details about the
offer the requester clicks on

the offer.

Duration Constraint

none

Negotiate Change in SLA

Accept SLA

Reset this SLA

Back to Negotioations

Provider's Profile

When the offer is clicked
several options as above will
be displayed to the

requester:

1- Negotiate Change in SLA:
Requester can use this option
to propose a new offer after
viewing the offer received by

a provider.

2- Accept SLA: This option
enables the requester to
accept the offer made by a

provider without any change.

3-Reset this SLA: This
function enables the

requester to make the

3.3.1 Offer details

(Requester)
[ aae  comwas |

Name

laura smith
Qualification

bsc medicine

Address

paris, france

Email or Phone Number

I. s@gmail.com

The screenshot above shows
how the requester sees the
provider profile detail as a
result of “Provider’s Profile”

being clicked.
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available for offers by other
healthcare providers and do
not accept the current

healthcare provider.

4- back to Negotiation:
Enables requesters to go
back to the negotiation page
where all offers can be

viewed.

5- Provider profile: Enables
requester view the profile of
the healthcare provider who
has made the offer to

provide the service.
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3.4 Virtual Organisations

(Requester)

©69% M1 21:59

Virtual Organisation History

Running VOs

i feel depresse -

Back to Home

After an offer is accepted by
the requester as a result of
the negotiation process the
function” Virtual
Organisation” will enable the
requester to view the VO
created by the HC-VBE for
the service as shown in the
screenshot. Requesters can
click the “View” option to
view the SLA approved by the
requester and provider. Or
click on the “Start
Collaboration” option to start

the real-time VO.

3.4.1 SLA View (Requester)

Ell %l =

©69% M1 21:59

SLA Details

[Clause 1: <<HC-VC-SLA>> General
1.141D:2

1.2: Creation Date: Sun Sep 29 21:58:27 2019
1.3: Status: Active

1.4: MasterlD: 2

[Clause 2: <<HC-VC-SLA>> Collaborator
[2.1: Participant: provider

2.1.1: Properties

205107 IDES

2.1.1.2: Name: laura smith

2.1.1.3: ContactDetails: provider@gmail.com
[2.1.1.4: Credentials: N/A

R.1.1.5: Constraints: OCL

[Clause 3: <<HC-VC-SLA>> Collaborator
3.1: Participant: requester

13.1.1: Properties

3.1.1.1:1D: 2

[3.1.1.2: Name: adam ali

3.1.1.3: ContactDetails
requester@gmail.com

3.1.1.3: Credentials: N/A

13.1.1.5: Constraints: OCL

[Clause 4: <<HC-VC-SLA>> ExpectedService
4.1: HasRollIn: Service

4.1.1: Properties

The screenshot above is the
SLA view that is created
between the healthcare
requester and provider based
on which a VO has been
created for the real-time

collaboration.

3.4.1 SLA View (Requester)

El il

©69% W 22:00

1L T IV DT VIVE
4.1.1: Properties

4.1.1.1: i feel depressed and need a
psychologist to consult with
4.1.1.2: OCL

Clause 5: <<HC-VC-SLA>> Duration

5.1: StartDateAndTime: Sun Sep 29 21:45:00
2019

5.2: Constraint: OCL

5.3: EndDateAndTime: Sun Sep 29 22:30:00
2019

5.4: Constraint: OCL

Clause 6: <<HC-VC-SLA>> Reward

6.1: Payment

6.1.7: Properties:

6.7.1.1: Amount: 20

6.1.1.2: PaymentType: visa card

6.1.1.3: PaymentDateAndTime: Sun Sep 29
22:30:00 2019

6.1.1.4: Constraints: OCL

Description

i feel depressed and need a psychologist
to consult with

Payment Amount

SLA continued
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3.4.1 View SLA (Requester)

3.4.2 Start Collaboration

(Requester)

End Date & Time

Sun Sep 29 22:30:00 2019

Duration Constraint

=
(]
=
@

Send a File

Download Files

Back to Services

Requester's Profile

At the end of the view of the
SLA, several options are
available to the requester
before the real-time
collaboration takes place as
below:

1- Send a File: Requesters
can send a file to the
provider for example an X-
ray image. The file will be
sent to the provider in the
SLA.

2-Download files: This
option allows the requester
to download any file that
has been sent by the
provider.

3- Back to Service: This
option will take the
requester back to the Virtual
Organisation page.

Time Left: 0H:27M:51S
Server:

You have successfully joined the session

When the “Start
Collaboration” is triggered
the requester will be
connected to a session
which is basically a virtual
room and ready to speak to
the provider. The requester
will have to trigger the Video
call by pressing the “Video
Call” option, or leave the
session.

3.4.3 Real-time video and

sound communication

The screenshot above shows a

real-time video call
collaboration between the
healthcare requester and
provider after they both chose
to start a video call.
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1. Home Screen
(Provider)

Provider's Name: laura smith

Manage Profile

Service Offers

Negotiations

Virtual Organisations

Logout

After a successful log in the
APP the healthcare provider
will have a number of options
as below:

1- Manage Profile: Allows
provider to make changes to
their personal details in the
HC-VBE system.

2- Service Offers: Allows
providers to view requests
sent into the HC-VBE and
choose to make an offer to
provide a service.

3- Negotiation: Allow provider
to negotiate the offers sent to
the HC-VBE for a service by
requesters.

4- Virtual Organisation: Allows
providers to view and progress
the Created VOs for them.

5- Log out: Allows providers to
log out of the system

1.2 Current offers
(Provider)

Current Offers

i feel depresse

Requested By: adam al

Back to Home

This is the view of the
requests sent into the HC-
VBE that can be seen after
the “Service offer” function
is triggered.

1.2.1
(Provider)

offer details

SLA Details

Description

i feel depressed and need a psychologist
to consult with

Payment Amount

20

Payment Constraint
none

Start Date & Time

Sun Sep 29 21:45:00 2019

End Date & Time

Providers can click on the
offer to see the details of the
request as shown above.
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1.2.1 Offer details (Provider)

Sun Sep 29 21:45:00 2019

End Date & Time

Sun Sep 29 22:30:00 2019

Duration Constraint

Make an Offer

Back to Join Services

Requester's Profile

This screenshot shows the
continuation  of  request
details where at the end three
options are available to the

Provider:

1- Make an Offer: Allows
providers to make and offer
to the requester who has

made the request

2- Back to Join Services:
Allows providers to be
again to

services again and cancel the

available offer
current intention to offer a
service.

3- Requesters Profile: Allows
the provider to view the
profile of the requester.

1.2.2 Make an Offer

(Provider)

Success

You have successfully joined the
service, please go to negotiations to

accept the SLA

DONE

The above screenshot shows
the result of making an offer
by the provider. The HC-VBE
system notifies the provider
that he has successfully joint
with a requester to start

service negotiation.

1.3.1 Negotiate (Provider)

Negotiate a Service

ifeel depresse

Requested by adam ali

Back to Home

Once the healthcare provider
triggered the “Negotiation”
function he will be provided
with a link to the offer he/she
has made in the previous
step. Now the provider has
the option to view the details
of the request and start

negotiating its details.
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1.3.2 Negotiate (Provider)

1.3.2 Negotiate (Provider)

1.3.3 Negotiate (Provider)

SLA Details

Negotiatable Data

Payment Amount

120

Payment Constraint

‘none

Start Date & Time

Change Start Date & Time

End Date & Time

When the “View” is clicked
the service request details will
be displayed to be viewed.

Duration Constraint

\none

Negotiate Change A

Accept SLA
Back to Negotioations

Requester's Profile

At the end of viewing the
request several options as
above will be displayed to the
requester:

1- Negotiate Change in SLA:
Requester can use this option
to propose a new offer after
viewing the offer received by
a provider.

2- Accept SLA: This option
enables the requester to
accept the offer made by a
provider without any change.

3- back to Negotiation:
Enables requesters to go back
to the negotiation page
where all offers can be
viewed.

4- Requester Profile: Allows
the provider to view the
requesters profile

Sun Sep 29 21:45:00 2019
End Date & Time
Sun Sep 29 22:30:00 2019

Duration Constraint

none

Awaiting Approval

Back to Negotioations

Requester's Profile

If the healthcare provider
chooses to negotiation a
different offer presented in
the request, then necessary
changes can be made to the
request and be sent back to
the requester using the
“Negotiate Change in SLA”
option. Once this is done the
status will be changed to
“Awaiting  Approval” by
requester.
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1.3.4 VO creation 1.3.5 VO triggered to start 1.3.6 Video call started

(Provider) (Provider) (Provider)

Eall Fll = ©68% 12206 ©68% W 22:05

Virtual Organisation History

Time Left: 0H:24M:42S

Running VOs

g Server:
i feel depresse

You have successfully joined the session

|y

Back to Home

Issag m

After an offer is accepted by When the “Start The screenshot above shows a
the requester as a result of the = Collaboration” is triggered real-time video call
negotiation process the the provider will be collaboration between the
function” Virtual Organisation” ' connected to a session healthcare requester and

will enable the provider to view = which is basically a virtual provider after they both chose

the VO created by the HC-VBE  room and ready to speakto | to start a video call.
for the service as shown in this = the requester. The provider
screenshot. providers can click = will have to trigger the Video
the “View” option to view the call by pressing the “Video
SLA approved by the requester = Call” option, or leave the
and provider. Or click on the session.

“Start Collaboration” option to

start the real-time VO. the SLA

view will be the same as the

ones detailed in the requester

screenshots 3.4.1
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1. Organiser Log in

1.2 Show the Running VOs

(Organiser)

1.2.1 List of Running VOs

(Organiser)

Healthcare Virtual Breeding
Environment

Username

Org

Password

Login as i

Login

Register

This is the home interface of
the HC-VBE
application that includes the
following functions:

mobile

1- Log in: This function lets
users to login into the HC-VBE

system.

2- Register: This function
allows new users to register
to use the virtual

environment.

3- Information: This function
provides
information about the HC-
VBE.

some basic

Organiser Section

Show Running VOs

After a successful log in the

APP  will provide the
Organisers of the HC-VBE to
view the detail of all the

currently running VO by
choosing to show the running

VOs.

Virtual Organisation History

Running VOs

i havea back pa -

Ended VOs

Back to Home

i have a bad ne

iwould like to

Triggering the “Show running
VO” will result in showing all
the currently running VO and
the ones that has ended.
Organisers
master SLA agreement and
the SLA of a particular VO by
choosing to “View” the detail.

can view the
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1.2.2 Master SLA of a VO 1.2.3 SLA of aVO (Organiser) 1.2.3 SLA of a VO (Organiser)

(Organiser)
_ Eall %l = ©69% M1 21:59 El il ©69% W 22:00

. 1L T I@snuInL VTt VIve
. 4.1.1: Properties

SLA Details 4.1.1.1: i feel depressed and need a

psychologist to consult with

4.1.1.2: OCL

Clause 5: <<HC-VC-SLA>> Duration

[Clause 1: <<HC-VC-SLA>> General

Master Service Level 1.1:1D:2
1.2: Creation Date: Sun Sep 29 21:58:27 2019

Agreement 1 3 Status: Active 5.1: StartDateAndTime: Sun Sep 29 21:45:00
[Clause 1: <<HC-VC-SLA>> Master Details 1.4: MasterID: 2 2019
1.1: MasterID: 2 (Clause 2: <<HC-VC-SLA>> Collaborator Zg EOQS”?'[:'STCL Sun Sep 29 22:30:00
1.2: CreationDate: Sun Sep 29 21:58:27 2019 [2.1: Participant: provider 261'9 neLareAnclimesSinoRg
1.3: Status: Ache 2.1.1: Properties 5.4: Constraint: OCL
1.4: CollaborationType: Service b111:1D:3 C.\aAuse 5 <<H¢—VC—SLA>> Reward
1.5: SlaNo 1 [2.1.1.2: Name: laura smith 6.1: Payment
1.5: AllSlalD 2 [2.1.1.3: ContactDetails: provider@gmail.com 611 Pyropemes
Clause 2: <<HC-VC-SLA>> Changes [2.1.1.4: Credentials: N/A 6.1.1.1: Amount: 20
2.1: ChangelnSlalD: 2 [2.1.1.5: Constraints: OCL 671 71 2: PaymentType: visa card
2.2: ChangelnClauss: Clause Number Clause 3: <<HC-VC-SLA>> Collaborator G.WAW '3' PaymentDateAndTime Sun Sep 29
2.2.1: Properties ) _ 13.1: Participant: requester 22:30:00 2019
[2.2.1.1: New Details: new details 13.1.1: Properties 6.1.1.4: Constraints: OCL
R.2.1.2: Affects: clause number 3.1.1.1:1D: 2

3.1.1.2: Name: adam ali Description

{feel .
ifeel depresse by provider3 3.1.1.3: ContactDetails

requester@gmail.com

3.1.1.3: Credentials: N/A

13.1.1.5: Constraints: OCL

[Clause 4: <<HC-VC-SLA>> ExpectedService

14.1: HasRollin: Service Payment Amount
4.1.1: Properties

i feel depressed and need a psychologist
to consult with

This is the view of the master = View of SLA of the chosen View of SLA of the chosen
SLA created for a particular = request request

VO.

Here the Organiser can view
all the SLAs contained in the
Master SLA by clicking the
“View” button next to the

request name.

Apendix J: HC-VBE-F-Provider AMOS Data Analysis Output
Notes for Group (Group number 1)
The model is recursive.

Sample size = 100
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Variable Summary (Group number 1)
Your model contains the following variables (Group number 1)
Observed, endogenous variables
PHG4

PHG3

PHG2

PHG1

PCE4

PCE3

PCE2

PCE1

PU1

PU2

PU3

PU4

PEU4

PEU3

PEU2

PEU1

AU4

AU3

AU2
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AUl

U1

U2

U3

(2

Unobserved, endogenous variables
Perceived_Clinical_Effectiveness
Perceived_Usefulness

Perceived _Ease_of Use
Attitude_Towards_Using
Intention_to_Use

Unobserved, exogenous variables
Perceived_Healthcare_Globalisation
el

e2

e3

ed

e5

eb

e’

e8

e9
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el0

ell

el2

el3

eld

el5

el6

el?7

el8

elo

e20

e2l

e22

e23

e24

EUL1

ATL2

IUL4

PCEL3

PEUS
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Variable counts (Group number 1)

Number of variables in your model: 59

Number of observed variables: 24
Number of unobserved variables: 35
Number of exogenous variables: 30

Number of endogenous variables: 29

Result (Default model)

Minimum was achieved

Chi-square = 398.70118

Degrees of freedom =243

Probability level = .00000

Regression Weights: (Group number 1 - Default model)

Perceived_Clinical_E

ffectiveness

Perceived_Ease_of _

Use

Perceived_Usefulnes

S

<- Perceived_Healthcare

-- _Globalisation

<- Perceived_Healthcare

-- _Globalisation

<- Perceived_Healthcare

-- _Globalisation

Estim

ate

1.07
686

.837
31

.260
83

S.E.

A3
887

.15
013

.30
335

C.R.

7.754

37

5.577
20

.8598

* % %k

* %k %k

.38
988

26

27

19

Lab

el

par

par

par
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Perceived_Usefulnes

S

Perceived_Usefulnes

S

Attitude_Towards_U

sing

Attitude_Towards_U

sing

Intention_to_Use

Intention_to_Use

PHG4

PHG3

PHG2

PHG1

Perceived_Clinical_Eff

ectiveness

Perceived_Ease_of Us

e

Perceived_Usefulness

Perceived_Ease_of Us

e

Attitude_Towards_Usi

ng

Perceived_Usefulness

Perceived_Healthcare

_Globalisation

Perceived_Healthcare

_Globalisation

Perceived_Healthcare

_Globalisation

Perceived_Healthcare

_Globalisation

Estim

ate

1.05
803

.108
54

.500
72

.159
93

1.22
322

.201
26

1.00
000

1.25
343

1.37
575

1.19
950

S.E.

.25
682

.09
076

.06

930

.05
532

.39

625

22
853

15
560

.15
235

15
514

C.R.

4.119
78

1.195
95

7.225
51

2.890
74

3.086
96

.8806

8.055
54

9.030
24

7.731
88

% %k %k

.23
171

* %k %k

.00
384

.00
202

.37
850

* % %k

* %k

* %k %k

20

_24

21

22

23

Lab

el

par

par

par

par

par

par

25
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PCE4

PCE3

PCE2

PCE1

PU1

PU2

PU3

PU4

PEU4

PEU3

PEU2

Perceived_Clinical_Eff

ectiveness

Perceived_Clinical_Eff

ectiveness

Perceived_Clinical_Eff

ectiveness
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Standardized Regression Weights: (Group number 1 - Default model)

Perceived_Clinical_Effectiveness <---

Perceived_Ease_of_Use <---
Perceived_Usefulness <---
Perceived_Usefulness <---
Perceived_Usefulness <---
Attitude_Towards_Using <---
Attitude_Towards_Using <---
Intention_to_Use <---
Intention_to_Use <---
PHG4 P
PHG3 P
PHG2 P
PHG1 P
PCE4 P
PCE3 P
PCE2 P
PCE1 P
PU1 P

Perceived_Healthcare_Globalisation
Perceived_Healthcare_Globalisation
Perceived_Healthcare_Globalisation
Perceived_Clinical_Effectiveness
Perceived _Ease_of Use
Perceived_Usefulness

Perceived _Ease_of Use
Attitude_Towards_Using
Perceived_Usefulness
Perceived_Healthcare_Globalisation
Perceived_Healthcare_Globalisation
Perceived_Healthcare_Globalisation
Perceived_Healthcare_Globalisation
Perceived_Clinical_Effectiveness
Perceived_Clinical_Effectiveness
Perceived_Clinical_Effectiveness
Perceived_Clinical_Effectiveness

Perceived_Usefulness

Estimate

.89755

.63540

17187

.83645

-.09425

.80107

22216

1.02106

-.26876

.75022

79234

.87858

.76378

.84505

.76204

.80825

.84028

.81504
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PU2

PU3

PU4

PEU4

PEU3

PEU2

PEU1

AU4

AU3

AU2

AUl

U1

U2

U3

U4

<-me

<-me

<-me

<-m-

<-m-

<---

<---

<-me

<-me

<-me

<-me

<Lmmm

P

P

<-me

Perceived_Usefulness
Perceived_Usefulness
Perceived_Usefulness
Perceived _Ease_of Use
Perceived _Ease_of Use
Perceived _Ease_of Use
Perceived _Ease_of Use
Attitude_Towards_Using
Attitude_Towards_Using
Attitude_Towards_Using
Attitude_Towards_Using
Intention_to_Use
Intention_to_Use
Intention_to_Use

Intention_to_Use

Estimate

.83360

91167

.78483

.70967

.84552

.78430

.85545

75212

77697

.79340

.76555

.78496

.72183

.86332

.82925
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Model Fit Summary

CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 57 398.70118 243 .00000 1.64075
Saturated model 300 .00000 0
Independence model 24 2099.36512 276 .00000 7.60640

RMR, GFI
Model RMR GFI AGFI PGFI
Default model .05892 .76948 .71541 .62328
Saturated model .00000 1.00000
Independence model .44431 .14138 .06672 .13007

Baseline Comparisons

NFI RFI IFI TLI

Model CFI
Deltal rhol Delta2 rho2

Default model .81008 .78429 .91613 .90301 .91461
Saturated model 1.00000 1.00000 1.00000

Independence model .00000 .00000 .00000 .00000 .00000
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Parsimony-Adjusted Measures

Model

Default model

Saturated model

Independence model

PRATIO  PNFI PCFI

.88043  .71323 .80525

.00000 .00000 .00000

1.00000 .00000 .00000

NCP

Model

Default model

Saturated model

Independence model

NCP LO 90 HI 90

155.70118 104.84277  214.46261

.00000 .00000 .00000

1823.36512 1681.33610 1972.81631

FMIN

Model

Default model

Saturated model

Independence model

FMIN FO LO 90 HI 90

4.02728 1.57274 1.05902 2.16629

.00000 .00000 .00000 .00000

21.20571 18.41783 16.98319 19.92744

RMSEA

Model

Default model

RMSEA LOS90 HI90 PCLOSE

.08045 .06602 .09442 .00055
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Model RMSEA LO90 HI90 PCLOSE

Independence model .25832 .24806 .26870 .00001

AIC
Model AIC BCC BIC CAIC
Default model 512.70118 551.21470 661.19589  718.19589
Saturated model 600.00000 802.70270  1381.55106 1681.55106
Independence model 2147.36512 2163.58133 2209.88920 2233.88920

ECVI
Model ECVI LO 90 HI 90 MECVI
Default model 5.17880 4.66508 5.77235  5.56783
Saturated model 6.06061 6.06061 6.06061  8.10811

Independence model 21.69056 20.25592 23.20016 21.85436

HOELTER
HOELTER  HOELTER
Model
.05 .01
Default model 70 74
Independence model 15 16
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