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There is evidence that several eHealth pilot projects in developing
countries could not progress to full-scale implementation —
sometimes referred to as the ‘pilotitis’ of the eHealth system. The
sustainable eHealth implementation frameworks reported in the
literature are linearly modelled, and fail to reflect the nonlinear
and dynamic complexity of eHealth systems implementation. This
study proposes a sustainable eHealth implementation framework to
support the long-term sustainability of eHealth systems in
developing countries. The framework addresses the nonlinear and
dynamic relationships among elements of the ecosystem in the
implementation of eHealth through feedback systems by following
a system dynamics method. A literature review and systems
approach is used to understand the interactions between the
elements of a sustainable eHealth system. System dynamics
modelling is applied to develop a nonlinear and dynamic model of
sustainable eHealth implementation. The study indicates that the
long-term sustainability of eHealth depends not only on
technological factors, but also on economic, social, and
organisational factors. Moreover, the causal loop diagram highlights
the dynamic interplay between the factors of a sustainable eHealth
system through feedback loops.

OPSOMMING

Daar is bewyse dat verskeie elektroniese-gesondheid (e-gesondheid)
proefprojekte in ontwikkelende lande nie kon vorder tot volskaalse
implementering nie. Die volhoubare implementering van e-
gesondheid raamwerke wat in die literatuur rapporteer word, is
lineér gemodelleer en reflekteer nie die ware nie-lineariteit en
dinamiese kompleksiteit wat hiermee assosieer word nie. Hierdie
studie stel 'n volhoubare e-gesondheid implementeringsraamwerk
voor om die langtermyn volhoubaarheid van e-gesondheidstelsels in
ontwikkellende lande te ondersteun. Die raamwerk adresseer die
nie-lineére en dinamiese verhoudings tussen elemente van die
ekosisteem in die implementering van e-gesondheid deur terugvoer
stelsels deur 'n stelseldinamika benadering te volg. 'n
Literatuurstudie en 'n stelselsbenadering is gebruik om die
interaksies tussen die elemente van 'n volhoubare e-gesondheid-
stelsel te verstaan. Die resultate toon dat die langtermyn
volhoubaarheid nie net van tegnologiese faktore afhang nie, maar
dat ekonomiese, maatskaplike en organisatoriese faktore ook 'n rol
speel. Die oorsaaklike-lus diagram beklemtoon die dinamiese
wisselwerking tussen die faktore van 'n volhoubare e-
gesondheidstelsel.
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1 INTRODUCTION

Growth in the use of electronic systems to support healthcare services delivery can be seen in the
increasing number of electronic health (eHealth) systems in developing countries [1]. Government
and other stakeholders in the developing world are showing a strong desire to use information and
communications technology (ICT) in the health sector to replicate the successful revolution of ICT
systems in the financial and other sectors [2]. eHealth is defined as the use of ICT for health [3].
The successful implementation of eHealth technologies is believed to improve access, safety,
quality, and performance of healthcare services delivery by improving healthcare data management,
minimising costs, and reducing medical errors [4,5]. eHealth technology can bridge the healthcare
services delivery gap in developing countries, such as the burden of disease, scarcity of healthcare
professionals, inequity of healthcare services delivery, and shortage of healthcare budget [3]. The
implementation of an infectious disease reporting information management system (IDRIMS) in China
improved disease outbreak detection from 30% to 90% by 2011 [6]. Despite the highly anticipated
benefits of eHealth technologies to strengthen healthcare services delivery, the success of eHealth
implementation is low in developing countries [7]. Some of the eHealth implementation challenges
are associated with high technology acquisition costs and ongoing maintenance costs [8,9], lack of
computer skills by end-users [7], trust and privacy concerns [11], poor ICT infrastructure [12,13],
and lack of leadership and political support [8,12]. Moreover, in the change management process,
organisational, interoperability, psychological, social, legal, and ethical factors can be a barrier to
the sustainable implementation of eHealth in developing countries [6,8,12,13].

The success of eHealth implementation depends on the stakeholders’ objectives and needs [14].
Moreover, the determinants of success may vary over time as ICT advances [15]. The successful
implementation of eHealth is linked to the acceptance of technology by end-users [17], [19]; the
long-term sustainability of technology [18]; and managing stakeholders’ expectations [19]. eHealth
success factors are categorised into technological, organisational, financial, ethical, political, and
training groups [20]. The relevance and user-friendliness of a technology, the availability of funds,
user involvement, executive support, and ICT infrastructure are some of the success factors that
determine the long-term sustainability of eHealth [19].

The next section discusses the ‘pilotitis’ of eHealth and key factors in the implementation of long-
term sustainable eHealth in resource-constrained settings, based on sustainability theory. In this
exploratory research, a literature review and a systems approach are used to understand the
interactions between the elements of a sustainable eHealth system and to develop a conceptual
framework for sustainable eHealth implementation. A system dynamics modelling approach is used
to develop a causal loop diagram (CLD) of sustainable eHealth factors to capture the nonlinear
interplay among the framework variables. The design science research approach used in this study
aims at analysing the interface between eHealth technology and the elements of the operating
environment. This research study focuses on proposing a solution to go beyond the ‘pilotitis’ of
eHealth implementation in resource-constrained environments.

2  LITERATURE

eHealth implementation efforts in developing countries are fragmented because of pressure from
donors and economic and political factors [23]. Most donor-funded electronic health systems are
modelled on disease categories such as TB, HIV/AIDS, and malaria according to the information
needs of donors [23,24]. As a result, multiple information systems run within a healthcare facility
without talking to each other electronically. This places the data collection burden on healthcare
workers, and causes a dichotomy between the healthcare data team and health systems managers
[24]. Besides, several eHealth projects do not scale-up successfully in resource-constrained
environments.

2.1 ‘Pilotitis’ of eHealth

Scaling-up successful pilot eHealth projects and ensuring the sustainable use of eHealth technologies
remains a challenge in the effort to implement successful eHealth systems in resource-constrained
settings. The term ‘pilotitis’ refers to the inability of eHealth projects to break out of the pilot stage
[25]. ‘Pilotitis’ is frequently used by donors and governments to express dissatisfaction with the
failure to take the implementation of eHealth projects beyond the pilot stage in low- and middle-
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income countries (LMICs) [25,26]. The pilot phase of eHealth projects mainly focuses on the
technical feasibility of a system, but it fails to consider other success elements such as organisational
and social factors. A successful pilot project may not show similar results in another context because
of technological, economic, institutional, and political barriers [26]. As a result, successful pilot
eHealth projects seldom scale up in LMICs. There is a great need to integrate isolated pilot eHealth
projects across contexts and to ensure their sustainable rollout, especially in LMICs [26]. Franz-
Vasdeki et al. [26] indicated five key components that need to be considered for an effective scale-
up of eHealth pilot projects:

improved evidence,

technological integration and interoperability,

sustainable financing,

global and national policies that support the use of technology, and

a health community that can design and deploy technologies for health.

2.2 Scale-up of eHealth

mTrac is an eHealth system in Uganda that is reported to have scaled-up successfully at the national
level. mTrac is a mobile health (mHealth) project that was recognised by the African Development
Bank as one of the top ten eHealth projects in 2013 [26]. The system helps to collect, verify, and
analyse health-related information from the community and health facilities [26]. mTrac
demonstrated success in terms of government ownership and effective scale-up for health
information management [26]. mTrac was designed to be interoperable with the existing electronic
system (DHIS2) and paper systems (reporting format) [6, 26]. Although infrastructure issues such as
limited internet connectivity and the frequent failure of electrical power were challenges in the
implementation of mTrac, the availability of good technical support was its strength [6].

It has been indicated that the success of an electronic system depends on the strength of the health
system [26]. mTrac’s scale-up was achieved because of the focus on the following areas from the
beginning of the project [26]:

the system design addresses interoperability factors,

the technology is aligned to existing national structure, policies, and institutions,
the coordination of multiple stakeholders and leveraging of resources, and
minimising government investment to ensure sustainability.

In China, IDRIMS is another eHealth project to scale-up successfully. The system is used by over
68,000 facilities to report and track disease outbreaks. The system has improved outbreak detection
significantly [6]. Besides, the incentives offered to report disease outbreaks have significantly
improved the data quality of IDRIMS [6]. The capacity and willingness of the end-users to accept the
technology influences the quality of the data. Therefore, training and supervision of the end-users
is important in building the basic skills that are required to provide data and to use the system [6].
Data use to improve health outcomes increases the quality of the data [6]; But if the data has little
relevance to the activities of data-collecting facilities, there will be only limited interest from
facility users and management to maintain the data quality at a high level and to integrate the
system with existing eHealth systems [6].

The implementation of sustainable eHealth requires a digital health intervention to move beyond
‘pilotitis’ [6]. The ability of the new system to integrate with the existing process and technologies
is another important factor in the implementation of eHealth [6]. Data quality is crucial in the long-
term sustainability and scaling-up of eHealth systems. Creating awareness of the relevance of the
system to the data-collecting facilities and to end-users through training will have an impact on the
quality of the data [6].

2.3  The theory of sustainable eHealth

The discussion of sustainability is usually associated with ecological efficiency, and focuses on
economic, social, and environmental pillars [27]. Sustainability aims simultaneously to achieve the
economic success, social benefits, and environmental quality of a system. The three pillars of
sustainability are used to assess the sustainability of the dairy industry [28], of system design [27],
and of financial institutions’ lending policy [29]. Other definitions link sustainability to the continued
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operation of a particular system of interest within its environment [27,30]. The long-term
sustainability of eHealth technology is associated with the fit between the technological, economic,
social, and organisational factors [30,31].

Technology is always embedded in the sub-systems of the economy, society (and its institutions),
and the natural environment [31]. In the case of eHealth implementation, the natural environment
is the healthcare institution where the technology is deployed. In this study, the boundary is scaled
down from planet Earth to the organisational level. Thus the boundary of the eHealth
implementation environment is set around the healthcare organisation where the technology is
implemented. Similarly, instead of representing the entire population on planet Earth in this study,
‘society’ refers to employees within the organisation who are either users of eHealth or consumers
of the information product of the system. The success of eHealth technology is also influenced by
the economic affordability of the healthcare institution. So the economic and social factors are a
sub-system of the healthcare institution.

The society (patients and caregivers) and economy (finance) depend on the environment (healthcare
organisation) that provides all the resources for the successful implementation of the technology
[31]. Figure 1 depicts the key factors of sustainable technology development and the possible
interaction of the technology with the three pillars of sustainability. The implementation of
sustainable eHealth technology may bring economic benefits to patients, caregivers, and healthcare
organisation. The benefits to patients and caregivers include decreased expense, a reduced
workload, and the elimination of redundant laboratory and radiology tests [5]. The healthcare
organisation bears two-thirds of the overall costs of eHealth intervention; so the financial gain to
the organisation contributes to the sustainability of the technology [32]. The technology may
streamline the service delivery process and reduce the problems of missing patient medical files,
medical errors, and patient waiting times to improve the branding of the organisation and attract
patients [5]. The healthcare organisation may minimise the legal fines associated with missing
patient medical files and medical errors by implementing eHealth systems.

Environment
(Organisation)

Society /
(Patients and
caregivers) /

Economy /)
N n/
(Financial /-
resources) t/
l

Technology <4—» Techno-economic
(eHealth) <« - - ¥ Socio-technical
<4— - —» Techno-organisational

Figure 1: Development of sustainable technology [31]

The technological capability of eHealth systems is one of the key factors that influence the
successful implementation of a technology. The functional and non-functional requirements,
interoperability, and user interface designs are some of the key success factors of eHealth
implementation in the technology category [33]. The long-term sustainability of eHealth technology
depends on the economic, social, and organisational sustainability in which the technology is
embedded.
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2.3.1 Economic sustainability of eHealth technology

Economic factors are one of the key factors in the long-term sustainability of eHealth
implementation [34]. Research studies report the economic attractiveness of eHealth interventions
to wider groups of stakeholders [35]. Yet there have been few economic evaluation research studies
in developing countries [35]. In developing countries, where there is a scarcity of resources, the
economic factor plays a significant role in the long-term sustainability of eHealth. Short-term grants
from donor agencies to developing countries need to consider not only the initial investment, but
also ongoing maintenance costs to sustain the eHealth system [34]. Costs associated with the initial
investment, change management, human resources, training, and maintenance are direct costs of
an eHealth intervention [32].

2.3.2 Social sustainability of eHealth technology

‘Social subsystem’ refers to the relationship between people within and across organisations [36].
The eHealth system can show long-term sustainability if the end-users within the organisation accept
the technology. The individuals’ feelings about the usefulness of the system, their motivation, the
user’s problem-solving skills, competence, and confidence to use the system are factors that have
a direct influence on the process and performance of an eHealth system [24]. The end-users’ skill
in using electronic systems is lower in developing countries than in developed countries. So
sustainable eHealth needs to consider the end-users’ attitudes to accepting the technology to ensure
social sustainability.

2.3.3 Organisational sustainability of eHealth technology

It is not logical to exclude organisational sustainability in the process of sustainable eHealth
implementation, because an eHealth system is implemented and used within an organisation. The
organisational sustainability of eHealth is influenced by factors such as organisational structure,
procedures, culture, rules, values and practices, resources, management support, supervision, and
leadership. Organisational determinants affect the success of eHealth technologies directly or
indirectly [24]. The shortage of resources, poor ICT infrastructure, and an unreliable electricity
supply deter the long-term sustainability of eHealth systems in developing countries.

In summary, the technological, social, organisational, and economic factors of eHealth
implementation are well-covered in many separate research studies. However, the complexity that
arises from the interplay among the technological factor with social, organisational, and economic
factors of eHealth implementation in healthcare settings requires further research. The nonlinear
nature of eHealth implementation can be understood through the study of the socio-technical,
techno-organisational, and techno-economic factors of eHealth implementation.

2.4 The interplay between sustainability factors of eHealth technology

The techno-economic, socio-technical, and techno-organisational factors evolve from the dynamic
interplay between the system of interest (technology) and the three pillars of sustainability (Figure
1). The nonlinear nature of eHealth implementation can be understood through the study of
technological interaction with the social, organisational, and economic elements of healthcare
institutions. Therefore, the three concepts — socio-technical, techno-organisational, and techno-
economic — are discussed below.

2.4.1 Techno-economic factors

The successful implementation of eHealth technology depends on financial factors such as the initial
investment and on-going maintenance costs. The implementation of eHealth in
developing countries is donor-driven; and that usually focuses on the pilot phase of the
implementation [13]. Limited financial resources within Ministries of Health, and the short project
span of donor agencies, hinder the scale-up and sustainability of eHealth projects in developing
countries [12]. The techno-economic aspect emerges from the interplay between the technology
and economic factors, and plays a significant role in the long-term sustainability of eHealth systems
in resource-constrained environments.

2.4.2 Socio-technical factors

The term ‘socio-technical system’ originally emerged to describe systems that involve complex
interactions between people through technology to create a community [36]. Harrison et al. [37]
indicate that a socio-technical system addresses dynamic and mutual influences among the social
subsystems (people, tasks, and relationships), technical subsystems (technologies, techniques, task
performance methods, and work settings) in organisational environments. The term ‘socio-technical
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system; is widely used to describe many complex systems; hence the interaction among people,
technologies, and context need to be considered during the development process [36]. Socio-
technical factors influence the behaviour of users in accepting eHealth, and determine its
sustainability.

2.4.3 Techno-organisational factors

Techno-organisational factors deal with the dynamic interactions between the technological and
organisational elements of sustainable eHealth implementation. Most businesses operate mainly in
a complex domain that requires an understanding of the context of the operating environment and
the nonlinear dynamic interaction among organisational elements [38]. The techno-organisational
factors of sustainable eHealth implementation deal with subjects of user training to increase
competency [36]; change management to ensure user-oriented processes [37]; data management to
improve data quality [21]; stakeholders’ engagement to increase technology acceptance [36,37];
project management to balance schedule, quality, and budget effectively [38]; and organisational
communications for the effective exchange of timely and accurate information [38].

2.5 The complexity of eHealth systems

Healthcare service delivery is complex, as it involves the coordination and management of large
numbers of highly specialised and distributed personnel, multiple streams of information, and
material and financial resources across multiple care settings [2,37]. One of the complexities of a
healthcare system is associated with large problem spaces, which address about 500,000 illnesses
[40]. The social system of healthcare is composed of many people who must work together to deliver
healthcare services. It includes healthcare providers, patients, and their families [40]. Complexity
emerges from unpredictable patterns as elements of a system interact with each other; it is
characterised by a nonlinear cause-and-effect relationship [38]. According to Snowden & Boone [38],
a complex system is characterised by the following:

A large number of nonlinear interacting elements.

Minor changes can trigger major consequences.

The system is dynamic, and exhibits emerging characteristics.

The elements of the system evolve with one another and with the environment.

The external conditions and systems change constantly, so are difficult to predict.

The agents and the system constrain one another; so one cannot predict or forecast the future.

The unpredictability and intellectual nature of humans creates complexity and makes a human
modelling process very difficult [38]. “Humans have multiple identities and can fluidly switch
between them without conscious thought” [38]. Moreover, humans make decisions based on the
experience of past failure and success, rather than on logical and definable rules [38]. These
distinctive characteristics make organisational systems involving humans complex. Sterman [39]
note that dynamic complexity arises because systems are dynamic, tightly coupled, nonlinear,
history-dependent, self-organising, adaptive, counter-intuitive, policy-resistance, and characterised
by trade-offs. Thus the implementation of eHealth technology falls in the complex domain.

Although research studies recognise the complexity of healthcare organisations, eHealth
implementation frameworks fail to address the dynamic and nonlinear nature of the problem [41].
The nonlinear relationship of eHealth implementation with complex healthcare settings requires
appropriate techniques that can handle the dynamic complexity of systems [39]. The complexity of
the interconnected components of health systems, and the various stakeholders’ interest in the
implementation of eHealth, can be addressed with methods such as network analysis, agent-based
modelling, system thinking, system engineering, and system dynamics modelling. A system dynamics
model is powerful in dealing with the interation of complex systems through feedback loops. Thus
the system dynamics modelling and simulation approach applied in this study is an appropriate
method for understanding the behaviour of complex systems [39].

2.6 System dynamics method

A system dynamics method is a computer modelling and simulation approach to understanding the
behaviour of complex and nonlinear systems. The models and techniques developed through
elicitation and mapping processes are an initial hypothesis about the structure of a system that must
be tested [39]. The mental models are dynamically deficient, omit feedbacks, and have time delays,
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accumulations, and nonlinearities [39]. Simulation is a cost-effective practical way to test the
models [39]. Simulation speeds up and strengthens the learning feedback by correcting discrepancies
between the formal and mental models, as well as assumptions such as model boundaries, time
horizons, and dynamic hypotheses [39].

Causal loop diagrams (CLDs) are used to represent the feedback structure of systems [39]. CLDs are
important tools for capturing hypotheses about the causes of dynamics; for eliciting and capturing
the mental models of individuals or teams, and for communicating feedback responsible for a
problem [39]. The causal influence between variables is denoted by variables connected by arrows,
representing causal links [39]. The polarities — either positive (+) or negative (-) — assigned to each
causal link indicate the change in the dependent variable when the independent variable changes.
A positive link indicates that an increase in cause increases a dependent variable. Similarly, if the
cause decreases, the effect decreases below what it would otherwise have been [39]. On the other
hand, a negative link shows that an increase in the cause makes the effect decrease; and a decrease
in the cause will result in an increase of the dependent variable above what it would otherwise have
been [39]. A loop identifier highlights positive feedback loops (reinforcing loops) or negative
feedback loops (balancing loops) [39].

3 A CONCEPTUAL FRAMEWORK FOR SUSTAINABLE EHEALTH IMPLEMENTATION

The conceptual framework for sustainable eHealth implementation is developed in this paper with
the focus on technology acceptance and the use of information for decision-making. The framework
addresses the influence of end-users in ensuring sustainable eHealth projects. A sustainable eHealth
system should address the needs of the majority of the stakeholders to be accepted by its end-users.
The political and social factors associated with the perceptions, attitudes, and needs of stakeholders
should be recognised in the implementation of a successful eHealth system [6]. An eHealth system
should be used or accepted by the end-users to demonstrate its sustainability. Besides, the
information generated from the system has to be used for decision-making, and the system should
scale-up beyond the pilot phase to prove long-term sustainability.

Cresswell and Sheikh [41] indicate that technological, social, and organisational considerations
influence the usefulness and usability of technological innovations. Based on sustainability theory
and on reviews of the eHealth literature, four major factors —social, economic, environmental
(organisational), and technological — are identified as key elements of sustainable eHealth
implementation. The conceptual framework for the sustainability of eHealth aims to realise the fit
among the social, economic, environmental, and technological factors (Figure 1).

The technological, social, organisational, and economic factors of eHealth implementation are well-
covered in many research studies, but are usually modelled linearly. However, this study recognises
the nonlinearity of eHealth implementation, and the influence of feedback loops that emerge
from the interplay between the technological, social, organisational, and economic elements. A
systems approach encourages an understanding of the holistic view of a system instead of focusing
only on specific elements. The sustainable implementation of an eHealth system in a healthcare
setting is a complex problem that requires a systems approach to handle the complexity. A systems
approach is an appropriate method for understanding a system holistically instead of thinking about
elements in isolation. Figure 2 describes the factors of sustainable eHealth implementation and their
nonlinear interactions. The conceptual framework for sustainable eHealth implementation adapts
the traditional linear input-process-output-outcome-and-impact approach of sustainable programme
implementation, and incorporates sustainability pillars and feedback loops to enhance an
understanding of the nonlinear dynamics of eHealth system implementation behaviour.

3.1 Inputs dimension

3.1.1 Technological factors

The technological factors focus on the technical capability of the eHealth system to satisfy the need
of its key stakeholders. The user-friendliness, flexibility, reliability, availability, accuracy,
efficiency, data quality, scalability, and adaptability of the eHealth system are addressed by the
technological factors [42,43]. The acceptance of technology is influenced by the elements of the
technological factors that are subcategorised into three quality groups: system quality, information
quality, and service quality [44]. The information systems (IS) success model presents the three
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quality factors as key to measuring the technological quality of electronic systems [45,46]. The
technological factors addressed in the framework are discussed in Table 1.

System quality is linked to ease of use, functionality, reliability, flexibility, portability, integration,
and importance of the information technology [46].

Information quality refers to accuracy, timeline, completeness, relevance, and consistency of the
information stored in the eHealth database [45].
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System Quality
Information Quality
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Figure 2: A conceptual framework for sustainable eHealth implementation

Table 1: Technological factors of sustainable eHealth implementation

Technological factors | Descriptions

System quality

The technical soundness or technical success of the technology [45,46].
Information quality The quality of information system outputs [47].

Service qualit The level of overall support delivered to end-users to meet their
q y expectations [47].

Service quality represents the reliability, responsiveness, assurance, and empathy of technical
support, as well as up-to-date hardware and software to facilitate the use of the information system
[46].

3.1.2 Social factors

The social sub-system represents the people and cultural factors, the tasks, and the structure of an
organisation [36]. In the context of eHealth systems, the social factors represent the ability of
eHealth to address stakeholders’ related issues such as ethical, behavioural, cultural, and
stakeholder needs in the processes of eHealth development, implementation, operation, and
improvement [42]. It aims at improving clinical safety, quality of care, equity of healthcare services,
decision-making, and speed of service delivery to all stakeholders [3,43].

The social factors take account of individual behaviour — i.e., the individual’s perception of a

system’s usefulness and ease of use [48]. Perceived usefulness and perceived ease of use are the
two popular end-user perceptions that influence the successful acceptance of eHealth technologies
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in the social dimension of sustainable eHealth implementation [49]. Table 2 addresses the social
factors included in the framework.

Table 2: Social factors of sustainable eHealth implementation

Social factors Descriptions

The attitude, behaviour, and personal demography of individuals about
using the information system [50].

The influence of peer groups or social networks on an individual’s
behaviour in using technology [50].

Individual perceptions

Social factors

Perceived usefulness and perceived ease of use, as indicated, are two important individual
perceptions to improve the understanding of user acceptance processes, according to the technology
acceptance model (TAM) [48].

. Perceived usefulness is defined as “the degree to which a person believes that using a
particular system would enhance his or her job performance” [48].

. Perceived ease of use refers to “the degree to which a person believes that using a particular
system would be free of effort” [48].

Support from supervisors and senior management, the influence of co-workers, the prestige of users,
and the representation of users in the system decision are social influences in the social dimension
of sustainable eHealth systems [49].

3.1.3 Organisational factors

The successful implementation of an eHealth system is influenced by the settings of the operating
environment and its dynamic interaction with the technology. ‘Operating environment’ refers to
organisational settings that influence the implementation and use of eHealth technology in
healthcare facilities [33]. The healthcare team operates in the context of the health institution,
which is influenced by the resources and the values and practices of the organisation [24].

The organisational culture, and the material, financial, and human resources available through the
organisation play a key role in the successful implementation of eHealth [51]. The environmental
factors address issues internal to the organisation — i.e., factors under the organisation’s
control [24]. The organisational factors included in the framework are indicated in Table 3.

Table 3: Organisational factors of sustainable eHealth implementation

Organisational factors Descriptions

The coordination of different healthcare teams to work together and
achieve the organisational goal [44].

The organisational rule, values, and practices of end-users in
Information culture information and technology use — i.e., the culture of data collection,
analysis, and use of information for decision-making [24].

Availability of electric power, ICT infrastructure, financial and human
resources [24].

The general support level offered by top management, which includes
encouraging the use of a system, allocating resources, understanding
the benefits of the system, and intent to see users happy to use

the system [47].

The way of ensuring internal and external strategic consistency when
using technology [52].

The way in which activities and working processes are organised and
executed by users [44].

Organisational structure

Resources

Management support

Organisational policy

Workflow processes

3.1.4 Economic factors

Economic factors aim to improve profits and reduce health care expenses [53]. The economic
outcomes are directly affected by the affordability of connectivity, such as mobile cellular tariffs,
broadband internet tariffs, and eHealth system procurement prices [43,53]. The ‘economic factors’
of eHealth are financial resources such as the availability of sustainable funding, affordability of
technology, cost-effectiveness, and return on investment [43,53]. Table 4 shows the economic
factors addressed in the framework.
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Table 4: Economic factors of sustainable eHealth implementation

Economic factors Descriptions

The financial capacity of the healthcare organisation to invest in
eHealth systems [55].

The availability of sustainable funding to acquire and maintain the
eHealth systems [56].

The degree to which the implementation of eHealth systems yields
financial gain [27].

Financial incentives The facilitation of eHealth use through financial rewards [57].

Affordability

Funding

Profitability

The economic factors play a significant role in the process of sustainable eHealth scale-up, especially
in LMICs, where most of the projects are financed by nongovernmental funding bodies and
international organisations.

3.2 Processes dimension

The processes dimension of the conceptual framework focuses on the eHealth implementation
processes. The implementation process facilitates the conversion of input factors to outputs, as
indicated in Figure 2. Table 5 shows the implementation process factors that influence the success
of an eHealth system.

Table 5: The implementation process factors of sustainable eHealth implementation

Implementation factors | Descriptions

The collection, storage, quality control, processing, compilation,
analysis, and presentation of data [23].

An application of knowledge, skills, tools, and techniques to project
Project management activities in order to fulfil stakeholder needs and to balance schedule,
quality, and budget expectations [58].

The involvement of key stakeholders in the process of eHealth
implementation, starting from the planning phase to reduce
resistance, increase acceptance, and meet stakeholder needs
[41,59].

An effective exchange of timely and accurate information with all
relevant stakeholders to improve informed decision-making [58].

The processes include the identification of the consequences;
prioritisation; recognition of appropriate requirements; creation of
strategic plans; informing about and motivating changes; introduction
of new technologies; and continuous evaluation of their impact [60].
The amount of training provided to the organisation by internal or
external entities [16].

Data management

Stakeholder engagement

Communications

Change management

Training

3.3  Outputs dimension

Actual technology use, the level of users’ satisfaction, and the use of information products for
decision-making are the expected immediate outputs of eHealth implementation [24,46,48,49]. The
acceptance of technology by its end-users is the basis for the long-term sustainability of eHealth
[48,49]. The factors in the outputs dimension that are selected for the framework for sustainable
eHealth implementation mainly come from the technology acceptance model (TAM) [48,49] and
information system success model (IS success model) [46]. The variables in the outputs dimension
are discussed in Table 6.

Table 6: The outputs dimension of sustainable eHealth implementation

Output factors Descriptions

The use of eHealth technology, or having first-hand experience of the
technology [61,62].

The use of the eHealth system, recognising its ease of use and the
usefulness of the technology in performing day-to-day tasks.

The use of reports generated by the eHealth system for discussions,
advocacy, decisions, and referrals for action at a higher level [24].

Actual system use

Users’ satisfaction

Information use
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Not only the actual system use, but also the satisfaction of users is important to the long-term
sustainability of the eHealth system. Dissatisfied users are more likely to provide low-quality data,
or to fail to capture critical information that affects the overall quality of the information generated
by the eHealth system. Poor data quality affects the accuracy of the decisions made by the
information’s users. Moreover, dissatisfied users might stop using eHealth at any time, affecting the
sustainability of the technology. So the outputs dimension is a necessary condition for the success
of eHealth implementations.

3.4 Outcomes dimensions

An improved health system performance represents the outcomes dimension of sustainable eHealth
implementation [24]. It aims to reduce healthcare costs to achieve the health system’s economic
outcomes, and to deliver efficient clinical services to ensure patient satisfaction [63]. Table 7 shows
some of the key outcomes dimensions that can be achieved through the successful implementation
of eHealth systems.

Table 7: The outputs dimension of sustainable eHealth implementation

Outcome factors Descriptions

The availability of quality data for research and evidence-based
decision making to improve health care services delivery [64].

The availability of essential drugs and avoiding stock-outs through an
improved supply chain system [64].

The capacity to control disease outbreaks, and handle accidents and
natural disasters through emergency care services [64].

Reduced waiting times, shorter hospital stays, and quicker healthcare
services delivery to patients [64].

Reduced healthcare cost by avoiding costs associated with travel and
redundant laboratory and radiology tests [5].

Decision-making

Supply chain system

Emergency management

Clinical service

Healthcare cost

3.5 Impact dimension

The impact dimension focuses on achieving an improved health status in reducing morbidity,
avoiding preventable mortality, minimising hospitalisation, increasing life expectancy, and achieving
a high quality of life through the implementation of eHealth systems [24,63]. An improved health
status for everyone is the ultimate objective or the final goal of implementing eHealth systems [24].

Table 8: The impact dimension of sustainable eHealth implementation

Impact factors Descriptions

Life expectancy The average time (in years) a person is expected to survive.
Morbidity The state of having a disease or a symptom of a disease.
Mortality The state or condition of being subject to death.
Hospitalisation The state of admission to hospital for treatment.

Quality of life The average period of life without illness.

Table 8 shows the impact factors that can be achieved through the implementation of eHealth
systems for improved health status. eHealth technology is in the relatively early phase of
implementation in developing countries. As a result, measuring its long-term impact is a difficult
task. Besides, eHealth is an integral part of a bigger health care system; so an improved health
status may be as a result of the optimisation of other healthcare processes.

4  THE CLD OF SUSTAINABLE EHEALTH IMPLEMENTATION

The conceptual framework for sustainable eHealth implementation has been converted to a CLD as
part of this research to show the feedback structure. Figure 3 represents the CLD for sustainable
eHealth implementation. The feedback structure of sustainable eHealth implementation captures
the hypotheses about the causes of the dynamics.

The CLD demonstrates the interplay between the technological, economic, social, and organisational
factors that influence the sustainability of eHealth systems. The two balancing and seven reinforcing
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loops are used to describe the feedback structure. The balancing loops highlight the negative
influence of terminated users on the acceptance of technology and on the information culture in

the technology implementing organisation. On the other hand, the reinforcing loops highlight the

positive feedback structures that promote the acceptance of technology and users’ satisfaction.
Table 9 describes the loop names and the elements of the loop structure represented in the CLD

(Figure 3). The (+) and (-) symbols before the loop names depict the reinforcing or balancing loops

respectively.
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Table 9: The reinforcing and balancing loops of sustainable eHealth implementation

Loop names

Descriptions of the loop structure

(+) Individual intention on
acceptance

Individual intention to use — Actual use — Users’ satisfaction — Information
quality — Technological quality — Individual perception of ease of use —
Individual perception of usefulness — Individual intention to use

(+) Promoters’ social
influence on acceptance

Promoters — Actual use — Users’ satisfaction — Promoters

(+) Technological quality on
satisfaction

Technological quality — Users’ satisfaction — Information quality —
Technological quality

(-) Inhibitors’ social
influence on acceptance

Inhibitors — Actual use — Termination of use — Inhibitors

(+) Financial incentive on
acceptance

Financial incentive — Individual intention to use — Actual use — Users’
satisfaction — Net benefits — Management support — Resources’ readiness —
Financial incentive

(+) Management support on
acceptance

Management support — Resource readiness — Information quality —
Technological quality — Individual perception of ease of use — Individual
perception of usefulness — Individual intention to use — Actual use — Users’
satisfaction — Net benefits — Management support

(+) Change management on
acceptance

Workflow process alignment — Management support — Training — Organisational
culture — Information quality — Technological quality — Users’ satisfaction —
Promoters — Actual use — Net benefits — Policy — Organisational structure —
Workflow process alignment

(+) Net benefits on
acceptance

Net benefits — Intention to use — Actual use — Users’ satisfaction — Net
benefits

(-) Inhibitors on culture

Inhibitors — Organisational culture — Information quality — Technological
quality — Users’ satisfaction — Promoters — Actual use — Termination of use —

Inhibitors

5  CONCLUSIONS

The ‘pilotitis’ of eHealth is a concern in the large-scale and sustainable implementation of eHealth
projects; yet others claim that it is an indication of the emerging interest in the field by a group of
stakeholders. The long-term sustainability of eHealth is influenced not only by technological factors,
but also by the economic, social, and organisational factors of the operating environment. The
sustainable eHealth implementation framework addresses the dynamic complexity of eHealth
implementation using feedback systems. The framework shows the nonlinear interplay between the
factors of sustainable eHealth implementation. A systems approach is applied to understand the
holistic structure of a sustainable eHealth ecosystem. Furthermore, a system dynamics method is
used to address the nonlinear relationships among the elements of the eHealth system, depicted
using a CLD.

The inputs, processes, outputs, outcomes, and impact are adapted from a sustainable project
development framework and extended by adding nonlinearity. The operating environment of
eHealth technology is grouped under the economic, social, and environmental (organisational)
pillars. The CLD is represented by two balancing and seven reinforcing loops to capture the dynamics
of sustainable eHealth implementation under the technological, economic, social, and
organisational categories. The results of this research are part of a future system dynamics
simulations study that will be extended to develop a stock and flow diagram. Eventually, the
developed system dynamics model will support the effort of sustainable eHealth implementation in
resource-constrained settings.
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