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ABSTRACT 
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The digital health transformation (DHT) has been deployed rapidly worldwide where many 

e-health solutions are invented and improved on an accelerating basis. Healthcare already 

faces many challenges in terms of reducing cost and allocating resources optimally while 

improving provided services. E-solutions in healthcare can be a key enabler for 

improvements while controlling the budget; however, if the sustainability of those solutions 

is not assessed, many resources allocated to e-solutions and the cost of adoption and 

implementation will be wasted. Thus, it is important to assess the sustainability of newly 

proposed or already in-use e-health solutions. In literature, there is a paucity of 

empirically driven comprehensive sustainability models and assessment tools to guide 

practices in real-world cases. Hence, in this study, I propose a novel sustainability model 

for e-health solutions, that is used to assess the essential sustainability aspects of e-health 

solutions and anticipate the likelihood of their sustainability. To build the model, a 

systematic literature review (SLR) was conducted to extract the e-health sustainability 

dimensions and elements. The sustainability model has five dimensions namely technology, 

organization, economic, social, and resources. Each dimension has aspects that provide 

another level of required details to assess the sustainability. In addition, assessment  

method was developed in this model to assess the aspects of each dimension, 

resulting in the overall prediction of the e-health solution's sustainability level.  
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Both sustainability model and assessment method were validated by experts in 

terms of comprehensive, correctness, and applicability to be used in healthcare. 

Also, sustainability model and assessment method were evaluated by three case 

studies conducted in three hospitals in Saudi Arabia. The sustainability model and 

assessment method were illustrated to be effective in evaluating the sustainability 

of e-solutions, and to be more comprehensive and systematic than the evaluation 

used in the hospital. Moreover, the sustainability assessment method was 

implemented through a tool support to facilitate the use of the sustainability model 

and its assessment method. 
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1 CHAPTER 1 

INTRODUCTION 

The digital health transformation (DHT) is expected to have a fundamental impact on the 

improvement of healthcare systems and  provided services [1]. DHT refers to the 

employment of digital solutions and technologies in healthcare systems, which digitalizes 

the way that healthcare services are organized, produced, and delivered [1]. DHT happens 

through shifting to patient-centered design, mobile health (m-Health) delivery, electronic 

medical record (EMR), personalized medicine, social media health applications [2], virtual 

clinics, and wearable devices [3]. Unlike digitizing (i.e., transforming data from paper-

based into digital/electronic-based), the process of digitalizing an healthcare system is not 

mainly about technology and digital solutions, it also touches and impacts other aspects, 

such as the organizational culture and the role of healthcare providers [1]. Also, a 

healthcare system consists of multidisciplinary stakeholders, which results in interrelations 

of several elements, such as economic, functional, emotional, cultural, and ethical and  

sometimes opposite needs and expectations [4][5]. Therefore, for the DHT to be successful, 

it is essential to understand the context of the transformation, including the current 

situation, desired outcomes, how to effectively bridge between them [1], and most 

importantly, how to sustain these outcomes. Even though digital solutions exist widely in 

the healthcare system, the sustainability of those solutions is unclear and undetermined yet 

[6]. This creates a need to ensure the sustainability of the e-health solutions as their 
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development and implementations are costly and could impact a healthcare organizational 

structure and operations [6]. Hence, in this study, I propose a sustainability model for e-

solution in healthcare. The sustainability model captures the essential aspects and elements 

of sustainability of e-health solutions and their relationships. In addition, I provided an 

assessment method to evaluate the sustainability of e-health solutions based on the 

sustainability model. The comprehensiveness and correctness of the proposed model and 

assessment method in real-world cases were validated with experts in healthcare. 

Moreover, the effectiveness and applicability of using the model to assess the sustainability 

level of e-solutions in practice were illustrated through conducting three real-world case 

studies.   

1.1. Problem Description 

Sustainability has been a challenge in many domains and development context. In e-health 

in particular, it is challenging to define and apply sustainability into real projects due to 

several reasons [7]. Some of these reasons are the complex nature of healthcare, the 

increasing demand of resources [8], and the lack of a clear and consensus definition of 

sustainability in healthcare [9][10]. The importance of sustaining digital solutions in 

healthcare laid upon the fact that healthcare is a critical sector involving many obstacles, 

in where implementing changes is difficult due to the strict regulations and complex 

interrelated processes [4]. Hence, any application of unsustainable e-health solutions will 

result not only in waste of money and resources, but it might affect the healthcare provision, 

especially if the solution has replaced another major process in the healthcare system [7]. 

The exposure to the risk increases in the absence of clear guidelines, that can be used to 

assess e-health sustainability.  
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The objective of this research is to help the managerial level of healthcare institutions to 

assess the sustainability of the applied or to-be-adopted e-health solutions; by proposing a 

sustainability model, that captures the elements and dimensions of the sustainability of e-

health solutions along with assessment methods, which will help in providing a prediction 

of the e-health VROXWLRQV¶�VXVWDLQDELOLW\� 

1.2. Motivation 

Despite the pressure Covid-19 brought to healthcare systems worldwide, it is assumed that 

it positively impacted the DHT implementation by having a rapid shift to remote and digital 

services of healthcare [11]. In Saudi Arabia for example, many digital solutions have been 

deployed during Covid-19, such as Takasi, Tataman, Seha, and Tawakkalna [12][13][14]. 

7KHVH�VROXWLRQV�SURYLGHG�PDQ\�EHQHILWV�WR�WKH�KHDOWKFDUH�V\VWHP��VXFK�DV�UHGXFLQJ�SDWLHQWV¶�

waiting time, saving resources (e.g. time, money, and staff), facilitating and enhancing the 

process of providing care, and resulting a KLJK� OHYHO� RI� VWDNHKROGHUV¶� VDWLVIDFWLRQ� [4]. 

However, there is a risk that those e-solutions will not sustain, as their sustainability has 

not been assessed. 

Previous meetings conducted with healthcare experts showed that there was no clear 

unified definition of sustainability in healthcare context. The study held a focus group 

consists of 5 management representatives of a Saudi hospital to discuss the sustainability 

of the digital solutions applied in Saudi healthcare system. The main provided definitions 

of a sustainable digital change were: (1) minimizing the demand on resources and cost (e.g. 

human capital), in which no human should be involved to execute the processes that 

involves the introduced digital solution, while the other definition specified the dimensions 
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of sustainability as (2) the continuous demand, the stakeholders' awareness of the 

importance of digital change, the infrastructure capability and technical support, and the 

available continuous fund. Moreover, some of the digital solutions, such as virtual clinics, 

that was applied to encounter Covid-19, were stopped in some clinics, or minimized at 

some point after the pandemic passed its first phase. Some of the terminated solutions were 

deployed to only encounter a particular situation (e.g., Covid-19 pandemic), in which the 

demand on them stopped after the situation has been resolved or vanish. However, some 

other solutions are not dependent on a temporary situation, and they were cost-

effectiveness and provided a significant improvement to the work process, yet they have 

been minimized. Absence of sustainability evaluation arose as one of the reasons that such 

solutions have stopped. Some of the reasons that fall under sustainability is the lack of 

unified sustainability definition for healthcare solutions, lack of clear sustainability 

guidelines, and negligence of sustainability in planning phase of these solutions.  

1.3. Research Questions 

This research addresses the following research questions:  

x RQ1: What are the dimensions and elements of the sustainability model that fits and 

reflects the adoption of e-solutions in healthcare systems? 

x RQ2: To what extent the proposed sustainability model is comprehensive in covering 

all aspects of e-solution sustainability in real-word cases in healthcare?  

x RQ3: To what extent the sustainability model and the assessment method are effective 

in evaluating the sustainability level of e-solution in healthcare in practice? 
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1.4. Methodology 

As this thesis provides a solution (i.e., sustainability model) for a business problem in 

healthcare system, the Design Science Methodology in Information Systems (IS) (see 

Figure 1) will EH�DGDSWHG�WR�WKH�WKHVLV¶V�PHWKRGRORJ\�DV�SUHVHQWHG�LQ�Figure 2.  

 

Figure 1 Design Science framework [15] 
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Figure 2 Thesis methodology 

The thesis was conducted by applying the four phases of the research methodology as 

follows: 

1. Problem identification: I had many meetings with healthcare experts (eight 

physicians and fLYH� KRVSLWDO¶V� PDQDJHPHQW� UHSUHVHQWDWLYHV��� 7KH� DLP� ZDV� WR�

investigate the sustainability of the applied solution (i.e., virtual clinics). We 

concluded that there is no existing sustainability model designed for digital 

solutions in healthcare, as well as the lack of a unified definition of sustainability 

in the healthcare context.  

2. Investigating existing work: a systematic literature review (SLR) was conducted 

to synthesize sustainability definitions and other sustainability models proposed in 

the literature as well as their dimensions, elements, and assessment methods. The 

aim of this phase was to provide a comprehensive view of the existed sustainability 
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models in healthcare, in which the SLR findings were used to construct the 

proposed sustainability model in this study. 

3. Proposed approach: two subphases are included in this phase, which are designing 

the sustainability model and the assessment method. Based on the data collected 

from the problem identification, that includes the business needs, and the extracted 

relevant knowledge from the SLR, the sustainability model was designed, and in 

consequence, the assessment method was formulated.   

4. Validation: the sustainability model and its assessments methods have gone 

through three iterations of validation. Table 1 illustrates the three iterations of the 

validation phase. In each iteration, I met technology experts in healthcare and asked 

them to evaluate the comprehensiveness and correctness of the sustainability 

model. In addition, they were asked about the effectiveness of the assessment 

method to evaluate the overall sustainability of e-solution.  

5. Evaluation: In this phase, three case studies in Saudi hospitals were conducted to 

evaluate how effective the model is in evaluating the expected sustainability of e-

solutions. In addition, the model was evaluated in terms of comprehensiveness, 

correctness, and applicability in real-world cases. 
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Table 1 Iterations of the evaluation phase 

Iterations Description Results 

Iteration 1 
Presenting the initial version of the proposed approach 

to experts in Saudi healthcare. 

Modifications and refinements to the 

sustainability model and the assessment method. 

Iteration 2 
Evaluating the modified version of the proposed 

approach with a case study in the hospital. 

Modifications and refinements to the 

sustainability model and the assessment method. 

Iteration 3 
Validating the modified version of the proposed 

approach with interviews with experts. 
Final version of the proposed approach. 

 

1.5. Thesis Contributions 

This thesis provides three main contributions:  

1. A sustainability model that captures the main dimensions and elements of e-

VROXWLRQ¶V�sustainability in healthcare. 

2. A sustainability assessment method to that is used to evaluate the sustainability of 

e-solutions in healthcare; hence, support healthcare management in decision 

making and e-solution adoption.  

3. A tool support that implements the sustainability model and the assessment method 

to facilitate the use of the model in practice. 

1.6. Thesis Outline 

The rest of the thesis is organized as follows:  

Chapter 2: presents the conducted SLR on the aspects and dimensions of e-health 

sustainability. The results conclude the extracted sustainability aspects that were used to 

build the e-health sustainability model.  
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Chapter 3: contains the e-health sustainability model. It explains the building phases of 

the model and its aspects and dimensions and how they impact the sustainability of e-health 

solutions. Also, the validation iterations of the sustainability model are provided in this 

chapter.  

Chapter 4: presents the proposed sustainability assessment method. It discusses the 

evaluation tools, the phases and steps of the sustainability assessment, and the 

VXVWDLQDELOLW\�OHYHOV¶�VFDOH�� 

Chapter 5: includes three real-word cases studies conducted in Saudi hospitals, to evaluate 

the applicability and effectiveness of sustainability model and assessment method in 

practice.  

Chapter 6: concludes the thesis and discusses the future work. 
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2 CHAPTER 2 

SYSTEMATIC LITERATURE REVIEW 

2.1 Introduction 

Sustainability of e-health has been recognized in the literature to be a problem that 

concerning the implementation of digital solutions such as the health information system 

(HIS) [16].  Although some studies emphasized on the need for sustainability assessment 

methods that is customized for e-health [17][18], the lack of unclear definition and aspects 

of sustainability in e-health was the most noticed issue that hinders the achievement of 

assessing the e-health sustainability [19].  

Most of the previous studies discussed the sustainability in healthcare from a managerial 

level. In other words, none of the studies shed light on assessing the sustainability of digital 

solutions in healthcare. Also, several studies stated that there is no clear definition of 

sustainability in the literature resulting in the absence of rigor evaluation methods of 

sustainability [10][20][17][21][22]. Doyle et al. [23] proposed a sustainability model for 

changes in healthcare. The model was in a form of self-assessment tool, which consists of 

10 factors, that were prioritized over 100 identified factors. These factors were categorized 

into three main domines and given weights as follows: process (31%), staff (52%), and 

organization (17%). Each of the 10 factors has four levels, by which the user chooses one 

level for each factor, that describes the current situation. However, some important aspects 

were missing in these factors, such as the economic and funding estimation, the probability 
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of laying off staff and its impact on the organization, and social-cultural aspects of the 

organization and the staff. Molfenter et al. [24] constructed a model to predict the 

sustainability of changes in healthcare. They had nine factors associated with levels for 

each factor. However, this model lacks factors concerning patients, such as their 

satisfaction toward the change. An important aspect of sustaining changes in healthcare is 

the willingness of healthcare stakeholders (e.g. patients, healthcare providers, families, and 

managers) to adjust themselves to the change [25].  

Penzenstadler and Femmer [26] proposed a sustainability model consisted of three levels 

for software products. In their work, they defined the sustainability dimensions to be 

individual, social, economic, environmental, and technical. The dimensions were in the top 

level of the model. While middle level included the values, indicators, and regulations. The 

activities of the model, such as reduce waste are placed in the lower level. This model 

focused on the environmental sustainability and lacked steady assessment method, that can 

measure the impact of each factor in anticipating the sustainability of the solution. A 

systematic integrative review [10] on healthcare sustainability revealed that out of 92 

studies, only six studies used purpose-designed tools to evaluate sustainability. Braithwaite 

et al. [10] emphasized on the lack of a unified and rigor sustainability definition, and 

inconsistency in the way it is conceptualized [10]. Another study [20] concluded the lack 

of a comprehensive definition of sustainability, in which it was considered the essential 

challenge that hindered the field from moving forward. Other studies discuss sustainability 

in healthcare focused on developing tools [7] and frameworks [27][8] for sustaining the 

healthcare organizations rather than focusing on the changes within these organizations. 

Also, another study discussed the role of digital solutions in sustaining the healthcare in 
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general by presenting different types of interactions, that can happen via digital platforms 

[5]. 

Hence, this systematic literature review (SLR) aims to investigate the sustainability of e-

health solutions in the context of healthcare system; by focusing on the sustainability 

definitions, models, and assessment methods. It contributes to the body of knowledge by 

analyzing and providing a comprehensive overview of the existing sustainability 

definitions, aspects, models, and assessment methods for e- e-health solutions in 

healthcare. 

2.2 Study Protocol 

This section contains the designed protocol that was followed when conducting the SLR. 

It contains the research questions, search strategy, quality assessment, data extraction and 

data synthesis. The protocol was validated by an expert in software engineering. 

2.2.1 Research Questions 

This SLR was intended to answer the following research questions:  

x RQ1: What are the definitions, dimensions, and elements of sustainability of e-

solutions in the context healthcare system?  

1. Objective 1: analyze the sustainability definitions found in the literature for e-

solitons in healthcare and provide a comprehensive definition.  

2. Objective 2: analyze the sustainability models found in the literature for e-solitons 

in healthcare by eliciting their dimensions and aspects. 
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x RQ2: What are the metrics, measures, and assessment methods/models of 

evaluating sustainability for e-solutions in the context healthcare system?  

3. Objective 3: a) analyze the assessment methods of sustainability models found in 

the literature for e-solitons in healthcare; and b) their effectiveness in 

predicting/evaluating the sustainability of e-solutions. 

2.2.2 Search Strategy Design 

2.2.2.1 Search Process 

The search was conducted over three rounds as shown in Figure 3. First, the search string 

was used to search the selected databases and filter the studies based on the relevance of 

their titles and abstracts. Second, the full text of the resulted studies from the first round 

was skimmed in order to exclude papers that did not meet the inclusion criteria or matched 

one of the exclusion criteria. Third, the studies that passed the second round were evaluated 

using the quality assessment criteria. All papers, whose score in the quality assessment is 

less than the threshold, were excluded from the set of selected studies. Finally, all papers 

that passed the third round were considered in the final set and used in data extraction and 

synthesis.  
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Figure 3 Search process 

2.2.2.2 Search String 

Table 2 contains the search string that was used to find the primary studies. It consists of 

all keywords that are relevant to the focus of the study. The keywords terms were derived 

from two SLRs [28] [29]. Both SLRs investigated the sustainability issue in healthcare in 

general [29] and sustaining hospital-based interventions [28]. Also, keywords and search 

strategy in study [28] was peer-reviewed by an academic librarian in accordance with 

PRESS guidelines [30]. 

The keywords were then refined to match the scope of this work. Boolean operators and 

ZLOGFDUGV��H�J���³
´�DQG�³"´��ZHUH�XVHG�WR�DFFRXQW�IRU�SOXUDOV�DQG�YDULDWLRQV�LQ�VSHOOLQJ�� 

Table 2 Search string 

Scope String 

Sustainability (sustainability OR long-term OR continuous OR lasting) AND 
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Main issue 
((Model OR Definition OR Elements OR dimension* OR Component* ) OR (Assess* OR 

evaluat* OR measure* OR metric*)) AND 

Technology (electronic* OR digital OR technolog* OR software OR service* OR smart) AND  

Healthcare (healthcare OR e-health OR m-health) 

 

2.2.2.3 Selected Digital Libraries 

A pilot search using the search string was conducted to perform the search for the papers. 

Based on that, the databases of three digital libraries were chosen, of which were found to 

have relevant results to the research scope than other libraries (e.g., PubMed, ACM, etc.). 

In addition, a snowballing technique was used to collect relevant studies. The selected 

libraries are Web of Science, IEEE Xplore, and Scopus. 

2.2.3 Study Selection Criteria 

All collected studies were evaluated by the inclusion and exclusion criteria before 

admitting them to the selected studies. The inclusion and exclusion criteria are presented 

in the following subsections.  

2.2.3.1 Inclusion Criteria 

A paper is selected if and only if it met all inclusion criteria presented in Table 3. The year 

range was chosen upon a previous SLR conducted in 2018 [29]. The SLR searched the 

studies from 1980 until 2017. Its objective was to investigate the sustainability approaches 

in healthcare. Also, in the SLR [29], some of the primary studies, that are relevant to this 

research scope, were found in the years 2002-2014. Therefore, I decided to expand the 
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range to be from year 2000 to year 2021. Also, as from piloting the search string, there 

were not many studies discussing sustainability in healthcare, especially with respect to e-

health. 

Table 3 Inclusion criteria 

No. Criteria 

IC1 The paper was published between 2000 - 2021. 

IC2 The paper discusses sustainability in healthcare with respect to e-health solutions. 

IC3 

The paper discusses at least one of the following: sustainability model or components 

(dimensions or elements), sustainability measurements or assessment/evaluation methods, 

or sustainability definition. 

IC4 The paper must be a full research paper (not an abstract). 

IC5 The paper is written in English. 

IC6 The paper is available in full-text version. 

2.2.3.2 Exclusion Criteria 

The papers that met at least one of the following exclusion criteria in Table 4 were 

excluded: 

Table 4 Exclusion criteria 

No. Criteria 

EC1 
Meeting abstracts, book chapters, workshop descriptions, tutorials, posters, progress reports, 

masters and doctoral dissertations. 

EC2 
Papers discuss sustainability from purely environmental perspective, such as recycling or energy 

conservation etc. 
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EC3 
Papers discuss sustainability of the healthcare system/organization instead of the sustainability of 

e-health solutions within healthcare system. 

EC4 
Papers discuss sustainability of a medical device/tool instead of e-health solution related to 

healthcare system and its processes.    

EC5 
Papers discuss sustainability from a general perspective without proposing or providing results 

related to constructs of sustainability models, definitions, or assessment methods. 

2.2.4 Quality Assessment 

The purpose of quality assessment, that is presented in Table 5, is to assess the quality of 

each selected paper to be included in the final set. Questions were deduced from Zhou, et 

al. study [31], which is a tertiary study about the quality assessment criteria used in 

software engineering SLRs. The maximum score a study could obtain by meeting the 

quality criteria, which are illustrated in five quality questions, is 5 points. The threshold is 

2.5. 

Table 5 Quality assessment checklist 

No. Quality Assessment Question  Score   

QA1 
Does the paper have a clear statement (definition) of the aims (goals, purposes, 

problems, and research questions)? 

(+1) Yes/ (+0) No/ 

Partially (+0.5) 

QA2 
Does the paper explicitly propose/discuss the sustainability aspects of e-health 

solutions? 

(+1) Yes/ (+0) No/ 

Partially (+0.5) 

QA3 
Does the paper evaluate/investigate sustainability of e-health solutions through 

using case studies, surveys, etc.? 

(+1) Yes/ (+0) No/ 

Partially (+0.5) 

QA4 
Are conclusions, implications for practice, and future research, reported suitably for 

its audience? 

(+1) Yes/ (+0) No/ 

Partially (+0.5) 

QA5 Where the aspects extracted from interviews, case studies, etc.? (+1) Yes/ (+0) No/ 

Partially (+0.5) 
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2.2.5 Data Extraction 

The data extraction form was filled by the relevant data of each selected study. To maintain 

ease of subsequent data synthesis, I grouped the items in data extraction form based on 

definition, sustainability constructs, assessment methods, e-health solution, validation, and 

limitations. The data was documented into an excel file, which was used in the data 

synthesis. Table 6 presents the data extraction form. 

2.2.5.1 Data Extraction Form 

Table 6 Data extraction form 

Data extraction log 

x Data extractor  
x Data reviewer  

Paper information 

x Study ID 
x Title 
x Author(s) 
x Publication year  
x Publication type (conf/journal) 
x Database  
x Summary  

Extracted data   

Sustainability Definition 

x Definition(s) 
x Target (General sustainability definition or specific definition for e-health solutions?) 
x Source (whether proposed or cited) 
x Focus/scope of definition (e.g., technical, health provision, stakeholders, etc.) 

Sustainability aspects 

x Number of constructs 
x The aspects  
x Details/notes 
x Extraction method (literature, case study, etc.) 
x Target (general/customized) 

E-health solution 
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x E-health solution type 
x Focus of e-health solution 
x Replace an existed process? (Y/N) ± if no, it means it works align with a process, or provides a 

new service. 
x Status (running, proposed, etc.) 
x Users (e.g., patients, nurses, physicians, staff, etc.) 
x Benefits 

Assessment methods 

x Existence of assessment method (yes/no) 
x Method (model, framework, diagram, etc.) 
x Type of the assessment methods (standards, formula, checklist, etc.) 
x List of assessment methods 
x Used for which aspects? 
x Source (literature, proposed, etc.) 

Evaluation/Validation  

x Evaluated/validated?  
x Method (with experts, case study, etc.) 
x Number of iterations  
x Duration 
x Context 

Additional information 

x Limitations/challenges  
x Future work 
x Notes 

 

2.2.6 Data Synthesis 

Data synthesis was conducted on the extracted data in order to analyze the results and draw 

conclusions. The used method for synthesizing the data is narrative synthesis [32]. By using 

this method, the data was tabulated in a consistent manner of three main categories: 

sustainability definitions, sustainability dimensions, and sustainability assessment 

methods.  After that, the data was visualized using tables. 
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2.3 Results 

This section reports the findings of the SLR. First, an overview of the selected studies is 

presented. Then, the findings were discussed in terms of e-health sustainability¶V  

definitions, dimensions and elements, and assessment methods. The study selection 

process took place in February 2021 and then updated in November 2021. The newly added 

studies from the updated search are PS21 and PS22. An excel file (i.e., Appendix A in 

Table 41) was used to document the selection process and search results of each of the 

selected digital libraries along with quality assessment of the primary studies and their data 

extraction.  

In the first search round, a total of 4811 papers were obtained by applying the search string 

in three digital libraries (i.e., Web of Science, IEEE Xplore, and Scopus) in addition to 16 

studies retrieved by the snowballing technique, as shown in Figure 4. It is worth noting that 

the same search string was also applied in four other libraries, which are PubMed, Medline, 

SpringerLink, and ACM. Yet, these four libraries were excluded because they did not 

contain any relevant papers within their search results. The title and abstracts of all papers 

appeared in the search results of the selected libraries were checked for relevancy, and if 

they found to be relevant, they passed to second round. Of the 4811 papers, 125 papers 

passed to the second round, that is shown in Figure 3. Many papers found irrelevant due to 

WKH�SRO\VHP\�RI�VRPH�NH\ZRUGV�LQ�WKH�VHDUFK�VWULQJ��VXFK�DV�WKH�WHUP�³ORQJ-WHUP´��WKDW�ZDV�

XVHG�LQ�WKLV�6/5�DV�D�V\QRQ\P�RI�VXVWDLQDELOLW\��1RQHWKHOHVV��³ORQJ-WHUP´�ZDV�IRXQG�WR�

mean a different thing in the healthcare context as many irrelevant papers used this term to 

refer to the technologies that are used to help people with chronic diseases and need a 

³ORQJ-WHUP´�KHDOWKFDUH�SURYLVLRQ��7KHUHIRUH��VXFK�SDSHUV�ZHUH�H[FOXGHG�LQ�WKH�ILUVW�URXQG�� 
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Simultaneously, the backward snowballing approach was conducted in the first and second 

rounds to collect relevant studies, that were not included in the digital libraries results. In 

the second round, all 125 papers that passed the first round were fully read and then 

compared against the inclusion and exclusion criteria. Only 22 out of 125 papers passed 

the second round. The rest were eliminated because they did not meet the inclusion and 

exclusion criteria presented in Table 7. The third round was conducted, and all the 22 

papers passed the quality assessment. Therefore, the final set of the selected papers 

contained 22 papers. Table 8 shows the quality assessment scores of all 22 papers.  

 

Figure 4 PRISMA flow diagram of studies selection process 
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Table 7 Number of studies excluded in the second round 

Inclusion/Exclusion Criteria # Of Studies 

IC2 72 

IC3 16 

IC4 2 

IC5 1 

IC6 3 

EC3 1 

 

 

Table 8 6WXGLHV¶�TXDOLW\�DVVHVVPHQW�VFRUHV 

Primary Studies Quality Assessment Score 

PS1, PS2, PS7, PS8, PS11, 

PS14, PS17, PS20 2.5 

PS12, PS19 3 

PS6, PS10, PS13, PS22 3.5 

PS4, PS5, PS15, PS18, PS21 4 

 PS3 4.5 

PS9, PS16 5 
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2.3.1 Overview of The Search Results  

The primary studies reviewed in this work are reported in Table 9. The selected studies 

discussed the sustainability of different e-health solutions, such as telehealth and electronic 

health records (EHRs). Table 10 demonstrates the other e-health solutions mentioned in 

the reviewed studies.  

Table 9 The final set of the relevant studies reviewed in this work 

Study 

ID 
Ref. Title Database Year 

PS1 [33] 
A global socio-economic-medico-legal model for the sustainability of 

longitudinal electronic health records - Part 1 

Web of 

Science 
2006 

PS2 [34] 
A global socio-economic-medico-legal model for the sustainability of 

longitudinal electronic health records Part 2 

Web of 

Science 
2006 

PS3 [19] 
A multi-phased QFD based optimization approach to sustainable service 

design 

Web of 

Science 
2016 

PS4 [17] 
A Qualitative Study of Sustainability and Vulnerability in Australian 

Telehealth Services 

Web of 

Science 
2010 

PS5 [35] 
Assessing the suitability of smart technology applications for e-health using 

a judgment-decomposition analytic hierarchy process approach 

Web of 

Science 
2020 

PS6 [36] 
Challenges, Alternatives, and Paths to Sustainability for Health Information 

Exchange Efforts 

Web of 

Science, 

Scopus 

2013 

PS7 [37] 
Complexities in securing sustainable IT infrastructures in Hospitals: The 

many faces of Local Technical Support 

Web of 

Science 
2010 

PS8 [38] Efficacy and sustainability of a telerehabilitation program IEEE 2003 
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PS9 [39] EMR continuance usage intention of healthcare professionals 
Web of 

Science 
2017 

PS10 [40] 
How to Sustain Smart Connected Hospital Services: An Experience from a 

Pilot Project on IoT-Based Healthcare Services 

Web of 

Science 
2018 

PS11 [41] Information systems in healthcare - state and steps towards sustainability. 
Web of 

Science 
2009 

PS12 [42] 
Information Technology in Healthcare: HHC-MOTES, a Novel Set of 

Metrics to Analyse IT Sustainability in Different Areas 

Web of 

Science 
2018 

PS13 [43] 
Organizational Dynamics of Sustainable eHealth Implementation: A Case 

Study of eHMIS 
IEEE 2017 

PS14 [44] Proposed model for evaluation of mHealth systems IEEE 2015 

PS15 [21] Sustainability requirements for connected health applications 
Web of 

Science 
2018 

PS16 [45] 
An evaluation of eHealth systems implementation frameworks for 

sustainability in resource constrained environments 
snowball 2015 

PS17 [46] 
Business Models for Sustained eHealth Implementation: Lessons from Two 

Continents 
Snowball 2012 

PS18 [47] Clinician acceptance is the key factor for sustainable telehealth services Snowball 2014 

PS19 [48] From health technology assessment to health technology sustainability Snowball 2018 

PS20 [22] 
Towards sustainability of health information systems: How can we define, 

measure and achieve it? 
Snowball 2007 

PS21 [49] 

Exploring factors that affect the uptake and sustainability of 

videoconferencing for healthcare provision for older adults in care homes: a 

realist evaluation 

Web of 

Science 
2021 

PS22 [50] 
Identification of critical quality dimensions for continuance intention in 

mHealth services: Case study of onecare service 
Scopus 2019 
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Table 10 Primary Studies and Proposed E-Health Solutions 

Primary study e-health Solutions 

PS1, PS2, PS6, PS9 electronic health records (EHRs), electronic medical records (EMRs), Health 

information exchange (HIE) 

PS3, PS14 m-health 

PS4, PS8, PS18 Telehealth 

PS5 Smart e-health applications 

PS7, PS11, PS13, 

PS20 

Hospital/health information systems (HIS), Electronic Health Management 

Information System (eHMIS) 

PS10, PS15 Internet of Things (IoT) technology, connected health applications 

PS12, PS16, PS17, 

PS19 
General e-health systems and application 

2.3.2 The Sustainability of E-health Solutions  

2.3.2.1 Sustainability Definitions 

Five studies defined the sustainability, in which most of them were cited definitions. The 

scope of the definitions was centered around demand, continuity, and cost. Three studies 

[PS15, PS16, PS20] used the general sustainability definition, that is provided by the 

8QLWHG�1DWLRQV��81���³PHHWV�WKH�QHHGV�RI�WKH�SUHVHQW�ZLWKRXW�FRPSURPLVLQJ�WKH�DELOLW\�RI�

IXWXUH�JHQHUDWLRQV�WR�PHHW� WKHLU�RZQ�QHHGV´� [51]. However, both Wade et al. [PS4] and 

Garde et al. [PS20] defined the sustainability of e-health solutions as the ability of the 

solution to continue a defined behavior and functioning into the future. Moreover, Ouhbi 

et al. [PS15] and Fanta et al. [PS16] referred to sustainability as the continuous use; by 

addressing the three dimensions of sustainability and other important factors of the 
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intended system. On the other hand, Lenz [PS11] associated sustainability of IT systems in 

KHDOWKFDUH� ZLWK� WKH� FRVW� RI� QHHGHG� IRU� UHSODFHPHQWV� RYHU� WKH� \HDUV�� ³D� VXVWDLQDEOH� ,7�

systems in healthcare should prevent the necessity of costly system replacements every 

ILYH�WR�WHQ�\HDUV´�[41]. 

2.3.2.2 Sustainability Dimensions 

The studies discussed sustainability of e-health by presenting dimensions or aspects of the 

e-health sustainability. In the data extraction, the results of the studies were categorized 

into dimensions and aspects. The dimensions are the essential pillars of sustainability, 

which are high-level categories that involve set of aspects, which influence the 

sustainability of e-health solution. The aspects are a fine-grained level of details that 

includes elements and items through which data could be collected and sustainability 

evaluation is enabled.  Table 11 presents the dimensions mentioned in the studies, which 

are technology, economic, social/human, organization/management/environment, 

political/legal, and resourcing. In addition, the aspect is a subset that belongs to a 

GLPHQVLRQ�� ZKLFK� FRQWULEXWHV� DORQJ� ZLWK� RWKHU� DVSHFWV� WR� DFKLHYH� WKH� GLPHQVLRQ¶V�

fulfillment. Table 13 contains all aspects mentioned in the studies.  
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Table 11 The mentioned sustainability dimensions of e-health solutions 

Dimension Study ID 

Technical PS2, PS15, PS17 

Economic PS13, PS15, PS17, PS19 

Social/Human PS5, PS17, PS13, PS15, PS19 

Organization/ 

Management/ 

Environment 

PS3, PS4, PS6, PS8, PS10, PS11, PS12, PS13, PS15, PS16, PS17, PS20 

Political/legal PS1, PS2, PS5, PS6, PS13, PS17, PS19 

Resourcing PS4, PS5, PS8, PS13, PS18 

 

Two studies [PS15, PS16] discussed the issue of sustaining the implementation of e-health 

solutions and identified similar sustainability dimensions, which are social, environmental, 

economic, technological, and individual dimensions. In both studies, explicit definitions of 

the identified dimensions were provided as presented in Table 12. It is worth noting that 

the focus of the environment dimension in both studies was different. In [PS15], the focus 

was on the sustainability from ecological perspective, by raising the environmental issues 

such as energy consumption and emissions of carbon dioxide. The study underlined how 

the e-health solution should consider this aspect in order for it to sustain. Same conception 

of environment dimension was found in study [PS12].  On the other hand, study [PS16] 

focused on the work and organizational environment, such as organizational culture, 

values, leadership, and resources. 
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Table 12 Definitions of e-health sustainability dimensions according to studies 

Dimensions PS15 PS16 

Economic ³,W� DLPV� WR� PDLQWDLQ� FDSLWDO� assets and added-value 
(interest) assets. Economic sustainability can be taken 
care of in terms of costs, budget constraints, long-term 
business objectives, and market requirements among 
RWKHU�HFRQRPLF�UHTXLUHPHQWV�´ 

³,W� UHIHUV� WR� ILQDQFLDO� LVVXHV� VXFK� DV� the availability of 
sustainable funding, affordability of technology, cost-
effectiveness and return on investment (ROI). The economic 
factors aim to improve profits; reduce costs and deliver 
DIIRUGDEOH�KHDOWKFDUH�VHUYLFH�´ 

Social ³,W� DLPV� WR� SUHVHUYH� WKH� social capital and preserve 
services and solidarity of social communities. Social 
sustainability can be handled via computer-supported 
collaborative work that aims to strengthening 
community building and improve community 
LQWHUDFWLRQ�´ 

³6RFLDO�IDFWRUV�UHSUHVHQW�WKH�H+HDOWK�IUDPHZRUN¶V�DELOLW\�WR�
address the ethical, behavioral, cultural, and stakeholder 
related issues in the process of eHealth systems 
development, implementation, operation and improvement. 
It aims at improving clinical safety, quality of care, equity of 
healthcare services, decision making, and speed of service 
GHOLYHU\�WR�DOO�VWDNHKROGHUV�´ 

Environment ³,W� VHHNV� WR� LPSURYH� KXPDQ� ZHOIDUH� E\� SURWHFWLQJ�
natural resources, such as water, land, air, minerals, 
and ecosystem. Any system applied in a real-world 
context is situated within a natural environment which 
means that it has an impact on the environment. 
Environmental sustainability can be managed by 
controlling resource flow: waste management, life 
cycle analysis, and environment LPSDFW�DVVHVVPHQW�´ 

³7KH�HQYLURQPHQWDO�IDFWRUV�DGGUHVV�OHJDO��RUJDQL]DWLRQDO�DQG�
individual readiness; technical, management and political 
supports; policy and capacity building aspects of the system 
RSHUDWLRQDO�HQYLURQPHQW�´ 

Technical ³,W� UHIHUV� WR� VRIWZare systems longevity and their 
adequate evolution. with changing surrounding 
conditions and respective requirements. Technical 
sustainability requirements include all requirements 
which lead to the longevity of a system such as non-
obsolescence requirements and the ISO/IEC 2501029 
quality characteristics (eg, maintainability, reliability, 
and transferability). Moreover, energy efficiency is 
DOVR�SDUW�RI�WHFKQLFDO�VXVWDLQDELOLW\�UHTXLUHPHQWV�´ 

³,W�IRFXVHV�RQ�WKH�WHFKQLFDO�FDSDELOLW\�RI�WKH�H+HDOWK�V\VWHP�
to PHHW�WKH�XVHUV¶�H[SHFWDWLRQ�ZKHUH�LW�LV�GHSOR\HG��7KH\�DOVR�
DGGUHVV� WHFKQLFDO� LQGLFDWRUV� VXFK� DV� XVHUဨIULHQGOLQHVV��
flexibility, reliability, availability, accuracy, efficiency, data 
TXDOLW\��VFDODELOLW\�DQG�DGDSWDELOLW\�´ 

Individual ³,W�UHIHUV�WR�WKH�PDLQWHQDQFH�RI�WKH�LQGLYLGXDO�KXPDQ�
capital, eg, health, education, skills, and access to 
services. Individual sustainability can be covered by 
privacy, safety, security, human-computer interaction, 
usability, personal health, and well-beLQJ�´ 

NA 
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Joshua et al. [PS6] concluded some issues that impact the sustainability of Health 

Information Exchange (HIE). These are financial, political, and organizational issues. In 

their study, they discussed the strengths and weaknesses of organizational models used for 

HIE in New York State, such as regional health information organization (RHIO). In 

addition, they provided suggestions to ensure the sustainability and effectiveness of 

exchange efforts. Financial issues were perceived as upfront costs, decreased profits, and 

funding, while political and organizational issues were summarized in the difficulty of 

cooperation and collaboration among healthcare organizations (e.g., other competitive 

hospitals). The authors suggested that existing of public/government funding and codifying 

health laws that enforce and facilitate the HIE would help in solving these issues. Another 

paper [PS10] investigated the sustainability of pilot smart connected health services that 

used Internet of Things (IoT) technology and were provided for both patients and health 

professionals. The results showed that in order to sustain smart connected hospital services, 

it is necessary to consider the technical feasibility, economic feasibility, and organizational 

commitment and support.  

Iandolo et al. [PS19] argued that the focus of healthcare technology assessment should be 

shifted from efficiency and effectiveness to the sustainability. By proposing a reference 

framework, they stated that the sustainability of the technology can be achieved by 

assessing three aspects along with considering the relations and interactions between them 

[25]. These aspects are economic, social, and political. Garde et al. [PS20] analyzed the 

inhibitors and enablers, that influence the sustainability of health information systems 

(HIS). They proposed a high-level sustainability framework based on four pillars, which 

are clinical, technical, socio-technical, and political/ business. Wade et al. [PS4] 
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investigated 54 telehealth services in Australia to understand the reasons behind the 

continuing and ceased services, and to assess their sustainability. The results revealed that 

insufficient demand, issues with technology, funding, loss of senior management support, 

and loss of interest of clinicians found to be the failure reasons among the ceased telehealth 

services. On the other hand, the success factors of sustainable healthcare services are 

sufficient demand, available funding, and developing organizational structures that help to 

integrate telehealth into their regular operations. Also, they demonstrated the importance 

of routinization and integration of telehealth service, especially when it is executed withing 

an existing clinical unit. Moreover, they stated that in public sector, the funding is not a 

major issue as long as the need and the support could be demonstrated, then the fund would 

follow. In addition, the sustainability of a telehealth application called TeleRehab was 

discussed by Scheideman-Miller et al. [PS8] and concluded six factors that impact the 

sustainability of TeleRehab. These are organizational strategy, establishment of need, 

organizational stakeholders, organizational commitment, human factors, revenue/cost 

savings, and outcomes. Organizational strategy addresses the customer, clinical operations, 

financial, and clinical development for health care providers and the organization. The 

human factors involve acceptance, long-term commitment of healthcare providers, 

specialized training, and user satisfaction. In addition, the outcomes of the e-solution vary 

whether they are clinical, financial, technical, or social outcomes. Therefore, they should 

be defined by the organization itself and needed to be evaluated regularly. They stated that 

a partnership of collaborators within an organization including clinical, technical, and 

administrative professionals will help in ensuring the success and sustainability of a 

telemedicine program. 
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Similar dimensions were mentioned in some studies, that presented frameworks and 

methods to assess e-health sustainability. Fanta et al. [PS16] evaluated the contribution of 

four frameworks for the implementation of e-health systems in a resource constrained 

environment. The evaluation was in terms of four sustainability dimensions. These are 

social, environmental, economic, and technological. They underlined that it is essential to 

consider the social, economic, and environmental factors in alignment with the technology 

factor to ensure the sustainability of e-health. In a following study [PS13], Fanta et al. 

presented the topic of sustaining the e-health implementation and emphasized on the 

importance of technological, social, organizational, and economic dimensions in this 

regard. The study proposed a conceptual framework for the sustainability of e-health 

implementation, that only focused on both organizational and technological dimensions. 

The organizational dimension comprises some aspects such as resources (i.e., human, 

physical, and financial resources), workflow process, and management support. While the 

technological dimension encompasses system quality, information quality, and service 

quality. Also, they underlined the techno-organizational processes that are essential for the 

success of e-health implementation. These processes are user training, data management, 

stakeholder engagement, project management, organizational communications. 

Remondino [PS12] proposed a framework that includes five dimensions, which are 

management, organization, technology, environment, and social. The framework helps in 

the long-term assessment of sustainability of IT applications and projects in healthcare and 

their implications on the healthcare organization, with respect to the five mentioned 

dimensions.  
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With regard to requirements engineering, Ouhbi et al. [PS15] have demonstrated the need 

for defining sustainability software requirements that are not focused only on the energy 

consumption of the software. Instead, they developed a design catalog called (SCH-CAT) 

for sustainable connected health applications. The catalog contains five dimensions; 

economic, individual, social, environment, and technical, all of which have their own 

sustainability requirements except for the economic dimension; that its requirements were 

not covered in the catalog because they are not considered inherent requirements. The 

catalog was used in the study to evaluate the sustainability of a connected health app for 

blood donation. Dyk et al. [PS17] discussed two models, that aim to assist in the successful 

implementation and sustainability of e-health solutions. The technology, users, work 

processes, finances, and policies categories were included in both models, as they 

contribute to the sustainability of e-health solutions. Along with that, Chowdhury et al. 

[PS3] proposed an optimization integrated Fuzzy QFD methodology to determine the 

RSWLPDO�VWUDWHJLHV�WKDW�FDQ�EH�XVHG�WR�PLWLJDWH�VHUYLFH¶V�EDUULHUV�DQG�DFKLHYH�RUJDQL]DWLRQ¶V�

sustainability goals. They emphasized on three dimensions that must be considered and 

balanced for sustainable service design. These dimensions are social, environmental, and 

economic. The proposed methodology was applied to m-health services setting in 

Bangladesh, by which lists of barriers and strategies to mitigate them were identified 

regarding m-health service sustainability. From the results, the authors emphasized on the 

LPSRUWDQFH� RI� WUDLQLQJ� WKH� VHUYLFH� SURYLGHUV� DQG� FROOHFWLQJ� FXVWRPHUV¶� IHHGEDFN� LQ�

LPSURYLQJ� WKH� VHUYLFH� TXDOLW\� DQG� VHUYLFH� UHFHLYHUV¶� VDWLVIDFWLRQ��$OVR�� WKH\� VWDWHG� WKDW�

PLWLJDWLQJ�VHUYLFH¶V�EDUULers has a substantial impact on the sustainable health service. 
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Table 13 The mentioned sustainability aspects of e-health solutions 

Aspect Study ID 

Functional suitability PS14, PS13, PS16 

Performance Efficiency  PS12, PS13, PS14, PS16 

Usability  PS12, PS13, PS16, PS22 

Security PS14, PS13, PS16, PS22 

Modifiability/Changeability, accessibility, reusability PS12 

Interoperability  PS11, PS13, PS14, PS16 

Portability PS12, PS13, PS16, PS20 

Flexibility PS16, PS13 

Reliability PS12, PS16, PS13, PS22 

Scalability PS16 

Accuracy PS13, PS16 

Completeness, consistency, data accessibility, confidentiality, relevance PS13 

Timeliness PS13, PS16 

Semantic interoperability  PS1, PS20 

Electromagnetic compatibility, power, physical parameters, data exchange, compatible 

architecture PS14 

Mobility and unobtrusiveness PS5, PS14 

Supporting online social networking PS5 

Attitude PS9, PS16 

Perceived ease of use PS9, PS14, PS16 

Perceived usefulness PS9, PS14, PS16 

User satisfaction PS9, PS3, PS8, PS16 

Confirmation PS9, PS16 

Trust in using eHealth, readiness to make changes, human computer interaction, benefit in 

learning, satisfaction & willingness, users' technology adoption, awareness about eHealth PS16 

Acceptance (patients & clinicians) PS8, PS14, PS18 

Social  PS5, PS17, PS13, PS15, PS19 

Workforce Availability PS3, PS18, PS21 

Technical Support PS7, PS16, PS13, PS12 

Technical Training PS8, PS3, PS20, PS16, PS13 

Physical Structures PS13, PS3 

Network management and Communication PS14 

Environment (ecological: natural resources) PS15, PS12 
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Support and commitment of top management 

PS4, PS6, PS8, PS10, PS13, PS16, 

PS21 

Organizational structures  PS4, PS8, PS13, PS16, PS20 

Process workflow & process integration PS13, PS17, PS11 

Laws and standards related to ICT and eHealth PS16, PS2, PS5, PS6 

Financial policy of e-health PS16, PS12 

Agreement on clinical content PS20 

Privacy and security policy PS16, PS1 

Data Management  PS14, PS2, PS13, PS16 

6WDNHKROGHUV¶�LQYROYHPHQW�HQJDJHPHQW PS4, PS8, PS13, PS16, PS22 

Direct benefit to users in routine work PS16 

Incentives and recognition PS3 

Organizational culture of electronic information use PS16, PS13 

(Outcomes of the solution are defined by the organization itself and needed to be evaluated 

regularly. They vary whether they are clinical, financial, technical, or social outcomes) PS8 

Sufficient demand and establishment of need PS4, PS5, PS8, PS16, PS18 

User and Organizational Readiness, eGovernment policy, efficiency of legal systems in 

settling disputes, intellectual property protection, procedures to enforce contracts PS16 

Policy  PS17, PS20 

Available and sustainable funding PS4, PS6, PS16, PS20 

Economic feasibility PS10 

Affordability of e-solution, Return on Investment PS16 

&RVWဨHIIHFWLYHQHVV�FRVW�PLQLPL]DWLRQ PS16, PS8 

Revenue and reducing the cost of data archiving PS2, PS8 

Moreover, some studies argued that user acceptance is significant to sustain e-health 

VROXWLRQV��:DGH�HW�DO��>36��@�GHYHORSHG�DQ�H[SODQDWRU\�PRGHO�IRU�WKH�WHOHKHDOWK�VHUYLFHV¶�

sustainability. In their work, they argued that the clinician acceptance is the key factor that 

influences the sustainability of telehealth services. The model shows how other 

components, such as workforce availability, clinician demand, adequate technology, and 

resourcing are related to clinician acceptance. The two factors, clinician demand for service 

and the adequate technology impact the clinician acceptance factor of the service, which 

in result influences the clinician workforce availability factor and therefore leads to sustain 
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the telehealth service. To achieve clinician acceptance, they suggested two strategies, 

which are legitimation and relationship building. Legitimation composed of promoting 

positive beliefs about telehealth among clinicians, while relationship building is 

concerning with maintaining good relationship with those who provide the care. Both of 

which are shown in the model as parts of champions promoting telehealth. The continuous 

usage intention of electronic medical records (EMRs) among healthcare professionals was 

evaluated using technology continuance theory (TCT) in [PS9]. With continuance usage 

being one factor of sustainability, the study focused on the six acceptance constructs, that 

influence continuance usage. These are confirmation, satisfaction, perceived usefulness 

(PU), perceived ease of use (PEU), attitude, and continuance intention. Spies [PS14] 

identified the concerns of m-health implementation when the sustainable use is the 

intended goal for the system. The concerns were discussed in terms of the patient and health 

practitioner perspectives (e.g., acceptance, usefulness, wearability, and quality of service), 

as well as the considerations of hardware and software design (e.g., compatibility, data 

management, functionality, and interoperability).  

Technical, political, and management dimensions were the focus of other studies. Petersen 

[PS7] addressed the role of technical support for hardware, software, and people-ware in 

sustaining the hospital information system (IS) and information technology (IT) 

infrastructure. Lenz [PS11] stated that two goals must be considered equally for the 

sustainability of healthcare information systems, which are process integration and systems 

integration. Chen and Wu [PS5] proposed a judgment-decomposition analytic hierarchy 

process (JD-AHP) approach to help decision makers in assessing the sustainability of smart 

e-health applications, such as smart body analyzer. The main factors that critically 
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influence the sustainability of a smart technology application are unobtrusiveness, 

supporting online social networking, relaxation of the related medical laws, future e-health 

market size, correct identification of need and situation. Shabo discussed the sustainability 

of electronic health records (EHRs) in [PS1, PS2]. In the first paper, he discussed 

sustainability issues of three different models of EHR from (i.e., conflicts of interests and 

DFFHVV� UHVWULFWLRQ� IRU� VRPH� VSHFLDO� FDVHV��� OHJDO� �L�H��� SDWLHQWV¶� ELOO� RI� ULJKWV��� DQG�

technological (i.e., semantic interoperability standards) aspects. Also, he proposed the 

Independent Health Record Banks (IHRBs) model that would help in sustaining the EHR. 

In the following paper [PS2], he discussed sustainability considerations of IHRBs, which 

are legal and ethical (e.g., authentication, access control, privacy, data integrity), business 

(i.e., revenue and reducing the cost of data archiving), and technological (i.e., information 

exchange standards). These considerations act as guidelines for the new legislation needed 

for IHRBs to be established and operate successfully. 

2.3.2.3 Evaluation/ Assessment Methods 

Eight of the primary studies [PS5, PS9, PS12, PS13, PS14, PS15, PS16, PS17] have 

discussed a method, framework, model, or theory to evaluate the sustainability of e-health 

solutions. These are: JD-AHP approach [PS5], technology continuance theory (TCT) 

model [PS9], HCC-MOTES framework [PS12], a conceptual framework to sustain e-

health implementation [PS13], a model to evaluate mHealth systems [PS14], (SCH-CAT) 

catalog [PS15], a conceptual framework for e-health systems in a resource constrained 

environment [PS16], and model for sustaining telemedicine projects [PS17]. The e-health 

solutions mentioned in the studies are smart e-health applications, EMRs, information 
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technology in healthcare, Electronic Health Management Information System (eHMIS), 

mHealth systems, and telehealth. 

Chen and Wu [PS5] identified several factors that are critical to the sustainability of 

technology applications in healthcare. By using the JD-AHP method proposed in their 

study, the priority of critical sustainability factors in two or more technologies are 

compared by a decision maker to determine which technology is more likely to sustain. 

Using 10 smart technologies in e-health, the proposed method was compared against 

existing methods, which are AHP, OWA,��and MACBETH. However, as stated in the study, 

this method works for one decision-maker, if more were involved, then the sustainability 

problem becomes considerably complicated.  

Gilani et al. [PS9] used TCT model to evaluate the continuance usage intention of EMR 

system among users (i.e., healthcare professionals) in the post-adoption phase. In their 

study, the hypotheses discussed the positive effects of satisfaction, attitude, perceived 

usefulness, perceived ease of use of healthcare professionals on their continuance intention 

to use EMR system. In order to test the hypotheses, a survey was carried out on 195 

respondents consisting of various healthcare professionals from five hospitals. Results 

showed that all hypotheses in the TCT model were supported, which indicates the 

significant power of TCT to explain EMR system continuance usage intention of both 

short- and long-term users. As indicated in their study, TCT will help policymakers and 

managers in the healthcare sector to understand the factors that result in the ongoing use of 

an EMR system after adoption phase. 
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Remondino [PS12] developed a framework named HHC-MOTES, that contains a novel 

set of Key Performance Indicators (KPIs) to evaluate the sustainability of healthcare IT 

projects in terms of five dimensions (i.e., management, organization, technology, 

environment, and social). The framework aimed to provide a qualitative measurement of 

various aspects related to the sustainability of IT applications in healthcare. It is stated in 

the study that HHC-MOTES framework can be used by healthcare decision-makers to 

strategic decisions regarding introducing or updating IT systems or examining current 

systems and identify limitations and shortcomings. However, it worth noting that the 

mentioned KPIs of all dimensions other than the technology dimension, were focusing on 

assessing the positive impact of IT systems on the efficiency of the healthcare system. For 

example, in the environment dimension, the indicators were evaluating the reduction of 

paper use and energy consumption, that were caused by using the IT system. However, the 

technological KPIs discussed the aspects that should be considered to ensure the 

sustainability of IT system in healthcare. Example of these indicators is ensuring the 

modifiability, reusability, portability, and supportability of the IT system.  

Fanta et al. [PS13] developed a conceptual framework that describes how organizational 

and technical factors influence the sustainability of eHealth implementation. The 

framework has four sections. These sections are 1) inputs, which contains organizational 

and technological factors, 2) processes, that deals with activates executed to achieve 

desired outputs, 3) outputs, consists of intention to use, actual use, and user satisfaction, 

and 4) outcomes, which represents organizational benefits (i.e., improving the decision-

making process and internal communications in the organization). By using a causal loop 

diagram (CLD), the study presented the dynamic interactions between organizational 
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factors and the technological dimensions. Also, the study concluded insights from the 

literature about measuring the technological aspects. For system quality, it could be 

measured by ease of use, functionality, reliability, flexibility, portability, integration, and 

importance of the system [52][53][54]. The measures of information quality consist of 

accuracy, timeliness, completeness, relevance, and consistency of information produced 

by IT system [55], [52][53][54]. Moreover, the service quality measures include up-to-date 

hardware and software, reliability, responsiveness, assurance, and empathy of technical 

support [53][54]. 

Table 14 Tools and assessment methods mentioned in the primary studies 

Study 

ID 

Method of 

assessment 

Type of 

Assessment 

methods 

Source E-health solution 

Evaluated/va

lidated in 

real context? 

PS5 
AHP 

method 

Mathematical 

equations 
Proposed 

Smart e-health 

applications 
No 

PS9 Model Theory Technology Continuance Theory (TCT) 
Electronic medical 

records (EMRs) 

Yes, 

evaluated 

PS12 Framework 

Qualitative 

metrics and 

KPIs 

Existing literature and validated sets 

Information 

Technology (IT) in 

Healthcare 

No 

PS13 
Conceptual 

framework 
NA Proposed 

Electronic Health 

Management 

Information System 

(eHMIS) 

Yes, 

evaluated 

PS14 Model Standards 

1. Clinical and Laboratory Standards 

Institute (CLSI) 

2. ³,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�

Engineers Standards Association 

�,(((�´ 

mHealth systems No 
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3. ³,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�

Commission Technical Report 

�,(&�75�´ 

4. ³,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�

Standardization -Technical Report 

�,62�75�´ 

5. ³*HUPDQ�,QVWitute for Standardization 

(DIN) 

PS15 Catalog 

Checklist of 

software 

quality 

requirements 

Elicited from several sources in software 

engineering 

Connected health 

apps (e.g., 

telemedicine, 

mHealth, etc.) 

Yes, 

evaluated 

PS16 
Conceptual 

framework 

Qualitative 

indicators 

/LWHUDWXUH�DQG�LQWHUQDWLRQDO�DJHQFLHV¶�

reports 
e-health 

Yes, 

evaluated 

PS17 Model 

Qualitative 

feedback and 

quantifiable 

scale 

Combination of two existing models 

(CeHRes roadmap and TMMM) 
Telehealth 

Yes, 

evaluated 

The model proposed by Spies [PS14] aimed to be used as an evaluation method for the 

developed and developing m-health systems to assess the sustained use of them. The model 

focuses on evaluating aspects related to the user (i.e., patients and physicians) and system 

design (i.e., hardware and software). Each of which are intended to be measured by 

endorsed standards. The standards were included from the bodies presented in Table 14. 

As requirements engineering play a vital role in software sustainability, Ouhbi et al. [PS15] 

designed SCH-CAT catalog for software quality requirements; that are critical to the 

sustainability of connected health (CH) applications. Although SCH-CAT catalog targets 

the design phase of CH applications, a checklist can be generated from it, in which it 

includes a set of requirements to be used to evaluate the sustainability of CH applications 
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in the implementation phase. The catalog was applied to assess the sustainability of a 

running CH application called Blood Donor+. A questionnaire containing requirements as 

checklist questions was used to evaluate the CH app, in which the answer is one of the 

three options: yes (+1), No (+0), and partially (+0.5). The coverage score was calculated 

DQG�WKH�WKUHVKROG�VFRUH�WKDW�GHWHUPLQHV�WKH�DSS¶V�VXVWDLQDELOLW\�ZDV�VDW�WR�EH������ 

Based on a literature survey, Fanta et al. [PS16] constructed a conceptual framework that 

can support the efforts of developers, researchers, managers, and policy makers to ensure 

the implementation of sustainable eHealth systems in resource constrained settings. In the 

study, the framework was used to assesses the contribution of four e-health frameworks. 

The framework consists of four sustainability aspects, namely social, environmental, 

economic, and technological, all of which contain indicators, that can be used to evaluate 

the sustainability of e-health systems. 

Dyk et al. [PS17] discussed two models Telemedicine Maturity Model (TMMM) and 

CeHRes roadmap, that were proved to be effective in facilitating, implementing, and 

sustaining telemedicine projects. The CeHRes roadmap serves as a guide to the 

establishment of a telemedicine service, whilst the TMMM is concerned with maturation 

of the existing telemedicine service. In the study, the authors proposed a new model by 

combining these two models. In the proposed model, it was suggested that each maturity 

level of TMMM serves as a stage gate for each of the phases of the CeHRes roadmap. 

Maturity levels are initial, managed, defined, quantitatively managed, and optimized. The 

maturity levels are used to evaluate the maturity categories, which are technology, users, 
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work processes, finances, and policies. By applying the proposed model to an e-health 

solution, the resulted maturity level of each category determines its sustainability.  

Iandolo et al. [PS19] argued that the focus of healthcare technology assessment should be 

shifted from efficiency and effectiveness to the sustainability. They proposed a reference 

framework containing efficiency and effectiveness dimensions to achieve the sustainability 

dimension of healthcare technology. They defined efficiency as the plans (i.e., things are 

done in the right way), effectiveness to be the goals (i.e., the right things get done.), and 

sustainability is the right relationships exist with other service systems. As they indicated, 

efficiency can be measured with reference to the structure, whilst effectiveness of a system 

is measured with its specific context of reference. And in relation to the general 

environment, sustainability therefore can be achieved. 

2.4 Discussion 

Although sustainability is a critical issue in all sectors, it is more important in healthcare 

due to the complexity and sensitivity of this sector [34][41][43][21][16]. As e-health 

solutions being involved in many processes of healthcare provision, the sustainability of 

these solutions should be particularly considered by healthcare decision makers and 

management. However, the results of this SLR indicated a significant scarcity of studies 

investigating the sustainability of e-health solutions and providing methods to assess and 

evaluate their sustainability.  

The issue of not having a unified sustainability definition in healthcare was mentioned on 

most of the primary studies, yet their scope did not focus on resolving this issue or referring 

to other studies that tackled it. There exists some studies that focused on defining 
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sustainability in healthcare [56][20]. However, the scope of these studies was defining 

sustainability of the healthcare innovation generally, and not focusing on the e-health 

solutions. Therefore, a unified definition of sustainability of e-health solutions remines a 

need and further studies are required to investigate how e-health sustainability is perceived 

and defined in practical and literature. Based on the focus of the definitions elicited from 

the literature, the sustainability of e-health solutions is defined by the ability of e-health to 

continue meeting the expanding demand for facilitating healthcare provision through the 

cost-efficient use of digital technologies. 

Moreover, the studies emphasized on the importance of having multidimensions to assess 

the e-health sustainability as it is not enough to focus on only one dimension such as 

financial, environmental, or technology [48][42][17]. Correspondingly, the organization 

dimension was found to be dominating more than the technology and aspects related to the 

e-health solution [43]. That is because the same e-health solution can exhibit different 

levels of success when implemented in different healthcare organizations [43]. As the 

budget for e-health is a global issue in all healthcare systems, top management support is 

one of the organizational factors that help overcome this issue [35]. That is because when 

the top management is supporting the adoption of the e-health solution, then the funding 

will be readily facilitated [35], which contributes to its sustainability. 

Also, it is important to consider the variation of the influence on sustainability among the 

dimensions, in which sustainability should not be an all-or-nothing concept [35]. Instead, 

each dimension impacts the sustainability of e-health at different degree according to the 

context of the e-health solution [35]. Although all dimensions are intrinsically 
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interconnected and must be considered as they influence each other [42], most of studies 

that stated the dimensions of e-health sustainability did not explore the influence degree of 

dimensions on the sustainability and on each other. Except for study [PS18], in which it 

argued that the clinical acceptance has the greatest influence on sustaining telehealth, that 

was the focus of the study. Determining the degree of influence of the dimension reflects 

the importance of each dimension and therefore helps assessing  the sustainability of the e-

health solution, which was not discussed in depth in the primary studies [48]. 

Some of the selected studies in this review have proposed a model or framework containing 

dimensions of e-health sustainability. Yet, all the mentioned evaluation methods were 

either too narrow, in which it was designed to evaluate a specific type of e-health (e.g., 

health connected applications), or too general and do not comprehensively evaluate the 

sustainability of the e-health solutions. Therefore, there is a need for a sustainability 

assessment method, that comprehensively assesses all sustainability aspects of e-health 

solutions.  

To cover a wider range of studies, I used OpenGrey1 database to search for relevant papers 

in the grey literature. Yet, the papers found in the results were irrelevant to the focus of this 

SLR. For example, some papers discussed sustainability from a manufacturing perspective 

rather than focusing on the sustainability of digital solutions. Also, some of them focused 

on software are sustainability from GHYHORSHUV¶�SHUVSHFWLYHV��LQ�ZKLFK�QR�UHOHYDQW�DVSHFWV�

can be extracted and used to reflect the sustainability of e-health solutions. The rest of the 

results were discussing sustainability from an ecological perspective. In addition, I 

 
1 http://www.opengrey.eu/ 

http://www.opengrey.eu/
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searched other types of documents (i.e., other than articles and conference papers) in the 

three libraries (Scopus, Web of Science, and IEEE), no relevant documents were found. 

Therefore, the grey literature was not included in this review.  

2.4.1 Threats to validity 

The validity of this SLR has some construct, internal, and external threats. In terms of the 

construct validity, the SLR protocol, especially the search sting, might be biased or does 

not lead to covering all relevant studies. However, to mitigate this threat, I had the SLR 

reviewed by an expert DQG�WKH�VHDUFK�VWULQJ¶V�WHUPV�ZHUH�H[WUDFWHG�IURP�UHOHYDQW�VWXGLHV� 

 For the internal validity, data extraction might be biased, or some relevant data might be 

missed as the data was extracted by the author. However, having the template that includes 

what data to extract and documentation of extracted data might reduce the risk if this issue 

(see Table 6). In addition, some of the questions of the quality assessment are not decisive, 

they depend on how I interpreted the study. Hence, this might exclude some relevant 

studies.  

2.5 Chapter summary 

This SLR aimed to investigate the e-health sustainability in terms of aspects and assessment 

methods. The results showed that there is a scarcity in e-health sustainability assessment. 

Therefore, it is necessary to redirect the focus of e-health research towards developing a 

sustainability model that encompasses all aspects that impact the sustainability of e-health 

solutions. Hence, this thesis proposed a comprehensive sustainability model for the e-
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health solutions, and assessment method that assess all dimensions and aspects 

appropriately. The model is presented in next chapter. 
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3 CHAPTER 3 

E-HEALTH SUSTAINABILITY MODEL 

This chapter discusses the process of building the proposed e-health sustainability model. 

It contains the phases of building the model, the definitions of sustainability dimensions, 

the criteria of categorizing the aspects into the dimensions, and the validation of the model.  

3.1 Phases of designing and validating the e-health sustainability 

model  

Figure 5 presents the phases of building the model. Based on the SLR results (Chapter 2), 

the extracted sustainability aspects were grouped into five dimensions to form the e-health 

sustainability model. These dimensions are technology, organization, resources, social, and 

economic. The categorization of the dimensions was deduced from the literature as they 

were mentioned to be the main dimensions of e-health sustainability [19]. The significance 

of representing sustainability of e-health solutions through multiple dimensions arises from 

the fact that focusing on only one dimension is insufficient for evaluating software's 

sustainability [57]. Following that, the extracted aspects (refer to Table 13) were 

categorized into the five sustainability dimensions based on the criteria of each dimension. 

As presented in Table 15, the definitions of the dimensions were obtained from SLR studies 

(Chapter 0) and were used as guidance to the development of the categorization criteria, 

that is used to map the aspects with dimensions in this thesis. Table 16 presents the criteria 
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used to categorize the aspects. Each dimension is explained in detail in the following 

section. 

 

Figure 5 Building phases of the sustainability model 

 

Table 15 Developed definitions of sustainability dimensions 

Dimension Definition 

Technology The technology dimension includes the aspects that determine the quality of the system itself 

regardless of the context it is applied to [45].  

Organization The organization dimension is concerned with the aspects that influence the readiness of the 

organization to adopt the system and accommodate the changes that followed the adoption [45]. 

Resources  The resources dimension involves all aspects that facilitate the installation of the e-health solution 

and assist the e-health to operate and be used at the optimal level [42]. 

Social  The social dimension comprises all aspects that are related to the users' perspectives and 

behaviors towards adopting and using the system [42]. 

Economic The economic dimension is related to the funding directed to e-health solutions, and the financial 

benefits gained from using the system [45]. 
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Table 16 $VSHFWV¶�FDWHJRUL]LQJ�FULWHULD 

Dimension Criteria of aspects categorization 

Technology Any aspect fits under the technology category is an external entity/attribute that is associated with the 

new technology itself and does not depend on or belong to the organization.  

The aspect in this category should 

x contribute directly to the overall soundness of an e-health solution that is under evaluation OR 

x be a part of hardware or software of an e-health solution that is under evaluation (i.e., it could 

be input/output, components, properties, or attributes, etc.).  

Organization x The aspects in this category are associated with the readiness of the organization to adopt an e-

solution.  

x The aspect regulates, defines, and impacts the way an e-solution is adopted in the organization.  

Resources $Q\�DVSHFW�EHORQJV�WR�WKLV�FDWHJRU\�UHSUHVHQWV�RU�EHORQJV�WR�DQ�RUJDQL]DWLRQ¶V�UHVRXUFHV�WKDW�DIIHFW�

the deployment of an e-solution.  

The aspect should: 

x contribute to the operating environment of the e-health solution AND 

x help in maintaining acceptable level of using e-health solution. 

Social The aspects belong to this category is concerned with the user interaction and use of an e-solution. 

The aspect should 

x directed to the user of e-health. 

x FRQWULEXWH�WR�DVVHVVLQJ�WKH�XVHUV¶�SHUFHSWLRQ�DQG�behavior towards the use of the e-health. 

Economic The aspect in this category is associated with the financial affordability and benefits associated with 

an e-solution the:  

The aspect should 

x contribute to covering the costs of adopting and operating e-health solution 

x concern with the financial benefits gained from adopting and using the e-health solution. 

 

Figure 6 illustrates the three levels (i.e., dimensions, aspects, and elements) of the 

sustainability model. Dimensions are in the first level of the sustainability model and can't 

be eliminated as each one of them influences the sustainability of e-health. Each dimension 

contains aspects, which represent the second level in the model. The fulfillment of these 

aspects is reflected in their dimension and indirectly impacts the sustainability of e-health. 
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In the third level, some of the aspects contain elements, that are used in the assessment 

phase to assess the sustainability of e-health. The importance of having the dimensions 

decomposed into aspects and elements is to support a fine-grained analysis of the 

sustainability level.  After that, the model was validated by experts in healthcare. The 

validation phase is described in section 3.3. 

 
Figure 6 The levels of the e-health sustainability model 

3.2 E-health Sustainability Model  

This section describes the dimensions of the e-health sustainability model. Figure 7 

presents the e-health sustainability model with all its components. Appendix B in Table 41 

contains the definitions of the sustainability elements. Technology, organization, 

resources, social and economic dimensions are explained in detail in the following 

subsections respectively. 

3.2.1 Technology 

The technology dimension contains three aspects: system quality, data quality, and 

hardware quality. All these aspects are concerned with the quality of the e-health solution. 
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The system quality aspect refers to the soundness of the e-solution, which comprises 

V\VWHP¶V�IXQFWLRQDO�VXLWDELOLW\��SHUIRUPDQFH�HIILFLHQF\��XVDELOLW\��VHFXULW\��PDLQWDLQDELOLW\��

compatibility, portability, flexibility, reliability, scalability, and integrability. The 

existence of these elements ensures that the system operates efficiently and therefore 

contributes positively to the solution sustainability. Similarly, the data quality aspect refers 

to the quality of the content information produced by the e-health solution. Elements of 

this aspect, such as data confidentiality, accuracy, and completeness are critical in the 

context of e-health solutions as they deal with sensitive health data such as drug 

SUHVFULSWLRQV�DQG�SDWLHQWV¶�LQIRUPDWLRQ��+DUGZDUH�TXDOLW\�DVSHFW�UHIHUV�WR�WKH�VXLWDELOLW\�RI�

the hardware components of the e-KHDOWK�VROXWLRQ�WR�WKH�XVHUV¶�QHHGV�DQG�FRPIRUW��6RPH�

elements of this aspect are the amount of electrical power consumed by e-health and the 

degree of mobility it provides to the user. This aspect is mostly applicable to e-health 

solutions that are related to m-health contexts or in case of the existence of special hardware 

components required to operate the e-health (i.e., hardware components used directly by 

the users such as a microphone to dictate medical reports). Although some unmentioned 

elements in the technology dimension can be used to determine the quality of a software 

product, the elements outlined in the model were found in the literature to significantly 

affect the sustainability of e-health solutions.  

3.2.2 Organization 

The organization dimension addresses changes introduced to the organization because of 

the adoption of the e-health solution. The organization dimension is important for the 

sustainability of the e-health solution because it ensures the availability of plans, policies, 
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and practices that streamline the workflow integration of the e-health solutions and 

acceptance of users. In the results of the SLR (refer to Table 11), some studies (i.e., PS1, 

PS2, PS5, PS6, PS13, PS17, PS19) represented the political/legal as aspects while in other 

studies they were mentioned as dimensions. As the definition of the political/legal overlaps 

partially with the organization¶V� GHILQLWLRQ, I followed studies (PS15 and PS16) and 

included political/legal as aspects under the organization dimension. The aspects of this 

dimension are support and commitment, organizational structures and strategy, planning 

and policies, stakeholders, the culture of electronic information use, outcomes 

identification, and demand and need.  

The support and commitment of the top management and their awareness of the importance 

of adopting the e-health solution are essential to its sustainability. The importance of this 

aspect is that the top management always has the final decision on whether to continue 

running and funding the e-health or not and whether to enforce the changes associated with 

the e-solution or not. The absence of their support may result in an unplanned suspension 

of the e-solution; hence, waste of money and resources were allocated to it. Similarly, the 

support and commitment of the e-health solutions vendors to continue providing the 

services impact the sustainability of the e-health solution. Therefore, it is necessary to 

consider this when assessing sustainability. 

Also, having well-established plans and policies that deal with the e-health regulations 

provide a solid foundation to adopt and sustain any e-health solution. In addition, it is the 

responsibility of the healthcare organization to identify the outcomes of adopting and using 

e-health and to have an evaluation plan to assess these outcomes regularly. Moreover, 
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determining the need and demand on e-health plays a key role in its sustainability because 

ORZ�GHPDQG�RU�XQIXOILOOHG�QHHGV�ZLOO�EH�D�ZDVWH�RI�WKH�RUJDQL]DWLRQ¶V�UHVRXUFHV�OHDGLQJ�WR�

stopping the e-health solution. 

3.2.3 Resources 

The resources dimension is concerned with the aspects needed for the continuity of e-

KHDOWK¶V�RSHUDWLRQ��7KHVH�DVSHFWV�DUH�KXPDQ�UHVRXUFHV��ILQDQFLDO�UHVRXUFHV��DYDLODELOLW\�RI�

technical support and training, and readiness of ICT infrastructure within the healthcare 

organization. Human resources refer to the availability of enough users to use and support 

the e-health solution to provide the healthcare service or complete its tasks. Even with the 

existence of needs and demands for e-health, the shortage in human resources will affect 

the work process and cause to suspend or stop the e-health solution. Also, the financial 

resources aspect refers to the availability of financial resources that support operating the 

e-health solution, such as covering the expenses of purchasing a new system feature or 

upgrading the software license to cover more features such as technical support and 

maintenance. The technical support and training aspect involves the technical support and 

maintenance for the e-KHDOWK�VROXWLRQ¶V�FRPSRQHQWV�DQG�XVHUV��DQG�SURYLGLng them with the 

necessary knowledge to use the e-health. Maintaining the soundness of the e-health 

solution and technical skills among users will contribute to using the system, hence, a 

higher sustainability of the e-health solution is expected. The readiness of the ICT 

infrastructure is reflected on the e-health performance and therefore has an impact on its 

sustainability.  Because even with an efficiently designed e-health solution, its capabilities 

will not be optimally utilized if the ICT infrastructure within the organization is not ready 
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to operate the e-KHDOWK��H�J���QR�VWHDG\�QHWZRUNLQJ�V\VWHP��QR�VXIILFLHQW�VHUYHUV¶�FDEDOLVWV��

or outdated equipment.), hence affecting its performance. 

3.2.4 Social 

The social dimension consists of all elements that DUH� UHODWHG� WR� WKH�XVHUV¶� SHUFHSWLRQV�

towards the e-health solution. These elements were grouped into two aspects, which are 

the continuous usage intention and the user behavior. The intention of the users to continue 

using e-health must be highly considered especially if the regulations do not enforce the 

use of the e-health solution. This interrelates with the human resources aspect in the 

resources dimension, having enough users using the system to achieve its outcomes. Also, 

XVHUV¶�EHKDYLRU� WRZDUGV�H-health influences the work process and e-health productivity. 

The users who trust the use of e-health and have the requisite skills and training are most 

likely to be ready to make the necessary adjustments corresponding to the adoption of e-

health, which contributes to the achievement of the outcomes and goals of the e-health 

solution. 

3.2.5 Economic 

The economic dimension contains three aspects, which are affordability of the e-health 

solution, sustainable funding, and financial benefits. The affordability of e-health refers to 

the degree to which all expenses of the e-health solution are covered. This is not limited to 

the technical expenses but extends to operational costs such as staff salaries and required 

equipment. Yet, even in the case of the capability of affording the e-health solution, it is of 

great importance to have sustainable funding for the e-health solution. Therefore, the 
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sustainability of funding must be considered and ensured when approving the e-health 

affordability as it is not a one-time activity. The financial benefits aspect concentrates on 

the direct or indirect pecuniary or material benefit, that is obtained by implementing and 

using the e-health solution [58]. This can be in a form of direct cost-saving (cost reduction) 

or indirect cost-saving through operative, regulative, or social aspects, that eventually 

affect the financial business aspects [58]. This aspect can interrelate with the outcoPH¶V�

identification aspect in the organization dimension. However, it is worth noting that it 

GHSHQGV� RQ� WKH� KHDOWKFDUH� RUJDQL]DWLRQ¶V� JRDOV� DQG� REMHFWLYHV� RI� XVLQJ� WKH� H-health 

solution. In other words, if the healthcare organization does not consider financial benefits 

in the adoption of e-health then this aspect can be eliminated in the context of the healthcare 

organization. 
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Figure 7 E-health sustainability model 

3.3 Validation of the Sustainability Model  

To verify the validity and the comprehensiveness of the e-health sustainability model, 

interviews and discussions were conducted with three experts in IT from three different 

hospitals. One hospital is in the eastern province of Saudi Arabia and the other two are in 

the western province of Saudi Arabia. The objectives were to collect their feedback on 1) 

the validity and correctness of the dimensions and their elements and aspects, 2) 

comprehensiveness of the model in terms of representing the e-health sustainability 

dimensions, 3) the importance of each dimension and their aspects, and 4) applicability of 

dimensions and their aspects in reasoning about sustainability of e-solution in healthcare. 

The data collected from first and second feedback on the validity and comprehensives of 
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the sustainability model were used to refine the model. While the feedback on the 

importance and applicability were used to select the most relevant and important elements, 

based on the context, to assess the sustainability (to be explained in Chapter 4). Table 17 

summarizes the feedback iterations and the suggested changes in each of them.  

Table 17 Summary of the results of the feedback iterations 

Iterations Description Suggested changes 

Iteration 1 

Presenting the initial version of the proposed 

sustainability model to validate the correctness of its 

dimensions and their elements and aspects. 

x Adding software integration as an element in the 

system quality aspect in technology dimension. 

x Considering the commitment and support of the 

e-health vendor as an element that impact the 

sustainability. 

Iteration 2 

Validating the comprehensiveness of the model in 

terms of representing the e-health sustainability 

dimensions. 

The expert assessors should decide on the weights of 

the dimensions and select the applicable aspects 

based on their judgment. 

Iteration 3 
Determining the importance and applicability of each 

dimension and their aspects 

The aspects and elements with high importance 

should be mandatory in assessment, while other 

aspects with less importance can be eliminated based 

on the context. 

The experts are healthcare providers and staff, who have been working for an average of 

10 years in the healthcare industry. They have direct experience in managing the adoption 

of e-health solutions within their hospitals. The used sampling technique is judgmental 

sampling [59]. The duration of the interview discussions was from 45 to 60 minutes.  

During the interview discussions, the experts were asked about the sustainability aspects, 

that they consider when they evaluate an e-health solution. The aspects they mentioned 

aligned with the model, by which they were a subset of the set that composes the model. 

After that, the e-health sustainability model was presented to the experts to validate the 
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other aspects. All three experts agreed on the importance of the aspects on determining the 

sustainability of the e-health solutions. One expert suggested adding an additional aspect 

in the technology dimension, which is the integration aspect. As stated by that expert, who 

is the head of the IT department in the hospital, the integration aspect is critical as most of 

the e-health solutions should be connected to the hospital information system (HIS) 

because it is the core system in the hospital. Therefore, the e-health solution must be 

integrable if there is any sort of required communication between the e-health solution and 

the HIS. Another suggestion was regarding the organization dimension, in which they 

emphasized on considering the commitment and support of the e-health vendor as an 

element that impact the sustainability. Also, he highlighted that the maintainability element 

LQ� WKH� WHFKQRORJ\� GLPHQVLRQ� GHSHQGV� RQ� WKH� RUJDQL]DWLRQ¶V� REMHFWLYHV� RI� WKH� H-health 

solution project. He illustrated that reusability, which is part of the maintainability 

definition, is not always important as most of the e-health solutions projects are adopted 

and implemented to serve a specific goal. This element was therefore considered to have a 

weak effect on e-health's sustainability and should only be considered if reusing the e-

health solution is an objective. Accordingly, experts will assign the weights to the 

dimensions and select the elements based on their applicability to the context of the e-

health solution. The mandatory and optional aspects were suggested and identified by an 

independent technology expert in healthcare as they are shown in Table 18. The 

identification for the mandatory/optional evaluation was for the purpose of guiding the 

healthcare institution on what is essential to be evaluated and what is optional. For 

example, the system quality aspect in the technology dimension exists in any software and 

it must be evaluated, and thus it is mandatory. On the other hand, the hardware quality 
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aspect is optional because not all e-solutions need a special hardware. For other aspects 

such as organizational structures & strategy and stakeholders, they are optional because 

some e-health solutions are not necessary impacting an organization structure or require 

VWDNHKROGHUV¶� LQYROYHPHQW (e.g., e-solutions for a specific department such as IT 

department). Also, for the ICT infrastructure, some e-health solutions do not need to be run 

RQ�WKH�KRVSLWDO¶V�,&7�LQIUDVWUXFWXUH�VXFK�DV�KHDOWK�DSSOLFDWLRQV�WKDW�DUH�QRW�FRQQHFWHG�WR�

the hospital database or severs but are used by patients and physicians. However, it is up 

to technology experts in hospitals to discard some of the mandatory aspects.  

Table 18 The mandatory and optional aspects in the sustainability assessment 

Dimensions Aspects Assessment Status  

Technology 

System quality Mandatory  

Data quality Mandatory  

Hardware quality Optional  

Organization 

Support and commitment  Mandatory  

Organizational structures & strategy Optional 

Planning and Policies Mandatory 

Stakeholders  Optional 

Culture of electronic information use Mandatory 

2XWFRPH¶V�identification Mandatory 

Demand and need Mandatory 

Resources 

Human resources Mandatory 

Technical support and training  Mandatory 

ICT infrastructure Optional 

Financial resources Optional 

Social 
Continuance Usage Intention Mandatory 

User Behavior Mandatory 

Economic Sustainable funding Mandatory 



62 
 

Affordability of e-solution Mandatory  

Financial benefits Optional 

3.4 Chapter summary  

This chapter presented the e-health sustainability model, that contains the main dimensions 

and aspects that impact the sustainability of e-health solutions. The model was constructed 

based on the dimensions and aspects extracted from the SLR conducted in Chapter 2. The 

model was built and designed through multiple iterations. The model was validated by 

three experts in healthcare, in which their comments were accommodated to refine the 

model and produce the final and validated version of it. 
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4 CHAPTER 4 

E-HEALTH SUSTAINABILITY ASSESSMENT METHOD 

This chapter presents the assessment method used to assess the sustainability aspects of e-

health solutions and predicts their contributions to the overall sustainability. It illustrates 

WKH�WRROV�XVHG�WR�HYDOXDWH�WKH�PRGHO¶V�DVSHFWV�DQG�HOHPHQWV��DQG�WKH�DVVHVVPHQW�SURFHGXUHV�

that propagates the evaluation of the elements to compute the overall sustainability level. 

4.1 Related work  

Saputri and Lee proposed a framework for evaluating software sustainability from a 

software engineering perspective, in which it focused on analyzing software artifacts�[57]. 

Their framework consists of four major phases, that combine static analysis, dynamic 

analysis, and machine learning (ML) approaches. The evaluation results determine the 

sustainability achievement of the aspects and the aspects that require improvements. This 

is done based on the baseline scenarios (i.e., below, same, and above) defined by the 

knowledge experts according to the context. Another work done by Abdellatif et al. [60] 

IRFXVHV�RQ�VRIWZDUH�SURGXFW�PDWXULW\��,Q�WKHLU�ZRUN��WKH\�GHYHORSHG�D�7HFKQLFDOဨ&DSDELOLW\�

Maturity Model Integration (TCMMI) framework to assess the software product quality, 

which consists of two components: a reference model and an assessment method. Figure 8 

presents the reference model of the TCMMI framework.  
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Figure 8 Dimensions of the TCMMI reference model (PMMI) [60] 

$� VWXG\� FRQGXFWHG� E\� 6LHGOHU� HW� DO�� SURSRVHG� D� PRGHO� WKDW� DVVHVVHV� FRPSDQLHV¶�

digitalization maturity level [61]. These levels are explorer, beginner, intermediate, and 

expert with scale from 1-4 as presented in Figure 9. The digitalization maturity level 

(MLtotal) is calculated by obtaining the arithmetic mean of the achieved maturity level of 

the four product lifecycle phases and the Corporate Level [61]. The maturity level of the 

four product lifecycle phases and the Corporate Level is achieved through calculating the 

mean of the belonging criterion digitization, that is specified in the study [61]. 

 
Figure 9 Description of company maturity levels [61] 
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4.2 Sustainability Evaluation  

4.2.1 Evaluation Tools  

The elements of each aspect are assessed by either checklist or survey questions. Both 

checklists and surveys have a five-point Likert scale. The scales are strongly agree, agree, 

neutral, disagree, and strongly disagree, which are equivalent to the numerical scale 5-1 

UHVSHFWLYHO\�� 7KH� TXHVWLRQV� XVHG� WR� DVVHVV� WKH� DVSHFWV¶� HOHPHQWV� ZHUH� JDWKHUHG� IURP�

different recourses found in the literature. It is worth mentioning that most of the 

resources focus on evaluating software products in general, and in this work, they have 

been adapted for the context of e-health solutions. To illustrate, some of the questions in 

the evaluation tools were altered in terms of the wordings to fit the context of e-health 

solution evaluation. Also, the questions' focus of some aspects was deduced from the 

literature, and based on that the questions were developed by the author. Table 19 shows 

how each aspect's questions were customized. 

In addition, some aspects need to be evaluated regularly (e.g., every year or after a major 

change/update on the e-health). The importance of regular evaluation is that some changes 

might happen to the e-health solution after the assessment phase, and thus the predicted 

sustainability level may change as a result. Also, with the rapid changes in demands on 

KHDOWKFDUH�HQYLURQPHQW¶V��WKH�JRDOV�DQG�QHHGV�PLJKW�GLIIHU�TXLFNO\��KHQFH��D�GHSOR\HG�H-

solution might not be the optimal solution anymore. Thus, it is better to assess the 

sustainability regularly in order to avoid wasting money and other resources or to invest 

more in highly sustainable systems. The sustainability assessment is expected to be tun at 

least annually. Table 19 shows the types of evaluation tools for each aspect along with their 
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evaluation frequency. Examples of checklists and surveys questions are listed in Table 20. 

The complete evaluation checklists and surveys are listed in Appendix C in Table 41. 

Table 19 Types of evaluation tools of each sustainability aspect 

Dimensions Aspects 
Type of 

evaluation tool 
Customization 

Evaluation 

frequency 
Reference 

Technology 

System quality Checklist  Change of wording On system change 

or update 

[62][63][64] 

Data quality Checklist  Change of wording On system change 

or update 

[65] 

Hardware quality Checklist  Developed* On system change 

or update 

[44] 

Organization 

Support and commitment  Checklist  Change of wording Annually [66] 

Organizational structures 

& strategy 

Checklist  Change of wording Once [66][29] 

Planning and Policies Checklist  Developed* Annually [66][67][68][69] 

Stakeholders  Checklist  Developed* Annually [66][29][67][70] 

Culture of electronic 

information use 

Checklist  Change of wording Once [71] 

OutFRPH¶V�LGHQWLILFDWLRQ Checklist  Developed* Annually [38] 

Demand and need Checklist  Developed* Annually [66] 

Resources 

Human resources Checklist  Developed* Annually [29][67] 

Technical support and 

training  

Checklist  Change of wording Annually [29][66][72][73] 

ICT infrastructure Checklist  Change of wording Annually [66][70][73][45] 

Financial resources Checklist  Developed* Annually NA 

Social 

Continuance Usage 

Intention 

Survey Change of wording Periodically  [39] 

User Behavior Survey Change of wording Periodically [74][75][76] 

Economic 

Sustainable funding Checklist  Developed* Annually [17][36] 

Affordability of e-

solution 

Checklist  Developed* 

Once 

[45] 

Financial benefits Checklist  Developed* Annually [58] 
* Developed by the author based on the aspect's definition. 
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Table 20 Examples of evaluation questions in each aspect 

Dimensions Aspects Example of evaluation questions/statements 

Technology 

System quality x Does the e-VROXWLRQ¶V�PDLQ� IXQFWLRQ� GLUHFWO\� UHVROYH� WKH� XVHU¶V�

primary need? 

x Is the e-health solution able to work with different environment 

such as different operating systems and different hardware? 

Data quality x The e-VROXWLRQ¶V�LQIRUPDWLRQ�LV�XVHIXO�WR�XVHUV¶�ZRUN� 

x  The e-VROXWLRQ¶V� LQIRUPDWLRQ� LV� SURWHFWHG� DJDLQVW� XQDXWKRUL]HG�

access. 

Hardware quality x Is the hardware of the e-health solution capable to integrate 

seamlessly with different hardware directly or through additional 

layer? 

Organization 

Support and commitment  

x Top management is willing to allocate the resources required to 

operate e-health successfully. 

Organizational structures & 

strategy 

x The proposed e-health solution is appropriate according to the 

conditions within the healthcare organization. 

Planning and Policies 

x Users of E-health are aware of their accountability regarding 

securing and protecting the data of e-health they use. 

Stakeholders  

x The direct users of e-health have been involved during the 

planning phase. (i.e., to collect their need and perspective of the 

intended e-health solution). 

Culture of electronic 

information use 

x There is an active concern among employees to obtain and apply 

new information to respond to changes and to promote innovation. 

2XWFRPH¶V�LGHQWLILFDWLRQ 

x The outcomes of the e-health solution are defined by the 

organization, whether they are clinical, financial, technical, or 

social outcomes.  

Demand and need 

x Organization has properly identified the need for the e-health 

solution 

Resources 

Human resources 

x There are adequate number of available IT professionals to 

provide technical support to the users of the e-health solution. 

Technical support and 

training  

x There is a plan for preventive maintenance (periodic maintenance 

of hardware/software) for the e-health solution. 

x Technical training is always provided for new users via in-person 

or online courses.  
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ICT infrastructure 

x Hardware and software required for the e-health solution are 

readily available. 

Financial resources 

x The additional funding to cover emerging operational costs is 

readily available. (e.g., costs to scale up the system or to integrate 

it with a new system) 

Social 
Continuance Usage Intention 

x Interaction with the e-health solution does not require a lot of 

mental effort. 

User Behavior 

x I can describe how my job changes after implementing the e-

health solution. 

Economic 

Sustainable funding 

x Is there a continuous funding that covers the operational and 

ongoing costs of the e-health (e.g., software license renewal)? 

Affordability of e-solution 

x Is there a realistic calculation of the costs considering the costs of 

the procurement, operation, life cycle, archive, and system 

replacement? 

Financial benefits 

x Are the financial benefits of adopting the e-health solution 

identified? 

 

4.3 Procedures of Sustainability Assessment  

The designed sustainability assessment method in this research was found to be aligned 

with the work of Abdellatif et al. [60]. The e-health sustainability model is comparable to 

the reference model of the TCMMI framework, in which the quality attributes in their work 

correspond with the sustainability aspects, and the product quality dimensions correspond 

with sustainability dimensions. Hence, we designed the sustainability assessment method 

to be aligned with previously published work (TCMMI) [60], and it is also aligned with 

the ISO/IEC 15504 standard (Guidance on performing an assessment) [77]. The 

sustainability assessment method propagates the scores of each level of the sustainability 

model to produce the overall sustainability level of the e-health solution. All assessment 

methoG¶V� SURFHGXUHV� DQG� VWHSV� DUH� H[SODLQHG� LQ� WKH� IROORZLQJ� VXEVHFWLRQV�� Figure 10 

presents the main phases of sustainability assessment procedures. 
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Figure 10 Procedures of sustainability assessment 

4.3.1 Assessment Team 

The ideal assessment is conducted by at least three expert assessors. One expert from the 

IT department, another from the finance department, and one from hospital management. 

The existence of experts from the three domains will ensure a high level of accuracy and 

validity in the sustainability assessment [57]. The IT expert shall assess the technology 

dimension, the finance expert shall assess the economic dimension, and the hospital 

management expert shall assess the organization, recourses, and social dimensions. It is 

worth noting that the assessment of the social dimension must be completed by the users 

of the e-health solution. Therefore, the selection of the reflective sample is important for 

results reliability. Also, as all three expert assessors work in one team, each expert shall 

help in assessing aspects of other dimensions, that are related to their specialty.  

4.3.2 Assessment Steps 

As presented in Chapter 0, the e-health sustainability model consists of three levels. The 

first level contains the sustainability dimensions, the second level contains the aspects 

under each dimension, and the third level contains the elements under each aspect. The 

assessment tools are applied to the elements of the sustainability model. The assessment 

UHVXOWV� RI� WKH� HOHPHQWV� ZLOO� EH� UHIOHFWHG� RQ� WKH� DVSHFWV¶� IXOILOOPHQW� Wo achieving 

sustainability, which in the end contributes to predicting the overall sustainability of the e-
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health solution. Figure 11 shows the assessment steps, which are explained in the following 

subsections.  

 
Figure 11 Sustainability assessment steps 

4.3.2.1 6WHS����'LPHQVLRQV¶�:HLJKWV� 

As the dimensions represent the first level of the e-health sustainability model, they will be 

JLYHQ�ZHLJKWV�EDVHG�RQ�DVVHVVRUV¶�MXGJPHQW��7KH�JLYHQ�ZHLJKWV�UHIOHFW�WKH�LPSRUWDQFH�RI�

each dimension according to the context in which e-solution is going to be used [35]. For 

example, if the proposed system is going to be used by healthcare providers, the social 

dimension becomes very important compared to a situation where the system is going to 

be used by the IT department only. The weight of each dimension must be between 0-1, in 

which the sum weights of all dimensions must add up to one. 

Because the assessment will be conducted by a team, it is recommended to use the group 

analytic hierarchy process (AHP) method. This method assists the team to decide on the 
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weights that will be assigned to each dimension in the sustainability model [78]. In AHP, 

the priority of a dimension is compared to all other dimensions in the model, and by 

applying the complete AHP method, the appropriate weight will be assigned to each 

dimension based on the calculated priorities. The validity of the computed priorities is 

evaluated by conducting sensitivity and consistency analysis [78]. Figure 12 abstractly 

illustrates the group AHP method.  

 

Figure 12 Aggregation at the priorities level [78] 

4.3.2.2 Step 2: Selection of Sustainability Elements  

Software products vary and there is no unified context of use to all of them [60]. Therefore, 

the elements under each aspect will be selected based on their applicability to the e-health 

VROXWLRQ¶V�FRQWH[W��7KH�VHOHFWLRQ�RI�DVSHFWV�DQG�HOHPHQWV�LV�GRQH�E\�WKH�DVVHVVPHQW�WHDP�

and must be based on the applicability not the availability of the aspects. For example, if 

the e-health solution should be used with special hardware components then the hardware 

quality aspect in the technology dimension is applicable to be a part of the evaluation even 
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if the required information about the hardware quality is not available. In the case where 

hardware quality is required but the relevant data is not available, the hardware quality 

aspect will be giving a very low score that means its assessment is not fulfilled. To 

differentiate between low score in assessing an aspect that is resulted from unavailable data 

or low scores resulted from available data, when experts decide that an aspect is relevant, 

they have to also to indicate whether data is going to be available for the evaluation or not. 

Hence, if data can be collected or it is already available, the experts can proceed with filling 

the survey or the checklist; otherwise, the aspect will be assigned the lowest score until 

data becomes available and the assessment is run again.    

After selecting the elements, the checklists and surveys will be completed by the 

assessment team and the overall sustainability level will be calculated based on the 

following steps and formulas. 

4.3.2.3 Steps 3-7: Calculating Evaluation Score 

As each aspect has a set of five-point Likert scale questions. Therefore, to determine the 

score of each aspect, the following formula is applied:  

σݏݐܿ݁݌ݏܽ�݀݁ݐ݈ܿ݁݁ݏ�݄݁ݐ�݂݋�ݏݐ݈݊݁݉݁݁�݂݋�݊݋݅ݐݏ݁ݑݍ�݄ܿܽ݁�݂݋�݁ݑ݈ܽݒ�݊݋݅ݐܽݑ݈ܽݒܧ
ݐܿ݁݌ݏܽ�݄݁ݐ�݊݅�ݏ݊݋݅ݐݏ݁ݑݍ�݈ܽݐ݋ݐ�݂݋�͓ ൈ ͷ  

This step is applied to all aspects within the dimension. As it is shown in illustrative 

example 1 in Table 21, this step was applied to all aspects of the technology dimension and 

UHVXOWHG� WKH� VFRUH� LQ� FROXPQ� ³(YDOXDWLRQ� VFRUH� RI� HDFK� DVSHFW´�� 7R� FDOFXODWH� WKH�

GLPHQVLRQ¶V�VFRUH��WKH�DYHUDJH�RI�LWV�DVSHFWV¶�VFRUHV�LV�FDOFXODWHG��ZKLFK� LV�IRXQG�WR�EH�

93.7% in the illustrative example 1. Steps 2-5 in Figure 11 are applied to all dimensions. 
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Table 22 presents illustrative example 2, which contains the evaluation score of all other 

dimensions along with their assigned weights. 

Table 21 Illustrative example 1 

Dimension 'LPHQVLRQ¶V�

weight 

Aspects Evaluation 

score of each 

aspect 

'LPHQVLRQ¶V�

score 

'LPHQVLRQ¶V�

weighted score 

Technology 0.4 

System quality 95% 

93.7% 37.5% 
Data quality  88% 

Hardware 

quality 

98% 

Lastly, the overall score of the e-health solution sustainability is the aggregation of the 

weighted scores of the dimensions, which is calculated by the below formula. Table 22 

SUHVHQWV�WKH�UHVXOW�RI�DJJUHJDWLQJ�WKH�GLPHQVLRQV¶�ZHLJKWV��ZKLFK�LV�LQ�FROXPQ�³DJJUHJDWHG�

ZHLJKWHG�VFRUH´� 

෍ܵܿ݁ݎ݋�ሺܦ௡ሻ�ൈ  ௡ሻܦ�ሺݐ݄ܹ݃݅݁�

Table 22 Illustrative example 2 

Dimension 'LPHQVLRQ¶V�

weight 

'LPHQVLRQ¶V�

calculated 

score 

'LPHQVLRQ¶V�

weighted score 

Aggregated 

weighted score 

Sustainability 

level 

Technology  0.4 93.7% 37.5% 

89.7% High 

Organization 0.15 88% 13.2 

Resources 0.15 90.3 13.6 

Social  0.15 77% 11.6 

Economic 0.15 92% 13.8 
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4.3.2.4 Step 8: Mapping Evaluation Score to Sustainability Level 

The sustainability levels indicate the prediction of to which extent the e-health solution is 

considered to be sustainable. There are four levels for e-health sustainability: high, 

moderate, low, and unknown. All of which has a specific range of values that is used to 

map the aggregated score of the sustainability assessment to the corresponding level. As 

presented in Table 23, the aggregated sustainability score that is less than or equal to 35% 

is mapped to unknown sustainability level, while the low sustainability level is for the score 

between 35% and 61%. The aggregated score that is between 60% and 86% is mapped to 

moderate level, and any score that is greater than 85% is mapped to a high sustainability 

level. Table 23 presents the four sustainability levels along with their threshold scale. 

According to the illustrative example in Table 22, the sustainability level of the evaluated 

e-health solution is high because the overall score is 89.7%. 

The levels and their scale values were inspired by Siedler et al. work, in which they used a 

scale from 1-4 (refer to Figure 9) to assess the maturity level of digitalization in a company 

[61]. I adopted the definitions that describe each digital maturity level (Explore, Beginner, 

Intermediate, and Expert) to the sustainability levels in my study (Unknown, low, 

Moderate, and High). Also, I converted their numerical scale to a percentage scale. Table 

23 presents the resulted sustainability levels, their definitions, and the corresponding 

percentage scale. This aligned with the threshold scale that was proposed in another study 

conducted by Ouhbi et al., in which they stated that the minimum score for a sustainability 

level is above 50% [21].  
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Table 23 Sustainability levels 

Scale of Sustainability level 

Level Unknown Low Moderate High 

Overall description 

of sustainability 

levels 

There is no/rare 

contribution of the 

dimensions to the 

overall 

sustainability 

There is limited 

contribution of 

some dimensions 

only to the overall 

sustainability 

Some of dimensions 

and their selected 

elements highly 

contributed to the   

overall sustainability 

Most of dimensions and 

their selected elements 

contributed to the overall 

sustainability 

Aggregated score (x) x <= 35% 35% < x <=60% 60% < x <= 85% 85% < x <=100% 

4.4 Tool Support  

To facilitate the sustainability evaluation, I provided a tool support. The sustainability 

model and the assessment method were implemented in using MS excel. By this tool, all 

required calculations are automated, by which the sustainability level of the e-health 

VROXWLRQ� LV� SURGXFHG��([SHUWV� FDQ�XVH� WKLV� WRRO� WR� HQWHU� WKH�GLPHQVLRQV¶�ZHLJKWV�� VHOHFW�

applicable aspects and elements, and fill out the checklists and survey questions. By 

completing the required input, the sustainability level of the e-health solution will be 

provided immediately. Figure 13 presents a snapshot of an example of the sustainability 

assessment results produced by the tool. Also, in this tool, the expert should enter weights 

for all dimensions. In case of missing data in required fields, the color of the required filed 

will turn into red, indicating missing data. This is also applied when selecting the applicable 

DVSHFWV�DQG�HOHPHQWV��LQ�ZKLFK�WKH�PDQGDWRU\�ILHOGV�ZLOO�EH�UHG�DV�WKH\�FDQ¶W�EH�OHIW�HPSW\�

(refer to Figure 14). Figure 15 shows part of the checklist of the economic dimension, and 

as the financial benefits aspect is not applicable, the input fields of its questions turned 
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automatically into black, indicating unrequired data. The tool is found in Appendix D in 

Table 41 

 

Figure 13 Experts are required to enter a value between 0-1 as dimension weight 

 

Figure 14 Applicable elements and aspects are selected by entering 1 

 

Figure 15 Input fields of unapplicable aspects/elements are turned into black 
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4.5 Chapter summary 

This chapter presented the assessment method used to evaluate the sustainability of e-

health solutions. The sustainability assessment is conducted by using evaluation tools, 

which composed of checklists and surveys to assess the aspects of the e-health 

sustainability model. The assessment has three phases, which are forming assessment team, 

applying assessment steps, and mapping the overall score to the sustainability levels. The 

sustainability levels are high, moderate, and low. They indicate to which extent the e-health 

solution is sustainable. 
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5 CHAPTER 5 

EVALUATION OF E-HEALTH SUSTAINABILITY 

MODEL 

This chapter discusses the evaluation of the e-health sustainability model and its 

assessment method in terms of comprehensiveness, effectiveness, and applicability to be 

used in real-world contexts. The sustainability model and the assessment method were 

evaluated through conducting three case studies in Saudi hospitals. This chapter presents 

the protocol of the case study and the implementation of the three case studies. The e-health 

sustainability model and assessment method were applied to each of the e-health solutions 

RI�WKH�WKUHH�FDVH�VWXGLHV�WR�SUHGLFW�WKHLU�VXVWDLQDELOLW\�DQG�WHVW�WKH�PRGHO¶V�DSSOLFDELOLW\�LQ�

real word cases.  

5.1 Case Study Protocol 

To maintain the consistency of the three case studies, a protocol was designed, that will be 

followed in all case studies. The design of the case study's protocol was inspired by the 

paper of Runeson and Höst on "Guidelines for conducting and reporting case study 

research in software engineering" [1]. The case study protocol is presented in the following 

subsections. 
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5.1.1 Objectives 

The case study aims to: 

1) Evaluate the comprehensiveness of the e-health sustainability model in the real-

world cases.  

2) Evaluate the applicability and effectiveness of the sustainability model and the 

assessment methods in anticipating the sustainability of e-health solutions.  

5.1.2 Research questions 

The case study is conducted to answer the following research questions: 

1) RQ1: To what extent the dimensions of the e-health sustainability model are 

comprehensive? 

2) RQ2: To what extent having an assessment method will aid healthcare 

management in anticipating and assessing the sustainability of e-health solutions? 

5.1.3 Characteristics of the Case Study 

The case study is applicable to be conducted on an e-health solution that is 1) proposed or 

already in use in a healthcare institution, and 2) used by staff in a healthcare institution, 

healthcare practitioners, or patients. The selection of the e-health solution is based on 

availability. 
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5.1.4 Units Under Test 

There are two units under tests: 1) the sustainability model, and 2) the assessment method 

that is proposed to evaluate the sustainability of e-solutions in healthcare. The model is 

going to be assessed in terms of its comprehensiveness in covering all essential dimensions 

and aspects that technology experts consider in practice. The assessment method is going 

to be evaluated in terms of its applicability and effectiveness in anticipating the 

sustainability levels of e-solutions in healthcare.  

5.1.5  Data Gathering 

Qualitative data is gathered from interviews and discussions with stakeholders and 

WHFKQRORJ\� H[SHUWV� LQ� WKH� KRVSLWDO¶V�PDQDJHPHQW�� ZKR� DUH� LQYROYHG� LQ� WKH� GHFLVLRQ� RI�

adopting and using the e-health solutions. I conducted two type of interviews that are pre 

the implementation if the case study and after the implementation. The pre-implementation 

LQWHUYLHZV¶�TXHVWLRQV�IRFXVHG�RQ�H[WUDFWLQJ�LQIRUPDWLRQ�DERXW�WKH�H-health solution to be 

used to evaluate the sustainability model and assessment method. The post-implementation 

LQWHUYLHZV�DLP�WR�JDWKHU�VWDNHKROGHUV¶�IHHGEDFN�RQ�WKH�HYDOXDWLRQ¶V�UHVXOWV�DQG�WR�FRPSDUH�

their sustainability evaluation, if exist, to the sustainability evaluation generated by our 

assessment method. The social dimension is expected to be evaluated by the intended users 

of the e-solutions (refer to Chapter 4); hence, an online survey was designed and distributed 

to the users. 
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5.1.6 Implementation 

The case study is conducted through three phases: data gathering, applying the assessment 

method to the e-health solution, and finally validating the results with the hospitaO¶V�

management. In the data gathering phase, the experts were asked to talk about the e-

solutions, how it was introduced, and what aspects were evaluated before the adoption of 

WHFKQRORJ\��,I�WKH�DQVZHUV�GLG�QRW�FRYHU�DOO�VXVWDLQDELOLW\�PRGHO¶V�GLPHQVLRQV�and aspects, 

I asked more questions about the missing data. The answers were used to evaluate the 

comprehensiveness of the model, and to fill the assessment tools in order to apply the 

assessment method. In validation, I presented the findings that are the suitability evaluation 

score/level and details about the dimensions and aspects evaluations. The scores 

calculation in the assessment method was done using the sustainability evaluation tool 

(refer to tool support in Chapter 4). 

5.1.7 Reporting 

The results are reported in a way that answers the research questions and address the issues 

related to the e-health sustainability model. For confidentially, the names of the hospitals 

are referred to as A, B, C, etc. 

 

  



83 
 

5.2 Case Study 1 - Voice Recognition System  

This case study assessed the sustainability of a voice recognition system (VRS) that has 

been implemented in a hospital A in Saudi Arabia since 2010. The VRS is used by health 

SUDFWLWLRQHUV�LQ�WKH�KRVSLWDO�WR�GLFWDWH�SDWLHQWV¶�UHSRUWV�LQVWHDG�RI�W\SLQJ�WKHP�LQWR�WKH�KHDOWK�

record system. The system was adopted to solve the issue of the backlog of incomplete 

SDWLHQWV¶� UHSRUWV� DQG� WKH� FRQVXPHG� WLPH� DQG� HIIRUW needed to complete them in the 

WUDGLWLRQDO� ZRUN� SURFHVV�� 7KH� OHJDF\� PRGHO� RI� FRPSOHWLQJ� WKH� SDWLHQWV¶� UHSRUW� ZDV� DV�

IROORZV��WKH�FDUH�SURYLGHU�ZULWHV�WKH�SDWLHQW¶V�UHSRUW�RI�WKH�YLVLW�RU�GLFWDWHV�LW�RQ�D�WDSH��DQG�

then the care provider gives the written/recorded report to the transcriptionist, who types it 

on the computer and then returns it to the care provider for approving and accepting it in 

the patient health records system. This process tends to waste time of care providers, 

consume resources, and tKH�EDFNORJ�RI�SDWLHQWV¶�UHSRUWV�H[WHQGV�WR�\HDUV��ZKLFK�DIIHFWV�WKH�

KRVSLWDO¶V�DFFUHGLWDWLRQ�DQG�SURGXFWLYLW\�RI�WKH�KHDOWKFDUH�SURYLVLRQ� 

The VRS needs a special-designed hardware (i.e., microphone), that is provided by the 

software company. The accuracy of the voice recognition was 95% among most of the 

physicians in the training session. In the training session, the new user is asked to read two 

WR�WKUHH�SDUDJUDSKV�WR�WKH�V\VWHP�DQG�WKH�V\VWHP�DGRSWV�WKH�XVHU¶V�YRLFH�VLJQDO�DQG�VDYHV�

LW�LQ�WKH�XVHU¶V�SURfile in the server. As the user uses the system, the system keeps adapting 

WR�WKH�XVHU¶V�YRLFH�DQG�DFFHQW��$OVR��EHVLGHV�WKH�DELOLW\�RI�WKH�XVHUV�WR�FKRRVH�WKHLU�DFFHQW��

they can choose their specialty as well, so the system can import the vocabulary of that 

VSHFLDOW\��H�J���UDGLRORJ\��DQG�FRPSLOH�WKH�XVHU¶V�SURILOH�DFFRUGLQJ�WR�WKH�DFFHQW�DQG�WKH�

used vocabulary. The system is integrated with the hospital information system (HIS), in 

ZKLFK�WKH�HQWHUHG�LQIRUPDWLRQ�RI�WKH�SDWLHQW¶V�UHSRUW�LV�QRW�VWRUHG�WKH�Hntered data. Instead, 
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the entered data is instantaneously uploaded to the patient record after the health 

practitioner checks and approves the correctness and completeness of the dictated 

information. The software has a mobile application version, that allows users to dictate 

reports offline instead of using the computer. This provides a certain level of mobility. 

+RZHYHU��IRU�WKH�UHSRUWV�WR�EH�XSORDGHG�WR�WKH�KHDOWK�UHFRUGV�V\VWHP��WKH�XVHU¶V�PRELOH�

VKRXOG�FRQQHFW�WR�WKH�KRVSLWDO¶V�QHWZRUN� 

5.2.1 Preparing the Model Input  

The required information was collected through an interview discussion with a technology 

consultant in IT department in the hospital. The interview focused on collecting the data 

needed to assess the applicable aspects of the five dimensions in the sustainability model. 

In addition, the expert was asked to provide weights to each dimension. The description of 

the gathered information is grouped below according to the dimensions. 

5.2.1.1 Technology 

The assigned weight for technology dimension is 0.3. The three aspects in technology 

dimension were applicable to the context of VRS and were selected accordingly.   

In the system quality aspect, all elements were selected except for maintainability because 

the system was adopted to serve a specific purpose (i.H���GLFWDWLQJ�SDWLHQWV¶�UHSRUWV��DQG�

there was no interest in using it for other purposes. For data quality aspect, all elements 

were selected except for the timeliness and relevance elements, which were not applicable 

to the context according to their definition in this work and because the system does not 

store any of the entered data. As the system needs a special-designed microphone, all 
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elements in the hardware aspect were selected. Table 24 presents the evaluation score of 

each aspect, that were achieved by filling out the assessment checklist of each of them. 

Figure 16 SUHVHQWV�D�VQDSVKRW�RI�SDUW�RI�WKH�WHFKQRORJ\�GLPHQVLRQ¶V�HYDOXDWLRQ� 

Table 24 Evaluation score of Technology dimension's aspects 

Aspects Evaluation score 

System quality 97% 

Data quality  100% 

Hardware quality 88% 

 

 

Figure 16 Part of assessment checklist of the Technology dimension 

5.2.1.2 Organization  

The assigned weight for this dimension was 0.25. All aspects and elements were applicable 

H[FHSW�IRU�LQFHQWLYHV�DQG�UHFRJQLWLRQ�HOHPHQW�LQ�VWDNHKROGHUV¶�DVSHFW��7KH�H[FOXVLRQ�RI�WKLV�

element was because physicians and healthcare practitioners were not obligated to use the 

V\VWHP�� DQG� WKH� WDVN� RI� GRFXPHQWLQJ� SDWLHQWV¶� UHSRUWV� FDQ� EH� GRQH� WKURXJK� RWKHU�
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alternatives. That were perceived more convenient for some physicians who do not use the 

system. The top management approved and supported the adoption of the system as they 

perceived its benefits. The necessary adjustments were made to the workflow process, such 

as eliminating the role of the transcriptionists, whose job was to type the patients' reports 

and enter them to the system. Also, the polices and plans to support and maintain the 

adoption and use of the VRS already existed in the hospital. The main stakeholders were 

involved in either the planning phase or in the trial version of the system. The adoption of 

the system was based on an existing need and sufficient demand that were identified by the 

KRVSLWDO��7KH�V\VWHP¶V�RXWFRPHV�HYDOXDWLRQ�ZDV�GRQH�RQO\�DIWHU�RQH�\HDU�RI�WKH�V\VWHP¶V�

deployment by the quality department in the hospital. Table 25 presents the evaluation 

score of each aspect, that were achieved by filling out the assessment checklist of each of 

them. Figure 17 SUHVHQWV�D�VQDSVKRW�RI�SDUW�RI�WKH�RUJDQL]DWLRQ�GLPHQVLRQ¶V�HYDOXDWLRQ� 

Table 25 Evaluation score of Organization dimension's aspects 

Aspects Evaluation score 

Support and commitment   96% 

Organizational structures & strategy  89% 

Planning and Policies  84% 

Stakeholders   100% 

Culture of electronic information use  80% 

2XWFRPH¶V�LGHQWLILFDWLRQ  100% 

Demand and need  100% 
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Figure 17 Part of assessment checklist of the Organization dimension 

5.2.1.3 Resources  

The assigned weight for this dimension was 0.2. All aspects in the resources dimension 

were selected. The ICT infrastructure was ready in terms of physical resources and 

networks system, which made it easier to run the trial version of the software in the first 

place. After adopting the system officially, the needed hardware (i.e., servers, special-

designed microphones) was provided by the vendor company along with the software. 

Users received training during the trial period. Also, training sessions are provided to the 

new users. Regarding the technical maintenance support, it has been provided by the 

company upon yearly contract agreement and its cost is separate from the cost of the 

V\VWHP¶V�OLFHQVH��2YHUDOO��WKH�V\VWHP�LV�VWDEOH��DQG�HYHQ�LI�D�GRZQWLPH�RFFXUUHG��LW�LV�QRW�

critical to the work process as the user can write the paper report, and then when the system 
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is active again the user can use it to documeQW�WKH�UHSRUW��5HJDUGLQJ�WKH�XVHUV¶�WHFKQLFDO�

support, it is provided by the IT team in the hospital. For financial resources aspect, since 

some of the upgrades and updates are not considered critical to the top management, they 

sometimes do not allocate a budget for renewing or purchasing some of the additional 

IHDWXUHV�DQG�VHUYLFHV��+RZHYHU��WKH�IXQGLQJ�RI�WKH�HVVHQWLDO�V\VWHP¶V�OLFHQVHV�LV�VXVWDLQDEOH�

as stated in the economic dimension.  

Table 26 presents the evaluation score of each aspect, that were achieved by filling out the 

assessment checklist of each of them. Figure 18 presents a snapshot of part of the resources 

GLPHQVLRQ¶V�HYDOXDWLRQ� 

Table 26 Evaluation score of Resources dimension's aspects 

Aspects Evaluation score 

Human resources 95% 

Technical support and training 87% 

ICT infrastructure 92% 

Financial resources 70% 

 

 

Figure 18 Part of assessment checklist of the Resources dimension 
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5.2.1.4 Social  

The social dimension received a weight of 0.1, and all aspects were selected. The social 

dimension is assessed by the intended users through a survey. However, it was challenging 

to reach the users in short period. Hence, for the sake of illustration, the assessment tool in 

this dimension was filled based on the expert judgment. No regular evaluation was 

FRQGXFWHG�WR�DVVHVV�XVHUV¶�VDWLVIDFWLRQ�RU�EHKDYLRU�WRZDUGV�WKH�V\VWHP��$W�WKH�VDPH�WLPH��

no complaints or technical issues were noticed since the adoption of the system.  The 

acceptance and success rate of the system was very high. Table 27 presents the evaluation 

score of each aspect, that were achieved by filling out the assessment checklist of each of 

them. 

Table 27 Evaluation score of Social dimension's aspects 

Aspects Evaluation score 

Continuance Usage Intention  93% 

User Behavior  89% 

 

5.2.1.5 Economic  

The economic dimension was given a weight of 0.15. All its aspects were applicable and 

selected.  Before adopting the system, the cost of purchasing the system was presented to 

the top management for their approval. The cost of acquisition was approved, and a budget 

ZDV� DVVLJQHG� IRU� WKH� V\VWHP¶V� OLFHQVH� UHQHZDO�� 5HJDUGLQJ� WKH� ILQDQFLDO� EHQHILWV�� WKH�

hospital was interested in the cost-effectiveness, which was measured by the enhancement 

RI� WKH�ZRUNIORZ�SURFHVVHV�DQG�UHGXFLQJ� WKH�EDFNORJ� LQ�SDWLHQWV¶� UHSRUWV. As a result, it 
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increased the overall productivity of healthcare provision. Also, the solution helped in cost-

minimization, by which it eliminated the transcriptionist job and therefore saved money. 

Table 27 presents the evaluation score of each aspect, that were achieved by filling out the 

assessment checklist of each of them. 

Table 28 Evaluation score of Economic dimension's aspects 

Aspects Evaluation score 

Sustainable funding 100% 

Affordability of e-solution 100% 

Financial benefits 100% 

 

5.2.2 Sustainability Assessment Results and Discussion 

The sustainability assessment steps (refer to Figure 11 in Chapter 4) were applied on the 

VRS to assess its sustainability. Table 29 SUHVHQWV� WKH� GLPHQVLRQV¶� ZHLJKWV� WKDW� ZHUH�

assigned by the expert. Also, it presents the assessment scores of each aspect after applying 

the sustainability assessment method on the VRS. The assessment results show that the 

sustainability level of VRS is high as its aggregated score was found to be 93%. The 

sustainability evaluation, that was generated by our sustainability assessment, is aligned 

with the expected sustainability that the hospitaO¶V�,7�GHSDUWPHQW�KDG��$OWKRXJK�WKH\�KDG�

assessed most of the aspects, the IT expert found that our model and assessment method 

are more comprehensive and systematic than the evaluation they do. The complete 

assessment scores of the VRS are found in Appendix E in Table 41.  
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Table 29 Assessment results of case study 1 

Dimension 
'LPHQVLRQ¶V�

weight 
Aspects 

Evaluation 

score 

'LPHQVLRQ¶V�

score 

'LPHQVLRQ¶V�

weighted 

score 

Technology 0.3 

System quality  97% 

95% 29% Data quality   100% 

Hardware quality  88% 

Organization 0.25 

Support and 

commitment  

 96% 

93% 23% 

Organizational 

structures & strategy 

 89% 

Planning and Policies  84% 

Stakeholders   100% 

Culture of electronic 

information use 

 80% 

2XWFRPH¶V�

identification 

 100% 

Demand and need  100% 

Resources 0.2 

Human resources  95% 

86% 17% 

Technical support 

and training  

 87% 

ICT infrastructure  92% 

Financial resources  70% 

Social 0.1 

Continuance Usage 

Intention 

 93% 

91% 9% 

User Behavior  89% 

Economic 0.15 

Sustainable funding 100% 

100% 15% 
Affordability of e-

solution 

100% 

Financial benefits 100% 

Total 93% 
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5.2.3 Discussion  

The dimensions' weights were assigned based on the experts' judgment on the impact of 

each dimension on the context of the e-health solution and the hospital. Regarding the VRS 

context, the technology dimension received the highest weight because the overall quality 

of the solution will impact the adoption and usage continuity. Hence, it was assigned a 

weight of 0.3 to it. Same goes to the organization dimension, which its weight was 0.25 as 

the readiness of the organization to adopt and support the e-health solution is important to 

sustain it and positively influence the other dimensions.  

Since the VRS needs a special-designed microphone, this limits the mobility of the system 

as users need to be next to a computer device to use the microphone. Although this can be 

resolved to some extent by using the mobile application version of the system, yet as the 

microphones in the mobiles are not sufficiently designed for voice recognition purposes, 

the accuracy of the dictating might decrease. For that, the result of the hardware quality 

aspect was 88%.  

7KHUH�ZHUH�QR�SODQV�WR�LQFUHDVH�XVHUV¶�WUXVW�DQG�FRQILGHQFH�LQ�WKH�H-health solution, as it 

was a supportive solution and did not replace the old work process. Therefore, the intended 

users were not obligated to use the system to complete the tasks. Also, there was no 

established plan to evaluate the system regularly. All of this resulted the aspect of 

organizational structures & strategy to get a score of 89%.    
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5.3 Case Study 2 - Hospital Information System   

This case study assessed the sustainability of a HIS of hospital B, which is a public hospital 

located in Saudi Arabia. The system has been running for six years. It was adopted two 

years after the opening of the hospital. The main goal of adopting the system was to 

GLJLWDOL]H�WKH�ZRUN�SURFHVV�LQ�WKH�KRVSLWDO¶V�SKDUPDF\��VXFK�DV�PHGLFLQHV�GLVSHQVLQJ�DQG�

laboratory tests process. Also, another intended use of the system was to manage healthcare 

records and information within the hospital. Hence, the system was expanded to allow 

SK\VLFLDQV�WR�ZULWH�WKH�SUHVFULSWLRQV�RI�PHGLFLQHV�WR�SDWLHQW¶V�UHSRUW�DQG�SODFH�WKH�RUGHU�RI�

PHGLFDWLRQ�WR�WKH�KRVSLWDO¶V�SKDUPDF\��+RZHYHU��DV�VWDWHG�LQ�WKH�LQWHUYLHZ�GLVFXVVLRQ��WKH�

system was found to be insufficient regarding meeting the PLQLPXP� XVHUV¶� QHHGV� DQG�

allowing a full or efficient level of digitalization within the hospital as some tasks are still 

paper-based. 

5.3.1 Preparing the Model Input  

The required information was collected through an interview discussion with a pharmacy 

quality specialist who collected relevant data from other experts in the hospital. The 

interview focused on collecting the data needed to assess the applicable aspects of the five 

dimensions in the sustainability model. In addition, the expert was asked to provide weights 

to each dimension. The description of the gathered information is grouped below according 

to the dimensions. 
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5.3.1.1 Technology 

The assigned weight to this dimension was 0.3, and the selected aspects were the system 

quality and data quality. The hardware quality aspect was unapplicable to the context of 

HIS as there were no specially designed hardware required to use this system. The system 

is operating and used through regular computer devices.  

5HJDUGLQJ�WKH�V\VWHP�TXDOLW\�DVSHFW��WKH�V\VWHP�GLG�QRW�PHHW�WKH�XVHUV¶�QHHGV��$OWKRXJK�

the initial goal was to serve and facilitate the pharmacy work, after they system adoption, 

it was found that it has limited features and the essential ones were not provided. That was 

because the adopted version of the system was a basic license that does not include 

customization or extension to the basic features. Also, maintainability of the system was 

QRW� IXOILOOHG� EHFDXVH� DIWHU� HDFK� XSGDWH�� VRPH� WKH� V\VWHPV¶� SHUPLVVLRQV� FKDQJH�ZLWKRXW�

XVHU¶V�UHTXHVW��7R�LOOXVWUDWH�� LQ�WKH�PHGLFLQHV�GLVSHQVLQJ�IHDWXUHV��WKH� LQSXW�ILHOGV�RI�WKH�

patient information was changed from mandatory to optional after each update. The users 

need to ask the IT support to reset the input fields to mandatory. Therefore, some of the 

elements in this aspect were not fulfilled, which resulted this aspect to get an assessment 

score of 67%. 

Regarding the data quality, the accessibility, confidentiality, consistency, relevance, and 

timeliness of the information produced by and stored in the system passed the evaluation. 

However, because the system has limited features, the produced information is not 

sufficiently complete and accurate to cRYHU�WKH�QHHGV�RI�XVHUV¶�WDVNV�� 
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Table 30 presents the evaluation score of each aspect, that were achieved by filling out the 

assessment checklist of each of them. Figure 19 presents a snapshot of part of the resources 

GLPHQVLRQ¶V�HYDOXDWLRQ� 

Table 30 Evaluation score of Technology dimension's aspects 

Aspects Evaluation score 

System quality 67% 

Data quality  75% 

Hardware quality NA 

 

 

Figure 19 Part of assessment checklist of the Technology dimension 

5.3.1.2 Organization 

The assigned weight for the organization dimension was 0.25. All aspects were selected as 

applicable. The top management supported the adoption of the system at first. However, 

this support did not sustain after the system found to have limited features and more fund 

was needed to upgrade it. Also, this system was supposed to work as comprehensive health 

information system for the hospital. However, the features of the adopted basic version 

were limited to tasks in specific departments in the hospital, which hindered the integration 
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of work process. Although the IT department requested to purchase the HIS and got the 

approval on the basic version, they did not know that its features are limited to only 

SKDUPDFLVWV�DQG�ODERUDWRU\�WHVWV�ZLWKRXW�FRYHULQJ�WKH�SK\VLFLDQV�DQG�QXUVHV¶�QHHGV��7KLV�

indicated lack of a proper planning and that the important stakeholders were not involved 

in the planning and deciding on the appropriate system to choose. Instead, the decision of 

FKRRVLQJ�WKH�V\VWHP�ZDV�EDVHG�RQ�WKH�ORZHVW�SULFH�DQG�PHHWLQJ�WKH�PLQLPXP�XVHUV¶�QHHGV�

without consulting all stakeholders. The culture of information use among users and in the 

organization was ready to adopt the system. In addition, the needs, demands, and outcomes 

of adopting the system were not identified and analyzed. Therefore, the goals of adopting 

the system were not achieved. Instead, some of the tasks in hospital are still running paper-

based because the system is not covering all features that could replace the paperwork. The 

received score of each aspect is presented in Table 31. 

Table 31 Evaluation score of Organization dimension's aspects 

Aspects Evaluation score 

Support and commitment  20% 

Organizational structures & strategy 
31% 

Planning and Policies 69% 

Stakeholders  40% 

Culture of electronic information use 
80% 

2XWFRPH¶V�LGHQWLILFDWLRQ 30% 

Demand and need 20% 
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5.3.1.3 Resources  

The resources dimension was assigned weight of 0.15. All its aspect were selected. The 

human resources aspect lacked the availability of individuals to provide technical support 

and training. The ICT infrastructure was fully ready to adopt the system. Also, the technical 

support and maintenance was not available because the basic version of the system does 

not cover these services. New users did not receive any technical training. Also, the 

financial resources were not available to upgrade the system to the full version. Table 32 

presents the evaluation score of each aspect, that were achieved by filling out the 

assessment checklist of each of them. 

Table 32 Evaluation score of Resources dimension's aspects 

Aspects Evaluation score 

Human resources 65% 

Technical support and training  45% 

ICT infrastructure 100% 

Financial resources 20% 

 

5.3.1.4 Social  

The weight that was given to the social dimension was 0.05, and all aspects were selected. 

Although the social dimension is assessed by the intended users through a survey, in this 

case study the survey was filled based on the expert judgment. This was because reaching 

users in short period was challenging.  
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Based on the estimation, the users were found to be unsatisfied with using the system and 

they do not perceive the usefulness of using it. This inconvenience was because the tasks 

were partially completed by the system, and the users were required to do an extra work to 

complete the tasks, which consumes more effort and resources. Although the users were 

ready to adopt the system, they did not trust the use of it as it is not reliable to complete 

their work. As stated by the expert, if the current system continues to run despite all these 

limitations, the healthcare provision will be negatively impacted and the work productivity 

among healthcare practitioners and staff will decrease as their efforts are wasted on work 

processes that could be easily done with the full version of the system. Table 33 presents 

WKH�DVSHFWV¶�UHVXOWV�� 

Table 33 Evaluation score of Social dimension's aspects 

Aspects Evaluation score 

Continuance Usage Intention 69% 

User Behavior 64% 

 

5.3.1.5 Economic  

7KH�HFRQRPLF�GLPHQVLRQ¶V�ZHLJKW�ZDV�������DQG�DOO�DVSHFWV�ZHUH�VHOHFWHG�H[FHSW�IRU�WKH�

financial benefits aspect as the hospital was not interested in any type of financial benefits 

that can be provided by the system.  

There was a sustainable funding that covers the expenses of the basic version of the system. 

Although purchasing the basic version of the system was affordable, the accumulative cost, 

including upgrade cost, was not analyzed. Table 34 SUHVHQWV�WKH�DVSHFWV¶�UHVXOWV�  
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Table 34 Evaluation score of Economic dimension's aspects 

Aspects Evaluation score 

Sustainable funding 20% 

Affordability of e-solution 50% 

Financial benefits NA 

 

5.3.2 Sustainability Assessment Results 

Based on the gathered data, the sustainability assessment method was applied to the HIS 

(refer to Figure 11 in Chapter 4). Table 35 SUHVHQWV� WKH� GLPHQVLRQV¶� ZHLJKWV� DQG� WKH�

assessment scores of the selected aspects after applying the assessment method. In the 

results, the aggregated score was found to be 52%. Hence, the sustainability level of HIS 

is considered low according to the e-solution sustainability levels. The complete 

sustainability assessment of the HIS in this case study is found in Appendix F in Table 41.  
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Table 35 Assessment results of case study 2 

Dimension 
'LPHQVLRQ¶V�

weight 
Aspects 

Evaluation 

score 

'LPHQVLRQ¶V�

score 

'LPHQVLRQ¶V�

weighted 

score 

Technology 0.3 

System quality 67% 

71% 21% Data quality  75% 

Hardware quality NA 

Organization 0.25 

Support and 

commitment  

20% 

42% 10% 

Organizational 

structures & strategy 

31% 

Planning and Policies 69% 

Stakeholders  40% 

Culture of electronic 

information use 

80% 

2XWFRPH¶V�

identification 

30% 

Demand and need 20% 

Resources 0.15 

Human resources 65% 

58% 9% 

Technical support and 

training  

45% 

ICT infrastructure 100% 

Financial resources 20% 

Social 0.05 

Continuance Usage 

Intention 

69% 

67% 3% 

User Behavior 64% 

Economic 0.25 

Sustainable funding 20% 

35% 9% 
Affordability of e-

solution 

50% 

Financial benefits NA 

Total 52% 
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5.3.3 Discussion  

As the evaluated system is a health information system that is supposed to manage all 

information in the hospital, its quality was important and therefore the weight of the 

technology dimension was 0.3. The assigned weight to organization and economic 

dimensions were 0.25 for each because in the context of this HIS both dimensions 

contribute equally to the system sustainability. The absence of readiness and support of the 

organization will impact the availability of sustainable funding. Similarly, even if the 

organization dimension is fulfilled but there is no sustainable funding, the sustainability of 

the HIS will be impacted. The social dimension received the lowest weight of 0.05 as the 

unfulfillment of this dimension will not impact, greatly, the sustainability because the 

system was supposed to be mandatory to be used by all healthcare practitioners and staff 

in the hospital. However, that was not applied because the adopted HIS has features limited. 

 

Moreover, the involvement of stakeholders and analyzing the identified need are critical to 

the sustainability of the e-health solution. From this case study, stakeholders (e.g., 

physicians and pharmacists) were not fully involved in the planning phase, which led to 

waste of resources, unsatisfied users, and unachieved outcomes. 
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5.4 Case Study 3 - Hospital Information System  

This case study assessed the sustainability of an HIS of hospital C, that is a hospital in 

Saudi Arabia. The system has been running for more than 10 years. The system is used to 

manage all health information within the hospital.  

5.4.1 Preparing the Model Input  

An interview discussion was conducted with a clinical pharmacist who was involved in the 

adoption of the HIS. Similar to the previous case studies, the expert was asked to provide 

weights to each dimension and collect relevant data from other stakeholders.  

5.4.1.1 Technology  

The technology dimension was given weight of 0.25 and all aspects were selected except 

for hardware quality.  

The HIS has been used in all departments in the hospital by healthcare practitioners and 

hospital staff. The system is integrated with other systems within the hospital such as the 

systems in the radiology department. The system has been running in the hospital for long 

time and has many features that fulfill the needs of users. All aspects of data quality of the 

system were strongly satisfied. Table 36 presents the evaluation score of each aspect.  
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Table 36 Evaluation score of Technology dimension's aspects 

Aspects Evaluation score 

System quality 92% 

Data quality  100% 

Hardware quality NA 

 

5.4.1.2 Organization 

The organization dimension was assigned weight of 0.25, and all aspects were selected by 

the expert as applicable. The top management has been committed to support the system 

in which it continued allocating required resources for the system. Stakeholders were 

always involved in changing or implementation of new features. The demand and need for 

certain features in the system were identified and continuously evaluated as well as the 

RXWFRPHV� RI� DSSO\LQJ� FXUUHQW� DQG� QHZO\� UHTXHVWHG� V\VWHP¶V� IHDWXUHV�� 7KH� SODns and 

policies that are related to the use of the HIS have been set to enforce the proper use of the 

system and support the hospital in achieving the identified outcomes. Table 37 presents the 

evaluation score of each aspect.  

Table 37 Evaluation score of Organization dimension's aspects 

Aspects Evaluation score 

Support and commitment  92% 

Organizational structures & strategy 86% 

Planning and Policies 93% 

Stakeholders  76% 

Culture of electronic information use 80% 

2XWFRPH¶V�LGHQWLILFDWLRQ 100% 

Demand and need 100% 
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5.4.1.3 Resources  

7KH�UHVRXUFHV�GLPHQVLRQ¶V�ZHLJKW�ZDV�DVVLJQHG�WR�EH������DQG�DOO�DVSHFWV�ZHUH�VHOHFWHG��

Human resources are available as well as the technical training and support. All new users 

receive training sessions on how to use the system. On system updates or changes, the users 

receive training through either in-person training sessions or recorded tutorials. This 

GHSHQGV� RQ� WKH� QXPEHU� WDUJHW� XVHUV� LPSDFWHG� E\� WKH� V\VWHP¶V� XSGDWH�FKDQJH�� DQG� WKH�

cruciality of the system update/change. Moreover, the ICT infrastructure was sufficient to 

PHHW�WKH�V\VWHP¶V�UHTXLUHPHQWV��$OVR��WKH�ILQDQFLDO�UHVRXUFHV�ZHUH�DYDLODEOH�WR�DV�ORQJ�DV�

the requested fund is to purchase system features/services that have high demand. Table 38 

presents the score of the aspects in this dimension.  

Table 38 Evaluation score of Resources dimension's aspects 

Aspects Evaluation score 

Human resources 95% 

Technical support and training  80% 

ICT infrastructure 92% 

Financial resources 100% 

 

5.4.1.4 Social 

The weight of the social dimension was 0.1 and all aspects were selected. The assessment 

of this dimension was filled based on the expert estimation as it was challenging to reach 

the users in short period.  
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Although the users are obligated to use this system because all operations must be done 

digitally through it, the users were found to be satisfied with it. The comprehensiveness 

and ability of the system to assist in task execution and completion allowed users to rely 

completely on it, by which users perceived the usefulness and ease-of-use in the system. 

Table 39 presents the evaluation score.  

Table 39 Evaluation score of Social dimension's aspects 

Aspects Evaluation score 

Continuance Usage Intention 93% 

User Behavior 93% 

 

5.4.1.5 Economic  

The weight of the economic dimension was assigned to be 0.2 and all dimensions were 

selected. There is a sustainable funding for the system whether for ongoing costs (i.e., 

OLFHQVHV¶� UHQHZDO��RU� IRU�SXUFKDVLQJ�QHZ�V\VWHP�IHDWXUHV��7KH�ILQDQFLDO�EHQHILW� WKDW� WKH�

hospital is interested in is the cost-effectiveness of the system, in which using the system 

reduced the needed recourses to complete the tasks and increased the overall productivity. 

All aspects got a score of 100% in the evaluation. 

5.4.2 Sustainability Assessment Results  

Table 40 SUHVHQWV� WKH� GLPHQVLRQV¶� ZHLJKWV� WKDW� ZHUH� DVVLJQHG� E\� WKH� H[SHUW�� $OVR�� LW�

presents the assessment scores of the aspects after applying the assessment method on the 

HIS. The overall sustainability level of the HIS is high that is aligned with the positive 
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perception and evaluation of the HIS in the hospital. The complete sustainability 

assessment of the HIS in this case study is found in Appendix G in Table 41. 

Table 40 Results of case study 3 

Dimension 'LPHQVLRQ¶V�

weight 

Aspects Evaluation 

score 

'LPHQVLRQ¶V�

score 

'LPHQVLRQ¶V�

weighted 

score 

Technology 0.25 

System quality 92% 96% 

 24% Data quality  100% 

Hardware quality NA 

Organization 0.25 

Support and 

commitment  

92% 

89% 22% 

Organizational 

structures & strategy 

86% 

Planning and Policies 93% 

Stakeholders  76% 

Culture of electronic 

information use 

80% 

2XWFRPH¶V�

identification 

100% 

Demand and need 100% 

Resources 0.2 

Human resources 95% 

92% 18% 

Technical support and 

training  

80% 

ICT infrastructure 92% 

Financial resources 100% 

Social 0.1 

Continuance Usage 

Intention 

93% 

93% 9% 

User Behavior 93% 

Economic 0.2 

Sustainable funding 100% 

100% 20% 
Affordability of e-

solution 

100% 

Financial benefits 100% 

Total 94% 



107 
 

5.5 Discussion 

The model and the assessment method were demonstrated to evaluate the sustainability 

level of all three e-health solutions successfully. The first and third case studies concluded 

a high level of sustainability for the evaluated e-health solutions (i.e., VRS and HIS). The 

results match the actual status of these solutions, in which they have been successfully 

running for more than 10 years and are expected to sustain as they satisfied the 

sustainability dimensions of the model proposed in this thesis. However, both hospitals did 

not have a comprehensive method to capture all sustainability aspects and evaluate them. 

On the other hand, the sustainability assessment of the e-health solution in the second case 

study was low with a score of 52%. Before applying the sustainability assessment method, 

the gathered information indicated low level of sustainability, which means the e-health 

solution will not sustain. Similar sustainability evaluation was predicted by the 

sustainability assessment method which means only few aspects contributed to the 

sustainability, hence, the e-solution will not sustain in long -term unless most of the 

performance in most of the aspects got improved. The major issue is that the model 

evaluation results reveal the unsustainability risk of this e-health solution and highlight 

where improvements could be introduced. 

By analyzing the assessments scores in the three case studies, it was observed that the 

organization dimension has the greatest influence on the other dimensions. This conclusion 

aligned with the results of the SLR (refer to Chapter 2), in which the organization 

dimension was found to be frequently in the studies as an important dimension that 

influence the sustainability the most. This can be explained by the second case study, in 

which the organization dimension received a score of 42%. This score resulted from 
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unfulfillment of most of the organizational aspects, such as the top management support 

and stakeholdeU¶V�LQYROYHPHQW��%\�WKLV��WKH�RWKHU�GLPHQVLRQV��L�H���UHVRXUFHV�DQG�HFRQRPLF�

dimensions) were negatively impacted, in which the fund was not provided which impacted 

the availability of the resources. Furthermore, the unfulfillment of the resources and 

economic dimensions negatively impacted the social dimension, as users were not satisfied 

with using a system that has a lot of limitations and does not meet their needs. Moreover, 

the lack of sustainable funding is an issue that directly impact the sustainability of the e-

health solutions. Because e-health solutions are improving rapidly and the demand for new 

changes and updates is increasing respectively. In order to keep up with the demand, 

adequate sustainable funding is required to sustain the use of the system. The resistance to 

providing funds is hindering the efficient employment of the technology in healthcare and 

increasing the burden on the healthcare practitioners, which does not achieve the digital 

health transformation goals.  

5.6 Chapter Summary 

This chapter presented the evaluation of the e-health sustainability model and assessment 

method that were introduced in Chapter 0 and Chapter 4. The evaluation was conducted by 

three case studies in three different hospitals in Saudi Arabia. The results showed the 

applicability and effectiveness of the sustainability assessments method to predict the 

sustainability level of the e-health solutions in real-word cases.   
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6 CHAPTER 6 

CONCLUSION AND FUTURE WORK 

This chapter presents the threats to validity, recalls the thesis contributions, and answers 

the research questions. Additionally, it discusses some of the future directions on 

sustainability recommendations based on the e-health sustainability model. 

6.1 Threats to Validity 

Despite the perceived effectiveness of the proposed sustainability model and its assessment 

method, there are some threats that might affect the validity of this work.  

6.1.1 Construct validity 

The sustainability aspects in the model were extracted from the conducted SLR. However, 

because the grey literature was not fully explored, the risk of missing important aspects 

exists, which may affect the comprehensiveness of the model. Also, the evaluation tools, 

surveys and checklists, of the aspects were gathered from the studies that discuss the 

evaluation of the intended aspect without relating it to the sustainability of digital solutions. 

To mitigate those risks, the model and the assessment method were validated by IT and 

domain experts in the healthcare. Lastly, there is a threat to the validity of the as there is 

no clear evaluation scale of the sustainability of e-solutions in healthcare exist in literature, 

I proposed an evaluation scale, which might impact the validity of it. However, to mitigate 

this risk, the proposed scale was inspired from other studies that was published to assess 
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the maturity level of digitalization of companies, which is close to the subject under study 

in this thesis.  

6.1.2 Internal validity  

In evaluating the model, the social dimension was supposed to be filled by the users of the 

e-health. However, because reaching the users in short period was challenging, the 

evaluation of the social dimension was done by estimating the VFRUHV�EDVHG�RQ�WKH�H[SHUWV¶�

responses and judgment. This might impact the resulted score for the social dimension. 

However, to mitigate these risks, I asked the experts to consult the end users before 

providing data on this dimension. In addition, the IT and domain experts were of different 

level of sustainability of e-VROXWLRQ¶V�NQRZOHGJH��7KLV�PLJKW�KDYH�LPSDFWHG�WKH�YDOLGLW\�RI�

weights they assigned to the dimensions and the data they provided to each aspect. To 

mitigate this, I had an introductory session where I explained each dimension and their 

aspects.    

6.1.3 External validity  

Although the case studies illustrated the effectiveness of the sustainability model and its 

assessment methods in evaluating the sustainability e-solution in public Saudi hospitals, 

the result might not be generalized to include the private sector. Hence, I plan to further 

investigate the effectiveness of the model with cases studies from the private sector.  
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6.2 Contributions  

There are significant contributions in this thesis. The thesis proposed a novel and 

comprehensive sustainability model for e-solution in healthcare that  

1. Captures empirically the main dimensions, aspects, elements of e-solution in 

healthcare. 

2. Provides an assessment method that is used to evaluate the sustainability of e-

solutions in healthcare, which supports healthcare management in decision making 

and e-solution adoption through 

3. Provides a tool support that implements of the sustainability model and the 

assessment method to facilitate the use of the model in practice. 

6.3 Research Questions  

This thesis addresses two main research questions related to the sustainability of the e-

health solutions:  

x RQ1: What are the dimensions and elements of the sustainability model that fits and 

reflects the adoption of e-solutions in healthcare systems? 

Answer: this question was answered by the conducted SLR, in which the dimensions and 

elements were extracted and then used to build the sustainability model empirically.  

x RQ2: To what extent the proposed sustainability model is comprehensive in covering 

all aspects of e-solution sustainability in real-word cases in healthcare in practice?  
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x RQ3: To what extent the sustainability model and the assessment method are effective 

in evaluating the sustainability level of e-solution in healthcare in practice?  

Answer: those two questions were answered by 1) conducting several meetings with 

technology and clinical experts in healthcare to assess the validity, comprehensiveness, and 

correctness of the model and 2) conducting three case studies in three hospitals in Saudi 

Arabia to validate and evaluate the comprehensiveness and effectiveness of the model and 

assessment method in practice. The experts agreed that the model is more comprehensive 

and systematic than what they do in practice. Also, the assessment method to be applicable 

and useful in evaluating the sustainability level of e-solutions. In addition, the case studies 

illustrated the expected effectiveness and applicability in real-world cases where the 

evaluation results were aligned with the expected sustainability that the hospitals had or 

discovered after the adoption of the systems. 

6.4 Future Directions 

,Q�WKH�IXWXUH�,¶P�Slanning to do the following: 

x Sustainability recommendations: the sustainability model and assessment method 

predict only the sustainability level and identify the aspects with low score. However, 

the current work does not provide recommendations on how to improve the 

sustainability level of the e-health solution. Recommendations are useful to guide 

healthcare top management in investigating the chances of improving the sustainability 

of current e-solution or, instead, considering other digital solution. HenFH��,¶P�SODQQLQJ�

to analyze the sustainability practices in the context of e-health and survey the literature 

in order to provide set of informative recommendations that can be used to support 
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decision making about the sustainability e-solutions (e.g., whether to improve the 

sustainability level of an e-health solution or discard it and look for other options).  

x Further evaluation of the sustainability model: more case studies can be conducted 

to improve the generality of the sustainability model by considering case studies from 

private hospitals.  

x Tool support: enhance the current tool support by providing a smart engine and usable 

interface that supports the technology experts in filling relevant data and assigning 

weights to the sustainability dimensions. Also, add an Artificial Intelligent (AI) 

component that better estimates the sustainability of e-solutions using historical data of 

similar solutions adopted in similar healthcare settings.  

6.5 Conclusion  

The undergoing digital health transformation has introduced many changes that followed 

the adoption of e-health solutions in healthcare. Although those e-health solutions 

positively impact the healthcare provision, they bring dramatic to healthcare environment 

changes such as changes to workflows, roles, and provided services. Thus, it is essential to 

assess the suitability and sustainability of those e-solutions in order to minimize waste and 

optimize the use of resources. In this thesis, I proposed an e-health sustainability model 

and assessment method that support decision making in adopting new digital technology. 

The sustainability model captures the dimensions and aspects of e-health sustainability and 

provide a systematic method to evaluate and predict the sustainability of e-health solutions.  

The validity and comprehensiveness of the proposed mode and its assessment method were 

assessed through multiple meetings with experts. In addition, I conducted three real-world 
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case studies in which the effectiveness of the proposed sustainability model in evaluating 

the sustainability of currently used e-solutions and the applicability of using it in practice 

is illustrated. The assessment method considers the singularity of each healthcare context 

by allowing each dimension to be assigned different weights based on its importance of the 

context of evaluation. This customization was proved to be essential as the weights of 

dimensions in each of the three conducted case studies vary. The sustainability model and 

its assessment are expected to provide a holistic evaluation and insights about the enablers 

and challenges in adopting e-solutions. In addition, they are expected to reduce wasting 

resources as they will support assessing the overall sustainability level of an e-solution 

before adoption or deployment.   
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APPENDICES 
All appendices mentioned in Table 41 are found in below link. 

https://drive.google.com/drive/folders/1y31-
gcrmpXxR33zQQRFXvSkZkdeRagzM?usp=sharing  

Table 41 List of appendices 

Appendix  File Name Description 
A Appendix-A_SLR The file contains documentation of the 

selection process and search results of each 
of the selected digital libraries along with 
quality assessment of the primary studies 
and their data extraction. 

B Appendix-B_Sustainability 
Elements Definitions 

The file contains definitions of all 
elements of sustainability model along 
with their references. The definitions are 
provided to clarify the focus of using them 
in context of sustainability model. 

C Appendix-C_Evaluation 
Tools 

Contain the complete evaluation checklists 
and surveys that are used in the 
sustainability assessment method. 

D Appendix-D_Tools Support It is the tool support that can be used to 
conduct the sustainability assessment on e-
health solution. 

E Appendix-E_Sustainability 
Evaluation-Case Study 1 

The complete assessment with all scores 
and results of the e-health solution that was 
evaluated in the case study 1 

F Appendix-F_Sustainability 
Evaluation-Case Study 2 

The complete assessment with all scores 
and results of the e-health solution that was 
evaluated in the case study 2 

G Appendix-G_Sustainability 
Evaluation-Case Study 3 

The complete assessment with all scores 
and results of the e-health solution that was 
evaluated in the case study 3 

  

https://drive.google.com/drive/folders/1y31-gcrmpXxR33zQQRFXvSkZkdeRagzM?usp=sharing
https://drive.google.com/drive/folders/1y31-gcrmpXxR33zQQRFXvSkZkdeRagzM?usp=sharing
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