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Abstract 

Health Management Information System (HMIS) is considered as one of the building 

blocks essential for strengthening the health system in Ethiopia. Most of the Ethiopian 

health centers, starting from healthcare facilities to the Federal Ministry of Health, are 

keeping their HMIS data in manual paper-based or on standalone HMIS systems. Reports 

generated at these facilities are transferred to the next level using paper reports, CD or 

DVD, flash drive or email that result in poor report generation and untimely information 

delivery. However, there is no clear framework to collect HMIS data centrally and 

generate reports for decision making, where this study aims to deal with. 

This study aimed to design a cloud computing-based framework for HMIS system for 

delivering HMIS services with low cost, high usability, and high clinical value. The 

research used Design Science Research Methodology. We analyzed multiple works of 

literature to identify the problem and consequently developed a conceptual model. The 

researchers performed a survey analysis to deeply understand the current HMIS 

implementation. We identified the requirement definitions, including flexibility, scope 

and performance, costs, service and cloud management, IT and security compliance, and 

reliability and trustworthiness. We designed and demonstrated the proposed framework.  

The cloud computing-based framework was designed in a layered architecture. External 

systems are interfaced with CHMIS using the SDMX-HD data interchange standard. The 

multi-tenant model of HMIS was designed as a shared data warehouse, with a separate 

schema for each tenant through a single application. The data warehouse was then 

subdivided into multiple data marts depending upon their subject area. Users can use data 

from data marts and perform analysis, reporting or data mining.  

The proposed framework was evaluated based on the ISO/IEC 25010:2011 quality 

standard and results of the evaluation have shown that most of the evaluators evaluated 

the proposed framework to be very useful. The study expects that cloud-based HMIS will 

allow health institutions and decision-makers to adopt information infrastructures and 

health information technology with low system operations and maintenance costs. The 

study recommends the full evaluation of the framework upon full implementation of the 

system of cloud computing environment. 

Keyword Cloud Computing, HMIS, Health Institutions, Health Information System, 

Routine health data  
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CHAPTER ONE 

1. INTRODUCTION 

In this part of the research, the background to the study, what motivated the study, the 

statement of the research problem, research objectives, significance of the study, scope, 

and limitations of the study sites are discussed. 

1.1. Background  

The idea of the Health Information System (HIS) raised some 40 years ago due to 

people's thought of having an alternative health care system [1]. At that time, the system 

was unable to provide medical practitioners (medicos) with timely, appropriate and 

efficient access to a patient’s complete health history. In addition to this, as the 

complexities of healthcare increase, it became more and more evident that medical 

practitioners would not be fully informed about their patients' previous treatment 

history. Therefore, this made them practice healthcare in a partially blind manner. 

Clearly, a substantial improvement in the quality of care could be gained if all relevant 

information were available to each practitioner through HIS [1].  

With the emergency of HIS patient’s information was digitized and medicos were able 

to make sound decisions based upon the information they get from the system. When a 

patient record is available during every visit to the hospital, it will improve the quality 

of treatment [2]. However, through time due to the nomadic nature of patients in the 

healthcare environment, there is a need to distribute and retrieve information across 

multiple healthcare providers. For this reason, they try to connect the health care system 

[3].  

A patient may go from one healthcare provider to another with or without their medical 

history. If the patient changes a clinic/hospital he/she has to tell the new health care 

provider (HCP) all personal information, some health history and other information 

which are all available in the previous health center (clinic or hospital). In some cases, 

the patient can be diagnosed again for the same cause, which leads to further 

complications and extra payments. For this reason, connecting them through the local 

network would solve the problem, so that they can share patient information. Again, 

the problem raised due to the incompatibility of platforms between them.  
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The introduction of an electronic HMIS will be an important breakthrough in 

administrative offices’ ability to monitor performance and pinpoint constraints and 

bottlenecks. At the same time, there must be a fallback option in case of ICT 

breakdown. Therefore, testing and implementation of the reformed HMIS process will 

create a clean and reliable manual system before introducing technology [4]. 

Information management in healthcare providers is a complex task and requires highly 

trained IT professionals. Hence, outsourcing some of the tasks to another third party 

would be an advantage. The objective is to offload a burdensome task from healthcare 

providers’ IT departments and allow them to focus on supporting other imperatives. In 

this context, the outsourcing of computation and storage resources using cloud 

infrastructure is a potential alternative [5]. 

The current development of cloud computing in the healthcare context will have a big 

impact on the healthcare sector. Cloud computing is one of the latest trends in the IT 

industry and the next stage in the evolution of the Internet, which is the process of 

delivering computing resources (hardware and software) as a service. Cloud Computing 

achieves this by using the Internet and by leveraging the concepts of parallel processing, 

distributed computing, virtualization, utility computing and other computer science 

techniques [3]. 

In cloud computing, the cloud refers to everything, computing infrastructure, business 

processes, applications, etc. that can be provided to the user as a service whenever and 

wherever needed [6]. What makes a cloud application different from other applications 

is its elasticity behavior. This elasticity means that users can request additional 

resources on demand and just easily release those resources when they are no longer 

needed. It is like fluid, which can be expanded or contracted. On the other hand, when 

using cloud computing one has to pay only for the services they have used, which means 

it uses a pay per use principle [7].  

Multiple IT-related researchers are moving their research to cloud computing. They are 

focusing on designing frameworks to adopt multiple areas to move to cloud computing. 

Additionally, researchers like Parekh et.al [8], stated that an improvised framework for 

the healthcare system is needed due to the advancement of technology and the 

limitations of the conventional healthcare system.  
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1.2. Motivation 

Health sectors in Ethiopia are suffering from multiple information-related challenges. 

Storing and sharing of that information is done either manually or on local computers. 

Due to the nomadic nature of patients, they have been diagnosed with the same problem 

multiple times. This is because of the lack of information sharing which leads to further 

complications. Furthermore, compiling information that is useful for decision-making 

is not easily available to the decision-makers. On the other hand, HMISs current 

implementation requires huge startup costs and distribution to the local sector is very 

difficult for the government. Therefore, in order to solve the problem cloud 

implementation of the Health Management Information System would be an ease of 

information sharing for both decision-making and problem-solving.  

For a uniform implementation of HMIS, pre-requisites were established by the FMoH 

to scaling-up HMIS in any region; the Regional Bureau of Health (RHB) were made 

responsible to modernize Medical Card Unit (MRU), providing Master Patient Index 

(MPI) boxes, shelves for filing individual folders at MRUs, recruit full-time salaried 

HMIS focal persons, hire and train Health Information Technicians (HIT) and put 

appropriate number of staff in the MRU. The FMoH took the responsibility to print and 

provide HMIS instruments and to provide funds for training health staff in the health 

facilities [4].  

However, in most of the health facilities, HMIS focal persons are delegated to undertake 

HMIS tasks on top of their regular duties and responsibilities. Hence, because of 

workload, data recording may not be done with the necessary care. However, 

throughout the country, the pace of training of health staff and scaling-up of the 

reformed HMIS was not encouraging [9]. 

Proposing a cloud computing adoption framework for HMIS in Ethiopia is needed. 

Cloud computing will provide health sectors with multiple advantages. The previous 

system has many problems. For instance, it requires huge IT startup investment, more 

IT staff for management, it is not possible to adopt for all healthcare organizations 

including rural healthcare centers [5]. The benefits of using cloud technology for HMIS 

are numerous. It includes operational, economic, and functional advantages [10]. 

Moreover, using cloud implemented HMIS is scalable based on the organization's need 

& cost-effective. It also provides end-to-end coverage of the system over the Internet.  
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1.3. Statement of the Problem 

In our country, there are many problems with healthcare providers. Most hospitals and 

clinics are not connected and even automated. Patient’s health records are stored in 

paper and are not available for reuse unless they come back to the same provider. Of 

course, currently, the Federal Ministry of Health (FMoH) is implementing HMIS in the 

seven most populous regions of Ethiopia mainly for the purpose of report production 

and decision-making. These regions are Addis Ababa, Amhara, Dire Dawa, Harari, 

Oromia, SNNP, and Tigray [4]. 

Health Management Information Systems and Monitoring and Evaluation 

(HMIS/M&E) are the pivotal components of the Health Sector Transformation Plan 

(HSTP) of the Federal Ministry of Health (FMoH). Among the transformation agendas 

in HSTP, the information revolution is given paramount importance to maximize the 

availability, accessibility, quality, and use of information for informed decision making 

at all levels of the health system [4] [11]. 

The HMIS is a major source of information for monitoring and adjusting policy 

implementation and resource use. Health Information System data are usually 

generated either directly from populations or from the operations of health and other 

institutions [4]. Currently, the implementation of HMIS is done through the 

conventional ICT infrastructure and requires highly trained IT workers for continuous 

maintenance and support. But there are many weaknesses of this system, for instance, 

incomplete institutionalization, unstandardized data collection, unintegrated reporting, 

and data transmission, weak information use (analysis and interpretation), & limited 

resources for HMIS [4]. These weaknesses are discussed in detail in Chapter Two of 

this study. 

By definition, the HMIS collects data for performance monitoring from service delivery 

and administrative records. In Ethiopia, with the exception of some vertical programs, 

there are no standard instruments to collect information when clients and patients 

interact with caregivers. As the service delivery instruments, there is little 

standardization of HMIS reporting forms. These standards defer from health 

institutions (HI) to HI, depending upon the status and level of the institution. The 

consequence is that information from one location may not be comparable to that from 

another location [4].  
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The existing system of HMIS is traditional HIS. It means the HMIS data users typically 

feed data on a standalone computer and send it to the next level either through email (if 

there is an available Internet), or physically report it using a flash drive, CD / DVD or 

paper-based in the case where there is no Internet connection. For the data to reach the 

FMoH, it would take many days or even months. Usually, upon acceptance, they have 

to produce reports using HMIS instance on their computer, which would take much of 

their time due to manually entering data to the system. This will result in poor decision-

making and an untimely response. 

Sharing HMIS data across institutions is critical in reducing unnecessary, redundant 

steps as well as providing comprehensive access to data for identifications and 

promotion of actions to improve the health of a population [12]. Unfortunately, most 

HMIS applications in health institutions cannot share information with their upper-level 

supervisors. Likewise, there are no common standards in the collection and entry of 

HMIS data to the system, which results in data incompatibility. For these reasons, it is 

cumbersome and time consuming for decision-makers to obtain time-sensitive HMIS 

data from HIs.  

Even though there are researches that have been conducted on the area of HMIS in 

general, there is no clear identified framework for the adoption of cloud computing for 

HMIS. Many scholars have proposed a cloud computing adoption framework for many 

institutions and cases [3] [13] [14] [15] and other scholars proposed cloud computing 

adoption framework for healthcare services [3] [5] [8] [16] [17]. For instance, 

Bizuayehu [3] attempted to conduct a study with the main objective of developing a 

cloud-based framework that helps efficient utilization of cloud computing for health 

care. This study focuses to adopt cloud computing for medical image archiving and 

sharing. As medical image archiving and sharing is an integral part of the services 

delivered by healthcare centers, its intent was to use the potential advantage of cloud 

computing in sharing medical images in an efficient and affordable manner.  

It is, therefore, the aim of this study to find solutions for the above-aforementioned 

factors so that FMoH and HIs in Ethiopia can get the advantages of cloud computing in 

an efficient and affordable manner for the implementation of HMIS. In addition, all the 

above-aforementioned researches discuss the adoption of cloud computing for some 

institutions; however, there is no clear framework to collect HMIS data centrally and 
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generate reports for decision making. This is where the study is intended to research. It 

proposes a concrete framework for the adoption of cloud computing for HMIS.  

1.4. Research Question  

In this research, the following research questions are intended to be addressed.  

I. What are the challenges faced by the current HMIS implementation? 

II. What are the critical factors influencing the adoption of cloud computing for HMIS 

in healthcare? 

III. What are the requirements mandatory for adopting cloud computing for HMIS? 

IV. What is the possible framework to adopt HMIS on the cloud? 

1.5. Objective of the Study 

1.5.1. General Objective  

The general objective of this study is to identify the challenges of the current HMIS 

system, the critical factors to adopt cloud computing for HMIS, and design a cloud-

based framework so as to efficiently utilize the potential of cloud computing and 

simplify data and/or information sharing. 

1.5.2. Specific Objectives 

 To review literature to identify the current tools, technologies and challenges used 

in HMIS ICT service delivery strategy and their efficiency 

 Identify factors that affect the implementation of HMIS cloud solution 

 Identify the necessary requirements for HMIS cloud solution 

 Design cloud-computing framework that improves current HMIS implementation 

in Ethiopia 

 Develop a prototype for the designed framework 

 Evaluate the stated framework with the developed prototype  

1.6. Scope and Limitation of Study 

This study was conducted to design a cloud computing adoption framework for HMIS. 

The data was collected using a literature review regarding cloud computing, specifically 

the appropriate technologies, service delivery models such as Software as a Service 

(SaaS), Platform as a Service (PaaS), Infrastructure as a Service (IaaS) and Everything 

as a Service (XaaS), HMIS, and related studies. A conceptual framework was 
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constructed in order to identify the critical factors that influence the adoption of cloud 

computing for HMIS. Additionally, results were taken using the questionnaire method 

and use SPSS software to determine the factors that affect cloud-computing adoption 

in health centers. The population, who undergoes through the study, are the selected 

health centers from Addis Ababa & Oromia health bureaus and health institutions in 

Addis Ababa within a month during the months of September 2018 – October 2018.  

The framework is evaluated by experts in the FMoH ICT department based on the 

defined framework requirements and a quality based questionnaire. 

However, the study does not address security related issues including data encryption 

and decryption issues of the cloud, since it is a broader concept it is excluded from this 

study.  

1.7. Significance of the Study 

This research will allow in achieving the goal Health Sector Transformation Plan 

(HSTP) of the Federal Ministry of Health (FMoH) had to consider alternative ways of 

deploying ICT infrastructures for improving the health system in Ethiopia. They 

planned to do this by providing continuous information support to the decision-making 

process at each decision-making level - Federal Ministry of Health (FMoH), Regional 

Health Bureau (RHB), Zonal Health Department (ZHD), Woreda Health Office 

(WorHO) and health facility [4]. It is, therefore, the result of this study in disseminating 

quality information in time.  

The result of this study work could exhibit a radical improvement in performance and 

resource utilization of health centers in improving data collection, storage, 

transmission, analysis and usage of health data that assist decision-makers and 

stakeholders manage and plan resources at every level of health service. The approach 

could also improve patient satisfaction by tracking certain dimensions of service quality 

and can be used for setting priority for community-based problems.  

The result of this research will contribute to ongoing researches in this domain area. 

Researchers conducting researches on areas such as cloud computing in the health 

center and HMIS are among the direct beneficiaries of the results of this study. Since 

this study opens job opportunities for Cloud Service Providers, they are also the 

beneficiaries of this study.  
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1.8. Organization of the Thesis  

The rest of the chapters of this study are organized as follows. This section gives an 

overview of the contents of each Chapter. 

Chapter Two discusses the literature review. Conceptual discussion on Health 

Management Information System (HMIS), cloud computing, and conceptual 

framework analysis are given in this chapter. 

Chapter Three of this study briefly discusses the methodology used by the research in 

order to conduct the research. This study uses Design Science Research Methodology 

(DSRM) and discussion is made based on the process model of DSRM. Finally, the 

conceptual framework of this study is discussed briefly. 

In Chapter Four survey finding and discussion is performed. A brief discussion with 

respect to tables is done. Finally, the requirements definition is implemented. 

Chapter Five of this study contains full information about the proposed cloud-

computing framework for HMIS, moreover specific details regarding the architecture 

of the framework is included. The implementation proposal of the framework is also 

included. Evaluation of the proposed framework is likewise completed in this chapter. 

Finally, in Chapter Six conclusions about the research, contributions, and 

recommendations for future research direction are presented.  
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CHAPTER TWO 

2. LITERATURE REVIEW 

This chapter deals with a detail description of the HMIS, Cloud Computing, and 

Conceptual Framework discussion. First, it defines HMIS, then followed by a 

discussion of cloud computing. Conceptual framework analysis has been made. Finally, 

a review of related works is done, so as to define the state-of-the-art and the overview 

research gaps.  

2.1. Overview of the HMIS 

Government of Ethiopia (GOE) and Federal Ministry of Health (FMoH) policy directs 

resources and responsibilities for delivery of public services towards the most 

peripheral Health Institutions (HIs): woredas, hospitals, Health Centers (HCs), and 

Health Posts (HPs). Currently, these HIs have limited capacity to collect and analyze 

information, and to interpret the information to identify bottlenecks and solutions. 

Unless this capacity can be strengthened, the current modality for health service 

delivery will not work [4]. 

A strong HISs are the backbone of a strong health system. A well-functioning HIS 

supports the delivery of health services by ensuring the production, analysis, 

dissemination and use of reliable and timely information on health determinants, health 

system performance and health status. HMISs are one of the six building blocks 

essential for strengthening the health system [9]. According to the Ethiopian context, 

HMIS and Monitoring and Evaluation (HMIS/M&E) was one of seven components of 

the Health Sector Development Program (HSDPIII) [4].  

HMIS is a data collection system specifically designed to support management, 

planning, and decision making in health facilities and organizations. It is typically, an 

electronic database system that is used to record aggregated data on service delivery, 

disease incidence, human resource data and other information used to evaluate the 

performance of delivery of health services [9]. Usually, an HMIS does not contain the 

highly detailed data of electronic medical record systems or individual patient data.  

Moreover, it allows collection, storage, compilation, transmission, analysis and usage 

of aggregate health data that assist decision-makers and stakeholders manage and plan 

resources at every level of health service. It is also used to improve patient satisfaction 
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with health services by tracking certain dimensions of service quality [19]. 

Additionally, effective HMIS implementation is essential for setting priority for 

community-based problems and is the backbone of effective healthcare delivery. 

Decision making, human resource management and budget allocation by managers and 

stakeholders are also the benefits gained from HMIS.  

The HMIS relies on data collected from several sources: service delivery, finance, 

human resources, logistics, and capital assets which should be harmonized with health-

related and multi-sectoral data collected by other organizations, such as vital events 

registration, census, survey, etc. To provide as complete a picture as possible of the 

health sector, information from other governmental organizations and from the private 

for-profit and non-profit sectors should also be included. Providers of HMIS and other 

health-related information need to establish common data definitions and 

understanding on how to interpret the information [4]. 

In Ethiopia when patients and clients interact with caregivers, there are no standard 

instruments to collect information, with the exception of some vertical programs. Just 

like service delivery instruments, HMIS reporting forms have little standardization that 

results in incomparability between information from one location to another. 

According to FMoH HMIS/M&E [4] in a well-performing HMIS, data should come 

from every HI in the country. However, in the case of FMoH HIs, HMIS is weak, with 

the exception of some local and regional institutions. At other governmental HIs and 

private-sector for-profit and not-for-profit institutions, HMIS is weak to non-existent, 

again with the exception of some best performers. Due to this these completeness gaps, 

health status improvement and use of health resources will be compromised in HI’s 

direct management of public facilities and collaboration with other Ministries and the 

private sector. 

Weaknesses of HMIS (Ethiopian context): At most, HMIS in its current usage at HIs 

does not deliver its most important products that are quality information that supports 

monitoring and performance improvement. The weaknesses of the current HMIS can 

be demonstrated in several ways [4].  

i. Incomplete Institutionalization 

The FMoH has a Planning and Programming Department (PPD) that owns the HMIS 

core process through its HMIS Unit. Regions also have an HMIS Unit attached to their 
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PPDs. Administrative offices at both administrative levels advice and set standards for 

the woredas for implementation. While the federal HMIS Unit has advised regions and 

woredas to establish HMIS units with an appropriate staffing pattern and job 

descriptions. At hospitals, the medical records department carries out HMIS tasks. At 

the facilities, where most service data are generated, the HMIS/M&E organizational 

foundation is weakest [4]. 

Weak institutionalization of HMIS results in a lack of comprehensive national HMIS 

standards and guidelines [4]. Many organizational and technical weaknesses related to 

HMIS can be traced back to the lack of integrated standards. Duplicative, redundant, 

and unnecessary steps in workflow processes can also be traced to a lack of standard 

instruments and procedures. 

ii. Unstandardized data collection 

At the time of service lack of standard instruments and procedures for recording patient 

information results in weak data collection. This situation leads to unreliable counts for 

basic data. Lack of standard definitions also compromises the compilation of HMIS 

data from client/patient service delivery records. Data reported from one area may not 

be consistent with or comparable to data reported from another. Until the most recent 

annual reporting cycle, when consistent data definitions were introduced as one of the 

first steps in HMIS reform, different regions have had different definitions for basic 

indicators and data elements [4]. 

A large data burden imposed by the HMIS operating in most parts of Ethiopia has three 

negative effects. The first one is the data collecting time spent by health workers whose 

main task is serving patients and clients, which is a misuse of works in countries like 

Ethiopia where health centers are understaffed. The second one is when the collected 

data is unused, which demoralizes health works and this results in poor quality for 

future data collection. Finally, the third negative effect is the additional cost used to 

collect data, if the data are not used, then there is no reason for collection [4]. 

Unstandardized data collection is the main reason why collected data is not used. 

iii. Unintegrated reporting and data transmission 

Strong vertical program priorities have created inefficient redundancies in data 

collection and reporting. For instance, outpatient malaria cases can be reported through 

three or more reporting channels. For this reason, since health workers must fill the 
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same information on several different forms they duplicate their work. All the way 

along the reporting chain, several program officers duplicate each other’s tasks. These 

redundancies may produce inconsistent results, resulting in confusion on the part of 

information consumers and embarrassment on the part of information generators [4]. 

Furthermore, these redundancies in multiple forms flow along separate channels, which 

is another level of redundancy and each channel having its own overhead (Material cost 

and staff time). According to FMoH, it is generally agreed that the current HMIS data 

burden is unreasonably high [4]. The variations in forms used at different regions, 

within a single region, and sometimes a single woreda, makes it difficult to estimate the 

number of data elements collected through the HMIS [4]. For this reason, having a 

cloud computing implemented HMIS would be the best solution, with which we can 

have a single standardization point, a single communication channel, and a single 

report. This will definitely meet the one plan, one budget and one report of HSDPIII.  

iv. Weak information use (analysis and interpretation) 

The use of information to improve health system performance is the main output of the 

HMIS process. The current information usage depends upon the technology the FMoH 

used. Currently, HMIS software is installed on computers that are not connected to the 

central network. Therefore, in order to transfer data to the stakeholders, they have to 

physically transfer the data using a flash drive or a printed report document. For 

instance, in order to transfer data from woreda to zone, they have to use a flash drive or 

send it through mail. This will result in weak information distribution and use, which 

directly affects in timely decision-making processes. HMIS system is used to generate 

reports, however due to the above-mentioned problems poor analysis and interpretation 

of data have happened.  

v. Resource Limitation 

For a well-performing HMIS process, limited HMIS resources appear in three main 

critical areas [4]. Human resources (HR), Information and Communications 

Technology (ICT) and budget allocation.  

Concerning Human resources (HR), incomplete institutionalization of HMIS with the 

incomplete establishment of HMIS Units and approved positions is the main weakness 

of HMIS/M&E. In addition, training and skills are another HR weakness for HMIS. 

Dedicated HMIS data encoders need both training and cost overheads. The other 
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weakness is ICT. The infrastructure to support HMIS and the trained staff to use it are 

all-weak at woreda level and below. Computer availability, electricity, staff computer 

skills, etc. are the main weaknesses noticed at the woreda level. Finally, HMIS budget 

allocation. According to FMoH [4], only 24% of woredas report having an HMIS 

budget, with the median allocation being 4000 birr annually, which is a very small 

budget.   

In addition to above mentioned HMIS weakness, the researchers have identified 

common problems with the HIS including, the decision for top-down vs bottom-up 

approach when building an information system, poor quality of data, lack of 

decentralization, too much aggregation of data at higher level, lack of standards, 

minimum data set, limited usage of data since the aim of information systems is not 

only producing information, but using it is also crucial [20].  

Generally, HMIS implementation is at its growing age in Ethiopia. Multiple health 

institutions are starting to implement HMIS; however, the coverage is very little. This 

necessitates the adoption of cloud computing in the health sector. The advantage of 

using cloud implemented HMIS is its scalability based on the organization's need and 

cost-effectiveness with respect to the scalability. Additionally, its end-to-end coverage 

is the other advantage gained from the cloud.  

2.1.1. Barriers for Design and Implementation of HMIS 

Kerina [21], stated that both cultural and organizational factors can be barriers to HMIS 

design and implementation. Organizational problems can comprise ineffective 

reporting structure, rapid staff turnover; lack of full support from higher management; 

lack of a clear vision of change; low staff competency; lack of resources; confusion on 

roles and responsibilities; inability to measure success and failure to benchmark 

existing practices [21]. While cultural factors include hostile cultures within the 

information systems organization.  

Kerina [21] suggested information system implementation failure occurs for various 

reasons, including lack of ownership, communication problems, failure to define and 

maintain success criteria, underestimation of complexity (e.g. cost overruns, missed 

deadlines, and lost credibility), lack of perceived technological need, lack of staff 

support/ supervision, lack of resources, and training factors (e.g. poor-quality training, 

poor timing of training, i.e. too early or too late) [21].  
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FMoH HMIS/M&E [4] stated that there is no specific supervisory checklist for HMIS 

tasks, particularly for checking data quality and the use of information. However, 

expectations of stakeholders regarding the progress achievement should be considered 

at the time of target setting [21].  

2.1.2. Enablers for Design and Implementation of HMIS 

For a well-functioning HMIS, one has to ensure the production, analysis, dissemination 

and use of timely and reliable information on health system performance, health 

determinants and health status [21]. Hence, careful planning of design and 

implementation should be done. 

Enablers for successful design of HMIS suggested by Kerina [21] include, 

organizational collaboration (e.g. stepwise approach through available guidelines for 

Data Management Standards in Routine Health Information Systems); in order to 

address work ethics one way is to adopt a code of ethics and introduce it to managers 

and staff (i.e. institutionalization of work ethics); improved ICT, since it plays an 

important role in strengthening HMIS; and preparing adequate staff training.  

Innovative leadership (vision and decision-making, addressing tangible and practical 

needs, the appointment of an authorized health system integrator, etc.) and 

collaboration with health workers are considered success factors that are so basic even 

considered as axiomatic [21]. Therefore, the enablers for successful implementation of 

HMIS take account of, leadership, motivation and regular feedback at the national level, 

implementation requires, at a minimum, committed leadership and governance [21].  

Moreover, donor support and collaboration are considered as another implementation 

enabler [21]. It is well known that HMISs need proper funding, which can be either 

from internal or external donors. Usually health systems are open source (e.g. DHIS2) 

and externally funded. However, these funds can be used for the procurement of ICT 

equipment, training cost of users and stakeholders, software design and 

implementation, different employee salary, etc. According to Kerina [21], making and 

implementing the decision to invest in HMIS is crucial.  

2.1.3. The Health Information Cycle 

An information system should not just be about collecting data but converting 

unspecified data into useful management information [20]. Figure 2.1 below depicts the 
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health information cycle that describes the broad framework of HIS. It pictorially shows 

the different stages, processes, and components, through which the data is collected, 

checked for quality, processed, analyzed and used for many purposes. 

The following steps or processes discussed in Table 2.1 below form an information 

cycle designed to identify and promote actions to improve the health of a population. 

The DHIS2 (District Health Information System 2) manual states, “unless a data item 

can influence decisions, support change, or promote activities in the place where it is 

captured, it should not be captured!” [22]. 
  

Table 2.1 Properties of a healthcare information system 

Step Expected Activity 

Data 

Collection 

 Data collection, recording, and compilation using tools like patient record 

cards, tally sheets, or registers. 

 Data entry can be done in lists of data elements or in customized user-

defined forms that can be developed to mimic paper-based forms in order 

to ease the process of data entry.  

 To ensure comparability between different facilities, districts, and 

provinces, it is essential to standardize definitions of both individual data 

elements and indicators. 

 Data collection tools can be: patient record cards, tally sheets, registers, 

tick registers 

Data 

Processing 

 This step is basically used to increase data quality. Good data quality 

should be: correct, consistent and complete; represent all records of 

Figure 2.1 Information Cycle [DHIS Manual] 
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similar data; available on time and at all levels; accurate and reliable 

enough to support decisions; comparable, i.e. using the same definitions 

of data items. 

 First, at the point of data entry, a check can be made to see if data falls 

within acceptable range levels of minimum and maximum values for any 

particular data element. This is useful to identify typing errors at the time 

of data entry. Moreover, various validation rules can be used to ensure 

good data quality. 

 Routine report (monthly report) which is a valuable summary of the 

activities of the facility. It should be both vertical and horizontal. 

 The target population for health programs should be identified 

Data 

Analysis 

 Self-assessment compare plans made and target sets with the actual 

activities 

 Indicators: tools used to convert raw data into useful information and to 

enable comparison between different facilities. 

 Targets: shows the planned level of accomplishment of objectives, and 

these targets should be SMART i.e. Specific, Measureable, Agreed, 

Relevant and Time-bound. 

Data 

Presentation 

 Graphs, maps, reports and health profiles are among the outputs that HIS 

can produce, and these should routinely be produced, analyzed, and acted 

upon by health managers. 

 The facility map is an essential tool to enable health staff to understand 

the area around the facility and the population they serve. 

Information 

Interpretation 

 A center should compare itself to targets that are set both locally and 

district wise, other centers, relater standards, and norms. 

 Trends: a comparison over time, may show changing patterns of health in 

the catchment population. 

 Epidemiological thinking: always relate data to a known population: to 

answer who, what, when, where, why, & how questions about the 

population 

Using 

Information 

 At all levels of management, timely and current information is crucial. 

 Feedback is the most important mechanism if the major purpose of the 

information is to inform the actions of potential users. 

 It could be verbal or through written reports  

2.1.4. Structural Organization of Health Information 

The agency dealing with the health information system (HIS) in Ethiopia, the Ministry 

of Health, have formal internal structures dealing with HIS and monitoring and 

evaluation in line with their mandate [23]. This Ministry of Health and regional health 

bureaus internal structure, i.e. a functional central HIS unit, plays a significant role in 

coordinating, maintaining and strengthening the national health information system. 
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Still, it lacks adequate resources to effectively upgrade and maintain the performance 

of HIS to a level that meets the HIS requirements of the country [23]. 

According to WHO [23], there is a committee (National Advisory Committee) 

established in 2005 GC, which is composed of directorates and agencies of the Central 

Statistics Agency and the Ministry of Health and partners supporting or actively 

engaged in HIS development. Its main purpose is to direct the process of HMIS reform 

initiated by the Ministry of Health. 

Types of data collected in a HIS 

The types of data being collected in a health information system can be categorized into 

the following groups [20]. 

 Permanent data: Data hardly changed, such as geographical data 

 Semi-permanent data: Data seldom changing, such as population in the district, 

facility data (number of beds, number of staff, etc.) 

 Routine data: Activity data about patients seen and programs run, typically 

being collected as the clinicians are going about their daily business. E.g. 

number of vaccinations given, number of deliveries, number of death.  

 Non-routine data: Special studies and other surveys collected by data collectors 

and health workers. 

Routine health information systems for capturing, managing, and analyzing service 

delivery data are one part of the larger health information system [24]. Thus these 

systems are where this thesis is focused on. According to Elisabeth et al. [20], routine 

health information is defined as “information that is derived at regular intervals of a 

year or less through mechanisms designed to meet predictable information needs” [20]. 

It include systems for collecting and using: health services statistics for repetitive or 

special service reporting (malaria, HIV/AIDS & TB); administrative data (drugs, 

personnel, training, revenue and costs, research, and documentation); epidemiological 

and surveillance data; data on community-based health actions and vital events data 

(births, deaths and migrations) [20].  

Data compilation within a health facility 

HMIS focal person at each health institution is responsible for collecting all records 

from different case teams and compile into one complete format. Likewise, he has to 
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make sure all the records are readable, written in pen and facility stamp on the report is 

out of the data recording area. In addition, he has to do a random accuracy check of 

data, facilitate the review of the compiled data by the performance review team of the 

facility and facilitate the use of HMIS information locally within the respective health 

institution. Finally, he has to send the approved report data to the next level in the 

reporting line. Figure 2.2 depicts HIs data flow.  

HIS places data directly into the hands of managers, decision-makers and related 

stakeholders. The routine health information system mainly HMIS is relevant for 

continuous quality improvement, planning, and budgeting, and responding effectively 

to clients’ requirements [20]. Figure 2.3 below shows the routine HMIS reporting flow 

in the health sector in Ethiopia. 

Regional health bureaus, agencies, and federal regional hospitals send progress reports 

on core plans (service, disease, and administrative reports) to the Ministry of Health. In 

addition, they deliver quarterly activity reports. Similarly, the regional health bureaus 

receive quarterly reports from woreda and regional hospitals, while woreda health 

offices receive service, disease and administrative reports from primary health care 

units. The Ministry of Health consecutively reports to the Council of Ministers and 

other ministers and shares information with development partners.  

Figure 2.2 Health Institution Data flow [DHIS Manual} 
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2.2. Cloud Computing  

The Internet, as Techopedia [25] defines “is a globally connected network system that 

uses TCP/IP to transmit data via various types of media. The internet is a network of 

global exchanges – including private, public, business, academic and government 

networks – connected by guided, wireless and fiber-optic technologies”. It is the 

interconnection between multiple networks or as is often called the network of 

networks, which currently has become one of the primary and vital tools in our day-to-

day activity. 

As the number of Internet users increases daily, multiple businesses are moving their 

business processes to be implemented over the Internet. While on the other hand, as 

time passes multiple new concepts started developing, for instance, clustering, 

virtualization, grid computing, etc. Service providers of various kinds started offering 

scalable, on-demand products that were delivered over the Internet, as soon as its 

connectivity became widely available at a reasonable speed, and offered low enough 

latency [26]. This lead to the introduction of one of the revolutionary concepts, Cloud 

Computing. Cloud Computing is a paradigm that allows on-demand network access to 

shared computing resources.  

Figure 2.3 The routine HMIS reporting flow in the health sector in Ethiopia [23] 
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There are many definitions of cloud computing, so far there is no globally accepted 

definition. However, we are going to the National Institute of Standards and 

Technology’s (NIST’s) definition for this research. According to Thomas et.al [6] the 

NIST’s definition is industry-wide accepted definition and it goes like this:   

“Cloud computing is a model for enabling ubiquitous, convenient, on-demand 

network access to a shared pool of configurable computing resources (e.g., 

networks, servers, storage, applications, and services) that can be rapidly 

provisioned and released with minimal management effort or service provider 

interaction. This cloud model is composed of five essential characteristics, three 

service models, and four deployment models.” [27].  

By hiding the structure that is behind many inter-networked computers, cloud 

computing harnesses the processing power of multiple inter-networked computers. It 

delivers computing as a service rather than a product, whereby shared resources, 

software, and information are provided to computers and other devices as a utility (like 

the electricity grid) over a network. Typically, this model is for managing, storing, & 

processing data online via the Internet. 

The fundamental benefits of the 'as a service' model include a shift from capital to 

operational expenditure, it is often leading to lower the total cost of ownership. On the 

other hand, service providers that can leverage economies of scale maintain it and 

access for businesses of all sizes is up-to-date technology. Additionally, scalability 

according to business requirements; fast implementation times for new applications and 

business processes are among the benefits of the services. Freeing up staff and resources 

for other projects and priorities is also another advantage one can get [26]. 

At its simplest, cloud computing is a collection of computing software and services 

from a decentralized network of servers. The Cloud, on the other hand, is a set of 

hardware, network, storage services, and interfaces that enables the delivery of 

computing as a service.  

Several other areas of technology that continue to contribute to modern-day cloud-

based platforms are distinguished as cloud-enabling technologies which include 

Broadband Networks and Internet Architecture, Data Center Technology, 

Virtualization Technology, Web Technology, Multitenant Technology, and Service 

Technology. Cloud computing is the next stage in the evolution of the Internet, which 

provides computing as a utility [6].  
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2.2.1. Characteristics of Cloud Computing 

The NIST definition of cloud computing describes five essential characteristics of cloud 

computing [27]. 

 On-demand self-service: this characteristic states that consumers can self-provision 

computing capabilities, such as server time and network storage, without the need to 

interact with service providers. Users use the cloud whenever they need it.  

 Broad network access: With the introduction of multiple new technologies and 

devices, everyday consumers can still access the cloud services through 

heterogeneous means of communication mechanisms (e.g. Mobile phones, laptop 

computers, tablets, workstations, etc.). These heterogeneous clients can be either thin 

or thick client platforms. As long as there is an Internet connection, users can use 

any device and access resources.  

 Resource pooling: this enables cloud service providers to serve multiple consumers 

via a multi-tenant model (an architecture in which a single instance of a software 

application serves multiple customers), with different physical and virtual resources 

that are, depending upon the consumer’s demand, dynamically assigned and 

reassigned. Examples of resources include storage, processing, and memory. 

 Rapid Elasticity: what makes a cloud application different from other applications 

is its elasticity behavior. This elasticity means that users can request additional 

resources on demand and just easily release those resources when they are no longer 

needed. It is like fluid, which can be expanded or contracted. Therefore, elasticity 

means the ability to scale up or down whenever needed by the consumer.  

 Measured services: in order to automatically control and optimize resource cloud 

systems use a metering capability (which is done by a pay-per-use or charge-per-use 

basis) at some level of abstraction appropriate to the type of service (e.g., storage, 

processing, bandwidth, and active user accounts). Transparency of resource usage 

for both provider and consumer can be provided by monitoring, controlling and 

reporting of the utilized system. 

Cloud Computing offers many advantages both for individuals and for organizations 

by increasing flexibility and cost reduction in terms of usage. A very good and resilient 

cloud-computing model should have all the above-mentioned characteristics.  
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2.2.2. Cloud Computing Service Delivery Models 

The NIST has defined three cloud computing service models, which are Software as a 

Service (SaaS), Platform as a Service (PaaS), Infrastructure as a Service (IaaS) and 

Everything as a Service (XaaS) [27]. 

Infrastructure as a Service (IaaS): This service offers the computing architecture and 

infrastructure, i.e. it offers all computing resources but in a virtual environment so that 

multiple users can access them. These resources; include data storage, virtualization, 

servers, and networking. Most vendors are responsible for managing the above four 

resources. Users will be responsible for handling other resources such as applications, 

data, runtime, and middleware. SysAdmins are the main users of IaaS.  

Platform as a Service (PaaS): this service is made up of a programming language 

execution environment, an operating system, a web browser, and a database. All of this 

encapsulates the environment where users can build, compile and run their programs 

without worrying about the underlying infrastructure. Consumers are provided with the 

capability to deploy onto the cloud infrastructure consumer-created applications using 

a programming language and tool supported by the provider. In this model, consumers 

manage data and application resources, while the vendor manages all other resources. 

PaaS is a domain for developers.  

Software as a Service (SaaS): in this type of service delivery model, an application 

running on cloud infrastructure is hosted as a service to customers who access it via the 

Internet and customers are able to access these services through a thin client interface 

such as web browsers.  

Even though customers can use this services they don’t have the ability to manage or 

control the underlying cloud infrastructure, servers, operating systems, storage, 

network, or even individual application capabilities, with the possible exception of 

limited user-interface application configuration settings all of this, are managed and 

controlled by the vendor. End users are the main users of SaaS [26].  

The main characteristic of this model is on-demand service delivery and pay per use of 

application software to users. In addition, this service is platform-independent, and 

users do not need to install instances of the software on their personal computers (PC) 

or devices. Additionally, the cloud runs a single instance of the software and makes it 

available for multiple end-users; this makes cloud computing cheap [6].   
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Everything as a Service (XaaS): 'everything' in the IT scope can be delivered as a 

service via the internet. Everything-as-a-Service (XaaS) is a cloud computing term for 

the wide range of applications and services emerging for users to access on-demand 

over the Internet. It initiated as software-as-a-service (SaaS) and has since expanded to 

include services such as IaaS, PaaS, storage-as-a-service, desktop-as-a-service, disaster 

recovery-as-a-service, & even emerging operations like marketing-as-a-service and 

healthcare-as-a-service [28].  

XaaS is dependent on a strong cloud services platform and reliable Internet connectivity 

[28]. However, as XaaS acceptance rises and the IoT makes its presence felt, issues like 

Internet bandwidth and latency, and data storage/retrieval times, are likely to become 

ever more pressing; along with the need to integrate, manage and secure multiple cloud 

services [26]. 

2.2.3. Cloud Computing Deployment models 

As per the National Institute of Standards and Technology (NIST), there are four basic 

cloud deployment models. These models are Public Cloud, Private Cloud, Hybrid 

Cloud and Community Cloud [27].  

Private Cloud: This type of cloud also known as internal cloud uses computing 

infrastructure, which is dedicated to a particular organization comprising of multiple 

users and not shared with other organizations. This cloud can be owned, operated, & 

managed by the organization or business, a third party or a combination of both, for its 

internal use. It may exist in two ways; on-premise private cloud (the cloud infrastructure 

is found inside the organization) and off-premise (externally hosted) private cloud.   

The advantage of this type of cloud is the business is in control of the services, i.e. it 

can set policies and control access. However, the customer will have to bear the 

significant cost of setting up and then maintaining the network alone [29]. 

Public Cloud: The term cloud computing is usually used to refer to the public cloud 

deployment model. They are computing and storage services that are open to any 

consumer (i.e. it is shared among different organizations). In this cloud, the cloud 

infrastructure is open for use by the general public. Consumers purchase computing and 

storage services as needed and pay as they go based on their consumption. 



 

24 

 

The main limitation of this cloud is it lacks fine-grained control over data, network and 

security settings, which forces customers of the service to put their faith in the hands of 

the cloud vendors. In addition, if there is a significant service outage, data and services 

are inaccessible [30].   

Community Cloud: community cloud involves the sharing of computing infrastructure 

among organizations of the same community. These organizations use this cloud for 

exclusive use by a specific community of consumers that have shared (e.g. mission, 

security requirements, policy, and compliance considerations). This cloud can be 

owned, operated, & managed by one or more of the organizations in the community, a 

third party or a combination of both. It may also exist in two ways; on-premise or 

externally hosted.   

The main benefit gained from the community cloud is the ability to spread services 

costs between customers; which makes this model better, from the economic point of 

view, than a single-tenant arrangement [29].  

Hybrid Cloud: this type of cloud is a combination of two or more distinct cloud 

infrastructures (Public, Private or community) that are unique but bonded together by 

standardized or proprietary technology that enables data and application compatibility 

[27]. A business that has implemented a private cloud can use the public cloud as an 

extension of their cloud (Cloud bursting: which can be used for load balancing). This 

cloud is used in environments where a customer has requirements for a mix of cloud 

hosting & dedicated servers. In this case, the organization may choose to store very 

sensitive data on their dedicated servers and less sensitive data in the cloud [29]. 

2.2.4. Benefits and Drawbacks of Cloud Computing 

The main benefits and drawbacks of cloud computing are discussed as follows:  

Cloud Computing Benefits: Cloud computing users can get many benefits from using 

cloud computing. It includes cost reduction/efficiency; the user does not have to invest 

huge amounts of money on purchasing and maintaining hardware, software, utilities, 

facilities or build a large data center for their equipment, which drastically decreases 

the startup cost [31]. Furthermore, they do not need skilled personnel to maintain the 

hardware, the buying and managing of equipment are done by the CSP [32].  
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Additionally, mobility is considered to be the benefits gained from using cloud 

computing. With this advantage employees of an organization who are working 

remotely or with a busy schedule, can easily access all the cloud services rented by their 

organization. They can use mobile access to corporate data using their smartphones and 

devices [31]. All they need is an Internet connection and they are good to go.  

Diverse companies have different IT needs depending upon their number of customers. 

Hence, cloud-based solutions are good for companies with growing and changing 

bandwidth demands. Cloud enables them to efficiently and quickly scale up or down 

their IT departments according to their organizational requirements, which makes the 

cloud easily scalable [31].  Furthermore, quick deployment is also the benefit we would 

gain from cloud computing that allows users to deploy systems with minimal time [32].  

One of the major headaches that every organization and business face regardless of 

their size is the security of their data. Different cybercrimes and data breaches happen 

every day, and it is the organization's job to prevent these things from happening. 

However, cloud computing offers many security and storage features that guarantee 

secure data storage and handling, which allows companies to focus on other company-

wise tasks [31]. According to Umesh [33], cloud service providers choose only the 

highest secure data centers for their customer information. Moreover, for information 

that is more sensitive, there will be appropriate encryption, auditing, and password for 

every person using their services.  

Other important benefits that could be gained from cloud computing include unlimited 

storage capacity, multi-tenancy, offers advanced online security, disaster recovery, 

maintenance and support, fast and effective virtualization, environmentally friendly, 

control, and etc. [31] [32].  

Cloud Computing Drawbacks 

Due to cloud computing’s information richness, it is going to be the largest target of 

cybercriminals which leaves security at risk. Voorsluys et al, [30] cite information 

safety and security as the main concern “current cloud offerings are essentially public... 

exposing the system to more attacks”. Their study considers security, privacy, and trust 

as one of the biggest challenges and risks when using cloud computing.  

Moreover, in order to host important data to perform critical tasks, there is massive use 

of third-party infrastructure and services that affects the entire cloud computing stacks 
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security and privacy [30]. Legal and regulatory issues also need careful consideration. 

For instance, country-wise lays can impose that sensitive data to be stored within the 

national borders; information such as patient health records [30].  

In order for cloud computing to users to access their data, an internet connection is 

necessary [33]. Which makes cloud computing’s Internet reliable. Rural areas with no 

network access are not able to use services provided by cloud computing. Moreover, 

with low network bandwidth, the advantages that could be gained from cloud 

computing are minimal.  

One of the biggest fear of cloud computing users is about having their data locked-in 

by a certain cloud service provider. The use of cloud computing means dependence on 

others and that could possibly limit flexibility and innovation. For companies that 

depend on the cloud to keep critical business functions up and running this could be a 

problem. However, there are solutions to overcome this problem of dependability, and 

one of them is to host mission-critical functions to be hosted on-premises. Hence this 

could be done by careful planning of the approach [34]. 

Availability of services, fault-tolerance and disaster recovery are expectations or 

warranty of the cloud users after moving their application to the cloud; hence the service 

provider should meet these expectations [30]. However, sometimes the cloud provides 

could not deliver these optimisms. Due to this unfulfilled hopes, cloud users consider 

cloud solutions to be un advantageous.  

Other drawbacks of cloud include service outage, inadequate performance, hidden cost 

(including the cost of integrating and managing multiple cloud services and of handling 

a potentially large amount of data [26]), customer support issues, etc.  

Most of the above-discussed potential problems can be reduced with a tightly defined 

service level agreement and good planning. Moreover, the user will need to be cautious 

in order to minimize the problems and also realize that public deployment of the cloud 

will not be the answer to every IT workload processes [26]. 

2.3. Cloud Computing and Healthcare  

The healthcare ecosystem consists of doctors, physicians, pharmaceutical companies, 

imaging centers, HMIS units, IT solutions and services firms and eventually the patients 

[3]. Continual change in both supply and demand within the healthcare market 
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influences the use of Information Technology and serves as the principal driver for the 

adoption of cloud computing. In the context of technology usage or information 

management, the healthcare ecosystem handles a major key process, the healthcare 

provisioning process.  

2.3.1. Role of IT in the Healthcare Ecosystem 

Demand for healthcare will continue to rise, typically because of population aging and 

growth but also from an increasing interest in wellness by consumers [10]. Due to this 

everlasting demand, the healthcare ecosystem is influenced by using Information 

Technology. Its systems for healthcare can bring many benefits due to the dependency 

on healthcare provisions and information. However, in terms of computer usage, 

healthcare institutions are still outdated by the public administration; data collection 

and storage is done manually and rarely fed into a computer system [3]. The small data 

stored on that computer system are still isolated and placed on a computer where the 

data is of no use to others.  

Whether its information sharing between patients and doctors or aiding in a high-risk 

surgery, it is clear that dynamic applications of the technology are well underway in the 

healthcare industry. Integration of Information and Communication Technology 

enables faster feedback, remote monitoring and analysis and above all ensure the 

mobility of individuals across countries. 

In today's healthcare system, medicos and others are using technology in many areas 

like EMR/EHR (Electronic Medical Record / Electronic Health Record), patient portal 

systems, personal Healthcare Records (PHR), Picture Archiving and Communication 

Systems (PACS), or eHMIS (electronic HMIS) are some of the ICT based systems 

available in health centers.  

2.3.2. Benefits of Cloud Computing for Healthcare 

Healthcare provider systems leveraging cloud-based computing and cloud services 

offer a range of benefits in comparison to in-house client-server systems; according to 

cloud standards, customer council [10] includes operational, economic, and functional 

advantages [10]. 

The operational benefits of cloud computing can be significant since cloud computing 

services offer the ability to adjust to demand and scalability rapidly [35]. Cloud services 
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can offer better privacy and security for health data and health systems. Cloud service 

provider data centers are typically highly secure and well protected against outsider and 

insider threats using administrative, physical and technical methods implemented and 

maintained by expert professional staff [35]. Moreover, cloud services can offer 

sophisticated security controls, including data encryption and access controls and 

access logging. The need for rare IT security skills within the healthcare organization 

is also minimized since all this is managed by the cloud provider [10]. 

From an economic perspective, cloud services provide advantages like cost flexibility 

and the potential for reduced costs. The need for additional healthcare provider skilled 

IT staff resources and related costs may be reduced when using cloud computing. 

Heavy capital expenditure can be avoided because IT resources are acquired on-demand 

as needed and paid for as an operating expense [35]. Likewise, the cost of staff 

resources required to deploy and maintain IT resources are included in the cost of cloud 

computing [10]. 

Healthcare functionality can be enhanced by cloud-based healthcare IT systems that 

offer the potential for broad interoperability and integration. The ability to share 

information easily and securely is a critical capability, and cloud services are good 

enablers for this. Cloud services can enable remote access to applications and data via 

the Internet to enable access at anytime from anywhere that Internet connectivity can 

be established. Support for access by mobile devices is often a feature supported by 

healthcare cloud services [10]. 

2.3.3. Risks of Healthcare Services in the Cloud  

In spite of various advantages that the Cloud has to offer to the healthcare sector, there 

are still challenges and risks that need to be addressed and overcome to leverage its 

complete potential in the healthcare sector. Some of these include security and privacy 

protection, disaster recovery, regulatory, governance, and the reliability of the Cloud. 

Privacy and Security issues: There is a high chance of security and privacy risks when 

an organization is using cloud computing technology, for instance, the attraction of 

cybercriminals, poor encryption key management, loss of governance, uncertain 

provider’s compliance and privilege abuse. According to Paiti [36], due to multi-

tenancy and decoupling between application and resources in cloud computing, the 

probability of data breach is very high. Thus, trust is at the heart of the resistance that 
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many customers have to the cloud [35]. Therefore, the sharing of medical information 

to different health care providers over the cloud will need a good access control 

mechanism. IT administrators of the health centers could achieve this by making sure 

that their passwords are protected and changed, also understand, and know the security 

status of their cloud provider.  

All cloud-based health solutions must comply with the Health Insurance Portability and 

Accountability Act (HIPAA) [37]. This includes security measures, but also extends to 

protocols for patient privacy, enforcement of laws, and breach notification procedures. 

The tenants of HIPAA need to be understood by both the healthcare and cloud providers 

in order to ensure HIPAA compliance.  

Compliance issues: Compliance is another cloud computing-related risk. Healthcare 

regulators may require a patient’s data to be confidential. According to Paiti [36], cloud 

computing users are unaware of their data were about, however, some compliance 

regulations restrict cross-border patients' data transfer and storage. Moreover, if the 

provider is unable to meet the requisite compliance norms (e.g. applicable laws, 

standards, regulations, policy or change) then the health center may be at risk [35]. 

Nevertheless, this all could be solved with careful planning and HIPAA compliance 

implementation. 

Data and vendor lock-in is an important challenge faced with cloud healthcare 

services. This is considered a risk when a customer is dependent on the technology 

and/or interface of the service provider. Sometimes, cloud users may have to move data 

or services back to an in-house IT environment or to another provider. Unfortunately, 

most cloud infrastructures provide very little capability on the application, data and 

service interoperability, which makes it difficult for migration from one provider to 

another or move data and service back to an on-premise IT environment [35].   

2.4. Healthcare Data Standards 

Data standards are critical requirements for information flow through the national 

health information infrastructure [38]. Despite the availability of the common 

technologies to support data exchange, there is yet no means to transfer data easily and 

economically from one computer to another.  

In the context of healthcare data, the term “data standards” incorporates protocols, 

methods, terminologies, and specifications for the collection, exchange, storage and 
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retrieval of information associated with healthcare applications. For instance medical 

records, radiological images, medications, medical devices and monitoring systems, 

payment and reimbursement, and administration processes [38].   

Data Interchange Standards  

In this subsection, the researchers have identified some of the common healthcare data 

interchange standards.  

A) HL7 (Health Level Seven): it is a primary data interchange standard for clinical 

and administrative data messaging [38]. HL7 is an international community to 

provide a framework for the exchange, integration, sharing, and retrieval of 

electronic healthcare information. Moreover, HL7 is a coordinated message-based 

connection between two systems that allows information to be exchanged reliably 

between application programs. "Level Seven" refers to the seventh level of the 

International Organization for Standardization (ISO) layer communications model 

for Open Systems Interconnection (OSI) - the application level. The application-

level interfaces directly to and perform common application services for the 

application processes.  

B) DICOM (Digital Imaging and Communication in Medicine): DICOM is the 

international standard to store, process, transmit, retrieve, print, and display medical 

imaging information [39]. HL7 covers a wide range of healthcare processes while 

DICOM concentrates mainly on medical imaging and the related exchange of data. 

It makes medical imaging information interoperable. Moreover, it integrates image-

acquisition devices, PACS, workstations, Vendor Neutral Archives (VNAs) and 

printers from different manufacturers [39]. 

C) Logical Observation Identifiers Names and Codes (LOINC): LOINC is a 

common language (set of identifiers, names, and codes) for identifying health 

measurements, observations, and documents [38]. It is specifically used for 

reporting of laboratory results. In addition, LOINC is a database and universal 

standard for identifying medical laboratory observations. Several standards, such as 

IHE or HL7, use LOINC to electronically transfer results from diverse reporting 

systems to the appropriate healthcare networks [40]. 

D) SDMX – Statistical Data and Metadata eXchange: SDMX is an ISO standard for 

exchanging and sharing statistical data and metadata among organizations [41]. It 

describes statistical metadata through a data structure definition (DSD). DSD 
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defines attributes, dimensions, concepts, code-lists and other artifacts necessary to 

describe the structure of data. In a parallel manner, a metadata structure definition 

(MSD), describes metadata associated with data at observation, series, group, and 

dataset levels. When these SDMX structures are combined with metadata attributes 

recommended in international standards and harmonized across programs, a 

message that will satisfy a majority of requirements can be developed [41]. 

SDMX-HD (Health Domain), on the other hand, is a WHO implementation of the 

SDMX standard to allow medical facilities to share and exchange medical indicators 

and metadata between HIs [41]. Hence, this is the standard that is used by DHIS2 as a 

standard for data and metadata exchange in the health domain; consequently used by 

this study.  

In order to link patient data, the administrative specification provisions of the HIPAA 

mandates the implementation of a unique health identifier for individuals.  

2.5. Conceptual Framework Analysis 

There are many theories used in technology adoption studies. According to Nedev [42] 

the most-used adoption frameworks or theories appear to be the Technology 

Acceptance Model (TAM), Unified Theory of Acceptance and Use of Technology 

(UTAUT), Diffusion Of Innovation (DOI) theory, Human-Organization-Technology 

(HOT) fit model & the Technology-Organization-Environment (TOE) framework [42].  

According to Chinyao Low et al. [43], even though there are various factors that affect 

cloud-computing adoption among prior researchers’ findings, all those factors are 

organized in technological, organizational or environmental contexts. Therefore, it 

would be convenient to apply the TOE (Technology-Organization-Environment) 

framework to explore cloud computing adoption issues. Additionally, due to the 

complex nature of healthcare involving multiple stakeholders, which exert various 

institutional pressures. Ahmadi et al. [44], states that human context also should be 

considered as a supplementing factor into the TOE framework [44]. The following are 

some of the most common theoretical frameworks that are adopted by multiple 

researchers.  
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2.5.1. Technological-Organizational-Environmental (TOE) Framework 

Tornatzky and Fleischer (1990) first introduced the TOE framework on their book 

entitled The Processes of Technological Innovation [43] [45]. Several studies have used 

this model to analyze IT adoption by firms. The framework identified three context 

groups: technological, organizational and environmental, that may influence the 

process of technological innovation adoption at the firm level.  

The first context is the technological context that refers to internal and external 

technologies applicable to the firm. In this context, both equipment and processes may 

indicate technology. Essentially, it is believed that the fit between the existing 

technologies set in a firm and the intended technology innovation will be one of the 

determinants in the decision to adopt technology innovation [45]. 

The organizational context refers to several characteristics regarding the organization 

in general such as the form of organizational strategies, size & scope, culture, the 

complexity of managerial structure, policies as well as the quality of human resources 

[43]. “These formal and informal processes and structures, in turn, may have an effect 

on the adoption of technological innovation within organizations” [45]. 

The final context is the environmental context. It refers to the domain in which a firm 

conducts its work - its industry, competitors, government policy, and dealing with 

access to resources supplied by others. “This context fundamentally implies that in 

order for organizations to adopt innovation or technology, there will be influences 

coming from the environment in which the organization operates.” [45]. 

As Chinyao Low, et al, [43] stated, the current stipulated studies follow three features 

that influence cloud computing adoption: technological context (relative advantage, 

perceived complexity, and perceived compatibility), organizational context (top 

management support, firm size, and technology readiness), and environmental context 

(competitive and trading partner pressures) [43]. Hence, according to the 

aforementioned discussion, the TOE framework is believed as a suitable model to be 

taken into consideration in this study. Figure 2.4 illustrates this model. 
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2.5.2. Human-Organization-Technology (HOT) Fit Model 

According to Ahmadi et al. [44], by referring to previous studies of Health Information 

Technology adoption, they realized that “a major proportion of adoption problems 

were caused by the lack of fit between the three contexts of technology, human and 

organization”.  Furthermore, they added that practitioners and researchers could take 

advantage of the HOT-fit model to evaluate researches on IS or IT application adoption 

in the context of healthcare centers [44]. 

In HOT-fit model, the human factor is central to the evaluation of HIS adoption and 

development [44]. According to Ahmadi et al. [44], the factors that are engaged in the 

human context need to be considered when implementing and adopting any new 

technological innovations that are within the context of the healthcare industry. Hence, 

in the integrated theoretical framework proposed by Ahmadi et al. [44], factors of the 

human dimension are the perceived technical competence of IS staff and employees’ 

IS knowledge [44].  

Additionally, this model or the HOT-fit model and the TOE framework have a great 

overlap except that this model does not consider the environmental context. On the 

other hand, so is the TOE framework that does not consider the human factor. So due 

to the above-mentioned reasons, it is deemed suitable to consider the HOT-fit model in 

this study. Figure 2.5 illustrates this model. 

Figure 2.4 (Tornatzky and Fleischer 1990)’s TOE framework model adapted by Low, Chen and Wu 2011 [43] 
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2.5.3. IS Success Model 

According to Maryati et al. [46], the IS success model is constructed based on six 

success dimensions that are linked causally and temporally. According to them, the 

updated model consists of six system dimensions: System Quality, Information Quality, 

Service quality, Information use, User satisfaction and Net benefits [46].  

 System Quality: the measures of the system’s performance. This variable 

measures ease of use, ease of learning, usefulness, response time, availability, 

flexibility, reliability, security, & access to technical support [46] [47]. 

 Information Quality: the measures of IS output, it specifically evaluates the 

quality of the information in information Systems. This aspect evaluates 

information completeness, timeliness, legibility, ease to understand, accuracy, 

relevance, reliability consistency, and entry methods & quality [46].  

 Service Quality: the measures of technical support or service. It measures the 

user’s expectation (overall support delivered by the service provider) with user 

satisfaction regardless of the servicer delivery style (by the internal department 

or outsourced to external vendors) [46]. 

 System Use: recipient consumption of the output of IS. The use of information 

output such as reports appears to be one of the most frequent measures to assess 

the success of IS in terms of the level (frequency and breadth) of system usage 

[46] [47]. This aspect evaluates the level of use, knowledge, training, 

expectation, and human acceptance or resistance [46]. 

Figure 2.5 Integrated theoretical framework adopted by Ahmadi H., et al. 2016 [44] 
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 User Satisfaction: The recipient response to the use of the output of IS. It 

measures the success of the system with respect user’s opinion and experience 

in using the system and the system’s potential impact on the service provided in 

terms of the user’s general opinion [46] [47]. Generally, this variable measures 

the perceived usefulness and user's attitude towards IS.  

 Net Benefits: the overall IS impact. According to Maryati et al., “the net benefits 

capture the balance of positive and negative impacts on the user” [46]. We can 

assess net benefit using direct benefits, efficiency, job effects, effectiveness, 

communication, error reduction, cost and clinical outcomes [46].  

2.6. Related Works Review 

The researchers review different research works related to cloud computing adoption 

for different institutions and centers.  

The research work by Belesti [48] mentioned available information needs to be timely 

disseminated and used for strategic decision making at all levels of the health system. 

Otherwise, its availability becomes meaningless and useless [48]. This shows that in 

order to have meaningful and useful information, we must have a way to have 

information available anytime, & anywhere.  

Tadesse et al, [19] according to the Ethiopian context, Health Management Information 

System and Monitoring and Evaluation (HMIS/M&E) was one of seven components of 

the Health Sector Development Program (HSDPIII). In addition, the research 

mentioned that Health Management Information System is an essential tool for 

strengthening planning and management in the health facilities. However, in 

developing countries due to resource limitations, HMIS implementation is at its infant 

age [19] [11]. 

As FMoH [4] stated the main challenges on the successful implementation of HMIS 

are; the absence of standardized, well-documented recording and reporting formats and 

information flow has led to inconsistent results and poor data quality. However, unless 

there are policy guidelines that set the terms of compliance in a decentralized setting, 

there is no assurance that these standards and guidelines will be followed. Also 

Sustainability problems; without an assured supply of materials, including stationery 

and consumables, it may be impossible to observe standards for recording and 
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reporting. Therefore, cloud implementation will definitely provide country-wise 

standardization of data. 

Furthermore, the introduction of an electronic HMIS will be an important breakthrough 

in administrative offices’ ability to monitor performance and pinpoint constraints and 

bottlenecks. At the same time, there must be a fallback option in case of ICT 

breakdown. Therefore, testing and implementation of the reformed HMIS process will 

create a clean and reliable manual system before introducing technology [4]. However, 

we all know that at some point this system is will have a catastrophic impact unless 

continually monitored. This clearly shows that all the burden and responsibility fails on 

ICT workers of the health care providers. 

Sungyoung et al, [17] conducted a study to design a cloud computing-based Healthcare 

SaaS Platform (HSP) for delivering healthcare information services with low cost, high 

clinical value, and high usability. They started by discussing EHR systems and 

advanced healthcare services such as clinical decision support (CDS). They analyzed 

the architecture requirements of an HSP, including the interface, business services, 

cloud SaaS, quality attributes, privacy and security, and multi-lingual capacity. For 

cloud-based SaaS services, they focused on CDS content services, basic functional 

services, and mobile services. Microsoft’s Azure cloud computing for IaaS and PaaS 

was used by the study. The study's main results were the functional and software views 

of an HSP were designed in a layered architecture. External systems can be interfaced 

with the HSP using SOAP1 and REST2/JSON3. But, during implementation of the HSP-

based CDS service and other healthcare services, challenges concerning performance, 

semantics interoperability, usability, and security were not addressed by this study. 

Another study conducted by Kunwal et al, [16] designed a hybrid cloud computing 

conceptual framework for e-health. They analyzed a conceptual framework regarding 

the prospects of cloud computing in healthcare, factors that influence cloud computing 

in e-health (such as privacy and security, regulation and compliance, service liability, 

integration, interoperability and portability, and standards), high-value cloud 

                                                           
1 SOAP (Simple Object Access Protocol) is a messaging protocol specification for exchanging structured 

information in the implementation of web services in computer networks. 
2 REST (Representational State Transfer) a software architectural style that defines a set of constraints 

to be used for creating Web services. 
3 JSON (JavaScript Object Notation) is an open-standard file format that uses human-readable text to 

transmit data objects consisting of attribute–value pairs and array data types. 
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computing services for healthcare. Then they stated points that cloud customers should 

focus during the implementation of cloud-based e-health system directions for cloud 

computing. They finally concluded their study by developing a hybrid cloud computing 

conceptual framework for e-health. As a limitation, they did not consider detail data 

transaction between healthcare centers, moreover information sharing between centers 

was not discussed.  

On a study conducted by Bizuayehu [3] as his partial fulfillment of his MSc degree, he 

developed a framework that would assist healthcare organizations in medical image 

archiving and sharing in leveraging cloud computing through successful adoption. 

Moreover, he mentioned many major advantages of adopting cloud computing 

frameworks in medical image archiving and sharing. He cited that we can get the 

following advantages from Cloud computing implementation; Cloud brings powerful 

IT resources to the healthcare providers, providing flexible fee structure to suit user 

needs, Smooth transition when healthcare providers change or upgrade PACS by 

eliminating the need for costly data migrations, & Unifies data management. 

Moreover, he [3] examined the current ICT service delivery strategies to support 

hospitals and imaging centers, to consider cloud computing in the field of medical 

image sharing. Then he outlines the security legal and compliance issues in cloud 

computing. In order to achieve this, he used design science research methodology as 

his primary problem identification methodology and hybrid cloud as his cloud 

deployment model.  

Additionally, the study identifies the drivers and challenges to be faced during cloud 

computing adoption for medical image archiving and sharing. Following this, he 

suggests a roadmap for the successful adoption of cloud computing and its tools, 

provisioning models and design framework. However, he [3] only focus on adopting 

medical image archiving and sharing in hospitals to the cloud, he did not consider other 

healthcare areas.  

Therefore, the study takes this gap, cloud computing in healthcare systems specifically 

for HMIS implementations. That means this paper focuses on how the HMIS system 

can be implemented in cloud computing and how data should be handled and proposed 

a framework for the adoption of cloud computing for HMIS. This feature makes this 

study novel.  
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CHAPTER THREE 

3. RESEARCH DESIGN AND METHODOLOGY 

The aims and objectives of the research study will be achieved with the help of a 

research methodology that is discussed in this chapter. The reasons for the selection of 

each approach along with the epistemological underpinnings of the research are 

explained. Then, the research approach, design and strategy chosen are discussed and 

justifications are given for specific research methods that have been selected. Finally, 

the conceptual framework for the study has been identified.  

3.1. Research Design  

This study analyses the current implementation working principle of HMIS in Ethiopia 

particularly in Addis Ababa and Oromia, and depending upon the analysis result, 

proposes the cloud computing adoption framework. 

In this study in order to achieve the general and specific objectives and answer the 

research questions, Design Science Research Methodology (DSRM) is being used. 

DSRM proposes a research process for conducting design science in information 

system research by providing a set of concrete steps [49]. Many researchers have 

proposed design science research processes; however, this study adopted the 

methodology proposed by Peffers et al, [50]. This methodology help in carrying out 

successful design science research by providing a commonly accepted framework [50]. 

Why the researchers use this methodology is because it provides a process that is 

structured based on phases. Additionally, the research model combines both qualitative 

and quantitative research methods that are adequate to guide the overall research 

process. Hence, the research process is structured into multiple process elements that 

are discussed in the following sections. The proposed process model is depicted in 

Figure 3.1 below.  

Problem Identification and Motivation 

Problem identification is the first phase of the research in DSRM. In order to undertake 

this study, the researchers thoroughly identified and stated the research problem and the 

importance of its solution. Understanding of the problem’s relevance and its current 



 

39 

 

solutions and their weaknesses have been identified. Moreover, the research questions, 

objectives, and significance have been discussed. 

3.1.1. Research Design and Conceptual Framework Construction  

This is the second stage, in which the researchers have performed a deep literature 

review regarding both conceptual and theoretical concepts. Followed by a literature 

review, the researchers revised available conceptual frameworks that are appropriate 

for this study. Then constructed conceptual framework and hence developed 

questionnaire depending upon the constructed conceptual framework. Moreover, 

identified the research problem by identifying data sources, data collection methods 

and tools, and sampling techniques. 

I. Data Source 

In order to undertake this study, we used both primary and secondary data sources that 

are going to be collected from various sources using different techniques. The primary 

data is collected by using questionnaires of the Health sector’s HMIS operators at a 

hospital, woreda and federal levels, and interviews with concerned HMIS experts and 

Figure 3.1 Design Science Research Methodology [50] 
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users. These sectors are found either as an independent or dependent department in 

hospitals or healthcare provider centers.  

The questioners were distributed in the Federal Ministry of Health (FMoH), Addis 

Ababa Health Bureau, Oromia Health Bureau and selected health centers in Addis 

Ababa (the selection is done by the application of HMIS in the center). 

Different persons who directly participate in the current HMIS implementation, 

developers, decision-maker personals from the Federal Ministry of Health (FMoH), 

health facilities, and healthcare IT specialists were interviewed. The reason is to 

understand the current issues of ICT utilization strategies, effectiveness, and efficiency 

of service delivery and their recommendations for better service delivery were covered 

by the interview.  

Secondary data, on the other hand, means already available data, which are collected 

and analyzed by somebody else. Therefore, in this study reports from federal and 

woreda level administrative offices, various publications, archives, journals, books, the 

Internet and other sources were being used. 

The research works that have been done with the intention of proposing an architecture 

for implementing healthcare in the cloud computing environment were evaluated. In 

addition, researches, journal articles and the Internet in health sectors specifically with 

respect to HMIS are evaluated. Moreover, elicitation, as well as analyses of the gaps 

that are not covered by the related research works, have been performed.  

II. Data Collection Methods and Tools 

In this research questionnaire is the main method that we used for gathering useful data 

and information from experienced experts and stakeholders. The questioner has both 

open-ended and close-ended questions depending upon the variables that we have 

discussed in this chapter later. The close-ended type questions are more in number, and 

they are used for the very reason that they are easier to categorize and analyze the 

responses gathered. The items are organized using Likert scale multiple-choice 

questions (“These closed-ended questions, typically are five-point or above scale 

questions where the respondent is required to complete the questionnaire that needs 

them to indicate the extent to which they agree or disagree” [51]). These scales are 

easier, quicker and suitable for respondents to answer and are easy for the researcher to 

analyze. In addition to close-ended questions, few open-ended questionnaires were 



 

41 

 

used. The reason to use these questions is that it helps respondents to freely express 

their feeling and perceptions related to the research problem without any restriction.  

III. Sampling Technique 

According to Easton et.al [52], the target population is the entire group for which a 

researcher is going to investigate a problem and wishes to draw a conclusion. From this 

target population, a researcher is going to select a sample so as it would be very 

expensive and time-consuming in order to address every individual from the group. 

Therefore, the researcher has to draw a sample of the target population scientifically to 

infer information [53].  

For this research, the target populations are the health sector’s HMIS operators at 

hospitals, woreda, and federal levels, and other concerned HMIS experts and users. 

Accordingly, in this study, a non-probabilistic sampling specifically purposive 

sampling technique is used. The reason why we used this sampling is due to its cheap 

price, convenience and its applicability for exploratory research. This means that the 

best fitting respondents were chosen from different Healthcare institutions and bureaus 

because the respondents of the questionnaire must have the knowledge and the capacity 

about the subject matter that is HMIS.  

Under purposive sampling, also known as judgmental, selective or subjective sampling, 

the sample relies on the judgment of the survey organizer when it comes to selecting 

units that are going to be studied. The researcher intentionally chooses the particular 

units of the population for constituting a sample on the basis that the small selected 

sample will typically be the representative of the huge one. Thus the main goal of 

purposive sampling is to focus on particular characteristics of a population that are of 

interest that will best enable the researcher to answer his/her research questions [54]. 

The investigator may select a sample, which shall yield results favorable to his point of 

view [55]. 

Accordingly, different persons including HMIS focal persons, data entry clerks and 

planning departments of health offices from different health centers and bureaus were 

selected. The criteria for selecting 20 questionnaire respondents were their position of 

authority due to formal position or expertise and knowledge in some specific area to 

this study. In addition, the criteria to select health offices and bureaus were based on 
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their implementation of HMIS or related systems. Table 3.1 below shows the 

organization of the sample and population for the study. 

Table 3.1 Organization of the Sample Study 

3.1.2. Findings and Interpretation  

Here the researchers analyzed and interpreted results found from the survey. For the 

analysis of this study, SPSS software is used for statistical analysis of the existing 

scenario. Market researchers, health researchers, survey companies, government 

entities, education researchers, marketing organizations, data miners, and many more 

for the processing and analyzing of survey data use SPSS [56]. Ben [56] also mentioned 

that due to its emphasis on analyzing statistical data, SPSS is an extremely powerful 

tool for manipulating and deciphering survey data. Therefore, theoretical explanations 

were given based on results found by the SPSS software.  

The researchers then defined the requirement for the adoption of cloud computing. In 

this section, architectural requirements necessary for developing cloud-computing 

frameworks that are independent of the specific cloud service model are identified 

based on architectural, legal and security considerations of cloud computing for 

Ethiopian HMIS implementation. 

3.1.3. Solution design  

After problem identification, conceptual framework construction, data collection, 

analysis and requirement definition, designing of the solution has been performed. In 

this phase, we performed a further literature review on the existing knowledge base 

Status of Health Center Name of Health Center  
No of selected 

respondents 

Governmental Health Centers 

and bureaus 

Addis Ababa Health Bureau 2 

Oromia Health Bureau 2 

Yekatit 12 Hospital 2 

Tikur Anbesa Hospital 2 

D/Minilik Hospital 2 

Paulos Hospital 2 

Private Health Centers 

Addis Hiwot Hospital 2 

Betezata Hospital 2 

Girum Hospital 1 

Hallelujah Hospital 1 

Africa Medium Clinic 1 

Bethel Teaching General 

Hospital 
1 
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including state-of-the-art has to be taken into account to ensure research consistency 

[49]. “It is important to keep track of ongoing current activities to be able to react on 

changes on IT markets as well as in research findings” [49].  

3.1.4. Prototype Development 

After finishing the design and development of the framework, the researchers 

developed a prototype so as to evaluate the proposed framework. According to Dr. 

Nayyar [57], it is impossible for cloud specialists, researchers or system administrators 

to have real cloud infrastructure for real-time experimentation and implementation of 

new algorithms and methodologies. He also stated that cloud simulators play a 

significant amount of role in the reduction of the complexities of infrastructures, in 

execution of new algorithms, to measure the quality and performance of infrastructures 

and for analyzing security threats [57].  

Consequently, this study used the following framework design tools; OpenShift Origin 

for simulating the cloud-computing provider environment, Ubuntu 18.04 on which 

OpenShift Origin is installed and run. Ubuntu 18.04 is installed on Oracle VM 

VirtualBox 6.0. A web-based system that imitates the DHIS2 system for the 

implementation of the HMIS system has been used. 

3.1.5. Evaluation 

Followed by solution design is the evaluation of the stated solutions. Once the solution 

is refined and necessary programming and configuration are finished, the solution is 

evaluated. Evaluation is to be achieved by the means of a case study or action research, 

by arranging a broad expert survey and by laboratory experiments or simulations [49]. 

It is possible to iterate back to problem identification or solution design if necessary. 

Therefore, in this study, we used laboratory experiments using simulation tools and 

evaluate the framework based on the results gained from the simulation program. 

Additionally, the researchers discussed the cloud-computing framework requirements 

in chapter four of this thesis, those requirements are used as criteria for the final output. 

Moreover, ISO/IEC 25010:2011 standard of the International Standards Organization 

and International Electrotechnical Commission is used in this thesis as framework 

evaluation tool. This standard is derived from ISO/IEC 9126:1991 for Software 

Engineering – Product Quality to provide a comprehensive specification and evaluation 

model for the quality of software products [58] [59]. 
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The quality assessment questionnaire is conducted in order to obtain users’ ratings of 

the proposed framework using the Likert scores. The aim of this evaluation is to analyze 

the extent to which the CHMIS meets the quality aspects that are investigated in this 

study. The outcomes of the evaluation will help the developers of CHMIS, to have an 

idea about how to match between the quality aspects according to the ISO/IEC 

25010:2011 quality standard and get positive feedback from the users in health centers, 

which will be used for further improvements. 

3.1.6. Conclusion  

Conclusions are made based on results found from survey analysis and experimentation 

and evaluation of the framework. Furthermore, recommendations for future work are 

made and the study is finalized. 

3.1.7. Communication  

Communication is the stage where the researchers communicate the results of the study 

to the university or college presentation. 

3.2. Research Conceptual Framework 

The research framework is expressed through the results of existing literature reviews 

( [42, 43, 44, 45, 47, 46]) on Cloud Computing and HIS adoption that are assimilated 

by the TOE framework along with HOT-fit model. Figure 3.2 illustrates the cloud 

computing adoption conceptual framework adopted by the researchers. 

This study considers technological, organizational, environmental and human contexts 

as an important determinant of cloud computing adoption. Hence, the study reviewed 

three frameworks that base on the TOE framework and HOT-fit model to enable the 

development of a conceptual framework for this research. 

The dependent variable for this study is the adoption of cloud computing for HMIS  and 

there are thirteen independent variables with respect to each factor. 

3.2.1. Technological Context  

The technological context related to how the perceived characteristics of existing 

technologies in an organization influence the adoption [42]. According to Chinyao 

Low, et al, [43] relative advantage, complexity, and compatibility are the three main 

technological factors that have an impact on the decision to adopt cloud computing. In 
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order to adopt innovation to an organization, first they have to measure the system’s 

usefulness and ability to fit into an organization's objective [60].  

3.2.1.1. Relative Advantage 

Chinyao Low, et al. [43], defined relative advantage as the degree to which a 

technological factor perceived as better than its precursor by providing greater benefits 

for firms. It is reasonable for firms to consider their advantage from adopting 

innovations.  

HMIS software can be substituted by cloud computing services, which allow operations 

to be mobilized and generalized through Internet transactions. “The expected benefits 

of embedded cloud computing services include the following: speed of business 

communications, efficient coordination among firms, better customer communications, 

and access to market information mobilization.” [43]. However, firms might not have 

confidence in cloud computing systems since it is somewhat new to them. Ahmadi et 

al. [44], in their study mentioned that the more advantages about adoption of HIS 

innovations are realized by health centers the more enthusiastic they get towards 

adoption. The same is true for cloud computing adoption.  

3.2.1.2. Perceived Complexity  

According to Ahmadi et al. [44], complexity is “the degree to which an innovation is 

perceived as relatively difficult to understand and use”. In the context of this research 

study, perceived complexity describes the technological complexity of HMIS, cloud 

computing. In the HMIS environment specifically in Ethiopian, innovation is perceived 

to be complex due to the shortage of required skill and knowledge [19]. Accordingly, 

complexity of innovation can act as a barrier to implementation of new technology [43]. 

3.2.1.3. Perceived Compatibility 

According to Chinyao Low, et al. [43], compatibility refers to “the degree to which 

innovation fits with the potential adopter’s existing values, previous practices, and 

current needs”. In previous research results, compatibility factor has been frequently 

found to be an influential technological factor in the adoption of innovation [45]. The 

obvious consideration is firms will tend to adopt new innovations when they think the 

new system is compatible with the successor. 
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3.2.1.4. IT Infrastructure 

This element of the technological element pertains to a common IT platform that is 

consisted of software, hardware, networking tools and communication mediums that 

are essential for transferring and implementation of firm’s information [61]. The current 

HMIS technological implementation, quality of the current system in terms of 

availability, reliability flexibility and security must be identified. This element is 

adopted from Alam et al. [61].  

3.2.1.5. Information Quality 

The measures of IS output specifically evaluates the quality of information in 

information Systems. This aspect evaluates information completeness, timeliness, 

legibility, accuracy, relevance, reliability, consistency, and entry methods & quality 

[31]. This aspect is adopted from Yusof et al. [46]. 

3.2.2. Organizational Context  

The characteristics of an organization can affect the adoption of innovations like cloud 

computing. Tornatzky & Fleisher (1990) stated that the organizational context refers to 

the measures, which describe the organization. The organizational context includes 

attributes such as complexity of the firm’s managerial structure and size & quality of 

human resources [43]. Chinyao Low, et al [43], states organizational context proposes 

three attributes: top management support, firm size and technology readiness.  

3.2.2.1. Top Management Support 

Top management support refers to organization’s top management ability to avail 

supportive environment that adequately provides resources for adoption [61]. Top 

management plays an important role in adopting new technologies like cloud 

computing. Therefore the willingness of top management to adopt cloud computing 

will have a greater impact. 

3.2.2.2. Formalization  

Denotes the presence of written rules, procedures and documents for performing 

organizational activities. As we have discussed earlier in chapter two one of the main 

limitations of HMIS's current implementation is unstandardized data collection. Hence, 

the researchers have to investigate the current formalization.  
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3.2.2.3. Perceived Cost  

The perceived cost scale “represents the implementation costs for technology 

innovations comprising initial development investments and recurring operating 

expenses for technology adoption” [61]. 

3.2.3. Environmental Context  

According to Ahmadi et al. [44], relevant factors of environmental dimension can affect 

the adoption of technological innovations in the organization. It refers to the domain in 

which a firm conducts its work - its industry, competitors, government policy, and 

dealing with access to resources supplied by others [45].  

3.2.3.1. Technology Vendor Support  

Technology vendor support refers to the degree to which vendors provide services such 

as vendors’ engagement in product installation to complete consultancy and 

supervision, and employee training [61]. When adopting new technology the vendor's 

support must be taken into consideration before adopting the technology. This construct 

is adopted from Alam et al. [61]. 

3.2.3.2. Government Regulation and Support 

The Government Regulation and support construct state the degree to which 

government initiates policies for sustenance and allocating various resources in 

implementation of HMIS. This construct is adopted from Alam et al. [61]. 

3.2.3.3. Risk of Outsourcing  

The risk of outsourcing that is adopted from Ahmad et al, [45], refers to associated 

privacy and security risks that may arise due to the use of third party tools in their 

system or organizational decision to outsource their data. Apparently, some security-

associated risks will come due to organizational dependence on service providers and 

third-party tool vendors [45]. Hence, in this research, we investigated the risks that may 

arise due to outsourcing.  

3.2.4. Human Context  

The human factor, according to the HOT-fit model is central to the evaluation of Health 

Information System adoption and development. Moreover, Ahmadi et al, [44] state that 
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the human factor needs to be taken into consideration when adopting and implementing 

any new technological innovations like cloud computing [44].  

3.2.4.1. Innovativeness of Senior Executives 

This independent variable refers to the willingness of senior executives or managers to 

introduce new technological innovations after testing the technology. This construct is 

adopted from Alam et al. [61]. 

3.2.4.2. IT Capabilities of Staff  

IT Capabilities of Staff construct is adopted from Alam et al, [61] and Ahmadi 

et al, [44] and refers to the degree that staffs have IT knowledge and skill. According 

to Ahmadi et al, [44] staffs' technological capabilities and/or competencies playing a 

critical role when a hospital is adopting an innovative IS. This indicates that the more 

skilled the staff is the more the organization is willing to adopt new technological 

innovations like cloud computing. 

Figure 3.2 Conceptual Framework for Adoption of Cloud Computing (author) 
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CHAPTER FOUR 

4. SURVEY RESULT AND DISCUSSION 

4.1. Introduction  

The survey was conducted between September 2018 and October 2018, whereby a 

sample was selected from the employees of various organizations HMIS department. 

The analysis of the data obtained from the survey consisted of coding the quantitative 

responses, which were then statistically analyzed using SPSS. The analysis plan 

highlighted the primary research questions with reference to the questionnaire items, 

where thirteen variables were classified as key variables and therefore it was important 

to conduct a cross-tabulation between these variables and the adoption of cloud 

computing to establish the deviation in responses.  

This section explores the frequencies and descriptive statistics of the responses to the 

statements presented in the cloud computing adoption survey. After coding whereby 

Strongly Agree = 1, Agree = 2, Neither = 3, Disagree = 4 and Strongly Disagree = 5, 

the data is treated as ordinal data since it is a measurement of the responses of a 

normally distributed population. 

4.2. Preliminary Analysis 

This section examines the descriptive statistics and frequencies for each variable 

measured using the HMIS cloud computing adoption survey.  The study involved 20 

participants, and since there are no respondent and data entry errors leading to missing, 

invalid or incomplete responses during the coding process, all 20 respondents have been 

accepted. The personal details of the study are discussed in Appendix C.  

Technological Context 

The first area that was explored by the researchers is technology. As suggested by the 

TOE framework model (Tornatzky and Fleischer 1990) that was adopted by Low, Chen 

and Wu 2011, the participants were asked to evaluate each of the five attributes (relative 

advantage, received complexity, perceived compatibility, IT infrastructure & 

information quality). 
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A) Relative advantage 

The relative advantage was the first factor suggested by the TOE framework. It refers 

to the degree to which a technological factor is seen as providing greater benefit than 

its precursor by providing greater benefits for firms [43]. A high percentage of the 

respondents specified that they agree on the relative advantage of using HMIS in 

general. Respondents were asked to rate their answers on a Likert scale starting from 

strongly agree, agree, neither agree nor disagree, disagree and strongly disagree.   

The question “HMIS will allow the transfer of the right information in your health 

center” has shown that 60% of the respondents agree that HMIS will allow the transfer 

of the right information whereas 40% of the respondents strongly agree with this 

question.    

Respondents were also asked a question about the advantage of HMIS in providing 

timely information for decision-making; hence result show that the highest percent 55% 

of respondents agree that the system provides timely information for decision-making. 

In addition, 40% also strongly agree with it. Only 5% (n=1) disagree with it.  

On the other hand, 25% chose strongly agree and a rather larger percentage 75% also 

choose to agree regarding that HMIS will allow cutting costs in operations. For the 

importance of HMIS in health sector, 65% of the respondents strongly agree and 35 % 

agree that HMIS is important for the health sector. (See Figure 4.1 below). In general, 

this indicates that a high percentage of the respondent agree that having HMIS in their 

organization have a high advantage in their health center. 

Figure 4.1 Perceived Advantage 
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B) Perceived Complexity 

The next attribute suggested by the TOE framework model was complexity. It refers to 

the degree to which the described technology is complex to use and understand. In this 

context complexity of HMIS. 

Frequencies for HMIS’s complexity of use have shown that 65 % of the sample said 

they disagree indicating HMIS is not complex to use whereas only 10 % agree that 

HMIS is complex to use. Additionally, only 10 % (n=2) neither agree nor disagree that 

HMIS is complex to use. The question “HMIS is hard to learn” indicated that HMIS is 

not hard to learn, due to 55% of the respondents disagree and 20% strongly disagree. 

Only 15 percent agree that HMIS is difficult to learn.  

On the other hand, 10% chose to agree that HMIS is difficult to integrate with the 

current work practice of the health center and a rather larger percentage of 40% disagree 

that it is difficult. Thirty-five percent of the respondents neither agree nor disagree 

indicating that they have no knowledge regarding the difficulty in integrating HMIS 

with the center.  

Generally, the questions raised regarding the perceived complexity of HMIS indicated 

that most of the respondents replied that HMIS is neither complex to use nor hard to 

learn. In addition, they did not face any difficulty in integrating HMIS with the current 

work practice of the organization. 

C) Perceived Compatibility 

The next attribute is perceived compatibility. Compatibility refers to “the degree to 

which innovation fits with the potential adopter’s existing values, previous practices, 

and current needs”. 

Participants were asked the consistency of HMIS application with their organization's 

value and belief, 75% and 15% of respondents agree and strongly agree respectively 

and that HMIS is consistent and only 5% (n=1) disagree stating that it is inconsistent.  

On the other hand on the question “The implementation of the system is/will be 

incompatible with existing software applications and database systems”, results show 

that the highest percentage of participants 40% neither agree nor disagree with this 

question, indicating that the respondents have no knowledge regarding the 
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compatibility of HMIS. However, 25% of respondents agree that it is incompatible and 

only 20% & 10% of respondents disagree and strongly disagree respectively, stating 

that HMIS is compatible with existing software applications and database systems. 

Finally, 30% of respondents agree on the question, “Adoption of HMIS application is 

incompatible with existing operating practices” indicating incompatibility of HMIS 

with existing operating practices. Additionally, 30% of respondents neither agree nor 

disagree and only 20% of respondents disagree indication HMIS’s compatibility. 

D) IT Infrastructure  

The fourth variable under the TOE framework is the IT infrastructure. This factor is 

used to identify the current HMIS technological implementation, quality of the current 

system in terms of availability, reliability flexibility and security must be identified. 

The question “HMIS is implemented on highly organized network facilities that 

connect FMoH with health centers” have shown that 30% and 20% of respondents 

strongly agree and disagree, indicating that 50% of the respondents agree that HMIS is 

implemented on a highly organized network. On the other hand, 45% of the respondents 

disagree with this question. This means the implementation of HMIS on highly 

organized network facilities is fifty-fifty. This means some centers have highly 

organized networks and some do not have. 

Participants were asked whether the organization has sufficient software and database 

resources to support HMIS and 35% of the respondents Disagree and 5% strongly 

disagree. On the other hand, 25% and 10% strongly agree and agree that they are having 

sufficient software and database resources. In addition, 25% of respondents neither 

agree nor disagree with this. Which means they have no known knowledge regarding 

resources of the system. However, the majority of the respondents disagree, indicating 

that they do not have enough software and database resources for the support of HMIS. 

The frequency for the organization having fast Internet connection facilities has shown 

that 30% & 25% of the sample said they strongly agree and agree respectively showing 

that more than 55% of the respondents’ organization does not have fast Internet 

connection or internet at all. Additionally, only 30% respondents agree on having a fast 

internet connection to support HMIS.  
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Finally, for the question “the organization has a strong backup plan for network failure”, 

results show that 45% of the respondents disagree and 10% strongly disagree on having 

a strong backup plan. Only 20% strongly agree and 10% agree that they have a strong 

backup plan. 15% of the respondents chose neither.  

Generally for the factor IT infrastructure, most of the respondents disagree on having 

strong IT infrastructure. Resulting in an indication for alternate delivery methodology. 

See Figure 4.2 below. 

E) Information Quality  

Information quality if the last attribute chosen by the researchers. This attribute 

evaluates the quality of output information in information systems, in this particular 

case the quality of HMIS outputs.  

Participants were asked the reliability and clarity of the reports generated by HMIS and 

40% and 10% of the respondents agree and strongly agree with this question. This 

shows that reports generated by HMIS are clear and reliable. On the other hand, 30% 

of the respondents do not agree with this question. They say that the reports generated 

are not clear and reliable.  

On the availability of HMIS and up-to-date information delivery, 45% of respondents 

disagree. This means the availability of HMIS is questionable due to IT infrastructure 

problems. The other 30 and 15 percent of the respondents agree and strongly agree that 

it is available and provides up-to-date information.  

Figure 4.2. IT Infrastructure 
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The majority of the respondents (15% strongly agree and 45% agree) agree that the 

information delivered through HMIS is consistent and does not change through time. 

However, 40% disagree with this question, indicating the information delivered by 

HMIS is not consistent. 

Finally, 55% of respondents disagree on the question “Reports generated from HMIS 

are complete & sufficient for decision-making”. This shows that reports generated by 

HMIS are not complete and reliable for decision-making. Likewise, 30% agree and 

10% strongly agree that the reports generated are complete and enough for decision-

making. See Figure 4.3 below. 

Organizational Context 

The second area that was explored by the researcher is Organization. As suggested by 

the TOE framework model (Tornatzky and Fleischer 1990) that was adopted by Low, 

Chen and Wu 2011, the participants were asked to evaluate each of the three attributes 

(relative advantage, received complexity, perceived compatibility, IT infrastructure & 

information quality). 

A) Top management support  

The first attribute under the organizational context is top management support. Top 

management support refers to the organization’s top management ability to propose a 

supportive environment that adequately provides resources for adoption [61].  

Twenty percent of respondents chose strongly agree and a rather larger percentage 45% 

chose agree regarding that top management is passionate in supporting the adoption of 

HMIS. However, 30% of respondents disagree and 20% neither agree nor disagree. 

Figure 4.3 Information Quality 
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The majority of respondents (35% agree & 15% strongly agree) agree that top 

management has allotted adequate resources for the adoption of HMIS, even if 35% of 

them disagree with this question. In addition, 15% of respondents neither agree nor 

disagree representing that they have no knowledge regarding top management support.  

Finally, for the question “Top management is aware of the benefits of HMIS”, results 

show that 60% of the respondents agree and 15% strongly agree that top management 

is aware of the profits an organization can get from HMIS. Only 5% (n=1) disagree that 

they are aware of the benefits. Twenty percent of the respondents chose neither. 

B) Formalization  

The question “We have rules and procedures stating how to manage information.” has 

shown that 65% of the respondents agree and 15% strongly agree that the person 

working on HMIS has rules and procedures that state how he/she can manage the 

information on the system. However, 20% of respondents chose to disagree stating that 

they do not have rules for working on HMIS. This clearly shows that some organization 

does not have common working rules for HMIS.  

On the other hand, 55% & 10% of respondents agree and strongly agree that whatever 

the situation happens, they have procedures to follow. Nevertheless, 10% of 

respondents disagree and 25% neither agree nor disagree, showing that there are no 

common working procedures throughout the centers. 

Respondents were also asked a question about the availability of rules and standards 

they have to follow when feeding data to the system; hence result from the analysis 

shows that the highest percent 60% of respondents agree that there are rules and 

standards to follow. In addition, 15% also strongly agree with it. However, 15% of 

respondents disagree and 10% neither agree nor disagree.  

Generally, this analysis shows that there are no common rules, procedures, and 

standards to be followed by HMIS experts and employees working on HMIS. The 

information quality and reliability will decrease from center to center. Therefore, 

having a common standard, common rule and common procedure throughout these 

centers will improve the information quality hence resulting in having consistent 

information that is complete and sufficient for decision-making. 
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C) Perceived Cost  

The last attribute under the organizational context is the perceived cost. The perceived 

cost scale “represents the implementation costs for technology innovations comprising 

initial development investments and recurring operating expenses for technology 

adoption” [61]. 

The question “The implementation cost of HMIS is high for our organization” has 

shown that 40% of the respondents agree that the implementation cost of HMIS is high 

for their organization whereas 10% of the respondents strongly agree with this question. 

On the other hand, 40 % of the respondents disagree stating that the cost is not that 

high. Also, 10% (n=2) neither agree nor disagree with this question.   

The other question was “The direct and indirect cost for HMIS applications are high for 

our organization”. For the question, 35% of respondents replied with agreeing and 10% 

strongly agree. In contrast, 35% of respondents disagree that the cost is high. They 

agree that the direct and indirect cost for HMIS is not high.   

Forty percent of respondents (30% agree and 10% strongly) agree that the maintenance 

and support cost for HMIS is high for their organization, hence indicating that there 

should be a mechanism for minimizing this cost, i.e. cloud computing. Thirty percent 

of respondents neither agree nor disagree with this question, as they are unaware of the 

institution's financial transactions. 

Finally, for the question “our center has enough allotted budget to implement HMIS”, 

results show that 25% of the respondents agree and 15% strongly agree on having 

enough budget for implementing HMIS in their organization. In contrast, 35% of 

respondents disagree and 1% strongly disagree on having enough budget in their 

organization. This indicates that either the MoH or the health centers should allot a 

sufficient budget for supporting HMIS all over the country (see Figure 4.4). 

Environmental Context 

The third context that was explored by the researchers is an environmental context. It 

refers to the domain in which a firm conducts its work - its industry, competitors, 

government policy, and dealing with access to resources supplied by others [45].  
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A)  Technology Vendor Support 

The first attribute under the environmental context is technology vendor support. It 

refers to the degree to which vendors provide services such as vendors’ engagement in 

product installation to complete consultancy and supervision, and employee training 

[61].  

The first question raised under technology vendor support is whether vendors provided 

sufficient training of HMIS for the employees. As a result, 60% (20 strongly agree and 

40 agree) respondents agree that they were given sufficient training. In contrast, 35% 

disagree, stating that they have not taken either adequate training or not took it at all.  

On the other hand, on the question “Adequacy of technical support during HMIS 

implementation”, results show that the highest percentage of participants 50% of 

respondents agree that they have taken training during the implementation of the 

system. However, 40% of respondents disagree with this.  

Respondents were also asked a question about the sufficiency technical support after 

the implementation of HMIS; consequently, the result shows that the highest percent 

45% of respondents disagree and 5% strongly that there is training after the 

implementation. However, 40% of respondents (15% strongly and 25% agree) agree 

that training is being given. Ten percent of respondents also chose neither. 

Figure 4.4 Perceived Cost 
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B) Government Regulation and Support 

The Government Regulation and support construct state the degree to which the 

government initiates policies for sustenance and allocating various resources in the 

implementation of HMIS [61]. 

Respondents were asked whether they are motivated to use HMIS due to the availability 

of government security and protection, and results show that 15% of respondents chose 

strongly agree that they are motivated a somewhat larger percentage 50% agree that 

they are motivated to use HMIS.  

On the other hand, 60% & 30% of respondents agree and strongly agree that supporting 

health sector technologies is a priority area of the government. Nevertheless, 10% of 

respondents disagree. The question “There are adequate budget allocation from 

government to adopt IT applications” has shown that 45% respondents chose neither, 

maybe due to unawareness regarding institutional finances.  Then again, 30% (25% 

disagree and 5% strongly disagree) disagree that the government did not budget 

sufficient budget for the adoption of different IT applications. However, 25% of the 

respondents agree that the government has allotted enough budget. 

C) Risk of Outsourcing  

The researchers asked three questions regarding the risk of outsourcing. However, since 

these questions where open-ended questions respondents tend not to answer the 

questions. Still, some respondents replied the following for the question “What do you 

think are the risks if HMIS data is outsourced (handled) by a third party like cloud 

computing vendors?” and they replied “Data Security problem”. By this, they meant 

that when outsourcing a data specifically HMIS data, the main issues that may arise are 

security concerns of the institution and government. 

On the other hand, for the question “How do you protect the privacy of patients on your 

system?” they replied using a very strong password for their system. However, even if 

this is one method of security a data it is not enough to securely store data. There must 

be an encryption mechanism to store it. In addition, there are other mechanisms to 

secure the data.  
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For the question, “What do you think is the problem if reports generate by HMIS are 

leaked to the public?” they replied “Confidentiality issues”. Nevertheless, the problem 

is not only confidentiality issues rather other complicated problems may arise, for 

instance, other countries, activists and others may use this data for political purposes. 

Additionally, they may interpret the data wrongly and cause other complicated 

problems.  

Finally, the researchers asked respondents whether they have heard the concept of cloud 

computing and most of the respondents did not reply to this question. But some replied 

“no!” stating that they have not heard about it and some replied “yes” saying that it is 

a way for storing data on the Internet.  

Human Context  

The final context was explored by the researchers in the human context. The human 

factor, according to the HOT-fit model is central to the evaluation of Health Information 

System adoption and development. 

A) Innovativeness of Senior Executives 

This variable refers to the readiness of senior executives or managers to introduce new 

technological innovations after testing the technology [61].  

The question “senior executives are enthusiastic to experiment a new information 

system” has shown that 50% of the respondents agree that senior executives will 

experiment with a new information system in addition 20% of the respondents strongly 

agree with this question. On the contrary, only 10% disagree. 

Respondents were also asked a question about senior executives innovativeness in 

improving the existing practices; hence result show that highest percent 60% of 

respondents (20% strongly agree and 20% agree) agree that those executives are 

innovative in improving older practices. In contrast, 10% disagree with it.  

On the other hand, 20% chose strongly agree and a rather larger percentage 50% chose 

agree regarding that senior executive's risk-taking abilities in doing things differently. 

Again only 10% of respondents disagree. 

B) IT Capabilities of Staff 
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IT Capabilities of Staff construct refers to the degree that staffs have IT knowledge and 

skill [44] [61].  

Majority of respondents (55% agree & 25% strongly agree) agree that employees of the 

respondents center have IT skill to support HMIS function. In addition, 20% of 

respondents neither agree nor disagree representing that they have no information 

regarding the IT skill of employees.  

On the computer literacy of employees, the majority of respondents agree (30% 

strongly agree and 55% agree) that most of the employees working on HMIS are 

computer literate. In addition, there is at least one computer expert in the HMIS unit 

department, who is able to solve different problems that arise from junior employees. 

However, a single respondent stated that there is no expert in his/her center. See Figure 

4.5 below.  

4.3. Outcomes of Cloud Computing Adoption 

HMIS in its current usage at HIs does not deliver its most important products that are 

quality information that supports monitoring and performance improvement. The 

current HMISs delivery weaknesses include incomplete institutionalization, 

unstandardized data collection, unintegrated reporting, and data transmission, weak 

information use (analysis and interpretation), and resource limitation.  

Figure 4.5 IT Capabilities of Staff 
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On the other hand, the findings of the questionnaire show that the existing ICT 

investment and usage in the health centers HMIS implementation were insufficient. 

Network and Internet bandwidth problem, integration and compatibility issues, storage 

and database problems, availability and support issues, poor report, data collection rule, 

procedure, and standard problems, very high IT investment cost, and lack of 

collaboration between health centers were the major challenges faced during the current 

implementation of HMIS.  

Whereas improving quality of service (QoS), the efficiency of ICT usage, facilitating 

collaboration among different health centers, and reducing both capital and operating 

expenses on ICT investment were the main driving forces to adopt new and improved 

alternative IT solutions. In addition, the major factors that affect cloud computing 

adoption in Ethiopian health centers HMIS recognized in this study were: operational 

benefits like on-demand and rapid scalability of services, better privacy and security, 

reduced organizational burden of installing and managing resources in infrastructure 

and platforms, reduced cost for human resource management, efficiency of ICT 

investment and usage and broader interoperability and integration. While the privacy 

and security issues, compliance issues, data and vendor lock-in, and poorly developed 

telecommunication infrastructure are the main barriers for cloud computing adoption.  

Hence, the outcome of adopting cloud computing for Ethiopian health institutions 

HMIS would be the combination of the above-discussed pros and cons. Careful 

planning and strict SLA between the cloud vendor and the FMoH could minimize the 

cons of adopting cloud computing. Moreover, the requirements discussed in the next 

subsection must all be met. 

4.4. Requirements for Cloud Computing Adoption 

The requirement definition documents and tracks the necessary information required 

for effectively defining business and functions requirements. Requirements are needed 

to ensure alignment with business processes and compatibility with respect to one’s 

system architecture [62].  

In this section, architectural requirements necessary for developing cloud computing 

frameworks that are independent of the specific Cloud service model (SaaS, PaaS, IaaS) 

are identified below based on architectural, legal and security considerations of cloud 

computing for Ethiopian HMIS implementation.  
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In Cloud Requirement Framework (CRF) developed by Repschlaeger et al. [63], their 

framework consisted of two parts, the Cloud Computing target dimensions, and the 

Cloud requirements. The target dimensions represent objectives which the customer 

pursues and may characterize the related Cloud strategy. Thus, the researchers 

identified below requirements based on this model and defined six target dimensions 

each having multiple abstract requirements. These cloud computing framework 

requirements can be used as evaluation criteria for the final output [63]. 

I) Scope & Performance 

Scope & Performance covers the functionality and performance of the Cloud service 

and consists of four requirements: service characteristics, service optimizing, hardware, 

and performance. 

Functional coverage & scaling is directly related to service usage and cover the offered 

functionalities. The operating platform describes the operating system and the 

development environment. Usability and customizability refer to the usability and 

adaptability of the surface of the web portal, the user interacts with. The Usability 

mainly represents the structure and the ease of use following the self-service concept. 

Regarding individual preferences predefined templates, editable user views and 

function settings can be configured by the user. Add-on services describe additionally 

bookable services like storage, database services, communication services (e.g. 

collaboration, messaging) or security services. Functional coverage & scaling is 

directly related to the service usage and cover the offered functionalities for the services 

(e.g. SaaS, PaaS). 

Service optimizing deals with continuous service development, improvement of service 

functions and maintenance cycles. Whereas the performance & hardware requirements 

associated with the IaaS level contain information about the processor type (32 or 64 

bit), the hardware-based functionalities (sleep mode), the server type (dedicated or 

virtual server) and the performance aspects (CPU, RAM or storage).   

II) Flexibility  

Flexibility describes the ability to respond quickly to changing capacity requirements 

and competition pressure. The aspect includes four requirements: interoperability, 

portability, delivery model and automatization degree.  
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Interoperability comprises interface requirements (e.g. user friendly, easy to use 

interface) that must be fulfilled by the service provider (cloud vendor). Additionally the 

interoperability describes the integration degree separated into internal communication 

(between services of the provider) and external communication (between services of 

different providers). The browser compatibility is important especially on the SaaS 

level, whereas the development environment (e.g. supported programming languages) 

is of high relevance on the PaaS level. Finally, transparency and documentation is 

another requirement that is described under interoperability that relates to any 

documentation provided by the provider. 

Service and data portability contain the aspects relevant to the service and data mobility. 

This includes the provider support related to the data migration, the data backup, and 

the data format. The portability of data is especially and can help to lower the lock–in-

effect of the provider. The service portability means the possibility to migrate existing 

services to another platform (IaaS or PaaS). 

Provisioning and set-up time are included under the associated flexibility advantage of 

Cloud Computing. Resources, for instance, can be allocated and de-allocated as 

required. The provisioning time is shorter compared to traditional outsourcing and the 

set-up time to get in contact with the provider (e.g. register or set up a new account) is 

shorter as well. Interoperability and scalability comprise all features regarding the 

maximal number of available resources (e.g. user accounts, instances, functions, 

services) which can be used simultaneously. Contract flexibility and renewal of contract 

both represent the commitment between the customer and the provider (e.g. contract 

length) and defined contract automatisms (e.g. cancelation period).  

Automatic resource booking and usage limits characterize the capability to control and 

manage Cloud services without the need for manual interaction. The user is able to 

configure the settings like maximum budget or latency in advance. These presets will 

be considered during the operation and automatically be executed by the system, e.g. 

boot up a virtual instance, installing regular updates or increase necessary transfer 

volume. 

III) Costs  

The cost savings might sometimes, not be as have been presumed, because of the need 

to communicate between the two parties i.e. cloud vendor and cloud user (e.g. Travel, 
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stationing staff), to re-do work that was not done properly gradual increases fees 

charged [64]. Moreover, there are various cost issues that need to be considered before 

adopting cloud computing, since they substantially erode the cost benefits of cloud 

computing. Costs are described in terms of monetary aspects like small capital 

commitment or low acquisition costs and consists of three requirements: payment, 

pricing model and service charging. 

Payment and pricing models are shaped by monetary considerations made by the 

Federal Ministry of Health (FMoH) regarding the decision to choose Cloud Computing 

and a particular provider. The payment opportunities include the possible payment 

method (e.g. credit card or bank transfer), the time of payment (pre-paid or post-paid) 

and which level of granularity is priced (e.g. 1 MB, 100 MB or 1 GB steps).  

Service charging defines how the service is charged (volume-based, time-based, 

account-based) and the available booking concept, e.g. pay per use, subscription fee, 

market-based prices (spot pricing).  

IV) Service & Cloud management  

This includes aspects necessary for Cloud management and the maintenance of the 

relationship between customer and provider. It consists of three requirements: provider 

management, service management, and transformation management. 

Provider management contains the support and contact information of the provider. 

This criterion considers all facts regarding support and customer service. Furthermore, 

it contains information about the internationality, e.g. multilingual support, several 

offices or local contact options. Service management includes all activities necessary 

to control and manage the obtained Cloud services, which are subsumed in this 

criterion, e.g. monitoring of services and volume control via APIs. Transformation 

management describes consulting and migration support for Cloud implementation 

projects. 

V) IT Security & Compliance  

As Kim et al. [64] described, 100% security is simply impossible since the security of 

the computer system and the data stored on it can be comprised in so many ways. 

Everything related to protection and safety is summarized under IT security and 

compliance. It can be differentiated according to requirements: datacenter protection, 

network protection, operations protection, and IT compliance. 
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Datacenter protection contains the provided security regarding the data center and is 

independent of the Cloud services the customer uses. It includes building protection 

(surveillance by guards or electronic devices), fire safety and physical access control.   

Network protection includes connection opportunities that focus on dedicated 

connections to realize separate private Cloud areas, e.g. Virtual Private Networks 

(VPN) and Communication security, which refers to the provided infrastructure and 

focuses on the communication protection via secure cryptographic protocols (e.g. SSL) 

and dedicated firewall settings. 

IT compliance is separated into provider requirements for privacy (e.g. encryption of 

data) and compliance (e.g. location of the data center). Even standards, identity 

management, and other data privacy requirements are considered. Operations 

protection includes the access management and role concept related to the used 

services. Furthermore, it can provide a multi-tenancy and firewall-protected 

infrastructure, including virus protection systems. 

VI) Reliability & Trustworthiness  

Reliability & Trustworthiness describes how certain the customer can be that the 

service from the Cloud has the guaranteed availability and it is divided into three 

abstract requirements: reliability, trustworthiness and service level agreements. 

In Service Level Agreement (SLA) requirement, availability and liability include the 

probability that service commitments and promises can be met by the provider, based 

on indicators like the service availability, accessibility to several Internet service 

providers and the liability agreements including penalties if the guaranteed service level 

is not met.  

Regarding availability (outage), the users of cloud services should exercise prudence 

and take one or more of the following procedures [64]. First, they should not entrust 

absolutely mission-critical applications and data to cloud service providers; i.e. they 

should use cloud services for non-mission critical applications and data. Secondly, they 

should keep backup of applications and data on on-premises servers and storage or on 

a secondary cloud services. Lastly, they should secure as favorable a SLA as possible 

from the cloud service provider for a favorable partial redress in case of temporary 

outages.  
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Network and datacenter redundancy both describe the probability that the provider can 

meet service commitments and promises based on the use of redundant internet service 

providers and locally independent data centers used as backup solutions. In order to 

achieve a trusted relationship, the provider gives the customer guarantees for necessary 

resources (resource reservation). These resource guarantees are influenced by the 

internal IT infrastructure, external partners, suppliers and the number of users. 

Similarly, disaster recovery describes activities related to regular backups, snapshots, 

and data mirroring in other locations. 

Trustworthiness characterizes the provider, its infrastructure and its business activities, 

including performance and service transparency (e.g. reports, service description), 

market experience, the number of customers or the annual revenue. Thus, the 

trustworthiness of the cloud provider must be acknowledged before using the services 

of the cloud vendor. 

Other Requirements 

Sungyoung et al, [17] in their research on designing of Healthcare SaaS Platform 

selected the following factors as requirements that affect the system performance, 

configuration, and quality as the major architecture drivers for the cloud platform. 

These requirements are also applicable for this research and hence adopted by the 

researchers. 

 The cloud platform should support multi-tenant SaaS.  

 SaaS services should be accessible only to authorized users.  

 It should support accessibility over multiple devices and platforms 

 Cloud computing-based resource sharing should be supported  

 It should provide functions to quickly catch errors and identify the causes of the 

errors. 

 It should be easy to use. 

 It should protect against system errors with complete monitoring and logging. 

 It should provide a constant service environment. 

 The existing IT infrastructure should easily be integrated into the current Cloud 

technology 

Moreover, technical security requirements include: 
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 Authentication/authorization: Authentication is the mechanism whereby systems 

may securely identify their users, while on the other hand, authorization is the 

mechanism by which a system determines what level of access a particular 

authenticated user should have to secure resources controlled by the system.  

 Prevention of data breaches through identification, account control, digital rights 

management, and secure coding in addition to, database access control and securing 

operating systems must be provided. 

 Access Control: it should control the access of users by the implementation of 

separated networks like DMZ (Demilitarized Zone), intrusion prevention and 

intrusion detection system, access control to network VPN/Private line, etc. 

 It should provide backup, and PC & server vaccine  

 Encryption: encryption of HMIS information, encryption of transmission segment, 

& database encryption. 

 Security control, password management, multi-factor authentication, vulnerability 

diagnosis, and simulation hacking, patch management system, and integrated log 

management are some of the common security requirements 
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CHAPTER FIVE 

5. PROPOSED HMIS CLOUD ADOPTION FRAMEWORK 

5.1. Building the Framework 

As discussed in the previous sections, the results from the questionnaire and literature 

have revealed that the existing ICT infrastructure used by health institutions to 

implement HMIS is very primitive and insufficient.  

In a primary health system, the HMIS typically involves a distributed application, 

where the same application is running in different geographical locations like private 

healthcare centers, community healthcare centers, hospitals, districts, and state. Many 

of these physical locations work offline, which results in a slow and fragile transfer of 

data, i.e. using a USB drive or through email where there is an Internet between the 

local and national stages. Thus, healthcare institutions must pursue high performance, 

scalable and reliable database system, which is used to record aggregate data, and 

interoperability architecture to meet these requirements. 

Consequently, after studying the environment of HMIS implementation in health 

institutions in detail, the researchers developed a cloud-based framework that meets the 

challenges HIs HMIS unit faces in creating complete, standardized and integrated data 

management systems. The objective of the framework is to enable HIs and decision-

makers to provide complete, standardized, integrated, and timely access to critical 

information at the point of decision making, regardless of the source, location or age of 

the information. Using the model all HMIS units are virtually interconnected with each 

other and HMIS personnel can access various HMIS services from any networks 

available anywhere through cloud interface and make decisions based on results 

extracted from multiple DataMart4. These virtual HMIS Services help to solve the 

drawbacks of the current ICT usage in HIs.  

The proposed Ethiopian cloud-based implementation of the HMIS (CHMIS) 

framework stores the HMIS data from virtually every health institution in Ethiopia on 

the cloud. Moreover, hospitals, health centers, HMIS focal persons within HIs, 

policymakers, decision-makers FMoH, RHB, ZHO, WorHO, council of ministers, 

                                                           
4 The data mart is a subset of the data warehouse and is usually oriented to a specific business line or 

team [71]. It is used to retrieve client-facing data. 
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WHO, NGOs, and researchers can access those details and reports via virtual private 

network (VPN) and public Internet access. Figure 5.1 is the proposed construction of 

cloud-based HMIS (CHMIS). The health department establishes an interface to store 

and manage important information using the system. While patient cards and registers 

are designed to capture all patient-related data, reports will be based on the developed 

sector-wide indicators that have been jointly agreed and endorsed by the government 

[4]. 

iHRIS, OpenMRS, and OpenELIS are the data sources for HMIS. iHRIS is used by 

health sector leaders to assess and project the number of health workers that need to be 

trained, ensure that health professionals have the requisite qualifications for practice, 

identify open and filled positions, plan effective interventions, and evaluate those 

interventions. On the other hand, OpenMRS is an open-source database for storing 

Figure 5.1 The Proposed Cloud Services Framework for HMIS (author) 
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medical records of patients. OpenELIS is a laboratory management system that is a part 

of the OpenMRS [65]. 

After iHRIS collects human resource data, OpenMRS collects patient medical records 

and OpenELIS collects laboratory results; SDMX-HD is used as a standard for data and 

metadata exchange. Then HMIS instances, a tool for integrating those data will transfer 

the data to the staging area.  

A staging area is an intermediate storage area used for data processing during the 

extract, transform and load (ETL) process [66]. Designing the data-staging area 

properly is more important. Persistent staging area should be considered during the 

designing of the staging area. The history of data is maintained in this staging method 

[66].  

Once the staging is complete, the data is stored in the data warehouse. Then followed 

by data mart. A data mart is a set of dimensional tables supporting a subject area [66]. 

Data marts are arranged based on their source of data and contain atomic detail needed 

to support drilling down to the lowest level. They are an important component of the 

front room. Finally, users can make analyses, generate report or perform data mining 

on results found inside data marts.  

Generally, a number of small, medium and high size hospitals and healthcare centers 

mostly might be constrained to have their own internal HMIS, iHRIS, OpenMRS, and 

OpenELIS infrastructures. However, an on-demand cloud-based CHMIS solution could 

help improve such needs and can provide a model for country wise data collection 

solutions without the need to invest upfront on infrastructures and resources to run and 

maintain the HMIS related IT operations. 

The following Figure 5.2 depicts the general architecture layout of the proposed 

Ethiopian cloud-based implementation of the Health Management Information System 

(CHMIS). 

Applying the cloud-based architecture of the proposed model to the implementation of 

HMIS in Ethiopia will result in adding the required service in the appropriate layer 

through a suitable interface. Virtually, the cloud services of the system can be deployed 

and run on the suggested service provider's physical ICT infrastructure. Using the 

architecture HIs, FMoH, the government of Ethiopia and other stakeholders will boost 

the quality of service (QoS) for data collection and entry, data processing and analysis, 
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data presentation, interpretation and use in a decision-making process. In addition, it 

will minimize the routine HMIS reporting flow drawbacks that are prone to error, time-

consuming, and low capacity for analysis and interpretation at higher levels. 

The users of the proposed cloud services include HMIS focal persons, HMIS officers, 

HMIS units in primary health institutions, private and community hospitals, regional, 

zonal and woreda health bureaus, FMoH, NGOs and other national and international 

bodies. CHMIS has an interface and accounts for every end-user of the proposed cloud, 

each having their own account and access privileges. According to Sewale [13], using 

cloud-based service for users allows a more solid base for real-world practical 

experiences and management skills by utilizing cloud services other than demonstrating 

the benefit of the underlying infrastructure.  

Figure 5.2 above shows how a HMIS can be provided as a cloud-based service. The 

system was designed to integrate the patient health information management or manual 

data entry legacy systems with the proposed CHMIS. 

Figure 5.2 Overview of Cloud-Based Architecture of the Proposed Model (author) 
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The proposed framework, i.e. CHMIS, is composed of four layers as depicted in Figure 

5.3: the user interfaces layer, SaaS, PaaS, and IaaS layers. In addition to the four layers, 

the framework contains other modules for system security, user log database, service 

management, cloud service integration, and service creation tools distributed across the 

cloud service consumer (i.e. the Ethiopian FMoH, health bureaus, hospitals, etc.), the 

selected cloud service provider and the cloud service creators or developers. 

5.1.1. Cloud Service Consumer 

According to Ghantasala et al, [67] the cloud service consumer is an association, an 

individual or an IT framework that consumes benefits carried out by a specific cloud 

computing provider and accordingly charged for all (or a subset of) its communications 

with cloud benefit and the provisioned benefit instance(s) [67]. Therefore, for this 

framework, the cloud service consumer is the Ethiopian Federal Ministry of Health 

(FMoH) and is responsible for developing, deploying and managing HMIS on the cloud 

computing environment. 

Consumer in-house IT: in addition to devouring IT capabilities of CHMIS on the 

cloud, the Ethiopian FMoH is also responsible for providing an on-premises HMIS 

implementation on each level of the HMIS data flow and other healthcare provisioning 

concerned bodies. As shown in Figure 5.1 above, HIs (FMoH, Primary healthcare 

Figure 5.3 The Virtual Model of HMIS for users on the cloud-computing (author) 
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facilities, federal, regional, zonal and woreda level hospitals, etc.) are going to have an 

offline HMIS implementation. This is used for the purpose of Internet interruptions that 

habitually happen in Ethiopia. However, using this, they can feed their data to their 

available offline HMIS instance database and upload and synchronize the data when 

there is available Internet.  

Cloud service integration tools: cloud service integration tools are used to integrate 

the legacy in-house HMIS solutions with the cloud implementations of the system. 

These tools are useful for the purpose of administration, utilization, and interoperability 

of cloud benefits with on-premise IT solutions.  

5.1.2. User Interface Layer 

HMIs is a tool for collection, validation, analysis, and representation of aggregate and 

patient web-based statistical data. Hence, a flexible user interface is required. The user 

interface layer acts as an interface between the cloud user and the cloud content. Since 

the data and applications are hosted outside of the organization's premises i.e. in the 

cloud computing environment, there have to be authentication and authorization 

mechanisms that are provided by the cloud service provider. This is necessary because 

the healthcare data specifically patient data are confidential and are only accessed by 

privileged and authorized users. HMIS personnel uses this interface to access data and 

reports from any of their centers (HIs), where they safely and securely access these 

features. This layer generally contains three important modules.  

 User Portals: provides an access path to specific web services or application since 

every application and services are located on the Internet. They can be accessed by 

using browsers on their PC, mobile or tablets using a secure and reliable network 

connection.  

 Service Repository: this module stores information about available services related 

to QoS. It is composed of different applications and services including DHIS2, 

HRIS, FMIS, web portals, etc. categorized and arranged depending upon the access 

level and service name that may be located in one of the three layers i.e. SaaS, PaaS 

or IaaS. It also provides a database of cloud services that are certified for use within 

the health centers entity and can be shared among different HIs and concerned 

bodies.  
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 Service Catalog: this component contains multiple types of services with detailed 

information about what cloud services are available, their function, their access 

privileges (who can access this specific service) and know the technologies used to 

provide the services. 

5.1.3. Cloud Service Provider 

The cloud service provider is responsible for providing cloud administrations to the 

cloud service consumer. This is where all other layers of the CHMIS are implemented, 

and hence the second layer in this model is the application or Software as a Service 

(SaaS) layer. This layer is responsible for providing access to hosted HMIS application 

software in the cloud. 

5.1.3.1. Software as a Service (SaaS) Layer 

The second layer in the CHMIS framework is the application or SaaS layer. This layer 

is responsible for providing access to hosted HMIS application software and tools in 

the cloud. CHMI, as we have discussed in the previous sections, is composed of other 

subsystems that are used to build an integrated Health Information System. However, 

the focus of this research is on routine HIS that is DHIS2 (an open-source web-based 

system, currently used as routine HIS for data collection and distribution system 

implemented in Ethiopia). DHIS2, HRIS, FMIS, and other information systems are 

hosted in this layer. 

5.1.3.2. Platform as a Service (PaaS) layer 

This layer provides access to hosting development environments including operating 

systems, database systems, software development kit and other platforms on a security-

rich environment. At the layer healthcare system developers/creators can easily 

develop, run and test, their new systems hence build new features and systems for the 

HMIS system. Developers, usually located at the FMoH can build systems that are more 

sophisticated and distributed databases using this layer’s application development and 

hosting environment.  

5.1.3.3. Infrastructure as a Service (IaaS) layer 

The IaaS layer offers infrastructure services including virtualization, servers, 

networking, storage, and other resources on the cloud environment. The HMIS users 

can consume these services without the need to purchase, configure and managing it 
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from the proposed CHMIS i.e. they can use these computing resources to run HMIS 

and to store data and retrieve mined information. This layer is where CHMIS is 

responsible for building servers and their configurations. The most widely used 

application of this tier is the storage of huge size of data produced by each HIs HMIS 

system in Ethiopia. Thus, CHMIS has a significant improvement in cost and time 

compared to the in house IT infrastructure usage. This is the last layer of the proposed 

framework and it gives more flexibility when dealing with the hardware layer but 

through virtualization. 

5.1.3.4. Cloud Management Platform 

In addition to providing the above-mentioned tiers, the cloud provider is also 

responsible for providing a cloud management platform. This platform is for managing 

business and operation services centered administrations.  

In Business Support Services (BSS), the cloud provider is responsible for setting 

business-related services [67]. Customer account management, security, billing, 

contracts and agreement, authentication and authorization, repot and analysis, etc. are 

some of the business-related services provided by the CSP. 

While on the other hand, OSS (Operation Support Service) is the CSP's responsibility 

in providing operational administrations/specialized related administrations [67]. They 

include administration, configuration, usage metering, service management, logging 

and etc. are OSS cloud management platforms. 

5.1.4. System Security 

System security is achieved both at the cloud service consumer (the Ethiopian FMoH 

as a primary owner and consumer of CHMIS) and the cloud service provider. At the 

side of the cloud service user, they have to ensure having a username and strong 

password and ensure not to enclose it to unauthorized personnel. Therefore, in order to 

use the cloud-based HMIS, users have to have a user account and a valid password. 

Moreover, depending upon their work status (level), they have to be assigned the right 

privileges. For instance, focal persons at each HIs has the highest privilege for their 

station and are responsible for compiling data collected and entered by data clerks 

(another entity) from different case teams in the health centers. Then they should check 

for data integrity and approve the data to be passed to the next level in the data flow 

line.  
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This means logging, access control, and identity management can achieve the security 

of the system at the user level. The same is true at the CSP’s side; every user must have 

a login ID and password, each account having its own access control and identity 

management. In addition, the CSP is also responsible for the physical integrity of their 

data center. 

5.1.5. Cloud Service Creator  

Cloud service creator according to the proposed framework is an entity responsible for 

developing Health Information Systems. They could either be internal system 

developers inside the FMoH or external developers like Health Information System 

Program (HISP) who’s aim is to support the improvement of health care systems (e.g. 

DHIS2) [22]. They have their own service creation tools to develop and test healthcare 

systems.  

5.2. Implementation Proposal on a Hybrid Cloud 

The proposed framework i.e. CHMIS, which is described in the previous sections, is 

promising for efficient utilization of ICT investment and usage for the Ethiopian HIs. 

Thus, the framework requires an implementation plan to deploy the cloud-based 

solution. After adopting this framework in healthcare giving facilities, any privileged 

personnel from each primary healthcare institution through the federal level can access 

and use HMIS data. In addition, it offers a flexible solution for health care institutions 

to allow a reliable reporting mechanism. 

Cloud-based Health Information Management System (CHMIS) is a hybrid cloud-

based service to collect and enter, process, analyze, and present data and associated 

report generation and usage from any HIS like DHIS2, HRIS, FMIS or other. There are 

four cloud computing deployment model and hybrid is one of them. This model is 

useful to connect on and off-premises resources together. It plays a significant role in 

the integration, composition and organizational impacts of the healthcare system [16]. 

Moreover, it provides the ability to access, manage and use third-party resources from 

multiple CSPs and combine them within an in-house infrastructure (i.e. private). This 

hybrid cloud formulation will fortify vital risk and security management that were 

considered as the major barriers to cloud computing adoption from using external 

public cloud service providers in Ethiopian Health Institutions. 
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Private Cloud: a private cloud is a cloud dedicated to a particular organization in which 

the services and infrastructure are maintained on a private network and not shared with 

other organizations. This is done for the purpose of a greater level of security and 

control. This can have an impact on the cost; however, in this case, it is a healthcare 

institution's data, so it should maintain the security and control of the sensitive data. 

Since it can be extended to affiliated organizations as part of the community cloud, it 

can connect multiple HIs that play a significant role in the collection of HMIS data. 

Therefore, in the proposed framework, the storage of the CHMIS should be placed on 

the private cloud. This means unless the FMoH releases the organized report to the 

public, only authorized and authenticated personnel should access the HMIS data stored 

on the master database. 

Community Cloud: it is used by organizations for exclusive use by a specific 

community of consumers that have shared a mission, security requirements, policy, and 

compliance. The Ethiopian HIs can use the community cloud for applications such as 

DHIS2 web API, mail/exchange, web server, etc. As discussed earlier, multiple health 

institutions throughout Ethiopia are going to use the proposed CHMIS system for the 

purpose of capture, aggregation analysis and reporting of HMIS data. This means they 

are going to use the shared infrastructure to meet their goal i.e. providing improved 

healthcare. Here the computing cost of this model could also be more than the public 

one, but it offers a high level of privacy and security.  

Public Cloud: in this deployment model, the computing and storage services are open 

to any consumer. The FMoH can use this model to share HMIS report to the council of 

ministers, development partners, international bodies and other concerned bodies so 

that they can use the report (on the FMoH official website) and take any necessary 

decisions.  

Storage/Databases: CHMIS (DHIS2) can be implemented on MySQL, PostgreSQL or 

H2 databases. These online storage services are provided using a web-based interface. 

Users can access raw computing power from virtual machine instances and do their 

work. Various information or data would be captured, stored and used by users of 

CHMIS.  

As shown in Figure 5.4 below, each level in the data flow of HMIS is going to have his 

own database instance. That means there are going to be multiple primary health 
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institutions/hospitals in one woreda and each of them will have an on-premises DHIS2 

instance on their intranet that contains database. So they can capture, aggregate, analyze 

and report (send) to the next level i.e. Woreda Health Office (WorHo). Next, the woreda 

collects received data from multiple HIs inside the woreda, analyzes and sends to the 

next reporting line, the Zonal Health Office (ZHO), the ZHO to Regional Health Bureau 

and finally the RHBs to the FMoH.  

The FMoH is responsible for analyzing nation wise HMIS data and runs the data 

through the Decision Support System (DSS), which is the dashboard service that 

provides decision maker’s access to HMIS data that can easily be analyzed for effective 

and timely decision-making. DSS employs simple and yet powerful charting tools such 

as line graphs, bar charts, and maps to communicate, in a way that makes the thousands 

and millions of records in the database represented in simple user-friendly charts.  

Figure 5.4 High Level Proposed Data Flow (author) 
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In addition to the application, top-level management can benefit highly from the data 

mining5 information extraction method from the available DataMart. Data mining 

experts and researchers can use this tool to extract previously unseen patterns in data 

and make precise discoveries regarding HMIS data.  

A method for combining the advantages of external hosting with the need for local 

hosting and physical ownership is to use an external hosting provider for the main 

transactional system while mirroring this server to a locally hosted non-critical server 

which is used for read-only purposes such as data analysis and accessed over the 

intranet [22].  

Networking Services: Users can create and launch Ethiopian HIs HMIS cloud 

resources using a virtual network. By using this virtual networking environment, HMIS 

admins will select different IP address range, create subnets, configure route tables and 

network gateways for every healthcare node. Additionally, the proposed CHMIS cloud 

also contains self-service interfaces for on-demand provisioning and management (i.e. 

start, stop, reboot, and destroy) of virtual services, and self-management interfaces for 

auto-scaling and other automatable management facilities. 

5.3. Evaluation of the Proposed Framework  

As discussed in the previous chapters, the existing system of HMIS is traditional HIS. 

It means the HMIS data users typically feed data on a standalone computer and send it 

to the next level either through email (if there is available Internet), or physically report 

it using a flash drive, CD / DVD or paper-based in the case where there is no Internet 

connection.  

For the data to reach the FMoH, it would take many days or even months. Usually, 

upon acceptance, they have to produce reports using HMIS instance on their computer, 

which would take much of their time. This will result in poor decision-making and an 

untimely response. 

After gathering the general information from HIs, the researchers started a literature 

review and collected data using a questionnaire regarding the problem and 

improvement of the existing system by identifying cloud computing adoption variables. 

Moreover, the researchers identified, the key drivers for the adoption of cloud 

                                                           
5Data mining is the non-trivial extraction of implicit, previously unknown and potentially useful 

information from large quantities of data in order to discover meaningful patterns [72]. 
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computing. The results revealed that the problems can be fixed with the use of cloud 

computing. With this model, there would be no need to purchase hardware alongside 

its necessary gadgets every time there is a need. In addition, the ministry needs not to 

worry about developing a central datacenter, powering of the data center, cooling, 

maintenances, etc. but the cloud provider manages rather all these. This will help the 

FMoH ICT department employees to focus on other productive works. 

5.3.1. User Acceptance Testing 

A quality assessment questionnaire has been done in order to obtain users’ ratings of 

the proposed framework. We analyzed the extent to which the proposed framework 

meets the quality aspects that are investigated in this study. The quality assessment 

questionnaire was constructed based on the ISO/IEC 25010:2011 quality standard.  

Kovacs et al. [68] revised eight quality in use attributes for software product quality 

according to ISO/IEC 25010 standard. Hence, in this study we have adopted and used 

those eight qualities in use attributes in general. Accordingly, the evaluation 

questionnaire is constructed based on those attributes. 

The survey was conducted on ten ICT professionals of the health centers in Addis 

Ababa. Moreover, developers of HISs in the FMoH were given the questionnaire, and 

the evaluation criteria were classified with scores Poor = 1, Fair = 2, Good = 3, Very 

Good = 4, and Excellent = 5. The results were concluded in Table 5.1 below. 

Table 5.1 User Acceptance Testing Based on ISO/IEC 25010:2011 

No Evaluation Criteria 

E
x
ce
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en
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V
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F
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P
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A
v
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a
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1 
To what extent does CHMIS provide 

functions that meet the stated needs? 
1 5 4 0 0 3.7 

2 

How well was the CHMIS to achieve goals 

with effectiveness, efficiency, and 

satisfaction in your context? 

5 5 0 0 0 4.5 

3 How was the reliability of CHMIS? 3 2 2 3 0 3.5 

4 
How did you see the security of the 

proposed model? 
1 3 5 1 0 3.4 

5 

To what extent do you measure the degree 

to which CHMIS can exchange information 

with other systems? 

5 3 2 0 0 4.3 
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6 

Please state the degree of effectiveness and 

efficiency with which CHMIS can be 

modified by the intended maintainers 

5 2 3 0 0 4.2 

7 

Please State the degree to which CHMIS 

can be transferred from  one hardware, 

software or other operational or usage 

environment to another 

4 4 2 0 0 4.2 

8 

To what extent do you measure the 

performance of CHMIS relative to the 

amount of resources available  

6 3 1 0 0 4.5 

Total Average 4.04 

As we can see from the above table, the user acceptance testing have shown that the 

average result gained is 4.04. This means 80.8% of results indicate that the system is 

helpful in improving HMIS implementation in Ethiopia. The rest 19.2% can be 

addressed after the full implementation of the proposed model throughout the country. 

Nevertheless, for now this result is promising.  

5.4. Discussion  

HMIS, a tool for capturing, processing, analysis and presentation of routine data, is one 

of the essential HIS for strengthening the health system in Ethiopia. Results from 

document analysis and questionnaire dictate that HMIS is Ethiopia is at its growing 

stage and is not enough. Hence, the current implementation of HMIS is primitive and 

needs change. Thus, the primary aim of the research was to investigate the challenges 

faced by the current HMIS implementation. Results from the literature review reviled 

Figure 5.5 User Acceptance Testing 
Questions 
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that most of the challenges faced by the system happen due lack of integration of the 

current system with state-of-the-art technologies. The legacy system is insufficient, and 

resource time-consuming. 

The other question raised by the researchers was to identify the critical factors that 

influence the adoption of cloud computing in healthcare for HMIS. After a thorough 

review of the literature, the researchers developed a conceptual framework that states 

technological, organizational, environmental and human factors. Consequently thirteen 

independent variables (relative advantage, perceived complexity, perceived 

compatibility, IT infrastructure, information quality, top management support, 

formalization, perceived cost, technology vendor support, government regulation and 

support, risk of outsourcing, innovativeness of senior staff and IT capabilities of staff) 

and one dependent variable i.e. adoption of cloud computing where specified. 

Depending on the identified variables, the researchers prepared questionnaire and 

gathered information. After analyzing the response, cloud adoption requirements where 

defined.  

The survey reviled that most of the respondents agree that having HMIS in health 

institutions has a relatively high advantage. They also stated the complexity of the 

system is low and compatible. The majority of the respondents, however, disagree on 

having a strong IT infrastructure, therefore, leading to low information quality.  

On the other hand, top management support is available in health institutions, stating 

that the management in the health industry in Ethiopia is enthusiastic in supporting the 

adoption of new technologies. However the survey shows that there are no common 

rules, procedures, and standards to be followed when data collection. This happens due 

to the lack of formalization. In addition, most of the respondents agree that the cost of 

the existing HMIS implementation strategies is very high and somehow preventing 

health institutions from adopting HMIS. 

Technology vendor support, government regulations, and support, risk of outsourcing, 

innovativeness of senior executives and IT capabilities of staff are also of the concerns 

raised by the respondents.  

The third question raised is to pinpoint the mandatory requirements for the adoption of 

cloud computing for HMIS. The researchers defined six main requirements of the 

framework. Those are scope and performance, flexibility, cost, service and cloud 
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management, IT security and compliance, and reliability and trustworthiness. These 

requirements must be fulfilled for a successful implementation of the framework, and 

hence used as the evaluation criteria for the proposed model. 

The final research question asks the possible framework to adopt HMIS in the cloud-

computing environment. The answer to this question is clearly stated in sections 5.1, 

and 5.2 of this chapter. Depending on the requirements, the researchers developed a 

cloud computing adoption framework for HMIS. Each framework components have 

been described and discussed in detail.  

iHRIS, OpenMRS, and OpenELIS are the data sources for HMIS. Then using the 

SDMX-HD data interchange standard the collected data is transferred to online 

instances on the Internet (Cloud). These instances collect data from health institutions 

and pass them to the staging area that is an intermediate storage area used for data 

processing during the ETL process. The data warehouse accepts the data and stores it 

for further usage. Data marts are used to store dimensional tables for supporting a 

subject area data that is used by decision-makers, policymakers, and other concerned 

bodies.  

A hybrid cloud-computing model is chosen for the proposed model. The reason is that 

this cloud deployment scenario enables HIs to use the private cloud in collaboration 

with other community CSPs since each HIs are using the same resource from the cloud 

and since they share the same goal i.e. improving the service delivery. This framework 

is designed to be implemented and managed by the collaboration of FMoH and 

Ethiopian healthcare providing centers. 

Finally, evaluation of the framework is performed based on the ISO/IEC 25010:2011 

quality standard. Results have shown that most of the evaluators evaluated the proposed 

framework to be very useful i.e. 80.8%.   
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CHAPTER SIX 

6. CONCLUSIONS AND FUTURE WORK 

6.1. Conclusion  

In spite of the cloud-computing critics and drawbacks, the economic situation is forcing 

more and more governments to consider adopting cloud computing solutions. Due to 

the health organization’s increasing demand for high storage capabilities, more 

processing capabilities, increased availability and resource scalability, cloud computing 

has become an attractive alternative at the lowest possible price.  

Ethiopia uses Health Management Information System, for the collection, processing, 

analysis, and presentation of routine data as one of the essential HIS for strengthening 

the health system in Ethiopia. The HMIS is a major source of information for 

monitoring and adjusting policy implementation and resource use within the healthcare 

environment. 

The aim of this work was to investigate the challenges facing cloud-computing adoption 

and develop a framework that will provide healthcare organizations (provided that the 

framework fulfills the defined requirement definitions) with guidelines for successful 

cloud computing adoption by addressing the challenges identified. Mainly, we have 

considered the risks and benefits of cloud architecture and proposed a cloud-computing 

framework for HMIS. 

The main contribution of this work is to identify the drivers and the challenges facing 

cloud-computing adoption for HMIS implementation. Following this, a roadmap for 

the successful adoption of cloud computing and its tools, provisioning models and 

design framework was created. The aim of the synthesis of the roadmap being the need 

to address the identified challenges and provide organizations with a tool for guidance 

in adopting cloud computing. 

In order to achieve this, a broad analysis of the literature review on HMIS, cloud 

computing, and conceptual frameworks was conducted. Moreover, questionnaire was 

conducted. The objective was to deeply understand the current implementation of 

HMIS in health institutions and bureaus in Addis Ababa and understand how a 

healthcare organization perceives cloud computing despite its promised benefits. 
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6.2. Future Work 

There is a need for more case studies to evaluate the framework. This is because in this 

study it was impossible due to time, resources, and budget. This will help to improve 

the framework. Here are some additional works to be done in the future 

 The proposed framework should be implemented at the health institution level 

and tested with iterative feedback reflection from the HMIS users so that the 

proposed framework will be modified based on the feedback before the 

framework’s full implementation for all HIs. 

 Exploring the critical issues in selecting cloud service providers, the cloud-

based service delivery model, and cloud computing deployment model. In 

particular, it should be analyzed by describing the strength and weaknesses of 

the service provider to cloud-based service delivery and deployment model for 

financial institutions.
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Appendix A: Survey Questioners 

I. General Information 

1.1. Personal details  

1. Name of your center (Optional) ____________________________________ 

2. What is your role in the organization? _______________________________ 

3. Age: 20-30  31-40  41-50  above 51 

4. Sex: Male  Female      

5. Educational level:  

 Diploma  BSc Degree  MSc Degree 

 PhD 

1.2. Types of organization and Activities   

1. How long have your organization implemented HMIS services? 

 0 yrs.   1>2 yrs.  3>5 yrs.    >5 

2. How long have you been working on HMIS in the organization? 

 0 yrs.   up to 2 yrs.  2>5 yrs.    >5 

3. What type of information transfer medium do you use to transfer reports 

generated by HMIS?(Select all that applies) 

Through the networked implementation of the system  

Using compact disk (CD) or DVD 

Using flash drive  

Using email 

Other________________________________ 

II. Subjective Information 

N

o Technological Context 

 
Relative advantage 

Strongly 

Agree 
Agree Neither Disagree 

Strongly 

Disagree 

1   
HMIS will allow the transfer of the 

right information in your health center. 

     

2  
Adoption of HMIS will provide timely 

information for decision-making 

     

3  
HMIS will allow us to cut costs in our 

operations 

     

4  
HMIS is important for the health 

sector.  

     

 Perceived Complexity      

5  HMIS is complex to use.      

6  HMIS is hard to learn.      

7  
HMIS is difficult to integrate with the 

current work practice of health center.  

     

 Perceived Compatibility      

8  
HMIS application is consistent with our 

organizations value and belief  

     

9  
The implementation of the system 

is/will be incompatible with existing 
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software applications and database 

systems. 

10  

Adoption of HMIS application is 

incompatible with existing operating 

practices 

     

 IT Infrastructure      

11  

HMIS is implemented on highly 

organized network facilities that 

connects FMOH with health centers. 

     

12  

The organization has sufficient 

software and database resources to 

support HMIS. 

     

13  
The organization has fast Internet 

Connection facilities. 

     

14  
The organization has a strong backup 

plan for network failure. 

     

 Information Quality Strongly 

Agree 
Agree Neither Disagree 

Strongly 

Disagree 

15  
Reports generated by HMIS is clear 

and reliable. 

     

16  
HMIS is always available when needed 

and provides up-to-date information.  

     

17  
The information we get is consistent 

does not change through time. 

     

18  

Reports generated from HMIS is 

complete & sufficient for decision-

making. 

     

 Organizational Context 
 Top management support      

19  
Top management enthusiastically 

support the adoption of HMIS. 

     

20  
Top management has allotted adequate 

resources for the adoption of HMIS. 

     

21  
Top management is aware of the 

benefits of HMIS. 

     

 Formalization      

22  
We have rules and procedures stating 

how to manage information. 

     

23  
Whatever situation arises, we have 

procedures to follow 

     

24  
We have rules and standards to follow 

when feeding data to the system. 

     

 Perceived cost      

25  
The implementation cost of HMIS is 

high for our organization  
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26  

The direct and indirect cost for HMIS 

applications are high for our 

organization  

     

27  

The maintenance and support fees for 

HMIS applications are high for our 

company  

     

28  
Our center has enough allotted budget 

to implement HMIS 

     

 Environmental Context  
 Technology Vendor Support      

29  
Training for HMIS is adequately 

provided by vendors 

     

30  
Adequacy of technical support during 

HMIS implementation 

     

31  

Adequacy of technical support after 

HMIS implementation 

     

 
Government Regulation and 

Support 
     

32  

The availability of government security 

and protection motivate us to use 

HMIS 

     

33  
Supporting health sector technologies 

is a priority area of the government 

     

34  

There are adequate budget allocation 

from government to adopt IT 

applications 

     

 Human Context  

 
Innovativeness of Senior 

Executives 
     

35  
Senior executives are enthusiastic to 

experiment a new information system  

     

36  
Senior executives would be innovative 

to improve the existing practice.  

     

37  
Senior executives often risk doing 

things differently  

     

 IT Capabilities of Staff      

38  
Employees of the center  have IT skill 

to support HMIS function 

     

39  
Employees of the center are computer-

literate to use on HMIS. 

     

40  
There is at least one computer expert in 

the HMIS unit department.  

     

 

41 Have you ever heard of the concept cloud computing? 
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__________________________________________________________________

__________________________________________________________________

__________________________________________ 

42 What do you think are the risks, if HMIS data is outsourced (handled) by a third 

party like cloud-computing vendors? 

__________________________________________________________________

__________________________________________________________________

__________________________________________ 

43 How do you protect the privacy of patients on your system? 

__________________________________________________________________

__________________________________________________________________

__________________________________________ 

44 What do you think is the problem if reports generate by HMIS are leaked to the 

public? 

__________________________________________________________________

__________________________________________________________________

__________________________________________ 
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Appendix B: Domain expert evaluation form 

Dear Evaluator, 

This evaluation form is aiming at measuring the extent to which Cloud Based Health 

Management Information System is useable and acceptable by end users in the areas of 

health institutions IT administrators. Therefore, we kindly request you to evaluate the 

system by tagging (X) symbol on the space provided for the corresponding attributes 

values for each criteria of evaluation. We would like to appreciate your collaboration 

in providing the information.  

NB: The values for all attributes in the table are rated as Poor = 1, Fair = 2, Good = 3, 

Very Good = 4, and Excellent = 5. 

No Evaluation Criteria 

E
x
ce

ll
en

t 

V
/G

o
o

d
 

G
o
o
d

 

F
a

ir
 

P
o

o
r
 

1 
To what extent does CHMIS provide functions 

that meet the stated needs? 
     

2 

How well was the CHMIS to achieve goals with 

effectiveness, efficiency and satisfaction in your 

context? 

     

3 How was the reliability of CHMIS?      

4 
How did you see the security of the proposed 

model? 
     

5 

To what extent do you measure the degree to 

which CHMIS can exchange information with 

other systems? 

     

6 

Please state the degree of effectiveness and 

efficiency with which CHMIS can be modified 

by the intended maintainers 

     

7 

Please State the degree to which CHMIS can be 

transferred from  one hardware, software or 

other operational or usage environment to 

another 

     

8 

To what extent do you measure the 

performance of CHMIS relative to the amount 

of resources available  

     

 

Thank you for your time!!! 
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Appendix C: Respondents Personal Information Analysis 

This section explores the frequencies and descriptive statistics of the responses to the 

personal information questions in the questionnaire. The data are treated as ordinal non-

parametric data since the responses are measured as ranks and categories. 

The research questioners were distributed in 14 Health care institutions. These centers 

were both public and private health care institutions. In addition to these institutions, 

three health bureaus i.e. Addis Ababa Health Bureau, Oromia Health Bureau, and 

SNNP Health bureau were given questionnaires. For the purpose of privacy, the name 

of the institutions will not be identified. 

For the frequencies of job title HMIS focal person (n=7) were the most represented 

consisting of 35% of the respondents, followed by HMIS officer (n=5) were the second 

most represented consisting of 25%, while HMIS Expert (n=1) were least the 

represented at 5%.  

With reference to the frequency of age and sex of respondents, data shows that most of 

the respondents were aged between 20 and 30, taking 55% of the respondents, which 

shows that the personnel working on HMIS are young people. On the other hand, the 

frequency with respect to sex indicates that 60% of the workers are Male workers. 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 20 to 30 11 55.0 55.0 55.0 

31 to 40 7 35.0 35.0 90.0 

41 to 50 2 10.0 10.0 100.0 

Total 20 100.0 100.0  

Valid Female 8 40.0 40.0 40.0 

Male 12 60.0 60.0 100.0 

Total 20 100.0 100.0  

The frequencies of the education level data show that respondents with a Bachelor’s 

degree (n = 13) were the most represented, comprising 65%, while holders of an MSc 

(n = 2) were the least represented, consisting of 10%. Respondents with a Diploma (n 

= 5) had a similarly low representation, encompassing 25%. 

 

 

 Frequency Percent Valid Percent Cumulative Percent 

Valid HIS Technical Expert 3 15.0 15.0 15.0 

HMIS Expert 1 5.0 5.0 20.0 

HMIS Focal Person 7 35.0 35.0 55.0 

HMIS Officer 5 25.0 25.0 80.0 

ICT Officer 2 10.0 10.0 90.0 

IT Expert 2 10.0 10.0 100.0 

Total 20 100.0 100.0  
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 Frequency Percent Valid Percent Cumulative Percent 

Valid Diploma 5 25.0 25.0 25.0 

BSc Degree 13 65.0 65.0 90.0 

MSc Degree 2 10.0 10.0 100.0 

Total 20 100.0 100.0  

On the other hand, the frequencies of organizational HMIS implementation data reveal 

that a majority of respondents (55%) stated that HMIS has been implemented in their 

center for more than five years of time (n = 11). While on the other hand the majority 

of workers (50%) that worked on HMIS have experience of 2 years and below. This 

indicates that even if the centers tend to implement HMIS for more than five years, 

employees that work on HMIS have less experience. The researchers found only a 

single respondent who worked for more than five years. See table 4.4 and 4.5 below  

 Frequency Percent Valid Percent Cumulative Percent 

Valid 0 Years 2 10.0 10.0 10.0 

1 to 2 years 4 20.0 20.0 30.0 

3 to 5 years 3 15.0 15.0 45.0 

Above 5 Years 11 55.0 55.0 100.0 

Total 20 100.0 100.0  

 Frequency Percent Valid Percent Cumulative Percent 

Valid 0 years 3 15.0 15.0 15.0 

Upto 2 years 10 50.0 50.0 65.0 

2 to 5 years 6 30.0 30.0 95.0 

Above 5 years 1 5.0 5.0 100.0 

Total 20 100.0 100.0  

According to the respondents, in order to transfer the reports generated by HMIS, 

networked implementation of the system (HMIS System), CD or DVD, flash drive, 

email or eHMIS or DHIS will be used as an information transfer medium 

interchangeably in relation to their availability in the institutions.  

 

 

 


