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ABSTRACT 

Requirements engineering (RE) involves understanding the 

needs of stakeholders, the contexts in which the to-be-

developed software will be used; analysing, negotiating, and 

documenting the stakeholders’ requirements; and managing 

requirement evolution. This is achieved through a process 

called requirement engineering process. Therefore, the ability 

to improve software products in order to meet the needs of 

these stakeholders within today’s challenging and fast-paced 

environment is a great concern in the software development 

industries. This paper is aimed at presenting an enhanced 

framework for reasoning about RE process in terms of skill 

enhancement within the scope of software engineering (SE) 

and information system development (ISD) using the health 

information system (HIS) as an example to conceptualize the 

idea. The paper justifies requirement engineering as a process 

like all other SE and ISD activities to be adapted to the needs 

of the processes, the products, the projects and the people 

doing the work in a conceptual framework for quality 

improvement. The paper conceptualized this by considering 

the university as the domain where information system, 

software system, and healthcare research is carried out for 

knowledge acquisition that proffers solutions to the software 

organisations where skills are enhanced. This is with the view 

to improve the customer organisations where the products, 

processes and services are used. The framework strive to 

suggest the enhancement of RE process skills to what the 

stakeholders wants, which serve to establish a solid 

foundation for the design and construction of what the 

stakeholders’ gets. As such, a framework to enhance the 

ability to develop software products for the healthcare domain 

with the aim of meeting the needs of all system stakeholders 

and to ensure that the development process is going on the 

right tract is very important. 
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1. INTRODUCTION 
Every system needs requirement! Without it, the extent to 

which the system is expected to perform and achieve its 

purpose is impossible. In addition, errors in these 

requirements are the most expensive to fix when found during 

the development process of any system. Not only are 

requirements the most expensive, but also the most frequent 

problems. Before developing a system we need to understand 

the requirements the system should fulfill. This cuts across the 

various types of information system to be developed, where 

software development and application is key. 

However, advancement in the information technology 

industry has engendered the requirements for software 

systems to become more and more motivated, useful and 

applicable. This is because, the software industry is seen as 

one of the fastest growing and most profitable industry due to 

its profound impact at the societal level. Despite many failures 

with some of these software systems that are well publicised 

and in use, the engineering of such systems has improved 

consistently over the past few decades. In particular, the 

success of a software system depends on how well it fits the 

needs of its users and its environment. Software requirements 

comprise these needs, and Requirement Engineering (RE) is 

the process by which the requirements are determined [1]. In 

essence, requirements drive almost every activity, task, and 

deliverable in the engineering process of software systems, 

specifically, in a software development project and 

Information Systems Development (ISD) practices.  

Successful RE involves understanding the needs of users, 

customers, and other stakeholders; understanding the contexts 

in which the to-be-developed software will be used; modeling, 

analysing, negotiating, and documenting the stakeholders’ 

requirements; and managing requirement evolution. Figure 1 

shows that shared understanding among various stakeholders 

is the basis for requirements, and RE process is needed for 

producing the specific requirements in the development 

process. In this sense, a shared understanding of the target 

domain is require to serve as the basis for successful 

development. According to [2], the Needs Analysis is 

conducted jointly, producing descriptions and models that can 

serve as the starting-point of the different development 

activities of software applications, information systems, or 

work. These descriptions serves as the basis for analysis, 

negotiation, validation and then to documentation of 

requirements. This makes the RE a collaborative process and 

activity, which comes with challenges. In the work of [3], the 

focus of RE is changing from the software system to human 

activities that will be supported by it. This brings an 

interesting insight into workflow processes. [3] Opined that 

“most RE problems occurs at the point where humans come 

fully on the scene. In particular during elicitation, negotiation 

and elaboration of requirements in the intended organisational 

context of the system’s use. 
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Fig 1: Shared understanding as the basis for requirements (adapted and modified from: [2]) 

 

In [4] RE was defined as “the branch of software engineering 

concerned with the real-world goals for functions of and 

constraints on software systems”. Under this conception 

“information systems are seen as fulfilling a certain purpose 

in an organisation and requirements engineering helps in the 

conceptualisation of these purposeful systems” [5]. As 

observed in most ISD practices, RE in highly 

multidisciplinary projects involves lot of stakeholders with 

different backgrounds and perspective, for example in 

hospitals, we have the medical or healthcare professionals, the 

administrators at the managerial level, the technical staff etc. 

This makes the process knowledge-intensive [6] and human 

intensive [7] thereby demanding an extensive analysis and 

tradeoff to be performed. In essence, RE lays the foundation 

for successful software and system development projects 

regarding cost and quality [8]. The activities, which are 

performed as part of the RE process, aim at the discovery and 

specification of requirements that unambiguously reflect the 

purpose of a software system as well as the needs of all 

relevant stakeholders [9]. This paper is aimed at presenting an 

enhanced framework for reasoning about RE process within 

the scope of software engineering (SE) and ISD using the 

health information system (HIS) as an example to 

conceptualize the idea. 

Holistically, the purpose of any information system like the 

health information system (HIS), is to support work activities, 

and assist the achievement of the goals of work. These 

activities includes capturing, storing, retrieving, managing or 

transmitting information related to the health of individuals  

or the activities of organisations that work within the health 

sector. These goals are majorly captured or embedded in the 

workflow system, which specifies the various processes and 

activities. The authors in [10] opined that “Information 

systems are developed through a process that includes 

activities for analysis, design, implementation, introduction, 

and sustained support, as well as process management”. These 

development activities are majorly dependent on the 

requirement engineering processes that seeks to elicit 

individual stakeholder’s requirements and needs and 

developing them into detailed, agreed requirements 

documented and specified in such a way that they can serve as 

the basis for all other system development activities. In this 

sense, Requirements Engineering (RE) is the activity that 

mediates the needs of the system users to the developers who, 

in turn, design and build the solutions [11]. In the works of 

[12], [13], [14], [15], [16] and [17], it was established that 

most methods for requirements engineering are designed for 

supporting software development, which can also be 

applicable to ISD. As an example, the development of health 

information system is not only the concern of software 

developers and/or professionals, but also involve other 

stakeholders and/or end users. With this, it becomes necessary 

to state that the early phases of development is very crucial 

and critical to the overall success of the system in terms of 

analysis, design, implementation, deployment, maintenance 

and continuous use. This justifies the observation in [11] that 

‘cooperatively obtained shared understanding of the needs for 

information systems, work processes and software systems 

should be a basis for the development’. This paper justifies 

requirement engineering as a process like all other SE and 

ISD activities to be adapted to the needs of the processes, the 

products, the projects and the people doing the work in a 

conceptual framework for quality improvement. The paper 

conceptualized this by considering the university as the 

domain where information system, software, and healthcare 

research is carried out for knowledge acquisition that proffers 

solutions to the software organisations where skills are 

acquired, towards improving the customer organisations 

where the products, processes and services are used. The 

framework strive to suggest the enhancement of RE skills to 

what the stakeholders wants, which serve to establish a solid 

foundation for the design and construction of what the 

stakeholders’ gets. Therefore, enhancing the RE process will 

engender quality improvements. 

2. MOTIVATION 
In practice, developing information systems and/or software 

systems can be so compelling and demanding that many 

developers want to jump right in before they have a clear 

understanding of what is needed. The argument has always 

been that things will become clear as they develop; that 

project and system stakeholders will be able to better 

understand need only after examining early iterations of the 

software; that things change so rapidly that requirements 

engineering is a waste of time; that the bottom line is 

producing a working program and that all else is secondary. 

This paper argues that each of these is flawed, and all can lead 

to a failed project if a process is not in place.  
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Consequently, in order to start quality control and assurance 

activities earlier, to have more quality control and assurance 

levels, to resolve early conflicting expectations of different 

stakeholders, requirement engineering process becomes 

inevitable. This is why [18] indicates that “requirements 

engineering process critically influences the success of 

software development process”. Despite the significant 

varieties of software development processes and project 

management techniques, software projects may still fail due to 

vague definitions of project goals, ambiguous requirements, 

communication and coordination problems (e.g. conflicts that 

leads to omission in requirements and inconsistencies of 

requirements) among the stakeholders. Apparently, problems 

that associates with software project failure in software 

development processes are majorly related to requirements 

engineering areas like capturing, analysing, specifying, and 

managing requirements. In fact, when improving the software 

engineering process, the area, which may have the largest 

effect on the result, is RE. This is because, requirements are 

the first things produced, and projects are conducted and 

finalized in strict concordance with them. So, the ability to 

improve the software product in order to meet the needs of all 

stakeholders in information systems development is a great 

concern in the software industries. Therefore, requirements 

engineering process is required to provide the appropriate 

mechanism for quality assurance ([19], [20]) in the 

development process of health information system (HIS). As 

such, a framework to enhance the ability to develop software 

products for the healthcare domain with the aim of meeting 

the needs of all system stakeholders and to ensure that the 

development process is going on the right tract is very 

important. 

3. HEALTH INFORMATION SYSTEM 

AND REQUIREMENT ENGINEERING 

PROCESS: THE NIGERIAN CASE 
Health information system is a service system that comprises 

multiple types of organisation. An inside view of this reveals 

a multitude of different types of actors, information, and 

information systems that are highly regulated and governed by 

legislation. For the Nigerian healthcare system, HIS has gone 

through a well-defined manual structure and is being provided 

by collaborative teams that involve multiple healthcare 

providers at different levels in terms of delivery. In the work 

of [21], three tiers of healthcare delivery system 

implementation were identified to include: the federal, state 

and the local government. The federal government is 

responsible for tertiary healthcare delivery, the state 

governments is responsible for secondary care delivery 

(general hospitals), and the local government is responsible 

for primary healthcare. These three tiers or levels of 

healthcare delivery follow a well-structured manual 

information flow as shown in figure 2. For instance at the 

Primary Healthcare (PHC) level, [21] quoted the National 

Health Policy as having the most important objective to “Set 

up the nation’s PHC system using the District Health System 

Approach”.  This approach presents the local communities as 

the centre of the PHC system, with several health related 

services at their disposal ranging from environmental services 

and traditional healthcare to the “modern” healthcare delivery 

system. Information flow through three record systems which 

[21] identified as: 

 Home based records. These involves patients being 

issued with individual PHC cards to facilitate fast 

record searching and treatment whenever a visit is 

done to the health facility. 

 Community based records. These are kept by 

voluntary health workers in the community. 

 Institution based records: These are kept in the 

health facility and include records of activities 

carried out on daily, monthly and yearly basis. 

These authors in [21] observed that the other tiers of 

healthcare delivery (i.e. secondary and tertiary) follow almost 

similar patterns except that community based records are not 

kept.  Information flow follows a defined pattern from the 

community level up to the federal level. Presently, the Made 

in Nigeria Primary Healthcare Information System 

(MINPHIS) is one of the appropriate software package for 

African hospitals and health centers developed with the 

peculiar nature of Nigeria and Africa in mind.  

In general, healthcare anywhere in the world is information-

intensive, process and service oriented. This is because, vast 

amounts of information is created in the course of a treatment 

process and service demand on this information is crucial in 

the actualization of the entire system. As shown in figure 2 for 

the Nigerian Healthcare information flow, the cooperative 

work of healthcare professionals is dependent on the inclusion 

of in-deterministic and unpredictable workflows where 

information plays a significant or even critical role. Viewed 

from the perspective of software engineering and ISD 

practices, RE process will be concerned with how to elicit, 

capture, analyse, negotiate, elaborate, prioritise, validate, 

manage, and document these information during development. 

Evaluating value and/or cost of different requirements through 

analysis, resolving conflicts between requirements, deciding 

which to accept by setting priorities and identifying 

dependencies between requirements is still an open research 

issue that will improve the quality of healthcare systems. 

Analysing the requirements for such complex systems is 

difficult without a due process of discovery and inventions 

through appropriate skills. According to [22], the struggle 

with such complexity starts in the “frontend activities” which 

precede the actual development activities. However, there is a 

lack of guidance and methods supporting the early phases 

([23], [22]).  

In addition, the healthcare system is an increasingly complex 

information system that is used for supporting the healthcare 

organisations in many ways. The development of these system 

is not only the concern of software developers and/or 

professionals, but also involve other stakeholders and/or end 

users. Consequently, it is necessary to state that the early 

phases of development is very crucial and critical to the 

overall success of the system in terms of analysis, design, 

implementation, deployment, maintenance and continuous 

use. The author in [11] opined that ‘cooperatively obtained 

shared understanding of the needs for information systems 

should be a basis for the development’. However, eliciting or 

gathering the right data and/or information within this 

collaborative and cooperative development environment is 

challenging, as there is no framework available to salvage the 

problem during requirement engineering process. This is 

because, ensuring and managing the various viewpoints, goals 

and expectations from the different stakeholders in the 

development process is key to the overall success of the 

system. For the healthcare system being a complex and 

multifaceted domain, requirements engineers are prone to face 

the challenge of communication with distributed stakeholders 

groups. Even if the communication is smooth, the challenge to 

understand the information as collected during elicitation and 

negotiation processes still surfaces. When this happens, the 
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effect will be seen during development as software developers 

might not be able to capture the exact intent, viewpoints, and 

goals of the users for the system.  

 

Fig 2: The Nigerian Healthcare Information flow (Source: [24]) 

More importantly, creating and maintaining software is a 

design activity [25]. In the same way, creating and 

maintaining HIS is a design activity, which must be preceded 

by the requirement engineering activities. In the work of Neil 

Alexander Ernst [26], three elements involved in the design 

activity were identified. First is the domain assumptions under 

which the software will operates. This consists of the 

properties that are assumed to hold in the domain and are 

exploited in designing the software. The second is the 

requirements the software must meet for its users to accept it. 

This consists of the desired set of new properties of that 

domain. The third one is the specification that consists of 

detailed plan for implementing the software. These three 

elements are related: if the software is developed according to 

the specification, taking into account the domain assumptions, 

the software system will satisfy the requirements [27]. All of 

these elements are issues of concern at the requirement 

engineering phase. More to this is the fact that several surveys 

in literature indicate that around 50% of all software project 

problems are related to requirements. In addition to this, the 

typical outcome of these problems is an expectation gap 

where the difference between what developers build and what 

customers really need becomes an issue of concern. 

Specifically to the Nigerian case, one of the primary goal for 

the Made in Nigeria Primary Healthcare Information System 

(MINPHIS) development is to meet the needs of all 

stakeholders involve in the development process. In 

enhancing the ability to develop this product with the aim of 

meeting the needs of all system stakeholders, requirement 

engineering process becomes inevitable.. 

4. MADE IN NIGERIA PRIMARY 

HEALTHCARE INFORMATION 

SYSTEM (MINPHIS) 
The authors in [28] reported that MIHPHIS is a software 

package developed within the INDEHELA projects (Methods 

for Informatics Development for Health in Africa) in Nigeria 

and has been utilized in a number of Nigerian Teaching and 

Specialist Hospitals. It is principally a hospital patient 

information system. The system was originally installed on a 

PC server with 3 dumb terminals back in 1991. The 2nd 

generation of the system implemented in 1998 was based on 

more powerful servers running Microsoft NT, Intersystems 

Caché, the VA Kernel and FileMan, and the FixIT software 

developed in Finland for the MUSTI system. It was upgraded 

and enhanced for potential national use [29]. The MINPHIS 

application keeps patient records and generates various 

reports for health management and research purposes.  The 

reports include the patient status, medical history and 

admissions plus indicators like length of stay per patient, 

discharge summaries, mortality and morbidity data, and 

operations.  The application can answer ad hoc queries from 

medical researchers (e.g. cases of cholera for a period per 

geographical location for specific age group or sex or both).  

It can also provide performance information relevant to 

particular health care professionals, such as the mortality rates 

for patients treated by a particular staff member. MINPHIS 

has spanned through a thorough Software Engineering and 

Information System Development Processes with clinical and 

patient information well taken care of via a wide range of 

reports that could aid health policy and decision makers. In an 
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action research, [24] conducted a study on Information 

Systems Development in Nigerian Software Companies with 

the aim of identifying factors that affect development practice, 

the development activities, the method(s) and tools employed 

in the Nigerian software industry, the type of education 

received and other relevant factors in such settings using 

MINPHIS as one of the real life software development 

experience. All the factors identified can be enhanced through 

RE processes in terms of skill enhancement in the software 

industry.  

5. REQUIREMENTS ENGINEERING 

PROCESSES 
In practice, a software is considered to be successful if it 

meets the objective for which it was made and to identify that 

objective we perform RE [9]. The process includes; 

Identification of stakeholders, gathering their needs and 

understanding them, documenting the specifications and 

analysing it for subsequent implementation [30]. RE can be 

seen as being made up of two phases. These phases includes; 

Requirement Development, which includes activities like, 

Requirement Elicitation, Analysis, Specification and 

Verification; and Requirement Management that deals with 

managing and controlling changing and evolving 

requirements. The work in [31] suggest that the aim of RE is 

to introduce engineering principles into the practice of 

traditional information systems analysis. Therefore, a 

systematic and disciplined process should be followed [32]. 

The RE process should thus consist of structured and 

repeatable activities. 

However, RE process is naturally collaborative in nature 

where agreements among the stakeholders is very crucial and 

broad mastering is generally infeasible for a single person 

([33], [34]). In most cases the problem of unclear descriptions 

of requirement always occur, which often leads to 

terminological misalignment between analyst and 

stakeholders, and then potentially wrong requirements [35] 

are elicited. As a result, negative consequences of these wrong 

requirements are felt during all downstream activities such as 

architecting, design, implementation, and testing. As observed 

in [36], Poor-quality requirements greatly increase 

development and sustainment costs and often cause major 

schedule overruns. More to this problem is the elicitation of 

partial information due to stakeholder’s omissions [37]. As 

such, the RE process becomes valuable when followed in 

evolving a system. 

6. PROPOSED FRAMEWORK: 

CONCEPTUAL MODEL 
The proposed framework recognised the on-going larger 

research effort undertaken by the research network 

Informatics Development for Health in Africa (INDEHELA). 

The goal has been to understand and solve real-life problems 

for Information Systems Development (ISD) with particular 

interest in healthcare. It is on this premise that the RE process 

is introduced as shown in figure 3. The framework presents a 

conceptual model for reasoning about major issues in 

development practice and activities, the type of education 

received at the university level in engendering quality 

research in information systems, software and healthcare. This 

framework indicates that the difficulties in ISD that relates to 

the problems of unstable, constantly changing requirements, 

poor requirements specification, client behaviour, such as 

approval delays, requirements changes, and poor 

communication, especially in multi-cultural and multi-

disciplinary environments like the healthcare domain can be 

overcome by devising measures to improve systems quality 

and customers’ satisfaction, ease compliance with standards 

and regulations, reduce project cost and delay, ensure better 

control of complex projects and improve team communication 

through Requirement Engineering Process (REP). At the 

software project level, there is need to establish a common 

understanding of the requirements to be addressed by the 

software product and to define the requirement in the process 

of analysing the desired product. All these put together can be 

tailored towards closing the gap in the industry and university 

level through Information System (IS) and Software 

Engineering (SE) education (research and development 

inclusive). 

In the context of ISD and SE, many approaches to software 

project development process have been formulated. In spite of 

their differences, virtually all of them include the 

Requirements Engineering (RE) phase. This is because, 

inaccurate, inadequate, or misunderstood requirements are the 

most common causes of poor quality, cost overruns and late 

delivery of software systems [38]. Requirements problems are 

widely acknowledged to reduce the quality of software and to 

impact on the effectiveness of the software development 

process [39]. As observed in [40] and the Standish Group 

Report [41], Information System (IS) projects deliver 42 to 

67% of their original requirements and 48% of Information 

Technology (IT) development relates to requirements 

engineering. Many ISD problems could be traced to RE ([42]; 

[43]; [44]; and [45) and estimates suggest incorrect 

requirements are expensive to correct during implementation 

([40] and [46]). Consequently, RE is the most important 

activity of the software development life cycle (SDLC) and 

significantly affects the success or failure of information 

systems ([47; [48]; and [49]). 

Within the premise of the framework, the University, 

Software organisations and Customer organisations are main 

entities through which the reasoning about RE process is 

introduced. This is with the view of improving quality during 

development across all the entities. The university as an entity 

is the domain where information systems, software and 

healthcare related research and development is needed. 

Basically, we want to know ‘how research and development 

can close the gap in the Industry and university’ for ISD, 

software systems and HIS as a whole in order to ensure 

quality improvement. To close this gap, we proposed that 

adequate skill in RE process is required. Such skill when 

acquired and enhanced, will proffer solution for software 

projects at the software organisational level. The skills at this 

level will help software organisation to establish a common 

understanding of the requirements to be addressed by the 

software product, and will also help in defining the 

requirements in the process of analysing the desired product. 

In between the software organisation and customers’ 

organisation is the ISD. At this points adequate skills in RE 

process will help to address the problems of unstable, 

constantly changing requirements, poor requirements 

specification, client behavior, requirements changes, and poor 

communication, especially in multi-cultural and multi-

disciplinary environments like the healthcare domain through 

research and development. At the customer organisation’s 

level, the focus is on the services render by the citizens and 

communities. At this point, the emphasis is on the product 

use. In particular, the MINPHIS. Here we want to know how 

the RE process of MINPHIS development can be improved. 

Obviously, introducing the RE process within this framework 

of reasoning has great potential to engender quality 

improvement. 
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Fig 3: Conceptual framework showing the need for RE process skills enhancement (Modified from: [50]) 

7. CONCLUSION 
Conclusively, the ability to identify problems and suggestions 

for improvements in the RE process opens up significant 

potential for increasing the success of information systems 

development and software projects. In order to improve RE 

processes, the current practices need to be examined within 

the scope of a defined ISD like the case with healthcare 

information system during development. Therefore, educating 

developers, managers and users about RE practices will 

enhanced skills in RE process for SE and ISD. In addition, 

understanding the different kinds of requirements and 

classifying users input into the appropriate categories during 

RE process is key to excellent software requirements for a 

software project. In particular, the ultimate goal of building a 

robust service-oriented system like the health information 

system, is to solve the problems of quality improvement. 

Specifically, understanding and analysing requirements of 

(healthcare) business processes will results in a requirements 

specification, which can be used for communication among 

stakeholders and may be part of a formal contract. It is 

therefore expedient to seek ways on improving the RE process 

in ISD. In this regard, a framework to enhance the ability to 

develop software products for the healthcare domain with the 

aim of meeting the needs of all system stakeholders and to 

ensure that the development process is going on the right tract 

is very important. 
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