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 الملخص
قــد تكــون منهجيــة تطويــر البرمجيــات لمشــاريع الرعايــة الصحيــة ســببًا رئيســيًا لتأخــر الجــدول الزمــي ، والإفــراط 
في الميزانيــة ، وعــدم الرضــا عــن المتطلبــات ، وضعــف الجــودة. لذلــك ، يجــب أن تكــون هنــاك منهجيــة لإدارة 
وتحســن عمليــات تطويــر البرمجيــات كحــل رئيســي لهــذه المشــاكل. تتطلــب إدارة عمليــة تطويــر البرامــج دليــاً 
إرشــاديً لتطويــر منتجــات البرامــج في الموعــد المحــدد ضمــن الميزانيــة ، وتجنــب المخاطــر ، وتلبيــة المتطلبــات. في 
الســنوات الأخــرة ، تمــت دراســة تحســن عمليــة البرامــج علــى نطــاق واســع في تطويــر البرامــج التقليديــة أو 
الســريعة ، وتم التعــرف علــى نقــاط القــوة والضعــف فيهــا. لقــد تحــدت المنهجيــات الســريعة الطــرق التقليديــة 
لتطويــر نظــام حاســم مثــل الرعايــة الصحيــة. الهــدف الرئيســي مــن هــذا البحــث هــو تحســن إنتاجيــة أنظمــة 
الرعايــة الصحيــة وتجنــب المخاطــر مــن خــال تحســن عمليــات التنميــة. اقــرح البحــث منهجيــة تطويــر تســمى 
»التطويــر الســريع لنظــام الرعايــة الصحيــة )RHSD(«. تعمــل المنهجيــة المقرحــة بســرعة وتعتــي بالمخاطــر 
أثنــاء عمليــات التطويــر مــن خــال تكثيــف آليــة الاختبــار والتحقــق. كمــا يســهل RHSD تطويــر أنظمــة 

الرعايــة الصحيــة ضمــن المتطلبــات وتحقيــق أعلــى مســتويت الجــودة.
الكلمــات المفتاحيــة: الصحــة و نظــام المعلومــات )HIS( ؛ تحســن عمليــة البرمجيــات )SPI( ؛ منهجيــات 

تطويــر البرمجيــات؛ المجــال: تطويــر البرمجيــات.
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ABSTRACT
Software development methodology for healthcare projects may 
be a major cause of late schedule, over-budgeting, dissatisfaction 
with requirements, and poor quality. Therefore, there should be a 
methodology for managing and improving software development 
processes as a major solution to these problems. Managing software 
development process requires a guideline for developing software 
products on schedule within budget, avoiding risks, and meeting 
requirements. In recent years, software process improvement has 
been extensively studied in traditional or rapid software development, 
and its strengths and weaknesses have been recognized. Rapidly 
methodologies have challenged the traditional ways of developing a 
critical system such as healthcare. The main objective of this research 
is to improve the productivity of healthcare systems and avoid 
risks by improving development processes. The research proposed 
a development methodology called “Rapid Healthcare System 
Development )RHSD(”. The proposed methodology acts fast and 
takes care of risks during development processes by intensifying 
the testing and validation mechanism. RHSD also facilitates the 
development of health care systems within the required requirements 
and achieves the highest levels of quality.

Keywords: Health & Information System )HIS(; Software Process 
Improvement )SPI(; Software Development Methodologies; Area: 
Software development.
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INTRODUCTION 
The software industry is constantly working to reduce the complexity 
of software products and focus more on the best, fastest, and cheapest 
development processes [1]. The software business has received 
assistance from new technologies, development tools, programming 
languages, and development methods [2]. Currently, software 
developers have modern development methods that keep pace 
with technological development and the rapid needs of the market 
[3]. Healthcare needs modern software and IT infrastructure more 
than any other industry around the world. The Healthcare system 
is a critical system in which simple mistakes may affect the patient’s 
life [4]. Healthcare systems are transitioning from architectural 
practice centered around hospitals to programs based on patient-
centered electronic medical records [5]. Nowadays, there is a strong 
demand for a modern quality healthcare system. A high-quality 
healthcare system relies heavily on the integration of data from 
administrative, clinical, and management sources [6].  Therefore, 
the software developer focuses on the quality of the processes used 
in the development of health systems to keep pace with the quality 
required for those types of critical systems7]  ]. However, there is 
a lack of clarity in software development methodologies that take 
into account the development characteristics of healthcare systems 
[8].  This paper is concerned with the analysis and evaluation of 
productivity improvements in various aspects of the health care 
system development and management processes. This research also 
presents a proposal for a development methodology for health care 
systems that take into account the characteristics of these systems 
and the speed of development processes to keep pace with the 
needs of the modern software industry. Throughout this paper, the 
theoretical background of Health and Information System )HIS(, 
Software Process Improvement )SPI(, and software development 
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methodologies will be discussed in Section Two. The third section 
is discussing the contribution of research and highlights the proposed 
methodology for developing the healthcare system and finally the 
conclusion.

THEORETICAL BACKGROUND
1.1 Health & Information System )HIS( 
A Healthcare Information System )HIS( is a critical system that 
processes, analyzes, and uses patient information to deliver health 

services on time [9]. The HIS aims to improve the effectiveness and 
efficiency of the health service and ensure more equitable delivery by 
enabling managers and service providers to make informed decisions 
to improve the quality of care [10]. The organizational structure of 
healthcare in all European countries is distributed naturally, being 
a geographical spread of centers at different levels of complexity: 
from public hospitals to the individual user. The objective of such a 
structure as shown in Figure 1 is to build a network of complementary 
centers )hospitals, laboratories, outpatient clinics, focal points, etc.( 
spread across the territory, to effectively meet the social needs of 
the area. Although each center is independent and dedicated to 
providing a specific set of services, they are interrelated and similar 
to ensure the effectiveness of activities, in terms of prevention, care, 
and costs [11].

Figure 1: Structure of the Hospital Information System 
1.2 Software Process Improvement )SPI(
Software Process Improvement )SPI( is a specific mechanism 
consisting of a set of interrelated resources and activities to improve 
development processes and improve product quality [12]. There are 
different groups of practitioners across the world who use different 
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approaches to implement SPI. North American companies feel 
comfortable using CMM; Japanese companies prefer TQM and 
European companies use the ISO 9000 family to improve their 
regulatory capabilities. CMM is entirely designed for software 
development processes, while TQM and ISO 9000 standards are 
not, especially for software manufacturing [13]. The development 
process improvement needs to depend on the business needs and 
different approaches can be adopted depending on the organization’s 
current practice and maturity. Thus, appropriate methods will be 
recommended and implemented in proportion to the organization’s 
current practices and business objectives. It is not easy to improve 
the development process to determine the impact and predict the 
success of any improvement methods because this depends on the 
organization environment variables such as employee skills, the 
effectiveness of training, the efficiency of process implementation, 
and acceptance. The selection and successful implementation of 
SPI methods depend on many variables such as the maturity of the 
current process, skill base, organization, and business issues such as 
cost, risk, speed of implementation, etc. [14].
The Capability Maturity Model )CMM( is specifically designed 
to optimize development processes and support the maturity 
levels of different organization processes [15]. CMM defines and 
supports five levels of maturity. Where the initial level indicates 
that the organization does not have a stable software development 
environment.  The second level demonstrates repeatability since 
the organization has established policies and standards for project 
management and defines the procedures for their implementation, 
but the processes may differ between different projects. At the third 
level )Defined Level(, processes that are emphatically documented 
across the organization are used for software development and 
maintenance. The penultimate level )Managed Level( ensures that 
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software products are of high quality and that management sets 
quantitative and quality goals for the product and process. The last 
level )Optimizing Level( the objectives of the organization are to 
focus primarily on continuous process improvement [16].

1.3 Software Development Methodologies 
System development methodology in software engineering is a 
framework that is used to structure, plan, and control the information 
system development process [17]. Some software methodologies can 
be used to build healthcare systems and improve the quality of the 
end product [18]. Although some of these methodologies focus on 
the perspectives of users or developers, end systems sometimes fail 
to achieve satisfactory usability. Among the most important known 
methodologies in building systems are the following:
• Waterfall methodology is the first method for developing an 
organized system. It has come under attack in recent years for being 
too strict and unrealistic when it comes to meeting customer needs 
quickly, and the waterfall model is still widely used. The waterfall 
is credited with providing the theoretical basis for other process 
models because it is very similar to the “general” model of software 
development [19].
• Rational Unified Process )RUP( is a methodology for software 
development. Projects of all types and sizes have successfully used 
RUP as it varies from lightweight to meet the needs of small projects 
with short product cycles to more comprehensive operations that 
cater to the broader needs of large, possibly distributed project teams 
[20].
• Rapid Application Development )RAD( is a software framework 
that aims to enable developers to quickly create high-quality 
applications to meet new business requirements. RAD is designed 
to make the most of the powerful development programs that have 
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been developed recently [21].
• Agile introduced several software development methodologies 
such as Scrum and Extreme Programming to meet critical system 
development requirements [22]. Extreme Programming )XP( 
is software development methodologies proposed to improve 
software quality and change the response to user requirements. XP 
is an area of software development based on the values of simplicity, 
communication, feedback, and courage. Extreme Programmers 
work together in pairs and as a group, with a simple design and 
painstakingly tested code, the design continues to be improved to 
keep it always well suited to current needs [23].

RESEARCH DISCUSSION
Through previous studies in the field of development methodologies 
for health care systems, we found that these systems need two levels; 
Regional level and level of patient care.  We also found that the 
development of a reliable healthcare system should follow a structured 
and rapid development method, and the RAD methodology was 
somewhat appropriate for the development of these systems. RAD 
enhances the development process for critical systems and according 
to rapid market needs more than waterfall and/or agile methodologies 
according to previous research. However, RAD methodology still 
needs to improve product quality by increasing testing during all 
phases of the healthcare systems development. Therefore, the RAD 
phases must be redesigned with a mechanism that improves the 
testing and verification processes to reach a high-quality product.
3.1 Evaluation of Software Process Improvement
This section discusses software process implementation improvement 
measurement frameworks, as shown in Table 1, and there are three 
methods: CMM, TOM, and ISO 9000. The appropriate framework 
for measuring the quality of healthcare systems development 
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processes is the CMM because it uses several levels of quality to 
measure the entire development processes as shows in Table 1.
Table 1 Measurement frameworks for improving implementation 
of SPI

 Approaches  Description  Specification
 CMM  CMM using comfortable in North

 American companies
designed entirely for soft-

ware processes
TQM Japanese companies  not especially for software

manufactureISO 9000  European firms
3.2 Evaluation of Software Development Methodologies
In this section, we studied the most development methodologies 
in software engineering that are suitable for developing healthcare 
systems. This section discusses development methodologies 
in software engineering appropriate for health care systems 
development as shown in Table 2. The waterfall approach can 
fit into the development of healthcare systems but it focuses on 
development processes and poorly manages time and changes, also 
do not involve the users in most of the development life cycle. 
The RAD methodology can guide the development of the health 
care system, but it needs to improve the mechanisms of testing and 
verification, especially when developing high-risk systems such as 
health care systems. This paper proposes to combine Waterfall and 
RAD into a new methodology that has the strengths of both and use 
it to develop a healthcare system.
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Table 2: Software development methodology 

Method Description Phases

Methodology & Develop Health-
care System

Advantages Disadvan-
tages

Waterfall 
Model

It is a sequential 
design process, 
often used in 
development 
processes. 

• Planning
• Analysis
• Design, 
• Imple-
mentation
• Mainte-
nance 

1) Simple to imple-
ment
2) provides quality 
3) provides a tem-
plate into which 
methods of all 
phases can be placed

1) Doesn’t fo-
cus on schedule 
and cost
2) Changing 
in the previous 
stage can cause 
big problems 

Rational 
Unified 
Process 
)RUP(

RUP is an iter-
ative develop-
ment process 

• Inception 
• Elabora-
tion 
• Construc-
tion 
• Transition 

1) Training readily 
available 
2) Reduced effort 
and time during the 
integration phase 

1) Process too 
complex 
2) Doesn’t cap-
ture the socio-
logical aspects 
of development 
processes.

Rapid Ap-
plication 
Devel-
opment 
)RAD(

RAD used 
minimal plan-
ning in favor of 
rapid prototyp-
ing.

• Re-
quirements 
Planning
• User 
Design
• Construc-
tion
• Imple-
menting

1) Adaptable to 
changes
2) Handle large 
projects 
3)  Realizes an 
overall reduction 
risk
4)  Incorporates 
short development 
cycles

1) RAD is not 
compatible 
with all appli-
cations 
2) RAD is not 
appropriate hen 
technical risks 
are high
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Extreme 
Program-
ming )XP(

XP is intended 
to improve 
quality and 
responsiveness 
to changing 
customer re-
quirements

• Fine-scale 
feedback 
• Continu-
ous process 
• Shared 
understand-
ing 
• Program-
mer welfare 
•  Coding 
and Testing

1) Continuous test-
ing and integration 
help to increase the 
quality 
2) Enabling organi-
zations to manage 
their software efforts 
in a better way

Cannot work 
with systems 
that have scal-
ability issues

1.3 RAPID HEALTHCARE SYSTEM DEVELOPMENT 
)RHSD(
The waterfall methodology was favored in the development of 
healthcare systems in earlier periods. Nowadays, rapid development 
methodology )RAD( methodology has become the most popular 
platform in healthcare system development for the fast delivery of the 
final product. The health care system is one of the critical systems that 
require deep analysis, many tests, and measurement of all parts of the 
development stages [24]. RAD is a rapid development method that 
may not be suitable for critical systems projects such as the healthcare 
system. The waterfall methodology or any of the traditional 
approaches may be suitable for healthcare systems development, 
but it takes a long time during the development process, which is 
not in line with the speed of the software industry and the needs 
of the market. Therefore, this research proposes a methodology 
called Rapid Healthcare System Development )RHSD(, which is 
a combination of RAD and Waterfall methodologies. RHSD is a 
platform that can act quickly and pay attention to the details of the 
healthcare system. RHSD was created to fit the development of 
healthcare projects.
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Figure 2 RHSD Methodology
Figure 2 shows the five development stages of RHSD. The task 
of developing an RHSD architecture is divided into several parts 
that are constantly tested and rapidly developed. The design, 
implementation, and integration phase involve many user and 
developer tests. RHSD uses the same techniques and computer tools 
that RAD uses, such as the CASE and JAD tools. The purpose of 
adapting JAD in RHSD development processes is to bring together 
the technical/creative team and the business community to extract 
consensus-based software requirements. The phases of RHSD 
development are:
1) Analysis phase: The RHSD analysis phase uses both traditional 
and modern requirement-gathering techniques as shown in Table 3. 
The two methods were used due to the sensitivity of the healthcare 
system which requires in-depth analysis.
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Table 3 RHSD analysis techniques 
 Techniques/

Model
 Type of

Model
 Description

 Background
Reading

Tr
ad

iti
on

al

 To know the organization and its business
.objectives

Interviewing
 To obtain depth understanding of the roles

 and requirements of managers, staff, and
.customers

Observation  To enable the analyst to see the reality of a
.situation

Document Anal-
ysis

 Review of existing business documents and
 give a historical and formal view of system

.requirements

Questionnaires
 To obtain the views of a huge amount of

people in a way that can be analyzed statisti-
.cally

 Joint Application
)Design )JAD M

od
er

n the purpose is to carry the business communi-
 ty, customers, and technical/creative team in
 a structured workshop to extract consensus of

product requirements
1) Design Phase: The design phase begins with the required 
document that is delivered in the analysis phase and defines the 
requirements in the design.  The RHSD design phase divides the 
system into more than two parts according to the system’s sensitivity 
and size. Each part has an individual design in the form of a design 
prototype and then tested by the development team finally, the design 
prototypes must go to the customer for validation. However, if the 
testing team finds a lack of requirements or customer dissatisfaction 
during verification, the task will return frequently to the analysis 
phase to further investigate the requirements. The three stages that 
each part must go through; Prototyping, testing, and verification 
can work iteratively until the system part is completely ready for 
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implementation.
  Prototypes: Develop a prototype according to the analysis and 

prototypes can contain more than one version. Upon completion of 
the development of the prototype should go for testing.
  Testing: Each prototype must be tested by the development 

team several times.
  Validation: When testing is completed by the developers, 

the customer must verify that the implementation matches the 
requirements.
3)Implementation phase: The development team builds the 
components of the system. The team should start the implementation 
process exactly as defined in the design phase and requirements 
gathered in the analysis phase with room for flexibility and innovation 
if needed. In the implementation, the development team deals with 
issues of coding, debugging, quality, and product performance.
4)Integration and Test Phase: The test data is migrated from the 
development environment to the package system environment. 
Inspections are carried out to ensure the correctness and completeness 
of the healthcare system product. The test kit verifies the product’s 
compliance with quality standards and requirements. This phase 
finalizes with production reference data for users and associates them 
with their appropriate roles. The comprehensive integration testing 
plan includes all of the following:
• Regression Test: test one or more features of the product 
• Internal Testing: check all internal components work well 
• System Testing: Make sure the system can complete all scenarios 
• Stress Testing: Run the system in an environment that is more 
stressful than the target environment 
5)Installation Phase: installation is the organizational process of 
switching from the old information system to the new one. The 
greatest installation technology for the healthcare system is parallel 
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installation. Old and new symbiosis are used in parallel to reduce the 
impact of error and high cost on system resources. The old system has 
been running parallel to the new system for some time; It provides a 
fallback if there are problems and the outputs of the two systems can 
be compared, so testing continues in the live environment.
The RHSD methodology provides documentation that focuses on 
the quality of the end product during the development phases of 
healthcare systems. RHSD will not move into the implementation 
phase unless the analysis and design phases are completed, which will 
reduce risks in the upcoming phases. Having the user in the analysis 
and design phase helps clarify and validate system requirements. 
RHSD uses a prototype at the design stage to provide early process 
functionality for optimal requirement definition. Finally, the 
RHSD methodology provides a formal specification embodied in 
an operational replica.
CONCLUSION
The main objective of this study is how to improve the productivity 
of healthcare systems by creating appropriate development processes 
that avoid risks and achieve a high-quality product. The software 
development activities within healthcare in the past have been 
notable for their propensity to go over budget, getting far schedule, 
and over-running project costs. However, some projects ended in 
complete failure after a lot of time, and countless resources were 
expended for their development. In addition, healthcare systems 
cannot waste their resources. Therefore, methodologies, practices, 
and procedures must be well planned and demonstrated, and best 
practices must be recognized and dynamically applied. To find 
solutions to improve healthcare systems development, this paper 
reviews and discusses frameworks for measuring implementation 
processes and appropriate development methodologies. This 
research proposes a rapid health care system development )RHSD( 
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methodology. RHSD is a combination of RAD and Waterfall 
methodologies. It is a platform that can act quickly and take 
care of risks during development processes utilizing testing and 
verification mechanism. Healthcare systems need to ensure that 
the development methodology is operating according to standards. 
Therefore, future studies can focus on how to implement standards 
at all phases of development, as well as predicting the percentage 
of implementation compliance with standards at advanced stages of 
system development.
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