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Abstract: The health Information system is widely expected to increase patient safety and reduce medical errors. Design
and implementation of a healthcare system need to consider the software engineering principles and methodologies. In this
paper, a literature review has been carried out for healthcare systems implementation. The paper also discusses three
common software methodologies and their uses in the healthcare domain. A Software Engineering Methodology for
Healthcare Applications development (SEMHTA) will be proposed. SEMHTA has been introduced in this paper to solve the
healthcare software development challenges. This paper also provides a comparison between the most common software
engineering methodologies and the new proposed one.
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. Introduction

The aim of the healthcare systems is to achieve the best possible support for patient care and to provide the optimal
medical care. The healthcare systems should support good health, fair financial contribution, and excellent services.
Healthcare industry has rapidly grown in the last decade, especially in developing countries. Medical software
implementation represents one of the major future challenges in healthcare industry. Using healthcare information systems
will increase the number of health services, improve the quality of care and reduce the medical errors. The use of
information systems in the healthcare industry is dramatically increasing. A successfully implementation of healthcare
software in healthcare organization appears to be a difficult task. Software engineering for healthcare systems is an emerging
field for software developers and IT specialists. Software engineering methodologies are being used in healthcare the same
way used in other industries. The nature of systems and industry such as healthcare systems should be considered in the
software-development methodology. A healthcare system has properties and features that need to be addressed, as they are
different from other systems. For these reasons, we are proposing a new software engineering methodology for healthcare
applications SEMHTA. This methodology is supposed to solve the software-development issues and challenges in the
healthcare domain. The main reason for developing a new software engineering methodology for healthcare such as
SEMHTA is the need for building a reliable and secure healthcare system with a high performance.

Il.  Literature Review

In general, software engineering involves the analysis, design, implementation, testing, maintenance and documentation
of software systems. Since the concept of software engineering as a discipline was known more than three decades ago, there
have been different definitions of software engineering. The Software Engineering Institute at Carnegie Mellon University
gives the following definition: software engineering is that form of engineering that applies the principles of computer
science to achieving cost-effective solutions to software problems [1]. The IEEE Computer Society in a joint effort with the
ACM agreed on the following definition: The application of a systematic, disciplined, quantifiable approach to the
development, operation, and maintenance of software [2]. Software engineering methodology can be defined as a group of
techniques and tools used in the development of software. Methodology should describe each phase of the software-
development life cycle. Software methodology normally does not specify the details. These details usually left to the
organization’s needs and requirements. The major difference between a methodology and a framework is that a framework
should be used at a more abstract level [3]. In the last two decades healthcare applications and the use of information systems
in health industry have grown rapidly. The idea of healthcare today is much different from what it was 10 years ago.
Healthcare is now more than simply medical care and treatment. The goal of healthcare is to provide more efficient services
to enjoy a healthy society. Therefore, healthcare information system is a comprehensive, integrated and designed to manage
the medical and administrative aspects of a medical organization [4]. The principal goal of IT application in healthcare is the
quality improvement of medical care. Therefore, the healthcare system has to be characterized by a high reliable system [5].
Electronic medical information systems have been identified as an enable to keep healthcare systems sustainable, reliable
and safety. A 2005 RAND study estimates that the U.S.A. could save $81 billion annually and help to improve the healthcare
industry through the adoption of high quality electronic medical information systems [6]. The definition of "medical
software” must consider the new aspects of management and maintenance of the software engineering. Moreover, the
technological development in the healthcare field has made medical software more invasive and more maintainable [7].
Healthcare software systems should be designed under several aspects that may not be realized by the software
engineers. Successful implementation requires a partnership between healthcare professionals and software engineers.
Healthcare professionals and software engineers can have different expectations and understanding of the system. Healthcare
professionals have a little understanding of software and may not be motivated to use it. Software engineers need to be aware
of the nature and requirements of the medical software [8].
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1. RESEARCH QUESTION
In order to develop a new healthcare application, there should be a software engineering methodology followed to
produce the system. There are a lot of software engineering methodologies available. What are the advantages and
disadvantages of each methodology? Do those methodologies support non-functional requirements for healthcare projects
such as reliability, performance, security and availability? What is the new proposed methodology? These are the questions
that will be discussed in this paper.

IV.  Most Common Software Engineering Methodologies

In this section, the most common software engineering methodologies and their use in healthcare projects will be
discussed:
Waterfall Model: The waterfall model is a sequential design in which deployment seen as a waterfall through the stages of
planning, analysis, design, implementation and testing. Issues such as time-consuming and unclear requirements at the early
stages are seen as obstacles for the waterfall model. In response to these issues and other's issues of the waterfall model
many modified waterfall models have been introduced [9].
Iterative Model: In this model, the overall life cycle is composed from several iterations. The iteration is consisted from a
couple of activities: planning, analysis, design, implementation and testing. At the end of the iteration there should be an
iteration delivery which is in most cases the iteration release. Most iteration releases are internal. The final iteration is the
completed product [10]. Figure [1] describes the iterative model.
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Figurel: The lterative Model

Agile Model: The agile model defines a set of principles and practices, which aims to minimize the documentation
activities. The main goal of an agile model is to do the development activities with high professionalism and less efforts and
documents. The major advantage of using an agile model is the development time factor. The disadvantage of this approach
is its needs of high knowledge and experienced team [11].

V.  Healthcare Software Issues

Health care is a complex socio-technical system. There is an opinion that information technology can induce errors,
instead of correcting them [12]. There are several issues need to be considered in dealing with healthcare systems. Issues
such as reliability, security and performance are the main issues in this field.
Performance: performance is a non-functional requirement which is a very important requirement for any software. From a
healthcare software perspective, the performance issue can be seen in form of [13]:
Performance issue related to the data: there are two important issues with the data in health-care projects, which are data
accuracy and data availability. Performance issue related to healthcare staff: performance issues from health-care staff’s
viewpoints: appropriateness of information, the communication via the healthcare system and integrity of the system.
Performance issue related to patients: at the end, there is a relationship between the healthcare system and the patients. The
healthcare system provides services to the patient. Performance issues from patient’s perspective: reduce the waiting time,
privacy and increase of satisfaction.
Security: Security's requirements describe which security mechanisms to use. Security's requirements focus on what it
should be achieved — not how [14]. Health care system is not like other IT systems, it deals with patient’s data and other
confident data. So security requirement is one of the most challenges that facing software engineers when they try to develop
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a healthcare software. Security's requirement of healthcare software should be focused on areas such as patient’s data and
medical record data protection.

Reliability: reliability analysis of a healthcare system is similar with reliability engineering in other projects. There
are a lot of methodologies to analyze the project reliability such as software reliability analysis, hardware reliability analysis
and human reliability analysis (HRA). In [15] the healthcare system includes four components hardware, software, human
factor and organization factor. To analyze the reliability of a healthcare system should throw a measure of performance of
each one from these components.

Availability: the availability of a hardware/software is the percentage of time when the system is up and running [16]. In
healthcare software, availability is a critical characteristic. In healthcare, all medical systems should be 24/7 for an
emergency event and for a surgery. So the software methodology for a healthcare project needs to consider the availability
of the system as a demand and as a challenge too.

VI.  Software Engineering Methodology For Healthcare Applications (Semhta)

The new proposed methodology should solve issues faced by software engineers and healthcare specialists whendealing
with developing a new system. SEMHTA will focus on the healthcare system properties and nature. The new methodology
considers the healthcare background of the end user and the impact on the development activities. SEMHTA is built on four
main phases: Planning and Analysis, Design and Build, Implementation, Validation and delivery. Each phase contains
several activities, and each phase is interconnected with other phases. SEMHTA actually try to merge the software
engineering life cycle with the project management activities. SEMHTA framework is described in figure [2].

Planning and Analysis Phase

The Planning Phase is often the most challenging phase to build healthcare applications. Planning phase involves
the creationof a set of plans to help guide technical and healthcare teams through the execution of the system. The purpose of
the Planning Phase is to plan all project processes and activities. In addition, to build channels between the healthcare
specialists and the software-development team in order to improve the communication between them.

Business need heavy involvement from healthcare specialists <--—-—--- > More Technical need heavy involvement from technical team
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Figure (2) Software Engineering Methodology for Healthcare Applications

There must be a common understanding of the system among all healthcare staff and project development team.
The deliverable result at the end of the planning phase is a complete project plan document. During the analysis phase, the
main activity is to gather hospital’s requirements and environmental considerations. The analysis phase defines the
requirements of the system, independent of how these requirements will be implemented. Many techniques are used to
gather and manage system requirements. In SEMHTA, the workshops' technique is the one used for manage the
requirements. The requirements workshop involves the users from different background such as physicians, informaticists,
top management and even some hospital’s patients. The deliverable result at the end of this phase is a detailed and analysed
requirements document. The requirement document does not specify the architectural or implementation details, but
specifies information at the higher level of description. Requirements document should be written in simple words
understandable by all healthcare and business users. Involvement of the healthcare specialist is a key factor to build a
requirements document that reflects the essentially demand of the system. Involvement of the end user in all requirements
identification activities will guarantee a high reliable system and perfect operational solution. Planning and analysis activities
are described in figure [3].
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Figure[3] Planning and Analysis phase in SEMHTA

Design and Build Phase

In the design phase, the architecture of the healthcare system is established. This phase starts with the requirements
document delivered by the planning and analysis phase. The architecture defines components, interfaces and behaviors of the
healthcare system. The deliverable result at the end of the design phase is the design document. The design document
describes a technical plan to implement the requirements. Details on computer programming languages and environments,
machines, packages, memory size, platform and many other technical details are established and agreed on at the end of the
design phase in SEMHTA. The requirements document must guide all processes and activities in the design phase.
SEMHTA suggests that there should be a significant participation from the healthcare specialists in defining the design
document.

Implementation phase

In the implementation phase, the development team builds the components that identified in the design phase. In
SEMHTA, with a given design document from the design and build phase and the requirements document from the planning
and analysis phase, the development team should implement correctly what it has been requested. The implementation phase
of SEMHTA deals with issues of quality, performance, libraries and debugging. The deliverable result at the end of the
implementation phase is the product itself.

Validation and Delivery phase

In many software engineering methodologies, the validation phase is a separate phase which is performed by a
different team after the completion of the implementation. Unfortunately delegating validation and testing to another team
leads to many errors and mistakes undiscovered “No one knows the system more than the development team". SEMHTA
suggests that the testing and validating activities should be performed by a joint team. The joint team members are
development team, testers, healthcare specialists and end users. This will lead to a secure and available healthcare system.
Again, SEMHTA suggests that all validation activities should be driven by the requirements document. In case of any
problem in the product, more clarifications, and feedbacks should go back to the analysis phase.

SEMHTA and Project Management Activities

It is very clear that SEMHTA makes a bridge between software engineering and project management activities. In the
planning and analysis phase, the concept of building the project plan is a good example of this relationship. In SEMHTA, in
order to develop software, there should be a heavy involvement from healthcare specialists. Furthermore, an important factor
that will lead this development to a success is to apply all project management concepts and practices into the software
engineering methodology.

VIl.  Comparisons Of Software Engineering Methodologies
In table 1, there is a comparison between the software engineering methodologies that have been described early with
our new proposed SEMHTA. The comparison is based on the healthcare system issues such as reliability, performance,
security and availability. This comparison is only valid for healthcare applications.

Table 1. Comparisons of Software Engineering Methodologies

Methodology Waterfall Incremental i SEMHTA
Issue

Reliability Low High Low High

Performance Moderate High High High

Security High Low Low High

Availability Moderate Moderate Moderate Moderate
VIII. Conclusion And Future Work
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In this paper, a new software engineering methodology SEMHTA has been proposed. SEMHTA methodology is

composed from four main phases; planning and analysis, design and build, implementation and validation and delivery. The
new proposed methodology specially built for healthcare applications and systems. A brief review has been done on the
common software engineering methodologies. The paper has discussed some software-development issues when dealing
with healthcare industry. The paper provides a comparison across the common software methodologies with SEMHTA
showing the strengths of the new proposed methodology over others. The comparison between the methodologies focuses on
the healthcare’s software-development issues. Future research activities may deal with areas to improve SEMHTA
efficiency, build SEMHTA architecture model and study the impact of SEMHTA on a healthcare project. Future research in
this area can be on fields such as study nature and characteristics of healthcare systems, the relationship between healthcare
specialists and software engineers within a healthcare project life cycle and many other areas.
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