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ABSTRACT

Software development methodology is a series of processes that is necessary for
software development to achieve a good quality software. Software development
methodology can be divided into three general established approaches: the plan-driven
development model, agile methodologies, and hybrid agile model. Agile methodologies
are difficult to adapt for businesses that have strict timeline from its clients; thus,
companies, especially software development houses, prefer the plan-driven
development model or hybrid agile model as the models to be referred to in a software
project. However, which software model between the plan-driven development model
and the hybrid agile model which is widely used by software development houses will
result in higher-quality software? To answer the question, this research investigates the
plan-driven development model and hybrid agile model for comparison of the software
quality produced by the software engineers. This research is empirical research adopting
an experimental study to compare the internal quality of a plan-driven development
model with a hybrid agile model involving a group of software engineers who were
divided into two groups; one group using the Hybrid Agile model, WaterScrumFall
while the other be using a plan-driven development model, the Waterfall model. The
outcomes of this study shows that the complexity of the code, measured by the Average
Cyclomatic Complexity (ACC); the lines of codes indicates the size and scale of the
codebase; and the dependencies between objects specifically addressing structural
quality through metrics like Coupling between Objects (CBO) and Lack of Cohesion in
Methods (LCOM). The less complex project with low coupling between objects and
cohesion in methods will contribute to high-quality source code and easier project
management and maintenance, and it will also be cost effective. As a result, the team
that implements Hybrid Agile model produce lower ACC and CBO, but higher LCOM
compared to the team that applies plan-driven methodology. This research concludes
that the Hybrid Agile model produces better software quality than the plan-driven
methodology. This research will contribute to the benefit of knowing which model will
produce better internal software quality and provide better insights for developers on
which software development methodology may lead to software that is less complexity
with a minimal line of codes, less coupling between methods, and more lack cohesion
method.
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CHAPTER ONE
INTRODUCTION

1.1 OVERVIEW

The software development lifecycle (SDLC) is a systematic framework that outlines the
phases of software development, starting from conception to deployment. It includes
multiple phases, each with specific goals and outputs, ensuring that the result satisfies
user needs and quality benchmarks. Bender RBT Inc. (2003) defines the software
development life cycle as a methodology for creating high-quality software with clearly
defined phases and processes of software development. In general, the software
development lifecycle can be divided into three general established approaches which
are the plan-driven development model, agile methodologies, and hybrid agile model
(Imani, 2017). Plan-driven development is a methodology that prioritises planning over
implementation. Plan-driven development follows the process sequentially and does not
turn back. For example, in Waterfall methodology, the process will be sequential from
planning, requirement gathering, design and implementation and the final phase is
testing. While, agile methodology prioritises work done over plans. There are various
types of Agile such as Scrum, eXtreme Programming, Lean and Dynamic System
Development Method (DSDM). On the other hand, the hybrid agile model combines a
plan-driven development model with an agile. An example of a hybrid agile model is
the combination of Scrum and Waterfall as a model that is also known as, ScrumFall

for short, and some call the combination as WaterScrumFall.

Each software project requires the software engineering team to refer to a
software development lifecycle or known as a model, starting from the project initiation
until the project completion. There are those who prefer plan-driven development
models; some choose Agile, and recently, many started combining the plan-driven
development model with agile methodologies, which led to the existence of a new
model known as Hybrid Agile. However, does the new preference, the Hybrid Agile

model, produce good software quality? Among the models, plan-driven development



and hybrid agile, which software model produces less complexity, Lines of Code
(LOC), Lack of Cohesion in Methods (LCOM) and Coupling between Objects (CBO)?

This study compares the software quality between plan-driven development and
hybrid agile models used by two software engineering teams in a software project. One
of the teams used the hybrid agile model, the WaterScrumFall while the other team

referred to a plan-driven methodology, the Waterfall model.

1.2 PROBLEM STATEMENT

In a software project, a software engineering team have to refer to a model for the
completion of the project. Royce (1987) highlighted that one of the oldest software
development life cycle models is the waterfall model that is categorised as a plan-driven
development model. Later in 2001, Agile methodologies were introduced by Beck &
al. (2001), and software engineering teams started using agile development models and
approaches such as Scrum, eXtreme Programming and other development techniques.

However, the hybrid model such as Hybrid Agile has also been investigated in
recent development initiatives. The hybrid agile is the combination of Agile approaches
with plan-driven development model in a software project (Vijayasarathy & Butler,
2015). Hybrid Agile is considered the ideal model that best meets the needs of a project
by leveraging the strengths of both plan-driven development models, such as sequential
plan-driven development and Scrum with iterative and rapid delivery. However, besides
combining two models in one project for better project flow, monitoring and to best fit
the needs of a project, another angle needs to be taken care of, especially the code
quality. The code quality leads to a better software quality, which is crucial throughout
the entire software development process. Higher quality software generally leads to
greater customer satisfaction, as it better meets the needs and expectations of those who
request it. This study examines the software quality that results from projects using
plan-driven development model compared to hybrid agile models. The results of this
research will form the basis for the software engineering team to choose between the

scheduled development and the Hybrid Agile model in their software projects.



1.3 RESEARCH QUESTIONS

The research questions are as follows:

1. Which model between the Plan-driven development model, the Waterfall model and

the Hybrid Agile model, WaterScrumFall produces better internal quality software?

2. What are the differences in internal quality software metrics score compared with
the threshold for the Plan-driven development model, the Waterfall model and the
Hybrid Agile model, WaterScrumFall?

1.4 RESEARCH OBJECTIVES

The objectives of the research are as follows:

1. To identify the software development lifecycle model between the Plan-driven
development model, the Waterfall model and the Hybrid Agile model,

WaterScrumFall will produce better internal quality software.

2. To examine the outcome of internal quality metrics for the Plan-driven
development model, the Waterfall model and the Hybrid Agile model,
WaterScrumFall with the threshold as the comparison.

1.5 RESEARCH SCOPE

This study examines software quality in the context of two development methodologies:
the Hybrid Agile model and the Plan-Driven Development model. It focuses on
comparing key quality attributes such as reliability, maintainability, efficiency, and
overall project success. The study aims to provide insights into which model is more

effective for clinic system.

The scope of this research includes a comparative analysis of software quality
between Hybrid Agile and plan-driven model. Furthermore, evaluation of key quality

3



metrics like code complexity and maintainability. In addition, this research adopted
experimental research approach that required the participant to develop a project of the

clinic system demonstrating the application of both models.

This study does not cover the financial costs of implementing either
development model and the security vulnerabilities and risk management associated
with the software development. The scope is designed to ensure a focused and
manageable research study within the given time and resource constraints. By limiting
the analysis to software quality attributes, the research can provide precise insights
without being too broad. The exclusion of security and financial aspects allows for a
deeper examination of software process effectiveness rather than operational costs or

risks.

This study will compare the Hybrid Agile and Plan-Driven development models
concerning software quality, emphasizing reliability, maintainability, and efficiency.
The research will focus on experimental data while excluding financial and security

concerns to maintain a well-defined scope.

1.6 RESEARCH SIGNIFICANT

WaterScrumFall is a model implemented in an organisation that has been adopting the
Waterfall model in their software project. It occurs when a software engineering team
migrating from the Waterfall model to Scrum consists of the first few phases (such as
feasibility studies, funding exercises, requirements gathering, etc) are executed using a
Waterfall model. Then, the development and testing phases are executed using Scrum
and broken into small sprints. The actual deployment, however, is then executed using
the Waterfall Methodology again (Butgereit, 2018).

This research holds significant value in the field of software engineering as it
provides empirical insights into the internal quality of software developed using two
widely adopted methodologies: the Plan-Driven model (Waterfall) and the Hybrid Agile
model (WaterScrumFall). A systematic literature review by Almeida & Balint (2024)
highlight that hybrid methodologies have emerged as organizations seek to efficiently

utilize existing capabilities while exploring new opportunities. Additionally, Klinder et
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al. (2021) study found that companies utilize multiple frameworks, methods and
practices, and combine these into hybrid methods, indicating a prevalent trend towards
hybrid approaches in software development. Given the increasing adoption of hybrid
models in organizations transitioning from traditional methodologies, understanding
their impact on software quality is critical for informed decision-making.

By analysing key quality metrics—code complexity, coupling between
methods, and cohesion in methods—this study will determine which approach results
in more maintainable, efficient, and cost-effective software. The findings offer software
developers and project managers practical guidance on choosing the most suitable
development methodology to achieve higher software quality with lower maintenance
Costs.

Ultimately, this research contributes to the broader software development
community by bridging the knowledge gap between traditional and hybrid
methodologies, enabling organizations to adopt optimal development practices that

enhance software quality and sustainability.



CHAPTER TWO
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter introduces the topics arranged in sequence, starting with an elaboration of
quantitative study, followed by the explanation of software quality in Section 2.2. The
literature review in Section 2.3 defines internal quality, plan-driven, agile and hybrid
agile, followed by tools for analysis such as PHPMetrics. The literature review is
continued with the explanation of existing research in comparing Agile and Hybrid
Agile using experiments, followed by a controlled experiment to assess the hybrid
software development process from projects. In addition, this chapter also discusses the
Object Oriented (OO) metrics, and the focus are Lines of Codes (LOC), Cyclomatic
Complexity (CC), Coupling between Objects (CBO) and Lack of Cohesion in Methods
(LCOM). Lastly, Section 2.11 focuses on a diagram that describes the summary of the

literature review.

2.2 SOFTWARE QUALITY

International Standard Organization (1991) addressed the 1SO 9126 for information
technology which is a framework for reviewing software quality. The ISO 9126
framework outlines six key quality metrics which are functionality, reliability, usability,
efficiency, maintainability and portability, as depicted in Figure 2.1. Suppose the



software or a software project achieves all these quality metrics. In that case, it can be
labelled as a high-quality software.

] ] Reliability
Functionality
f Usability
1ISO 9126
Efficiency «— Software
Quality Model
Portability

Maintainability

Figure 2.1: The 1SO 9126 Software Quality Model.

The 1SO 9126 framework also states the definition for each key quality metrics.
Firstly, functionality can be defined as the extent to which the software meets the
required functions and requirements. Furthermore, reliability is a requirement to
determine the extent of the software’s reliability. A software is easy to use when it meets
the usability criteria. The efficiency of a software will be good when it can handle what
it needs to handle. Moreover, the high-quality software is easy to maintain which
defines its maintainability. Alomar et al. (2022) analysed 1,828 open-source projects,
identifying 1,957 commits where developers explicitly mentioned refactoring for
reusability. They extracted and labelled these as reusability refactorings. The study
found that such refactorings often involve design-level changes affecting high-level
code elements like packages, classes, and methods. These modifications can lead to
improved software quality by enhancing code reusability and maintainability. Lastly,
portability in software quality refers to the ease with which a software system or
component can be transferred from one environment to another. This includes different
operating systems, hardware platforms, or software dependencies. The portability of a

software is achieved when it can adapt to multiple or different environments.



Maintainability Portability
Flexibility Reusability
Testability Interoperability

Product Product
revision transition
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Correctness
Reliability
Efficiency
Integrity
Usability

Figure 2.2: Mc Call’s Quality Model (Cavano & McCall, 1978)

Another software quality model that has been established is the Mc Call’s
Quality Model as illustrated in Figure 2.2. This model is a well-known software quality
framework that addresses software quality concerns. The model consists of three major
perspectives, which are Product Revision, Product Transition and Product Operations,
with each containing multiple quality factors and showed in Figure 2.2. The factors

represent high-level attributes that determine the overall quality of a software product.

Al-Qutaish (2010) highlights that the Product Revision is the degree of ease of
modification and adaptability, consists of maintainability (the effort required to locate
and fix a fault in the program within its operating environment), flexibility (the ease of
making changes required by changes in the operating environment) and testability (the
ease of testing the program, to ensure that it is error-free and meets its specification).

Next, Al-Qutaish (2010) also mentioned that the Product Transition is the
measurement of how well a software adapt to new environments and it breaks down to
three quality factors which are portability (the effort required to transfer a program from
one environment to another), reusability (the ease of reusing software in a different
context) and interoperability (the effort required to couple the system to another

system).



Lastly, Singh & Kannojia (2013) reviewed that the Product Operations is how
good the software operates, and it has five factors which are correctness (the extent to
which a program fulfils its specification), reliability (the system’s ability not to fail),
efficiency (further categorized into execution efficiency, storage efficiency and
generally mean use of resources such as processor time or storage), integrity (the
protection of the program from unauthorized access) and usability (the ease of the

software).

This research uses internal quality that needs to be measured for each software
engineering's team. The metrics from internal quality that need measured are

maintainability, flexibility, reusability, readability and testability.

2.3 INTERNAL QUALITY

Internal quality is a type of quality that relies on clean code, complexity, duplication
and component reuse. Based on ISO/IEC 25010:2023, there are nine characteristics of
internal quality which are functional suitability, performance efficiency, compatibility,
usability, reliability, security, maintainability, portability and accessibility
(International Organization for Standardization, 2023).

Lines of Code (LOC) is a source code of a programmer that instructs the
computer on how the program should work. LOC is a software metric that measures the
size of a software program by counting the number of lines in its source code. It serves
as a straightforward indicator of the program's length and complexity. LOC for every
programming language varies. High-level programming languages can produce less
LOC compared to assembly language. While LOC can provide a general sense of a
program'’s size, it doesn't account for code quality or complexity. Petersson & Zhang
(2013) found that by analysing LOC alongside other metrics, they could identify
methods that were too lengthy or complex, leading to recommendations for refactoring

to enhance maintainability.

Coupling between Objects (CBO) measures the coupling between classes based
on class usage. CBO measures the degree of interdependence between classes in an

object-oriented system. Specifically, it counts the number of classes to which a



particular class is coupled. High coupling indicates a class is heavily dependent on other
classes, which can reduce modularity and complicate maintenance. Conversely, low
coupling suggests a more modular and maintainable design. Chidamber and Kemerer
introduced this metric in 1991 to assess the quality of object-oriented designs. Two
classes are coupled when methods declared in one class use methods or instance
variables defined by the other class (Chidamber & Kemerer, 1991). Mili¢ & Makaji¢-
Nikoli¢ (2022) assess the architectures of microservices and monoliths based on
coupling, testability, security and complexity. The study found that microservices
reduce coupling but increase complexity in communication and security risks, while
monoliths maintain simpler integration and security management but less efficient in

large-scale applications. Thus, the study propose a hybrid solution for its optimization.

Lack of Cohesion of Methods (LCOM) quantifies the lack of cohesion within a
class by evaluating the dissimilarity of methods based on the instance variables they
access. A high LCOM value indicates that methods within a class are not related,
suggesting the class may be trying to achieve multiple objectives and could benefit from
refactoring. Husein and Oxley discussed this metric in 2009, emphasizing its role in
identifying classes that lack a single, well-defined purpose (Husein & Oxley, 2009).
LCOM measures the level of cohesion based on the field usage by the methods of a
class. Albeladi et al. (2014) utilizes LCOM to assess software quality. The findings
indicated that classes with high LCOM were more prone to defects, underscoring the

importance of cohesion in class design.

Cyclomatic Complexity, introduced by Thomas McCabe in 1976, measures the
number of linearly independent paths through a program's source code. Average
Cyclomatic Complexity (ACC) defines the quantitative measure of the number of
linearly independent paths in it. It also indicates the complexity of the program. ACC
provides insight into the complexity of a program by counting decision points like loops
and conditionals. A higher ACC suggests more complex code, which can be harder to
test and maintain. Keeping ACC within reasonable limits is crucial for ensuring code
quality. Munawar & Naveed (2022) analyses how the syntax of a programming
language affects the complexity of its programs. The study uses Cyclomatic Complexity

(CC) and other software metrics to compare Java and Python.

10



Weighted Methods per Class (WMC) measures the sum of complexity of the
methods in a class. A predictor of the time and effort required to develop and maintain
a class we can use the number of methods and the complexity of each method. A higher
WMC indicates that a class has more complex methods, which can lead to increased
development and maintenance efforts. This metric helps in identifying classes that
might be doing too much and could benefit from refactoring. Saini et al. (2014)
emphasized the relevance of WMC in assessing class complexity. The study found that
classes with high WMC were often associated with higher defect rates, suggesting a

need for design improvements.

Response for Class (RFC) defines a set of methods that can be executed in
response and messages received by Object of that class. RFC measures the number of
methods that can potentially be executed in response to a message received by an object
of that class. A higher RFC indicates a greater number of methods that can be invoked,
which can complicate testing and increase the likelihood of defects. It also helps
estimating the time needed for testing the class. Managing RFC is essential for
maintaining class simplicity and predictability. Stavtsev & Bugayenko (2024)
investigates the correlation between Cyclomatic Complexity (CC) and Response for
Class (RFC) in Java classes. The hypothesis is that smaller classes with fewer methods
should be less complex, leading to better maintainability. The study concludes that a
strong correlation exists between CC and RFC, reinforcing the idea that keeping classes
small and method count low leads to lower complexity. This insight provides practical

guidance for writing more maintainable Java code.

Alenezi (2021) applied a software metric approach to examine the method of
evolution of the internal quality of object-oriented open-source software systems. The
result from the approach shows that Lines of Code (LOC) variable gives a slight
difference between different systems, all pairwise comparisons of internal quality
attributes have considerable correlation, and the complexity and inheritance give effect
on the LOC was positive and considerable while the effect of Coupling and Cohesion
was not significant. In summary, software metrics like LOC, LCOM, CBO, and ACC
directly impact internal quality attributes such as maintainability, reusability,
understandability, modifiability, and testability. Optimizing these metrics helps in

building a more robust and high-quality software system.
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2.4 PLAN-DRIVEN DEVELOPMENT MODEL

A plan-driven approach is an approach from software development where tasks are
allocated according to where they are visible in the software development lifecycle
(Marinho et al., 2019). A plan-driven development model promotes software
engineering activities in a well-planned manner wherein the progress of each phase is
measured against the designed plan. Plan-driven development also known as
heavyweight methodologies, are performed linearly, whereas operation of the activities
such as specification, development, validation and evolution must be conducted in
sequential order, which means that an activity must be done before the next one starts
(Costa et al., 2022). Waterfall Model, V-Model, Iterative Model, Incremental Model,
Incremental Prototyping Model, Spiral Model and Rapid Application Development
(RAD) Model are the examples of the plan-driven Software Development Life Cycle
(SDLC) models (Garg et al., 2022).

Before starting to work on a project, software engineers usually need to plan out
the system requirements and when the work needs to be delivered. This means laying
out the system needs, getting a sense of the project's scope, and making a reasonable
delivery schedule. This kind of planning is necessary to keep risks to a minimum and
make sure the development part goes smoothly. The plan has several positive aspects,
but it also has some problems that can be listed. Putting a lot of weight on detailed
paperwork and planning time ahead, and assuming that all needs can be fully understood
and stated at the start of the project. These things can make it harder for team members
to work together and talk to each other, and they make software goods take longer to

get to market because they need more planning.

2.5 AGILE DEVELOPMENT MODEL

Agile practices are a development approach based on agile manifestos that value
individuals and interactions, working software, customer collaboration and responding
to change. Agile is a development approach based on four agile manifestoes and guided

by twelve agile principles (Agile Alliance, 2015b).
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Generally, agile can be defined as the ability to create and responsive to any
change. It is a method that is used when dealing with an uncertain and unstable
environment and is mostly successful. “Agile” label was chosen by the authors of Agile
Manifesto for the whole idea because the word covers the adaptiveness and changes
responsiveness, which is necessary to their approach (Agile Alliance, 2015a). The
iterative development method is the basis of agile software development where the
requirements and solutions change through the cooperation of self-organising cross-
functional teams. It encourages repetitive persistent inspection and adaptation by
promoting regulated project management processes. Furthermore, it also has leadership
beliefs that encourage teamwork, self-organisation, and responsibility. In addition, it is
also a set of engineering best practices to allow for fast delivery of high-quality
software. Moreover, the agile methodology also refers to a business approach where it
aligns development with client needs and company targets (Rizwan Jameel Qureshi &
Hussain, 2008).

One of the advantages of agile software development is that it enables teams to
deliver value faster, with more quality and the ability to expect and enhance skills to
respond to change (Alsagga et al., 2020). Alsaqga et al. also mention that feature
delivery in increments can reduce the non-stagnant increasing cost, opening chances to

other changes without loss in cost and time.

Apart from its advantages, it also comes with the disadvantages. There is a
challenge of managing complex projects. Agile practitioners can also neglect non-
functional requirements such as security and performance (Jarzebowicz & Weichbroth,
2021). Furthermore, emphasis on collaboration and communication in agile teams can
sometimes lead to inefficiencies. In addition, the reliance on customer involvement can

lead to scope creep.

26 HYBRID AGILE DEVELOPMENT MODEL

In software engineering, the plan-driven development model has long been a

conventional method distinguished by thorough planning, documentation, and a step-

by-step procedure. However, this model has been critically examined as a result of the

quick advancement of technology and the growing complexity of software projects.
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Plan-driven approaches' inefficiencies, especially when it comes to adjusting to shifting
requirements, led to a move towards more adaptable and agile procedures.

Barnard (2006) highlights that the traditional plan-driven models are often
inadequate in addressing the dynamic nature of software development, suggesting that
integrating agile principles can enhance project and technical management. Numerous
researchers have extensively studied the transition from plan-driven to agile
methodologies to understand its impact on project success, adaptability, and efficiency.
Studies have explored factors such as team collaboration, risk management, and
customer satisfaction, finding that while Agile enhances flexibility and responsiveness,
challenges remain in scaling and integrating Agile within large, complex organizations.
Petersen and Wohlin (2010) provide empirical evidence that moving from a plan-driven
approach to an incremental one with agile practices can significantly alter perceptions
of bottlenecks and unnecessary work within software projects. The transition from plan-
driven development to agile not only improves responsiveness to change but also fosters
a more collaborative environment among development teams, aligning closely with the
principles of agile development that emphasise customer collaboration over contract
negotiation (Boehm, 2002).

The hybrid agile development model is a viable solution to the limitations of
both plan-driven and agile methodologies. Hybrid techniques can successfully alleviate
the drawbacks of both traditional models and agile practices by combining the
structured planning and documentation of the traditional model with the flexibility and
responsiveness of the latter. Agile Alliance et al. (2017) state that Hybrid Agile is the
combination of Agile methods with other non-Agile techniques. This approach may
involve, for instance, conducting a thorough requirements analysis before proceeding
with sprints for incremental delivery. Additionally, it can include iterative prototyping
of a design while adhering to a single plan-driven implementation. In essence, Hybrid
Agile integrates non-Agile methodologies as a foundation, followed by the application
of Agile techniques.

Agile Alliance et al. (2017) also state that there are two scenarios on using
Hybrid Agile, which are Hybrid as Fit-for-Purpose and Hybrid as Transition-to-Agile.
Hybrid as Fit-for-Purpose means using a hybrid model for the purpose of the project
risk. For instance, if a project manager is dealing with a high-risk project, the project
manager should consider using incremental techniques to ensure customer engagement.

Agile techniques may have high initial cost, but it is best on the overall result. Hybrid
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as Transition-to-Agile means a process of changing the methodology of software
development from traditional to agile by using a hybrid technique. This is best
implemented if the organisation is large and wants to use Agile as the methodology to
build software.

One of the primary advantages of hybrid agile models is their ability to adapt to
the specific needs of a project. Yahya and Sarah Maidin (2023) emphasise that hybrid
agile is often preferred by software engineering teams because it allows for a tailored
approach that can accommodate the unique complexities of different projects. The
adaptability from hybrid agile is particularly beneficial in environments where
requirements are likely to evolve, as it combines the predictability of plan-driven
methods with the iterative nature of agile practices. Moreover, hybrid models can
enhance communication and collaboration among team members. By incorporating
agile practices such as daily stand-ups and iterative feedback loops within a structured
framework, teams can foster better interaction and alignment on project goals. This is
crucial in overcoming the silos that often characterise traditional plan-driven
approaches, as highlighted by Rahim et al. (2018) who discovered that their application
of a hybrid model enhanced team dynamics and project results in intricate settings
(Rahim et al., 2018).

The hybrid model also addresses the challenge of managing requirements
effectively by considering the successful integration of systems modules. The
integration of plan-driven and agile methods allows teams to maintain a clear structure
for requirements management while still being able to respond to changes as they arise
(Imani, 2017). The dual capability of maintaining a clear structure for requirement
management and responding to changes ensures that projects can remain aligned with
user needs without sacrificing the rigor of documentation and planning that is often
necessary for compliance and quality assurance. Furthermore, the hybrid agile model
can significantly reduce time-to-market by enabling teams to deliver functional
increments of software more rapidly. By leveraging agile iterations within a plan-driven
framework, organisations can achieve a balance between thorough planning and quick
delivery, thereby enhancing their competitive edge in fast-paced markets. Kuhrmann et
al. support this notion by illustrating how hybrid approaches allow for the integration
of agile practices into traditional frameworks, leading to improved efficiency and
project success (Kuhrmann et al., 2017). In addition, hybrid models can facilitate better

risk management. By combining the structured risk assessment processes of plan-driven
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methodologies with the adaptive risk mitigation strategies of agile practices, teams can
proactively address potential issues throughout the development lifecycle. This
comprehensive approach to risk management is essential for ensuring project stability
and success, particularly in large-scale and complex software projects (Walrave et al.,
2022).

In conclusion, the hybrid agile development model effectively addresses the
shortcomings of both plan-driven and agile methodologies. By providing a flexible yet
structured framework, hybrid approaches enhance adaptability, communication,
requirements management, time-to-market, and risk management. This makes them
particularly suitable for modern software development environments that demand both

rigor and responsiveness.

2.7 ANALYSIS TOOL

There’s a lot of analysis tool that can evaluate the metrics for PHP language such as
PHPDepend, PHPMetrics and many more. PHPMetrics is an open-source library
package developed by Lépine (2013). For the purpose of research, PHPMetrics was
used because the availability of metrics is wide. The metrics that are available are shown
in the Table 2.1

Table 2.1 Metrics available in PHPMetrics (Lépine, 2013)

Metrics type Metrics Formula

Halstead Program n=nl+n2

complexity vocabulary

measures
Program length N =N1+ N2
Calculated N' =nl=xlog2(nl) +n2
program length * log2(n2)
Volume V =N xlog2(n)
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Difficulty D= (n_l) . (E)
2 n2
Effort E=DxV
Time required to _ E
program 18seconds
Number of B =V /3000

delivered bugs

Cyclomatic
complexity
number and
weighted method

count

Cyclomatic

complexity

(CCN) =E—-N +2P
Where:
P = number of
disconnected parts of the
flow graph
E = number of edges

N = number of nodes

Weighted Method | sum m(w') over (w' in
Count w)
Kan’s defect Kan’s defect kanDefect
=0.15+ 0.23

+ number of do ... while()
+ 0.22

* number of switch()

+ 0.07 * number of if()

Maintainability

index

Maintainability
index without

comments

MIwoc = 171 — 5.2 * In(aveV)
— 0.23 x aveG
—16.2
* In(aveLOC)

Maintainability
index comment

weights

MIcw *x= 50 * sin(sqrt (2.4
* perCM))

Maintainability

mi = MIwoc + MIcw

index
Lack of cohesion
of methods
Card and Agresti | Structural SC = fan — out?
metric complexity
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Data complexity DC =v/(fan —out + 1)
Length loc: lines count
cloc: lines count
without multiline
comments
lloc: lines count
without  empty
lines
Methods
Coupling Afferent coupling | The number of classes in
(Ca) other packages that depend
upon classes within the
package is an indicator of
the package's
responsibility.
Efferent coupling | The number of classes in
(Ce) other packages that the
classes in a package
depend upon is an indicator
of the package's
dependence on
externalities.
Instability I =Ce/(Ce+ Ca)
Depth of Measures the length of
inheritance tree inheritance from a class up
to the root class.

2.8 AN EXPERIMENT COMPARING AGILE AND HYBRID AGILE

Three issues were brought to light by Kavitha and Neelu (2021) in their research. These
issues include the failure of a software project due to quality attributes that have not
been optimised, the difficulty of delivering a high-quality project on schedule while
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adhering to a limited budget, and the inability to consolidate the strengths of each agile
technique.

In their research Kavitha and Neelu (2021) were studying three objectives which
are to propose a new hybrid agile methodology, to ensure timely delivery of software
projects to clients with low cost and to help software engineers to understand the key
characteristics of the agile methods.

The experiment by Kavitha and Neelu (2021) employed a comparative
examination of existing methodologies across four critical dimensions: team size,
number of teams, volatility, and team dispersion. The experiment comprises sample size
of 10 individuals, including a hybrid model specialist, a product owner, and 8
production team members. According to Figure 2.1, the model proposed from the
experiment is initiated with requirement collection through a feasibility study.
Customers will be engaged as soon as feasible after the requirements have been
collected to participate in the design process, incorporating prototyping and risk
analysis. Once the design is finalised and devoid of issues, the subsequent step involves
the technical personnel responsible for the creation, testing, and deployment of the
product. The customer will conduct a review of the generated product to verify the

requirements. These processes are executed within the designated time window.

Time Boxing Start

Time Boxing

Time boxing | .,

[echnical Person Involvement Appointed by Client

Figure 2.3: Proposed software development model by Kavitha & Neelu (2021)
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Kavitha & Neelu (2021) finds out that without using a popular quality model,
they evaluate the proposed model with Hybrid Agile Quality Parameter Analysis
(HAQPA) based on 6 quality parameters: availability, scalability, flexibility,
performance, usability and understandability. These parameters were evaluated
throughout the Software Development Lifecycle phase with point 1 (No Impact) to 5
(Very High Impact). From the evaluation matrix, understandability has the greatest
impact, followed by flexibility, usability, performance and availability. The lowest

impact is scalability.

29 A CONTROLLED EXPERIMENT ON ASSESSMENT OF A HYBRID
SOFTWARE DEVELOPMENT PROCESS

Less evaluation of the effectiveness of hybrid methods in academic contexts is the
problem that has been addressed by Wtodarski et al. (2021). The objective of the
research conducted by Wtodarski et al. (2021) is to assess the impact of a given
development method on the success of students computing assessment from three

aspects: product quality, team productivity and human factors.

The students are responsible on building a system to keep track of and share
expenses with others using PHP, HTML and CSS. Requirement gathering was done by
instructors and a Backlog of user stories were given to students. Any changing needs

were not permissible throughout the experiment.

According to the research conducted by Wtodarski et al. (2021), there are three
groups, each of which will handle different development approaches: iterative,
sequential and hybrid. The details of the processes by each of the development
approaches are shown in Figure 2.2. Activities and project phases as well as work
strategy and monitoring methods are the key points among the development approach.
First, iterative approach is an approach consisting of a few iterations which in this case
study, lasts for 2 weeks. An iteration consists of designing, coding and testing phases.
Consequently, the outcome of the iteration will be a functionality that will be added to
the system. Next, sequential approach following the sequence of development phases
starting from planning, designing, coding (after design was approved) and testing.

However, if a bug is found during the testing phase, bug fixing, and application quality
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assurance are executed in about two weeks. On the other hand, a hybrid approach is a
mix of different methods which depend on the organisation throughout the development
process. One of the approaches namely Waterfall-Agile-Approach. The baseline using

the Waterfall model and the implementation is in iterative approach.

The activities consist of three processes which are planning, work progress
follow up and testing. Planning in the context of this research involves choosing the
functionalities, identifying subtasks, and delegating among team members. For iterative
and hybrid approaches, they will plan for the following two weeks while for sequential
approaches, the plan consists of the entire implementation phase which is 6 weeks and
must set delivery targets for every follow-up class. Assignment tasks were done in
GitHub Issues. Furthermore, the user story and its translated tasks were provided to

them.

Iteration I-V: NN RN e
design + code + test Y N 'y O\ / R

1 ; ( \ 1/ | : LRV
[ Meration ™4 V) Iteration “. | Iteration ! V. | Iteration™ N L7,

( [ [ Meration™ ¥/
1 - . n - A - . WV '

v

YD) IAILYEAL

Pl T o e e

ER:::;;::":::’ Il;'}‘ Design ‘ﬁ}‘% Iﬂ ./|I = Implementation - Iﬂ ‘ﬂ ‘Q‘ Test ‘

Iteration Iteration Iteration

Project demo

2 weeks 2 weeks 2 weeks 2 weeks 2 weeks

Figure 2.4: Processes of the three models (Wtodarski et al., 2021)

Work progress follow up means each group needs to organise a meeting every
week with agendas of update of the task statuses on GitHub issues, project summary
report and calculation of work progress Key Performance Indicators (KPI)s. The first
two agendas are the same for all approaches. A meeting report also needs to be provided
which contains advancements made since the last class, tasks to be done before next

class, problems faced, and risks found. The third agenda are explained as follows:

e lterative - using simplified version of Team Velocity-like, tracked amount of
completed tasks against total number of anticipated for a given iteration
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e Sequential - using classic project management, Schedule Performance Index
(SPI) - ratio of earned and planned value at a given time. In this study, the
number of tasks done is divided by the number of tasks decided in the planning
phase. During every team meeting and follow-up, students compare the current
SPI score to the initial value they set.

e Hybrid - using Work In Progress, a metric originating from Lean manufacturing
method - corresponds to the amount of ongoing tasks at a given time. Each team
member will get two tasks. A Kanban board used for task tracking purposes
which is available in GitHub. Task delegation summaries were given at the end

of the team meeting.

Testing for sequential and hybrid approaches has a dedicated phase while the
iterative method has testing for each iteration. Regardless of any processes, students
need to do 3 processes which are: write and document test cases that link to the user
story, execute the test cases, update Requirement Traceability Matrix (RTM) based on

the output of the tests.

The experiment conducted by Wtodarski et al. (2021) has affected the students’
learning outcomes with five technical skills, and five soft skills have been evaluated.
Hybrid teams acquire the highest score among the others: iterative and sequential teams
That proven hybird teams have the highest soft skills followed by sequential and
iterative. Technical skill for all teams evaluated much higher rates of positive feedback

as compared to soft skills.

Hybrid approach has made improvement on team productivity in terms of
functionalities completed that makes the first hypothesis to be true. Functional
Completeness metric for the sequential and hybrid approaches is higher than the
iterative approach. But hybrid approaches provide more gain in team productivity

compared to the sequential approach.

The experiment partially confirms the second hypothesis on Functional
Adequacy (FA). The FA metric for hybrid teams is the highest, which is 5% more than
the other two teams. Having a dedicated testing phase is not the only success factor, the
combination of iterative development and a dedicated testing phase results in the best

outcome in the study.
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Concerning the practice “Align team structure with system architecture” (hybrid
approach characteristic), this method scored highest in aspect of HTML code quality,
but it gives a small difference between the other two methods. In addition, hybrid teams

scored lowest for PHP code quality because of inability to handle supporting tools.

2.10 CONCLUSION

This chapter explained the background study for this research. It explains the definition
of quantitative study and its implications in this research. Moreover, experiment method
been derived from the quantitative study that been used for this research. Furthermore,
software quality definition was elaborated, and its key quality metrics been discussed.
The key quality metrics has been shortlisted to four metrics as the analysis tool,
PHPMetrics, is available to track those metrics. The four metrics are the core

characteristics of internal quality of software.

From the software quality explanation, there is also explanation on the internal
quality and its uses for this research. To make this research clearer, the definition of
each of the software development methodologies: plan-driven, agile, and hybrid agile
are introduced in Section 2.5, Section 2.6 and Section 2.7, respectively. Its application
throughout the software development process is explained thoroughly. The comparison
of software quality using plan-driven and Hybrid Agile model is the best combination
as many practitioners in organizations prefer those models. The latter one was being

used by organization that transition from the plan-driven model to the agile model.

Section 2.8, the analysis tool to use was explained and the metrics that are
available to be captured from the case study for each developers’ team. Existing
research study are explained in Section 2.9 and Section 2.10, which are about the
comparison between agile and hybrid agile and a controlled experiment to assess hybrid
software development process, respectively. No research study currently emphasises
the plan-driven development strategy in conjunction with a Hybrid Agile paradigm
through experimental methods. Consequently, this research addresses the gap by
comparing internal quality through the application of those models. Figure 2.5

illustrates the structure of the literature review.
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Figure 2.5: The literature review outline
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CHAPTER THREE
RESEARCH METHODOLOGY

3.1 INTRODUCTION

This chapter outlines the research methodology and descriptively discusses on the
design of the research. The definition of quantitative study and its uses are elaborated
in Section 3.2. The flow of the research will be elaborated in Section 3.3. Moreover, the
experiment setup and its measured metrics are explained in Section 3.4. In the last
section, this chapter collectively explains the research flow, the metrics analysis
approach and highlights the expected results in Section 3.4.

3.2 QUANTITATIVE STUDY

Quantitative study focuses on collecting and analysing numerical data such as surveys
and experiments that can produce a researchable product (Bhandari, 2020). This method
can ensure researchers know the concepts behind the topic they did.

The quantitative approach in this research involves a comparative analysis of
two distinct software development models: the Plan-driven Development model
(Waterfall) and the Hybrid Agile model (WaterScrumFall). By collecting and analyzing
numerical data, this method evaluates which model produces better internal software
quality, focusing on measurable metrics. This comparative focus ensures that the
research systematically explores the strengths and weaknesses of both approaches,
providing actionable insights into their effectiveness.

3.3 RESEARCH DESIGN

The methodology consists of a structured sequence of steps to ensure a systematic
approach to the research, as shown in Figure 3.1. It begins with a literature review,

where existing studies and publications are analysed to identify gaps or unexplored
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areas in the research domain, forming the basis for defining the study’s focus. Following
this, a problem is identified based on the uncovered research gaps, and specific research

questions and objectives are formulated to address the problem.

The evaluation criteria are then chosen, outlining the selected metrics from the
tool that has been selected. The metrics chosen are based on the type of internal quality
where code complexity and maintainability are highlighted. The next step involves
designing experiment instruments, including tools, protocols, and processes, with
careful consideration of participant selection which are software engineers with 2—3
years of experience, the experiment’s duration, and how the data will be collected

(Wohlin et al., 2024).

A pilot test is conducted to evaluate the effectiveness of these instruments and
their alignment with the research objectives, allowing for refinement before the main
experiment. The actual experiment is then carried out, starting with a participant
briefing to ensure they understand their roles and the procedures. The experiment is
closely monitored to ensure consistency, reliability, and validity of the data collected.
After completion, the data is analysed using appropriate methods to extract meaningful
insights and answer the research questions. Finally, the findings are compiled into a
detailed report, documenting the entire process and results to contribute to the body of

knowledge and facilitate future research.

The methodology is structured to enable a comparative study between the two
process models under investigation. After identifying the research gap through a
literature review, the study formulates research questions that specifically aim to
compare the Plan-driven Development model and the Hybrid Agile model. Experiment
instruments are designed to ensure consistent data collection across both groups,
facilitating a direct comparison of their performance. The pilot test ensures that the
instruments are effective in capturing the data necessary for this comparison. The main
experiment involves two teams, each adopting one of the models, with their
development activities monitored and recorded for analysis. By analysing the data
collected from both teams, the study systematically evaluates which model leads to

better internal software quality, as evidenced by key metrics.
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Figure 3.1: Research methodology flow
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3.4 EXPERIMENT SETUP

The experiment is explicitly designed as a comparative analysis of the Plan-driven
Development model (Waterfall) and the Hybrid Agile model (WaterScrumFall). The
modules that are referred by the participants is a clinic system which targets the codes
of the project developed. The choice of a clinic system as the focus of this research is
motivated by its suitability as a case study for comparing software development
methodologies, particularly the plan-driven development model and the Hybrid Agile
model. Clinic systems are complex, data-intensive, and mission-critical applications
that demand a high level of accuracy, security, and user-friendliness. These
characteristics make them an excellent candidate for exploring how different
development methodologies address real-world challenges in software development.

In a plan-driven development context, the rigid structure and detailed upfront
planning align with the healthcare industry's need for compliance with regulations, such
as data privacy and security standards. On the other hand, a Hybrid Agile model offers
the flexibility to adapt to evolving requirements, which is particularly beneficial for
addressing the dynamic and diverse needs of healthcare providers and patients.

By using a clinic system as the focal point, this research can effectively evaluate
how each methodology impacts project outcomes, such as development efficiency,
system quality, user satisfaction, and the ability to accommodate changes. This
comparison not only highlights the strengths and weaknesses of both methodologies in
a healthcare setting but also provides practical insights for selecting the most
appropriate development approach for similar projects in the future.

The independent variables for the experiment are the Plan-driven Development
model and Hybrid Agile model. Meanwhile, the dependent variables are the internal
quality metrics are LOC, LCOM, CBO and ACC.
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Plan-driven

Hybrid Agile model
development model

Figure 3.2: The categories of developers with its referring model

The experiment consists of two categories of developers, as depicted in Figure
3.2. These categories consist of software engineers with between 2 to 3 years of working
experience. One of the teams will be using plan-driven development model, the
Waterfall model as shown in Figure 3.3 while the other one will be using hybrid agile
model, WaterScrumFall. Activities from the two teams is recorded throughout the
development. The data that will be collected are: Internal Quality Metrics: Lines of
Codes (LOC), Lack of Cohesion in Methods (LCOM), Coupling between Objects
(CBO), and Average Cyclomatic Complexity (ACC).
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Figure 3.3: The plan-driven development model (Pfleeger, 2001)

The Hybrid Agile model illustrated in Figure 3.4 that used in this research is the

model developed by a graduate student of a project sponsored by the Fundamental

Research Grant of 2019. This project is the continuity of the first phase of the grant.
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Figure 3.4: The WaterScrumFall model
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The project that needs to be built by the software development team is a clinic
system. This system is a medium-sized project, but they will build half of the system
modules despite this research time and cost constraint. Both teams build components of
the clinic system. The programming language that they will be using is PHP, which is
the most common language for building a web-based system. Use cases of the system
already targeted for the purpose of this experiment. Output from this research will be
the quality of the software built by both teams. The output will be tested using

PHPMetrics whether the system achieves the standard software quality.

3.5 CONCLUSION

This research uses a quantitative approach to evaluate software quality by comparing
two development models: the Plan-driven Development model (Waterfall) and the
Hybrid Agile model (WaterScrumFall). Two teams of software engineers, each with
two to three years of experience, work on developing components of a clinic system,
focusing on internal quality metrics such as Lines of Code (LOC), Lack of Cohesion in
Methods (LCOM), Coupling Between Objects (CBO), and Average Cyclomatic
Complexity (ACC). Using PHP as the programming language, the teams build half of
the system's modules due to time and cost constraints. The quality of the developed
software is analyzed with PHPMetrics to assess whether it meets standard quality
benchmarks. By capturing and comparing the results, the study aims to provide valuable
insights into the effectiveness of these development approaches in producing high-
quality software.
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CHAPTER FOUR
RESULTS AND ANALYSIS

41 INTRODUCTION

This chapter discusses the findings from the experiment conducted involving two
development teams using two different methodologies: 1) Plan-driven development
model, and 2) Hybrid agile model, . Both models referred by the development teams
are illustrated in Figure 3.2 and Figure 3.3 respectively. Both teams develop the same
system known as clinic system as described in Chapter 3.1. The following subchapters
will discuss the experiment and the results from the data analysis. In the last section,
this chapter explains the overall comparison in terms of the metrics stated in Chapter 3.

4.2 DATA COLLECTED FROM BOTH MODELS

The data are collected from two development teams which are assigned to the plan-
driven development model and hybrid agile model team. The data collected are in the
form of source code, which is the complete and working clinic system. There are five
metrics collected however, only four metrics to measure software quality is selected and
reported in this research. These metrics are chosen because it is the core of the internal
quality attributes and PHPMetrics can give a concise and precise measurement of the
metrics. The exclusion of WMC from the selected metrics is because there is a limited

time frame when doing this research. The four metrics are presented in Table 4.1 below.
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Table 4.1: Comparison table between plan-driven development model and Hybrid

Agile model

Plan-driven development | Hybrid Agile model

model
Average cyclomatic 2.08 1.33
complexity
Coupling between Object 4.49 3.14
Lack of cohesion in 1.27 1.86
method
Lines of Codes 811 1169

4.3 DATA ANALYSES

Table 4.1 shows that the plan-driven development model has a higher average
cyclomatic complexity than the Hybrid Agile model. The coupling between object is
higher in the plan-driven development model than in the Hybrid Agile model. The
Hybrid Agile model has a bit more of a lack of cohesion in method than the plan-driven
development model. Furthermore, the Hybrid Agile model also produces more lines of

codes than the plan-driven development model.

However, to compare the outcomes of the data collected, this research represents

the comparison with the threshold for each metrics.

Table 4.2: Comparison of each methodology with suggested threshold

Plan-driven Hybrid agile Suggested
development model threshold
model
Average 2.08 1.33 10
cyclomatic
complexity
Coupling between 4.49 3.14 3
Object
Lack of cohesion 1.27 1.86 2
in method
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Lack of Cohesion in Method value is in the range of Ferreira et al. (2012) who
defined the cohesion threshold at 0 as good, 1-20 as regular, and cohesion greater than
20 as bad. Moreover, Chidamber & Kemerer (1994) defines as a cohesive class.

Stevens et al. (1974) defined coupling as the measure of the strength of
association established by a connection from one module to another. Highly coupled
classes are not expected, as it is considered bad design and can lead to difficulty in
understanding classes. In addition, higher coupling increases the complexity of the
codes. Two classes are coupled if a method of one class uses an attribute or method of
the other class (Chidamber & Kemerer, 1991). Benlarbi et al. (2000) derived that the
threshold for Coupling between Objects is 5.

Lines of Codes is correlated with Cyclomatic Complexity (Gill & Kemerer,
1991), hence more Lines of Codes means a more complicated project and the
complexity will be higher.

McCabe (1976) defined the upper bound for complexity to be 10, and when the
complexity exceeded 10 the developer had to either recognise and modularise the sub-
functions or redo the software. Moreover, based on the complexity presented in the
findings, all projects can be concluded as simple and no reworking is needed.
Additionally, Lopez & Habra (2005) stated that most of the methods (95%) have a

complexity of 1, which can be considered as simple, and reworking is not required.

The team from the plan-driven development model developed the system of 811
Lines of Code (LOC), with an average Lack of Cohesion in Methods (LCOM) of 1.27,
and an average Coupling between Objects (CBO) of 4.49, ranging from a minimum of
1 to a maximum of 15. The Average Cyclomatic Complexity (ACC) is 2.08, with a
minimum of 1 and a maximum of 9. The team employing the Hybrid Agile methodology
built a system including 1169 lines of code (LOC), with an average Lack of Cohesion
in Methods (LCOM) of 1.86 and an average Coupling Between Objects (CBO) of 3.14,
ranging from a minimum of 0 to a maximum of 16. The mean of ACC is 1.33, with a

minimum of 1 and a high of 4.

Therefore, in can be concluded that the Average Cyclomatic Complexity for
both models the Plan-driven development and hybrid is below the recommended
threshold of 10, with Plan-driven at 2.08 and Hybrid Agile at 1.33 with hybrid agile

proven produce a lower ACC in comparison to Plan-driven development. The low in
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ACC indicated that the source codebase that is more comprehensible, debuggable, and
extensible, hence enhancing the efficiency and sustainability of software development
techniques (Hakansson & Badran, 2016).

In terms of the Coupling Between Objects, the Plan-driven model has a score of
4.49, which is higher than the threshold of 3. On the other hand, the Hybrid Agile model
has a score of 3.14, which is closer to meeting the barrier but is still somewhat above it.
High Coupling Between Objects denotes a scenario in which classes, modules, or
components exhibit significant interdependence. The system's design compromises
maintainability, reusability, and testability, leading to challenges in adapting to new
requirements or technologies. The situation obstructs simultaneous development,
introduces complexities in refactoring, and may lead to a series of changes that become
challenging to oversee. To tackle these issues, loose coupling is typically favoured, as
it facilitates the creation of more modular, flexible, and maintainable systems (Osbakk,
2015). The lack of cohesion in methods means that both models exhibit values that
approach the recommended threshold of 2, with the Plan-driven model registering at
1.27 and the Hybrid Agile model at 1.86. Cohesion metrics assess the degree to which
the methods within a class are interconnected and relevant to one another. A cohesive
class executes a singular function, whereas a non-cohesive class engages in two or more
disparate functions. A class that lacks cohesion might benefit from being reorganised
into two or more smaller groups. Thus, both models indicate that the models have no
issues on LCOM.

Table 4.2 compares the Plan-driven development model and the Hybrid Agile
model against suggested thresholds for three key software metrics. For Average
Cyclomatic Complexity, both models (Plan-driven: 2.08, Hybrid Agile: 1.33) perform
well below the suggested threshold of 10. In terms of Coupling Between Objects, the
Plan-driven model (4.49) exceeds the threshold of 3, while the Hybrid Agile model
(3.14) is closer but still slightly above the limit. Lastly, for Lack of Cohesion in
Methods, both models show values near the suggested threshold of 2, with Plan-driven
at 1.27 and Hybrid Agile at 1.86.
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44 OVERALL COMPARISON

Based on the analyses presented in Section 4.3, the Hybrid Agile team produce more
LOC than from the plan driven with the difference of 358 LOC. However, Hybrid Agile
model produces lower CBO and less ACC. This indicates that both models generally
align with the thresholds, though Hybrid Agile performs better in terms of complexity
and coupling.
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CHAPTER FIVE
CONCLUSION AND FUTURE WORKS

5.1 INTRODUCTION

In this thesis, the two experiments were successfully conducted, and the results were
taken to answer the research questions as listed in Section 1.3. While Hybrid Agile
model is considered as ideal model apart from its model combination, most of the
software engineering team never compare the software quality they develop with the

existing software development methodology.

In a software project, mentioned earlier in Chapter 1, companies such as
software development houses and even software engineering teams will refer to a
software development model to ensure their software project is developed and delivered
systematically. Two commonly used models in software projects are the plan-driven
development model, specifically the Waterfall model, and the Hybrid Agile model,
known as WaterScrumFall, which combines elements of the Waterfall model and
Scrum. These models have been chosen are based on industry relevance. Many software
development houses operate under strict client timelines, making pure Agile difficult to
implement due to its flexible and evolving nature. As a result, organizations often prefer
plan-driven or Hybrid Agile approaches to balance structure and adaptability. Besides,
these models provide contrasting approaches. For example, plan-driven model follows
a sequential, well documented process with clearly defined stages, making it suitable
for projects with fixed requirements and strict governance while the Hybrid Agile model
integrates structured planning with iterative development, aiming to combine the rigor

of plan-driven methods with the flexibility of Agile.

This research focuses on the internal quality of a software. The internal quality
is chosen to be studied, and the focus is on the source of the software developed. It is
expected that the results of this will provide the software engineering team with a view
from the internal quality perspective on which model between the plan driven
development model, the Waterfall model and the Hybrid Agile model, may lead to a

software that is less complexity with a minimal line of codes, low coupling between
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objects, and high lack cohesion in methods which resulting in easier to maintain
software and lower software maintenance and upgrading costs. The exclusion of WMC
from the selected metrics is because there is a limited time frame when doing the

research.

Based on the analyses presented in Section 4.4, the Hybrid Agile team produce
more LOC than from the plan-driven with the difference of 358 LOC. However, Hybrid
Agile model produces lower CBO and less ACC. Hybrid Agile model implements
Scrum method that require coding and testing back and forth, which lead to the
difference in LOC. Furthermore, Hybrid Agile model getting feedback early from the
Scrum method that requires refactoring of the code, causes the code to be less difficult
to maintain and turns out low in CBO. Additionally, Hybrid Agile model produces a
system that is easier to understand and less risk when modification is needed. As an
implication, Hybrid Agile model tend to produce lower in ACC.

Table 5.1: Summary of the research from Research Question with its Research
Objective

Research Question

Research Objective

Output

Which model between
the Plan-driven
development model, the
Waterfall model and the
Hybrid Agile

WaterScrumFall

model,

produces better internal

quality software?

To identify the software
development lifecycle
model between the Plan-
driven development
model, the Waterfall
model and the Hybrid
Agile

WaterScrumFall

model,
will
produce better internal

quality software.

In average, Hybrid Agile
model is better than the
plan-driven development

model.

What are the differences
in internal quality
software metrics score

compared  with  its

To examine the outcome

of  internal quality
metrics for the Plan-
driven development

Difference in internal

quality metrics score

between the Waterfall
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threshold for the Plan- | model, the Waterfall | model and
driven development | model and the Hybrid | WaterScrumFall model.
model, the Waterfall | Agile model, | LOC: 358

model and the Hybrid | WaterScrumFall with the | ACC: 0.75

Agile model, | threshold as the | LCOM: 0.59
WaterScrumFall? comparison CBO: 1.35

Based on Table 5.1, this research summarise the software quality metrics
collected from the experiment. Software developers and project managers can choose
the best software development methodologies before initiating software development
execution to achieve high quality software. Thus, the practitioners can minimize the

risks on maintaining the codes.

5.2 RESEARCH CONTRIBUTION

This research holds significant value in the field of software engineering as it provides
empirical insights into the internal quality of software developed using two widely
adopted methodologies: the Plan-Driven model (Waterfall) and the Hybrid Agile model
(WaterScrumpFall).

By analysing key quality metrics—code complexity, coupling between
methods, and cohesion in methods—this study will determine which approach results
in more maintainable, efficient, and cost-effective software. The findings offer software
developers and project managers practical guidance on choosing the most suitable
development methodology to achieve higher software quality with lower maintenance
costs.

Ultimately, this research contributes to the broader software development
community by bridging the knowledge gap between traditional and hybrid
methodologies, enabling organizations to adopt optimal development practices that

enhance software quality and sustainability.
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5.3 CHALLENGES AND LIMITATIONS OF THE RESEARCH

One of the primary challenges of this study is the competence level of developers. The
research assumes that all developers have similar skill sets and experience, but
variations in technical expertise can significantly influence the quality of the software
produced. Developers with more experience may write cleaner, more efficient code,
while those with less experience may struggle with complexity, leading to higher
coupling and lower cohesion. Since the study does not account for these differences, it
is difficult to determine whether the observed results are due to the development
methodology itself, or the skill level of the individuals involved. Future research could
incorporate a broader range of developer experience levels to assess how this factor

impacts software quality.

Another limitation is the narrow scope of the system type used in the study. The
research focuses exclusively on a clinic system, which, while useful for comparison,
may not fully represent the complexity of other types of software applications. For
instance, e-commerce platforms, financial systems, or enterprise-level software often
have more intricate dependencies, security concerns, and scalability requirements that
could influence how well a particular development model performs. The results from a
clinic system may not generalize to these more complex applications. Expanding future
research to include multiple types of systems would provide a more comprehensive
understanding of how different methodologies impact software quality across various

domains.

The small sample size is another critical limitation. With only one developer
assigned per methodology, the study lacks statistical significance, making it challenging
to draw conclusive insights. The software quality metrics observed could be more
reflective of individual performance rather than the inherent advantages or
disadvantages of the Plan-driven or Hybrid Agile methodologies. A more robust
approach would involve testing the methodologies with a larger sample of 20 to 30
developers per model, ensuring that the results are more reliable and applicable to real-
world software development teams. Additionally, incorporating team-based projects
rather than individual assignments could provide insight into the collaborative aspects

of these methodologies, which play a crucial role in large-scale software development.
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54 FUTURE WORK

To provide better understanding to the implications of the results, future studies could
address the competence level of developers who are doing the development of a system.
The competence level can affect the completion rate of the software project (Licorish

etal., 2022). Thus, it is important to consider for the competence level of the developers.

Furthermore, future work should consider using other type of system than the
clinic system. For example, an e-commerce system that used by nationwide. This is to
ensure that whether Hybrid Agile model or the plan-driven development model is
suitable for the development of a complex system like the e-commerce system that is

using more database tables.

Lastly, future studies should consider involving a wide range of developers
rather than just one for each of the software development models. A suggested range
could be 20-30 developers for both the Hybrid Agile model and the plan-driven
development model. This will strengthen the results by allowing for comparisons
among numerous developers, thus providing a more robust hypothesis and statistical

analysis.
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APPENDIX A
SOFTWARE REQUIREMENTS SPECIFICATIONS (SRS)

REQ-ID | Requirement Description Users involved | Remarks
SYSTEM FEATURE 1.0 USER AUTHENTICATION
RF1-001 | The system shall provide the users | All users What are the
with the ability to access the system role
by login using username and differences
password. between
patient and
doctor?
RF1-002 | When the user is authenticated, the | All users
system should be able to verify
each activity made by the user.
SYSTEM FEATURE 2.0 USER REGISTRATION
RF2-001 | The system shall provide Patient - Public Page
registration for patients. _ Field list:
1) Name
2) Email
3) Phone
number
4) Password
5) Confirm
Password
RF2-002 | The system must notify patient Patient To verify the
upon successful registration. email used.
RF2-003 | The system shall provide user Admin - After login
registration for administrator.
SYSTEM FEATURE 3.0 APPOINTMENT
RF3-001 | The user can add appointments on a | Patient Field list:
future date. 1) Title
2) Date
3) Time
4) Remark
RF3-002 | The user can edit an existing Patient
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appointment.

RF3-003

The user can cancel/remove an
existing appointment.

Patient

RF3-004

The user can view the added
appointment.

Patient

RF3-005

The system must notify patients of
an upcoming appointment.

Patient

RF3-006

The system shall provide access to
view all appointments created by
patients.

Admin

RF3-007

The system shall provide access to
edit any appointments created by
patients.

Admin

RF3-008

The system shall provide access to
cancel/remove any appointments
created by patients.

Admin

RF3-009

The system must notify the patients
if the appointment is
cancelled/removed by the
admin/doctor

Patients

SYSTEM

FEATURE 4.0 CONSULTATION

RF4-001

The system shall provide remarks
for doctors on the medication.

Doctor

Field list:

1) Appoint
ment ID

2) Doctor’s
remark

RF4-002

The user can view the doctor's
remark from the successful
appointment.

Patient

After login
and
consultation

SYSTEM

FEATURE 5.0 PHARMACY

RF5-001

The admin can view the list of
medication provided by the doctor.

Admin

After login
and
consultation

RF5-002

The system shall calculate the total
cost of the medication.

Admin

Each
medication
has a cost
value.
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RF5-003 | The system shall generate an Admin Cost of the
invoice for the consultation with consultation
the medication. and

medication
(if any)

SYSTEM FEATURE 6.0 PAYMENT

RF6-001 | The system shall provide access to | Patient After
payment gateway for patient pharmacy

dispensary

RF6-002 | The system must notify the admin | Admin After patient
on the payment received from the made
patient payment
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APPENDIX B
GITHUB FROM HYBRID AGILE DEVELOPMENT

= Q Misyani-DS / clinic-system-agile &

<> Code (© Issues 11 Pullrequests () Actions [ Projects © Security |~ Insights

@ clinic-system-agile Prvate

# develop ~ ¥ 7Branches © 0 Tags Q Goto file Add file ~ <> Code ~

This branch is main . 1) Contribute ~

@ Misyani-DS update 0eb71bf - 2 mon 10 29 Commits
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APPENDIX C
GITHUB FROM PLAN-DRIVEN DEVELOPMENT

= O SidOmIO / clinic_laravel

<> Code () lssues 11 Pullrequests () Actions [ Projects () Security |~ Insights

.clinic_laravel Public ® Watch 1~

¥ main ~ ¥ 1Branch © 0 Tags Q Go to file t Add file ~ <> Code ~

. SidOmlIO added phpmetrics bbdac4b - last month &) 13 Commits
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APPENDIX D
PHPMETRICS RESULT FOR HYBRID AGILE DEVELOPMENT

@ locathost w W (]

» YouTube (@ Angel Pakai Guca ) Tahun 2 Semestet WRITING @@ (1) WhatsApp @ Official Port Bank Istam 18 [ All Bookmarks

2 (Jean-Francois Léping

Violations (O criticals, 1 errors) Lines of code Classes
] 3 1,169 49
PhpMetrics
e View detalls > View details >
Overview
Average cyclomatic complexity by class Assertions in tests Average bugs by class
Violations (3) 8 z i
1.33 i e 0.01
Composer jocumenta PHP eeded
View details >
Size & volume
Complexity & defects Maintainability / complexity (with ClassRank ([Z Google's page rank applied to relations between classes)
comments) Size of the circle v nk is ) " 2 n
Object oriented metrics enreses e A Thisr e
Object relations Q“. n ClassRank - B
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APPENDIX E
PHPMETRICS RESULT FOR PLAN-DRIVEN DEVELOPMENT

PhpMetrics Static analyzer for PHP

Created at 2024-06-13 16:28:16 , with PHPMetrics v2 8 2 (Jean-Francois | épine)

Violations (0 criticals, 0 errors) Lines of code Classes
PhpMetrics
View details > View details > View details >
Overview
Average cyclomatic complexity by class Assertions in tests Average bugs by class

Violations (4)

unit=<junit.xmi

2.08 optionto et 0.05

Composer docume
View details > View details >

Size & volume
Complexity & defects Maintainability / complexity (with e

comments) sircle. Size.of
Object oriented metrics epresents the Cyclomat

§80y i
represents the Maintainability ClassRank %

Object relations
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