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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfillment of the requirement for the degree of Doctor of Philosophy
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Chair: Azrul Hazri Bin Jantan, PhD
Faculty: Computer Science and Information Technology

Nowadays, the process of designing web application has become a challenge for
many individuals. The designs should incorporate conceptual domain, interaction
processes, navigation structures, and abstract presentation design.
Unfortunately, many practitioners believe that most of the web design models
have been developed in an ad hoc manner and there is less focus on the
interaction processes. Thus, it can lead to a web design that is full of information,
confusing navigation, and poor presentation layout.

Hence, as a solution to the mentioned problem, this study proposes a web
design model called UML Extension Web Design Method (UEWDM) that
comprises the conceptual design model, navigational model and user interface
model which utilises Unified Modeling Language (UML) profile as the design
modeling for the interaction processes and user interface. The extension
stereotypes of UML design modeling is also proposed to complement the design
modeling in the respective design stages. In order to verify and validate
UEWDM, a case study has been developed and feedback from web experts are
gathered as to ensure UEWDM is aligned with the developed case study. The
results indicate positive feedback from the web experts as all web experts
involved in this study agreed with the proposed design model.

In conclusion, UEWDM provides a web design model with enough expressivity in
modeling interaction processes in web applications. In other words, it could
assist web designers and developers in designing web applications that consist
of interaction processes and user interface.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

MODEL REKA BENTUK WEB UML SAMBUNGAN UNTUK PROSES
INTERAKSI DAN ANTARA MUKA PENGGUNA

Oleh

SITI AZREENA BINTI MUBIN

Julai 2017

Pengerusi: Azrul Hazri Bin Jantan, PhD
Fakulti: Sains Komputer dan Teknologi Maklumat

Proses mereka bentuk aplikasi web merupakan salah satu cabaran besar pada
masa kini. Reka bentuk perlu menggabungkan domain konseptual, proses
interaksi, struktur navigasi, dan reka bentuk persembahan abstrak. Malangnya,
ramai pengamal percaya bahawa kebanyakan model reka bentuk web telah
dibangunkan secara ad hoc dan kurang tumpuan dalam proses interaksi. Oleh
itu, ia boleh menyebabkan reka bentuk web yang penuh dengan maklumat,
navigasi mengelirukan, dan susun atur persembahan yang lemah.

Oleh yang demikian, sebagai penyelesaian kepada masalah yang dinyatakan,
kajian ini mencadangkan satu model reka bentuk web dipanggil Model Reka
Bentuk Web UML Sambungan (UEWDM) yang terdiri daripada model reka
bentuk konseptual, model navigasi, dan model antara muka pengguna yang
menggunakan profil Unified Modeling Language (UML) sebagai pemodelan
reka bentuk untuk proses interaksi dan antara muka pengguna. Stereotaip
sambungan pemodelan reka bentuk UML juga dicadangkan sebagai pelengkap
pemodelan reka bentuk pada peringkat reka bentuk masing-masing. Bagi
menentusahkan dan mengesahkan UEWDM, satu kajian kes telah
dibangunkan dan maklum balas daripada pakar-pakar web dikumpulkan untuk
mematuhi UEWDM sejajar dengan kajian kes yang dibangunkan. Hasil kajian
menunjukkan maklum balas positif daripada pakar-pakar web apabila semua
pakar web yang terlibat dalam kajian ini bersetuju dengan model reka bentuk
yang dicadangkan.

Kesimpulannya, UEWDM menyediakan model reka bentuk web dengan
keekspresian yang cukup dalam proses interaksi pemodelan dalam aplikasi
web. Dengan kata lain, ia dapat membantu pembangun web dalam mereka
bentuk web yang terdiri daripada proses interaksi dan antara muka pengguna.
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Today, web applications are considered the most important platform used to
gather information, deliver ideas and manage daily tasks such as banking
transactions, knowledge searching, forum discussions and much more. All
these applications are developed and integrated into web applications as to
facilitate the users in order to access it online. Hence, it is very common to
express the web-based system application development from the web
engineering aspects (Murugesan & Ginige, 2005).

Within this discipline, numerous web design models have been proposed to
handle the systematic and efficient web-based system development
applications. Additionally, all of the web design models have improved
according to the necessities raised from the evolution of the web applications.
However, the separation of concerns proposed to integrate interaction
processes in each stage of design has not been fully achieved (Andres,
Londono, & Duitama, 2012). Moreover, those web design models tend to
incorporate interaction processes producing design models that are too
complex to be handled and designed by designers.

Additionally, these solutions just dealt with the interaction processes of
business processes definition. Due to this limitation, aspects such as the
interrelated processes, consideration of activity navigation models, and
physical layout presentations are out of the scope of the previous design
models proposed solutions (Patel, Hande, & Meshram, 2013). Essentially,
interactions web applications are defined as web applications that consist of
dynamic information, complex navigational paths, and rich interfaces (Comai &
Mazza, 2012). Additionally, interactions web applications require more
behavioral modeling aspects as compared to structural aspects (Patel et aI.,
2013).

Therefore, interaction processes-driven web applications can be defined as
systems that consist of processes with interrelated processes, time frame
processes, and user dependent processes. Specifically, the features that
characterise those web-based system applications are as follows:

• Interrelated Processes: Different categories of users processes are
integrated and collaborate with other processes in order to achieve an
objective. For example, a process for undergraduate supervision and
process for postgraduate supervision by a lecturer. Hence, integrate
these two processes in one process to simplify users' needs.
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• Time Frame Processes: The execution of interaction processes
involves time constraints. These extensions can be produced as a
result of different purposes. For instance, promotion of a product that is
valid for three days. Different content will be displayed to the respective
users if the promotion is over and vice versa. Therefore, a design to
simplify these time frame processes is needed in order to facilitate this
kind of users activity.

• User Dependent Processes: In particular, a process flow depends
exclusively on users activities and flows. For example, a graduation
process of a graduate student where a user (student) needs to
complete the graduation application from library clearance to an
external process of Ministry of Education requirements. The whole
process needs to be executed accordingly since a different input from
users will direct the web-based system application to a different output.

Thus kind of processes can be categorised as interaction process in web-
based system applications and practitioners believe more efforts are needed in
the existing design models (Rossi et al., 2016).

Those interaction processes can provide better support for non-functional
requirements in web applications. Those two non-functional requirements that
were most addressed are usability and accessibility, because they express
themselves during user interaction. Furthermore, the interaction processes
permits communication of interface and interaction design to non-technical
stakeholders. The design separates the stakeholder concerns by utilize the
UML extension stereotypes (Brambilla & Fratemali, 2015). Hence, those
defined interaction processes are required in the proposed design model.

Existing studies show involvement of Interaction Flow Modeling Language
(IFML) in the development design as to solve interaction processes issues.
However, IFML still need a supporting community due to the adoption is far
from being mainstream (Rossi et al., 2016). Also, IFML cannot fully support the
web development lifecycle (Karzan Wakil & Jawawi, 2017).

The proposed approach in this study is not developed from scratch.
Alternatively, this study extends the UML Web Engineering (UWE) design
models, formerly proposed by Koch (2001). The aim of this study is to extend
the UWE design model with new features and structures. Hence, the new
design model will result in an improved version of web design models for the
designers.

Certainly, there are many design models that have been extended from UWE
such as Com+HDM (Jantan, 2012), UML-based Engineering Framework
(Elminir, Elsoud, & Halawany, 2011), enhancement of UWE navigation model
(Wakil, Safi, & Jawawi, 2014) and requirements models as first class entities in
model-driven web engineering (Koch & Kozuruba, 2012b) .

2
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However, external process concern, navigation activity particulars design and
physical layout concern are very much lacking. Specifically, the proposed
approach is more concerned on the stereotypes extension in order to cope with
these interaction processes structures. The idea is to generate design pattern
in those three different design concerns, conceptual domain, navigational and
user interface model. Figure 1.1 illustrates the UWE design model developed
by Koch (2001). More discussions will be provided in Chapter 2, Section 2.6.4.

n
Use case
model

."JIf • ....
«trace> ." I ..... .....«trace»

."
I <, nn -'." I l«trace» ..........."

_,-'

Conceptual Navigation Presentation
f+---- ~---

model model model
«trace» «trace»

Figure 1.1: UWEDesign Model
(Adapted from N. P. De Koch, 2001)

1.2 Problem Statements

Existing web design models in web-based system applications are not specific
and have been developed in a general way (Patel et al., 2013). As a result, it
has led to several issues such as lack of functional requirements (Jantan,
2012), complex navigational process (Jantan, 2012) and lack of user interface
features (Elminir et al., 2011). Therefore, many practitioners believe more
design efforts are required to support different ways of dealing with interactions
web application (Kumar & Sangwan, 2011; Rossi et al., 2016) as to provide a
comprehensive and systematic design process of web applications.

The main shortcomings to be addressed are comprised of:
1. Most existing web modeling structures are still solely focused on the

conventional websites, with little regard for user interaction or common
web-specific concepts. In many cases, the interaction process flow is
not designed to interact with other interaction processes from different
websites. Hence, there are limited solutions which allow interaction
process flow between different web applications (Patel et al., 2013;
Rossi et al., 2016).

2. Many different possibilities of navigation may have to be considered in
the interactions of web applications. The navigation flow and
interaction in interaction processes might lead to confusion to the user

3
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if the navigation structures are not well-designed (Wakil et al., 2014).
Moreover, the navigational structure model that has been built until
now is not sufficient to describe how nodes can be reached by
navigation (Patel et al., 2013).

3. Most of the existing user interface design model emphasised on the
logical structure design of the web page. Additionally, the physical
outlook is still being created in an ad hoc manner in the web design
processes. There is no standard model that is concerned on GUI
design in the user interface design phase (Patel et al., 2013).

4. Lack of complete web design models that allow interrelated process
flow, time frame process, and user dependent process in web
applications (Patel et al., 2013; Wakil et al., 2014).

5. Lack of case study examples and implementations especially those
that are comprised of interrelated process, time frame process, and
user dependent process in this research field (Andres et al., 2012).

1.3 Research Questions

, I

As extracted from Section 1.1, the available web design models proposed by
previous researchers are unable to fulfill the requirements to some extent
which are exposed by web-based system applications. None of them handles
interaction processes according to this study's designation, which is usually
found in different categories of web applications. Hence, to overcome the issue
of development design process, the following research questions are
formulated:

1. What are the roles of interaction processes in web-based system
application? How do we define interaction processes in web-based
system applications design context?

2. How do the interaction processes adapt with different possibilities in
navigation and presentable to the designers in the design model?

3. How does the Graphical User Interface (GUI) design cooperate with
the interaction processes and users?

4. How can we ensure that the proposed design models fulfill and resolve
issues of interaction processes in web-based system application?

5. How can we confirm that the proposed design model is practical and is
implementable in the web application development?

These research questions are analysed and answered in the following
sections.

,II"

,I
I

" ,

1.4 Research Objectives

The objective of the study is to obtain a clear picture of the web application
design process from a designer's perspective and how the proposed design
model is able to solve interaction processes flow involved in the development
of web application. This study proposes an extension to the UWE design model
and provides the design model with enough expressivity as to model web

4
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applications that provide support towards interactions processes. In this study,
expressivity is defined as clarity and simplicity of the design model.

Specifically, the objectives of this study are:

1. To design a conceptual design pattern that is able to solve user
interaction activities which comprise of time frame, interrelated, and
user dependent processes. The design model provides an extensive
approach towards the interaction processes in order to ensure the
interaction processes are well-integrated into the design model.

2. To develop a navigational design pattern that is able to provide
detailed navigation activities. The design model utilises UML
stereotypes and the features of the extensions in the navigation
design stage as to depict the interaction processes structures in the
design model.

3. To design user interface mapping pattern that provides a physical
layout for Graphical User Interface (GUI) elements. The design model
integrates physical design layout in the user interface design stage in
order to position the GUI features in the design model.

4. To construct an expressivity web design model that comprises a
conceptual design, navigational design, and user interface design. The
design model utilises UML stereotypes for modeling the interaction
processes.

5. To evaluate the correctness of the web design model through a case
study example, Academic Management System (AMS) which
comprises of interaction processes.

In particular, the solution proposed in this thesis has been applied to a design
model named UML-based Web Engineering (UWE) (N. P. De Koch, 2001).
This approach has already been extended to cope with conceptual (Jantan,
2012), navigationality (Wakil et al., 2014) and presentation layout (Karzan
Wakil & Jawawi, 2014). In this thesis, an extension is proposed to provide the
design models with enough expressivity to model web applications that involve
support to the execution of interaction processes.

1.5 Research Scope

This study is focused in designing interaction processes mentioned in Section
1.1, which are time frame, user dependent, and interrelated processes. In other
words, the study emphasises the design modeling of interaction processes
which occur in the development of web applications. Hence, the case study is
developed by the author to demonstrate the interaction processes design
modeling. The case study is not developed as a complete web application with
full modules of academic management process. The database issues, server
platforms, aesthetic value of the design, and user satisfactions are not covered
in this study (Duran & Eduardo, 2008; Jantan, 2012; N. P. De Koch, 2001).

5
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1.6 Research Contributions

Nowadays, web applications are getting increasingly complex and are fully
packed with inforrT1ati?1l and interactions that need to be carefully designed.
This study could provide information on design modeling of web applications
and highlight the design issues among the web designers and developers. The
conceptual design model could assist web designers and developers in
designing the conceptual domain of the web applications. Subsequently, the
navigational design model can enhance designers' navigation information
structures and access elements. Additionally. a user interface design model
with a well-planned creation of GUI model will give a standard presentation
model of web applications in terms of the physical and logical view of the
model. The proposed design model utilises UML as the design notation
diagrams for the interaction processes. In other words, this study contributes
UML extension stereotypes and also designs pattems in the designing
structures.

The findings in this study will benefit web designers and developers, especially
in designing web applications which are comprised of interaction processes.
Nevertheless, the design structures can be treated as a guideline in web
designing process for novice web designers and developers.

1.7 Structure of the Thesis

The thesis has been strUctured in seven chapters as follows:
• Chapter 2. Literature Review. This chapter provides an analysis of

the literature work found in the web design modeling area. Specifically,
this chapter emphasises the solutions proposed by each of the original
and revised design models regarding the integration of interaction
processes. The preliminary survey is also included as an additional
support for the literature.

• Chapter 3. Research Methodology. This chapter outlines the
research methodology employed in this study. Specific details on how
the research has been conducted and the step-by-step research
approach are explained in this chapter.

• Chapter 4. UEWDM Design Processes. This chapter discusses the
set of the proposed design models, the interactions between all
models, the elements consumed and generated in each step of the
development process. Specifically, this chapter presents the complete
research work on design processes and development in web
appliCation.

• Chapter 5. UEWDM Implementation. This chapter presents the
UEWDM implementation in a case study called Academic
Management System. This study demonstrates how the proposed UML
stereotypes and the extensions cope with the interaction processes
occurred in AMS.

6
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• Chapter 6. Results and Discussion. This chapter provides
discussions on the findings and justification of the research work. This
chapter will then specifically focus on the interpretations of the results
obtained from the implementation of UEWDM in the case study.
Design verification and validation results from experts are also included
in this chapter.

• Chapter 7. Conclusions and Future Works. This chapter
summarises the main contribution of the proposed design models and
provides recommendations for future research work.
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