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Abstract:

Risk management has gained increasing importance in the field of software project
management because of its direct impact on project success. Therefore, software
organizations are challenged to achieve effective and efficient risk management.
So, measuring risk in software development is a key activity to be done in risk
management. Risk measurement is also an important topic that needs more effort,
especially in a work environment with multiple software projects. A multi-project
environment involves many projects sharing the same available resources. This
research aims to conduct a literature review to discover patterns or trends in
software development to measure project risk and to reveal aspects of the
measurement process, risk indicators, and different metrics for software projects.
This research also aims to present a proposed framework for assessing risks in a
work environment with multiple projects with shared resources for different levels
in organizations with different capabilities.

Keywords:

Project Management, Risk Assessment, Software Development Projects, Multiple
Projects Environment, Risk Metrics, Risk Indicators
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Abstract:

This paper is interested in proposing a set of proposed practices for eXtreme
Programming (XP) approach to improve the quality of applying this approach in the
domain of the software development process. This paper clarifies the basic concepts
of agile methods and presents the fundamentals and features of XP approach. life
cycle phases of XP approach include six phases: exploration, planning, iterations to
release, production, maintenance, and death. Each XP phase can be achieved through
performing a set of activities or steps. The researchers developed a set of improved
steps for achieving XP phases. The researchers also propose a quality assurance
approach for applying XP approach. The proposed quality assurance approach can
be used for assuring the quality of achieving XP phases. Then, the deviation between
the actual quality and the acceptable quality level can be identified and analyzed. The
weaknesses of the software development practices can be discovered, treated to
improve the quality of each phase, and avoided in further phases. The strengths of
the proposed practices are utilized to increase the quality of achieving the software
projects.

Keywords: Agile Methods Software Development; XP Approach; Agile Best
Practices; XP Life Cycle

24

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal

s ganll 4. gal) dlaal)

for Scientific Research dLaalall
(1JSR) .
Vol. (2), No. (3) March 2023 (3) 3wl ¢(2) HloY!

1- Introduction and Problem Definition

Software Development (SD) is a mentally complicated task. Therefore, different
software development methodologies and quality assurance methods are used to
attain high-quality, reliable, and bug-free software [17]. In recent years, agile
software development methods have gained much attention in the field of software
engineering [27]. A software development method is said to be agile software
development method when a method is people focused, communications-oriented,
flexible (ready to adapt to expected or unexpected change at any time), speedy
(encourages rapid and iterative development of the product in small releases), lean
(focuses on shortening timeframe and cost and on improved quality), responsive
(reacts appropriately to expected and unexpected changes), and learning (focuses on
improvement during and after product development) [1].

Agile software development is an iterative and incremental approach that is
performed in a highly collaborative manner to produce high-quality software that
meets the changing needs of its stakeholders. Agile software development methods
offer a viable solution when the software to be developed has fuzzy or changing
requirements, being able to cope with changing requirements throughout the life
cycle of a project [7]. Agile software development methods include XP, Scrum,
Crystal, Feature Driven Development (FDD), Dynamic System Development
Methodology (DSDM), and Adaptive Software Development (ASD) [4].

e XP is the best-known agile method that is driven by a set of shared values
including simplicity, communication, feedback, and courage. The XP values,
practices, and life cycle will be explained in the next section of this paper.

e Scrum is an iterative and incremental approach for managing software projects
in a changing environment. Each iteration aims to produce a potential set of
software functionality.
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e Crystal methodologies focus on incremental development which may be in
parallel. Each increment may take several iterations to complete. The tunable
project life cycle that is common for all Crystal methodologies is: envisioning,
proposal, sales, setup, requirements, design and code, test, deploy, train, and alter
[1]. Crystal family of methodologies provides guidelines for policy standards,
tools, work project, and standards and roles to be followed in the development
process.

e FDD is a model-driven and short-iteration approach for developing software. It
focuses on the design and building phases. FDD provides guidelines, tasks,
techniques, and five sequential processes: develop an overall model, build a
feature list, plan by feature, design by feature, and build by feature [24].

e DSDM provides a framework that supports rapid, iterative, and collaborative
software development for producing high-quality business information systems
solutions [15]. The basic principle of DSDM is that the resources and timeframe
are adjusted and then the goals and the required functionality are adjusted
accordingly.

e ASD offers an agile and adaptive approach to high-speed and high-change
software projects. ASD replaces the static plan-design life cycle with a dynamic
speculate-collaborate-learn life cycle. ASD focuses more on results and their
quality than the tasks [13].

XP is one of the most popular agile development methods. Therefore, it is the main
concern of this paper. The XP process is characterized by short development cycles,
incremental planning, continuous feedback, and reliance on communication and
evolutionary design [27]. It is designed for use with small teams that need to develop
software quickly and in an environment of rapidly changing requirements.
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Although the many advantages and features of XP approach, using it for developing
software doesn't guarantee the success of this process at an acceptable level of
quality. In addition, software projects are faced with many challenges that may lead
them to failure. Therefore, there is a need to assuring the quality of software
development. Quality assurance is all the planned and systematic activities
implemented within the quality system, and demonstrated as needed, to provide
adequate confidence that an entity will fulfill the requirements for quality [11]. This
paper focuses on proposing a set of best steps for achieving each XP phase,
evaluating the quality of achieving this phase, and determining the deviation of
achieving the phase to improve the quality of software development.

2- eXtreme Programming (XP) Approach

Extreme Programming was developed at Chrysler by Kent Beck while working on a
payroll project as a member of a 15-person team. Beck continued to refine and
improve the XP methodology after the project was completed until it gained
worldwide acceptance in 2000 and 2001 [14].

The XP software development process focuses on iterative and rapid development.
XP approach stresses communication and coordination among the team members at
all times; and requires cooperation between the customer, management, and
development team to form a supportive business culture for the successful
implementation of XP [1].

It is designed for use in an environment of rapidly changing requirements. It helps to
reduce the cost of change by being more flexible to changes. XP is characterized by
six phases: exploration, planning, iterations to the first release, productionizing,
maintenance, and death. XP is a software development discipline in the family of
agile methodologies that contributes towards quality improvement using a dozen
practices [17]. XP consists of twelve practices, which are planning game, small
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releases, metaphor, simple design, testing, refactoring, pair programming, collective
code ownership, continuous integration, 40-hour week, on-site customer, and coding
standard [19]. Figure (1) illustrates the XP values, practices, and phases.

2-1 XP Values

XP is driven by a set of values including simplicity, communication, feedback, and
courage.

e Communication: An Agile method emphasizes face-to-face communication
within the team and with the customer who is closely involved with the
development process [21]. XP requires direct communication among all
members to give the developers a shared view of the system which matches the
view held by the users of the system.

o Feedback: Software developers should always have a way of getting information
about the development process. Feedback relates to many dimensions that
include the system, customer, and team. Feedback from the system and the team
aims to provide project leaders with quick indicators of the project’s progress to
take corrective or supportive actions. In addition, feedback from customers
includes the functional and acceptance tests.
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XP Approach

6 XP Phases (XP Process)
Exploration, Planning, Iterations to Release,
Productionizing, Maintenance, Death

4 XP Values
Simplicity, Communication, Feedback,
Courage

12 XP Practices

=
= =
ol Z 8 H =
@l o = EFE :E
g 2 &l ol 3| B 5 g o
2 o = = 8 & = 3
gl = o 8 gF =
O & = 2 25 & o E A
HEQQEFE-@'—' o «
g B I I =1 = I (- af &
= I = G 2 ©f 3 +H g
== == B B -1 (s =1 e 7 =
= g 7 5 | e [ IE
=i = e |-5:|--|-E =
o G “ ol 5 g Bl 4 JdY
—_ -+ Iﬂpﬂa s
h-E;E_IJ —
[ ] =
1
o

Figure (1): XP Values, Practices, and Phases.

e Simplicity: A simple design always takes less time to finish than a complex one.
Therefore, XP encourages starting with the simplest solution. Extra functionality
can then be added later. Extreme programmers do the simplest thing that could
possibly work and leave the system in the simplest condition possible. This
improves the overall speed of development while still retaining an emphasis on
working software.

e Courage: Courage means that developers are prepared to make important
decisions that support XP practices. Courage enables developers to feel
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comfortable with refactoring their code when necessary. This means reviewing
the existing system and modifying it so that future changes can be implemented
more easily. In addition, courage may include removing source code that is
obsolete, no matter how much effort was used to create that source code.

2-2 XP Practices (rules)

The four core values of XP are implemented with twelve core practices: Planning
Game, Small Releases, Metaphor, Simple Design, Testing, Refactoring, Pair
Programming, Collective Code Ownership, Continuous Integration, 40-hour Week,
On-Site Customer, and Coding Standard.

1. Planning Game: At the beginning of the development process, customers,
managers, and developers meet to create, estimate, and prioritize requirements
for the next release. The requirements are captured on “story cards” in a language
understandable by all parties. In fact, the developers estimate the effort needed
for the implementation of customers’ stories and the customers then decide about
the scope and timing of releases. The planning game and the story cards offer the
devices to perform planning on the most detailed level for very short periods of
time [18].

2. Small Releases: The development is divided in a sequence of small iterations,
each implementing new features separately testable by the customer [7]. XP
increases the pace of the delivery of the software by having short releases of 3-4
weeks. At the end of each release, the customer reviews the software product,
identify defects, and adjust future requirements. An initial version of the software
IS put into production after the first few iterations. The small releases help the
customer to gain confidence in the progress of the project. In addition, the small
releases help the customer to come up with their suggestions on the project based
on real experience.
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3. Metaphor: The system metaphor is the story that customers, developers, and
managers can talk about how the system works [19]. The system metaphor is an
effective way of getting all members of the project team to visualize the project.
It should provide inspiration, suggest a vocabulary, and a basic architecture. This
is the only principle not strictly required in every XP project.

4. Simple Design: The developers must focus on designing only what is needed to
support the functionality being implemented. The Developers are urged to keep
the design as simple as possible, say everything once and only once. A program
built with XP should be a simple program that meets the current requirements.
Kent Beck stated that the right design for the software at any given time is the
one that runs all the tests, has no duplicated logic, states every intention important
to the programmers, and has the fewest possible classes and methods [19].

5. Testing: Testing is an integral part of XP. All code must have automated unit
tests and acceptance tests, and must pass all tests before it can be released [7].
The tests are written before coding. Sometimes, this practice is called “test first”.
Programmers write unit tests so that their confidence in the operation of the
program can become part of the program itself. For the same reason, customers
write functional tests. The result is a program that becomes more and more
confident over time.

6. Refactoring: Refactoring is the process of changing the code in order to improve
it by removing redundancy, eliminating unused functionalities, improving code
readability, reducing complexity, improving maintainability, adapting it to
patterns or even trying to make the software work in an acceptable way.
Refactoring throughout the entire project life cycle saves time of development
and increases quality.

7. Pair Programming: Pair programming is one of the key practices of XP. It is a
programming technique that requires two programmers to work together at
solving a development task while sharing the monitor, the keyboard, and the
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mouse. The work may include analyzing data, creating the data model,
programming, etc. The advantages of pair programming are improving
productivity, the quality of the solution, and job satisfaction [26]. Moreover, it
reduces the time needed for task completion, it is particularly useful in complex
tasks, and it is useful for training.

8. Collective Code Ownership: This practice indicates that the code is owned and
shared by all developers. Everyone is able to edit it and see the changes made by
others. It tends to spread knowledge of the system around the team. The code
should be subjected to configuration management.

9. Continuous Integration: Developers integrate a new piece of code into the system
as soon as possible it is ready. All tests are run, and they must be passed for
accepting the changes in the code. Thus, XP teams integrate and build the
software system multiple times per day. Continuous integration reduces
development conflicts and helps to create a natural end to the development
process.

10. 40-Hour Weeks: This practice indicates that the software developers should not
work more than 40-hour weeks, and if there is overtime one week, the next week
should not include more overtime. People perform best and most creatively if
they are rested, fresh, and healthy. Therefore, requirements should be selected
for iteration such that developers do not need to put in overtime.

11. On-Site Customer: A customer always works with the development team to
answer questions, perform acceptance tests, and ensure that development is
progressing as expected. This customer-driven software development led to a
deep redefinition of the structure and features of the system [7]. It supports
customer-developer communication [18].

12. Coding Standards: This practice indicates that the developers must agree on a
common set of rules enforcing how the system shall be coded. This makes
understanding easier and helps in producing consistent code. Coding standards
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are almost unavoidable in XP, due to the continuous integration and collective
ownership properties.

2-3 XP Process

XP approach can be viewed as life cycle phases that include six phases: exploration,
planning, iterations to release, productionizing, maintenance, and death [1]. Each
phase can be achieved through a set of activities. Figure (2) illustrates the XP life
cycle [22].

1. Exploration Phase: In the exploration phase, the customers write out the story
cards that they wish to be included in the first release. Each story card describes
a feature to be added to the program. At the same time, the development team
gets familiar with the development environment and the addressed technology
[25]. The exploration phase takes between a few weeks to a few months,
depending largely on how familiar the technology is to the programmers.

2. Planning Phase: In the planning phase, the customers set the priority order for
the stories, and an agreement on the features of the first small release is made.
The developers estimate the necessary effort and time for each story. Then the
schedule of the first release is developed and approved. The planning phase takes
a couple of days.

3. Iterations to Release Phase: In the iterations to release phase, the actual
implementation is done. This phase includes several iterations of the systems
before the first release. The schedule is broken down into several iterations
that will each take one to four weeks to implement [22]. For each iteration, the
customer chooses the smallest set of most valuable stories that make sense
together and programmers produce the functionality. Small releases reduce the
risk of misled development. XP coding always begins with the development
of unit tests. After the tests are written, the code is developed and continuously
integrated and tested. At the end of the iteration all functional tests should be
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running before the team can continue with the next iteration [19]. When all
iterations scheduled for a release are completed the system is ready for
production.
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Figure (2): XP Life Cycle [22].

4, Productionizing phase: The production phase includes extra testing and
checking of the functionality and performance of the system before the system
can be released to the customer [22, 25]. At this phase, new changes may still
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be found, and the decision has to be made if they are included in the current
release. During this phase, the iterations may need to be quickened from three
weeks to one week. The postponed ideas and suggestions are documented for
later implementation during, e.g., the maintenance phase.

5. Maintenance Phase: After the first release is productionized, the system must
be kept running in production, while remaining stories are implemented in
further iterations. Therefore, the maintenance phase requires an effort for
customer support tasks. Development stays in this phase until the system
satisfies the customers’ needs in all aspects.

6. Death Phase: Finally, development enters the death phase when the customer
has no more stories to be implemented, and all the necessary documentation
of the system is written as no more changes to the architecture, design, or code
are made. Death may also occur if the system is not delivering the desired
outcomes, or if it becomes too expensive for further development.

3- Enhanced Steps for Achieving XP Phases

In XP approach, developers communicate with each other to efficiently utilize tacit
knowledge and quickly find new solutions to current challenges. Developers
communicate with customer representatives to deliver the most valued features, gain
rapid feedback on deliveries, and improve the customer’s trust and confidence [23].

XP approach can be viewed as life cycle phases that include six phases: exploration,
planning, iterations to release, productionizing, maintenance, and death [1]. Each
phase can be achieved through a set of steps. The researchers propose a set of best
steps for achieving each phase. In this section, the proposed best steps are presented.
In these steps, if we don't tell who is responsible for performing the step, we mean
that the developers and customers together must participate in doing it.
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3-1 The Proposed Best Steps of ""The Exploration Phase"

The XP software development process is regarded as the flow in which user stories
are generated, designed, coded and unit tested, refactored, and verified. A user story
Is a software system requirement formulated as one or two sentences in the everyday
or business language of the customers. The user stories should be written by the
customers for a software project. During the development process, customers can
generate new user stories and change old ones [27]. The proposed best steps required
for achieving the exploration phase are:

1. Presenting and clarifying the purpose and the steps of "the exploration phase"
to the customers who participate in the team.

2. Obtaining a preliminary background of the project. The background will be
incremented through the next phases. The project's background includes the
project's motivation, assumptions, constraints, addressed technology, and
acceptance criteria.

3. Clarifying the purpose of the story cards as a tool for collecting the
requirements. Each story card describes a feature to be added to the current
release.

4, Presenting and clarifying the writing standards that must be considered when
writing the story cards. For example, the stories must be consistent, clear,
testable, and integrated with the other related stories.

5. Writing the story cards that the customers wish to be included in the current
release. This step must be done by the customers.

6. Understanding the story cards. This step must be done by the developers.

7. Analyzing and validating the story cards.
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3-2 The Proposed Best Steps of *'the Planning Phase""

In the planning phase customers assign priorities to their stories and developers
estimate the necessary effort for their implementation. Then a set of stories for the
first small release is agreed upon and the release is scheduled according to the
programmers’ estimations [25]. If possible, near-site customers should do this with
programmers in face-to-face meetings [20]. The proposed best steps required for
achieving the planning phase are:

1. Presenting and clarifying the purpose and the steps of “the planning phase"
to the customers who participate in the team.
2. Setting the priority order of the stories. This step must be done by the

customers.

3. Identifying and negotiating the features that must be included in the current
release.

4, Preparing an approved list of features needed to implement the current
release.

5. Estimating the necessary effort and time for each story.

Preparing a proposed schedule for the current release.

7. Negotiating and approving the proposed schedule of the first release to reach
to a final one.

o

3-3 The Proposed Best Steps of "'Iterations to Release Phase"

XP promotes the concept of "small releases"” [16]. The meaningful releases should
be made available to users when completed. This will allow early and frequent
feedback from the customers. The proposed best steps required for achieving this are:

1. Presenting and clarifying the purpose and the steps of the "iteration to release
phase" to the customers who participate in the team.

37

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal
for Scientific Research

s ganll 4. gal) dlaal)
daalal)

-

(IJSR)

Vol. (2), Ne. (3) March 2023 (3) Sl ‘(2) )“"“O}“

Breaking down the schedule into several iterations. The iteration will take one
to four weeks.

Choosing the smallest set of most valuable stories that make sense together
[25] and are useful to be included in each iteration.

Reviewing the functionality of all iterations.

Selecting the iteration to be implemented. The selection process depends on
the logical sequence of the current release's functionalities.

Developing the unit tests for the selected iteration.

Writing the code for the selected iteration.

Integrating and testing the selected iteration.

Ensuring that all functional tests were done before moving to the next iteration.
Ensuring that all iterations scheduled are completed.

Delivering the current release to the production phase.

3-4 The Proposed Best Steps of ""Productionizing Phase""

In the productionizing phase, there are more testing and checking of the functionality
and performance of the system such as system testing, load testing, and installation
testing. The proposed best steps required for achieving the productionizing phase are:

1. Presenting and clarifying the purpose and the steps of "the productionizing
phase" to the customers who participate in the team.

2. Performing extra testing and checking the functionality and performance of
the system such as system testing, load testing, and installation testing.

3. Identifying new changes that needed to be included in the current release.

4. Implementing and testing the new changes identified in the previous step.

5. Identifying and documenting the postponed ideas and suggestions to
implement them during the maintenance phase or in the next releases.

6. Delivering the current running release to the customers.
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3-5 The Proposed Best Steps of "*Maintenance Phase™

During the maintenance phase, the system must be kept running in production, while
remaining stories are implemented in further iterations. Development stays in this
phase until the system satisfies the customers’ needs in all aspects [25]. The
maintenance efforts can be viewed in five main activities: system maintenance,
solving system crashes, end-user assistance, system enhancement, and system
reengineering. The proposed best steps required for achieving the maintenance phase
are:

1. Presenting and clarifying the purpose and the steps of ""the maintenance phase"
to the customers who participate in the team.

2. Identifying, analyzing, and documenting the circumstances that led to bugs
and symptoms of the problems. Then edit programs to fix bugs.

3. Performing unit, system, and regression testing for the edited programs.

Identifying, analyzing, and documenting the causes of the system crash.

5. Identifying and clarifying corrective instructions that are required to prevent
the system crash. These instructions may include terminating the online
session, reinitializing the application, recovering lost or corrupted databases,
fixing problems of local or wide networks, and/or fixing hardware problems.

6. Providing users with additional training.

Identifying and documenting enhancement ideas and requests.

8. Taking decisions about the enhancement ideas and requests that must be
implemented in this phase or moved to the next releases.

Q. Writing and testing code for the approved enhancement ideas and requests.

B

~
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3-6 The Proposed Best Steps of "'Death Phase™

In the death phase, the software development process has been finished. Now there
Is no change to architecture, design or code will be made. The proposed best steps
required for achieving the death phase are:

1. Presenting and clarifying the purpose and the steps of “the maintenance phase™
to the customers who participate in the team.

Ensuring that all predefined stories have been implemented.

Finalizing all project documentation.

Evaluating the quality of the current release and the related parts of the system.
Identifying and documenting the learned lessons from the project.

Studying the feasibility of continuing the running of the release and the
system.

o gk wh

4- The Proposed Approach for Improving the Quality of Applying XP
Approach

Applying XP approach to the software development process doesn't guarantee the
success of this process at an acceptable level of quality. In addition, software projects
are faced with many challenges that may lead them to failure. Therefore, there is a
need to assuring the quality of software development. Quality assurance is all the
planned and systematic activities implemented within the quality system, and
demonstrated as needed, to provide adequate confidence that an entity will fulfill the
requirements for quality [11].

The researchers propose a quality assurance approach for applying XP approach. The
proposed quality assurance approach can be used to assuring the quality of achieving
XP phases. Figure (3) illustrates the proposed quality assurance model. The proposed
quality assurance approach includes the following activities:
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1. Achieving XP phase using the proposed best steps.

N

Evaluating the quality of the achieved phase.

3. Identifying the deviation between the actual quality and the acceptable quality

level.

4, Analyzing the deviation to take corrective or supportive actions.
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Figure (3): The Proposed Quality Assurance Approach.
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Firstly, the developers must recall, present, and clarify the proposed best steps of the
current XP phase to the customers who participated in the XP team. Then, the
developers and customers begin to achieve the current XP phase using the proposed
best steps. The proposed best steps of each phase are not having the same level of
importance. Each step may have one of the cases: high importance, average
Importance, or low importance. Secondly, the quality of the achieved phase must be
evaluated using common statistical techniques for measuring the quality. Thirdly, the
deviation between the actual quality and the acceptable quality level must be
identified. The acceptable quality level differs from one project to another depending
on the project field and the acceptance criteria of customers. Fourthly, corrective
actions must be done to the current phase if the deviation is due to a weakness in the
performance. Otherwise, supportive actions may be needed for the next phases.

5- Conclusion

The main objective of this paper was to improve the quality of applying XP approach.
Therefore, the researchers propose a set of best steps for achieving each XP phase
and a quality assurance approach for applying the XP approach. The developers and
customers can use the proposed best steps as a guiding tool for achieving each XP
phase. The proposed quality assurance approach can be used to assuring the quality
of achieving each XP phase. Then, the deviation between the actual quality and the
acceptable quality level can be identified and analyzed.

We conclude that quality assurance practices play a very important role in increasing
the probability of software development success. Applying the XP approach for
developing software doesn't guarantee the success of this process. Therefore, there is
a need for complementary quality assurance practices.
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6- Future Work

There are many efforts that can be done in the field of XP approach in the future.
Briefly, the following points are expected to be focused on:

e Proposing an approach for evaluating the quality of XP phases.

e Building a software tool for managing XP projects.

e Using XP approach to achieve higher Capability Maturity Model Integration
(CMMI) levels for IT companies.

e Enhancing the calculation of software metrics related to XP projects.
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Abstract:

Recently, early prediction of software defects using machine learning techniques has
attracted more attention from researchers due to its importance in producing
successful software. On the other side, it reduces the cost of software development
and facilitates procedures to identify the reasons for determining the percentage of
defect-prone software in the future. There is no conclusive evidence for specific
types of machine learning that will be more efficient and accurate to predict software
defects. However, some of the previous related work proposes ensemble learning
techniques as a more accurate alternative. This paper introduces the resample
technique with three types of ensemble learners; Boosting, Bagging and Rotation
Forest, using eight base learners tested on seven types of benchmark datasets
provided in the PROMISE repository. Results indicate that accuracy has been
improved using ensemble technigues more than single leaners especially in
conjunction with Rotation Forest with the resample technique in most of the
algorithms used in the experimental results.

Keywords:
Software Defects; Ensemble methods; Resample Technique; Base Learner; Bagging;
Boosting; Rotation Forest.
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1- Introduction

The huge investment and money spent in the development of software engineering
cause an increase in the cost of maintenance of software systems [1]. Nowadays, the
huge size of the developed software is becoming more and more complex. Also, a
large size of program codes. For that, the probability of having software defects has
increased and quality assurance methods are not sufficient to overcome all software
defects in huge systems. Therefore, the identification of which modules in the
software are most probably to be defective, can help in reducing the limited resources
and time of development [2]. A number of predictive models are proposed in this
research to predict the defects in software modules by using several types of
classifiers such as Decision Tree [3], SVM [4], ANN [5], and Naive Bayes [6]. The
classification model includes two categories of software defects: Fault-Prone (FP)
software and Non-Fault-Prone (NFP) software. The objective of the research is to
utilize ensemble learning methods that combine multiple single learners by using the
different subsets of features to improve the accuracy of the predictive model. Another
advantage of ensemble methods, it the enhancement of the performance by using
different types of classifiers together because this reduces the variance between them
and keeps the bias error rate from increasing. Three types of ensemble learners are
utilized [7]: Bagging, Boosting and Rotation Forest techniques [8]. The Bagging
technique depends on subsampling the training dataset by replacing samples and
generating training subsets, then combining the results of different classifiers based
on a voting technique. Boosting technique focuses on misclassified training samples
that are relearning with several weight values according to the accuracy of classified
samples, and then it applies a linear combination to get the final decision from the
outputs. The Rotation Forest technique uses a features extraction method to split it
into several subsets features, and then uses the Principal Components Analysis
(PCA) on each subset separately with different rotations to produce a new set of the
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extracted features that preserve the information of scattering data, and it increases
the accuracy of each built individual classifier. The researchers built a framework for
the comparative study to measure the accuracy of experiments in a different scale of
7 public datasets provided in the NASA repository as a benchmark dataset [9]. The
researchers applied another type of statistical measure it called “paired t-test”
because it is very helpful to measure and simulate the results of the same algorithm
more than once. The experiment test will be applied in the public domain dataset to
observe the difference between mean values within the experimental measures.

The rest of this paper is organized into five sections. Sec 2 presented the related work.
Sec 3 will review the background of different ensemble techniques and their
advantages. Sec 4 is devoted to the experimental results and discussion. The
conclusion and future work are given in section 5.

2- Related Work

Ensemble methods have been utilized to address data imbalance problems and they
can handle a small-sized dataset. Sampling-based online Bagging method has been
proposed by Wang et al. [10] as a type of ensemble learning approach. In their
experiments study, if the class distribution changed dynamically over time, then the
sampling based on the online Bagging will be unstable in their performance. In a
normal situation without these changes, sampling achieves a balanced performance.
To address this problem, in case of dynamic changes, authors introduce the under-
sampling technique that is robust against samples and work well in case of dynamic
changing in class distribution. A Roughly Balanced Bagging (RBBAG) algorithm,
proposed by Seliya et al. [11], as a different type of solution based on ensemble
learning. The experiment results measured by the Geometric Mean (GM), indicated
that RBBAG method is more effective in performance and classification accuracy
than individual classifiers such as C4.5 decision tree and naive Bayes classifier. In
addition, RGBBAG can handle imbalanced data it occurs in the test data.
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Sun et al. [12], addressed the problem of data skew by using multiclass classification
methods with different types of code schema such as (one-against-one, random
correcting code, and one-against-all). Sun et al used several types of ensemble
learning methods such as (Boosting, Bagging and Random Forest) that integrated
with previous coding schemas. The experiment results show that the one-against-one
coding schema achieves the best results.

A comparative study of ensemble learning methods related to software defects has
been proposed by Wang et al [13]. The proposed model included Boosting, Bagging,
Random Forest, Random tree, Stacking and VVoting methods. The author compares
the previous ensemble methods with a single classifier such as Naive Bayes. The
experiment of the comparative analysis reported that the ensemble models
outperformed the result of the single classifier based on several public datasets.

Arvinder et al [14], proposed using ensemble learning methods for predicting the
defects in open-source software. The author uses three homogenous ensemble
methods, such as Bagging, Rotation Forest and Boosting on fifteen base learners to
build the software defect prediction model. The results show that a naive base
classifier is not recommended to be used as a base classifier for ensemble techniques
because it does not achieve any performance gain than a single classifier.

Chug and Singh [15] examined five machine learning algorithms used for the early
prediction of software defects i.e., Particle Swarm Optimization (PSO), Artificial
Neural Network (ANN), Naive Bayes (NB), Decision Tree (DT) and Linear
Classifier (LC). The results of the study show that the linear classifier is better in
prediction accuracy than other algorithms, but ANN and DT algorithms have the
lowest error rate. The popular metrics used is the NASA dataset such as inheritance,
cohesion, and Line of Code (LOC) metrics.

Kevin et al [16] introduced oversampling techniques as preprocessing with a set of
the individual base learner to build the ensemble model. Three oversample
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techniques have been employed to overcome the bias of the sampling approach.
Then, ensemble learning is used to increase the accuracy of classification by taking
advantage of many classifiers. The results of the experiments show that the ensemble
learning with the resampling technique improved the accuracy and reduced the false
negative rate compared to the single learner. Ahmed et al [17] presented the machine
learning approach such as Neural Network, Fuzzy Logic, and Linear and Logistic
Regression to predict the failure of a software project. The author used multiple linear
regression analyses to determine the critical failure factors, then employed fuzzy
logic to predict the failure of a software project.

3- Background

Ensemble learning is called a meta-learning technique that integrates multiple
classifiers computed separately over different databases, and then it builds a
classification model based on the weight vote technique to improve the prediction of
the software defect [18]. One of the advantages of using these techniques is it
enhances the accuracy of the defect prediction model compared to a single classifier.

In the ensemble technique, the results of a set of learning classifiers, whose
individual decisions are combined together, enhance the overall system. Also, in
ensemble learning, different types of classifiers can be combined into one predictive
model to improve the accuracy of prediction and decrease bias (Boosting) and
variance (Bagging). On the other side, the ensemble techniques have been classified
into two types: parallel ensemble and sequential ensemble techniques. In the case of
the parallel ensemble technique, it depends on the independence among base learners
such as the Random Forest (RF) classifier that generates the base learner in parallel
to reduce the average error dramatically. Another type is called sequential ensemble
learning which depends on the dependence among the base learners. Such as the
AdaBoost algorithm, which is used to boost overall performance by assigning a high
weight to mislabeled training examples. In the comparative study, several
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classification models have been used such as an Artificial Neural Network (ANN)
and Support Vector Machine (SVM) as discriminating linear classifiers. Random
Forest (RF) and J48 as decision tree classifiers, Naive Bayes as a probabilistic
classifier, and PART algorithm are used as a classification rules algorithm. The
results of these methods are compared to ensemble techniques such as Bagging,
Boosting and Rotation Forest to examine the effectiveness of ensemble methods in
the accuracy of the software defect prediction model.

3-1 Single Machine Linear Classifiers
3-1-1 Artificial Neural Network (ANN)

ANN is a computational model of a biological neuron. The basic unit of ANN is
called a neuron [19]. It consists of several nodes, and it receives the inputs of an
external source or from other nodes, each input has an associated weight. The results
of the neural network are transformed into the output after the input of weight are
added. In this research, the researchers utilized a Multi-Layer Perceptron (MLP)
technique, which is considered one of the feed-forward neural networks, and it uses
the back-propagation algorithm as a supervised learning technique.

3-1-2 Support Vector Machine (SVM)

SVM is considered a new trend in machine learning algorithms; it can deal with
nonlinear problem data by using Kernel Function [20]. SVM achieves high
classification accuracy because it has a high ability to map high-dimensional input
data from nonlinear to linear separable data. The main concept of SVM depends on
the maximization of margin distance between different classes and minimizing the
training error. The hyperplane is determined by selecting the closest samples to the
margin. SVM can solve classification problems by building a global function after
completing the training phase for all samples. One of the disadvantages of global
methods is the high computational cost is required. Furthermore, a global method in

51

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal

s ganll 4. gal) dlaal)

for Scientific Research datell
(1JSR) .
Vol. (2), Ne. (3) March 2023 (3) 2wt ¢(2) HlauaY!

sometimes cannot achieve a sufficient approximation because no parameter values
can be provided in the global solution methods.

3-1-3 Locally Weighted Learning (LWL)

The basic idea of LWL [21] is to build a local model based on neighboring data
instead of building a global model. According to the influence of data points on the
prediction model, each data point in the case of the neighborhood to the current query
point will have a higher weight factor than the points very distant. One advantage of
the LWL algorithm is the ability to build approximation functions and easy to add
new incremental training points.

3-1-4 Naive Bayes (NB)

The Naive Bayes classifier [22] depends on the Bayes rule theorem of conditional
probability as a simple classifier. It assumes that attributes’ values are independent
and unrelated, it is called an independent feature model. Naive Bayes uses the
maximum likelihood methods [23] to estimate its parameters in many of the
applications.

3-1-5 Decision Tree: Random Forest (RF)

RF algorithm [24] constructs a small decision tree with a few features based on the
random choice of the attributes. First, the simple algorithm of the decision tree is
used to build the individual tree with a few features. Then, many small and weak
decision trees are built in parallel. Finally, majority voting or average techniques
have been applied to combine the trees and form a single and strong learner.

3-1-6 J48 Decision Tree

52

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal

s ganll 4. gal) dlaal)

for Scientific Research dLaalall
(1JSR) .
Vol. (2), No. (3) March 2023 (3) 3wl ¢(2) HloY!

Decision tree J48 [25] uses the concept of information entropy to build a decision
tree from a set of labeled training examples. J48 is used to generate a pruned or un-
pruned tree by applying the C4.5 algorithm. J48 split the data into a smaller subset
and examines the difference in entropy (normalized information gain) that’s the
output of the selected attribute used for splitting the data. After that, it makes a
decision on the classification based on the attribute with the highest information gain.

3-1-7 Logistic Regression (LR)

The Logistic Regression algorithm [26] is used to predict the output of a categorical
dependent variable (binary) from a set of independent variables (predictor) and it is
considered a type of regression analysis in the statistic. It performs the classification
based on the transformation of the target variable to assume any binary values in the
interval. Logistic Regression finds the weight that fits the training examples well,
and then it transforms the target using a linear function of predictor variables to
approximate the target of the response variable.

3-1-8 PART Algorithm

PART algorithm [27] is a combination of both RIPPER and C4.5 algorithms; it used
a method of rule induction to build a partial tree for the full training examples. The
partial tree contains unexpected branches and subtree replacement has been used
during building the tree as a pruning strategy to build a partial tree. Based on the
value of minimum entropy, the PART algorithm expands the nodes until it finds the
node that corresponds to the value provided or returns null if it finds nothing. Then,
the process of pruning is started. The subtree replaces the node with one of its leaf
children when it will be the better. The PART algorithm follows the separate-and-
conquer strategy based on a recursive algorithm.
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3-2 Ensemble Machine Learning Classifiers
3-2-1 Bagging Techniques

The Bagging technique is one of the ensemble learning techniques [28] and it is also
called Bootstrap aggregating Bagging, as shown in Fig 1, it depends on the different
training sizes of training data it is called bags collected from the training dataset. The
Bagging method is used to construct each member of the ensemble. Then, the
prediction model is built for each subset of bags, and it combines the values of
multiple outputs by taking either voting or average over the class label. First, the
Bagging algorithm selects a random sample with replacement from the original
training dataset, and then multiple outputs of learner algorithms are generated (bags).
Finally, the Bagging algorithm applies the predictor on the samples and combines
the results by voting techniques, and predicts the final class label for a software
defect.

{ Labeled Dataset ]
Bootstrap 1 Bootstrap 2 — —-==| Bootstrap M

_‘_____'_‘_—‘——-—-—.___V_oting___.—-—-——‘—'_"_'_-___—

Final Prudlr.tiun

Fig. 1 Bagging Technique
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3-2-2 Boosting algorithm

Boosting Technique [29] depends on a sequential training model and in each round
the new model is trained. First, the Boosting algorithm performs multiple iterations
on the training samples to construct an aggregated predictor. Then, the weight of
incorrectly training instances will be increased after each iteration to force the
learning algorithm to focus on incorrect instances than instances correctly predicted.

Finally, the classifiers are combined by using the voting technique to predict the final
result of defect prediction model as shown in Fig 2.

[ Training Datasct ]

Weak
m _________ EI Lc::'ner

£ ()= a H. G0 Classified
—_— Correctly

Fig. 2 Boosting Technique

3-2-3 Rotation Forest

Rotation Forest [30] is a new classifier of ensemble methods, it works according to
the following steps: First, dividing the training data features based on random split
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into features subset by using a feature extraction method. Second, for each subset of
features, the Bootstrap technique is used to build a training subset of training
samples. Third, a Principal Components Analysis (PCA) technique is used on each
training subset to rotate the coordinate axes during the transformation process, and it
retains all of the principal components without discarding them. Finally, the training
subsets will be applied to the base learner of the same type and the average of the
prediction of the base learner will be the final output.

4- The Proposed Model

The proposed model for early prediction of software defect based on ensemble
methods, as shown in Fig 5, is composed of the following phases:

(1) Data Pre-processing stage: The researchers replace all missing attribute values of
training data with the mean of the values because the most of values in this case from
a kind of nominal class attribute. The advantage of this step is to enhance the results
of calculations for the predictive model and to facilitate the steps to extract desired
information from the dataset.

(2) Apply Resample Filtering Technique [31]: resampling method is a type of
filtering technique applied to balance the imbalanced dataset.

The oversampling technique is used to adjust the class distribution of a dataset. The
resampling techniques are classified into two types: oversampling and under-
resampling techniques as shown in Fig 3. The oversampling technique increases the
size of the training set and therefore the training time of the model will be increased
but it doesn't lose the information.

The under-resampling technique decreases the time of training, but its loss of
information.

56

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal

¢ gaall 403 gal) dlaal)

for Scientific Research daalall
(JSR) B
Vol. (2), Ne. (3) March 2023 (3) 2uadl ¢(2) Hlua Y

Over Sampling
Minority Class

e e ——————————— )

Original Dataset Final Dataset Original Dataset Final Dataset

Under Sampling
Majority Class

Fig. 3 Resample Techniques

In the oversampling, it must have enough information in the minor class and it must
not lose the valuable information in the major class. To decide which one is better,
two parameters must be taken into consideration; the distribution of data in the
imbalanced dataset, and the imbalance ratio that shows the degree of imbalance. In
the proposed model, the researchers used oversampling techniques because it can
balance the class distribution and it is more suitable for the case study. The objective
of this phase is to manipulate the training dataset to rectify the skewed class and
handle non-uniform distribution to overcome the biased problem. Random
subsamples of training data are produced by the resampling filter in two cases: one
without replacement and another with replacement. In the first case, each selected
item will be removed once it is selected from the full dataset, and it cannot be selected
again. By using the resample method with the replacement technique, each selected
item can be selected more than once.
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Fig. 4 Comparative Study of Software Prediction Model

(3) Classification Stage: in this stage, the ensemble classifier for the classification
model has been built by using the combination of the results of multiple classifiers
into a single software by using Aggregating, Bootstrap and Rotation Forest
techniques [32] to increase the performance of the overall software defect model. On
the other side, the researcher's test differed types of a single classifier before and after
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applying the preprocessing phase to measure the effect of the resampling technique
on accuracy. (4) Comparison Study: The last stage is used to compare the results of
ensemble methods against the results of a single classifier with different performance
measures and different sizes of datasets.

5- Experimental Results and Discussion
5-1 Dataset Description and Research Hypothesis

In this research, the researchers selected seven benchmark datasets with different
sizes of a number of modules to perform the experiments using the PROMISE
repository [33]. The description of the dataset is shown in Table 1 which includes:
number of modules, code attribute, and defective modules.

Table 1: Description of datasets used in the study

Project Number of | Number of | Number of
Name Code Modules Defective
Attribute Modules

MC2 40 161 52
MW1 38 403 31

KC3 38 458 43

CMI1 38 505 48

KCl1 21 2107 325

PC1 38 1107 76

PC4 38 1458 178

These datasets contain static code measures [34] such as Design Density, McCabe’s
Cyclomatic complexity, Halstead, LOC, etc. The main metrics are classified into two
main categories code and design metrics. The researchers present in table 2, numbers
of attributes of matrices used in MDP, and these metrics are depending on the degree
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of complexity and product size. The software is classified as defect-prone if the
number of defects in the software class is greater than zero, otherwise, it is called
free defect prone. The software metrics are stated in Table 2 as independent variables
and the associated dependent variable for a defect prone. The main target of this
study is to measure the effects of ensemble learning techniques to increase the
software defect prediction accuracy according to the following hypothesis:

e HO (Null Hypothesis): in this case, if do not find any difference in the predictive
accuracy of ensemble techniques and the base learner.

e H1 (Alternate Hypothesisl): in this case, if the software prediction accuracy of
the base learner has a lower predictive accuracy than the ensemble learner.

e H2 (Alternate Hypothesis2): in this case, if the software prediction accuracy of
the base learner has higher predictive accuracy than the ensemble learner.

5-2 Experimental Procedures
The outcomes of several single-base learners are embedded by using the different

types of ensemble technigues to enhance the accuracy better than using a single-base
learner. Based on the previous summary of the MDP dataset, the researchers use 8
base learners and three ensemble techniques as presented in section 3. The
experiment results were implemented on an Intel Core (TM) 17 with 16 GB RAM

and Windows 10 operating system.
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Table 2: Studied Metrics within NASA MDP datasets [35]

Category Software Metrics Description
Code Number of Lines The number of lines in module
LOC Count The total count of line of code
LOC blank The number of blank lines in a module
LOC Comment The number of lines of comments for a module
LOC Executable The number of lines of executable code for modules
Halstead Content: p The halstead length content of a module
p=pl+u2
Halstead Volume: V The halstead volume metric of a module
V =N * log2(ul + p2)
Halstead Length: N The halstead length metric of a module
N =N1+N2
Halstead Level: L The halstead level metric of a module
_ (2+u2))
T u1xN2
Halstead Difficulty: D The halstead difficulty metric of a module D = %
Halstead Effort: E The halstead effort metric of a module E = %
Design Design Complexity: iv(G) The design complexity of a module
Cyclomatic Complexity: v(G) Cyclomatic Complexity: v(G) =e —n + 2
Design Density Design density is calculated as: ":'((—g))
Branch Count Branch count metrics
Condition Count Number of conditionals in a given module
Essential Complexity: ev(G) The essential complexity of module
Edge Count: e Number of edges found in a given module control from one module to another
Node Count: n Number of nodes found in a given module
Essential Density Essential density is calculated as: &2~
v(®-1)
Maintains Severity Maintenance Severity is calculated as: %(GG))
61
IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)

Website: https://ijsr.vsrp.co.uk




International Journal
for Scientific Research
(JSR)

s ganll 4. gal) dlaal)
daalal)

-

Vol. (2), Ne. (3) March 2023 (3) Sl ‘(2) )“"“O}“

WEKA [36] version 3.8.1 has been used for classification as a machine learning
toolkit. The researchers applied the cross-validation technique to avoid sample bias
problems by using the x*y way of cross-validation. The researchers select both x and
y as ten [37] which means 10-fold cross-validation will repeat 10 times. The dataset
was split randomly into several equal-size partitions. The last partition is used as the
test set and the remaining partitions are used as the training set. The researchers
conducted four experiment sets.

In the first experiment, each of eight single classifiers was employed within 10-cross-
validation without sign any resemble learning technique and the final outcome has
been recorded twice, one by using 7 datasets before applying resample technique and
another one after applying resample technique.

In the second experiment, the Bagging ensemble technique was embedded in each of
the eight-single learners, and the researchers recorded the outcome by using 10-fold
cross-validation. For example, if the Bagging is embedded with the SVM learner, it
will be called Bagging-SVM and all other Bagging learners were recorded with the
same way twice, after and before applying resample technique. In the second
experiment, the Boosting ensemble techniques embedded in each of eight single
learners and the researchers recorded the final outcome by using 10- fold cross-
validation.

For example, if Boosting is embedded with SVM learner, it is called Boosting-SVM
and the eight-base learners are recorded with 10-cross-validation after and before
applying resample technique. In the fourth experiment, the Rotation Forest ensemble
technique embedded in each of eight single learners and the researchers recorded the
final outcome by using 10- fold cross-validation, and the eight base learners are
recorded with 10-cross-validation after and before applying resample technique. The
experimental procedures are shown with details in Fig 6.
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5-3 Evaluation Measurements

The decision of the classifier can be defined by using four categories that are
represented by the confusion matrix as shown in Fig 5. False Positive (FP) is where
the decision of the predictor is positive, but it is actual not, True Positive (TP) refers
the decision of the predictor is positive and it is actually positive, False Negative
(FN) where the decision of the predictor is negative, and it is actually positive.
Finally, True Negative (TN) is referred to the decision of the predictor is negative,

but it is actually negative.

True Class
Positive Negative

False Positive
Count (FP)

Positive

Predicted Class

False Negativ
Count (FN)

Negative

Fig. 5 Confusion Matrix

The researchers used in this study three types of evaluation measurements such as
Accuracy, Recall and Area under Curve (AUC) measures. These measurements can
be calculated based on the confusion matrix according to the below equations:

TN+TP
TP+FP+TN+FN

Accuracy=
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The accuracy is defined as the percentage of correctly classified examples against
the total of examples.

The recall is defined as the fraction of relevant instances that have been retrieved
over the total amount of relevant instances.

Inputs:
MDP Dataset: D= {MC,, CM,, KC,, KC;, MW,, PC,, PC,}
N =10 where N is a number of subsets of D
Single Base Learner (BL) = {ANN, Logistic, SVM, LWL, NB, RF, J48,
PART}
Ensemble (E) = {Boosting, Bagging, Rotation Forest}
Dataset Preprocessing:
a) Replace missing attribute values with the mean of values
b) Apply resample technique
For each dataset €D do
Forl=1toXdo
S=generate N of equal size of D
D = perform 10-fold cross validation of D
Forj=1toYdo

Test = S[j]

Train = S- S[j]

For each E € ensemble

For each BL € single base learner

Build Model = Apply BL on Train
Prediction BL = Apply model on Test
End for
Prediction of Ensemble = Aggregate Prediction BL

End for
End for
End for
The Output : Accuracy, AUC and recall of 8 classifiers on 7datasets

Fig. 6 Steps of Experiments Procedures
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The AUC is called an Area under Receiver Operating Characteristic (ROC) curve.
That is the integral of the ROC curve with a true positive rate as the Y-axis and a
false positive rate at X-axis. The better generalization ability is achieved if the ROC
curve is close to the top-left of the coordinate. For that, AUC will be larger, and the
learner gets better. In the experiments, the accuracy measure has been used as a
predictive measure and the comparison between Boosting, Bagging and Rotation
Forest ensemble techniques with single base learner over seven of MDP benchmark
datasets will be applied.

5-4 Experimental Results

The performance results of accuracy are presented in tables 3, 4, 5, and 6. The
researchers used a non-parametric significance test to predict the software defects in
the experiments as a statistical comparison test [38] of learners because it is highly
recommended in the current research.

The researchers achieve the fair and rigorous comparison of learners by using
significance test [39] because of its ability to distinguish significant observation from
chance observations.

According to [39], Wilcoxon signed rank test is recommended as a non-parametric
test to be utilized for comparing between two learners over multiple datasets.
Otherwise, in case of comparing the multiple learners over multiple datasets, the
fireman test is recommended by Post-hoc Nemenyi test.

In this research study, the researchers performed the pairwise comparison test
between Boosting, Bagging and Rotation Forest ensembles learners with their
corresponding of base learners. Then, the researchers applied the Wilcoxon signed
rank test to determine any statistically significant difference in accuracy between
base learners and ensemble learners.
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Table 3: Accuracy, Performance of Base Learner

Datasets PART | J48 Logistic | MLP SVM }133:;‘:[" Naive Bayes | LWL
MC2 67.65 | 69.52 68.9 70.18 67.1 70.85 74.6 71.43
MC2 + Resample 89.52 | 8835 85.15 88.27 88.31 89.01 77.17 84.6
MW 0132 [ 92.07 89.6 89.33 91.81 91.82 83.38 91.82
MW + Resample 93.56 | 93.55 92.07 92.55 95.54 95.04 82.63 92.31
KC3 88.86 | 89.3 90.62 88.85 90.61 89.73 84.91 90.18
KC3 + Resample 93.01 94.75 93.23 93.67 96.71 96.28 86.91 91.7
CcM1 86.15 | 88.12 88.71 87.91 90.7 89.32 84.56 90.1
CM1 + Resample 02.87 | 93.28 92.46 91.49 96.84 96.25 80.58 9.9
KC1 85.24 | 84.77 85.76 85.1 84.91 86.14 82.44 84.58
KC1 + Resample 87.18 | 89.84 85.48 86 91.74 93.4 81.82 83.82
PCl 9223 | 92.77 92.59 92.68 93.59 94.22 88.61 93.32
PCI + Resample 96.48 | 96.39 93.05 94.94 97.65 97.56 37.81 93.41
PC4 88.75 | 89.37 91.29 90.13 87.72 90.67 87.17 87.79
PC4 + Resample 94.38 | 93.55 90.95 92.32 94.45 95.54 86.56 87.45
Table 4: Accuracy, Performance of Base Learner with Bagging Technique
Datasets PART | J48 Logistic MLP SVM Random Naive LWL
Forest Bayes
MC2 66.51 66.47 67.65 70.81 67.1 72.68 73.35 73.03
MC2 + Resample 88.35 86.47 86.47 88.31 87.06 89.01 79.04 84.6
MW 91.07 91.3 91.82 91.82 91.81 92.32 83.38 91.57
MW1 + Resample 94.54 93.55 93.29 94.05 95.29 94.29 83.12 92.56
KC3 91.48 90.6 91.05 89.73 90.61 90.17 85.13 89.74
KC3 + Resample 95.41 94.76 93.88 03 96.49 94.96 86.69 91.7
CcMlI 89.32 89.91 87.92 89.11 90.7 89.91 84.36 90.1
CM1 + Resample 95.06 94.07 91.48 93.47 96.04 95.25 79.08 89.9
KCl 85.81 86.05 85.81 85.95 84.91 86.47 82.39 84.48
KCI + Resample 91.27 91.55 85.43 87.04 91.5 93.02 81.78 84.1
PCl 93.86 93.59 92.5 93.5 93.59 93.86 88.43 93.14
PC1 + Resample 97.38 96.75 93.68 95.3 97.29 97.29 87.9 93.95
PC4 90.88 90.53 91.15 90.88 87.72 90.81 86.07 87.79
PC4 + Resample 95.54 93.76 91.01 92.8 94.04 95.34 85.12 87.45
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Table 5: Accuracy, Performance of Base Learner with Boosting Technique

Datasets PART | J48 Logistic | MLP SVM Random Naive LWL
Forest Bayes
MC2 73.24 73.9 68.9 72.06 67.1 70.85 74.52 65.22
MC?2 + Resample 90.18 88.35 85.15 90.18 88.31 90.22 80.96 88.97
MW 1 90.57 90.34 89.1 90.33 91.32 91.82 86.11 91.32
MW + Resample 94.79 95.04 92.06 92.55 95.04 95.04 87.87 03.81
KC3 90.15 87.32 90.62 88.85 90.17 89.73 84.7 91.05
KC3 + Resample 95.42 95.85 93.23 93.67 96.5 96.28 89.52 93.88
CMI1 87.54 87.93 88.71 87.71 90.7 89.52 85.16 89.71
CMI1 + Resample 95.45 94.86 91.67 91.09 96.84 96.64 82.96 90.1
KCl1 84.72 84.06 85.76 85.19 84.48 86.33 82.44 84.72
KCI1 + Resample 91.98 91.98 85.48 86 92.07 93.59 81.82 84.01
PCl1 93.5 92.96 92.59 92.68 9341 94.22 90.06 93.14
PC1 + Resample 97.2 97.47 93.95 94.94 97.56 97.65 87.81 93.5
PC4 90.4 90.53 91.29 90.06 87.72 91.08 87.38 89.03
PC4 + Resample 95.54 95.41 90.95 92.32 94.45 95.27 86.56 89.78
Table 6: Accuracy, Performance of Base Learner with Rotation Forest Technigue
Datasets PART J48 Logistic MLP SVM Random | Naive LWL
Forest Bayes
MC2 70.81 71.43 68.9 72.68 72.06 70.18 74.6 72.06
MC?2 + Resample 89.6 88.35 84.6 87.06 84.01 90.26 80.88 82.76
MW1 92.8 93.06 90.09 92.05 92.06 92.81 84.63 92.57
MW1 + Resample 95.29 95.77 92.31 938 933 95.79 84.37 92.31
KC3 91.04 91.03 90.62 89.29 90.39 89.95 84.26 89.95
KC3 + Resample 95.19 95.42 93.23 94.32 93 96.28 86.9 92.14
CM1 90.1 90.3 88.71 88.31 90.3 89.91 83.58 90.5
CMI1 + Resample 96.25 96.64 92.46 95.05 91.48 96.64 80.38 89.9
KCl1 86.05 86.76 85.9 86.24 85.71 86.85 81.97 84.58
KC1 + Resample 88.71 92.17 85.43 87.04 86.14 93.59 81.35 84.01
PCl1 93.77 93.41 92.59 93.14 93.23 93.86 88.43 93.14
PC1 + Resample 97.65 97.38 93.95 94.76 94.22 97.74 87.81 93.23
PC4 91.02 91.01 91.29 90.88 90.53 90.81 87.52 87.79
PC4 + Resample 95.82 95.34 90.88 91.43 90.74 95.75 86.08 87.45

In case of no difference between base learners and ensemble learners it called the
null hypothesis, if the p-values of the Wilcoxon statistic test is less than 0.05, the null
hypothesis is rejected. Hypothesis 1 will be accepted if Wilcoxon test is significant
and the accuracy, performance is “gain” by using Boosting, Bagging and Rotation
Forest ensemble learners. Finally, hypothesis 2 will be accepted, if the Wilcoxon test
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is significant and the accuracy, and performance is “loss” by using ensemble learners.
The comparison between the base learners and the respective ensemble learners are
stated in table 7. With the results of p-values, as in table 7, there is no gain in
accuracy, a performance by using the Bagging method with a single learner J48,
Logistic, Random Forest, Naive Bayes, and LWL. For that, the null hypothesis is not
rejected for five learners. In table 7, the researchers find significant accuracy, and
performance is gained by Bagging with PART and MLP learners. For that, the null
hypothesis for these 2 learners is rejected and alternative hypothesis 1 is accepted.
The significance, accuracy, and performance are lost with the SVM learner with
Bagging, for that, alternative hypothesis 2 is accepted and the researchers are not
recommending Bagging with the single SVM learner.

In Boosting method, there is no gain in accuracy, or performance with J48, Logistic,
MLP, and LWL. For that, the null hypothesis is not rejected for thesis four learners.
On another side, in Boosting method, the significant accuracy of performance is
gained by PART, Random Forest, and Naive Bayes. For that, the null hypothesis is
rejected and hypothesis 1 is accepted. For SVM learner, the significant accuracy of
performance is a loss. So, alternative 2 is accepted and the researchers are not
recommending Boosting SVM single learner. In Rotation Forest method, there is no
gained in accuracy, performance with Logistic, Naive Bayes and LWL. For that, the
null hypothesis is not rejected. Also, the researchers find the significant accuracy,
and performance is gained by using PART, J48, MLP, and Random Forest single
learner. For that, the null hypothesis is rejected and alternative hypothesis 1 is
accepted. Finally, just SVM learners with Rotation Forest is loss accuracy,
performance so, the alternative hypothesis 2 is accepted and the researchers are not
recommending using SVM single learner with Rotation Forest ensemble method.

The best results are achieved by using Rotation Forest than Boosting and Bagging
ensemble methods. Table 7 presents the P-values of eight base learners with 3
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ensemble learning methods. The final recommendations for the best ensemble
method for each one, from eight base classifiers, are stated in Table 8.

Table7: Comparison of Accuracy by Wilcoxon Test

Base Bagging Boosting Rotation
Learner Technique Technique | Forest
Technique
PART 0.013(T) 0.003 (T) 0.001 (7)
J48 0.249 (-) 0.142 (-) 0.001 (T)
Logistic 0.754 (-) 0.109 (-) 0.753 (-)
MLP 0.003 (T) 0.310(-) 0.030 (T)
SVM 0.018(]) 0.050 () 0.096(])
Random
Forest 0.807 (-) 0.068 (1) 0.033(7)
MNaive
Bayes 0.294 (-) 0.014 (1) 0.875 (-)
LWL 0.441 (-) 0.158 (-) 0.441(-)

Table 8 shows that, in case of more than one base learner who provides significant
accuracy, and performance, the researchers determine which one is best by applying
the pairwise comparison through the Wilcoxon sign rank test with three ensemble
methods, and the best ensemble method is recommended. The researchers used in
this study, the public dataset for early prediction of software defects with different
sizes and the results compared with the previous studies to avoid any source of biased
related to the data source. As shown in figures 7, 8, 9, 10, the accuracy has been
increased by using the resample technique for all base classifiers and the ensemble
learning methods. The researchers analyzed the results on MC2 as a test sample.
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Table8: Recommended Ensemble techniques

Base Recommended Best Ensemble
Learner ensemble Methods
Technigues
. . Bagging, Boosting
PART Baggmg,. Boosting and Rotation Forest
and Rofation Forest
equally good
J48 Rotation Forest Rotation Forest
Logistic None None
. . Bagging and
MLP Bagging and Rotation Rotation Forest
Forest
equally good
SVM None MNone
Random Boosting and Bocst_mg and
. Rotation Forest
Forest Botation Forest
equally good
Naive . .
Bayes Boosting Boosting
LWL None None
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Effect of Resample on MC2 Dataset Vs
Single Learners
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Fig. 7: The Effect of Resample on MC2 with Single
Learners
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6- Conclusion and Future Work

In this study, the researchers have analyzed the accuracy, performance of three
ensemble learner methods Boosting, Bagging and Rotation Forest based on 8 bases
of single learners in the SDP dataset of software prediction defect and the results as
follow:

1) The accuracy of most of the single learners is enhanced on the most of 7 samples
of NASA datasets by using the resample technique as a preprocessing step which is
shown in Figures 7: 10 which applied to MC2 dataset as an example in this case
study.

2) The researchers do not recommend using SVM, Logistic and SVM as a single
learner with three homogenous resample methods Boosting, Bagging and Rotation
Forest.

3) The accuracy and performance is gained by using Bagging with MLP and PART
base learner. With Boosting, the performance accuracy is gained for PART, Random
Forest, and Naive Bayes Whereas Rotation Forest with 4 base learners is gained in
performance such PART, J48, MLP, and Random Forest.

4) The accuracy of performance results is lost by using SVM with three homogenous
ensemble methods, with Rotation Forest, there is no accuracy or performance loss
except with SVM. Thus, with Rotation Forest, there are no accuracy, performance
losses except with SVM. Thus, Rotation Forest is the best method that the researchers
recommended to be used because of the advantage of generalization ability.

5) The accuracy of the proposed model using resample technique has been better
than the accuracy of previous studies as shown in Fig 11, and Table 9.
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In future work, more ensemble algorithms will be compared with the different base
classifiers for each software, dataset, and several preprocessing techniques will be
tested to choose the best one to enhance the results.

Table 9: Comparative between Previous Studies and the
Proposed Model with Resample Technique

Accuracy with | Accuracy with
Classification the Previous | Proposed Model
Algorithms Study on KC1 on KC1
LWL 84 45% [38] 84.58%
WNaive Bayes £2.10% [37] 82.44%
Random Forest 85.93% [37] 93.40%
SVM 84.47% [37] 91.74%
MLP 85.51% [37] 86.00%
Logistic 86.30% [38] 87.40%
J48 84.16% [37] 89.84%
PART 82.17% [39] 87.18%
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Abstract

This paper considers a goal programming model with satisfaction functions for
portfolio selection problem taking into account conflicting objectives such us capital
budget, return and risk in an imprecise investment environment. The aim of this
paper is to formulate a multi-objective portfolio selection approach involving fuzzy
parameters and incorporating explicitly the investor’s preferences through the
concept of satisfaction functions. The proposed model is applied to data obtained
from Saudi stock exchange. The empirical results show that the investor is well
implied in the optimization and resolution process of the portfolio selection problem.

Keywords: portfolio selection, goal programming with satisfaction functions,
investor’s preferences, capital budget, returns, cardinality, risk.
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Abstract

The unprecedented growing of the Internet-the digital revolution-has led to
changes in the marketing environment forcing marketers to rethink almost
everything they do. The internet is actually a hybrid of media; it is a communications
medium, allowing companies to create awareness, provide information, and
influence attitudes, as well as pursue other communications objectives. The goal of
this study is to build a conceptual framework for understanding the role of digital
marketing as a communication tool to provide information, where an interactive
media allow for a back-and-forth flow of information whereby users can participate
in and modify the form and content of the information they receive in real time. More
specifically, the framework focuses on two general dimensions suggested by
previous research as significant drivers of online information: time, content. it relies
on literature that seeks to understand how the developments in digital marketing
helps provide information by re-shaping the process of the speed of acquiring the
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information and the convenience of acquiring the information. Through a
multidisciplinary framework, it proposes a more nuanced picture of the relationship
between digital marketing and achieve high-level information communication, along
with its implications for future studies in this area.

Keywords: Digital marketing, Create awareness, Provide information, Digital
content, Speed, Convenience, Acquiring the information.

1. Introduction

Over the past decade we have been experiencing perhaps the most dynamic and
revolutionary changes of any era in the history of marketing, as well as advertising
and promotion. These changes are being driven by advances in technology and
developments that have led to dramatic growth of communication through interactive
media, particularly the Internet. (Belch, 22)

As the World Wide Web evolves, so too do marketing communications programs.
There are now close to two billion Internet users worldwide, and the growth since
the year 2000 is staggering. (Belch, 490)

The internet is actually a hybrid of media; it is a communications medium, allowing
companies to create awareness, provide information, and influence attitudes, as well
as pursue other communications objectives. But for some it is also a direct-response
medium, allowing the user to both purchase and sell products through e-commerce.
(Belch, 493).

To accommodate a digital world, scholarly research must adopt new approaches to theory
and method. Over the last several years there has been some research on consumer
behavior in the digital media context. Mulhern (2009) argued that most of the
research about digital media deals with small behavioral questions regarding online
behavior (Ratchford. Talukdar, and Lee 2007). Because of the rapid changes on the
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Internet, many published articles on digital media are outdated before they are printed.
For example, Danaher (2007) provides an excellent study of how page views relate to
reach and frequency. The problem is that web software now allows content to change
within a given page, more or less obviating a page view as a relevant metric. The main
areas of scholarly work that need to change to accommodate digital media are: (1)
consumer media use; (2) computational models for advertising allocation; (3)
network effects of brand communications; and, most importantly, (4) a theory for
marketing with digital media.

1.1 Digital marketing

Digital, Social Media, and Mobile Marketing (DSMM) describes an ongoing major
transformation in marketing. It condenses several technological developments
affecting marketing research and practice (Lamberton & Stephen, 2016). A number
of reasons can be cited as to why this growth has been so rapid. One is consumers’
increased desire for information that they are now able to obtain easily. The speed
and convenience of acquiring this information, as well as the ability to control what
and how much is received, has had great appeal. The ability to conduct e-commerce
through one’s personal computer is also very attractive as it now seems there is
almost nothing that one can’t or buy on the Web. Esqueda, R., Marmolej, J., &
Villarreal , K. (2020) show that investing and implementing digital marketing tools
benefits business expansion and market growth. It is as though the Internet has no
bounds, as every day one can find something new there. (Belch, 490).

Mulhern (2009) shows that of all the differences between traditional advertising and
media and the emerging world of digital communications, none is greater than the
fundamental difference between the idea of communications being about the delivery of
messages through media channels versus communications being about an electronic world
of networks, algorithms and automated systems for managing the connections between
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information and people. While creative messages remain at the core of communications,
the encroachment of automated advertising networks such as Google search advertising and
data-driven ad placement will shift much of media planning into a process that looks more
like business logistics. This transformation poses a serious challenge for media
companies, agencies and brand marketers who have constructed a sophisticated
infrastructure to send messages to target audiences through media channels but do not have
the mindset nor the technical expertise to master the data analysis and modeling of the digital
media world.

1.2 Provide Information

Interactive media allow for a back-and-forth flow of information whereby users can
participate in and modify the form and content of the information they receive in real
time. Unlike traditional forms of marketing communications such as advertising,
which are one-way in nature, the new media allow users to perform a variety of
functions such as receive and alter information and images, make inquiries, respond
to questions, and, of course, make purchase. (Belch, 22). Stephen (2016) shows that
people are exposing themselves to more and more digital and social media. This is
for many purposes, including in their roles as consumers as they search for
information about products, purchase and consume them, and communicate with
others about their experiences. Marketers have responded to this fundamental shift
by increasing their use of digital marketing channels.

However, recent developments in online and mobile technologies have
significantly changed the way customers acquire in- formation and make their
purchase decisions (Choi et al., 2016; Im and Hancer, 2017; Xiang and Gretzel,
2010). More specifically, developments in online and mobile technologies have
enabled consumer to become more sophisticated information seekers and
information generators through sharing their experiences in social media and/or
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third party online platforms such as TripAdvisor, Yelp, etc. (Gursoy, 2017 ) User-
generated content and peer-to-peer (e.g. hospitality-related social networks, video,
and photo sharing platforms, micro blogging) networks have become some of the
most important sources of information (Del Chiappa, 2018). The rapid
developments in internet technology have also enabled companies to provide an
extremely large amount of information about their products on the internet and
enabled consumers to access that information with minimal effort, which
significantly increased the number of available information sources (Lu and
Gursoy, 2015).

2. Methodology

The plan for the paper is to review the literature and present the theoretical
framework, then turn to a conclusion of the findings. Two distinct research themes
emerge in recent consumer research on digital marketing and social media. The two
themes are (1) The speed of acquiring this information, (2) The convenience of
acquiring this information.

3. Literature review
3.1 Digital environment

The changing marketing communications environment

Technology and other factors have profoundly changed the way consumers process
communications, and even whether they choose to process them at all. The rapid
diffusion of multipurpose smart phones, broadband and wireless Internet
connections, and ad-skipping digital video recorders (DVRs) have eroded the
effectiveness of the mass media. (Kotler, 498). Consumer digital culture research
considers, quite deeply, the digital environments in which consumers are situated. A key
aspect of this work has been understanding how consumersidentities and self concepts
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extend into digital worlds (Belk,2013). Belk extended his prior work on the ‘extended
self’to incorporate the digital environments in which consumers now situate
themselves, which is an important piece of theory development because it considers
concepts such as the ability for consumers to have multiple selves due to possessing
multiple online ‘personas.Belk also suggests many areas for future research.

A still-emerging theme in recent years is how digital/social media environments
impact consumer behavior (Stephen, 2016).

3.2 The speed of acquiring information

For decades, marketing has been organized around the slow world of TV and print
ads, which requires lengthy creative processes, months of fine-tuning, and much
uncertainty regarding market feedback. Modern marketing capitalizes on the
inherent flexibility of digital to reduce time and expense and increase efficacy.
Mulhem (2009) shows that digital transformation means that media and
entertainment companies can no longer financially prosper by simply charging for
content. These days, consumers expect to have immediate access to the latest and
most accurate information and reviews posted by actual previous users. They also
want to be able to compare products on a variety of attributes before making their
bookings (Lu et al., 2016; Zhang et al., 2014).

3.2.1 Online social networking

Over the past few years, a new type of social interaction has exploded onto the scene-
online social networking. Online social networking is online communities where
people socialize or exchange information and opinions. Social networking media
range from blogs (Gizmodo, Zenhabits) and message boards (Craigslist) to social
networking Web sites (Facebook and Twitter) and virtual worlds (Second Life). This
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new form of consumer-to-consumer and business-to-consumer dialog has big
implications for marketers. (Kotler, 161)

3.2.2 Timing

In their research about the effect of digital marketing implementation on
customer’s purchase intention; Raya & Pusat (2018) found out that the most
contributing factor to customer’s attitudes toward location based advertising is
customization moderated by timing. By knowing customer ’s likings and
preferences. The researcher agrees that timing boosts attitude effect on purchase
intention. Timing is a key element in advertising because it can increase brand recall,
make attention during the point of purchase, and enhance purchase intention. This
result is in line with several researchers. Information search plays an important
role in the customer's decision journey. Early research by Ratchford, Lee, and
Talukdar (2003) examined how the digital environment affects automobile
purchases and revealed that the Internet shortens the consider-action and evaluation
stages of the customer journey, and customers would have searched even longer if
the Internet was absent. A later study by Ratchford et al. (2007) in the same
automobile context, found that the Internet substitutes for time spent at the dealer,
for print content from third-party sources in the pre-purchase stage, and for time
spent in negotiating prices in the purchase consummation stage. These results
highlight the importance of the reduced search costs and thus more efficient
purchase process- es in digital environments.

An advertisement which is delivered at the right time may induce impulsive
purchase and alter purchase justification factor at the point of purchase (Sunaga &
Ishii, 2014). Gazley, Hunt & McLaren (2015) saw that by using LBA, SMS
advertisements which were delivered at the right timing and the point of purchase
resulted in a more positive attitude and higher purchase intention. Moreover,
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Zauberman and Lynch (2005) suggested that upon near decision making, the
purchase that was interesting in the past might become uninteresting anymore with
sudden induction. It made the customer reconsider and seek better alternatives. This
reconsideration came from the belief that postponing purchase and rethinking could
result in a better offer.

Timing is a crucial element in advertising because it can raise brand recall, make
attention at point of purchase, enhance purchase intention, and others.
Advertisements that are delivered at the right timing may induce impulsive purchase
and may alter a person’s shopping justification factor at point of purchase (Sunaga
& Ishii, 2014). Gazley (2015) suggested that by using LBA, SMS advertisements
which were delivered to the customers at point of purchase will result in more
positive attitude and higher purchase intention.

3.3 The convenience of acquiring information

3.3.1 Content

Customers will feel irritated to message deliveries which are not
appropriate regarding content, timing, or frequency. It can disturb the receiver’s
activities (Unal, Ercis, & Keser, 2011). Even if the content has been right, frequent
message delivery will create a disturbance on receiver’s activities, so that the
frequency is important to be adjusted (Lee & Kim, & Sundar, 2015). Spamming
messages will also result in negative responses from the customers (Shan,
Chin, Sulaiman, & Muharam, 2016). Ratihayu, Agustina, Baihagi, and Raharso
(2008) in Indonesian context of SMS advertising stated that most Indonesian
customers wished to control incoming SMS advertising. There is an increasing
effort by online firms to leverage the valuable individual-level information on
customers' search behaviors, online reviews, social media activities, and anything
else that customers interact with online. In the US, customers' personal information

124

IJSR, VSRP Publishing, UK ISSN 2755-3418 (Online)
Website: https://ijsr.vsrp.co.uk




International Journal

s ganll 4. gal) dlaal)

for Scientific Research datell
(1JSR) .
Vol. (2), Ne. (3) March 2023 (3) 2wt ¢(2) HlauaY!

can be shared among companies as long as the companies state their intentions in
their privacy policy. The granular data collected by the companies helps marketers
better understand when, where and how to fulfill a customer's needs. However,
customers' concern for their privacy is rising. A recent report by J.D. Power
(Pingitore et al., 2013) showed that consumers' privacy concerns remain at a high
level while their mistrust of online data collectors continues to grow. Most
surveyed customers do not believe firms should access their personal data by
tracking cookies or social media activities. However, 81% consumers feel they do
not have control over how their personal information is being collected and used.
In the European Union (EU), the privacy laws are much stricter, which can have a
significant impact on targeting customers. Using a large scale survey of customers
exposed to display ads, Goldfarb and Tucker (2011a) found that, on average,
display advertising became far less effective at changing stated purchase intent after
the EU laws were enacted, relative to display advertising in other countries’” The
reduction in effectiveness was particularly pronounced for display ads of smaller
sizes with no interactive elements and for websites that had general content such
as news.

3.3.2 Interactive

The result of interactivity effect in this research is not as expected. To make
personalized messages that are relevant to customer’s preferences, the advertisers
need to find a way to investigate the customers’ liking or choices. One of the
ways to investigate useful information is by interacting with the customer (Chen
& Hsieh, 2012). The negative effect of interactivity can be related to intrusiveness.
The interactive process is deemed disturbing by the customers as they only want
the right content like the important information to be delivered to them. The
customers are reluctant to spend their time to give replies or seeing specific
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contents through embedded links. Marketing is conceived and applied in a
segmented way, often as just advertising, and seen as something to improvise and
thus reducing its potential benefits in market expansion. (Esqueda-Walle, R.,
Marmolejo Rodriguez, J., & Villarreal Estrada, K. 2020). The delivery of messages
which are not appropriate regarding content, timing, or frequency may disturb
the receiver’s activities (Unal, Ercis, & Keser, 2011). However, the interactivity
can weaken the intrusiveness by giving incentives. The request for responses
or link access by the customer can be accompanied by attaching incentives in
the form of shopping vouchers, discounts, or free gifts. That way, the customers
will not feel reluctant to give the response or do something for the company.

The importance of interactive advertising is the ability to make customer receive
the conveyed and personalized messages (Li, 2016). The words for every customer
should be unique because each person wishes to receive different contents (Bright,
2014). A customized message does not only allow the customer to receive the
message based on preferences (Li, 2016) but also to receive it at the right
time (Bauer & Lasinger, 2014). This message includes special product offers or
product recommendations that are based on customer’s preferences and personal
information. Lee, Kim, and Sundar (2015) agreed that customers who were given
customized advertisement had better perceptions, better attitudes, and higher
intention to visit the store.
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4. Proposed model

The variables have been conceptualized in the framework given below:

[ — = = = = = = — 1 [ — = = = = = = — 1
| Digital environment I I Acquiring information |
I Digital marketing | I |
| ) | |
| I Speed
| | | y |
| . . | | Feedback of message
Social media
| | | |
I I Convenience
| I I
| | I |
Contextual interactions
| | I |
| | | |

Figure 1: Conceptual Framework: Empirical Future Study

Digital applications has opened new channels to communicate to consumers.
Because of online communication’s cost effectiveness, many firms have replaced the
traditional customer relationship channels with internet. To relate with customers
successfully, companies at first must determine that their goal is acquisition,
retention or development. Then, considering specified objective and use the most
appropriate marketing communication tools via proper media.
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Social media applications have created new ways for organizations to communicate
with the customers. Twitter and Facebook in particular have garnered attention from
nonprofit organizations as innovative communicative tools that both supplement and
supplant the traditional Website (Nonprofit Technology Network, 2012).

There is a substantial intra-organizational communication literature related to
individuals’ adoption, acceptance, and use of new technologies, including the
Unified Theory of Acceptance and Use of Technology (Curtis et al., 2010; Venkatesh
et al. 2003), the Technology Acceptance Model (e.g., Davis, 1989; Zhou, 2008),
Innovation Diffusion Theory (e.g., Rogers, 1995; Vishwanath and Goldhaber, 2003);
and process framework (Tang and Ang, 2002). Studies of these newer digital
technologies, which could be considered “precursors” to social media, found they
engendered substantially greater capabilities for collaboration, interactivity, and
“polychronic” communication (Cameron & Webster, 2005; Macias, Hilyard, &
Freimuth, 2009; Quan-Haase, Cothrel, & Wellman, 2005). However, such
individual-level approaches are better suited to explaining individual preferences for
one technology over another—such as why certain employees would prefer Twitter
over email—rather than the organizational selection of a given communication
technology (Nah, Saxton, 2012). Although internet is not the only outcome of digital
era, but it can be considered as the most significant consequence of this revolution.
The rapid growth of internet in last decade has altered the classic communication
procedures. Because of its advantages internet has became the first and main
interactive media. Internet has provided a richer informative environment compare
with telephone calls, is less costly than personal selling, is not individual based and
has 7/24 accessibility (Duncan and Ouwersloot, 2008). The simplest form of internet
presence is setting up a website that is called brouchureware. Other internet
advertising tools include using other websites to propagation. Search engine
optimization, banner advertising, click through, pop up and pop under and the new
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concept of participative marketing are examples of these tools. (Ikhlassi, Maghsoodi,
& Mehrmanesh, 2012).

Kannan & Li (2017) shows that digital technologies are reducing information
asymmetries between customers and sellers in significant ways. Analysis of
interactions of digital technologies and the elements of the environment starts with
the examination of how consumer behavior is changing as a result of access to a
variety of technologies and devices both in the online and mobile contexts. The
emergence of platforms —institutions created through digital innovations which
facilitate customer-to-customer interactions for ideation in new product/service
development, those that connect customers and sellers in platform-based markets
and those that leverage two-sided markets.

5. Conclusion

The above findings and ideas are potentially important, for they differ from prior
research in what is the highest aim for social-networking-mediated organizational
communication. There has been much recent activity in the consumer
behavior/psychology literature related to digital and social media marketing, and
many important contributions to knowledge have been made. To move this literature
forward, particularly given the fast-moving nature of digital settings, research that
attempts to broaden our understandings of key phenomena, examines interactive
information-new phenomena, and develops theories in an area that lacks an
established theoretical base will be most valuable.

6. Future research

Overall, digital marketing appears to have created opportunities for interpersonal
engagement, interactivity, and dialogue that are qualitatively different from those
offered by traditional websites. It would thus be reasonable to infer that social media
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would similarly carry considerable potential as an organizational communication and
customer relations tool. Though the more extensive interpersonal-level social media
research likely entails hypotheses that are testable at the organizational level, only
the handful of preliminary studies just noted explicitly discuss how organizations use
social media to communicate with their customers.

Another high-potential direction for future research is to consider how various kinds
of digital environment impact a wide variety of consumer outcomes, considering
three main factors to distinguish internet from other communication channels:
interactivity, transparency and memory.
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Abstract:

The aim of this research is to know the participation of business administration
colleges in Saudi universities in achieving sustainable development for the Saudi
society, with their participation in the goals of sustainable development and
sustainability, by reviewing the participation of these colleges in community service
and achieving its development and progress and assessing the extent of their
contribution to achieving the well-being of this Saudi society. Highlighting the most
important gains that can be achieved for the community in light of the participation
of these colleges in providing services and the participation of sustainable
development goals for society, and trying to know the future plans of these colleges
in this field, while giving a clear and comprehensive idea of the development taking
place in them, and what these colleges contain of Modern techniques and methods
that can be used to achieve many advantages and gains for the Gulf and Saudi society
in particular, and to identify the most important problems and obstacles facing these
colleges in their participation in achieving the required development and well-being
for the Saudi society, all by focusing on the College of Business Administration at
Taif University, the place of study, to work on Provide appropriate solutions.

Keywords: Colleges, Business Administration, Community, Development,
Sustainable
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Study summary:

Building an effective training and training strategy that is compatible with the
needs and objectives of government organizations in Jordan and Morocco is one of
the important functions of human resource management, which crystallizes through
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studying the strengths and weaknesses of employees, identifying workplaces that are
lacking and need repayment or development, and determining the goal of training
and training. Training must be viewed as an investment process that requires
calculating the profit and return from it, and not just a routine work represented in
implementing training programs here or there according to formal procedures that do
not adopt the appropriate scientific method.

Keywords:

Training, Configuration, Legal Framework, Organization Analysis, Duties of the
Employee, Highly Effective, Governmental Organizations, Management
Jurisprudence
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