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Abstract—Software engineering education not only embraces
technical skills of software development but also necessitates
communication and interaction among learners. In this paper, it is
proposed to adapt the PBL methodology that is especially designed to
be integrated into software engineering classroom in order to promote
collaborative learning environment. This approach helps students
better understand the significance of social aspects and provides a
systematic framework to enhance teamwork skills. The adaptation of
PBL facilitates the transition to an innovative software development
environment where cooperative learning can be actualized.
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[. INTRODUCTION

HE Institute of Electrical and Electronics Engineers (IEEE)
defines Software Engineering as “the application of a
systematic, disciplined, quantifiable approach to the
development, operation, and maintenance of software” [1]. It is
vital for successful industrial hires today to have the ability to
understand user needs, work within a team framework, and
participate in the overall process of the software engineering
development [2]. Therefore, students feel software engineering
is complex because it necessitates social aspects, besides
technical skills, in circumstances that are sometimes less than
easy. As Zagar et al. mention, software engineers are required
to possess soft skills — ability to present knowledge, learn from
independent sources, and listen to what others have to say [3].
Since students have different backgrounds and skills, an
instructor’s attempt to form balanced teams could cause even
bigger issues. That is, students may end up dealing with team
members who they don’t want to work with. Consequently,
intensive cooperation among team members sometimes cannot
occur. However, the significance of supplying students with a
real world teamwork environment is largely ignored in
academic software development [4]. Instructors typically select
a leader for each team in order to promote strong teamwork. In
general, this action slightly alleviates the conflict among team
members. Other researchers have proposed to use Pair
Programming, a technique where two programmers work
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together at one computer [5]. However, Begel et al. assert that
the use of Pair Programming suffers cost-ineffectiveness,
scheduling problems, and personality conflicts even though it
has advantages of fewer bugs and producing overall higher
quality code [6]. Hence, it can be concluded that there is no
panacea for lack of social skills.

The main goal of this paper is to discover a strategic method
to promote strong collaboration among students in software
engineering education. As a proposed solution, the PBL
methodology is adapted to software engineering education. The
rest of the paper is organized as follows. Chapter Two provides
the underlying principles and applications of the
Problem-Based Learning method. The next chapter explains
the rationale and process for adapting the PBL strategy to
software engineering education. The conclusion that
summarizes our proposal is described in Chapter Four.

II. PROBLEM-BASED LEARNING

In this chapter, the characteristics of the PBL strategy and
popular models to which PBL was applied are described.

A. Concept and Characteristics

Problem-Based Learning (PBL) is the learner-oriented
instructional strategy. Barrows et al. defines PBL as the
following: “Problem-based learning is the learning that results
from the process of working toward the understanding or
resolution of a problem. The problem is encountered first in the
learning process” [7]. Learning in PBL is the consequence from
the practice and teachers play the role of facilitators of learning
[8], [9]. PBL has been widely employed since learners need to
solve real-world problems by themselves through cooperative
working in groups. The main characteristics of PBL are (1) use
of real-world problems, (2) encouragement of students’ active
participation, (3) integration of diverse view points, (4)
encouragement of self-directed learning, (5) encouragement of
team collaboration, and (6) enhancement of education quality
[10]. In the next section, two popular application models to
which the PBL strategy was applied are introduced.

B. PBL Models

1) Barrows and Myers Model
This is the first implementation of the PBL strategy in
medical school, called McMaster System. Students in medical
schools are required to memorize a huge amount of information
even though the most important physician's capability is not
memory skills [7]. Thus, they applied the PBL approach to
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medical education so that students could enhance creative
problem solving skills in biomedical field. This model includes
five major steps: (1) introducing the PBL concept and forming
classroom environment, (2) introducing problem configuration
and assigning duties, (3) analyzing collected information
critically, (4) deriving a solution for the problem, and (5)
abstracting obtained knowledge and self-evaluating [11].
2) Fogarty Model

Fogarty asserts that PBL engages learners in intriguing, real
and relevant intellectual inquiry allowing them to learn from
these life situations [12]. He suggests seven major steps for the
PBL approach: (1) facing a problem: assigning a poorly
structured problem to students, (2) defining the problem:
restating the problem in their own words, (3) making
assumptions: establishing background theories and necessary
assumptions, (4) searching: searching and collecting
information, (5) modifying: updating the initial problem
statements based on the collected information, (6) finding
alternative solutions: creating ideas for alternative solutions
through communications, and (7) evaluating: evaluating a
proposed solution to the problem [12].

The above applications represent common procedures
employed in various PBL models and they are as follows:
presenting a problem, solving the problem through individual
or team activities, and evaluating the output as well as the
overall course of actions. However, a series of actions can be
adjusted in order to fit a special purpose learning group or
environment. In the next section, the PBL approach applied to
software engineering education is examined.

III. ADAPTING THE PBL STRATEGY TO SOFTWARE ENGINEERING

This chapter depicts why and how the PBL strategy is
adapted to software engineering education for the purpose of
promoting collaborative learning environment.

A. Correlation between PBL and Software Engineering

The wunderlying principles of PBL and the main
characteristics of software engineering projects are naturally
correlated. It is because group projects have been widely
adopted in many (under)graduate courses such as in Software
Engineering, Computer Science, and Information Technology
in order to simulate a real-world setting [4]. The relationships
between the PBL strategy and projects are summarized as
follows.

*Use of real-world problems: Due to the limitations in
classroom environment, most software engineering projects
assigned to students are smaller than the actual size of projects
used in companies. The nature of projects, however, still should
be as complete as real-world instances so that students can
experience the whole process that is likely to be seen in future
working environment.

*Encouragement of students’ active participation: Students
make final decisions and handle all situations in team projects.
Each student is encouraged to strongly participate as a team
member, which is essential to the successful completion of a
project.

eIntegration of diverse view points: Each student as a team
member may have a different viewpoint to the given problem.
Diverse ideas should be organized and integrated through a
proper communication channel in order to effectively solve the
problem.

*Encouragement of self-oriented learning: Each student, as
an entity to make important decisions, is supposed to find their
own way to handle tough situations using their knowledge.
Problem solving must be in a self-oriented learning
environment. An instructor, as a mentor, is supposed to help
students manage the problem without deeply being involved in
the team activities.

*Encouragement of team collaboration: software engineering
is a classic computer science course in which students are
supposed to work on team projects. Students have chances to
apply their integrated knowledge to real-world problems. This
is a simulation of whole software engineering process where
collaboration among team members is expected.

*Enhancement of education quality: software engineering is
a cap-stone course designed to simulate the process of software
development. In this course, students combine the knowledge
that they have learned and apply to a real-world problem. The
use of integrated knowledge to solve a particular problem can
guarantee students’ learning, which enhances the quality of
education.

B. Software Process Models

It is proposed to adapt the PBL strategy to a software process
model. A software process model is an abstract description that
encompasses the fundamental sequence of activities throughout
the entire process in developing a software product [13]. Other
alternative classifications are possible but general process
frameworks include one of the following sequence of activities:
communication, planning, modeling, construction, and
deployment [13]; specification, development, validation, and
evolution [14]; requirements analysis, design and specification,
code and module testing, integration and system testing,
delivery and maintenance [15]. Common features of the above
process models are recognition of requirement analysis and
post-activities after the completion of a software product,
which naturally necessitates the collaboration among learners.
Therefore, based upon the correlation, it is desirable to adapt
the PBL strategy to the management of team projects in
software engineering education in order to promote social
aspects when developing a software product.

C. Adapting PBL to Software Engineering

The main idea is to adapt the PBL principles to Pressman’s
model, one of the most prominent process standards in software
engineering. In this study, Pressman’s Modeling and
Construction phases are proposed to be combined into a single
stage for the purpose of simplicity, which makes the overall
process into a total of four phases: Communication, Planning,
Modeling & Construction, and Deployment. Fig. 1 illustrates
the PBL method adapted to software engineering education.

The main activities in the communication phase are
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described as follows. First, an instructor introduces the concept
of PBL: introducing learning methods and strategies by
explaining the importance of social aspects; explaining how to
use PBL to develop teamwork skills in project management;
Second, an instructor introduces the roles of the
instructor/learners: explaining that students are supposed to
perform all the activities by self-regulating in the project
management and that instructors just facilitate and coach the
course management; having students be ready for critical and
flexible thinking; asking students to build up speculation and
communication skills so that they can effectively and
harmoniously solve potential conflictions caused by the
different viewpoints about the problem; Third, learners identify
the problem: analyzing the situation of the problem, and
recognizing the importance of the problem and key points.

'
'

Communication
*Introducing PBL
Introducing the roles of the i [leatners

*Identifyingthe problem

Fig. 1 The PBL method adapted to Software Engineering

The activities in the second phase are described as follows.
First, learners establish activity plans: internalizing the problem
by analysis; activity planning (e.g. asking team members to
plan both teamwork skill development and project
management); logging the status of the problem (e.g. creating
documents such as requirement documents, work breakdown
structure, Pert chart, Gant chart, etc.); bring up the ideas to
solve the problem; Second, learners set learning goals and
assign tasks (e.g. listing tasks and setting up learning goals);
Third, learners assign tasks to individuals or teams.

The activities in the modeling and construction phase are
described as follows. First, learners search and collect
information: searching and collecting useful information and
data to solve the problem using various resources (e.g.
literatures, the internet, etc.); Second, learners analyze the
collected information: sharing collected information;
modifying initial statements based on the shared information
and focusing on the core of the problem; Third, learners derive
a solution: finding the best solution based on the collected and

analyzed information; categorizing possible solutions,
alternatives, and resolutions.

The activities in the last phase are described as follows. First,
learners present a solution: presenting their solution to the team
members; Second, both the instructor and learners evaluate the
process: evaluating outputs; evaluating him/herself, peer,
instructor, based on the agreed evaluation grids; Third, learners
promote adaptation to a similar environment in the future:
reflecting learning outputs to learning objectives; applying the
output to similar situations.

The above phases represent the overall sequence of activities
which reflect the PBL strategy promoting collaborative
learning environment in developing a software product.

IV. CONCLUSION

Students feel software engineering is complicated because it
necessitates teamwork skills, aside from technical expertise;
thus, it is desirable to integrate human-based aspects into
software engineering classroom so that students can be
equipped with communication, interaction, and cooperation
among team members, which is essential for successful
software development.

The PBL methodology is proposed to be integrated into
software engineering education. The rationale for this adaption
is that the underlying principles of PBL fits collaborative
learning environment; They are use of real-world problems,
encouragement of students’ active participation, integration of
diverse view points, encouragement of self-oriented learning,
encouragement of team collaboration, and enhancement of
education quality. The innovative adaption aims to help
students understand the significance of social aspects in
software development and improve teamwork skills. This
approach is expected to provide a systematic framework to
assist learners in preparing for rigorous industrial settings in the
future.
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