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Abstract: A vital portion of software engineering education is practical learning and experience of principles, methods
and procedures for the development of real-time software. Yet, software engineering educators have been using the
traditional approaches for SE education since long back, which is being revealed as an inefficient method of learning
approach and bring up the gap between graduates and software industries. Therefore, instructors are required to train
their students based on professional skills, real-time experience and well prepare them for real time environment upon
graduation.

This paper presents an educational framework for the implementation of PBL (Project Based Learning) approach
with industry collaboration in order to reduce the gap between both parties. This is an effective and efficient approach
for teaching and learning SE education as compared to the traditional and lecture-based approach, in which students are
trained with real-time projects and market-oriented aspects, which is not seen in the traditional approach. Moreover, it
helps students to gain complete knowledge of software engineering concepts, Hard and Soft skills, Software design
process and principles with more confidence over real-time projects.

Index Terms: Software Engineering Education, Project-Based Learning, Industries.

1. Introduction

Software engineering education is witnessing dynamic changes and evolves due to innovation, update curriculum,
research activity, software industries and rapid upgrading of today's technology. Efforts have been made to facilitate the
students by projecting the true nature of software development and cultivating the required knowledge, skills and
attitude needed by the industry as well as to bridge the gap between industry and academia [1]. Software Engineers
often needs critical thinking and problem-solving techniques to analyze and evaluate the problems and apply various
alternative approaches to develop an effective solution. Since, they always use the proven practice. Thus, software
engineers need to gain new knowledge and skills in their carriers and improve the ability to learn on their own,
Therefore, self-directed learning is essential [2]. Similarly, working in collaboration and exhibiting excellent
communication skills and professionalism in the field always yields a positive result [2]. The traditional method to
Software Engineering Education, which is a lecture-based approach attended by lab exercise, where students are mostly
passive learners and don't participate actively in the learning process [3] which is a key challenge for both software
engineering educators and academia. While, several researchers have observed that this kind of learning environment is
not useful and it is not learning at all [4,6]. Similarly, many times students do not have enough experience with a real-
time project and disconnection from the industry is another major problem for academia [5]. Furthermore, Software
engineering education which is deeply linked with a practical aspect should also consider various skills such as
communication, managerial, soft and hard skills as well. Therefore, many new pedagogies and learning models have
been developed to bridge the gap, while the current classroom learning model which is unfulfilling the requirement of
the subjects and expectations of the society is not an effective method [7]. Therefore, the main objective of this paper is
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the emphasize on exploiting integrated project-based and problem-based learning environment as a teaching method to
effectively address the learning process, similarly, industry collaboration with academia and educational institutes in
term of real time project execution will help them produce quality output. Moreover, real-time and open-ended
problem-based learning method is the one which has been shown the large no of student's interest and motivation [8].
Additionally, we have designed a conceptual framework that facilitates the industry collaboration with academia in
which a real-time project execution will be built by industry within the campus and all studetns will have access to it in
order to practice real-time experience. Since, the proposed framework consists of six modules. Thus, it prepares the
students to work in real time projects upon their graduation. The rest of the paper is organized as: in section Il, Teaching
Strategy for the proposed model is discussed, whereas in section 111, purpose of the study and motivation of the study is
described, in section 1V, the PBL approach is briefed, in section V, the proposed framework is covered finally section
VI ended with the conclusion of the study.

2. Purpose of the Study

The main purpose of the study is to bridge the gap between industries and academia and explore learning
approaches with industry collaboration for teaching software engineering course to give an essential experience to
students in software engineering fields as well as preparing students with the right set of knowledge and skills required
for real time working environment. Consequently, such outcome cannot be obtained with traditional and lab driven
methods while they are not relevant to industry, market and society expectations at all. Moreover, this method will also
improve quality and utilization of the project as well as reduces the total cost of project from industry point of view.

3. Objectives

e Developing a practical framework for implementing PBL in software engineering education

e Improving student’s skills and knowledge of SE education by implementing PBL method along with industry
collaboration

e  Reducing the project budged through utilization of student’s force

4. Litreatur review

»  Project-Based Learning (PBL) Approach

Project-Based Learning (PBL) is considered to be one of the vital and significant part of the student-centered
educational approaches, broadly covered engineering, computing science, software engineering and information
systems courses [1,2,3,4,5,6,7]. PBL objective is to make pupils ability more robust by providing them to come up with
the conclusive solutions through different means such as collaborative and proactive, within a teamwork, contextualize
and creator learning environment [8]. In addition to this, he added that constructivism makes the students smart to
create their own blueprints from the available input data and believes, however, in this process of learning students are
not acting as a passive receivers of knowledge [8]. Moreover, in PBL process, the pupils in PBL, students are
employed in real-life problems where they learn on working such open-ended projects to find out the best solutions in
their course of time [9, 3]. Additionally, in such type of educational model, students are facing real-time problems and
challenges and work collaboratively in a group to provide and find out the best solutions. [10]. In the long run, this
educational Model (PBL) gives different presents on many occasions and challenges while applied in the earlier college
degree programs. It grows pupils to get familiarize with industry standards processes and tools, like agile methodology
as well as version control, in addition to this, they will be ready to industry employee upon their graduation [8]. On the
other hand, this may cause overwhelmed to fresher’s when expected them to create a sophisticated design without a
prior mature.

»  Characteristics of PBL

In most of the universities, especially in software engineering courses, the faculties are assigning different
assignments to their students to experiences their practical problems. Still, according to [3] such type of assignments is
not enough to implement the project-based learning approach, as these mini projects are not open-ended and real-time
projects, however, students are supposed engaged with a specific path to the solution. Be that as it may, in PBL
approach, the learning process is a drive with the developing and creating projects where pupils encounter with
meaningful problems to investigate, applies and use their knowledge and skills to come up with a better solution.
Moreover, here the teacher acts as a facilitator rather than a knowledge provider. The instructor provides adequate
Feedback on students’ activities and helps them out to reflect and provide useful guides in order to achieve the learning
objectives and outcomes. As per [9] this educational model contains five characteristics as:
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Question
/Problem

Artifacts

In the above figure, five main characteristics of PBL approach is defined, wherein it clearly describes that the first
characteristic which is project description in the form a question or in the form of a problem without pointing out to the
solutions, here the project which is giving to students should be a real-world project and realistic, Moreover, the project
should let the students to work collaboratively and in a well-organized team with peers and educators to create
knowledge, in addition to this, it should results a series of artifacts that point out to the driving question and problem, in
the long run, students should decide on how to achieve their goals with the negotiation of some aspects of the project.

As per [12] PBL main focus is on real-world projects as well as problems and covers decision making, problem-
solving and suggests that PBL focuses on real-world problems and challenges and relies on problem-solving, decision
making and interrogative skills. On the other hand, [10] says that PBL projects focus on reliable challenges results from
the real world and for this require robust teamwork; additionally, PBL consist of five vital elements as per the below
figure.

Fig.1. Characteristics of PBL

-
v

Fig.2. key elements of PBL

The above figure states five key elements of the PBL approach, where the base of posing questions is referred to
the anchor element, whereas; driving question facilitates the overall goal for the PBL project. Moreover, the authentic
achievement emphasizes that the real-world scenarios should stem from the learning stemming projects, be that as it
may, the artifacts covers the tools created during a project and responsible for giving suitable solutions the problem,
finally, the student voice and choice element facilitates the opportunity for the students have vital role and voice in the
selection of the project as well as in the statement of question. Additionally, [4] formalized a list of recommendations
from software engineering course over Six semesters as:

Fig.3. Recommendation list
In the above figure total of seven key recommendation list organized by [4], as PBL is based on a collaborative

team, so the minimum number of a team requires to be at least 4 to create dynamic solutions to the problem. However,
more number of members in a team cause coordination problem. On the other hand, students should free to select their
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favorite projects as this increase their commitments in the completion of the Project, Moreover to this, for the execution
of the project there should a well-defined timeline and schedule as this increase the grading and monitoring and each
student are well aware of the project progress, the use of common technologies and tools can affect the quality of the
project and it seems to use the common project management tools as well the instructors are required to define set of
necessary and optional technologies. Considering these for the evaluation of each individual contribution a well-defined
mechanism should be available to for the final course grade of the students to maintain fairness. Additionally, when
there is not external client attached to the project, the teaching assistant, as well as the course instructor, requires to act
as an external client and they meet with the team on regular bases and allocated time periods in order to help plan the
project and provide better solutions. In the long run, the project which is covered in the semester should be included in
the syllabus and need to support the development of the project.

»  Challenges and Issues related to the use of PBL in SEE

According to various studies in this area, they have indicated some key challenges and issues related to PBL model
in software engineering education as followings

Educational Method

Setup of PBL Courses

Meaningful Projects selection

Tracking Students Progress and Learning Outcomes
Teamwork and Different Types of Learning

agrwdPE

Furthermore, when PBL approach is used as an educational method, the issues which arise in the role of teachers
and students are the main challenge for the teachers which migrate from knowledge transfer to knowledge facilitator i.e.
they lose control on the pupils' activities. [13]. With respect to the students' role, [13] suggests, that in some educational
contexts most of the students are not familiarized with such a system, therefore, they come up with the rejection of this
approach because losing their feeling in this regard in addition to this, [7] get shed light on assessment of this
methodology and break it down into four main problems as:

1. Ambiguity of Educational Effectiveness

2. Quantitative Measurement of the Education Process
3. Difficulty in Quantifying Personal Characteristics
4. Difficulty in identifying the Learning Process

The second key issue of PBL, which is set up of PBL courses, [13] discusses it as challenging for teachers to
design the activities of this methodology to achieve the required characteristics of this approach. This is all because of
non-existence of a detailed framework to support facilitators in implementing and setting up courses through this
educational method. The selection of meaningful projects is the more vital and significant step wherein PBL project
selection plays a key role and it requires selecting a project which provides a better balance in size, complexity and
realty. [14] Pointing out that "projects need not to be too shallow and yet not be too idealistic either" In addition to this,
prioritizing the realistic of the project in the selection of real-world projects from stakeholders would lead to some
specific challenges. Moreover, instructors encounter the issues of establishing partnerships with the industry [15]. The
next key element is the Tracking students' progress and learning outcomes as per [13] project based learning mostly
deals with unstructured problems as central problems. Finally, teamwork and different types of learning suggest that
each facilitator who is responsible for the implementation of PBL, must be careful about the organizing team and its
members [7]. Moreover, students will be affected differently by this PBL approach because of their different learning
styles.

5. The Proposed Framework

In the proposed framework, a laboratory for the development of engineering applications have to be established by
industries and university encompasses the full equipment’s and required tools in the department of software engineering
in order to support studetns skills and bring enough collaboration among both parties. The project had to be directed by
both the instructors and industry expert team, while the professor the department are the in charging board of
management which advise the activates and define the strategies of learning approaches. It relieves the professors from
operational activities and let them chance to compromise their academic activities. The framework further contains
multi-functional project teams such as requirement and analysis, design and implementation, testing and quality control,
usability, process engineering and project management. The project must target to introduce the teaching aspirations
while improving the logical, investigative and communicational skills of the students. However, project always comes
with a challenge and participants and students apply their knowledge and skills to solve the problem and give a better
solution. The methodology of Project-based learning integrated with industrial project execution for software

Volume 11 (2021), Issue 5 49



A Conceptual Framework for Software Engineering Education: Project Based Learning
Approach Integrated with Industrial Collaboration

engineering education present a practical framework for realizing the concepts, skills, tools and techniques in such a
way that gives a better result and preparing the students interacting with real-time problems. Thus, students may explore
their given solutions and ideas to the challenge. Furthermore, the project may be appointed by the industry and software
engineering department of the university where the faculty of the same department would be guiding the execution of
the whole project along with industry staff. Considering this, the project can be divided into a different module and
assigned to the students where they can have discussions, teamwork and a suitable attention on each stage of the project
progress and development such as “requirements specification, analysis, design, construction, quality assurance and
project management” [7]. Finally, by the completion, the project will bring creative, justified and proactive solutions
that satisfy the needs of the industry and fulfill the requirement of the complete software engineering development
process. Moreover, it will give the students more experience in the software engineering development process,
considering all norms and principles and get a well enough experience of real-time working. Furthermore, this approach
encourages the learning process and improves the skills and knowledge of the topics with a real practice which help the
project achieve the success. This framework consists of six key phases (see Fig. 5) where each of them further covers
some key concepts; it helps academia and instructors to better train software engineering students in the development of
real-world projects while they do not encompass all the requirements of the projects obviously, as per [16] other factors
such as classroom, university culture, curriculum and policies which are playing a key role in PBL approach.

Fig.4. Proposed Model of PBL

In the meanwhile, the proposed approach also considers the following steps during the implementation.
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Fig.5. PBL Implementation Steps

> Initiation

Project selection plays an important role in this approach and must be considered more technically. It should be
selected based on SE engineering education principles and concepts in such a way that better train the students with a
real-time problem-solving experience. It will also improve student's critical thinking, brainstorming on a complex
problem, and proper solutions to the projects. Industry and academia collaboration is fruitful in the selection process of
real-world projects.

»  Requirement Gathering

In this stage, information can be collected through multiple views, such as views given on what is to be developed?
[17]. Requirements gathering in PBL approach is mostly carried out by the students whom they are working as a group
and teamwork for the successful implementation of the project, here the quality of information must be considered
while conducting this stage [18]. Moreover, the main reason why most of the software projects fail can be the lack of
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good quality information requirements [19]. According to the reports, the success rate of software projects is only 28%
and only 61% of software projects meet the client satisfaction [20].

»  Team work and Discussions

Two head is better than one head; here in this approach, a project is being developed by a teamwork. i.e.,
individual learn from each other's and produce a quality work done by the team, therefore in implementing PBL
approach teamwork is highly recommended and produce an effective output at the end [16]. Moreover, the different
team would be developed by the instructor along with industry experts for project execution and each team will be
assigned different task, a timeline will be given to each of the team and at the end group discussion and presentation
will take place, Feedback and recommendation will be given by the instructor and industry experts for better output.
The paper strongly suggests industry-academia collaboration in this regard to better utilize the project and institution
products.

»  Design and Development

Using this criterion, the students are responsible for designing the selected project through their critical thinking,
instructor support and industry collaboration; they require to define the components, modules and interfaces to the
system as well as data for the project to satisfy the requirements. Developers honored to develop quality software;
Software skills include modular design, layered architecture, abstraction, and verification [21].

* Specifications

» Conatratnts -
+ Block diagrams

Analyze
the
problem

. + Diata tlow graplis
Requirenents oW graplis

Conistramnts

Development
New requirenments

New constraunts
+ Hardware
+ Software

Fig.6. SDLC [21]

»  Software Quality

Software quality which is an abstract concept in the context of "software engineering, it measures how well the
software is designed and how well the software fitness the purpose,” the fitness is generally explained as a satisfaction
of the requirement laid down in the SRS document; it also encompasses satisfaction of the end-user what they want.
This criterion directly depends on requirements gathering, the data collected by students needs to be high quality, low-
quality data will affect the project. Thus students are trained and encouraged to take care of the software quality
attributes such as: Correctness, Reliability, Efficiency, Integrity, Usability. Maintainability, Flexibility, Testability.
Portability, Reusability, Interoperability [22]. Similarly, the Evaluation phase also takes place in this step, which is a
high-level assessment of the project to see whether the project is proceeding worthwhile and fits in the organization
plan. It can also assess the general usability and identify the technical or development issues, as well as any barriers.

»  Project evaluation

This is the last phase of the proposed method, where the instructor and industry-based expert team evaluate the
whole project. They will also assess the students with the software engineering knowledge and concepts they have
gained in the entire process.

Finally, Feedback and recommendations will be given to the students for future work and the product will be
released by the industry for real-time utilization.

For the evaluation purposes and students’ semester marks, we propose the rubric way of evaluation.

»  Advantages of the proposed Approach

e  Students are trained with real-time problem-solving techniques

e Industry-Academia collaboration is invented and maintained

e  Project cost decreased, because the project is executed by students and there is no need for more technical staff
to be hired by the industry

e Industry can easily find the team they want

e Utilization of projects and institutions products
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6. Future Work

Software engineering education which is deeply linked with practical aspect. Thus, considering various skills such
as communication, managerial, soft and hard skills is conclusive. Therefore, many new pedagogies and learning models
have been developed to bridge the gap, while the current classroom learning model which is unfulfilling the
requirement of the subjects and expectations of the society is not an effective method. In Addition to this, we plan to
start this collaboration in the upcoming academic semester through student’s force and further will study the outcomes
accordingly.

7. Conclusion

Being prepared for real-time work and expert in software engineering education is a key challenge for the
academia and software engineering educators. In addition, a project-based learning (PBL) approach integrated with
industrial collaboration with the help of academic institutions was proposed by the authors to avoid the current problem
and best train software engineering educators for the future.

A software engineering lab would be established in the academic institutions with the help of industries in order to
implement The PBL (Project Based Learning) in term of real-time project execution by both parties, the universities and
industries through the students' force and knowledge, which is an effective and efficient approach for teaching and
learning SE education as compared to the traditional and lecture-based system; Moreover, this method develops the
complete knowledge of software engineering concepts, skill, design and principles and giving them confidence over
real-world projects.
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