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1.                         INTRODUCTION 

Generally, within universities running 

graduate and undergraduate Computer Science (CS) 

and Software Engineering (SE) degree programs, a lot 

of software projects are being developed each year as a 

requirement for the degree. Most of these projects are 

not graded as successful. The reasons vary from lack of 

technical expertise of student developers to the 

misunderstanding and misinterpretation of the 

importance of software development process. Due to 

this the projects are either cut in scope, left incomplete, 

or even if completed most of the projects are never 

submitted to the original customers. The authors, being 

instructors of SE are working towards reforming SE 

education. There is a need to investigate into the 

reasons of this wastage of time and efforts of all the 

parties involved into software development at the 

academic level in order to make this effort fruitful and 

beneficial both for the students and for the software 

development industry. An exhaustive literature review 

is being conducted to find out best practiced teaching 

models and solutions adopted by renowned researchers 

and members of academia to tackle with this problem 

in SE education.    

 

The rest of the paper is organized as follows: 

Section 2 explains research design; section 3 gives a 

brief background of SE education and explains the 

importance of software development project in SE 

education; section 4 provides a summarized view of 

design, implementation, benefits, and drawbacks of 

some selected and important SE teaching frameworks 

and models; section 5 gives some important and useful 

ideas to improve the learning outcome; section 6 gives 

a conclusion.    
 

2.             MATERIAL AND METHODS 

2.1 Research Design  
This research has been conducted as a pilot 

study for a project aiming at reforming SE teaching and 

education at public sector universities. The aim is to 

improve the learning outcome and to bridge the gap 

between industry and academia. This gap exists due to 

inadequate practical and industry oriented training of 

the students and the dynamic situations in real life 

software development.  
 

The study conducts an analysis of the current 

trends in SE education, especially in training the 

students   for   software  development   projects.  As  a  
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general trend, all CS and SE degree programs conclude  

with a final software development project. This project 

is supposed to exploit all the theoretical foundations of 

CS as well as the practical aspects and concepts of SE 

with which the students have been trained during their 

studies. 

The following sections take a look at what 

different trends exist in teaching and training software 

engineers. The case studies presented below highlight 

the importance of SE education and place of 

development projects in teaching SE foundation 

processes.   

 

2.2   Importance of Analyzing SE   Education  
SE education system is still not producing the 

quality results. The fresh software engineers face a lot 

of problems when they enter the industry with 

knowledge and training they receive in CS ad SE 

degree programs. There is an ongoing process which 

has been started to improve the SE education and 

teaching and to reform whatever is needed according to 

the requirements of the industry. A lot of research has 

been conducted in this regard. Professional software 

engineers, skill development experts and members of 

academia have given the output of the research in the 

form of guidelines, frameworks, and information to 

tackle with different problems occurring in SE 

education as well as in software development industry.  

 

2.3  Importance of Software Development Projects 

in Teaching SE 
 Many of the researchers (Reichlmayr, 2006; 

Todd et al, 2005; Oakley et al, 2004; Beasley, 2003) 

agree that using development projects to teach 

technical and engineering related subjects (including 

SE) improve the learning outcome expected from the 

courses, and it also makes the students aware of the 

wholeness of the overall engineering process, which is 

otherwise taught to them in parts. Another main 

objective is to prepare the perspective software 

engineers for real world software engineering   

projects. It is also noted that formalities and 

complexities of small scale software development 

ventures at university make the students realize the size 

of the problems in real software development (Johns-

Boast, 2009).  

 

3. Frameworks and Models for Project-Based SE 

courses 

3.1. Small teams, Role-Based, Real  World Project 
 Johns-Boast and Flint (Johns-Boast, 2009) 

have presented a teaching framework using real-world 

projects. They propose to assign different roles to team 

members that exist in any software development 

company. Teams are composed of a mix of senior and 

junior students, with senior students acting as team 

leaders (mentors, coaches, managers) and juniors be 

doing all the technical tasks needed in the 

development. During the course of the project different 

tutorials are arranged for the students to guide them in 

team building, software development process and other 

managerial tasks which are the routine in the industry.  

 

 The assessment and grading of students 

towards the course is done at different stages during the 

project. The students are asked to submit written 

reports and demonstrate the process that they are 

performing.  

 Johns-Boast and Flint’s (Johns-Boast, 2009) 

experience highlights some important facts to be 

considered when designing and conducting project 

based software engineering courses: 

 

 In role-based teams, if grading is done on 

individual basis then the students lost the idea of 

team work and concentrate only on their own role, 

whereas when they know that their work will be 

graded as the overall team performance then they try 

to do their best, not only in playing their own 

assigned role but also help others to perform best. In 

this way they learn not only the process of their role 

but they are able to learn the overall software 

development process. 

 

 Grading effort of individual students towards 

the project is very difficult.    

 

 Students concentrating only on the tasks of 

their role also fail to understand the dependencies 

between the different phases of software 

development process. 

 

 Some roles (team members) have too much to 

do (for example, programmers) and some have to 

work only sometimes during the project (for 

example, the client or customer), thus there is an 

uneven distribution of work load among the team 

members.  

 If the project clients are not for real then the 

students lost interest in the development as they 

know that the software is not going to be used ever.  

 

 Making teams of senior and junior students is 

also beneficial for knowledge management and 

knowledge distribution among the team.  

 

 The project should be selected   very carefully 

so that all the important aspects of software 

engineering can be demonstrated clearly. The project 

should also let the students make use of their 
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technical skills but also should provide them with an 

opportunity to see the team organization and 

communication which is a very important aspect of 

real life software development industry.   

 

3.2. Large teams: company   based 
 David et al., and Mohamed (Borman et al., 

2011) have tested their framework on large teams of up 

to 30 students, whom they call the employees hence 

giving the name “Company-based” to their framework. 

They argue that the problems of non- effective teaching 

in project based capstone SE courses are that the 

projects are maintained in small teams which hinder in 

presenting the actual industry situation to the students. 

For this reason they propose to organize the students in 

large teams to demonstrate the real world situation       

in the software development industry from 

“organizational, process, and communication 

perspective” (Borman  et al., 2011). A similar study has 

been conducted by one of the authors (Shahzad et al., 

2009), where Extreme Programming (XP) practices 

have been used to teach XP software development 

process to a combined class of graduate and 

undergraduate students. That project based course 

emphasized mainly the knowledge management factor 

and the learning perspective of the XP practices that 

were implemented.  

 

 Zaigham 2007 has proposed a teaching 

framework in which the team size is gradually 

increased from individual to pair in the first year of 

studies, and to a team of ten members in the final year 

of SE/CS degree program. (Mahmood, 2007) has also 

discussed a complete course structure, including the 

process of selecting an appropriate project, forming 

student teams, software development phases, and also 

the grading system for the SE training course(s).    

    

3.3. Phase-Based Training 
Researchers and members of academia have 

also attempted to provide the students with expertise in 

the individual phases of software development by 

concentrating on a single phase at a time instead of 

training the whole process at once. It is argued that 

software development is not about only coding but also 

requires a number of other social and technical skills. 

As, according to Hoare (Hoare, 2006), the purpose of 

software testing is not only to find out the errors in the 

code but also to analyze the technical, process related 

and organizational skills of the development team. 

Jamaludin et al., Jamaludin et a.l, 2008) promote the 

criticality of the skill development in SE and 

designates requirements engineering (RE) process as 

the first step towards skill development of the students. 

They argue that if the students fail to develop their 

required technical and organizational skills in the initial 

stages of the process, they will not be able to catch up 

with the difficulties and required skill levels in the 

upcoming phases of the development.  

 

3.4. Project Management Teaching Framework  
        Managing a software project is as critical as 

the actual development. According to Boehm (Boehm, 

1991) problems in management is one of the greatest 

factors contributing to project failure. Many studies 

have been presented highlighting the importance of 

project management and its role in SE education. 

(Keenan, 2006), (Huang, 2008), (Jones, 2008) and 

(Javed, 2007) are some to mention who have worked 

towards developing teaching and training models in the 

context of software project management.   

 

4.                     RESULTS AND DISCUSSION 

4.1       Evaluating Teaching by Evaluating Learning 
The following section describes the concept of 

retrospective learning and process reviews.  

 

4.2 Final-Year Projects:   Personal Review 
The authors conducted an informal 

ethnographic survey, aimed at understanding the 

development and management related problems faced 

by final year students. The students were asked about 

their skill levels, their choice of development tools, 

their personal view about the process that they 

followed in each individual phase of the development, 

and about the problems and difficulties that the 

students faced in managing the project.  

 

4.3     Learning Lessons from a Project Failure: 

Project Retrospectives 

Knowledge management and learning from 

experience play a vital role in today’s SE practices 

(Dingsøyr, 2004). Taking a retrospective review of 

projects after completion enables software engineers to 

learn from their own past experiences. In this way they 

are able to find out their own mistakes and can prevent 

themselves from repeating the same mistakes again in 

any other software development venture. (Dingsøyr, 

2004) promotes a project as a common place or 

stadium for software engineers to learn by practice and 

learn from peers. Retrospectives not only promote 

learning but also provide an opportunity to evaluate a 

project as a success or failure (Nelson, 2005).  

(Razmov, 2007) suggests that software engineering 

projects are best place for teaching software 

engineering to prospective software engineers.  

 

5.                      CONCLUSION 
Software development requires expertise in a 

number of dimensions. Teaching this multi-faceted area 

of knowledge also requires lots of effort on behalf of 

the instructor. Software development process can only 
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be demonstrated by actually doing it. Teaching 

software development using software development 

projects is hence proven to be very beneficial. Different 

frameworks and models have been defined after 

research and experience of members of academia and 

practitioners from the industry. The choice of a 

particular model depends upon factors like the required 

skill level of students, strength of students to be 

trained, and availability of resources. The analysis of 

all the frameworks and models presented in this paper 

also facilitates to define a framework according to the 

SE education needs in Pakistan. 
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