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Abstract 

In order to effectively teach software engineering students how to solve real-world problems, if 
possible, students should have the chance of working with and testing “real-world” industrial software 
systems during their courses. In a previous article, we presented a comprehensive software-testing lab 
exercise repository in which real software systems and test tools were incorporated to give students the 
chance of learning industry-standard tools (such as JUnit and IBM Rational Functional Tester). As the 
next step in our on-going efforts to improve the learning experience of students in testing courses, we 
have incorporated “real-world” industrial testing projects in a graduate-level software testing course 
in the past three years (2008-2010). The experience and the outcomes of these industrial-caliber 
projects have been very satisfying to the stakeholders. We report in this article some details about 
those projects and also discuss the opportunities, challenges, and lessons learned in those projects. 
 
1. Introduction 

 
Software testing is the most popular and practical means of ensuring the quality and reliability 
of software systems in the IT industry. In spite of its viability, however, as of 2002, 
inadequacies in software testing account for an economic loss of 22-60 billion dollars per year 
in the United States alone. Instead of testing software in an ad hoc fashion, more systematic and 
effective approaches are required.  

In order to effectively teach software engineering students how to solve real-world problems, 
if possible, students should have the chance of working with and testing “real-world” industrial 
software systems during their courses.  

In a previous article [1], we presented a comprehensive software-testing lab exercise 
repository in which real software systems and test tools were incorporated to give students the 
chance of learning industry-standard tools (such as JUnit and IBM Rational Functional Tester).  

As the next step in our on-going efforts to improve the learning experience of students in 
testing courses, we have incorporated “real-world” industrial testing projects in a graduate-level 
software testing course in the past three years (2008-2010). 9 students (7 of which have had 
fulltime jobs while taking the course) were involved in bringing industrial software systems of 
their choice and testing them during the course. The experience and the outcomes of these 
industrial-caliber projects have been very satisfying to the stakeholders.  

An overview of the course is given in Section 2. The projects we have worked on in the past 
three offering of the course are presented in Section 3. We report the opportunities, challenges, 
and lessons learned in Section 4.  
 

2. An Overview of the Course 
 

The course is titled “Advanced Software Testing” and is numbered SEG 607.22. It is a 3-hour 
per week, 14 week course for MSc, MEng and PhD students of the Software Engineering and 
Computer Science programs at the University of Calgary, Canada. 

The course materials are based on several reference books and recent papers in the area. The 
main topics of the course are:  
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 Introduction to Software Testing 
 White box Testing 
 Black-box Testing 
 Testing Object-Oriented Systems 

The course has a course project to offer students hands-on experience in applying software 
testing techniques, where students will work with several industrial software testing tools. For 
further details, the reader can refer to the course outline [2]. 

 

3. Testing Projects  
 

The industrial testing projects and some high-level description about them are explained in this 
section. To keep the anonymity of the projects and students, identifying information have been 
removed. The list of projects used in the three offerings of the course is provided in Table 1. 
The projects are discussed in detail next. 

Table 1- Industrial projects used in the three course offerings. 

Cause offering System Under Test (SUT) Test Techniques/Activities Test Tool 
Winter 2008 A military mission planning 

suite  
Stress testing, resource 
utilization testing 

An in-house stress test 
tool 

Several large-scale mission-

critical web applications 

Environment 

configuration testing, 

Functional scenario-based 

regression testing 

NUnit, IBM Rational 

Functional Tester 

SIP-4-ME (Session 

Initiation Protocol for the 

Mobile Environment) 

Real-time and 

performance testing 

IBM’s Rational Test 

RealTime 

Winter 2009 A SAP-based field data 
collection system 

Unit testing NUnit, Gallio 
Automation Platform 

Winter 2010 A large-scale SCADA 
(Supervisory Control and 
Data Acquisition) System 

API testing IBM Rational 
Functional Tester 

Unit testing NUnit 

Eye-tracking data 

processing tool 

Unit and system testing JUnit, FitNesse, 

Cobertura, Jumble 
 

3.1. Projects in the 2008 Offering 
 

There were 12 students in the course in Winter 2008 offering. Three of those students selected 
to apply the software testing techniques learned in the course to real software systems they were 
involved with in their workplace. The other 9 students chose to test open-source software 
systems such as jEdit and ArgoUML. 

One student was working in a company which was a military contractor to develop control 
software systems for military purposes. A mission planning suite was under development in the 
company and the student chose to apply stress testing and also resource utilization testing using 
a stress test tool which was developed and maintained in-house. The student applied the 
systematic knowledge learned in the course to the project and “the final outcomes were very 
useful the quality assurance of the larger product and was welcome by the stakeholders.” 

Another student was working in a VoIP-support company and his choice was the SIP-4-ME 
(Session Initiation Protocol for the Mobile Environment). Real-time and performance testing of 
this protocol was conducted using the IBM’s Rational Test RealTime. 

A more ambitious project was comprehensive environment configuration testing and 
functional scenario-based regression testing of several large-scale mission-critical web 
applications. The tools used were NUnit, and IBM Rational Functional Tester. This project also 
had more impact on the subject company as it influenced and changed the test culture. 
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Automated testing was introduced in a large organization (900+ employees). Technical details 
about this comprehensive project have been reported in two recent works [3, 4]. 
 
3.2. Projects in the 2009 Offering 
 
In 2009, we only had one project from the industry. One student was involved in her workplace 
with a field data collection system developed using in the SAP platform. Unit testing on major 
components of the system was conducted using the NUnit framework and the Gallio automation 
platform. 
 
3.3. Projects in the 2010 Offering 

 
Before the Winter 2010 term, an industrial collaboration between the author and a local 
Calgary-based control software development company (MRCSI, www.mrcsi.com) was initiated. 
MRCSI develops and sells industrial control software to power and oil companies. Its flagship 
product is called Rocket, a Supervisory Control and Data Acquisition (SCADA) system.  

Due to its large scale, two students conducted API testing on a sub-system of Rocket using 
IBM Rational Functional Tester, and two students conducted unit testing on another sub-system 
using NUnit. After the test results were sent the company, they were warmly acknowledged.  

Another student in Winter 2010 was involved in another industrial project in which an data 
processing tool for an eye-tracking device was being developed. The student chose to conduct 
unit and system testing using JUnit, FitNesse, Cobertura, and Jumble tools. 
 
4. Discussions 
 
Based on our experience in the last three years of this course, we discuss next the opportunities, 
challenges and risks, lessons learned, impacts of the course projects, and future plans. 
 
4.1. Opportunities 
 
There are definitely endless opportunities in incorporating “real-world” industrial software 
testing projects in software testing courses. If managed well, this is a win-win situation for both 
students and industrial partners. Students get a chance to apply their knowledge on non-“toy” 
systems and practice with real challenges in testing large-scale systems. On the other hand, 
industrial partners (companies) have their products systematically tested and may also get 
automated test suites free of charge (in most cases).  

The author also found the technical learning that takes place for all the people involved in 
these projects very satisfying. The projects have led to stronger academia-industry partnership 
and further software testing research projects are being proposed after the successful completion 
of the past projects.  

Furthermore, the results and the approaches for some of the projects have had research 
novelty in the context of software testing state-of-the-art. We have so far published three papers 
out of the works accomplished in these projects [3-5]. 
 
4.2. Challenges and Risks 
 
The major challenges and risks that we have observed are: (1) inviting and involving industrial 
partners, (2) confidentiality, (3) intellectual property (IP), (4) technical support from 
companies, and (5) low-risk nature of the projects.  

The first and foremost challenge is to get the industrial partners’ trust and have them 
interested in these collaborative projects. As per the author’s experience, there should usually 
be a working relationship with industrial partners before these courses in forms of, e.g., 
research collaborations. This was the case for the partners we worked with in these courses. Just 
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like any academia-industry collaboration, the win-win benefits of these collaborative projects 
should be justifiable to all parties involved. 

The second challenge is to make sure that confidentiality requirements of the projects and 
systems under test are adhered to. Since students present their work at the end of the course to 
the class, we need to make sure that other students keep the details and, specially, the defects 
found in the project confidential. Furthermore, since works of the students are reviewed by the 
instructor, proper provisioning for the intellectual property (IP) generated during the testing 
activities and testing process should be put in place beforehand. We have been able to do this 
successfully in our three year experience during the offerings of this course.  

Another important challenge is to ensure that students’ questions are being answered to, both 
by the instructor and also those that need input from the industrial partners. We especially felt 
the need for smooth and frequent interactions with our partner during the Winter 2010 term, 
when testing the Rocket SCADA system. One best approach we used was to ask students to 
group their questions into a weekly email and send it to the industrial partner, and then have a 
phone conference with them to get answers for those questions.  

Last, but also an equally important challenge, is to make sure that the testing projects defined 
by industrial partners should be of low-risk nature, and not those on the critical edge. Since, 
after all, projects are being defined in a course and students are still progressing in a learning 
experience and curve on testing techniques and tools, it is almost impossible to guarantee a 
perfect testing job being done in the relative-short timeline of courses (3 to 4 months). There 
were several candidate industrial partners which had few safety-critical and also quite 
aggressive deadlines/quality thresholds for those projects. To prevent potential problems in 
terms of not being able to satisfy those partners at the end of the courses, the instructor had just 
decided not to incorporate those projects in these courses. After all, all this initiative is an 
experimental idea. 
 
4.3. Lessons Learned  
 
The most important lessons learned were: (1) the need to proactively monitor students’ progress 
and provide them with feedback, (2) being modest about the outputs and the volume of work, 
(3) keeping the industrial partners regularly updated, and (4) making sure that the test activities 
do not be equal to tool usage. 

First and foremost, it is important for course instructor to proactively monitor students’ 
progress, and help them along the way as appropriate. To do this, the instructor had designed 
the course outline and planning in a way that students submit three project reports equally 
scheduled across the term. Report #1 is the course project report to be delivered in the 4th week 
of the course. Report #2 (progress report) is due in the 8th week. Finally, report #3 (full project 
report) is due at the end of the 12th week. For details, the reader can refer to the course outline 
[2]. Using frequent reports, any student issue can be dealt with in a timely manner. One can see 
this as a type of iterative feedback mechanism (similar to the iterative software development 
model).  

To keep students’ motivation high and to prevent their frustration, course instructor should 
provide timely feedback when some aspect of a student’s project is not going smoothly, e.g., in 
one case in our experience, students had trouble installing one of the testing tools, or in another 
case, a student had a wrong impression of what mutation testing means. Just like any other 
course, the instructor found that when a student receives such troubleshooting advice on testing 
tools/concepts from the instructor, s/he feels well received by the instructor and this leads to an 
increase in his/her motivation for the rest of the course project. 

Another lesson we have learnt is to be modest about the outputs and the volume of work to 
be done in these courses. One has to be realistic that this setting is not a full-scale industrial 
setting with professional testers working full-time. Students are learning and have many other 
commitments besides this course and its project (e.g., other graduate courses, their thesis 
research, or their professional job). All these limitations leave each student with about roughly 
3-10 hours maximum per week for this course project. The instructor had a regular informal 
friendly discussion with each and every student either at the beginning or end of each lecture 
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asking how s/he felt about the project and its workload. Some students also communicated their 
workload issues by email to the instructor which was dealt with on time. Slight while realistic 
adjustments of workload and project expectations were done by the instructor in some cases. 

The other important lesson is to keep industrial partners regularly updated since most of the 
times “silence is not good”. Since industrial partners have invested some initial effort at least in 
the beginning of the collaboration, they usually expect to receive some form of feedback at least 
once in the middle of the project as to how things are progressing. 

Last but not least, we have learned that some students think that software testing just means 
how to use testing tools, and they often forget about the importance of test design skills and test 
engineering. This has to be reinforced by the instructor in appropriate occasions. For example, 
two students were using the IBM Rational Functional Tester tool to conduct GUI functional 
testing of a SCADA system. The students had extensive manual ad-hoc testing background in 
the industry already. In the beginning of their project, they found themselves challenged with 
features and menus of the test tool and quickly started to go off-path from the main learning 
objective of the course: software test engineering, i.e., the set of skills to design, build and 
execute test infrastructure/systems to test other software systems.  
 

4.4. Impacts of the Course Projects 
 

The course has had significant success in that students have gained extra-ordinary satisfaction 
from their experience and the work they have done in the course projects. The course 
evaluations scores in Winters 2008 and 2009 were 5.86 and 6.33, respectively, both out of 7. 

We have received numerous positive feedbacks from the companies and they have found the 
defect reports and test suites produced by our students valuable. For example, here is an email 
from one of the MRCSI’s staff: “Many thanks for your efforts. We are very pleased with the 
results. We will include all identified bugs to the list and will try to address them during the 
months of …” 

As the above example message shows and also according to several other verbal 
communications, the industrial partners welcomed the bug reports and defects found by the 
students. The industrial partners did not have dedicated testing resources for the systems under 
tests in these projects, thus we could not compare the defects found by the students to those 
found by the full-time testers employed by the companies. In fact, in almost all cases, the 
students were the only actual testing resources responsible for testing those newly-developed 
systems. 

The course even had a major impact on the career path of several students, as they changed 
their jobs from general software engineer, developers to software testers after passing this 
course. As of this writing, the instructor has kept receiving numerous emails from most of the 
students in which they report that they find the material they have learned in the course useful 
in their job settings.  
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