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Abstract 

The software industries use of Requirements Engineering (RE) is obstructed by the industries relatively 
poor understanding of RE practices and benefits. Teaching RE at university level is in this context an 
important endeavor.  

This paper reports on an experimental approach on teaching RE and the results recorded during two years 
at Narvik University College. The course described in this paper uses experimental pedagogy to give the 
students experience in close to real-life work environment, demonstrating social and problem complexity 
of RE. The course uses social simulations rather than software simulations, making the students learn 
through interactions with real people and confronted with the complexity of social relationships.  

Students, participating in the course, where divided into two groups. The first group had no previous 
experience with software development or programming languages. The other group was familiar with 
both object orientation and programming.  

Introduction 
The use of RE in the industry is often colored by a relatively poor understanding of RE 
practices and their benefits. Due to this, RE education is an important endeavor that can 
improve the RE methods used in businesses. In an ideal world, a course in RE should be 
provided at university level, before the students become software developers. This is 
however not so in most cases [Ber05]. When they do, these courses are often given in 
the traditional lecture/exercise format, and only few reports exist on other types of 
pedagogy used in such courses, i.e. [DAC05], [MM05], and [RGW08].  

It is a common understanding that requirements represent the expression of peoples 
desires [GW89]. To understand the desires of people and to be able to express these 
desires is essentially a social construction. Consequently, much social wisdom is packed 
into RE methods. Further on, it is unrealistic to expect students with little organizational 
experience to understand this body of knowledge and to appreciate even the need for RE 
methods, much less to be able to use them. In the software engineering discipline, it is 
essential that software engineering students understand the latest accepted methods and 
practices in use today in the design of complex computing systems. 

If we want to provide more than just a shallow understanding of RE to the students, 
we need to provide more than just lectures about RE methods and academic problems 
where they can exercise the knowledge they have been provided in our traditional 
teaching environment. It would also be good if we could define business experience as a 
prerequisite or co-requisite to an RE course. Unfortunately this is not an applicable 
option. To compensate for this situation, a curriculum in which students do internships 
in the middle of their studies may be an option. However, even this is no guarantee that 
they will be exposed to the experiences that they will need to more fully appreciate and 
understand an RE course. 

The experiences we seek to impart to students are directly linked to the issues found 
in the workplace when we understand what the business is about and what the desires of 



people are. A short list of these issues is: dealing with ambiguity, uncertainty, 
confusion, fear, time pressure, collaboration, corporate politics etc. In sum, what some 
call the “messy” part of organizations [CH97]. The messy part, recognized by scientists 
and mathematicians as wicked problems, exemplify the differences between classroom 
and workplace problems. 

To be able to handle the messy part, one needs to combine both emotions and 
techniques in one combined effort in RE. Whereas the use of specific techniques and 
algorithms can be learned through lectures and exercises, emotions can only be learned 
through real life experiences. 

This paper describes the requirements engineering part of a System Development 
course delivered at Narvik University College. In this paper the reasons for creating the 
course, its pedagogical features, and the experiences giving the course will be presented. 
The course is a 10 point course, spanning from spring to autumn, and is now running in 
its second year. This paper mainly describes the experiences during spring 2009 and 
spring 2010 in which RE is the main focus. The students in the course were divided into 
groups based on previous experience; groups with no previous experience of software 
development, and groups with previous experiences of programming and OO. 

The course was a result of a major restructuring of the computer science education 
program at Narvik University College. It was designed to create a realistic organization 
in order to provide the students with an opportunity to experience the “messiness” they 
can expect in the workplace. Situations which one may be faced with in a real 
workplace was created, and framed the problems presented to the students in an 
uncertain and confusing reality, often relying only on verbal, word-of-mouth 
communication as this is an important part of design and management information 
transfer in reality.  

The system the students were working on was a stock-exchange game using close to 
real time data from the Oslo Stock Exchange combined with locally defined stocks. The 
approach was to immerse the students into a more realistic social environment with real 
data instead of simulated data, real events instead of simulated ones, interviewing real 
people, using real planning and reporting tools.  

In the next section of this paper a number of typical RE education related challenges 
will be presented. Further on, the basics of experimental learning, and how these 
theories was adopted into the course is presented, and finally our own experiences with 
the course including students evaluation before presenting related work and 
summarizing the contribution to the area of expertise. 

RE challenges 
Traditional education tends to be separated into separate disciplines or courses. Few, if 
any, courses seek to integrate disciplines. The result is that students going through the 
educational system acquire much factual knowledge about specific areas but little 
synthesis is provided. This pattern is also present in courses where each course is 
divided into topics which is lectured in a sequential manner, one by one, with the 
implication that there is little, if any, relationship between topics, and without any or 
just a few references to other disciplines. We, as university teachers are unwittingly 
creating a student mindset that partitions out methodologies. This observation became 
evident during the course when it was discovered that students that had previous 
experience with OO and programming had a more difficult time grasping the full 
context of RE than the students with no programming experience. This observation is 
further discussed in the Instructional Scaffolding section. 



Another challenge is related to wicked problems and the fact that these problems 
tend to be difficult to define, and the definition, if it exists, change over time. Their 
solution is not known at the beginning and whether they were correctly solved will not 
be known often until long after a solution is proposed or implemented. Solving one 
problem often brings about a number of other problems that could not be foreseen 
before the solution was implemented, and so on. Wicked problems have the following 
properties [SMB97]: 

 
 cannot be easily defined so that all stakeholders agree on the problem to solve 
 have no clear stopping rules 
 have better or worse solutions, not right and wrong ones 
 have no objective measure of success 
 require iteration – every trial counts 
 have no given alternative solutions – they must be discovered 
 require complex judgments about the level of abstraction at which to define the 

problem 
 often have strong moral, political or professional dimensions which cannot be 

easily formalized. 
 
Finally we have the differences between the classroom experience and the real time 

workspace. [RGW08] presents a number of differences between the classroom and the 
real-life workplace experience. These differences impose a number of challenges that 
need to be addressed as well.  

In fact, RE may be considered a meta-discipline in that it integrates a number of 
other disciplines, e.g. ethics, psychology, organizational theory, sociology, software 
engineering, etc. RE also demands the students to be creative, using techniques like 
brainstorming, metaphoric thinking, analogical thinking, idea sketching, pragmatic 
thinking, and other techniques used in more mature areas of engineering design. 

The properties of wicked problems are such that every trial count and it is neither 
possible nor advisable to give the students the rules of business. They have to live 
through it. The kind of approach towards learning and the pedagogy used is challenging 
for many students since it does not fall into the previous well-defined form of getting all 
relevant information up front making the student capable of efficiently solving the 
problem presented by the teacher.  

In our experience most students fail to see the point of using a lot of time learning 
the business rules and understanding the business requirements. They live under the 
false impression that if anything is unclear, someone will tell them what is unclear and 
provide a solution. The students resist living through the problems related to changing 
requirements, unclear requirements, unfinished requirements, and resist asking 
questions that may result in more problems.  

Experimental learning 
The theory of experimental learning is generally attributed to Kolb [Ko83]. Kolb 
developed this theory based on the previous pioneering work of educators such as 
Dewey, Lewin, Piaget, and Freire. He proposed a model of the underlying structures of 
the learning process based on research in psychology, philosophy, and physiology, and 
bases its typology of individual learning styles and corresponding structures of 
knowledge in different academic disciplines and careers on this structural model.  



His model of experimental learning is divided into four modes, usually assembled 
into the experimental learning cycle presented in Figure 1. 

 

 
Figure 1. Kolbs model of the Experimental Learning Cycle [Ko83]. 

According to Kolb, the learners “must be able to involve themselves fully, openly, 
and without bias in new experiences (CE). They must be able to reflect on and observe 
their experiences from many perspectives (RO). They must be able to create concepts 
that integrate their observations into logically sound theories (AC), and they must be 
able to use these theories to make decisions and solve problems (AE).” 

Kolb notes that this cycle is an ideal that is difficult to achieve because learners 
cannot easily reconcile these modes, which require different ways of interacting with 
one’s environment and thinking about it. Further on, in the model, the modes are 
“dialectically” opposed along two dimensions. The first dimension, prehension, opposes 
Concrete Experience of events (apprehension) and Abstract Conceptualization that 
seeks to make generalizations of these events (comprehension). The second dimension, 
transformation, opposes Reflective Observation about experience (intension) and Active 
Experimentation that seeks to make decisions about future experience (extension). For 
Kolb, the level of learning is determined by the way the learner can resolve the conflicts 
present in these two dimensions. 

Another important aspect of experimental learning has been described by Lev 
Vygotsky as the zone of proximal development (ZPD). ZPD is the difference between 
what a learner can do without help and what he or she can do with help, and is defined 
as “the distance between the actual developmental level as determined by independent 
problem solving and the level of potential development as determined through problem 
solving under adult guidance, or in collaboration with more capable peers” [Vy78]. 

As already described in the previous sections, RE consists of a number of wicked 
problems that need an iterative process to be gradually refined. During the process, the 
students should become more familiar with the problem domain in question, business 
rules and hopefully the students should be able to comprehend the nature of RE and 
business problems through their apprehension of the concrete classroom experience.  

Instructional scaffolding is based on Vygotsky’s theory where he defined 
scaffolding instruction as the role of teachers and others in supporting the learner’s 
development and providing support structures to get to that next stage or level.  An 
important aspect of scaffolding instruction is that the scaffolds are temporary.  As the 
learner’s abilities increase the scaffolding provided by the more knowledgeable is 
progressively withdrawn.  Finally the learner is able to complete the task or master the 
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concepts independently [CCS02]. Therefore the goal of the educator when using the 
scaffolding teaching strategy is for the students to become independent and self-
regulating learners and problem solvers. As the learner’s knowledge and learning 
competency increases, the educator gradually reduces the supports provided until the 
students complete the tasks without interference from the teacher.  

The Course 
The System Development course was designed following the experimental learning 
cycle, incorporating the idea of instructional scaffolding. The course grade was defined 
to be Passed or Not Passed. First the class was divided into two distinct categories; 
those with no prior knowledge of software development, and those with some 
experience in OO or programming. This separation was done because it was expected 
that the student with no prior experience would need more assistance than the other 
group.  

The typical course session consisted of two times two periods of forty-five minutes 
every week. In the beginning of the term, the course focused on initial analysis and 
Business Process Modeling Notation (BPMN). Then we started working with RE phase 
of the course. RE is at the interface between the business understanding and the product 
or service to be created, and the students need to understand the business function 
before they can start on RE process of conducting interviews, drafting requirements, etc. 

 A typical lesson in the RE phase would include a presentation of a number of real-
life examples, e.g. business game or a RE interview, followed by a discussion on 
different social and technical issues of the examples. The lesson would then be followed 
by a shuffle of people within groups into teams of 3 – 7 people. The shuffling of people 
within the group was done to provide a kind of uncertainty related to people attending 
the group and to be able to reduce the predictability of the working environment for the 
students. Each team was given identical exercises in form of similar activities as those 
being presented during lecture. The exercise was usually in the form of a RE interview 
related to a limited number of problems within a system. Most experience sessions 
where followed by a 45 minute reflective observation phase in which emotional and 
technical debriefing was performed. After the debriefing was performed, the groups 
exchanged documents developed during the process and commented on the other groups 
work. To finish the session off, a lesson to sum up the experiences with the exercise was 
held. The typical week doing RE-lessons looked like: 

 
4 Summary lecture and discussions Session 1 
1 Introducing a RE subject, exemplifying with  

real-life examples 
 

2 Shuffling group-members into work-groups 
Perform exercise, create RE descriptions 

Session 2 

3 Reflective Observation Phase 
Emotional and technical debriefing 
Change of RE work between groups 

 

 
After having lectured after this model for five weeks, a new shuffle of the members 

of the groups where performed creating a project group which should be stable for the 
rest of the term. Project management techniques were lectured and the class was at a 
stage in which they could embark on a journey into doing a larger RE exercise resulting 
in the requirements for a stock-exchange game, and using instructional scaffolding in 



the process. Each of the teams was organized as different companies, competing in the 
same market, developing competing systems. 

The system to be developed was described as an internet-based game which should 
be as close to real-life experience as the real stock exchange. The game period should be 
limited to a number of months after startup. All buying and selling within the game 
should be done using virtual money, and should include actual stocks on Oslo Stock 
Exchange (OSE), real-time stock rates and availability. The game should also support 
virtual companies and their stocks which also should be tradable. All selling and buying 
should be done using a broker. Further on the system should incorporate some kind of 
security to minimize the problem that a single user may hold several identities within 
the game, making it possible to do illegal trades. 

All groups got the same information. Within the first two weeks, the students had to 
deliver a business game document on how stock trading is performed in Norway, 
different techniques of stock trading, which stock types exist and what is the difference, 
what laws apply, and to some extent give an explanation on a number of financial and 
economical terms used in stock trading. They also had to deliver the first project plan, 
and their first project description. 

As a result of severe time pressure, each group struggled to understand the problem 
domain, describe and document it, and create a project plan. We observed that in most 
cases the students neglected the text given in the exercise, and that there was no overall 
picture on what was going on. Frustration and emotions surfaced quite often, and some 
students even expressed doubts about the competence of the lecturer. The planning 
aspect was put out until last minute and some groups didn’t even manage to come up 
with a plan. After this exercise, an emotional and a technical debriefing were performed, 
evaluating the results. Then all groups exchanged business game documents, and 
commented on differences.  

This period was then followed by a 7 week module focusing on RE and 
specifications. At the start of this period the students got a document from the 
company’s sales- and marketing departments about sales and marketing problems, and 
the teams was instructed to deliver a simplified Software Requirement Specification 
(SRS) using BPMN as modeling notation where applicable. They were also instructed 
that further information was available from the CEO (lecturer), CIO (student assistant 
#1), customer (student assistant #2) as well as one outside stakeholder (lecturer 
imposing as an advertising interest). A document was prepared for each role in the 
game, ensuring that the same main messages and information were delivered to all 
groups during interview. During the whole process, except during interviews, the 
lecturer performed instructional scaffolding as described. 

After the first round of interviews, each group wrote its own simplified version of 
the SRS and presented it to the CEO of the company. The CEO did not approve the 
SRS, and the students was instructed to do further investigations, especially into the 
feasibility and validity part of their SRS. The students concluded they needed more 
interviews and a second interviewing session was set up. 

At the completion of the 7 week module, a new and updated version of the SRS 
where delivered to the CEO, which this time accepted and approved it. This document 
was later used to design and implement a prototype of the system. 

Experiences 
The RE-part of the course was given two spring-terms with 15 and 18 students in each 
year. The course itself was mandatorial for all students in the Bachelor of Engineering 
study of Computer Science at Narvik University College. 



The course has been well evaluated during mid-term in both years. The first time 
the course was performed, all attendants had completed a number of OO and 
programming courses, but in 2010 about half of the class had no prior experience or 
knowledge of OO.  

Course rating 
In both years the course has been evaluated by the students. The overall evaluation of 
the course is presented in Figure 2.  

 

Figure 2. Overall rating of mid-term course by students in 2009 and 2010 

Even though the course itself is fairly good rated by the students, there is room for 
improvements. The following areas have been recognized for improvement. 

Learning Style 

The course is problem-based and the approach towards learning is completely different 
from other courses at campus. This had to be explained frequently during the course. At 
the beginning of the course several students found the course to be disorganized and 
found it difficult to accept this kind of pedagogy. However, at the end of the course 
most students found the problem-based approach to be fruitful. No students quit the 
course. 

Some students found the debriefing sessions boring and cumbersome due to the fact 
that most groups had the same or similar findings and experiences. This problem may 
be solved by having the debriefing sessions of individual groups outside the classroom, 
and later make a synthesis of the findings. 

Group dynamics 

Even though the work was done in groups, the most common scenario was that two or 
three persons in the group executed the work while the rest observed. It was also evident 
that when all members of the group worked on separate parts of the project, they did not 
communicate well with the other parts of their group working on related material. This 
resulted in incompatible models and specifications. The latter situation occurred more 
often during time pressure.  
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Frequent reporting on time used and progress had the effect that all participants in 
the group became more conscious of what they were doing, how much time they had 
used and how unsecure they were about how much time had to be used before they 
could complete the task at hand. This situation also made the students more aware of 
how much the other group members had left of their work. 

The frustration related to estimating the remaining work, combined with some 
degree of timeboxing of activities resulted in emotional outbursts and the need to frame 
somebody for the situation (most usually the teacher). It seemed to have the effect that 
the group united and worked together more closely towards a single goal. 

Each student would get a grade in the course as Passed or Not Passed, dependent on 
the work of the group, how much the student had participated in the groups work, and 
how the student handled other wicked problems related to RE. Some students found this 
to be unfair due to the fact that some individuals contributed more than others. This 
challenge may be solved by changing the grade to an A-F scale, making the completion 
of the project mandatorily and having a final oral exam. 

Credibility 

It is of utmost importance that a course like this which differs drastically from other 
university courses has credibility. As the course puts the student in a stressful situation, 
the student might infer that the course is disorganized. With adequate communication, 
the students eventually believe that the course puts them in a situation related to the 
“real life” situation and learn from their experience. 

A few skeptical students challenged the approach on learning and expressed doubts 
about the competence of the lecturer in the first weeks of the course. The challenge was 
expressed as comments during exercises, and as criticism during debriefing sessions. 

The following strategy was used to raise the credibility of the course: 
 

 Used own industrial experience as examples 
 Used real-life project examples to demonstrate problems 
 Open discussions 
 Open scenarios based on student experiences 

 
It is preferable to have guest speakers from the software industry to do some talks 

on different aspects of RE. It would also be preferable that more lecturers shared a 
course like this, partly because of workload, but also by increasing the industrial 
experience and by so broadening the horizon of the students.  

Instructional Scaffolding 

Initially it was expected that the students which had no previous experience with OO 
would need more coaching and assistance during the RE-phase than the group with such 
experience. This proved to be wrong. The student groups that had OO competence and 
programming experience tended to delve into descriptions on how some problem should 
be solved on an object-level rather than specifying what problem should be solved, 
under which circumstances, consequences, describing processes and so forth. This 
resulted in a situation where the lecturer repeatedly had to re-establish RE goals in the 
group, guiding the group out of its OO-sphere and back into the game. 

The groups with no previous OO experience handled RE differently. They focused 
on the business processes, describing these, doing their interviews, refining their 
documents and worked better doing RE than the other project groups. 



Resources and results 

Doing a course like this require more planning and more resources than a standard 
course. It is also more difficult to teach since it involves wicked problems and 
consequences of such problems. The debriefing sessions has to be performed to adjust 
the students perspective of RE, and they also need to be done to focus the summary 
lessons on the important aspects. Consequently, the course uses more man-hours than 
other courses. 

The effect of the course is evident in the student evaluations of the course, and it is 
also possible to see the effect in B.Sc. theses of students completing the course. The 
B.Sc. thesis of students who has completed the course seems to have a more balanced 
approach towards software development in general, and RE in specific. The main 
component contributing to this is most likely the experience each student gets by 
working with wicked problems in the course discussed.  

We think we have succeeded with providing a context in which the students may 
place their functional knowledge obtained during their studies. Further on, we have 
indications that the course has prepared students for the workplace experience. One 
former student testimonial said “ … the course was difficult to comprehend at first, and 
at times it was difficult to understand what was expected of us as students. I am now 
working as a software engineer, and I realize how unclear and confusing problem 
statements and goals may be. I still find the situation uncomforting, but I feel confident 
that I am able to handle the situation and find solutions”. 

Related work 
There seems to be few publications on experimental pedagogy related to RE. Some 
publications were published at the REET 2005 workshop, e.g. [Be05], [DAC05], and 
[MM05]. [DAC05] discuss challenges encountered teaching across universities, 
different cultures and time zones, while [MM05] focus on an investigation-based 
approach towards RE. [RGW08] presents an immersive and problem based approach 
closely related to instructional scaffolding. It further on use low-tech and social 
simulations rather than computer based. Consequently, [RGW08] is an approach which 
in many aspects resembles the approach presented in this article. 

Conclusions 
In this paper an experimental approach toward teaching RE has been presented with its 
theoretical foundation. The course was designed with two major objectives in mind; 
prepare the students for the real-world experience in which they will embark after a 
completed study, and, create an arena in which the students may place their functional 
knowledge obtained during their studies.  
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