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Abstract
Software Engineering Education is often associated with teaching computer
concepts, programming languages, database technology, etc. This approach of
teaching traditional Computer Science courses leads to some difficult problems,
both when training the students, and for the students their first years working in
industry. In the Software Engineering programme at the University of
Karlskrona/Ronneby, we have taken a more practical, problem-related approach
by complementing the Computer Science courses with project courses at
undergraduate level. In these project courses, we train the students to handle
client contacts, contracts, negotiations, and most important: to keep their
promises concerning time, quality and cost. After such projects the students are
more able to handle and solve problems independently in a responsible way. By
simulating the real world, and emphasizing the problems rather than the
solutions, the students gain experience very similar to the professional situation.
The experience gained increases the student’s maturity within the subject, and
facilitates the understanding and application of more advanced concepts such as
ISO 9000, Capability Maturity Model (CMM), function point analysis, etc.

1 The project courses
The Software Engineering program covers four years. The project courses
comprise nearly 25 percent of the total study period. The non-project courses
comprise exercises and laboratory assignments. The courses are described in [1].
There are three project courses: Individual Project, Small Team Project and Large
Team Project. Each project course introduces new concepts, higher levels of
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complexity and more formalized processes and methods. 

Two important aspects emphasized in the projects are commitment culture and
negotiations. The students must feel responsible for their product and should
suggest modifications, improvements and alternatives to the client. The student
must negotiate the contract which is only given an outline at the outset of the
project. Negotiations can take place any time during the project, preferably early,
and this is the only way the students may handle unexpected difficulties. See [2]
for more information.

Most projects have ‘real’ clients. In the Individual Project, some projects are
internal within the department, where teachers acts as clients and students as
suppliers. The client is instructed to act as a ‘real’ client. Examples of
applications in the Individual Project are small accounting systems, tools such as
mailtool and ftp-tool, simple spreadsheets, file system for small embedded
systems, planning tools, mathematical instruction programs, games, etc.

The Small Team Project is described in more detail in the next section.

In the Large Team Project a rather large application is constructed by a project
group of 12-15 students during 20 weeks. The Large Team Projects are
performed in a simulated software company environment. At this stage of the
training, the students have reached a degree of maturity that allows us to
introduce the construction of a quality system for the company, at which the
student pretend to be employed. The quality system is based on the ISO 9000-3
standard and comprises rules, recommendations and guidelines to be used in the
projects. Examples of applications in the Large Team Project are: material
planning systems, telecommunication billing and support systems, and an
on-line accounting system for power distribution using communication over
power lines.

2 Small Team Project
In the first semester of the third year of the programme the students carry out the
Small Team Project. In this course, the students work together in teams of 4 to 5.
The students must understand the basics of commitment culture, negotiations
and correct handling of client relations. After the Individual Project course the
student is required to comment critically on his/her performance. Such
comments could typically be: “I should have done better planning in the
beginning of the project”; “I should have negotiated much earlier on in the
project when we first became aware of the problem”; “I should have done a more
thorough analysis and design before coding”. The students now understand the
reason for planning, estimations and organisation of their work. 

Examples of applications in the Small Team Project are:

- A layout program for landscape modelling with roads, houses and trees 
- A compiler for an extended object oriented language
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- A class library for a high level network protocol
- General routines for drawing road crossings
- A vehicle booking system 
- A resource scheduling tool

3 Organisation of the Small Team Project
Potential clients are contacted some months before the start of the project course.
Different assignments are discussed and suitable projects are subsequently
chosen. The clients are informed of the conditions under which the projects will
be carried out. The project will be performed as a real project, but no money is
involved. The final delivery date is fixed, leaving only the product functionality
to negotiate about. After delivery, neither the students nor the university have
any responsibility concerning the deliveries.

Industrial clients are encouraged and motivated to participate for one or more of
the following reasons:

- The opportunity to get ‘free’ software development
- Sense of moral commitment to improve the quality of training
- Technology transfer where new technology can be tested in a project
- The opportunity to make contact with students for future engagements
- Previous positive experience of student projects
A specific contact person is assigned as a client representative even if in most
cases several people act as clients in the projects. The exact extent of the project
is not decided at this stage but left to the students to negotiate. It is not necessary
(and not even encouraged) for the client’s platform and desired development
environment to correspond to the environment that the students are used to. The
challenge of a new environment is a very important part of the idea behind the
project course. If a new platform and environment are chosen it is the
responsibility of the client to provide necessary development resources for the
project. Some projects have been carried out exclusively in the clients’s
environment.

The course has a course manager, who takes care of all preparation work
including contacts with all clients and the examination of the students. The
project course is carried out in a simulated simple software company
environment. During the project, teachers play the role of a ‘Head of
Department’ (HoD) who has regular meetings (e.g. every week) with each team.
The HoD is a business manager and thus economically responsible for the
project. The HoD will require the team to produce documented project plans,
specifications and a contract. Furthermore, the HoD requires regular progress
reports delivered to him. He may assist the team in all non-technical issues such
as negotiation suggestions, handling internal team problems, or planning and
estimation issues. Specific technical problems must be handled by other
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teachers. One of the most important roles of the HoD is to make the project team
aware of forthcoming problems by asking simple questions such as: ”When will
part X arrive?”; ”Are you sure?”; ”What will happen if it will be delayed?”; ”Is
there any way to prevent such problems at this moment?”. Another important
role is to spot internal cooperation problems early.

Other teachers act as company expert estimators and assist in the estimation
process. Moreover, some teachers must also be prepared to assist as technical
experts in specific projects.

4 The focus in the Small Team Project
The Small Team Project focuses on:

1. Team commitment. The students shall organise themselves in teams, select a
project manager, and divide the work between team members. The teams may
fail in their commitment if, for example, only four out of five members fulfil
their commitment.

2. Estimation. The students must make estimations concerning time, cost,
resources and size. They must document these estimations and continuously
follow-up the estimations during the project. The first estimations are also
carried out by two teachers independently in order to make the estimations as
accurate as possible. The students organise their own independent estimations in
the subsequent estimations. 

4. Configuration Management. The students are given introductory lessons in
basic configuration management such as version handling, makefile systems and
document handling.

5. Verification test. In order to introduce formalized tests in the Large Team
Project, the students must do a system test including the writing of a system test
plan. No formalized validation is made in this project course.

6. Introduction to process and product metrics. In this project course the students
collect their first initial metrics. Examples of experience and metrics are: “It
takes x hours to do y lines of C++ code”, “It takes z hours to do a medium
complex window in Motif”, and “The verification test had w faults”. The
experience gained is subsequently used as input to the Large Team Project. 

7. Software maintenance. The course consists of two parts: one where a new
system is built, and one where changes and extensions are made to the results of
the first part. The first part comprises 70 percent of the course, and the
maintenance part, 30 percent. New teams are formed in the maintenance part so
that no student works with the same system twice. The maintenance part
introduces un-formalized inspections where students read and change each
other’s documents and code, and give feedback concerning content, style and
correctness.
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5 Experience of using industrial clients in projects
The experiences are quite similar to situations and experiences from commercial
projects. This section contains a selection of the most common comments from
the mandatory conclusion reports, covering the 1994 Small Team Project. 

5.1 Experience of the first part

5.1.1 Client and requirements issues
People working in important positions in rapidly growing businesses are often
hard to reach. Unfortunately, these are the people most likely to act as ‘clients’ in
our projects. This fact, combined with the problem that the client seldom is
aware of what he really wants in detail, has caused some problems. Other
findings concerning client and requirements issues are: “The client does not
understand us because he is not technically competent”; “We did not investigate
the clients real needs deeply enough”; “We should have made a much clearer
requirement specification, specifying exactly what to do”. Several of these
experiences closely relate to real commercial situations. Some of them are not,
however, translatable to a real life case.

5.1.2 Software/hardware environment issues
Problems concerning licenses, late hardware/software deliveries and tools not
working as expected are everyday problems at software houses working with
tight time schedules. Those problems are generally not anticipated by the
students, who naively suppose everything will work perfectly. It is difficult to
persuade them that these problems are ‘normal’ rather than ‘exceptional’. The
fact that most teams have similar experiences helps students to realize the
importance of these problems.

In addition to the functional and non-functional requirements, the students may
also be required to make evaluations and/or purchase hardware/software. In this
situation they run into problems and make such comments as “Never trust a
salesman”; “The development environment did not work as expected” and “Do
not expect hardware/software deliveries to be on time”.

5.1.3 Team issues
One issue that cannot be taught by the lecturer before any experience has been
gained is problems concerning working together in teams. The students realize
that working together in teams is not easy. Internal communication within the
team in particular is a great matter of discussion. Everyone must do his/her part
and everyone must know what the others are doing in a small project like this.
All teams suggest regular internal team meetings. Another important aspect is
openness if problems arise, and every member must feel support from other team
members in such situations.
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5.1.4 Development and methodology issues
Student findings with respect to development and methodology issues are the
predictable ones: Testing takes more time than planned, and analysis and design
should have been done more thoroughly before coding starts. 

5.1.5 Planning and progress issues
The students did not originally see the need for planning the work and did it
mostly because they were forced to do so. During the project, understanding of
the importance of planning grew, particularly at the end of the project after a
series of unexpected occurrences. The team regretted not having spent more time
on planning. After the course the student know that planning is important and
necessary but they do prefer some kind of ‘sloppy’ black board plan to a well
documented plan partly because they know they will have to make changes to
the plan frequently!

5.1.6 Document and version handling issues
To ensure that the latest versions of documents and code are used is a difficult
task in a software development project. Old or inconsistent versions necessitated
a lot of re-work or additional work that would not be the case if a proper version
control system had been used. Another problem is that of avoiding unnecessary
loss of documents by taking frequent back-ups. The real importance of these
issues was made clear when final deliveries was made at the last minute, and old
corrected bugs reappeared! It is also highly probable that one of the projects is
exposed to loss of data, which further emphasizes the importance of back-up.

5.2 Experience of the maintenance part
The main element of the maintenance part comprised improvements required to
rectify mistakes made in the first part of the project. In general, the students were
more afraid of promising too much, and tried to make better estimations. The
maintenance team obtained the conclusion report from the previous project and
learned from the original team’s experience. In the conclusion report there were
also references to the location of all product-related documentation. 

5.2.1 Faults in the delivered product
Some faults were of course discovered during the maintenance phase, e. g. the
product did not function according to the requirements specification, the test
specification contained faults and some agreements with the client had not been
written down. 

5.2.2 Documentation experience
The documentation was in general not sufficient for the maintenance team. In
many projects there were inconsistencies between the manuals and the real
implementation. The manuals seem not to have been reviewed by any other



Maturity, Motivation and Effective Learning in Projects - Benefits from using Industrial Clients
Software Engineering in Higher Education, Alicante, 1995, pp 99-106

person than the author. Other findings were: poorly commented code, inadequate
file descriptions, inconsistent version handling, incorrect test records, spelling
errors and grammar mistakes, inconsistent design and implementation, and
non-informative comments. The overall documentation structure was
inadequate, sometimes overview descriptions were missing, sometimes detailed
documentation was lacking. All maintenance teams said they had to examine the
code in order to understand the product!

It is interesting to note that all students thought that the documentation they had
originally produced was of better quality than the documentation they had to use
in the maintenance part! As one student put it in the maintenance part conclusion
seminar: “Why didn’t you emphasize the importance of correct and consistent
documentation?” (which we had, of course, done!).

6 Project results
Most of the projects terminated successfully, coming surprisingly close to
original estimations (+-15%). However, all projects involved negotiations at the
start and during the project period where unsettled issues appeared. One project
failed completely even though the students worked incredibly hard. The course
manager judged that the students should pass the project course nonetheless
because the underlying reason for the failure was completely unrealistic
expectations by the client in question. However, it has happened that students
fail the course when they fail to fulfil their commitments.

7 Experience gained by teachers
It is very difficult to find projects of the same complexity and size. It is even
more difficult to inform the clients to act at the right level in the negotiations. It
is important to have a thorough run-through with the clients about the project.

The client representatives must be readily available a given amount of time,
particularly in the beginning of the project. If the requirements specifications are
delayed too much, this can cause delays and problems later on in the project. In
such cases it is very important that the HoD identifies alternative work. 

If the client does not accept the offer the students make after repeated
negotiations, it is very important that the client, HoD and the course manager
agree upon how to proceed. However, it is important to note that in most cases
the teams can negotiate a realistic contract.

Force the teams to have a project manager. When we ran this course the first
time we did not do this. This is, however, not a realistic situation in industry so
we think it is better to force the teams to have a project manager, but leave the
choice to the students.

It is important to have a concluding seminar where all the team’s findings are
highlighted and discussed. All students should share each other’s experiences as
these are so different.
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In the maintenance part the students become too prudent, resulting in
over-estimations. Special attention given to estimations in the maintenance part
is preferable.

We endeavoured to introduce a theoretical part in the course, terminating with a
written test. This approach was not successful because the students simply
memorized important concepts without relating them to the project. We think it
is better that each student writes a summary of the course literature (see [3]) and
comments on their work at the end of the project.

Do not solve too many problems in advance as an HoD. Let the students make
the mistakes and give them tips when you think the right time has come.

We have found that the grading of the students is difficult. It is important that the
HoD checks the time reports making sure that every student works his/her
scheduled time. If a student does not fulfil his/her commitment this is normally
discovered by the HoD during regular project meetings. Such problems must be
delicately handled, by the team leader, the HoD and the course manager.

8 Conclusion
There are several benefits in using industrial clients in training. One important
benefit is that students working for a ’real’ client are highly motivated when they
can see the actual need of the program produced. Furthermore, students working
with ‘real’ clients become much more mature. After the project the students act
more responsibly and becomes used to deadline pressure. The students are used
to handling unexpected problems. Students are able to solve problems by
themselves, and do not expect someone else to solve them. They are competent
to make decisions, and stick to them.

The student has gained knowledge of software engineering problems, in
particular requirement specifications, the importance of good client relations and
the importance of correct and consistent documentation. They are given a
different perspective of the curriculum, and the importance of the different
subjects. The students understand the necessity of coherent documentation. We
think that it is very important for the students to share project experiences with
each other, making the projects closer still to real life.
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