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Abstract

The creation of a capstone course for an un-
dergraduate computer science curriculum mirrors
traditional software design. Initially, a high-level
goal is created. This is refined into lower-level
specifications by conducting interviews with the
users. The implementation is based on these
specifications. In our case, the capstone course
is to simulate (as much as possible) the student
experiences after graduation. Lower level speci-
fications are created by approximately 20 hours
of interviews with developers, testers and project
managers in consulting, development and infor-
mation technology departments. The results of
these interviews are synthesized into a capstone
course to be offered in the Spring of 2010.

1 Introduction

Capstone courses are popular finishing touches
for computer science degrees (see e.g., [1, 4]).
There are several motivations for having such a
course, such as domain-specific knowledge, team-
work (including communication skills) and real-
world experience [9]. Our motivation is to pro-
vide the students with a realistic simulation of
their future workplace environments. Of course,
our students will take jobs in many different ar-
eas. From our most recent graduating class,
the students went to software development com-
panies, consulting companies, traditional infor-
mation technology departments, and graduate
school. All of these post-graduate endeavors have
different expectations. Furthermore, large corpo-
rations have different practices from small com-
panies. Thus, no one model will prepare every

student for life after graduation.

Therefore, I propose a hybrid course that com-
bines aspects of different organizations, preparing
all students for some of their future requirements.
In order to create such a hybrid, the current prac-
tices of many different organizations are stud-
ied. In particular, practitioners from a consult-
ing company, two software development compa-
nies and an information technology department
are interviewed. This paper presents the inter-
view techniques, summarizes the results, and de-
fines the course that evolved as a result of these
interviews. It should be noted that due to non-
disclosure agreements, no specifics from any or-
ganization are included. However, in many cases
there is significant similarity between the organi-
zations, making it clear how a simulation of the
work environment should be structured.

2 Related Work

One of the common issues in capstone courses
(and an issue raised in the interviews) is the time
required to complete a capstone experience [9],
with particular problems relating to the learning
curve for existing systems [7]. One solution is to
extend the capstone course to two semesters[1, 3],
but this is not possible in our environment.

Although it is agreed that students must work
in teams (see e.g., [4]), the size of teams for
capstone projects varies across universities. For
some projects, the teams are typically on the or-
der of three to seven students [1, 8, 9]. Larger
projects consist of teams of 10-12 in [5] or even
one team for the entire class [8]. From the inter-
view process, simulating the industrial environ-
ment requires teams of about 12-15 members.
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Likewise, the responsibilities of the team mem-
bers varies in capstone projects. In smaller team
projects, all team members are responsible for
all activities, but specialization is the norm ac-
cording to the interviews. The division of la-
bor has a significant impact on deliverables [4].
In [5], teams are divided into three groups, but
the groups are all developmental in nature. In
[3], quality assurance (testing) along with project
management and support are critical compo-
nents, which is consistent with the interviews.

Finally, it is generally accepted that capstone
projects have increased student motivation if
they incorporate a real-world situation [1, 9, 4, 3],
and the interviews support this claim. Another
attempt at student motivation is game program-
ming [7], which was specifically not included for
the construction of this capstone course. Our
curriculum envisions the creation of a separate
gaming capstone course in the near future.

3 Interviews

One of the important contributions of this work,
is the interview process used to develop the spe-
cific goals for the capstone course. The typical
interview transitions through three phases. The
first phase consists of getting to know the person
being interviewed. This is accomplished by ask-
ing the interviewee to describe their current work.
This technique has the advantage of allowing the
interviewee to relax, as some of the them were
understandably nervous about the process. How-
ever, since they are the experts about their pro-
fession, that question could always be answered
easily. Follow-up questions provide the basic un-
derstand of the interviewee’s occupation. The
second phase of the interview process consists
of questions specifically tailored to the individ-
ual being interviewed. For example, a manage-
ment type would be asked questions regarding
the structure of a project, while a tester might
be asked questions about the design of end-to-
end tests. The most frequently asked questions
are in Figure 1. Information regarding specific
questions appears in Section 3.1. The final phase
of the interview is wrap-up and appreciation. In
this phase, the interviewees ask questions and
make additional statements that are valuable and
might have been missed. Also, it is important to
sincerely thank the interviewee for the time they
took out of their busy schedule to help with the

project.
In order to initialize the interviews, contacts

within the company are needed. These contacts
should be of sufficiently high management posi-
tions that they are able to organize interviews.
Possible sources for such individuals are advisory
boards, alumni, and colleagues of faculty. These
individuals need to have an interest in the depart-
ment and its graduates, and a willingness to allo-
cate resources to the interviews (and away from
the normal work efforts). Ideally, these individu-
als should be from diverse areas within computer
science, so as to broadly cover the current prac-
tices.

Working with the contacts, a series of inter-
views should be scheduled with as many different
people within an organization as possible. How-
ever, more important than the number of peo-
ple is the diversity of the jobs held by the in-
terviewees. There are four broad categories or
personnel within a software development organi-
zation – developers, testers, managers, and sup-
port (which includes databases, networks, busi-
ness planning, etc). Among these, the managers
are the most critical to interview since they rep-
resent the equivalent of a professor in a capstone
course, but at least one of each type needs to
participate.

3.1 Interview Questions

Over twenty hours of interviews were conducted
in four distinct organizations. Individual inter-
views ranged from thirty minutes to two hours
in length. The majority of the interviews were
conducted in person, with the rest on the tele-
phone, both with individuals and via conference
call. The typical interview was a one-on-one ses-
sion, but there were times when multiple people
were interviewed together.

While interviewing developers, my questions
focused on the development process, environment
and paradigm. In particular, I learned about the

• specifications provided

• code review process

• unit testing process

• development paradigm (agile, waterfall,
etc.)

• documentation requirements
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The importance of testing was strongly rein-
forced by the interview process. When interview-
ing testers, the key issues are

• specifications

• automated test suites

• levels of testing (functional, system, end-to-
end)

• feedback

Interviews with management personnel pro-
vided insight on the overall structure of projects,
including issues such as

• timeline

• resource allocation (specifically personnel)

• “feature creep” management

• installation and training

• maintenance

Support personnel is a broad term I use to rep-
resent all people outside of the typical code-test-
deploy cycle. They are critical to the success of
the enterprise, and have diverse titles across the
institutions. Support personnel are concerned
with (among other things)

• Security

• Return on investment for the project

• Disaster recovery

• Network capacity

• Database capability

3.2 Responses by Interviewees

The response to the interviews was extremely
positive. The upper-management contacts not
only made arrangements for the interviews, but
followed up to ensure that everything went well.
The individuals interviewed seemed to be gen-
uinely interested in the project and provided as
much information as possible. The desire to help
is quite strong, as in more than one case, indi-
viduals sacrificed their lunch time for interviews
or follow-up conversations.

It should be noted that after explaining the
goal of the capstone course, a common sentiment

1. What is your general responsibility on the
project?

2. What are your typical daily activities?

3. What is your development environment like?

4. How are the priorities for the project estab-
lished?

5. How are changes in priorities handled?

6. What is the testing procedure?

7. Do you use off-site or off-shore personnel,
and if so, how are they included in the pro-
cess?

8. How is information shared between different
parts of the enterprise?

9. If you have 15 part-time new hires for 15
weeks, what would you try to accomplish
with them?

Figure 1: Frequently asked questions during in-
terviews. Not all interviewees were asked all
questions.

among many of the interviewees is that such a
course would have been beneficial for them as
students. Likewise, a desire to see the end results
of the interviews lead to this paper. In conclu-
sion, the interview process is very positive, as it
allows academics to stay in touch with the real
world, and allows practitioners a chance to pro-
vide guidance for the next generation.

4 Results

All of the results from the diverse interviews have
been synthesized into the following areas. None
of the institutions incorporate all of these com-
ponents, but the commonalities between the or-
ganizations yield several interesting results.

4.1 System Integration

Within the consulting and information technol-
ogy groups, a very high percentage of the work
focuses on integration of already existing software
systems. In general, it is far more efficient to
extend existing or off-the-shelf software than to
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generate new code. Even the development com-
panies rarely program in a vacuum, as software
must function with outside vendors or other in-
ternal projects.

Integration is concurrent with development
(and therefore, design and testing). Although
the process is quicker for integration, the process
must be planned and tested just as rigorously as
pure development systems. Likewise, integration
with other teams or external products must be
carefully designed and tested. As a result, the
capstone project should require integration with
existing software, or integration of two indepen-
dently developed pieces of software.

4.2 One Project - Three Parts

All of the companies interviewed have struc-
tures for their projects, consisting of develop-
ers, testers and project management/support
(PM/S) components. Although all environments
have roughly equal number of people involved
in development and testing, the PM/S compo-
nent varied greatly at the different organizations.
For example, the consulting and IT environments
place increased emphasis on training, considering
that an integral part of the product development,
while the development environments are not as
concerned about training. The PM/S team in-
cludes design, documentation, management, re-
source allocation, disaster recovery, ethics and
security. “Developer” is used to describe any per-
son who generates code of any sort, from scripts
to access data in existing software systems to
writing device drivers for an operating system.

Within each environment there exists the no-
tion of a production environment and a develop-
ment environment. It is crucial that the develop-
ers and the PM/S team coordinate their activities
so that the production environment can adapt to
any changes efficiently. Likewise, the PM/S team
should be quick to provide the support needed
for the developers in terms of database access or
other resources. Integration of the three parts
within one project is an fundamental objective
of the capstone experience.

4.3 Documentation

Documentation is handled in both a bottom-up
and top-down style. The top-down documenta-
tion consists of specifications which are generated
in the design process and distributed to both the

development and testing teams. The bottom-
up documentation is generated by the developers
and is used in code review and testing. In gen-
eral, the bottom-up documentation should sat-
isfy the top-down documentation after iterations
over both documents. The coupling between the
documentation and the code varied between or-
ganizations.

4.4 Testing

Although described using different terms, the ba-
sic testing mechanism is similar in all environ-
ments. The developers are responsible for unit
testing. The testers are responsible for checking
progressively larger units, eventually culminat-
ing in end-to-end testing for the entire system.
In some cases, end users are integrated into the
testing process for early feedback. In all cases,
testing is automated as much as possible. Test
cases and test programs are development concur-
rently with the software.

4.5 Code Review

Although the process varied between companies,
external review of written code is a key part of
the development process. One aspect of code re-
view is the concept of knowledge transfer. It is
important for others within the organization to
be familiar with the development, and code re-
view facilitates this transfer.

4.6 Security

In each environment, security plays a role in the
development process. It can be directly sup-
ported at the developer level, or it can be part of
the external testing and review process.

4.7 Feedback

Every development process requires feedback
from the users to determine the success of the
project. This feedback has different names in dif-
ferent companies, but it is addressed in all of the
organizations. The project must have a mecha-
nism for providing feedback from a userbase that
is outside the students. PM/S will be responsible
for the feedback portion of the project. However,
implementation of changes deriving from feed-
back must be allocated to future semesters.
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4.8 Feature Creep

Every enterprise is concerned about adding addi-
tional features during the development process.
The procedure for handling feature creep varied
between the companies, from trying to accommo-
date the features as much as possible to trying to
eliminate the requests by upfront discussion of
the requirements and the costs of the changes.
Feature creep will need to be an intentional as-
pect of the course.

4.9 Good Luck with That

A question asked of all managers was “What
project would you do with 15 part-time new hires
for 15 weeks?” The universal reply was “Noth-
ing.” Within each company, there is a learning
curve required. The shortest learning curve men-
tioned for any project was three months. The
longest was a full year. Given that a semester
is fifteen weeks, the learning curve is a signifi-
cant barrier to accomplishing useful work in the
capstone course.

4.10 Environment

A primary concern for an academic institution is
the cost of the computing environment needed to
simulate the workplace. Although the comput-
ing resources varied between the developer, tester
and PM/S teams, none of the environments had
excessive capabilities. Dual monitors were com-
mon, but not ubiquitous. In general, most work
was performed on servers, not on desktop ma-
chines. As a result, the individual machines,
while powerful, were not prohibitively expensive.
On the other hand, the server farm capabilities
far exceed my department’s resources, requiring a
more modest project scope. However, that is con-
sistent with the time limitations for the project.
Virtualization is common, and should be encour-
aged.

Another challenge within the environment is
the diversity of software required, particularly in
legacy systems. Given that my department is pri-
marily motivated to produce students capable of
meeting the demands of the future, it is difficult
to simulate the requirements of the past.

4.11 Failings

The limitations of an academic environment pre-
vent simulation of some aspects of the workplace.
In particular, we cannot simulate the 24/7 devel-
opment cycle, including the difficulties in commu-
nicating with a different culture. Our institution
is fairly homogeneous, and the students in the
capstone course consist almost entirely of upper
middle income white males, 21-22 years old.

Another limitation is the fifteen week course
time limit. Total project development time is
typically measured in several months to years.
As a result, the project will have a limited scope.
Related to this limitation is the business plan-
ning typical in all software projects. Whether the
project is to support business or the business is
the software project, each organization requires a
justification for any software, be it projects, bug
fixes or upgrades. Clearly, within an academic
department, similar motivations do not exist.

Finally, although maintenance is a significant
portion of any software project, it is not possible
within a fifteen week time frame. Future work is
to incorporate maintenance, possibly by adding
prerequisites to the capstone experience that al-
low students to work on bug fixes early in the
semester.

5 Course Design

A project team will consist of no more than fif-
teen students, and ideally no fewer than nine.
In order to accommodate the one project - three
parts construction commonly found during the
interviews, the team will be divided into three
groups – development, testing and PM/S.

5.1 Project

In order to facilitate system integration, the
project will be a Firefox addon that will al-
low users to select arbitrary quotations from a
database. This will require the group to famil-
iarize themselves with a new API and a new
paradigm, thus fulfilling the system integration
requirement. Documentation will be produced
by all groups. Consistent with the interviews,
the development team will conduct unit tests and
the testing team larger tests. Review will be car-
ried out across all aspects of the project (design
documents, code, and test suites). The PM/S
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team will create a web site to gather user feed-
back and collect bug reports. The web site will
also allow downloads of the software. Specifica-
tion change will occur sometime in the middle
of the semester. A dedicated lab will be used to
allow the students complete control over their en-
vironment. Additionally, one of the responsibili-
ties of the PM/S team will be the initial construc-
tion and maintenance of a repository. Everything
will be maintained in the repository, including all
versions of the source code, documentation, and
testing suites.

5.2 Work Structure

Before the course begins, students signed up for
the capstone course will receive the high-level de-
scription of the project. The students will be ex-
pected to come to the first class session with a
thorough understanding of these materials. The
initial class session will serve as the project kick-
off, where the structure of the class, the expecta-
tions and the project will be introduced. At the
end of the first class, the students should know
their groups, their initial goals and their weekly
obligations.

The interviews indicate a structure for project
management with a lengthy iteration cycle. This
process works for large-scale industrial projects,
but creates significant downtime for the groups
not involved in the initial aspects of the project.
As a result, an iterative method with a 3-4 week
timebox will be employed. Individual features
will be assigned to specific timeboxes by the
groups. The teams will work in conjunction with
each other to design and document, implement
and test each feature concurrently. Constant re-
vision and cross-communication is expected. As
such, this schedule more closely matches the Uni-
fied Process as opposed to the waterfall model [6].

For the PM/S group, the requirements are to
generate human understandable documents for
each feature, and map these features to the over-
all project. The implementation and testing
groups are to provide feedback for any aspect of
the design which does not allow obvious imple-
mentation and testing. Likewise, the implemen-
tation and testing groups are to provide feedback
on any external documents which are not clear to
an end user.

The testing group designs test suites based
upon the initial capabilities of the feature, as well
as test suites for combinations of features. The

test suite designs are vetted by the PM/S and
implementation groups. The goal for the testing
group is to build the initial test suite by the time
the initial implementation is complete. This will
allow testing to proceed in parallel with the de-
sign and development. Each test run will produce
a test report showing all tests applied, and for all
failed tests, the expected and produced results.
Ideally, all tests will be automated, but given the
browser based nature of the project, manual tests
may be required. However, all tests must be re-
producible. As the project matures, testing with
other addons and end users is required.

The implementation group will initially work
on understanding the technology used for the
project. In this case, XUL (XML User Inter-
face Language) [2]. Initially, this knowledge will
be used to refine the feature design and to de-
velop the first working product. Code review will
be practiced by the members of the testing and
PM/S teams in order to ensure good program-
ming practices as well as additional aspects such
as security and efficiency. The implementation
group releases each build to the test group, and
when all tests are satisfied, the build is released
(although not necessarily in its final form).

Each group will meet weekly with the faculty.
During the meeting, every student should be able
to report on their progress. This progress should
be documented with additional material in the
repository, and with a documented review of their
work.

5.3 Feature Creep

It is anticipated that additional requirements will
be added to the project at some time. For
the Firefox project, the additional requirement
might be a “Next” button which produces an-
other quote, or a “Next by Author” button that
produces another quote by that author, or addi-
tional subclasses for the data. It is also possible
for features to be dropped from the requirements.

5.4 Grading

Assigning a final grade to the project and then
determining individual student participation is
not reasonable given the team sizes. As a re-
sult, grades will be assigned on a bi-weekly ba-
sis according to the contribution of each student.
The expectations for the following report period
should always be clear, and the success or failure
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of a student to perform his assigned task should
also be obvious. Combining the requirement for
everything to be in the repository and for reviews
to be submitted each meeting will require the
faculty to read a large amount of material. To
make this a manageable task, standardized re-
view forms should be developed and followed.

6 Conclusion and Future

Work

Developing a capstone course to simulate indus-
trial experience is very similar to a project itself.
The initial requirements are refined by gathering
additional information. In this case, the addi-
tional information is derived from the develop-
ers, testers, managers and support personnel in
industry to determine the environment to be sim-
ulated. The interview process is well received.

Several key components emerged from the in-
terview process. The size of the teams and the
specialization of the team members is clearly im-
portant. In turn, this leads to the importance
of documentation, testing and management of
new features, which may be overlooked in a com-
puter science environment. Integrating the de-
velopment process within another system is also
crucial.

With the knowledge from the interviews, the
capstone project for the spring will be an addon
to the popular Firefox browser. This will require
system integration, new technology, crucial test-
ing and significant project management and sup-
port. It will also result in a real-world application
that can be downloaded by others.

All simulations have limitations, and the cap-
stone course will not be able to reproduce the
experience perfectly. For example, it is a com-
mon situation for development to be a 24/7 pro-
cess with team members all around the world.
More importantly, the semester provides a hard
time limit which cannot be changed. As a result,
whatever is completed in fifteen weeks is the end
result of the project.

In the future, adding a pre-Capstone course re-
quirement might allow the learning curve to be-
gin earlier, and allow maintenance to be incorpo-
rated into the capstone experience. This course
would be a 1-hour pass/fail course that requires
the students to pass an exam in order to take the
Capstone course. Maintenance jobs would then

be assigned in the initial phase of the Capstone
course.

Likewise, the project can be extended or even
totally changed (version 2.0) in future semesters.
Support for larger citations – such as literature
excerpts – can be added. It is possible to inter-
face with online sources to provide current infor-
mation such as headlines. As a result, continued
improvement of the product will provide course
material for several semesters.
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