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ABSTRACT
A key goal of educators teaching software engineering is to pro-
vide students with useful experience that will benefit them after
graduation. A key component of this experience is usually a class
project that is meant to expose students to the issues associated with
real software development efforts. Unfortunately, educators rarely
have the time required to manage software projects in addition to
their normal pedagogical duties. As a result, many software engi-
neering courses compromise the project experience by reducing the
team sizes, project scope, and risk. In this paper, we present an ap-
proach to teaching a one-semester software engineering course in
which approximately 30 students work together to construct a mod-
erately sized (22 KLOC) software system. This approach provides
a more realistic project experience for the students, without incur-
ring significant managerial overhead for the instructor. We present
our experiences using the approach for the spring 2004 software
engineering course at The College of William and Mary.

Categories and Subject Descriptors:K.3.1 [Computers and Edu-
cation]: Computer and Information Science Education—Computer
science education

General Terms: Design

Keywords: software engineering education, large team projects

1. INTRODUCTION
Software continues to play an increasingly vital role in the func-

tioning of society, and because of this, the demand for skilled soft-
ware engineers persists. Unfortunately, those who do enter industry
as software developers are often ill-prepared for the work that they
will be expected to perform [3, 4]. A primary cause of this problem
is that the institutions responsible for producing tomorrow’s soft-
ware professionals are still in the process of determining the proper
way to teach the concepts and skills students need when they enter
the workforce.

A primary component of most software engineering courses is
the software development project. For many computer science pro-
grams, this is the first opportunity that students have to work to-
gether to build a software system of significant size. The course
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project reinforces the lecture material, making concrete for students
the necessity and utility of the tools, processes, and techniques for
large software system development.

Of the various models for course projects, the “large project”
model often teaches students the most about software engineer-
ing [6]. Unfortunately, the overhead of managing a large group
of students can make this model a difficult one to implement, even
when the professor makes a conscious effort to delegate the work.
As a result, many educators opt for an alternative model, such as the
“small project” model, where small groups of 4-6 students develop
smaller software systems, or perhaps even the same small system.

We believe that smaller projects and teams lack essential ele-
ments of realism. Students fail to see the need for key software en-
gineering activities such as up-front design, documentation, version
control, etc. They fail to understand the importance and difficulties
of communication. Most importantly, the students do not experi-
ence the issues that arise when no one person can fully understand
the system. Instructors are therefore placed in a difficult situation,
balancing the desire to provide a realistic project experience with
the practical limitations of a classroom setting.

In this paper we describe our approach for integrating a large-
scale development project into a one-semester software engineer-
ing course. Our approach results in a course that exposes students
to some of the issues they will face on real-world projects, and yet
requires only modest amount of additional management overhead
on the part of the instructor. We describe our project management
structure, the development process we used, and its interaction with
the associated lectures. We follow the advice given in [7] that rec-
ommends against projects that are “known quantities,” choosing
large projects that have not been tried before.

We evaluated our approach in a software engineering course at
The College of William and Mary during the spring of 2004. Dur-
ing this course, a class of twenty-one undergraduates and three
graduate students developed a billiards simulator in Java with 2D
and 3D views of the table, and support or multiple games. In addi-
tion to our own self-evaluation, we also provide an evaluation of the
approach from the students’ perspectives, based on survey results
collected at the conclusion of the course. Overall, the course was
a success in that students learned key software engineering con-
cepts, reinforced by a project in which they dealt with issues such
as communication within a large group, working within a manage-
ment hierarchy, and using new technologies and tools.

The next section characterizes the difficulties associated with
large projects in more detail. In Section 3 we describe our approach
and how it addresses some of the issues enumerated in the previous
section. The last two sections contain an evaluation of our approach
and conclusion.



2. LARGE PROJECT CHALLENGES
Unfortunately, most computer science programs emphasize

software development skills (“programming”), devoting only a
semester or two tosoftware engineering. As a result, students only
experience software development as a low-risk activity in which
small systems are developed by one or a few people, during all-
night coding sessions the day before a deadline. Because the sys-
tems are small, planning activities such as developing the require-
ments, specifications, and design are not necessary. Indeed, a single
person can easily understand the whole system, and possibly imple-
ment it as well. In the end, students know that their software has no
long-term use, so the focus is on providing enough quality to pass
a professor-supplied test suite.

The professor of a software engineering class must work hard
to change these expectations, usually in the student’s final year.
One good way to do this is to scale up the size of the software
project so that students can not possibly use the same techniques
that they used in other computer science courses. At the same time,
professors must accommodate the realities of a pedagogical setting.

One issue that immediately emerges as the size of the project
increases is the additional management overhead. The professor
is likely tempted to assume the role of manager because he or she
wants to help the students succeed. However taking on all of the
responsibilities of a manager (and perhaps the customer as well) is
an additional burden on top of the usual responsibilities of teaching.

Unlike true software development projects, professors lack a
number of key capabilities of most managers. Managers have the
power to interview, hire, and fire project members. In contrast, pro-
fessors can not hand-pick the students who will take their courses,
nor can they “fire” students who are not doing their share of the
work. Managers also have the responsibility of performing em-
ployee reviews, which can be subjective. Conversely, a professor
should ideally have an objective approach for evaluating individual
student performance in a group project.

A key difference between professional software developers and
students is that professional developers are likely to be far more
motivated than students simply because they are being compen-
sated with a salary, benefits, bonuses, etc. Students are not being
compensated in a tangible way; they are simply trying to earn an
acceptable grade and hopefully trying to learn new topics and con-
cepts. Thus, students do not have the same incentives to perform
well as professionals, particularly if the course is one in which the
student does not have a high interest. Further compounding this
problem is the fact that at many institutions, such a course is not
offered until a student’s last semester when “senioritis” kicks in.

Another issue is that most professional software engineers are
full time employees who can devote each and every hour to the
project(s) at hand. In fact, sometimes more than a standard forty
hour work week is given to the project by the developer when over-
time is required. In contrast, students have multiple courses and
varying schedules. As a result, they can not be expected to treat
a course project as a full-time job, and can have a difficult time
scheduling meetings. This can have a significant detrimental im-
pact on team communication and collaboration, which is an essen-
tial component of large software system development.

Finally, where the ultimate goal in industry is the successful
completion of the project, the key goal in the classroom must be
the education of the students, even when trying to model a real life
setting. In industry, a true division of labor is likely to exist: one
group works on requirements, one on design, and one on testing.
However, limiting students to working on just one of these tasks
prevents them from experiencing other activities.

In terms of the project itself, professional developers are often
maintainers of software, spending a large amount of time learn-
ing the domain and the existing system. Although such an experi-
ence would be beneficial to students, the time constraints of a single
semester course leave little opportunity for students to acquire de-
tailed domain-specific knowledge, or to become intimately familiar
with a large legacy system. Students may also view maintenance as
uncreative and uninteresting compared to new development, which
could adversely affect student motivation.

These factors combine to present an interesting set of require-
ments for software engineering instructors who wish to provide a
realistic large-systems development experience, while accommo-
dating the realities of an academic setting. Students should work on
a system that is large and complex enough that they must specialize
their skills and knowledge, and work together in its development.
On the other hand, all students should participate in key develop-
ment activities to ensure that they acquire important practical expe-
rience. The project should not require a large amount of domain-
specific knowledge, and should be interesting to students. It must
be possible to evaluate students individually, despite their group
effort. Because of the risk of such a project, the development pro-
cess and customer must be flexible enough to change requirements
as necessary. The course should expose students to state-of-the-art
tools supporting fundamental software engineering concepts.

3. APPROACH
In this section we present our approach, which attempts to ad-

dress the difficulties and requirements described in the previous
section. Overall, the course is taught in a single semester, meeting
three times a week for 50 minutes, for a total of about 40 meetings.
Mondays and Wednesdays the instructor presents lecture material,
and Friday is devoted to the project. In addition, small groups of
students meet in team meetings for two hours a week.

3.1 Scheduling
The lectures are planned to integrate with the project. The lec-

tures in the first half of the semester provide an overview of the
phases of the software development lifecycle, with an emphasis
on object-oriented analysis and design. The second half of the
semester is devoted to more in-depth lectures on special topics such
as formal methods, software architecture, and project management.

Our rationale for this approach is that students must quickly ac-
quire a working knowledge of software engineering in order to be-
come productive in the course project. For example, students must
develop the initial requirements, specification, and design for the
software early in the course. Without some classroom exposure to
these concepts, students will have difficulty performing these tasks
well. At the same time, these project activities can not be delayed
due to the limited amount of course time.

Overall students work on different aspects of the project. How-
ever, we must also ensure that every student learns the fundamental
material. For key activities such as requirements definition and sys-
tem design, we duplicate the project work class-wide in the form
of homework assignments. We then either choose the best product
to use for the project, or synthesize the project standard from a few
of the best submissions. Similarly, we use the first few homework
assignments to ensure that every student learns the required devel-
opment tools. We believe this approach allows students to exploit
parallel development on different parts of the project, while still
ensuring that every student experiences the most essential elements
of software engineering.

The only exception to the use of class-wide homework is the de-
velopment of the initial high-level design. This work is done by the



managers and team leaders during the first few weeks. We believe
that a small team of designers can function more efficiently, rapidly
creating the framework for the rest of the development effort. This
approach also helps to ensure that the managers and team leaders
have a shared vision for the product.

At the same time, the rest of the class is learning about the tools
that will be used during project development, and brushing up their
programming skills. Example tools include the integrated devel-
opment environment, and software for documentation, testing, and
version control. We seek to update the toolset every time the course
is offered, so that students are exposed to state-of-the-art tools.
However, as other authors have suggested [2, 8], our emphasis is on
teaching the fundamental concepts of software engineering, rather
than simply learning various tools and technologies.

3.2 Project Management
Project management is performed by students. The professor

only makes “command decisions” when intervention is absolutely
required. The professor may also serve as the customer, validat-
ing the requirements document, test plan, etc., negotiating features
and schedule, and evaluating the quality of the resulting software.
Of course, the professor is also responsible for resolving course-
related administrative issues.

For a class of approximately 30 students, we use three to five
managers. The managers are responsible for tasks such as client
communication, reallocation of students to teams, setting milestone
goals and deadlines, and running the Friday project meetings. Im-
portantly, the managers identify work tasks, assign them impor-
tance and timeliness values, and certify their satisfactory comple-
tion. As we will soon discuss, this process is essential for reducing
most of the management overhead, providing a student evaluation
mechanism, and tracking the progress of the project. Managers do
little if any software development.

Students self-organize into teams that generally correspond to
the major modules of the system, or activities in its development.
Each team has a technical lead, chosen either by the team or the
managers. The technical lead runs team meetings, performs de-
tailed scheduling of work, communicates with the managers, en-
sures the quality of the team work, and helps to resolve techni-
cal difficulties. Technical leads are hands-on leaders who perform
some software development in addition to their other duties. A
team may consist of one person, as is the case with the single
“buildmaster,” who manages the build process for the software.

Developers do most of the software development. They attend all
team meetings, and communicate issues weekly to the team lead.
Developers are encouraged but not required to work in pairs, espe-
cially if a particular developer needs help becoming familiar with
the part of the system they are working on. Of course, any student
in the class can skip the management hierarchy in order to bring
issues to the instructor’s attention.

We believe that this approach works well for students, who can
choose teams and activities that they want. For example, some stu-
dents may wish to become adept at documentation, or perhaps a
particular module of the system. At the same time, students can
freely move from one team to another as their interest in a partic-
ular team’s work wanes, or as the remaining work is completed.
At the same time, student team self-selection, along with the eval-
uation technique described later, ensure that managers are largely
relieved of the difficulties of allocating students to teams.

We have the undergraduates complete short surveys to determine
their technical strengths, interests, and prior development expe-
rience. Based on survey responses we select several students to
serve as managers or technical leads for sub-modules of the system.

Team building exercises can also be used early in the semester to
help identify the best candidates for management or technical lead-
ership. During the semester, the professor and managers can adjust
the management hierarchy as necessary. However, unlike real soft-
ware development organizations, the professor can not easily hire
or fire developers.

3.3 Improving Communication
The team meeting period provides a predefined meeting time for

the students. This is crucial in that it provides a guaranteed time for
the students to work together in person. Students are free to move
from one team meeting to another as their interests change, or if
they must resolve cross-team issues. The meetings are therefore
scheduled to accommodate the differing schedules of the evolving
team members. Managers also meet each week with the profes-
sor to discuss the project and resolve any issues that have arisen.
Managers also use this time to plan the Friday meetings.

We also advocate several additional mechanisms to improve
project communication. A web-based discussion forum provides
fast communication, and is easily archived and searched. Students
should also configure the version control system so that it notifies
them of changes made by others to the modules they are develop-
ing. Students should attempt to schedule similar work times out-
side of the team meetings so that they can communicate via instant
messaging when they can not be physically together. We believe
that these mechanisms help to ease communication difficulties that
students face.

Finally, the Friday classes are devoted to cross-team project com-
munication. In the first few Friday meetings, some students re-
search the project development tools, and present an overview to
the rest of the group. Later class meetings are used to elevate im-
portant issues from teams to the entire class, and to update the rest
of the class on developments within teams.

3.4 Development Process and Grading
We use an agile software process model based on Extreme Pro-

gramming (XP) [1]. Our primary departures from XP are a more
significant emphasis on documentation and up-front design. We
believe that this approach is flexible, allowing unexpected risks to
be quickly resolved and functionality to be modified as necessary
to meet the hard deadlines of an academic course. At the same
time, students are exposed to the more traditional notions such as
requirements analysis and documentation. (The documentation is
evolved along with the code, “faking” the up-front design process
as described by Parnas and Clements [5].)

A key component of managing the development process, evalu-
ating the contributions of individual students, and assessing project
progress is theissue tracker. The issue tracker is a common
database of all work that must be completed for the project. Ac-
cessed via the web, anyone in the class can view the list of work
to be done, create new tasks for the list, and assign themselves to
a task. Managers assign each task a 1-10 value for the priority and
timeliness, as well as a modifier value. The overall point value of a
task is the priority times the timeliness plus the modifier. Managers
establish their own guidelines for proper values for these variables,
and periodically evaluate each other to ensure consistency.

As developers complete work, they change the status to “Waiting
for Technical Lead.” At this time, the team leader checks the work
to make sure that it has been done satisfactorily, and then promotes
the task status to “Waiting for Manager.” The manager then re-
views the task, potentially modifies the point total, and then closes
it. At this time, the points for the task are divided evenly among the
people assigned to the task.



The task management system is based on the open-source Issue
Tracker software [9]. We heavily modified the software in order to
support a number of features we needed, including custom reports
that automatically compute the project grade for each student in
the class. We compute a student’s grade as the average of (1) the
percentage of completed points of the total points for all tasks in the
system, and (2) the percentage of points that the student has earned
for their share of the work. There are a number of additional details
that space does not permit us to discuss; they will be presented
in a forthcoming paper. For example, one must compensate for
“overachievers” who do more than their share of the work, thereby
“stealing” earnable points from other students.

We believe that this system provides managers with significant
leverage in order to motivate the students. Instead of motivating
developers with money, managers can give bonus points for ex-
ceptional work, or penalize poor work by subtracting points. The
system is also extremely flexible, allowing managers (and the pro-
fessor) to add all manner of work to the system that needs to be
done. For example, tasks can be created for cleaning up the code,
writing documentation, fixing a broken build process, etc. From the
student’s perspective, they can be sure that they will be rewarded
for hard work that they do, and that their classmates who work less
hard will be rewarded as appropriate.

4. EVALUATION

4.1 Use of the Approach: Spring 2004
We applied the approach presented in the previous section dur-

ing the spring of 2004 at The College of William and Mary. The
class is cross-listed as a graduate course, and consisted of 22 un-
dergraduates and 3 graduate students. The graduate students were
part time students, who had all developed software at some time
during their employment. The undergraduates consisted mostly of
junior-level students.

The project chosen by the instructor was a billiards game. (The
professor served as the customer in this case.) The project involved
a degree of difficulty for the students as it would require them to
deal with graphical user interface issues, both 2D and 3D graphics,
and physics to simulate the movement of the pool balls. Early on
the requirements included a networked version of the game, but this
was dropped fairly quickly as it became clear that achieving that
functionality would greatly sacrifice the quality of the software.

The development schedule for the course was divided into three
milestones. The first milestone required completion of the 2D 8-
ball billiards game. The second milestone required the students to
produce a 3D prototype and have the 2D view completed. The last
milestone called for the completion of the 3D view and the addi-
tion of multiple games. We assigned homework early on to famil-
iarize the students with the tools of the project: CVS for version
control, jUnit for testing, Apache Ant for build management, and
Issue Tracker for task tracking. As the project went on, students
also adopted additional tools, such as Jalopy for automatically re-
formatting code, and Eclipse as the IDE. Later homework had the
students rigorously document the requirements of the system, de-
velop a set of use cases, finish the initial design in UML, develop
a test plan, and write a formal specification of the billiard balls and
the table, along with key operations on them.

In the issue tracker, the students completed approximately 400
tasks consisting of 2800 points total. Students completed approxi-
mately 84% of milestone one by its due date, about 96% of mile-
stone two, and about 90% of milestone three. The key difficulty for
the first milestone was a slow start for the project work. We believe
that these grades were reflective of the quality of the software.

In the end, the students were able to complete a playable bil-
liards game having both 2D and 3D views, good user documen-
tation, a fairly good software architecture. Implementing proper
physics turned out to be too challenging: the results were incorrect
in circumstances involving a ball moving at high speed and many
collisions (e.g. during the break). Some game rules were not im-
plemented correctly, and there were also cross-platform speed and
CPU consumption issues.

4.2 Self-Evaluation

4.2.1 Successes
Overall, we believe our approach was successful in that the

project provided all of the students with practical experience with
key software development activities, while forcing them to work
together as a class to develop approximately 22,000 lines of code
(6,000 non-comment, non-whitespace lines). They experienced the
difficulties of a large project in which no one person fully under-
stood the entire system. The students were exposed to the techni-
cal challenges of defining requirements and creating a design for
a large system, and integrating independently developed modules.
They also gained experience working with unfamiliar code, both in
terms of each other’s code and that of the Java3D platform. They
learned to use a number of essential software tools, and gained ex-
perience working within a management hierarchy and communi-
cating effectively within a large group.

At the same time, the cost of delivering a more realistic project
experience was minimal on the part of the professor, whose project-
related duties were largely confined to grading the homework as-
signments (i.e. reviewing requirements, designs, etc.), and grading
the milestones by determining whether the milestone requirements
were met. Managers performed the day-to-day project manage-
ment, and the professor only intervened when absolutely necessary.

While our graduate student managers were more experienced in
software development than the undergraduates, they were not nec-
essarily more skilled at management. While we have not yet eval-
uated the hypothesis, we believe that it may be possible to identify
suitable managers from the undergraduate class. For example, we
found that undergraduate team leaders were quite effective, allow-
ing the managers to delegate many of their decisions regarding the
completion of tasks. (On the other hand, managers liked manag-
ing the completion of tasks because it allowed them to maintain
intimate knowledge of the progress of the project.)

In our subjective judgment, the point system we devised was
very effective at both tracking project activities and evaluating the
contributions of individuals. The system was sufficiently flexible.
We were able, for example, to give bonuses following each mile-
stone to those people who performed exceptionally well. We also
feel that the system accurately measured the contributions of each
individual, and the group as a whole.

4.2.2 Challenges
However, the system and our use of it can still be improved. For

example, the current system does not handle sub-tasks or depen-
dencies between tasks. We also found that it was best to assign
intermediate deadlines to tasks to ensure that they would be fin-
ished in a timely manner. Items with short deadlines were worth
more, encouraging students to complete them sooner. This helped
to overcome the procrastination we observed, where the students
would try to complete most of the work a few days prior to the
deadline. We also found that we needed to improve the traceability
of tasks to requirements, to help ensure that all the requirements
would be met in the final system.



Our choice of project for the course was not optimal. Initially,
we thought the physics component of the game would provide an
interesting bit of technical difficulty. Instead, we found that accu-
rately modeling physical interactions was overly difficult, consum-
ing more time than necessary. Otherwise, the choice of a game was
good at capturing the interest of the students.

For the spring 2004 course, we did not use scheduled team meet-
ings. We added this component to our approach in response to
the most significant difficulty students faced: scheduling conflicts
that made it difficult to meet and work on the project together. We
had believed that the Friday meetings would provide some com-
munication time, and that students would self-organize outside of
class. We now believe that forcing the team members to adhere to
a weekly meeting time is essential.

One surprise we encountered was the strong impact of individ-
ual personalities on the overall success of the project. For example,
people who were content with lower grades frustrated those who
wanted the project to be fully complete. We also found that timid
people tended to remain disengaged, never becoming active partic-
ipants. Further, skilled developers may have been best left as devel-
opers instead of team leaders because the additional management
duties adversely affected their productivity

4.3 Student Feedback on the Project
At the end of the course, we surveyed the students to get their

evaluation of the approach. The graduate students who served as
managers had a generally positive experience. They felt that the
lessons they learned were useful and interesting. One of the grad-
uate students, who also works full-time as a software developer,
commented that she has been able to directly apply lessons she
learned from this course to her job.

We asked the students to rate various aspects of the course in
terms of their usefulness. The ranked averages, starting with the
most useful, are as follows: version control, weekly meetings, in-
termediate deadlines, issue tracker, discussion forums, the manage-
ment hierarchy, pair programming, coding standards, unit testing,
project documentation, software ownership, prototyping.

The students reported in the surveys that the course helped them
in a number of ways. It helped them learn a number of tools, and
forced them to become involved in software development. They
also learned the importance of planning and communication in a
real-world project. However, the students reported that the combi-
nation of homework and project was too much work, and that more
up-front design should be done in order to allow independent work
to begin sooner. The managers suggested the use of weekly team
meetings sections to help alleviate scheduling problems. The top
four challenges the undergraduates reported were communication,
scheduling, differing visions for the project, and differing levels
of commitment to the project. In fact, one student said that the
professor’s warning about communication problems was the “un-
derstatement of the year.”

The students also felt that the lack of a domain expert nega-
tively affected the realism of the physics modeled in the project.
They felt that working in a large team is too difficult, and as a re-
sult, the workload among students was uneven, scheduling conflicts
among students made person-to-person interaction and communi-
cation difficult, and that management overhead prevented meaning-
ful feedback on the quality of the design prior to implementation.
The undergraduates suggested that we use the system as a starting
point for the next class, extending it in some way or even evolving
it into a different game that uses similar constructs. This would
allow the next class to experience software maintenance issues.

5. CONCLUSION
Providing students with meaningful development experiences in

software engineering courses is essential if we are to produce grad-
uates who can enter the workforce and be productive. While the
model we have presented has its problems and will continue to be
refined, we believe that it is a good first step toward this goal. We
believe that it provides students with a software development expe-
rience that most had never encountered, at a reasonable cost to the
instructor’s time.

We have adopted the suggestion of team meetings to improve
teamwork. We also plan to make individual schedules a more sig-
nificant factor in the allocation of people to teams. The students
also suggested that we use smaller teams and projects, intuitively
understanding that this would ease management overhead. How-
ever, this misses the point of what we are trying to accomplish. For
many software development efforts, a smaller team is not a luxury
one can afford.

We do agree that maintenance was an important component of
software engineering that was absent from this course. However,
it may be hard to motivate students to perform maintenance on a
system with which they have no emotional investment, especially
if that system will be discarded part way through the semester to
start a new project. A feasible alternative would be to begin the
next offering of the course with part or all of the system that was
developed by the previous class, and have the next class modify or
extend it in some way. For example, the next class could use the
physics module to build a bowling game.
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