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ABSTRACT

DrProject is a web-based software project management por-
tal that integrates revision control, issue tracking, mailing
lists, a wiki, and other features. Unlike other such systems,
DrProject is specifically tailored to the needs of undergrad-
uate teaching and team programming assignments. We de-
scribe the pedagogical motivations for DrProject and our
experiences with it to date.
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1. INTRODUCTION

Real-world software engineering is a collaborative activ-
ity: programs are designed, developed, and maintained by
teams. Learning how to work productively with others should
be a central part of undergraduate education in software en-
gineering [2, 4].

Project teams in industry, academia, and the open source
community are increasingly reliant on web-based project
management portals [5]. The best known of these, Source-
Forge [10], currently hosts over one hundred thousand pro-
jects and over a million users. It, and imitators like GForge,
CollabNet, and CodeHaus, are now as important to devel-
opers as IDEs like Eclipse.

Learning how to use such portals should therefore be a
central element of software engineering education. In class-
room settings, these tools help students coordinate their
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efforts and use their time more efficiently. They give in-
structors a concrete environment in which to teach basic
teamwork skills such as time management and communica-
tion, as well as a hands-on starting point for teaching larger
software engineering issues such as maintenance and release
management.

More importantly, these tools encourage truly collabora-
tive work. Many student teams divide the work into pieces,
then toil away individually until a “big bang” integration
shortly before the due date. By helping students see that
software development is a social activity, rather than an anti-
social one, use of collaborative tools may help attract and
retain students from at-risk groups [7].

The only way for students to master these tools is through
practice. However, the setup overheads of industrial-strength
tools are often intimidating. What’s more, many of their
features are over-engineered for six-week assignments un-
dertaken part-time by teams of three to five students. As
a result, many students come away from their first contact
with these types of tools believing that they make life more
difficult, rather than less.

Conversely, existing systems lack capabilities that are cru-
cial in classroom settings: there is no easy way to create
dozens of similar projects at once, and many systems do
not hide any information, for the simple reason that “open”
projects don’t need to do so.

We therefore decided to build a portal that would be for
teams what DrJava [1] and BluelJ [8] are for individuals: sim-
ple enough to learn in an hour, but with the key components
of full-featured systems. Our goal was not to build a course
management system—grading, lecture notes, and so on are
well handled by existing courseware—but rather to create a
simplified, realistic, and above all compelling alternative to
full-strength software project management systems.

2. REQUIREMENTS

Software project management portals offer a common core
of features [3]:

e A wersion control system is a tool that coordinates
changes to shared files, such as source code, while
recording the history of those changes. Most such sys-
tems keep the master copies of the files in a networked
central repository; developers work in personal mir-
rors of this while periodically synchronizing with the
repository. We have successfully introduced version
control into our second-year programming courses as
a first step in learning tools to support good working
practices [9].



Most industrial-strength portals include a repository
browser that allows users to see the current and past
state of files, change sets, etc. This is almost always
read-only, since allowing people to update and commit
through their web browser raises security issues. Users
check out and commit files to the repository using sep-
arate standard tools.

e An issue tracking system is used to store bug reports,
change requests, ideas for enhancements, and general
to-do items in a central database. These systems typ-
ically allow users to classify entries (often called “tick-
ets”) by priority, keep track of who is supposed to be
working on them, and so on. They usually also al-
low users to associate tickets with deadlines, so that
project members can quickly get an overview of what
needs to be done by when.

e A wiki, which acts as a shared online whiteboard for
the project.

e Mailing lists, so that team members can communicate.

e A search engine to help users find project-specific in-
formation.

e Some form of account management. Most systems
support self-registration; some also allow users to join
projects on their own, while others leave that in the
hands of the project administrator.

e Extra features, such as status dashboards showing pro-
ject progress over time, continuous build systems that
recompile code and rerun tests every time a change is
checked in, and per-project blogs.

These features are all as useful in courses as they are in
real life, with the exception of account management. Ed-
ucational institutions typically have well-developed systems
for creating student accounts, checking the strengths of pass-
words, locking down accounts when courses are finished, and
so on. These systems also typically handle access control is-
sues, for example by ensuring that student accounts are in
the right Unix groups for particular courses. We therefore
decided that account creation and management should not
be part of our system: users are required to have an account
on the underlying host in order to use DrProject.

However, industrial-strength systems lack some features
required for classroom use. The first is customizable roles
and permissions. Most open source projects divide the world
into administrators, developers, and viewers. In courses,
however, we need to differentiate between professors, TAs,
students working on particular projects, students who can
view those projects but not alter them, students for whom
those projects are opaque, and so on. More importantly,
we need to be able to customize these permissions to fit the
pre-existing rules of different educational institutions.

Another key feature that we needed was an automation
interface. An instructor may need to create several dozen
identical projects at the beginning of the term, something
that doesn’t happen in an industrial setting. An instructor
may also want to assign the same work item to each team
in the course, to commit the same handful of files to every
team’s repository, or set the same milestones in each project.

3. SYSTEM EVOLUTION

Web-based project management systems are invariably
built using a three-tier architecture. The user’s web browser
communicates with a web server, which passes HTTP re-
quests to a CGI or servlet “engine” that uses a relational
database for persistent storage. The engine integrates with
a pre-existing version control system, such as CVS or Sub-
version; depending on the system’s capabilities, it may also
integrate with a mail transfer agent, authentication services
such as LDAP or Kerberos, and so forth.

In 2003-04 we developed three prototypes of DrProject
using this architecture: one from scratch using Java Server
Pages, a second that modified GForge, and a third (also
from scratch) using Hibernate, Tapestry, and other “New
Standard Model” Java tools. These experiences were disap-
pointing: the Java tools’ learning curve was so steep that
it would have been impossible to maintain the system with
student labor, while there were so many security problems
in GForge that further work seemed pointless.

We started over in 2005, using a young open source tool
created by Jonas Borgstrém and Daniel Lundin called Trac
[11] as our starting point. Trac consisted of roughly 11,000
lines of Python, plus a further 3000 lines of HTML tem-
plates. Five undergraduate students worked full-time on
the project in the summer of 2005; progress was rapid, and
we deployed the system in three courses in the fall of that
year. Further work was done in January 2006, and two more
undergraduates worked on it again in the summer of 2006.

DrProject 1.1, released in September 2006, contains 21,250
lines of Python source (including blank lines, comments, and
embedded documentation strings), a further 13,000 lines of
test code, and 3600 lines of HTML templates. It is built
on top of a Postgres database and Subversion repositories.
As the screenshot in Figure 1 shows, it offers all of the key
features identified earlier, as well as tagging (to facilitate
search) and a timeline of recent events.

4. DRPROJECT FEATURES

Each project in DrProject 1.1 has the following compo-
nents:

Wiki The wiki ties all the components of DrProject to-
gether. Using wiki syntax, links can easily be created
to refer to a specific ticket, changeset, mail message,
or wiki page.

Subversion repository Each project has a separate Sub-
version repository. This helps isolate projects from one
another and also simplifies revision numbering.

Tickets We tried to minimize the number of fields in a
ticket to make it as easy as possible to use while still
providing the key features. For example, tickets can
be in only two states, open or closed. We eliminated
other possibilities such as rejected, completed, and re-
opened, on the grounds that students were unlikely
to see the value in these distinctions in a short-lived
project.

Mailing list The mailing list is simply a relay plus an archive.
Users white-list the email addresses they want to send
from, and set an address for receiving email.

Roadmap Users (or instructors) can set milestones with
either a fixed date or a symbolic name, and assign
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Figure 1: The Ticket Summary View in DrProject

tickets to a milestone. The “Roadmap” view shows
how many tickets assigned to each milestone have been
completed and how many remain.

Tags Tags can be assigned to tickets and wiki pages. This
allows users to group items according to keywords.
The “Tag cloud” view shows all the tags in a project
sized according to frequency. A cross-project tag cloud
shows all the tags in all the projects sized according to
frequency and coloured by the tag’s appearance in the
current project. Clicking on a tag in the cloud takes
the user to a list of links for that tag. Users only see
links from projects that they have permissions to view.

Administrative Interface Administration is done using
either a command-line tool or a web interface. The
command-line tool makes it easy to create projects,
add users, assign users to projects, load wiki pages,
assign tickets to all projects, and collect information
about the project. The web interface simplifies small
changes such as moving a user from one project to
another, adding a new user or project, and locking or
suspending permissions on a project.

S. BENEFITS TO STUDENTS

As stated earlier, most real software development is done
in teams, so learning the tools and techniques needed for
effective teamwork should be an integral part of computer
science education. In the past, we used the same “sink or
swim” approach as most schools: senior students were given
large projects to do in groups, and a few lectures on soft-
ware process, but left to figure out tooling and day-to-day
operations themselves.

DrProject corrects this by making it easier for students
to “do the right thing”. Like any other tool, DrProject
encourages its users to work a certain way: to communicate
through a searchable mailing list instead of point-to-point,
to keep track of who’s responsible for what by assigning
and closing tickets, and so on. In teaching students how to
use DrProject, we are also teaching them how to divide up

work, manage time, coordinate with others—in short, how
to tackle large projects systematically.

The result from the students’ point of view is that they are
able to do more, and better, than before: fewer “dropped
balls” and overwritten files translates directly into higher
grades (and lower stress). Using DrProject also makes stu-
dents better prepared for careers in both research and in
industry, where coordination tools of this kind have become
the norm.

Finally, DrProject makes it easier for student teams to
exchange and inherit projects. This has been a key part of
our software engineering course for many years [6]: part way
through the term, each team must choose another team’s
project and continue working with their code for the rest
of the course. Teams get bonus marks each time their code
is used by another team. Having all the key information
about the project in one (searchable) place makes it easier
for students to investigate other projects, and encourages
teams to present a well-organized and documented system
to their peers.

6. BENEFITS TO INSTRUCTORS

DrProject makes it easy for instructors to create project
spaces for student groups, move students between groups,
perform batch operations on all groups such as adding files
to all repositories, or filing tickets against all groups, or send
an email message to all the members of a group. This in
turn makes it possible for instructors to set more ambitious
goals for project courses, since it frees up time that would
otherwise have to be spent on administrative duties.

Tools like DrProject have been used elsewhere to give in-
structors insight into what the students are doing at inter-
mediate points in the project, and a way to spot teams that
are struggling early on [12]. We are now studying the data
collected by DrProject to learn more about how our students
work together, which we hope will in turn tell us aspects of
teamwork they need more training in.

One other benefit of DrProject has been the experience
we have gained from supervising its construction. Having
several students adding features to DrProject every term



helps us stay current with new technologies, while giving
the students an opportunity to work on a project with a
real customer. More importantly, it gives us “war stories”
to tell in class. Quotes from textbooks about how important
it is to start testing early, or how much time deployment can
take, are one thing; pointing at a system students are using,
and telling them what went wrong as it was being built, is
quite another.

7. EXPERIENCES TO DATE

We have used DrProject in three different fourth year
courses and one third year course: CSC408 (Software En-
gineering), CSC488 (Compilers and Interpreters), a pair of
research project courses (CSC494/495), and CSC369 (Op-
erating Systems). In the first two terms that we used Dr-
Project, we were reluctant to rely on it too heavily. Despite
this, students used it continuously throughout the year, and
as we report below, their experiences were generally very
positive.

Figure 2 shows the number of tickets, version control check-
ins and wiki edits by each group in the CSC408 and CSC488
courses. Within each course, the groups in the graph are
sorted by the number of tickets filed. We felt that the ticket
system usage was a better indicator of how much students
relied on DrProject than version control check-ins, since (a)
students could interact with the version control system us-
ing other tools, and (b) in some cases, they had to check in
their code in order to receive a grade.

CSC408, a required course, covers project management
and the software development process. Students work in
teams of four or five on a term-long project. Part way
through the term, the teams swap code and continue work-
ing on another group’s code. In a survey at the end of the
term, approximately half the respondents reported that they
relied on DrProject to some extent, while the other half re-
lied on it very little. Two-thirds of the students found it easy
to learn to use DrProject. A few students commented that
more tutorial information on DrProject would be helpful; we
have accordingly produced a short screencast demonstrating
its most important features.

In each instance of CSC408, nearly half the groups made
non-trivial use of the DrProject, filing more than twenty
tickets over the first 7 weeks. New projects were created
for them within DrProject after they swapped code with
another group. The usage rate following the swap followed
the same pattern as before the swap.

CSC488 (Compilers and Interpreters) is optional, and had
a smaller enrollment. Students reported that they found the
ticket system overkill for the size of their projects, but usage
patterns indicated that they still took advantage of the ticket
system.

Five out of the seven groups in the Compilers course made
significant use of DrProject. We believe there are three rea-
sons why students used DrProject more in this course than
in the Software Engineering course: as an optional and chal-
lenging fourth year course, it has a higher proportion of our
top students; most of the students in the course had pre-
vious experience with software project management tools
from their employment; and the TAs were more enthusias-
tic about DrProject.

DrProject was most heavily used in CSC494/495, a project
course where students work individually or in small teams
on a project in close collaboration with a faculty member.

Since the second author of the paper was the primary super-
visor of these projects, students in this course received more
training in how to use DrProject, and therefore used it more
effectively than in the other courses. Students working on
solo projects tended not to use DrProject very much, but
as the team size increased the number of transactions on
DrProject also increased, showing that students were using
DrProject to coordinate their team work.

This term, we began using DrProject in CSC369 (Operat-
ing Systems) primarily to take advantage of the easy setup
for the Subversion repositories. Students work in teams of
two or three on an OS simulator and also have one individual
assignment (leading to the creation of more than 75 projects
within DrProject). We have been using the tickets to give
students a formal mechanism to identify weaknesses or re-
maining flaws in their code. The ease of updating multiple
repositories with new starter code and managing group per-
missions were enough to convince us to keep using DrProject
in future offerings of this course.

Looking at general usage patterns, we find that some
groups use the wiki a great deal. It is interesting that these
groups are not always the ones who also use the ticket sys-
tem. This shows that some students found value in having
an unstructured space for collaboration. By looking for im-
balances in usage patterns within each team, we can identify
teams that may be running into difficulty.

We expect to see even greater use of DrProject this year,
as instructors and TAs become more familiar with the sys-
tem. The performance and feature improvements over the
summer will also improve the uptake. DrProject is now in
use at Queen’s University, and is being evaluated for in-
house use at several local companies.

8. FUTURE WORK

Now that we have a robust system, we plan to conduct
more empirical studies into how our students approach team-
work, and how we can better support their work. We also
plan to gather feedback to determine if we have chosen the
right set of features, and what other features would most
help the students. By providing more tutorial material, and
training students to use DrProject more effectively, we hope
to improve the fraction of students using DrProject in each
course.

We know that we need to encourage students to write
more documentation. To this end we have two new features
planned. The first is a team blog which could be used in a
variety of ways. For example, students could write a journal
about their team experience, write tutorials on bits of tech-
nology they are using, or publish design ideas. The second
feature is a trigger to automatically generate Javadoc or
other automatically formatted documentation and display
it within DrProject. We hope that if students can easily
view the documentation for their system, they will be more
inspired to write the documentation early, and follow a stan-
dard format.

Documentation generation is the first step toward includ-
ing continuous integration tools. We would like students
to be able to build and test their code automatically upon
check-in. Determining how to protect the server from ma-
licious attacks is the thorny problem we need to solve to
implement true continuous integration.

Currently, DrProject authenticates users against the sys-
tem password file (/etc/password). We are working on de-
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Figure 2: DrProject usage by project group for three courses in 2005/2006. In each course the bars are

ordered by number of tickets filed.

veloping other authentication mechanisms to make it easier
to deploy DrProject in different environments.

9. AVAILABILITY

DrProject is an open source project under a liberal BSD-
style license. We actively encourage other instructors to
adopt it in their courses. Please contact one of the authors,
or see http://www.drproject.org.
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