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Abstract

Much research has been done on techniques to
teach students how to program. However, it is
usually difficult to quantify exactly how students
work. Instructors typically only see students’ work
when they submit their projects or come to office
hours. Another common problem in introductory
programming courses is that student code is only
subjected to rigorous testing once it has been sub-
mitted. Both of these problems can be viewed as a
lack of feedback between students and instructors.

We have built an Eclipse plugin to address this
lack of feedback. The plugin has two main func-
tions. First, it captures, to a central CVS reposi-
tory, the complete state of a student’s project ev-
ery time he or she saves, adds, or removes a file.
This produces a fine-grained history of the evolu-
tion of each student’s project. Second, the plugin
allows the student to submit his or her project to
a central server. The submit server automatically
compiles and performs limited testing of the stu-
dent’s submission, providing feedback on how close
the project is to fulfilling the project requirements.

Our goal is to provide instructors and researchers
with far more detailed information about how stu-
dents learn and work, and provide feedback to stu-
dents that will help them focus on achieving the
goals of the projects we assign.

1 Introduction

The process by which students learn to write soft-
ware is not understood nearly as well as it should
be. Based on evidence from grades, course and
instructor evaluations, students’ write-ups and re-
ports from group projects, and the experiences of
teaching assistants and instructors during office
hours, we know that the learning experience for
some students is far from ideal.

For example, some students spend hours mak-
ing seemingly arbitrary changes to code until it

works—programming by “Brownian motion”. We
know that other students spend hours pulling “all-
nighters” in the lab. But because we only catch
brief glimpses of in-progress code during office
hours and see the final, submitted version of the
code, we have comparatively little data about how
a student actually developed that piece of code.

To gain more insight into how students actually
work, some instructors use a version-control system
such as CVS [2] in their courses to track changes to
students’ code [5]. However, this approach suffers
from a number of flaws. First, it’s often difficult
to compel students to use a version control system;
many students don’t want to be bothered with the
extra overhead of learning an unfamiliar and poten-
tially unintuitive system. Next, the students who
choose to use a version control system will commit
their files at different intervals, which can hinder or
confuse efforts to reconstruct their work habits.

As instructors, we need fine-grained, comprehen-
sive, quantitative data for each student over the
entire lifecycle of a project: in order to improve
the learning process for students, we need to know
what kinds of problems they are having, how they
are trying to address them, and what we can do to
help.

Our Eclipse-based solution consists of two major
components: the AutoCVS plugin and the Submit-
Server!.

The AutoCVS plugin commits a student’s files to
a central repository every time the file is saved. In
addition, students submit their code to the Sub-
mitServer which will run a battery of tests on
the submitted code, returning feedback to the stu-
dent. Thus, we provide automated feedback in both
directions: from students to instructors through
AutoCVS, and from instructors back to students
through the SubmitServer.

L Actually, for scalability and maintenance purposes, the
SubmitServer is split up into a SubmitServer and a Build-
Server, but the distinction is an implementation detail



2 Implementation

We now discuss AutoCVS and SubmitServer in
more detail.

2.1 AutoCVS

The Eclipse AutoCVS plugin is the backbone
of our framework. AutoCVS maps Eclipse
IResourceChangeEvents to CVS commands in or-
der to provide fine-grained snapshots of code during
development. Adding or removing a file triggers a
cvs add or cvs remove command, respectively, while
cvs commits are triggered whenever a file is saved.
It is possible that commits at this granularity will
miss some activity between saves. For example, a
student might add a large function but then delete
it before saving the file. However, we believe snap-
shots at the granularity of save operations to be
sufficient for gathering comprehensive data on how
students develop code.

2.2 SubmitServer

The AutoCVS plugin provides each project with a
“submit” menu option that tags the CVS reposi-
tory with a timestamp, zips up that project’s files,
and submits them to the SubmitServer along with
the generated timestamp.

The SubmitServer is connected to a database
that records additional information about each sub-
mission, both to facilitate data analysis later and to
provide a historical archive of project submissions
that allow comparisons between semesters.

The SubmitServer works with BuildServers to
build student submissions and record testing infor-
mation about each submission. Testing feedback is
broken down into three major parts: build tests,
quick tests and release tests.

A build test simply checks whether the submit-
ted code compiles. Quickly notifying students that
their submitted version of a project does not com-
pile can save a substantial amount of time and ef-
fort for both the student and the instructor or TA
in charge of grading the submission.

The build server also runs JUnit tests on each
submission. There are three categories of tests:

e quick tests - These tests are distributed to stu-
dents. The results of quick tests are made im-
mediately available to students, but the results
should not come as a surprise since the stu-
dents already have the tests.

e release tests - These test results are not made
immediately available to students. However, a
student can request “release testing”.

If a student requests release testing, they are
told the number of tests that they passed and
the number that they failed. They are also told
the names of the first two tests that failed.

There are restrictions on how frequently stu-
dents may request release testing. Each stu-
dent has 3 tokens for release testing, and
performing release testing consumes a token.
Once a token is used to perform release test-
ing, it regenerates in 24 hours.

e secret tests - The results from these tests are
not made available to students until after the
project deadline. At the moment, we do not
anticipate using secret tests in project grading,
but the framework supports it

The restrictions on frequency of release testing
are slightly baroque, but are carefully designed to
give students the incentives to develop good study
and coding habits. Students are encouraged to
start working on a project early, because it will
provide them with more opportunities to perform
release testing. Students are encouraged to think
carefully about whether or not their software is
ready for release before asking for release testing,
since doing so consumes a limited resource.

Many aspects of this can be modified or config-
ured differently. For example, students can be given
a different number of tokens, or tokens could take a
different amount of time to regenerate. The names
of the tests can be as cryptic or as edifying as de-
sired.

The database will contain the result of each test
on each submission and this information will be
available to the instructor. For example, 24 hours
before the project is due, an instructor can check
how many students have passed each of the tests.
This could be used to guide discussion in class if
there are some tests that very few students have
successfully passed. It might also help to identify
faulty tests.

3 Discussion

In this section, we discuss the of the problems we
hope to address in more detail.

3.1 Feedback to Instructors

As instructors, we would like better information
about what kind of progress students are making
on their projects, and where they are having trou-
ble.

For example, if a student is programming by
“Brownian Motion”, what parts of the code is he



or she changing? Are students making mistakes
that automated bug checking tools could find eas-
ily? If a student is in the lab all night, what is he
or she doing? Once students have a working ver-
sion of their code, how often do they test it? Can
we determine whether the major impediments to
successfully completing a programming assignment
are primarily confusion over core concepts, imple-
mentation details, or something else?

Our Eclipse framework will give instructors bet-
ter information in two ways. First, having detailed
revision histories for each student will allow instruc-
tors to find out where students are spending the
most time. Second, as students use the submission
system to request a release test, that gives instruc-
tors an indication that they have reached a mile-
stone in the development cycle for their project.

3.2 Feedback to Students

One of the major advantages of AutoCVS is the
ability of instructors to pull up charts and graphs
of students’ progress on the current programming
project. Using this information, instructors can
identify particularly troublesome issues in the as-
signment and guide lectures or discussion sec-
tions accordingly. Ideally, the instructors and TAs
should be able to provide more targeted help as
the submission deadline approaches based on their
observations of students’ progress on the project.

Another goal is to provide students with more in-
teractive help on their programming assignments.
Time spent with faculty and teaching assistants de-
bugging code is invaluable. However, maximizing
this sort of “quality” time for large numbers of stu-
dents is often infeasible. Furthermore, the sampling
of students that attend office hours is not always
random; thus, the issues these students bring to
the attention of instructors are not necessarily rep-
resentative of the concerns of the class as a whole.

Students often submit a project confident that
they completed the assignment only to find out
days or weeks later when they receive their grade
that they misunderstood a fundamental concept of
the project’s requirements. This problem is espe-
cially frustrating when a small amount of feedback
could have alerted the student to the area of the
assignment that needs attention.

The SubmitServer will provide students with
more feedback on programming assignments as
they’'re working on them than is typically available.

3.3 Tools and the Learning Process

The environment in which students learn to pro-
gram is changing rapidly. The proliferation of pow-

erful Integrated Development Environments (IDEs)
such as Eclipse has fundamentally changed the way
students write code. Instead of the traditional edit-
compile-debug cycle, modern programming envi-
ronments offer continuous feedback on the code be-
ing developed, as it is developed. For example,
Eclipse offers immediate, real-time feedback about
syntax errors and other problems in the code. Ideas
such as continuous testing [7] and application of
static bug checking tools [3] have shown promise
in finding bugs earlier, and making programmers
more productive.

We assume that more powerful IDEs enhance the
learning process. However, there is evidence that
having too many features available confuses intro-
ductory students. Plugins like Dr Java [6] fill this
important niche by simplifying the IDE. What is
the right balance between features and simplicity
for introductory programming students?

Finally, the number of tools available to aid in
programming has increased. In addition to peda-
gogical tools such as the DrJava plugin for Eclipse,
there are code coverage plugins such as Clover,
static bug checkers such as FindBugs, unit testing
plugins for JUnit, and many more. What effects, if
any, do these tools have on the learning process?

We need comprehensive, quantitative data on
how students use these new tools and what effects
they have on the learning process and student pro-
ductivity. We hope that our snapshot and submis-
sion system will help us better understand these
issues.

4 Results

[Note to reviewers: The Fall semester at the Uni-
versity of Maryland starts August 30, so we don’t
have any data yet. However, we successfully used
an earlier version of our plugin, which supported
the automatic CVS snapshots but not the extended
project submission system, in Spring 2004. We will
have data about the Fall 2004 semester, including
instructor and student experiences, by the time of
the workshop.]

5 Related Work

In [7], Saff and Ernst describe an experiment in
which students were given access to software that
continuously performed unit tests in the back-
ground as they completed two programming assign-
ments. The experiment found that the feedback
from continuous testing had a statistically signifi-
cant positive effect on the likelihood that students
would complete projects on time. With the auto-



matic testing feature of our SubmitServer, we hope
that students will realize similar benefits, although
the testing feedback is more limited and coarse-
grained.

In [5], Liu et al analyze CVS repositories and
student self and peer evaluations for the semester
project of a third-year programming course. Their
work primarily focuses on understanding how
teams of programmers learn to develop large soft-
ware projects together. While their work dealt with
students at the junior or senior level, our work fo-
cuses on students in their first or second semester
of computer science. Also, their experiment found
that the commit granularities differed widely be-
tween teams and between members of the same
team. Because AutoCVS transparently commits
file at every save operation, we believe we can stan-
dardize the commit granularity and achieve a more
standardized view of the software development life-
cycle.

JRefleX [8] is an Eclipse-based tool for support-
ing small student software teams, and in broad
terms has similar objectives to the AutoCVS plu-
gin. However, JRefleX focuses more on understand-
ing how team members collaborate than on moni-
toring the working behavior of individual students.
Also, JRefleX is based on passive collection, analy-
sis, and presentation of data from the development
process. In our work we employ active feedback
techniques to help steer students towards success-
ful completion of their projects.

BluelJ [4] is an educational IDE designed for in-
troductory programming. It uses an interactive,
objects-first approach, and uses visual class dia-
grams to help students understand object-oriented
concepts. It includes a built-in project submission
system supporting a variety of submission mecha-
nisms. In our work we have made the submission
system interactive, allowing students to get auto-
matic feedback on their work early in the develop-
ment process.

In [1], Adrianoff et. al. describe an implementa-
tion of a testing-based environment for program-
ming contests. Students participating in a pro-
gramming contest are given test classes, which are
similar to JUnit tests. An Eclipse plugin allows
them to run the tests, in order to find out how
close their work is to meeting the requirements of
the problem. The automatic testing feature of our
submit server is very similar, although our system
is centrally controlled, so that requests for system
tests are logged, and instructors can choose how
much or little information is revealed about the

tests performed.

6 Future Work

Our system will be used for CS T and CS IT at Mary-
land in Fall 2004. The first order of business will be
to analyze the data collected and begin to answer
the questions posed in this paper.

We have a “launch logging” mechanism that
hooks into the LaunchManager and records when
students run or debug their code. Unfortunately
this feature is not yet stable enough to unleash on
300 introductory students. We plan to solidify and
enhance this feature.

A major challenge for the future will be develop-
ing techniques for presenting, visualizing and ana-
lyzing the data captured by AutoCVS and Submit-
Server.

We would like to answer the questions: What
Java API methods are students calling? It would be
interesting to see how students accomplish similar
project requirements.

We would also like to compare the code coverage
among the submissions of different students as well
as the code coverage of the various versions of the
software as it develops.
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