Teaching Software Testing:

Automatic Grading Meets Test-First Coding
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How can we teach software testing skills
more effectively?

Students cannot test their own code
Want a culture shift in student behavior

A single upper-division course would have
little impact on practices in other classes

So: Systematically incorporate testing
practices across many courses:

* Require students to use test-driver
development (TDD) on all assignments

« Use an automated grading tool to provide
immediate, concrete feedbad

Students can apply TDD in assignments
and get i i useful benefits

Conceptually, easy for students to
understand and relate to

Increases confidence in code

Increases understanding of
requirements

Preempts “big bang” integration

The problem is devising an effective
strategy

: Need to assess student performance at testing
Need to give productive feedback
Need to provide rapid turnaround

Cannot afford huge increase in resources required

Proper grading and feedback can provide
positive incentive for desirable behavior

Decide what behavior to foster

%

Choose a corresponding
scoring/reward system

i

Design feedback approach

Use students’ adaptive nature to drive cultural
change

for Automated

Web-CAT is the
Web-based Center

« Aweb application for providing
student-oriented software
engineering services

« Implemented using Apple’s
WebObjects framework

« Implemented in Java using a
plug-in architecture

« The grading capabilties are .
provided by one subsystem
plug-in; other plug-ins planned

« New subsystems can be added
without code changes or
recompilation

+ Students can submit
assignments for grading, or view
results of past submissions

Web-CAT allows unlimited « Students only “get out” w
submissions “put in”

Students can get feedback any
time, as often as they like,
supporting rapid cycling between
testing and coding

« Writing tests is the key to

inding out if one’s solution
works, and to getting a good
score
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e Manual feedback from instructors or TAs can be entered on-line to appear in the same report

Upload a jar or zip of your
files and confirm

Alternatively,
beginners
using Blue)
can submit
directly from
the IDE.

c .
*not encourage good testing habits

does

Focus is on output correctness, first
and foremost

“Get it working first, work on
commenting, structure, etc. later”

Students not encouraged or
rewarded for testing on their own

Students often do less testing

Lots of automatic assignment grading systems, but ..

“The typical approach: student’s program is compiled, executed against
instructor’s test data, then scored based on output
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% Scoring is the center of the reward system

Assess test validity: correctness of the
student’s tests
Run the tests (those that capture externally
visible behavior) against a reference
implementation; failed tests are incorrect

Assess test the

The summary shows the score
breakdown, plus points lost and
coverage achieved on each class

From the score summary and test
results, you can view detailed
comments on your code

of the student’s tests
Instrument the student’s code to collect
coverage data as their tests are run; use
coverage as the completeness score; use
simpler coverage metrics for beginners, and
ramp up coverage expectations as students
progress through the curriculum

Assess program correctness: behavior of student’s
solution

How many of the submitted tests does the code
ass?

Assess program completeness: the “thoroughness”
of the student’s code implementation
Run student’s code against a reference test suite
designed to capture all salient aspects of the
problem

Combine scores
Take four components as percentages and
multiply; student cannot neglect any aspect
as a result

Teaching assistants or other authorized individuals can add their own comments on individual classes in a student’s submission

Comments are added by directly editing them in place in a direct-manipulation style (client-side WYSIWYG editing of comments)

Comments can be made in many categories: good work,

suggestions, questions, answers, wamings, erors

Point deductions or extra credit bonuses (or neither) can be

associated with each comment

Access controls allow specific comments to be visible only to the

instructor or only to the course staff

We are beginning to experiment with students using this facility

for code review assignments

Popular open-source tools perform the bulk
of the code analysis and i

experience i

-

positive

Ant is used to build submitted projects

Clover instruments student code for coverage
analysis

JUnit is used for test cases
Checkstyle assesses stylistic practices

PMD assesses coding issues and identifies
potential errors

Output from all tools is merged into one web-
viewable report

Web-CAT supports other languages (although
these tools are Java-specific)

An evaluation of submitted code
indicates students program and test
more effectively

45% fewer bugs: 38 bugs/KSLOC
with TDD and automatic grading, vs.
70 bugs/KSLOC without—significant
with p< .05

Higher scores were achieved on
average (p < .05)

See the Educator’s Symposium
paper!

Contact me here for a demo!

Students perceive practical benefits
More helpful at detecting errors
Provides excellent support for TDD

Increases my confidence in correctness

Increases my confidence when making changes 0 &

Makes me test my solution more thoroughly
Makes me more systematic in devising tests

Would like to use, even if not required

Disagree
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