Software System Summary:

Web-CAT: Web-based Center for Automated Testing

Summary

Web-CAT is a web application that provides software testing services to students. It’s most
prominent service is an electronic assignment submission and grading system that supports test-
driven development.

Objectives

Support the addition of new services without requiring recompilation.

Operate as a web application, without requiring users to have any additional software
beyond a web browser.

Provide an automated grading system that is independent of the student’s programming
language, the instructor’s assessment model, and the desired feedback to be provided to
students.

Support grading of assignments written using test-driven development: students must
provide test cases for their code, but can make unlimited submissions and get feedback or
check their progress as much as they like as their solution is developed.

Contributions

Built on a plug-in architecture, where services are provided by “subsystems”, and newly
developed subsystems will be automatically configured and installed just by restarting the
application.

The Grader subsystem supports automated grading and feedback generation that is
completely customizable by the instructor (in terms of student programming language,
desired scoring formula, desired method of assessing scores, desired feedback strategy,
etc.).

A set of instructor configuration settings allow the use of test-driven assignments, where
students are expected to submit many times as they develop solutions, rather than once or
twice at the end. Students are assessed based on how well they demonstrate the
correctness of their own solution, and also given concrete, automated feedback on what
code they have not tested well enough, what style or documentation issues are present in
their work, and what coding patterns might indicate potential bugs or trouble spots in
their work.

Software fault-tolerance is built into the installation: the application internally monitors
itself, correctly reporting and handling faults (including internal bugs) without affecting
the actions of other users or crashing the application; a separate monitor automatically
restarts the application if it ever crashes or locks up.

Reduced the amount of bugs in student code by 45%.

Approximately 40,000 lines of Java code



Contents

This software system summary includes the following documents to give insight into Web-
CAT’s use and operation:

* A series of screenshots walking through the main aspects of the application (5 pp.)

* A summary of student responses after using Web-CAT in class (1 p.)

* A poster illustrating the test-driven development concepts and approach used, together
with a summary of evaluation results (1 p.—the full-size poster is also available as part of
supplemental materials)



After logging in, students select the course and assignment to which they are submitting.

; Web-CAT: Submit an Assignment for CS 1705 - Microsoft Internet Exp

File Edt Wiew Favorites Tools  Help

Submit an Assignment for C8 1705

Select the assignment for this submission:

Assignment Description Deadline
" Lab-05 Laying Squares  10,/31/032 03:20PM
&  Program-2 Trash Collector 11/02/02 11:59FPM
Cancel Come Back Later <Back | Finist |

l_ l_ l_ {5 Local inkranet

The student can upload a single file, or a zip or jar archive containing many files, in any

programming language.

; Web-CAT: Submit an Assignment for CS 1705: Program-2 - Mic

File Edit Yiew Favorites Tools  Help

Submit an Assignment for CS5 1705: Program-2

Choose the file to upload:

trashman.jar Browse... |

This is your first submission for this assignment.

Cancel Come Back Later | < Back

Firish | b

I_ I_ I_ 2% Local inkranet
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All interactions follow a simple “wizard” metaphor, so navigation through the application is self-

guiding, walking the user step-by-step through any task.



Introductory students in CS 1705 can directly submit for the interactive development
environment they use to write Java programs.

BIueJ: program2 ;lglil

Project Edit - View Help

Compile Crl-k
Mew Class) compile Selected Ctrl+Shift: i

—— I Rebuild Package
—{ Use Library Class... Ctrl-L

Comnpile Bvaluate Expression... Ctil-E o ioos
Project Documentation SweepTrashTest
Preferences... SweepTrash

I

@ recording et famten |
1

End TrashCollectorTest I
TrashCollector i

Cancel R

Creating virtual machine... Done

After selecting the appropriate menu entry, they choose the name of the assignment and submit.
Results are popped up in their browser window.



Assignment feedback is available in summary form, characterizing how well the student has
performed in several dimensions. The student also gets detailed feedback on each class (file)
submitted, as well as the results of the student’s own tests.

a Web-CAT: Submit an Assignment for CS 1705: Program-2, jhokie Ery #5 - Micro - | Ellﬂ

File Edit ‘iew Favorites Tools  Help ﬁ

Design/Readability: J40.0  <Awaiting TA=

Style/Coding: 16.0/20.0 I "
Correctness/Testing: 37.9/40.0 I
Final score: 53.9/100.0 N

TA/Instructor Comments

Methods Executed

Remarks & Deductions

TrashCollector 3 -6.1  85.7% I
TrashCollectorTest 0 0.0 100.0% -
SweepTrash 0 0.0 100.0% -
SweepTrashTest 0 0.0 100.0% NI |

Results From Testing

Tests run: 4, Failures: 0, Errors: 0

=
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Feedback on individual files written by the student is provided through a color-coded source
code view in the student’s web browser. Individual statements that reflect violations of expected
stylistic conventions or potential coding errors are marked with explanations. Point deductions
are provided where necessary.

a Web-CAT: Submit an Assignment for CS 1705: Program-2, jhokie try #5 - Micros - |EI|£|

File Edit Miew Favorites  Tools  Help ﬁ

a1 # Turp to sweep & hew colump going in the opposite direction.

az # This method assumes the robot just trarelled south and Ffound 2
a3 #ygll, 50 it twrns left twice to go rnorth on the next colunn.
Q4 #5

a5 3 public woid positionFor0ddColumn|)

= s {

a7 3 turnLeft():

as if [ frontIzCleari) ):

0 Error [PMD]: -2
Always use curly braces around the body of an if staterment, Omitting them makes i
easier fo intoduce bugs a5 the code iz edited over Hrne, They also improve readability.

ri"; Warning [Checkstyle]
Empty statermeant,

29 {

100 3 move (] ;:

101 3 turnLeft():
102 1

103 1
104

1035

106 o
107 S
108 # A 180-degres left turs.
109 =

110 ] public woid turniro 1
L ! m&lune 110: method not entered. |

112 0 turnLefti) ;

113 Q turnLefti) :

114 1

115

116

117 public woid turnBighti(]

0 Error [Checkstyle]: -2
Missing 3 Javadoc cornynent

118 i

119 7 turnLefti);

120 7 turnLefti); |
121 7 turnLefti):




Development is near completion of an instructor/TA feedback mechanism that will allow course
staff to enter comments to students directly through their web browser. The interface provides
for full direct-manipulation editing of comments, which are then immediately viewable by
students when they look up assignment results, just as automatically generated comments are.

Such an interface also has the potential to support student review assignments, where one student
(or group) is assigned the task to critically review and comment on the work of another. Peer
feedback helps promote code reading skills, and that feedback can be used by the original author
to improve their own work.

a Web-CAT: Submit an Assignment for CS 1705: Program-2, jhokie try #£5 - Micro - |EI|E|

File Edit “iew Favorites Tools Help

SawvefCantinue | TA Tools/Testing deductions
s TrashCollector -2.0 6.1 -8.1
o Finish Lat
ave/Finish Later others 0.0 0.0 0.0
saveitdark Done Total -2.0 -6.1 -8.1 91.9/100.C
(& {‘? ||Select from previous comments = | |G|:n:u:| =] IF'.II ;” B r u | <>|
LR # Pick up 311 the trash in one verticdl stripe of intersections.
45 * Stops when blocked by 2 wall.,
46 #5
47 B0 public woid cleanOneColumni)
43 {
49 a0 collectBeepera () ;
S0 60 if [ frontIsClear() ) —
31 {
22 94 move (] ;
ICHT cleanOneColunni) ;
Q Good [Stephen Edwards]
Mice use of recursion in this meth|

i el

I_ I_ I_ |@ My Cormpuker




Teaching Software Testing:

Automatic Grading Meets Test-First Coding

Stephen Edwards,

edwards@cs.vt.edu

Department of Computer Science

http://web-cat.cs.vt.edu

How can we teach software testing skills
more effectively?

lttle impact

devel

<2

Students cannot test  their own code
Want a culture shift
A single upper-division course would have

So: Systematically incorporate testing
practices across many courses:

« Require students to use test-driven

+ Use an automated grading tool
immediate, concrete feedback

in student behavior
on practices in other classes

Testing
Praciices

lopment  (TDD) on all assignments
to provide

Students can apply TDD in assignments
and get immediate, useful benefits

<=2

understand and relate to
Increases confidence

Increases understanding
requirements

Conceptually, easy for students to

in code

of

Preempts “big bang" integration

The problem is devising an effective
assessment 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

change

behavior to foster

hoose a corresponding
scoringlreward system

Design feedback approach

Use students' adaptive nature to drive cultural

student-oriented software
engineering services

Web-CAT is the
Web-based Center
for Automated
Testing

+ Implemented using Apple's
WebObjects framework

+ Aweb application for providing

+ Implemented in Java using a
plug-in architecture

+ The grading capabilities 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” what
submissions hey “put in”

y '

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

+ Wiiting tests is the key to
finding out f one’s solution
works, and to getting a good
score

o Manual feedback from instructors or TAs can be entered on-line to appear in the same report

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)

Upload a jar or zip of your
files and confirm

beginners
using BlueJ
can submit
directly from
the IDE.

Alternatively,

Conventional automated assessment does
not encourage good testing habits

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

Focus is onoutput correctness  first

\
and foremost . 4 -

“Get it working first, work on N € N
commenting, structure, etc. later” , r’ N\ AN
Students not encouraged or < v S
rewarded for testing on their own A\ 3

Students often do less testing b

¢

>
A o

@ Scoring is the center of the reward system

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

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

Assesstest :the

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

Assessprogram correctness  : behavior of student's
solution

How many of the submitted tests does the code
pass?

‘the

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

on your code

Comments can be made inmany categories : good work,
suggestions, questions, answers, warnings, errors

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

evem=s | ——rET—TT

D Cond [ Shwphan dmaris|

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

Ant is used to build submitted projects

Clover instruments student code for coverage | '@ 5 © f db

analysis 2.2 N
A 5

JUnit is used for test cases BASC

Checkstyle assesses stylistic practices

PMD assesses coding issues and identifies 7 K

potential errors 1 :

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

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

@ Classroom experience indicates significant positive outcomes

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 Agree Disagree

More helpful at detecting errors [ | lewws
Provides excellent support for TDD [ | X PSyayE
[ P perr

Increases my confidence when making changes @ & & @ = 33

Increases my confidence in correctness
Makes me test my solution more thoroughly L1 Y
Makes me more systematic in devising tests & 7 & = 38

Would like to use, even if not required ST s - 38




