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Abstract - This paper describes a course atitled “ Software
Design and Testing’, covering both its conceptual design
and the outcomes from teaching it. The aurse is normally
taken in semester four of either a Bachelor of Information
Tecdhnology or a Bachelor of Engineeing (Sdtware) degree
program (both eight semegters in length). Students enter the
course with some programming experience (in Smalltalk,
Ada, C or Java) but withou experience with programs of
nontrivial sze or with cooperative software development.

Overall, students find this a challenging and demandng
course that introduces them to many new ideas. They are
required to work cooperatively in teams of three or four,
with their final grade partly determined by team
effectiveness  Although some dudents have difficulty
working in a team, the overall effect is very positive Many
students acknowedge that they do not appreciate the
potential difficulties of working in a team until they
experience themfirst hand

Introduction

Figure 1 provides a concept map o some® of the important
relationships between students, teachers and the activities
that typically comprise acourse. The purpose of the mncept
map is to expose my understanding for discusson. My role
as teacher is to provide @nditions and materials that |
beli eve are mnducive to leaning andto be part of a dialogue
toresolveisales and probems that inhibit sudent leaning. |
think that we need to be mnscious of the leaning strategies
we use, and that we need to understand how to monitor and
assss their effediveness | understand that some students
may not be used to thinking about how they learn and that
consideration of the leaning process may seem to conflict
with course mntent demands. However, to producelife-long
leaners, we neead to go beyond Nike's “Just do it” by using
refledion to “Do it better”.

| am a drong supporter of active leaning, sedng
leaning as a process of change, not just of preparation.
Cooperative leaning is a particular form of active learning
that uses small groups to provide a supportive learning
environment.

! Inevitably, such a diagram represents a choice about which
entiti es and rel ationshi ps to emphasise, and which to ignore.

Theremainder of the paper describes the @murse ntent,
the activities chosen to encourage leaning and their
outcomes, and some ideas for future development.

Course Focus

Software design and testing are central activities within the
software devel opment process This courseis responsible for
exposing studentsto:

Software Design: the stage of software development that
transforms a spedfication into a structure suitable for
implementation. Teaching about software design must
encompass bath the product of the design activity (the
design ohjed) and the process by which this object is
created. The importance of good software design
increases with system size and complexity, a point that
makes small convincing examples difficult to find.

Software Testing: a verification and validation tedhnique
that ensures Sftware is developed to med bath its
spedfication and its users neeads. While testing cannot
occur until the software has been devel oped, preparation
for testing can and should ocaur in paralld with
spedfication and design activities. Teaching about
software testing should cover preparation activities like
the design of test cases, the exeaution of tests, and the
comparison of actual and expeded results to seeif the
software behaves as intended.

While the two topics are often taught independently, there

are benefits from combining them. Students enter the cwurse

with some programming experience (in Smalltalk, Ada, C or

Java) but without experience with programs of non-trivial

size or with cogperative software development. The stated

aimsfor the course aeto:

« Demongtrate systematic approaches to software design
and testing. The Fuson methodology [6, 9] is used as an
example of an object-oriented design tecnique
(although students are made aware of the rapid changes
currently occurringin this sphere).

e Increase students programming experience, particularly
in terms of progam size, but also in the use of
additional program structures and devel opment methods.
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Figure 1. Course activity concept map

Implementation is important so that students observe the

consequences of design dedsions (and omissons!).

e Provide sudents with postive eperiences of
coll aborative leaning (including software development
in teams) and some appredation of the neal for life-long
leaning skill s,

Thereis no single pre-eminent software design method, and
even if there were, the rate of change in the discipline makes
it important for students to be aware of more than one
method for designing software. Conversdy, it is easy to
confuse students by overloading them with details of
multiple methods o that they fail to appredate the
similarities and differences. The challenge is to provide
more than just superficial comparisons while not trying to
make studentsinto ‘instant experts’ in each method.

Fuson was chosen as the primary design method
because it provides comprehensive mverage from analysis
throughto implementation. It also emphasises process issles
including chedlists for verifying the mmpletion of each
phase. Fuson is a method that integrates and extends earlier
objed-oriented methods, and it is widely used, espedally at
Hewlett-Packard where it was developed. Development of
Fusion is continuing with recent activity integrating the new
Unified Modeling Language (UML) [3] that aims to reduce
the plethora of object-oriented notations.

The software testing component of the course
emphasises g/stematic approaches to test definition and
exeadtion. Both ‘black-box’ (functional) and ‘white-box’
(structural) testing are defined and explained. A variety of
test generation strategies are demonstrated and the different
types of test scaffolding (harnesses and stubs) are
introduced. The tedchniques are illustrated using Ada
examples that show how the Ada package mechanism can be
used to advantage.

The murse is not projed-based because that approach is
used in subsequent semesters; instead, a case-study approach

[5] is adopted to give students experience with multiple
problems and multiple solution techniques.

Learning Activities

Ledures in this course ae traditional, serving to introduce
students to new software design and testing techniques, and
to present examples that ill ustrate how these techniques can
be applied. Ledures are presented to about 150 students. All
ledure material is readily available for students © there is
no neeal for students to transcribe the ledures. Ledures
provide an opportunity in the future to increase active
leaning by students.

Tutorials are small group classes (ten to twenty
students) subdivided into teams of threeor four sudents who
work together bath in the tutorial classand on assgnments.
Within each tutorial, these teams prepare solutions to tutorial
exercises and present their solutions to the rest of the tutorial
class[1].

The students choose their teams themselves, subject to
the requirement that all members of a team mugt attend the
same tutorial class The dedsion to allow students to form
their own teams is deliberate. Since this is the first tean
activity for most of these students, choasing their fellow
team members makes the exercise less threaening and the
leaning ultimately more dfedive. Ledure two is used to
present information about teams, including factors that make
them effective and some of the typical problems faced by
student projed teams. The first tutorial uses one of the
classc dedsion-making exercises for teams from Johnson
and Johnson [8] to give teamns experience of working
together.

Tutorial exercises on testing include developing black-
box test cases from simple informal spedfications and
white-box tests from small program fragments. The black-



box exercise is interesting since it demonstrates the
ambiguity problems that usually arise with spedfications
expressd in natural language. Having to derive ancrete test
cases highlights any ambiguities and emphasises that test
case generation can also pay a verification and validation
role

As well as exercises to help students become familiar
with the Fusion notation and process one eercise dms to
encourage students develop a wider perspedive on the
chdlenges of software design. Thought-provaking articles,
such as [10], [7] or the profiles in [12], are set as stimulus
material. Each team of students summarises one aticle and
leads a brief discusson on the main message in that article.

Asdgnments are the primary learning activity. One of
the dhallenges is to make these suitable for small teams of
students, that is, small enough to be manageable but large
enoughto create interdependence between tean members. A
poar assgnment is one that could be more esily done by
one person than by the team coll ectively.

Three assgnments are used to give students practical
experience The first assgnment presents the students with
the spedfication of a program (in natura language and as a
formal Z spedfication [11]) and three binary
implementations. The required task is to plan a suite of
(black-box) tests and exeaute them on each implementation
to identify all discrepancies between the spedfication and
the implementation. Students are encouraged to build simple
test scaffolding (primarily test harnesss) to alow test
exealtion to be automated. Automatic test tods are not
introduced as | consider it better for students to gain
experience with manual test exeaution and consequently
then appredate therole of automation. In 1997, the spedfied
progam was a dependency management system that
managed a coll ection of dependency relationships.

The semnd assgnment presents the students with the
Fusion anadysis models for a program. Ther task is to
develop corresponding Fusion design models. In 199, the
program was an interactive spelling cheder, similar to the
Unix ispell. Test suite design is aso part of the
assgnment. The third assgnment follows on from the
second and requires the dudents to continue the
development through to implementation. To help students
who might have strugged with assgnment two, a design
solution is provided that can be used as the basis for
assgnment three without pendty. It also serves as a model
answer. Students are required to exeaute their test suite from
assgnment two (it may be improved without penalty) and
report the results.

When each assgnment is handed in, the team of
students must nominate the percentage cntribution of each
member. The mark for the assgnment is then divided
between the tean members acoording to the percentage with
the proviso that no individual can get more than full marks
for an assgnment. The proviso predudes, for example, a
team of three choasing to tackle one assgnment each thus
avoiding any collaboration at all. The dlocation of

contribution is atean responsihility but it may be discussed
with the teaching staff if necessary. | have chosen to have a
public (rather than private, for example [2]) allocation
because | believe it is important for teams to lean how to
deal openly with important isaues (for some students, it is
the most important isaue).

The major refledive activity that sudentsin this course
are required to do is associated with the monitoring of their
study time. It is described elsewhere [4].

Outcomes

Overdl, students find this a chdlenging and demanding
course that introduces them to many new ideas. They are
required to work cogperatively in teams of threeor four with
their fina grade partly determined (40%) by ther
effediveness as a team. Although some students have
difficulty working in a team, the overall effect is very
positive. In 1997, adl 38 teans handed in al three
assgnments. Many students acknowledge that they do not
appredate the potential difficulties of working as part of a
team until they experiencethem first hand.

Student feedback colleded anonymoudly at the end o
the wurse on dsandard University of Queensand
questionnaires rates this course as only average. The main
areas of complaint are the time monitoring exercise and the
quality of computing equipment in the undergraduate Unix
laboratories. Many students regard the time monitoring as
“demeaning’ and “a waste of time”, athough most agree
that it isrdatively easy to satisfy the assessment criteria. The
Department acknowledges that the Unix laboratories need a
substantial upgrade. Students would also like more material
on the Fusion method, particularly examples, and more
opportunities to consult academic doaff about their
assgnments. While tutorials are the primary forum for
consultation, the set exercises require most of thetime.

The third assgnment, which involves transforming a
Fusion design into an implementation, proved to be very
difficult for many student teans. One source of difficulty
was that Ada-95 was the programming language of choice
for most of the students. While Ada-95 supports object-
orientation, trandation of Fusion design modelsto Ada-95is
more involved than the eyuivalent trandation to C++ or
Eiffd, the two maor languages used in the Fusion
references. Although it is possble to produce a solution in
about 600lines of Ada code, students do not have sufficient
experience to manage programs of this s$ze. The program is
designed and written as a team effort, so this assgnment is
probably their first experiencewith the integration problem.

One of the most pleasing aspeds of this course is the
significantly reduced incidence of plagiarism. In similar
courses with individual assgnments, plagiarism had always
been a serious problem. Some students seam to be willing to
take the risk of detedion (which would lead to losing all
asciated marks and potentially to course failure), often
because they fed they have no-one to help them do the



assgnment properly. In 1997, standard chedks to identify
suspiciously similar implementations were applied to the
eledronic submissons for assgnment three Two pairs were
identified but it turned aut that each pair came from a single
team as more than one team member had chosen to submit
their team’sfinal product.

The products of the assgnments (software test suites,
designs and implementations) are difficult and time
consuming to assess An additional probem is maintaining
consistency when multiple markers are required to handle
the large dass size. Having students work in teams helps
with the assssment task by reducing the number of
submissons and significantly improving the average quality.

Future Plans

Many of my objectives for cooperative leaning in teams
have been achieved, but improvements are required so that
more students regard it as a positive experience Having past
students describe their experiences and provide advice may
help get the message acrossabout how to work effedively in
ateam.

For the implementation assgnment, | neal to
compensate for the students' inexperience by providing
more assstance with explicit attention to the difficulties
asciated with software integration if the cmponents do
not conform to clealy defined interfaces. In that resped, it
may help to force the teams to define explicit interfaces in
their chosen implementation language as part of the design
assgnment. The advantage would be that these interfaces
could be dedked as part of the design assssnent and
feedback provided before implementation proceeals.

CASE tods for Fusion would help students construct
and ched at least the syntactic corrednessof their designs.
It would aso reduce the load on human markers who could
concentrate on verifying the appropriateness of the design
relative to the spedfication. Of course, CASE tods are no
panacea since they typically have alarge leaning curve aad
are normally not designed for novice use.

Each time the course is offered, | will develop more
Fusion examples to med the request from students for more
variety in the examples used to illustrate the method.

Conclusions

Teaching software design and testing is an important and
chdlenging task within the computer science and software
engineering curriculum. It isimportant because of the centra
role of these activities in the software lifecycle. It is
chdlenging becuse of the numerous methods and
techniques that students sould have some familiarity with.
This paper presents one approach to this task based on a
philosophy that emphases active leaning for students in
cooperative teams.
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