Teaching the Evaluation of Object-Oriented Designs

Robert Biddle, James Noble
School of Mathematical and Computing Sciences
Victoria University of Wellington
Wellington, New Zealand
robert@mcs.vuw.ac.nz, kjx@mecs.vuw.ac.nz
Ewan Tempero
Department of Computer Science
University of Auckland
ewan@cs.auckland.ac.nz

Abstract

This paper describes an approach to teaching eval-
uation of object-oriented designs, using well known
design heuristics along with a process for heuristic
evaluation. This is based on work introducing object-
orientation to industry groups, and is motivated by
our observations about the needs for design evaluation
in industry, but we have applied the same approach
in our university teaching. We have found the ap-
proach useful in explicitly addressing an undervalued
step in software development, and one that deals with
object-oriented design explicitly, while not involving
any unproven radical elements.
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1 Introduction

We have been exploring ways to improve teaching
techniques for the early stages of object-oriented de-
velopment before implementation. In particular, we
have begun to address the issue of object-oriented de-
sign evaluation. This is not a traditional step in the
development process, but our work with industry has
indicated there is a growing need for awareness and
advice on this topic. In this paper we present the
approach we have taken, describing how we position
the topic, and then concentrating on our experience
involving a technique using heuristic evaluation.

Because design evaluation is not an established
subject, we address both the subject itself, and how
we present it to students. Our teaching methods
themselves are conventional, and this paper discusses
the content we present, and a technique we have ex-
plored that enables design evaluation exercises.

The concept of evaluation is not new in the con-
text of system development. Early in the system de-
velopment process, the key issue is requirements elic-
itation and analysis, typically done by working with
actual or potential customers (Leffingwell, Widrig &
Yourdon 1999). In actual system implementation,
there are also established techniques for the early
evaluation of quality via walkthroughs and inspec-
tions (Weinberg & Freedman 1990). The ultimate
techniques for evaluation late in the process are test-
ing and possibly formal verification, once the system

has actually been implemented.

We wanted a technique to evaluate an object-
oriented design. There are techniques that address
this implicitly within the design process, such as CRC
(Beck & Cunningham 1989) and techniques that ad-
dress how well the design meets explicit requirements,
such as design reading techniques (Travassos, Shull,
Fredericks & Basili 1999). We have explored a tech-
nique based on inspection and heuristics that ad-
dresses other aspects. Our work on this topic be-
gan with a series of international workshops to con-
sider the issue of object-oriented design evaluation in
educational settings (Biddle, Mercer & Wallingford
1999). We found that the issues are also of great im-
portance in industry, especially because the increased
use of outsourcing means that system analysts and
system designers are often now in different organisa-
tions.

The rest of this paper is organised as follows. In
the next section, we outline how we motivate under-
standing of the nature of design evaluation. In the
third section we review approaches to design evalua-
tion, introduce the technique of heuristic evaluation,
and discuss our findings from trialing this technique.
We then outline some other evaluation techniques we
relate to heuristic evaluation, and discuss their signif-
icance. Finally, we present our conclusions, and our
advice for future work in this area.

2 Motivation and Introduction of Evaluation

In the past two years we have had the opportunity
to work with a number of industry groups introduc-
ing techniques for object-oriented (OO) analysis and
design. We introduced these techniques to about six
industry groups over an eighteen month period, and
the groups had approximately 15 participants each.
Some participants were experienced developers, and
others were experienced business analysts with no de-
velopment experience.

Our initial stress was on the principles of object-
orientation and how to apply them in the creation
of new analysis models and designs. As we worked,
however, we increasingly realised the need not only to
create designs, but to evaluate ones already created.

One issue arose as we developed an “active learn-
ing” approach to teaching OO design (Biddle, Noble
& Tempero 2001), because the techniques we used
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frequently involved working with already created de-
signs. More importantly we recognised that in cur-
rent industry practice, business analysts are now com-
monly put in the position of working with developers
outside their organisation, and thus evaluation be-
comes a major part of their role. As we recognised



this, we adjusted our presentation, and thus our in-
troduction to OO now features this new emphasis on
evaluation, as we discuss below.

Design evaluation is not an established explicit
step in a typical development life-cycle, so we now
begin with some gravity and fanfare in an effort to
promote its importance. This may seem unnecessary,
but we have found such emphasis helps learners re-
gard evaluation as worthwhile.

Our introduction begins with a simple definition
with deep implications: the basic idea of evaluation
is determining value. We are familiar with many ver-
sions of this in everyday life, ranging from simple mea-
suring devices to find the size of things, to justice
systems to find the truth in arguments. Evaluating a
system design may seem as dispassionate as making
a simple measurement, but in fact it can become as
complicated as a court case.

To highlight the key aspects of an evaluation pro-
cess, we refer to the image of Themis, the figure in an-
cient Greek mythology associated with judgment. She
is usually depicted with three prominent features: she
is blindfolded, she holds a set of weighing scales, and
she carries a sword. Together, these features serve as
reminders of the ideals in evaluation, and can help us
focus on some issues that arise in system design.

The blindfold indicates impartiality, especially im-
portant so that the status of what is being evaluated
does not determine the result. This signifies that pau-
pers and princes will be treated the same, but also
applies to design evaluation. There are all kinds of
practical reasons unrelated to design quality that may
influence evaluation. Some involve outside factors,
such as influence by people or organisations involved
with the design. Other factors simply involve commit-
ments that have already been made, including money
spent, publicity, and even simply the effort in prepar-
ing documentation for the design under evaluation.
All these are perfectly natural, but may influence ap-
proval of a design without real regard for how good
the design really is. This represents a risk, because
the quality of the design — good or bad — will have
future consequences.

The scales indicate the process of weighing evi-
dence carefully, so that the correct result is obtained.
This shows that there is indeed an observable process
that determines the result, rather than some mysteri-
ous and unfathomable result emerging without expla-
nation. This too is important for design evaluation.
The quality of a design should be determined as good
or bad, better or worse, according to some under-
standable method, and based on explained reasons.
The quality of a design cannot be often proven in
advance, because it involves prediction of the future.
Keeping the process open and reasoned, however, al-
lows correction of factual mistakes, incorporation of
other relevant factors, and long term process improve-
ment.

The sword indicates the power to make a decision.
The significance of the sword can serve as reminder
how terrible and final a decision can be! While most
system design evaluation decisions are not so devas-
tating, there is still an important principle involved.
Making a decision marks an end to a time of uncer-
tainty, and allows forward movement. Indecision it-
self can be problematic. However, forward resolve can
only inspire confidence as long as it is based on a good
process of evaluation.

2.1 Evaluation of Design

After our initial emphatic introduction about evalua-
tion in general, we then move to a pragmatic consid-
eration of what it means to evaluate design.
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Figure 1: The role of design evaluation within the
system development process, highlighting how evalu-
ation can both inform a design process on the left by
assisting iterative improvement of the design (forma-
tive evaluation), and also inform a design selection or
implementation process on the right where commit-
ments to the design may be made (summative evalu-
ation).
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System design is a complex activity, and can in-
volve all kinds of considerations. A simple model,
however, is that the design process involves taking
information from analysis, and produces a plan that
facilitates implementation. This simple model can il-
lustrate the place of design evaluation (see figure 1).

One aspect of design evaluation is that it can take
place after the design process is complete, and the
role of the evaluation produces is to produce advice
for potential implementors. For example, such advice
might recommend whether it is worth using as a basis
for implementation, and perhaps might even recom-
mend a reasonable price for the design. This is close
to the ideal of evaluation discussed above, where the
evaluation leads to a decision. In education theory,
this is known as “summative” evaluation. The idea is
that it comes fully after the process, and determines a
result. This kind of evaluation is familiar from school
as the letter grade following a exam, or from sports
as the kind of medal awarded in the Olympic games.

Another aspect of design evaluation is that it can
take place during the design process, working with a
partial design result, or even by observing the design
process itself. The role of the evaluation process here
is to produce advice for the designers themselves. For
example, such advice might comment on the strengths
and weaknesses of the design, might suggest changes,
and might even ask questions and engage in dialogue.
This is still evaluation, but working in a different way
to the ideal discussed above. In education theory, this
is known as “formative” evaluation. The idea is that
it is done in the midst of the design process, and helps
improve the eventual design. This kind of evaluation
is also familiar from school as the helpful comments
made by teachers when students show exercise work,
or from sports as the kind of advice given by coaches
as they observe athletes in training.

These two views of evaluation, summative and for-
mative, are both important. However, in system de-
sign work, it is unfortunately easy and common to
focus too much on summative and not enough on
formative evaluation. System design is difficult and
costly, and more formative evaluation is one way to
ensure the result is improved where possible. Forma-
tive evaluation is a key step in using the iterative and
incremental approach to system development.

Although we have distinguished designers, imple-
mentors, and evaluators, it is possible for individual
people to play multiple roles. When the designers are
also evaluators the impartiality is compromised, but,



especially in formative evaluation, simply distinguish-
ing the evaluation activity from the design activity
can lend a useful change in perspective. An alterna-
tive is to use peers as evaluators, and ultimately it
may be worthwhile identifying experts on system de-
sign specifically as evaluators. There are also other
roles that may be involved in the process, including
other stakeholders in the development, or end users
of the system.

3 How to Evaluate a Design?

In this section we discuss our experience in deter-
mining how to present the subject of design evalu-
ation. In the first subsection we outline the broad
approaches to evaluating that we identified. In the
second subsection we discuss how evaluation must
consider the multi-dimensional nature of design qual-
ity. We present all this both to explain our consider-
ation, and also to offer how we describe the subject
to students. In the third section we concentrate on
one particular issue: evaluation of how well a design
copes with change. We present our informal study
of heuristic evaluation, a technique we have explored
for design evaluation that can easily be used in course
exercises. We also explain how we relate this to other
topics.

3.1 Approaches to Evaluation

The heart of a design evaluation process must be some
technique for evaluating a design. The sad truth
is that there are no really widely used techniques
for evaluating object-oriented designs already estab-
lished. However, there are some related techniques
that may be adapted for the purpose. As with much
of system development, there is no guarantee of suc-
cess, but we believe that some adapted techniques
should prove very useful.

The workshops on educational evaluation of OO
designs identified several evaluation strategies that
could play a role in a design evaluation process:

e Metrics, such as class width and hierarchy depth
o Heuristics

e Use-case walkthroughs, especially with role-play
e Checks of pattern and pattern language usage

e Modification tasks where the design must accom-
modate reasonable change

e Specification checks to see if the design does
match analysis

e Design critiques, similar to art criticism or re-
views

There are two broad approaches that underlie the
kinds of techniques that we might consider adapting:
inspection and testing. These two approaches have
been distinguished in the field of user interface eval-
uation (Nielsen 1992a, Nielsen & Mack 1994, Nielsen
1992b) and may serve as a model for design evalua-
tion.

Inspection involves assessing the static design,
looking for structures and detail elements that have
critical implications about the design quality. Both
heuristics and metrics fall within this category, and
checks for patterns and critiques have similar proper-
ties.

Testing involves actually trying out the design.
The ultimate testing involves implementation, of
course, and that is usually too high a cost to bear
to evaluate the design. We can simulate testing, how-
ever, by working with prototypes. Prototypes can

involve lightweight implementation that merely sim-
ulate functionality. Even paper simulations can be
helpful, and walkthroughs with object role-play might
be regarded as a kind of very lightweight prototype.
The main idea of such “testing” is to actually track
through the design, as this turns out to be a good way
to help think about the design implications. Follow-
ing the implications of modification tasks would also
be a kind of testing.

The most relevant research undertaken to ex-
plicitly explore operational techniques for evaluat-
ing object-oriented design is the study of read-
ing techniques for object-oriented design inspections
(Travassos et al. 1999). This is based on earlier work
on reading techniques as a form of design inspection.
The reading techniques involve directed and careful
“close reading” of design artifacts, especially to iden-
tify design defects. The focus is on defects such as in-
completeness, inconsistency, and ambiguity, that con-
cern the relationship between the requirements and
the design’s ability to meet the requirements.

3.2 Desirable Characteristics and Evaluation

While we can talk of the “quality” of a design, this is
not a simple concept: there are many desirable char-
acteristics of a design. One important distinction con-
cerns the time-frame under consideration. There are
a set of desirable characteristics of a design that con-
cern the current domain situation as described by the
requirements. The design should have been created
with this situation in mind, and the implementation
will definitely be expected to work within it. The
primary desirable characteristics are typically func-
tionality and usability. These are both complex char-
acteristics in themselves, as for example functional-
ity would include functional coverage and correctness,
and usability might include learnability and user error
handling.

The reading techniques for object-oriented design
inspection (Travassos et al. 1999) principally address
the current requirements, especially with regard to
functionality. In particular, they stress the issue of
whether the design is viable, that is to say whether
the design is complete, consistent, unambiguous, and
actually meets the stated requirements.

A simple approach to evaluating a design for the
provision of functionality is to take use cases de-
scribed by the requirements, and walk through the
design artefacts simulating execution at the abstract
level of the design. This is so basic a strategy that
it can easily be used as a formative approach within
design. For example, the CRC technique (Beck &
Cunningham 1989) takes this approach by using cards
to represent objects, and uses object roleplay of use
cases to explore designs. Some development processes
actually begin with use cases (such as OOSE and
RUP(Jacobson, Christerson, Jonsson & Overgaard
1992, Jacobson, Booch & Rumbaugh 1999)), and so
take the approach to the limit by employing the use
cases to drive the creation of the design. In this way
these processes foreshadow, at the design level, the
“test-first” approach taken later at the code-level in
Extreme Programming (Beck 1999). Even when de-
sign has been driven by use cases, however, it still
makes sense to evaluate separately. The abstract
nature of the design level means it can be easy to
make mistakes, and these can sometimes be identi-
fied in a careful walkthrough. At a larger level, a
critical issue is to determine whether all use cases
are covered by the design, as sometimes less impor-
tant use cases can be forgotten by designers. Even
within informal exploration using CRC cards, we have
found that increased attention to the evaluation as-
pects of the technique is important (Biddle, Noble &



Tempero 2002b).

There are other characteristics that relate to im-
mediate deployment beyond functional requirements.
One such characteristic is the difficulty of implemen-
tation. For example, this would include the cost of im-
plementation, and the time required. These are best
evaluated by a static analysis of the design, consider-
ing what is involved in the implementation of each ob-
ject or class. This is essentially the idea behind strate-
gies for system estimation, for example (W.Boehm,
Horowitz, Madachy, Reifer, Clark, Steece, Brown,
Chulani & Abts 2000). A related concern is whether
the design involves reuse where possible. To evalu-
ate this requires knowledge of the domain, knowledge
of related systems, and also of the implementation
system. It can be worth careful analysis looking for
similar classes or objects elsewhere, and consideration
whether they can be used or adapted to the current
system. Where this is possible, it has the potential
for many advantages. For example, this can lead to
cheaper and faster implementation because the com-
ponents already exist, more reliability because they
have already been further developed, and easier main-
tenance because of the wider base. However, care is
needed in making decisions about reuse, both in as-
sessment of the quality of components, and in the
implications and costs involved in adapting them for
use. These general issues are well covered in the soft-
ware reuse literature: for example see (Tracz 1995),
(Jacobson, Griss & Jonsson 1997) or (McClure 1997).

As well as desirable characteristics that relate to
immediate deployment, however, there are many oth-
ers that relate to future situations. In particular, the
future may bring changes in requirements, and a good
design will allow the system to be changed to meet
those requirements. Foresight in the requirements
may suggest these, but the real truth is that these can
be important regardless of what the requirements say,
if anything, about them. These desirable character-
istics for future possibilities typically stress ability to
cope with change: scalability, flexibility, adaptability,
flexibility, modifiability. There are clear difficulties
in assessing how well a design will cope with change.
One issue is that because the future is unpredictable,
there are a large number of possibilities that might
occur. Another is that the exact details of the new
situation cannot be known. This is a real challenge
for any evaluation process.

3.3 Heuristic Evaluation of Design

We do not wish to minimise the importance of eval-
uation for the current situation, and the strategies
described above do address this. We do, however,
wish to highlight that for many years “good design”
has also meant design that copes with change. This
is the quality that we wished to address explicitly in
evaluation.

The ability to cope with change has always been
one of the promised strengths of a good object-
oriented design. The possibility of coping well
with change is based on the principles of object-
orientation, and supported by features such as en-
capsulation and polymorphism.

An object-oriented system design consists of a set
of objects and collaborations between them. The ob-
jects are encapsulated, so the collaborations only in-
volve the object interfaces, rather than the object im-
plementations. This means that object implementa-
tions can be changed without disturbing the overall
design, and that new objects can be introduced as
long as they conform to existing object interfaces. A
future change will be easy to accommodate if it can
be done in these ways. This means that to make a de-
sign future-proof, objects should be identified to best

allow change to be accommodated by changing object
implementation, or by introducing new objects with
the same interface as existing objects. Most impor-
tantly, this means the objects in the design should
align with changeable concepts in the domain.

To address evaluation of a design to cope with
change, we have been using a simple approach based
on heuristics and inspection. Heuristics are guide-
lines, or rules of thumb. These come typically from
experienced experts, and provide an easy way of high-
lighting design elements that are reasonable, or iden-
tifying design structures that are problematic. Many
heuristics have been identified by experts, addressing
many aspects of design. However, heuristics cannot
be blindly applied, and in some cases there are heuris-
tics that seem to offer conflicting advice.

The use of heuristics is also involved in design tech-
niques themselves. Learners are often given guidelines
for example. Also, some heuristics are deeply inter-
twined with design techniques. For example, both
the CRC technique (Beck & Cunningham 1989) and
the technique known as “responsibility driven design”
(Wirfs-Brock & Wilkerson 1989, Wirfs-Brock, Wilk-
erson & Wiener 1990) involves stress on “responsi-
bility”. This really is a kind of heuristic, suggesting
that each object should have a reasonable set of re-
sponsibilities that it is helpful to fulfill, and that it
is capable of fulfilling. Related heuristics are sug-
gested in the technique by the stress on distributing
responsibility between objects in a design. We discuss
these issues in more detail elsewhere (Biddle, Noble
& Tempero 2002a).

We have two reasons for suggesting that heuristics
can play a specific and significant role in the eval-
uation of object-oriented designs. The first reason
is that there are many heuristics documented in ad-
vice on “good” object-oriented design, including ad-
vice on design to cope with future change. Many of
these heuristics have been collected, categorised, and
discussed by Riel (Riel 1996). We hoped that such
already existing collections of heuristics might be har-
nessed in developing an evaluation process. The sec-
ond reason is that there is already a process for using
heuristics, in the evaluation of user interface designs,
that has been well established and explored by Nielsen
(Nielsen 1992a, Nielsen & Mack 1994). Nielsen advo-
cates this a “discount” technique, meaning a tech-
nique that is sufficiently cheap and fast that it can
be easily used, whereas more complete techniques
may be sufficiently expensive that they are avoided
in practice. Our idea was to take sets of heuristics
for OO design as documented by Riel, and use them
in place of user interface heuristics in the process de-
scribed by Nielsen.

Nielsen’s “heuristic evaluation” process for user in-
terface evaluation does not and cannot deliver perfect
results. However, it has been found to be an advance
on purely ad-hoc and introspective techniques, and it
also has the advantage of being relatively quick and
inexpensive. Our familiarity with this process gave us
some confidence that it might have similar advantages
when applied to OO design evaluation.

Put simply, the heuristic evaluation process is to
inspect the design with a set of heuristics specifically
in mind. The set of heuristics should be a manageable
number, and relevant to the desirable characteristic
for which the design is being evaluated. This process
is carried out by several inspectors who work sepa-
rately in parallel to determine their findings about
whether the design is in accordance with the heuris-
tics, or whether there are problems. The inspec-
tors then meet to discuss their findings and then to-
gether determine an evaluation of the design identi-
fying problems.

While introducing design and the concepts of eval-



uation in our work with industry, we have also ex-
plored Nielsen’s technique for evaluation of object-
oriented designs. Because the general structure of a
design can determine how well the design can cope
with change, we have been especially interested in
evaluating the topology of an OO design. For the
heuristics, we worked with a subset adapted from
those identified by Riel as relating to system topol-

ogy:
e Distribute system intelligence.
e Do not create god classes in your system.
e Beware of too many accessor methods.

e Beware of too much non-communicating be-
haviour.

e Model the real world whenever possible.
e Eliminate classes that are outside the system.

We sometimes used a longer list, consisting of
other related heuristics adapted from those identified
by Riel:

e A class should not be dependent on its users.

e A class should capture one and only one key ab-
straction.

e Keep related data and behaviour in one place.

e A class must know what it contains, but it should
never know who contains it.

e Inheritance should be used only to model a spe-
cialization hierarchy.

e Subclasses must have knowledge of their super-
class, but superclasses should not know anything
about their subclasses.

e Factor the commonality of data, behaviour,
and/or interface as high as possible in the in-
heritance hierarchy.

e When given a choice in an object-oriented de-
sign between a containment relationship and an
association relationship, choose the containment
relationship.

Note that neither we nor Riel claim these to be
original contributions. Riel’s contribution was to cat-
alogue heuristics gathered from a variety of sources,
and we chose to use these in preference to working
with a set in which we had an explicit investment.

We first presented the heuristics and discussed how
they related to design quality. We then arranged for
people to work in groups doing heuristic evaluation of
a number of small designs, sometimes working with
designs presented by us, sometimes by themselves,
and sometimes by other groups. The groups worked
through the evaluations, and then we met to discuss
together findings about the design.

We did not conduct this as a formal study, but
we did repeat the same exercises several times with
different but similar groups, and were able to make
informal observations. We acknowledge this is only
exploratory study, but feel this is a step toward the
understanding required for more careful investigation.

The results of our exploration were mixed. On the
positive side, most people understood at least some of
the heuristics, saw how they related to design quality,
and gained some confidence in identifying them in an
actual design. Moreover, the process seemed to add
value, because in parallel evaluation different people
did identify different issues. These issues could then
be discussed and prioritised in a larger group setting
and led to a better coverage of issues, as well as serv-
ing as a knowledge sharing exercise.

On the negative side, many people did not really
engage with all of heuristics well enough, either be-
cause they did not understand them, or did not un-
derstand their relevance. More familiarity with the
heuristics was clearly necessary. It was striking that
many people engaged with the heuristic about avoid-
ing “god” classes. We pay special attention to this in
presentation because while wanting to use the termi-
nology used by Riel, we are careful explain the term is
not meant in any religious way. Whatever the reason,
people found it easy to evaluate with that heuristic
in mind; “model the real world” worked similarly.

The time taken to assess designs was brief, and
most people were able to decide whether or not a de-
sign was consistent with a heuristic after only a few
moments thought. When working as a team, discus-
sions to resolve disagreements were not lengthy, and
often brought insight.

We speculate that, at least for learners, heuristics
should be very blunt and engaging, rather than the
more dispassionate consideration of OO relationships
more typical of the second list above. On the other
hand, people with more confidence in understanding
those relationships found the more dispassionate lan-
guage fairly straightforward to apply.

As a learning exercise and a vehicle for highlight-
ing evaluation, we regard our exploration of heuris-
tic evaluation a success. As an evaluation process,
we feel more work is necessary. We believe that the
next steps should be a careful construction of sets of
heuristics related to particular desirable characteris-
tics of design and also related to the background of
people who are to do the inspections. With those
developed, validation exercises of the process should
then be undertaken.

3.3.1 Metrics

Another inspection technique we discuss is the use
of design metrics. Metrics are quantitative measures
taken from a design, typically counting certain kinds
of features. For example, a simple metric relating to
system size is the number of classes, and a simple
metric for the complexity of a class is the number of
messages to which it responds. Like heuristics, met-
rics typically come from the experience of experts,
and there is no definitive set of standard metrics. We
introduce the well-known set of OO design heuristics
identified and studied by Chidamber and Kermerer
(Chidamber & Kemerer 1991).

Our presentation about metrics is brief. Qur main
idea is to introduce the concept as potentially useful
in larger or longer term evaluation, and to position
metrics with respect to heuristics. Unlike heuristics,
metrics themselves do not offer any advice, but do
provide a dispassionate input that often relates to
advice embodied in related heuristics. We point out
that many heuristics do concern quantities, of classes,
methods, and so on, and that for larger projects and
over the long term, it may make sense to develop a
feeling for typical values for these quantities. We also
point out, that metrics can be especially useful if used
to compare like with like (Henderson-Sellers 1995):
for example this can be used to quickly highlight as-
pects of a design that are different and potentially
interesting to evaluate in detail.

3.3.2 Potential Change Cases

We have already discussed how an important char-
acteristic of an object-oriented system design is its
ability to adapt to future change. Another sim-
ple approach we have explored in evaluating future
adaptability is to consider specific possible changes
that might arise: the potential “change cases”.



Change cases were introduced by Ecklund et al.
(Ecklund, Delcambre & Freiling 1996) to describe ac-
tual changes to a system through modification. In
evaluation, we are just imagining what changes may
be required. This involves predicting the future, and
so can never be precise. However, knowledge of the
domain can often lead to reasonable ideas about what
is likely to happen in the future. Such “potential
change cases” can be identified by focusing on the do-
main, much in the same way as is done to identify use
cases. After initial identification, change cases should
then be prioritised, considering both which are most
likely, and which lead to more serious changes.

We have conducted exercises with students to try
this out. The technique is to identify change cases,
then to consider each case, and determine how easily
the change could be accommodated in the existing
design. The approach to seems to be quite accessi-
ble. Most people who understand a domain can easily
imagine how requirements may change in the future.
It is more difficult to see how the change would af-
fect a design, but we have been able to suggest some
possibilities to look for.

One easy kind of change involves only behaviour or
memory of one class or object. Also easy is a new ob-
ject that is an alternative to one already in the design,
and can lead to an inheritance hierarchy. More diffi-
cult is a change to behaviour or memory that spans
many objects or classes. This can often suggest there
should be another object or class, so that change can
be isolated there.

It can also be useful to consider future situations
that are based less entirely on the domain, and that
do involve the existing system design itself. In partic-
ular, it can be useful to consider future possibilities
involving reusability. To evaluate reusability, the idea
is to consider whether objects in the current system
might possibly be reused in other possible systems.
Where there is a possibility, it can be worth consider-
ing whether the design might be changed to improve
the likelihood of reuse. This can involve making ob-
jects more general, for example by adding functional-
ity, or by allowing customisation. This can itself be
expensive, and care is needed in determining whether
the potential for reuse is worth the risk of costly fur-
ther development.

Our exploration of change case evaluation was
brief but encouraging. We particularly like the way it
begins accessible to anyone who understands the do-
main, and so for example is open to business analysts
and non-technical stakeholders. The later analysis of
how a design copes with change cases is less acces-
sible, but at least the key questions will have been
asked, and implications can then be called for and as-
sessed. We believe this technique is worthy of more
study.

3.3.3 Patterns

Another topic that forms part of our recent introduc-
tion to OO is that of design patterns. Design patterns
were introduced in 1994 (Gamma, Helm, Johnson &
Vlissides 1994) and are becoming well known by OO
programmers. There have been efforts to introduce
design patterns to a broader audience in information
system modeling (O’Callaghan 1999, Taylor 2002),
but we fear they are still not enough well known in the
analysis and modeling context. In particular, we feel
it is important for designers and evaluators to learn
patterns and regard appropriate use of patterns as a
more specific design issue than heuristics can ever be.

Design patterns document particular OO design
structures that solve particular modeling problems
within certain contexts. Some of these problems are
very common, yet good solutions are sometimes sur-

prisingly difficult to discover by oneself. Design pat-
terns document these good solutions. We therefore
feel that OO design patterns also suggest an inspec-
tion approach to design evaluation.

In particular, we feel that established design pat-
terns have been shown to be best practice in their
specified contexts. Accordingly, we do not think it is
most appropriate to evaluate designs involving such
patterns with very general techniques such as heuris-
tics. Instead, we think the match between the domain
and the pattern should be evaluated, and a determi-
nation made about whether the domain needs a well-
known pattern, and whether the right pattern is being
used.

We have explored this by introducing some simple
patterns and explaining the idea. We then offer a de-
sign modeling task with a well known design pattern
solution. The task we usually set involves a collec-
tion which consists of several items of different kinds,
one of which involves another collection, and so on
recursively. This is a common model, and occurs fre-
quently in domains such as document structure and
organisational hierarchies.

For example, we ask people to model a package
tour booking that may include air fares, accommo-
dations, and possibly sub-packages. Even for people
with some familiarity with OO, getting this model
correct is difficult and time-consuming. We present
and explain the design pattern that provides a solu-
tion, the composite pattern, as shown in figure 2. This
pattern is sufficiently subtle that most people do not
quickly arrive at this as a solution. People can learn
quickly, however, and our experience is that they are
able to quickly apply this solution, and to see when
and how it should be applied.

We have explored the mechanisms at work here in
detail described elsewhere (Noble, Biddle & Tempero
2002, Noble & Biddle 2002), and suggest that de-
sign patterns are signs and play a semiotic role in
modeling. Our experience with industry has focused
on teaching the value of design patterns in modeling.
However, we feel the results show that there is clear
potential for a link to evaluation. We suggest that a
design evaluation technique could be based on inspec-
tion of a domain, and checks to see if the well known
designs patterns were used as appropriate.

4 Conclusions

In this paper we have addressed the topic of teaching
evaluation of object-oriented designs. Our experience
is based on our work introducing object-oriented anal-
ysis and design to industry groups. We have found
that there is a need for design evaluation especially
important there because actual designs now form the
interface between business analysts and system de-
velopers, yet there are few techniques and processes
available.

We have discussed in this paper how we have mo-
tivated the importance of design evaluation, and how
we have identified and explained the issues that arise
in design evaluation: formative and summative eval-
uation, and approaches involving both inspection and
testing. One critical idea is that the quality of a de-
sign must always mean quality for some purpose. To
really evaluate quality, one should always keep the
purpose in mind.

We have also outlined our exploration of sev-
eral techniques, and concentrated on our approach of
heuristic evaluation, which uses heuristics as a way to
determine whether a design follows the guidelines for
good design that support flexibility for future change.
We have borrowed a “discount” process from usability
evaluation that offers a cheap alternative to avoiding
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Figure 2: At the left is shown the kind of common structural situation that involves recursive collections; at
the right is shown the composite pattern that best models these collections. (From Gamma et al.)

the issue of evaluation. We also discussed how we re-
late this to metrics, change case analysis, and design
pattern inspection. We regard our approach as using
well known ideas, and simply presenting them in a
more structured way. We have found the approach
useful in supporting teaching and learning, and cer-
tainly as emphasising the importance of critical re-
view within a development process.
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