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Abstract

In this paper we describe our experiences with reengi-
neering an undergraduate course in software design.
The course’s learning outcomes require that students
can model, design and implement software. These
are inherently practical skills and rely on functioning
knowledge. To facilitate a learning environment in
which students can acquire the necessary deep level
of understanding, we have designed the course by ap-
plying the educational theory of constructive align-
ment and a number of proven techniques for teaching,
learning, and assessment. Fundamentally, we have
embraced the active learning paradigm that recog-
nises that student activity is critical to the learning
process. In this paper, we describe several active
learning techniques that we have used including role
play, problem solving and peer learning. We also de-
scribe two novel assessment techniques we have devel-
oped, holistic assessment and formative examination.
In addition we describe how students work with JU-
nit, a popular unit testing tool, not as users but as
developers by applying design patterns to extend it
with new functionality. Finally, we report on student
assessment results and relay student feedback.

Keywords: Active and peer learning, formative and
holistic assessment, constructive alignment, design
patterns, JUnit, UML.

1 Introduction

Prior to the expansion of tertiary education, the tradi-
tional model of teaching was, for the most part, effec-
tive. With this model, teachers typically expounded
their knowledge to students in the form of lectures.
Students learned passively, listening to what the ex-
pert had to say, and were typically assessed exclu-
sively by the unseen exam paper. This model worked
well for many years principally because the students
admitted were among the most academically gifted of
their generation. Consequently they required no stim-
ulus to use their high-level cognitive processes and so
teaching these students involved relatively little ef-
fort. A failed student indicated a weak student, and,
in general, did not cause lecturers to reflect on their
“teaching”.

Today’s tertiary climate is very different. An ex-
plosion in student enrolments has led to significant
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increases in class sizes and much diversity in the stu-
dent population. Today, it is common for a class to
include students with multicultural backgrounds from
native and foreign countries. The majority of stu-
dents are typically continuing uninterrupted through
their education alongside a smaller cohort of mature
students. These factors result in students with a much
richer cross section of academic ability than their ear-
lier counterparts. The result of such diversity is that
traditional approaches to teaching, learning and as-
sessment in tertiary education need rethinking. A
variety of techniques should be employed since one
size does not fit all (Biggs 1999, Bligh 1971, Honey
& Mumford 1995, McKeachie, Pintrich, Lin & Smith
1986, Race 1993). In addition, the range of techniques
should include ways of engaging less academically-
oriented students in their learning.

Effective teaching requires two bodies of knowl-
edge: content and teaching. The former is subject
matter expertise and is clearly a prerequisite for qual-
ity teaching. The latter is knowledge of how best the
content knowledge can be taught and learned. Today,
content knowledge alone is insufficient to facilitate an
environment for learning which caters for student di-
versity.

While universities have been used to research as-
sessment exercises such as the RAE (UK) and the
PBRF (New Zealand), they are now invariably sub-
ject to teaching quality audits too. To ensure effec-
tive teaching, universities generally offer programmes
to teach their teachers how to teach. At Lancaster
University, for example, new academics are required
to attend the CiLTHE (Certificate in Learning and
Teaching in Higher Education) programme. Reflect-
ing on one’s teaching is fundamental to the pro-
gramme and this drives improvement. The pro-
gramme involves participating in peer observation
sessions (as subject and observer), reviewing research
concerned with teaching knowledge, and participat-
ing in workshops that cover basic aspects of teaching
and learning. Completing the course requires writ-
ing a dissertation that integrates these activities with
particular emphasis on reflection and measures taken
to improve teaching and learning effectiveness.

This author was educated prior to the mass ex-
pansion of the tertiary sector and began his teach-
ing career using the traditional teaching and learning
techniques that he experienced as an undergraduate.
Participating in the CiLTHE programme triggered re-
flection on these practices and made us aware of a
general paradigm for learning known as active learn-
ing, reviewed by Warren (2002). The basic philoso-
phy of this paradigm is to engage students in their
learning by having them doing activities rather than
being passive recipients of knowledge. Active learn-
ing engages students and provides the stimulus for



students to use their higher-level cognitive processes
that might otherwise remain dormant. Furthermore,
active learning fosters deep understanding of subject
matter.

In this paper we present our experiences with ap-
plying the active learning paradigm to teaching an
undergraduate course in software design. A partic-
ular learning outcome of the course is that students
should be able to do design by making effective use
of design patterns.

There is an interesting parallel between teaching
and learning on the one hand and design patterns
on the other. Design patterns are little more than
good practice; they are the culmination of tried and
tested techniques for designing software that exhibits
desirable properties like flexibility and reuse (Gamma,
Helm, Johnson & Vlissides 1995). On several occa-
sions, undoubtedly along with other software design-
ers, we have solved a design problem only to later find
that what we have actually done has been to apply a
particular design pattern. This is reassuring, but the
point is that we have subconsciously applied what is
accepted to be good practice. With teaching, we of-
ten do the same; we unknowingly use a technique that
has its roots in established education theory. In both
cases, however, adopting proven techniques is impor-
tant to yield quality results.

In Section 2, we review a subset of relevant educa-
tion theory, identifying labels for good practice, and
elaborate on these. We continue in Section 3 by intro-
ducing the software design course that we have reengi-
neered. In particular, we specify its learning outcomes
for students and discuss the key decisions we made to
facilitate students satisfying these outcomes. In Sec-
tion 4, we discuss some concrete applications of active
learning in the context of our course. In particular, we
include experiences of role play, problem-based learn-
ing, and peer-learning. In Section 5, we detail two
novel assessment techniques that we have developed,
holistic assessment and formative examination. We
continue in Section 6 with a discussion of students’
results and feedback. Finally in Section 7, we close
with some concluding remarks.

2 Teaching and learning principles

Education research is a substantial and active area
of work. In this section, we restrict our discussion of
sound teaching and learning practice to focus on the
fundamental idea of constructive alignment, relevant
aspects of teaching and learning styles, and assess-
ment. With this subset of theory in place, contribut-
ing to our teaching knowledge, we can make decisions
about how best to teach the subject matter of soft-
ware design.

2.1 Constructive alignment

Constructive alignment (Biggs 1999) is the process
of synchronising teaching methods, learning activi-
ties, and assessment tasks with a course’s learning
objectives. Alignment of each of these three elements
with learning outcomes is crucial for effective teach-
ing. Clearly, what a student does should be informed
by course objectives, and the way in which they are
assessed should test the extent to which they have
met course objectives. Also, any teaching activities
should be driven by course objectives and should sup-
port students in their learning activities and prepare
them for assessment.

Constructive alignment clearly requires that the
learning objectives be identified and made explicit in
order to align elements with them. This itself is no
more than good practice. For teachers, it guides their
decision making with respect to developing the teach-
ing, learning and assessment elements of a course. For
students, transparent criteria informs them of expec-
tations and enables them to assess themselves.

Biggs suggests that course objectives should be
defined by considering the level of understanding re-
quired of students. Bloom & Krathwohl (1956) define
a fine-grained taxonomy for different levels of cogni-
tive activity which we have abstracted into declarative
and functioning knowledge. The former represents an
ability to recall facts and definitions while the latter is
concerned with problem solving skills, assessing alter-
natives, and generally informed decision-making. For
example, an introductory Java programming course
might require that students develop a deep under-
standing of basic programming constructs, objects
and classes, necessary for writing their own solutions
to problems. Conversely, students might also be re-
quired to come away with an awareness of the JDK’s
commonly used packages, such as awt, util and ap-
plet. Programming requires functioning knowledge
that enables students to analyse a problem, develop
a solution and make appropriate use of programming
constructs. Awareness of Java packages requires only
declarative knowledge.

In the above example, learning activities require
students to be active in order to build the required
depth of understanding for programming. Appropri-
ate activities include problem-based-learning where
students engage in writing programs to solve prob-
lems. Aligned assessment in this case would again in-
volve students writing code to demonstrate that they
have developed the performative level of understand-
ing sought. To assess students’ awareness of packages,
a teaching activity that simply introduced key pack-
ages would be sufficient. An appropriate assessment
in this case would be a written test, where students
simply demonstrate that they can recall the name of
a package for a particular purpose.

2.2 Teaching and learning styles

Education theorists have developed models, sum-
marised by Blair (2000), that attempt to charac-
terise how students learn. To illustrate a represen-
tative model, we draw on the Ripple Effect model
(Race 1993) which comprises four concentric layers.
The act of wanting is at the core of this model and
addresses motivation; when motivated a student is
interested, inquisitive and has an intrinsic desire to
learn. A motivated student will put theory into prac-
tice and learn through trial and error (doing) in layer
two. Progressing outwards to the third layer, digest-
ing, a student reflects on his or her activity from layer
two in the context of the course and beyond. The
outermost layer, feedback denotes others’ reactions to
a student’s work and includes feedback from assess-
ment.

Honey & Mumford (1995) define a similar model
which has in common with Race’s recognition that
learning is the process of student activity. Only from
actively engaging in such activity do students build
and evolve complex semantic structures which equip
them with functioning knowledge. This fuels the
argument for a teaching style that facilitates active
learning.

The traditional lecture is one technique available
to teachers to conduct teaching sessions. As Biggs



Most people learn:

10% of what they read.
20% of what they hear.
30% of what they see.
50% of what they see and hear.
70% of what they talk over with others.
80% of what they use and do in real life.
90% of what they teach someone else.

Table 1: Effectivess of different sensory modalities

(1999) points out, exclusive use of traditional lectur-
ing is questionable. Lectures do not stimulate high-
order thinking since students remain passive recipi-
ents of information. Table 1 (Biggs 1999) shows that
the passive activities of hearing and seeing are rela-
tively ineffective forms of learning. Lectures can be
effective, but no more so than alternative techniques.
In addition, lectures exceed students’ concentration
span by a factor of 3 for a 50 minute lecture and the
pace of delivery will not suit all students. This is
a particular issue today because of student diversity.
Finally, there is little scope for feedback on the ex-
tent to which students are absorbing material during
a lecture.

Simple techniques for improving the effectiveness
of lectures include breaking the monologue by throw-
ing open a question to students. To work, time must
be given for students to think, employing their high-
level cognitive processes, to address the question. In
other cases, a change in activity, such as watching a
video clip or engaging in a short task, is effective at
restoring concentration levels close to that of the first
15 minutes of the lecture (Bligh 1971).

More radical departures from traditional lecturing
include peer-learning. As Table 1 shows, the activ-
ities that have a significant and positive impact on
learning include talking things through with others,
and teaching others. In these cases students are ac-
tive in their learning. Peer-learning can be integrated
with lectures where students work in pairs or small
groups on a short task. Of course, peer-learning is
not restricted to lectures. As we describe later, peer
learning can be used in lab sessions and directed study
outside of scheduled sessions.

2.3 Assessment

A valid assessment task is one that is aligned with
course objectives (Biggs 1999). As Boud (1995)
points out, assessment is the most influential single
factor governing what and how students learn. Boud
goes so far as to say that assessment can often have
more impact on learning than teaching materials. We
concur with this since, as we have described above, it
is student activity that determines what a student
actually learns. Assessment is thus important to get
right.

Assessment tasks can be classified in two groups:
formative and summative. Historically, summative
assessment dominated tertiary education, being man-
ifested by the traditional exam. Summative assess-
ment has its place in grading students, but it offers
minimal feedback for students since all that is re-
turned to a student is a mark. There is typically no
explanation for the mark, neither are there any com-
ments on what was done well, what was done poorly,

and what was misunderstood. Formative assessment
is now commonplace in Universities, often taking the
form of coursework. The point of formative assess-
ment is to provide feedback to both students and
teachers. Ideally, formative assessment is returned
to students when it has most value, in preparing for
exams. However, it is unfortunate that in today’s
environment of large classes and competing pressures
on academics’ time, coursework is often returned late,
with limited feedback, and consequently of limited
value.

The traditional unseen exam remains ubiquitous
because it is a rigorous means of assessment; there is
no question that it is a particular student’s own work
that is being assessed. A key criticism of the tradi-
tional exam, however, is that it tests students under
artificial conditions, being time constrained and re-
lying exclusively on memory. Common variations on
the traditional exam include open book exams, which
relieve the burden on memory and allow for more
problem-oriented questions, and seen papers which al-
low students to focus on preparation. However, both
variations may compromise rigor.

Any assessment task should also be reliable (Biggs
1999). A task is reliable if two conditions hold true:
first, one assessor would make the same judgement
about the same piece of work on different occasions;
and two, different assessors would make the same
judgement about the same piece of work. Reliabil-
ity is thus about fairness. Furthermore, there is a
clear relationship between reliability and constructive
alignment. The probability of an assessment task be-
ing reliable is higher where the learning objectives are
transparent and explicit since assessors know what
they should be assessing.

3 Course overview

The Software Design course that we developed forms
part of the Software Engineering stream of the Com-
puter Science degree at Lancaster University. The
course is taken by all second year Computer Science
undergraduates.

3.1 Learning outcomes

In designing the course, we identified the learning out-
comes up front since they guide subsequent decisions
governing teaching, learning and assessment activi-
ties. At the end of the course, we expect that students
are able to:

1. Identify and describe the objectives of software
design. Design objectives include correctness,
robustness, flexibility, reusability and efficiency
(Braude 2003). Students should appreciate that
software should not only be correct, but that the
latter 4 non-functional objectives are also impor-
tant.

2. Interpret and construct UML models of software.
The UML, being a standard industry notation,
is an obvious choice for communicating design
knowledge. Essentially, students should be able
to read and write UML models.

3. Explain the notion of design patterns and de-
scribe a subset of patterns. Design patterns em-
body proven design solutions (Gamma, Helm,
Johnson & Vlissides 1995). Students should ap-
preciate that using patterns fosters an engineer-
ing approach as opposed to one that solves prob-
lems from first principles.



4. Apply patterns to solve real-world problems, mak-
ing sensible tradeoffs where necessary. Aware-
ness of patterns is important but is no substitute
for being able to apply a pattern to solve a prob-
lem. This objective is concerned with deeper,
functioning knowledge.

5. Apply newly acquired and developed programming
skills. Students have functioning knowledge of
fundamental OOP but have limited knowledge of
Java class libraries and more advanced aspects
of programming. This objective aims to equip
students with stronger implementation skills.

6. Work with relatively large software projects. Sim-
ilarly, students’ experience of developing software
is typically confined to small programs involv-
ing a few classes. Exposing students to larger
projects is good preparation for final year project
work and industrial practice.

The decision to introduce design patterns and to
use the UML requires little justification. Design pat-
terns have attracted much interest from industry and
academia alike in recent years and we feel that they
are an essential tool for Software Engineering gradu-
ates. Similarly, the UML is a natural complement to
design patterns, providing a means for students and
teachers to communicate them. An ability to cope
with larger projects is also important since this intro-
duces more realism with a need to work with others,
to decompose the solution space, and to organise de-
velopment artefacts such as source code, executable
code, test code and design documents. Furthermore,
a relatively large project offers an effective way for
students to see the value of using design patterns and
how individual patterns can be synthesised to solve a
larger problem.

The learning outcomes involve a mix in the level of
understanding sought from students. Outcomes 1 and
3 seek only declarative knowledge. The verbs ‘iden-
tify’ and ‘describe’ used in the vocabulary of these ob-
jectives are clues that this is all that is required. In
contrast the remaining objectives are written using
language including ‘interpret’, ‘construct’, and ‘ap-
ply’; these suggest a need for functioning knowledge.
For example, to model software using the UML re-
quires an understanding of its abstract notational el-
ements and their mappings to concrete entities. Sim-
ilarly, applying patterns requires students to consider
alternatives and to use their judgment. In both cases,
students need to use higher-level cognitive processes.
It is thus objectives 2, 4, 5 and 6 where careful consid-
eration of teaching and learning activities is necessary
to ensure that students exhibit the deep understand-
ing sought.

3.2 Key design decisions

The course objectives convey what we intend students
to be capable of following the course. We now turn
our attention to how the course can deliver these out-
comes. Essentially, this means making basic decisions
concerning teaching and learning activities and as-
sessment tasks. We made four high-level decisions:

• Allow students sufficient time to build their
knowledge structures. Acquiring functioning
knowledge requires that students develop their
semantic structures, making connections be-
tween individual chunks of knowledge, itera-
tively. This process inevitably takes time.

• Facilitate active and peer learning. Active learn-
ing is essential for effective learning and acquiring
functioning knowledge necessary to satisfy objec-
tives 2, 4, 5 and 6. Similarly peer learning offers a
means for students to add value to their learning
experience.

• Use formative assessment tasks. Formative tasks
provide valuable feedback to students. However,
we are interested in using feedback mechanisms
that generate feedback at a time when it remains
beneficial to students and at low cost to staff run-
ning the course.

• Adopt a real software product for students to work
on. We feel that using a software product that
has an established user base is motivating for stu-
dents as it is a realistic piece of software. Further-
more, doing so reduces course preparation time
since the amount of software to be written for
the course is reduced.

The course’s predecessor ran in a 5 week 3 lec-
tures per week format with loosely coupled lab ses-
sions shared with other courses. One observation of
this condensed format was that students had little
time to assimilate course material and then do any
non-trivial design and implementation. In light of our
first decision, to make sufficient time available to stu-
dents to acquire the necessary depth of understand-
ing, we restructured the stream. The new course now
runs over 10 weeks with 4 contact hours per week per
student. Contact hours are split 2 hours for a class-
room session and 2 hours for a tightly integrated and
supervised lab session where students implement de-
signs formulated in the classroom, work on assessment
tasks and reflect on concepts introduced in classroom
sessions.

A basic feature of the new course is that each stu-
dent has a formal learning partner who they work
with on all coursework assessment tasks. The inten-
tion is for students not to divide up the tasks between
them but to engage together and reap the benefits of
peer learning. For example, they can talk over how
best a design problem can be solved using a particular
pattern, discuss modelling and design concepts, and
generally resolve any misconceptions. We elaborate
further on the range of active and peer learning ac-
tivities used in the next section. Similarly, in Section
5 we provide the details of formative assessment for
both coursework and exam.

With Open Source projects now very popular,
there is no shortage of candidates to consider for in-
clusion as course subject matter. In addition to the
advantages already given for using existing software,
many Open Source projects are designed using pat-
terns. This is appealing for this course since the prod-
uct can also serve as an exemplar for patterns. Having
looked at a number of projects, we opted for JUnit
(Gamma & Beck 2001) which is a unit testing frame-
work that has proven very popular in both industry
and academia. JUnit is sufficiently large for our pur-
poses, involving half a dozen packages of which two
need to be understood to do the main coursework
tasks, without being overwhelming for students. Fur-
thermore, it is renowned as a fine exemplar of pattern
synthesis. Finally, JUnit involves minimal overhead
to introduce in the course since students are familiar
with black box testing and JUnit is very easy to use.



4 Teaching and learning sessions

Using solely traditional lecturing for the classroom
sessions would be ineffective, particularly because stu-
dents would be impervious to the majority of infor-
mation presented over 2 hours. For this reason alone,
a mix of teaching activities is more suitable. Further-
more, since we have made a decision to embrace active
learning, in the interests of fostering deep functioning
knowledge, the classroom sessions also involve active
learning activities.

The classroom sessions are organised by 3 log-
ical units: fundamentals, design patterns, and ad-
vanced programming topics. The fundamentals unit
includes a review of object orientation, an introduc-
tion to modelling using UML, and basic design prin-
ciples. The unit on design patterns covers 4 design
patterns in depth and the last unit is concerned with
multithreading and socket-based inter-process com-
munication. In all cases, the material is necessary to
meet course objectives and for students to complete
the assessment tasks.

4.1 Active and peer learning

What-if questioning often takes little time to do and
results in feedback to teachers and students alike. For
example, we use this when introducing UML class di-
agrams and in particular relationships and multiplic-
ity constraints. Using constraints, modellers can be
expressive in terms of the number of instances of par-
ticipating classes that are allowed to be related. By
presenting a class diagram and asking students what
the multiplicity constraints really mean engages stu-
dents; they have to interpret the diagrams and assess
their own understanding rather than sitting passively
where it is too easy for students to think they have
understood. When we see that students have under-
stood, we can change the constraints; subtle changes
on a diagram can have significant changes in mean-
ing. Again we use further questions to assess class
understanding.

For example, given a simple class diagram involv-
ing two classes, Lecturer and Course and a Teaches
association between them, we might ask whether a
lecturer would be happy where the association is an-
notated with a 0..* constraint at the Course end of
the association. Would any lecturer reading this pa-
per like a contractual clause stating that there is no
upper bound on the number of courses they can be
asked to teach?

Role play also engages students in their learning.
In reviewing the basic ideas of object-orientation we
have students acting as objects and playing out sce-
narios showing how links between objects are formed
dynamically and how messages are processed. This
approach has much in common with the Class Re-
sponsibility Collaboration (CRC) method (Beck &
Cunningham 1989). Role play leads naturally into
documenting scenarios using UML; once students
have exercised a scenario, they document it using
a UML object interaction diagram. From an initial
class diagram and an interaction diagram generated
from role play, we are able to explore the issue of
well-formed models, where different views should ul-
timately be mutually consistent.

From earlier experience in teaching UML, taking
the form of more traditional lectures to present ab-
stract models, many students had difficulty in distin-
guishing between the different relationships on class
diagrams. To address this, following a short presenta-
tion on relationships, a learning activity follows where

students reverse engineer a class diagram from a small
set of source files. Following the exercise, we can
assess students’ understanding and probe at why a
particular relationship is a dependency and not an
association for example. Functioning knowledge and
fluency in UML is not only necessary to satisfy course
objective 2, but in addition is a prerequisite for un-
derstanding patterns since UML is the language used
to communicate them.

To prepare students for what is in effect pair
programming in extreme programming (XP) (Beck
2001), sharing a machine in the lab sessions and do-
ing the coursework tasks with their learning partner,
it is important that each student sees that they have a
well defined role. Similarly to XP, one individual has
ownership of the computer and types code while the
other is concerned, in part, with source code inspec-
tion. The idea is that a rich dialog emerges between
the two individuals; this is clearly a manifestation of
peer learning where students benefit from their collab-
oration. In a classroom session, we engage students
in carrying out a code inspection of a small number
of source files using a prepared checklist of inspection
items, based on work by Kolawa (2000). Rather than
telling the students how effective inspection can be,
they actually experience this for themselves and iden-
tify defects. We encourage students to reflect on the
time it would take to find the defects using testing,
as opposed to a relatively quick inspection.

4.2 Problem-based learning

Previous experience with teaching design patterns has
revealed that simply picking out a particular pattern
from the gang of four’s book (Gamma, Helm, John-
son & Vlissides 1995), or similar text, and presenting
it in the well know format (intent, motivation, appli-
cability, structure, . . . , known uses) is ineffective for
teaching undergraduates. At this stage in their edu-
cation, students lack design experience and typically
cannot see the value of a pattern. Books like the gang
of four’s are great references for experienced design-
ers. This is because they have first-hand experience
of design problems and can compare a pattern’s solu-
tion with their own that may have consumed a lot of
effort in its formation.

For students, however, who are being exposed to
patterns for the first time, we believe they should en-
gage in real problems where the pattern can help. In
addition, we think that students should experience
the full lifecycle of a pattern, from problem analy-
sis through to implementation. This is necessary for
students to really appreciate the benefits (and costs)
of using a pattern and to validate their application
of the pattern. To acquire the performative level of
understanding sought, these are essential learning ac-
tivities. To some extent though these activities have
conflicting requirements; real problems tend to be too
large and complex to implement within the time avail-
able.

In teaching the subset of patterns on the course,
we do so using our own teaching pattern:

1. Immerse students in a real problem. We begin by
introducing students to a real design problem.
As a group, we explore possible solutions and
analyse them with respect to design objectives.
At this stage, we are not concerned with patterns
and the intention is to identify solutions that can
be subsequently improved using patterns.

2. Present a solution to the problem. We then
present a solution that solves the problem, un-



knowingly to students, using a design pattern.
This solution is compared to earlier solutions and
is almost always a superior solution with respect
to the design objectives of flexibility and reuse.

3. Present the pattern. We conclude the first hour
of the session by introducing the pattern, largely
in the established catalogue format mentioned
earlier. Prior to the mid session break, we also
present a new problem, on a smaller scale, which
students should solve by applying the pattern.

4. Engage students in applying the pattern to a
small problem. Students return and work in
small groups, be it in pairs or slightly larger
groups, on solving the problem set immediately
before the break. Students are directed in their
approach by a set of questions.

5. Reflect on the pattern. In the remaining time,
students are invited to outline their solutions.
It is invariably the case that different solutions
are possible when applying patterns, and this
provides a natural point of discussion on which
variation of a pattern is most appropriate in the
problem context.

Examples of real problems that we have used in
step 1 include how to design a database access frame-
work that is vendor independent and how Sun’s en-
gineers have designed the Swing framework to work,
unmodified, with existing application classes. We in-
vite students to suggest solutions and the class as a
whole to critique them. In many cases, we offer solu-
tions ourselves, consisting of UML models and code
fragments, and allow them to be critiqued so students
do not feel their own suggestions are being selected
for criticism. There are often good aspects of their
designs to point out in any case.

With the database access problem, we illustrate
Sun’s JDBC solution which draws heavily on the Fac-
tory Method pattern. Again, a combination of UML
models and code is used to present the pattern-based
solution. With the JDBC framework, UML mod-
els are effective at highlighting the interfaces that
database vendors need to implement and the inter-
faces that client applications commit to. Source code
fragments for a client application demonstrate that a
client need not have any knowledge of the database
vendor it uses. With the Swing framework, we show
how the Adapter pattern has been used.

In contrast to the motivating problem, the prob-
lem tackled in step 4 is deliberately kept small to
be implemented in a lab session. Implementing the
pattern contributes to a student’s understanding of
it, helps students validate their design, and reinforces
traceability from models to code. Taken overall, the
course exposes students to a substantial problem that
has been solved by the pattern, a small problem that
students fully implement, and finally students meet
the pattern a third time when applying it to enhance
JUnit as part of the main assessed tasks.

The small problem for the Adapter pattern in-
volves students reusing collection classes from Java’s
util package to implement a prescribed OrderedCol-
lection interface with two implementations, a FILO
and a LIFO implementation. Students have to make
decisions as to which variant of the Adapter pattern
to apply (object adapter or class adapter) and which
java.util class or interface to play the adaptee role.
Many students choose to use the class adapter and
inherit from java.util.Vector, the adaptee; others use
the object adapter with Vector again as the adaptee;

while others advocate the object adapter with an in-
terface such as java.util.List as the adaptee.

We often ask students to write their designs us-
ing UML diagrams on OHP slides, some of which
are selected for airing towards the end of the session
during discussion of alternatives. Each design option
provides for a rich discussion and allows us to tease
out with the students that the third option is in gen-
eral the preferred design. Briefly, the first option can
result in subverting the integrity of an OrderedCol-
lection implementation, since methods inherited from
Vector can be called to add and remove items from
any point. The second design does not suffer from
this problem since the adaptee is encapsulated inside
an OrderedCollection object, but the adaptee class is
fixed at compile time. The third option is the most
flexible since an OrderedCollection can adapt any class
that implements the List interface.

5 Assessment

With the original design course, assessment was split
70% exam and 30% coursework. To reflect the prac-
tical emphasis of the new course, we changed this to
a 50/50 split whilst still satisfying University regula-
tions.

Task 1 Apply a combination of the Factory
Method and Singleton patterns to develop
a new version of JUnit that allows any
TestListener product to be registered at run-
time with the JUnit processing engine.

Task 2 Reuse an existing class, that handles
persistence of test case results and which
provides statistical functionality, by apply-
ing the Adapter pattern. The resulting
class implements the TestListener interface.

Task 3 Use the Proxy pattern to implement a
protection proxy for the result of task 2.
This ensures that task 2’s adapter is thread-
safe in preparation for deployment in a con-
current server.

Task 4 Design and implement a remote proxy
that sends requests to an instance of the
class resulting from task 3 which executes
in a server process. The proxy encapsulates
the details of distributed communication.

Table 2: Main coursework tasks

5.1 Holistic assessment for coursework

The coursework tasks are split in two: supporting
tasks and main tasks. The former require students
to apply patterns in a simple and self-contained con-
text to build their understanding of individual pat-
terns. The latter involves subsequently extending JU-
nit with new functionality using patterns that stu-
dents have gained familiarity with in the support-
ing tasks. A representative example of a supporting
task is applying the Adapter pattern to reuse java.util
classes when implementing the OrderedCollection in-
terface, as discussed earlier.

The relationship between supporting and main
tasks is important as it is an enabler for students to



develop and evolve their knowledge networks. Stu-
dents start off with the simple supporting tasks, gain
confidence in using a pattern and are then motivated
to tackle the more complex tasks. This is consistent
with education theory of Feather (1982), who points
out that motivation grows with confidence, and Race
(1993) whose model recognises that motivation is at
the core of any learning activity.

There are 4 main tasks which involve developing
JUnit into a distributed client/server application. Es-
sentially, enhanced JUnit clients send the outcomes of
running test cases to a central server. The data on
the server can then be analysed to identify trouble-
some parts of an application, indicated by test cases
that regularly fail. Table 2 gives a brief overview of
the tasks. The TestListener interface referred to in the
table represents an intended extensibility point of the
JUnit framework. TestListener can be implemented
by any class whose instances have an interest in the
outcome of running test cases.

All coursework assessment tasks are assessed holis-
tically. Holistic assessment (Biggs 1999) recognises
that the whole is greater than the sum of its parts.
Biggs uses an anecdote drawn from medical school to
motivate the need for approaches like holistic assess-
ment.

For a medical task, assessment criteria
might include correct diagnosis of a patient’s
condition, in this case necessitating an op-
eration. Further criteria are for making an
incision correctly, performing the actual op-
eration, and closing the wound afterwards.
Marks are awarded for each criterion de-
pending on how well a student satisfies it.
A student is deemed to exhibit sufficient
functioning knowledge if the sum of marks
awarded exceeds some specified threshold.

This example brings into question the use of simple
mark summation that is commonplace in universities.
The problem in this case is that a student will pass
the task if they carry out all stages perfectly but leave
an instrument inside the patient! With holistic assess-
ment, all stages must be performed satisfactorily for
a student to pass.

We have adopted a variation on holistic assess-
ment. To illustrate this, consider the criteria for main
task 2:

• A UML class diagram and an object interaction
diagram. These should be well-formed and show
appropriate application of the Adapter pattern.

• Conformance to design. The implementation
should be consistent with the design.

• Correctness of implementation. The implemen-
tation should meet its specification and correct-
ness should be demonstrated by JUnit test cases.

• Verbal understanding. Both partners should be
able to demonstrate they have understood what
they have done.

• Use of packages and organisation of software
artefacts. A package should be used and source
and executable files should be stored separately.

Each criterion carries one mark and students are
awarded the mark only if they satisfy the criterion.
If a student satisfies all criteria, their mark is dou-
bled. Thus in the case of task 2, the maximum mark
a student can be awarded is 10. If they satisfy 4
of the 5 criteria, they get a mark of 4 out of 10.

Thus, students are encouraged to meet all criteria and
are rewarded where they satisfy the wholeness of the
task. Conversely, they are penalised where they do
not. Holistic assessment is appropriate for our course
because of the associated support framework for stu-
dents. Specifically, work is assessed formatively and
can be repeatedly submitted for assessment in any
lab session. Students receive verbal feedback for each
criterion, and are made aware of which criteria, if
any, they have failed to satisfy. Students are thus
able to address any problems and subsequently re-
demonstrate their work.

Other factors which contribute to holistic assess-
ment being appropriate are that all assessment crite-
ria are explicit and that software itself conforms to
the holistic principle. Assessing students holistically
works only where assessment criteria are transparent
to students since they know exactly what is expected
of them and it takes little time to explain to a student
which criteria they have yet to meet. For the latter
factor, software that is well designed, documented and
tested is significantly better than software that meets
its functional specification but which is not maintain-
able.

Returning to the assessment properties introduced
in Section 2, the coursework tasks are valid, reliable,
and rigorous. The tasks are valid since there is trace-
ability from the learning outcomes, presented in Sec-
tion 3 and explicit assessment criteria of individual
tasks. For example, the first criterion of task 2 is de-
rived from learning outcomes 2 and 4. Since criteria
are explicit, the tasks are reliable; this is particularly
important for this course because several people are
involved in assessing students and offering feedback
in the labs. It is obviously important that students
are treated consistently and fairly.

As described earlier, all tasks are performed in
pairs, yet the tasks remain rigorous because of the
verbal understanding criterion. To satisfy this crite-
rion, students must show they have understood what
they are demonstrating. Doing so requires each stu-
dent within a pair to answer a question posed by an
assessor. To retain reliability, all assessors share a
common bank of questions to draw on. Further, this
criterion can be used to discriminate between individ-
uals within a pair where it is obvious that one has the
deep level of understanding sought while the other is
free riding.

A final point to note on our coursework assess-
ment process is that the cost on assessors giving feed-
back is low and contained within scheduled sessions.
All coursework tasks are marked in the lab sessions
which means that there is no additional marking of
coursework outside of the labs. Moreover, feedback
to students is of much value and is instantaneous.

5.2 Formative examination

Similarly to our approach to coursework assessment,
the way we assess students using the exam compo-
nent is also unconventional. We have opted for an
alternative to the traditional exam for two reasons.
First, software design is an iterative process that re-
quires creativity and reflection. As we constantly re-
mind students, design also involves considering op-
tions and making sensible tradeoffs. These charac-
teristics of the design process mean that it is very
difficult to assess under the artificial conditions, par-
ticularly timing constraints, of the traditional exam
paper. The second reason for looking for an alterna-
tive is that the traditional exam is a summative form



of assessment and consequently it’s value to students
is very limited.

One might argue that a traditional exam would
actually be appropriate as the coursework assessment
tasks measure students’ functioning knowledge. Us-
ing this argument, we could perhaps justify the use
of exam questions that seek mainly declarative knowl-
edge, for example asking students to describe the in-
tent of a particular pattern, its benefits, and its draw-
backs. Of course it would also be possible to write
more problem-oriented questions, but the exam’s tim-
ing constraint is a limiting factor. Another argument
would be to assess students 100% by coursework. For
many universities, however, regulations may preclude
this particularly where the coursework is carried out
in pairs or groups.

We have retained the exam component and used
it as the ultimate test of students’ functioning knowl-
edge in software design. While the coursework tasks
assess students’ functioning knowledge of a handful of
patterns introduced in classroom sessions, the exam
task assesses students’ ability to solve a new prob-
lem using a pattern which has not been covered on
the course. Essentially, students are presented with a
problem prior to the exam and are expected to pre-
pare for the exam by finding and applying a pattern
to solve the problem. Similarly to traditional exams,
the question remains unseen, closed book and time
constrained. However, students know the problem on
which they will be assessed.

This year’s exam problem was concerned with part
of a security package, in particular access control.
Students were presented with a design for represent-
ing different types of user with a superclass named
Operator and subclasses to represent specific classes
of user, such as Administrator, Student and Lecturer.
Each subclass overrides the isAuthorizedTo method
which it inherits from Operator. This method takes
an argument describing a particular action, and the
method returns true or false depending on the action
and implementation class.

Students were made aware that in reality, differ-
ent individuals can play multiple roles. To accommo-
date this, additional subclasses are introduced, one
for each combination of roles. Clearly, this leads to
an unmanageable class hierarchy as the number of
classes required grows exponentially with roles. Fur-
thermore, code is duplicated in classes which leads to
maintainability problems. For example, to change ac-
cess rights for lecturers, classes Lecturer, LecturerAnd-
Student, and LecturerAndAdministrator must all be
changed.

In the problem description given to students, the
document is written to include vocabulary that when
used as search terms in Google results in a host of
articles on the Decorator pattern. For example, “sub-
class explosion” plus “design pattern” returned 29
hits, the majority of which were useful. In introduc-
ing patterns earlier in the course, a JavaWorld article
(Geary 2001) is identified as recommended reading;
this article includes the Decorator pattern and illus-
trates it using the flexibility of Java’s input/output
stream classes. Students are encouraged to work with
their peers in developing their preparatory work and
to implement their designs to validate them. Since
the problem is similar in scale to a supporting task,
implementation incurs little time. Students are also
invited to get feedback from staff on their designs at
scheduled times prior to the exam. This coupled with
collaboration with peers on preparatory work makes
the task a formative form of assessment.

The exam component satisfies all three require-

ments of assessment tasks. The exam task is valid
since it is aligned with course objectives. The prob-
lem seeks functioning knowledge with respect to mod-
elling and design, therefore addressing outcomes 2 to
4. The task also requires students to think about de-
sign objectives (outcome 1), in particular remedying
the lack of extensibility and scope for error with the
original design. This task does not cater for outcomes
5 and 6 but these are assessed in the coursework tasks.
Simply providing a marking scheme ensures that the
task is reliable, but this should allow for diversity in
students’ solutions. Finally, the exam task is rigorous
because students have no knowledge of the question
prior to the exam. Rote learning a peer’s solution
would be of only limited value because students must
understand their solution in order to answer the exam
question.

6 Evaluation

This year, there were 68 second year students, all
of whom studied the Software Design course. The
coursework tasks are a mandatory component for all
students, but due to characteristics of the Software
Engineering stream, students can choose to opt out
of the exam component for this course. Briefly, there
are three courses within the stream, one of which
is an introduction to Software Engineering and the
other is concerned with interactive systems and fo-
cuses on a mix of HCI and technical issues for devel-
oping GUIs. Students select 2 of the 3 stream compo-
nents on which to be assessed by examination; 52%
of students opted for the Software Design exam ques-
tion.

6.1 Assessment results

Figure 1 shows the distribution of results for the sup-
porting tasks, main tasks and exam. The distribu-
tion curves clearly all have a different profile to the
bell-shaped curve, where most students score around
50–60%, which is often sought by traditionalists. We
question why this should be the standard model to fol-
low since aligned assessment tasks should measure the
extent to which students satisfy learning outcomes.
Ideally, we would like the majority of students com-
ing out of a course and demonstrating that they have
satisfied all outcomes. As Figure 1 shows, the dis-
tribution of marks for the supporting tasks is much
closer to our preferred distribution, with 54 of the 68
students scoring 100%. Of the remaining students, 6
exceed 70%, 4 are in the 50% band, leaving 4 fails.

The very high scores for supporting tasks are per-
haps not surprising since the tasks are generally small
problems and partially discussed in classroom ses-
sions. For the main tasks, nearly 50% of students
demonstrated that they satisfy all criteria, resulting
in a score of 100%. Of the remaining students, 28
scored highly in the 60–90% bracket, leaving a minor-
ity of 13 students of whom 8 failed to achieve a pass
mark. Similarly to those who performed poorly on
the supporting tasks, these latter students had poor
attendance records.

Exam performance involves the least variance,
with all students who sat the exam question bar one
achieving a pass mark. The vast majority of students
scored within 60–90% with 4 students achieving a par-
ticularly impressive mark of 100%. From our observa-
tions, the increase in consistency of the exam marks
over the main task marks is due to the subset of stu-
dents who opted for the exam question being particu-



larly interested in the course and motivated to do the
preparatory work.

Figure 1: Student assessment results

Figure 2: Student questionnaire results

6.2 Feedback

Of the 68 students who took the course, 48 completed
and returned the standard University end-of-course
questionnaire. The questionnaire includes 7 state-
ments each of which students score in the range 1–5
where 1 means that they strongly disagree, 3 indi-
cates they have no firm opinion and a 5 represents
strong agreement. Figure 2 shows the distribution of
responses for each of the 7 statements.

The majority of students agreed, many strongly,
with the statements “I put a lot of work into this
course” (43), “The supporting labs were very useful”
(40), “The lectures were well presented” (43), and “I
got a lot out of this course” (36). The remaining three
statements are more contentious. Of the 48 students
who returned the questionnaire, 17 had no firm opin-
ion on whether or not the course was interesting, with
24 believing it was and 7 thinking it was not. The

statement “The level of difficulty was about right”
divided students, with responses spanning 1 through
5. However, a significant minority of 20 agreed with
this statement. Similarly, students’ response to the
statement “The supporting notes were very helpful”
was mixed.

In addition to the quantitative feedback, students
were also invited to identify two things that they liked
about the course, two ways in which they feel the
course can be improved, and to offer any other com-
ments. Abstracting from students’ responses, four
generally positive themes were identified. Most no-
tably, students remarked on the availability of staff
and feedback in practical sessions. This is consistent
with the quantitative feedback we received where half
of the students responded to the “The supporting labs
were very useful” statement with a score of 5 and most
others with 4. This can partly be attributed to helpful
and knowledgeable lab staff, but also because of the
relatively high staff/student ratio that results from
having students paired. The ratio effectively doubles.
In the case of this course, students were split into two
lab groups with 34 students in each group. This gives
17 pairs per lab and with 3 members of staff running
a lab, a ratio of 1 member of staff for every 5 student
pairs.

Following closely, the second theme highlighted
was formative assessment. Several students com-
mented that they liked the incremental style of the
coursework and the relationship between supporting
and main tasks. This confirms to us that students
do learn as theorists such as Feather (1982) and Race
(1993) suggest and that starting with simple problems
builds confidence and motivation for subsequently
tackling more complex problems. With respect to
the exam, a number of students also said that they
preferred the approach adopted on this course. In
particular students’ reasoning included that this style
of exam “better mirrors reality”, “allows for more
preparation time” and “reduces anxiety”. Contrary
to these comments, however, one student favoured a
more traditional approach stating that valuable re-
vision time is taken away from other courses. We
disagree since the preparation focuses on a subset of
course material; students do not have to be concerned
with remembering details about unrelated patterns
for example.

Third, a number of students remarked favourably
on the practical emphasis of the course. Students
liked the depth of material covered, the “real world”
design examples, “advanced design techniques” and
working on a “real” product. From talking to stu-
dents in the lab sessions, it also became clear that
some were finding patterns useful in other courses,
particularly two group-based courses that attract
among the best students in the year and involve sig-
nificant software development. The final theme was
peer learning. Most students saw this as a beneficial
experience, although a small minority had reserva-
tions principally because of free-riding partners and
general problems with meeting up with their part-
ner. This phenomena, involving only a small number
of students, seems to be a recurring and unfortunate
reality in university education.

Students’ qualitative feedback was also consistent
with the quantitative responses to the “The level of
difficulty was about right” and “The supporting notes
were very helpful” statements. With the former, a
number of students commented that they considered
the workload to be too high, perhaps borne out by
a significant minority of students (18) not complet-
ing the final main task. This is important for us to



note since overloading students can have a negative
impact on student motivation (Biggs 1999). Whether
students were overloaded is a subjective matter, how-
ever, and half of those who completed a questionnaire
and who expressed an opinion considered the work-
load to be about right. Regarding the supporting
notes, a small group of students also stated that they
found them confusing and hard to follow. While a
conscious effort was made to make the notes informa-
tive, it is difficult to escape the use of jargon to retain
precision. In addition, coursework descriptions were
very detailed, containing useful hints, and perhaps
some students saw the length of these documents as
off putting.

Interestingly, the topic of holistic assessment at-
tracted neither negative nor positive feedback. This
form of assessment simply seems to have been ac-
cepted as a natural characteristic of the course.

7 Discussion and conclusions

In this paper, we have described our experience of de-
signing and running an undergraduate course in soft-
ware design. The approach used to design the course
has in common with a core part of its subject mat-
ter, design patterns, the application of proven tech-
niques. For design patterns, these proven techniques
lead to software that exhibits desirable qualities like
reuse and extensibility. With our course, fundamen-
tal tried-and-tested techniques have been employed to
equip students with deep functioning knowledge that
enables them to do design, modelling, and implemen-
tation effectively.

We have reviewed relevant education theory and
have identified a number of techniques for making
teaching, learning, and assessment more effective.
Much of this material should come across as common
sense and will be familiar to many readers, who, like
us have engaged in the educational literature. For
many other readers, we have simply labeled things
they already do; this is reassuring. For yet others,
we hope Section 2 provides a concise introduction to
good teaching practice.

We have also demonstrated how generic education
theory and principles can be applied to teach Soft-
ware Engineering. In short we have applied construc-
tive alignment, active learning, peer learning, and for-
mative assessment. Examples of our application of
active learning range from short changes in activity
when lecturing, to sessions that are driven by inter-
active and problem-focused activities; the latter prin-
cipally as a means for students to acquire functioning
knowledge of design patterns. Peer-learning is man-
ifested by students having a formal learning partner
who they pair-program with, and with who they col-
laborate on coursework tasks. In addition, students
work in small groups on problems in the classroom.

Our application of formative assessment is par-
ticularly novel. We have introduced holistic assess-
ment that encourages students to meet all criteria of
coursework tasks; to do well students cannot escape
any one element of a coursework task such as design
documentation or testing. Feedback on coursework
tasks is useful and delivered in a timely fashion to
students. Furthermore, assessing coursework imposes
a low overhead on staff running the course and does
not consume time outside of scheduled labs. These
ideals often remain merely so where other assessment
practices are used. For the exam component, we have
devised an approach that is highly appropriate for
measuring students’ functioning knowledge and which

is also formative yet retains rigor.
The active learning paradigm does have a cost

however. In this author’s experience, develop-
ing problem-oriented sessions requires care and in-
volves more time than preparing conventional lec-
tures. Problems need to be well thought through, and
in the case of software design, with a mix of candi-
date design options that exhibit a range of properties
to facilitate rich discussion. Preparing such problems
and design options requires creativity and iteration,
which incidentally are the characteristics of software
design that led us away from using the traditional
exam for assessing students.

In addition to an increase in preparation time, ac-
tive learning trades breadth in favour of depth, simply
because engaging students in doing activities takes
time that could otherwise be spent covering addi-
tional material. However, in the context of our design
course, depth is preferable since a broad but shallow
treatment of the subject matter will not result in stu-
dents with deep functioning knowledge. Furthermore,
depth of knowledge is the basis of transferable skills.
The majority of students who sat the exam question
performed very well and demonstrated their ability
to apply material not covered in the course to solve a
new problem.

Using JUnit as the subject of the main coursework
tasks proved popular with many students since it is a
real piece of software. JUnit is also sufficiently small
yet sufficiently interesting, being a rich exemplar of
design pattern synthesis. These characteristics are
important for a short introductory course; the former
so as not to overwhelm students and the latter so as to
provide a realistic example of the effective application
of patterns.

Student results and feedback on the whole have
been encouraging. Given that the assessment tasks
are aligned and rigorous, we are confident that the
results are an accurate indication of students’ abilities
in modelling, designing, and implementing relatively
large software projects. Our one concern from student
feedback is the possibility that the workload is too
high for some students. However, all students who
participated did very well on the supporting tasks and
did similarly so on at least 3 of the 4 main tasks.
The breakdown of coursework into supporting and
main tasks, coupled with the incremental nature of
the latter establishes an effective safety net.
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