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Abstract: One of the challenges being addressed within education, and higher education in
particular, isthat of providing students with life-long learning skills. The speed with which
technology evolves, the multiplicity of its impact on society and the ramifications of that
impact mean that more than technical competence with specific tools and techniquesis
necessary. Thisis especially true of disciplines where changing technology is one of the
raisons d’ étre. This paper focuses on the background to an approach based at the School of
Engineering, Murdoch University to enhance the adaptability skills and knowl edge of
Softwar e Engineering students by stressing the need for divergent thinking and creativity
within a formal course in Requirements Engineering.
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Introduction

The nature of software development

Software development has been described as a craft. The negative connotations of this label
include an inability to consistently guarantee a quality product, fit for the purpose for which it
was devel oped, produced on time and within budget. A study of over 8,000 projects
(Standish, 1995) reported 16.2 percent of software was successful, 52.7 percent were over
budget, time and had fewer features, and 31.1 percent of projects were cancelled. These rates
do not significantly differ from those reported in the 1970s and 1980s (Mann, 1996). Many of
the shortfalls may be traced to deficiencies in formulating a description of the system to be
developed, which is the subject matter of Requirements Engineering (RE), and the focus of
this paper.

Royce (1970) was the first to note explicitly that an engineering approach to software
development was required, in the expectation that adhering to a defined, repeatable process
would enhance quality. The underlying assumption is that the world works rationally and that
therefore 'good’ software developmert is achieved by applying scientific investigative
techniques (Pfleeger, 1999). This focus on engineering is mirrored in the education of
software developers. Where |EAust (Institution of Engineers, Australia) accredited two
undergraduate programs for the engineering of software in the mid-1990s (Melbourne,



Murdoch), by 2002 this figure approached 20. A similar trend is being shown in the US, with
an exponential growth in offerings of undergraduate software engineering degrees. However,
recent work (Maiden & Gizikis, 2001; Nguyen & Swatman, 2000) argues such an approach
should be regarded as flawed. Software is a collaborative invention: its development an
exploratory and self-correcting dialogue (Bach, 1999).

There are positive implications as well for the label ‘craft’. Each system is considered a
unique synergy between the hardware, software and organisational context in which it will be
utilised. This approach suggests that the development process cannot be repeatable, as the
forces at play will differ for each context, continually changing as understanding of the
characteristics of the developing system grows in all stakeholders. In this alternate perspective
the process of RE seen as one of insight-driven knowledge discovery (Carroll & Swatman,
1999; Guindon, 1989) facilitated by opportunistic behaviour (Guindon, 1990; Visser, 1992).
Participants in the process must remain sensitive to progressive modifications (Gigch, 2000)
which lead not to a problem-solution, but to an ‘evolved fit' acceptable to all stakeholders
within the problem space.

The quintessential creativity of this process (Lubars, Potts, & Richer, 1993; Maiden &
Gizikis, 2001; Maiden & Sutcliffe, 1992; Thomas, Lee, & Danis, 2002) is hampered by strict
adherence to engineering and science methodologies. These:

restrict essential characteristics of the process such as opportunism (Guindon, 1989);
assist in adding accidental complexity through their attempts to control the RE's
professional practice. (Sutcliffe & Maiden (1992) suggest strict adherence to methods
and procedures may restrict natural problem-solving); and,

impose a plan at odds to the RE's cognitive planning mechanisms and hence interfere
with the management of knowledge. (Visser & Hoc (1990) suggest that, in practice, a
plan is followed only as long asit is cognitively cost-effective).

Educating software developers

Approaches to training Requirements Engineers based on traditional learning models tend to
emphasise technical knowledge, and are based largely on notations and prescribed processes.
Thisis at odds with the inherent characteristics associated with real requirements problems,
where:

complexity is added to rather than reduced with increased understanding of the initial
problem;

metacognitive strategies are fundamental to the process;

problem:solving needs a rich background of knowledge and intuition to operate
effectively;

a breadth of experience is necessary so that similarities and differences with past
strategies are used to deal with new situations. (Bubenko, 1995)

Glass (1995) suggests that discipline and creativity are the odd couple of software

devel opment—the discipline imposed by methodology, for example, forms a frame for the
opportunistic creativity of design. The educational dilemma becomes one of providing an
educational base that enables software developers to both create and engineer the systems
they build: to be adaptable to the changing environment that is inevitable in their chosen
discipline.



A Problem-based learning (PBL) approach promises to provide students with a solid
foundation in subject matter while at the same time exposing them to real-world
characteristics. It provides students with a process to deal with problems within a
metacognitive-rich framework that makes complexity apparent and lets students deal with it
explicitly.

The place of creativity

Thomas et a. (2002) suggest there is a widening gap between the degree of flexibility and
creativity needed to adapt to a changing world and the capacity to do so. They suggest that
difficulties can be attributed to the following:

individuals or groups do not engage in effective and efficient processes of innovative
design. Asexamplesof structuring failure, people typicaly fail to spend sufficient time
in the early stages of design: problem finding and problem formulation, then often bring
critical judgment into play too early in the idea generation phase of problem solving. As
another example, empirical evidence shows that peopl€’ s behaviour is path-dependent
and they are often unwilling to take what appears to be a step that undoes a previous
action even if that step is actually necessary for a solution (Thomas, Lyon, & Miller,
1977);

individuals have a large amount of relevant implicit knowledge they often will not bring
to bear on a problem. Providing appropriate strategies, knowledge sources or
representations can significantly improve an individual’ s effectiveness in problem
solving and innovation (Thomas et al., 1977)

the appropriate level, type, and directionality of motivation are not brought to bear
(Amabile, 1983).

Amabile' s general theory of creativity suggests that three components are necessary for the
enhancement of creative potential. They are:

domain relevant skills—the more skills the better, and the ability to imagine/play out
situations,

creativity-relevant processes—including breaking perceptual (the way you perceive a
situation) and cognitive (the way you analyse) set and breaking out of performance
‘scripts’, suspending judgement, knowledge of heuristics, adopting a creativity inducing
work style (eg tolerance for ambiguity, high degree of autonomy, independence of
judgement);

intrinsic task motivation.

These components are critical in the PBL-based learning environment we are attempting to
provide within the School of Engineering Science at Murdoch University.

The relationship between creativity and instruction has been afocus of research. Formal
education emphasises logical rather than divergent thinking, well-defined problems, good
grades, and values conventional behaviour (Albert, 1996). In addition, many cultures (here we
may say discipline-based as well as social) encourage respect for the past and discourage
disruptive innovations. Promoting widespread creativity raises expectations that may change
employment patterns, educational systems and community norms.

Patel, Kinshuk, & Russell (2000) argue that learnersin a traditional setting predominantly
constitute students preparing for a career—classroom based students. With the relevance of
domain knowledge not fully understood by students, the focus shifts to skills that will yield



higher grades as an immediate objective. Cognitive skills related to ‘exam techniques’ acquire
importance though they do not model red life situations. The learning, in many cases, is
reduced to assignment hopping with ‘just-in-time’ and *just-enough’ learning to fulfil the
assessment tasks, thus defeating the objectives of providing awell-balanced learning
experience. These characteristics are at odds with the learning objectives of the RE course as
well as with current higher education graduate goals.

The Murdoch context

The School of Engineering Science provides a four-year undergraduate Software Engineering
(SE) degree. Requirements Engineering is the first of the core SE courses, offered in semester
1 of the second year of study. Students have generally been immersed in a
scientific/engineering paradigm. Laboratory procedure, repeatability of experimentation and
rigour in mathematics are the key learning objectives of the introductory courses taken.

RE provides a contrast that some students find difficult to assimilate. Although due process
and procedure have their place, the focus of the course is on divergent thinking and the
development and evaluation of aternatives. Students come to the course with some
competence in programming. In Requirements Engineering they are asked to ignore the
(coding) solution to a situation presented, and to explore and then formulate the problem
itself. Experience in teaching RE has shown that students’ expectations are challenged, in
that:

they expect there to exist a definitive solution to the problems with which they are
presented (a la science/mathematics);

they expect to define the problems only in terms of the programming language with
which they are familiar (currently Java);

they expect afundamentally competitive class environment to exist;

they expect their ‘wild ideas' to be laughed at and ultimately rejected, and therefore are
inhibited in expressing them.

Since its inception in 1999, the course has been taught in workshop mode. All materia is
available online, so lectures and tutorials are replaced by discussion, exercises and group
evaluation of alternatives presented. Academic results and students' evaluation of teaching
suggest that the course is successful. However, areview of the course based on Reeves (1997)
showed that RE had a reasonably high level of teacher direction. These observations were was
borne out by students' responses to changes made to a follow-on course (Advanced Software
Design I (ASDII)) presented in a learner-centred mode. The expectations noted above were
still evident (Figure 1 shows the evaluation results for both courses).

Therefore, the prime motivation in changing the existing learning environment was to address
these issues as early as feasible. It also seemed that the fal se expectations may be more easily
challenged through less traditional approaches to learning, where the focusis on learning in a
collaborative environment, with emphasis on ‘learning to learn’ and the placing of greater
responsibility for learning on the learner (Wilson & Cole, 1996).

The attributes of a problem-based learning classroom (Boud, 1985) provide a framework for
future learning (Wilson & Cole, 1996). In addition, supporters of PBL argue that it provides
an effective environment for future professionals who need to access knowledge across a
range of disciplines. The positive influences of an appropriate environment on the
development of creative potential also support the adoption of PBL for RE education.
According to Amabile (1996) these include: encouraging the assertion of ideas; no reliance on



order and training; no fear of failure; providing time and resources, developing expertise,
giving positive, constructive feedback that iswork or task focussed; encouraging a spirit of
play and experimentation providing a mix of styles and backgrounds with opportunities for
group interaction; making a safe place for risk taking; allowing free choice in task
engagement; offering rewards that recognise achievements or enable additional performance
but maintain intrinsic motivation rather than controlling behaviour.
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Figure 1: Evaluation of RE and ASDII using Reeves’ (1997) framework

A framework for creative RE education

The RE-PBL world

The Murdoch RE course material has been reworked for a PBL environment, and taught in
this mode from February 2003. A PBL processis used to anchor the student. The congruence
between Edmonds and Candy's (2002) elements of creativity arnd the PBL stages enables
creative activities to be embedded into the PBL process (see Table 1). This creative PBL
process addresses the issues highlighted by Thomas et al. (2002):

problemanalysisis a critical stage: starting from the unknown and progressing to a
description of the problem itself, and the knowledge needed to deal with it. Problem:
solving habit is challenged by the need to generate aternate solution paths. In the RE
course this problem analysisis a critical outcome;

the value of alternative perspectives is fostered through participation in a collaborative
environment and the active promotion of critical friendship. Critical appraisal and self
appraisal skills are developed through the use of reflection tools such as the 4SAT
(Zimitat & Alexander,1999);

although external motivation is difficult to eliminate within an undergraduate degree,
PBL is seen to foster intrinsic motivation through the authenticity of the tasks



undertaken (Wilson & Cole, 1996). Emphasisis placed on constructing a framework in
which details of the problem are situated.



Table 1: PBL process and creativity activities

PBL Stages

(Koschmann, Myers, Barrows, & Feltovich, 1994)
problem the rich context is mined for important facts, sub-problem(s) and alternate solution paths generated
analysis:
self-directed the learning agenda.is determined by the information needed to evaluate the alternatives proposed
learning:
problemre- based on findings, solution paths are added, deleted or revised
exami nation:
abstraction: an articulation process to increase the utility of the knowledge gained in specific contexts
reflection: adebriefing of the experience to identify improvement in the learning process.

Creative activities
(Edmonds & Candy, 2002)

exploration of ideas, knowledge, and options, based on:

=  breaking with conventional expectations whether visual, structural, or conceptual, is akey characteristic of creative thought

= immersion—the complexity of the creative processis served well by total immersion in the activity

= holistic view—the full scope of adesign problem isonly fully embraced by taking a holistic, or systems, view. The designer needs to be able to take an overview position
at any point and, in particular, to find multiple viewpoints of the data or emerging design important

= parallel channels—keeping a number of different approaches and viewpoints active at the same timeis anecessary part of generating new ideas.

Exploration involves accessing source data that may be examined, assessed and interpreted in terms of the goals. Thisis an open process, possibly without observable

directions, but, the thoroughness and sel ectivity of the activity is critical. Having a comprehensive set of knowledge sources readily available is extremely advantageous.

Knowing where to look and how to select the knowledge is even more important.

idea generation—problem formulation, as distinct from problem solving, is critical to the effectiveness of the solution space that is defined. It draws upon a wide range of
analogous cases often outside the immediate domain. This has been characterised as an ability to make remote associations. Creativity is demonstrated by the generation of
many potential solutionsinstead of gravitating quickly toward asingle and (usually) familiar solution that is not necessarily the optimal one. The ability to consider parallel
lines of thought and to select and transform the results to meet the demands of adifferent situation isacritically important aspect of solution generation

evaluation - evaluation involves taking the results of the generative activity and testing the candidate solutions against a set of constraints. Thisleads to modifying,
reformulating, or discarding solutions depending on the feedback. Selection of the optimal solution may involve a number of trade-offs against the constraints that are applied
especially where, asis usually the case, the product is a complex one. The application of tight constraints may be considered conducive to creative solution finding and thus
evaluation isavital part of the creative process. Evaluation may be viewed as a pervasive activity that takes place from the exploration phase onward. The use of expert
knowledge in evaluation has been identified as an important aspect of successful solution finding.




While acquiring specific domain knowledge is one of the course objectives, adaptivenessin
generalising knowledge in order to enhance productive thinking as a basis for insight and true
novelty of thinking is equally important. Productive thinking is the ability to use past
experience on ageneral level, while till being able to deal with each new problem situation
in its own terms. Gott, Hall, Pokorny, Dibble, & Glaser (1993) posit that this
adaptive/generative capability suggests the performer not only knows the procedural steps for
problem solving but understands when to deploy them and why they work. The implication of
thisis effort spent on abstraction and reflection, well supported through the PBL process.

As previously noted, this learning environment is being implemented and evaluated during
semester 1 2003. The results of this project will determine the future of PBL within the SE
degree:

if not successful, effort will need to be expended to ascertain why (since the literature
suggests it should) and then to better construct the ssimulations and on staff
development;

if successful, to develop expertise in applying PBL within the domain. A follow-
through will address the higher order learning outcomes that effect a change in student
behaviour when tackling these problems.

Conclusions

Creativity has been described as a balance of convergent and divergent thinking appropriate
to the situation (Nickerson, 1999). This balance is essential in undertaking software

devel opment, which may be considered as a class of creative problem solving. Providing a
learning environment that enhances the opportunity for creative thinking has the potential to
provide long term benefits to RE students, since there is evidence that students who have been
taught to explore different ways to define problems (as in RE) engage in more cregtive
problem solving over the longer term (Baer, 1988).
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