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Thesis Summary

This research project focused upon the design strategies adopted by
expert and novice designers. It was based upon a desire to compare the
design problem solving strategies of novices, in this case key stage three
pupils studying technology within the United Kingdom National
Curriculum, with designers who could be considered to have developed
expertise. The findings helped to provide insights into potential teaching
strategies to suit novice designers.

Verbal protocols were made as samples of expert and novice designers
solved a design problem and talked aloud as they worked. The
verbalisations were recorded on video tape. The protocols were
transcribed and segmented, with each segment being assigned to a
predetermined coding system which represented a model of design
problem solving. The results of the encoding were analysed and
consideration was also given to the general design strategy and
heuristics used by the expert and novice designers. The drawings and
models produced during the generation of the protocols were also
analysed and considered.

A number of significant differences between the problem solving
strategies adopted by the expert and novice designers were identified.
First of all, differences were observed in the way expert and novice
designers used the problem statement and solution validation during the
process. Differences were also identified in the way holistic solutions
were generated near the start of the process, and also in the cycles of
exploration and the processes of integration. The way design and
technological knowledge was used provided further insights into the
differences between experts and novices, as did the role of drawing and
modelling during the process. In more general terms, differences were
identified in the heuristics and overall design strategies adopted by the
expert and novice designers.

The above findings provided a basis for discussing teaching strategies
appropriate for novice designers. Finally, opportunities for future research
were discussed.

Key words: design education, protocol analysis, design methods,
cognitive styles, design process.
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Chapter 1 - The Nature of the Problem

The curriculum in secondary schools within the United Kingdom has
undergone enormous change during the past twenty years. The subject
area currently known as Design and Technology has probably changed
more than any other area of the school curriculum during this period of
time. The changes have not been merely in terms of content and subject
knowledge, but have challenged the basic philosophy of the subject and
hence the teaching and learning methods associated with this
philosophy. This has resulted in a fundamental move from tasks in which
the focus was upon products and artifacts to an approach which is now
much more process-orientated.

Originally, this area of the school curriculum was based within traditional
craft subjects of woodwork, metalwork and technical drawing. Over a
period of time, these have been continually modified to incorporate a
pedagogy in which pupils play a much more active role in their own
learning. That is to say, an approach in which pupils identify and solve
design problems which are related to real human needs. This contrasts
with the craft-based teaching methods in which pupils manufactured
artifacts from standard drawings provided by the teacher.

The first modifications of the craft-based approach came as a limited
opportunity for designing was provided in syllabuses related to a single
material, such as ‘Design in Wood’ and ‘Design in Metal’ within General
Certificate of Education (GCE) and Certificate of Secondary Education
(CSE) courses. It was also possible to find more innovative approaches
which were perhaps closer, in philosophical terms, to current courses.
For example, the University of London introduced a GCE option in
“Design and Technology” in the early 1970s. In the late 1970s the West
Midlands Examination Board introduced a CSE subject called “Design
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Studies” which would fit comfortably under the attainment targets put
forward for National Curriculum.

In 1985 the National Criteria for the newly-formed General Certificate of
Secondary Education (GCSE) in Craft, Design and Technology (CDT)
were published (DES, 1985). The aims for these programmes were
based upon an understanding that any course in Craft, Design and
Technology should reflect the complex abilities required to exercise
control over the man-made environment but the common core of activity
was identified as designing and communicating, making, testing and
evaluating. It will be seen in the discussion of the National Curriculum
how closely this common core relates to the attainment targets for Design
and Technology capability.

Within the GCSE National Criteria three subject areas were identified
under the umbrella heading of CDT:

CDT: Design and Realisation
CDT: Technology
CDT: Design and Communication

These successive changes have recently manifested themselves in the
development of Technology as an important subject within the National
Curriculum. In other words, over a short period of time the subject area
has changed from one which was based upon practical skills and of low
status in many schools, to one which is now mandatory for all pupils in
state schools between the ages of 5 and 16. The implications of the
National Curriculum for Design and Technology are discussed in
Chapter 2 of this document.

Two ‘profile components’ have been identified in the National Curriculum
Statutory Orders under the general heading of Technology. The first of
these is Design and Technology Capability which comprises four
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attainment targets. These attainment targets are derived from an
interactive model of the design process which involves firstly, the
identification of a need or opportunity. Secondly, it involves generating a
design proposal based upon the need identified. The third attainment
target focuses upon the planning and making required to realise the
design proposal. The final attainment target involves the evaluation of the
solution generated. However, it is recognised that evaluation is
continuous throughout the design process.

The second profile component is Information Technology Capability in
which there is a single attainment target.

However, even before the National Curriculum has been fully
implemented, doubts have been expressed about its effect upon pupil
learning. Her Majesty’s Inspectorate (HMI) reported (TES, 1992) that only
59% of lessons observed in design and technology were judged to be of
a satisfactory standard. The report commented: “Schools have devoted a
great deal of time and effort to considering assessment and recording in
D&T but few have developed satisfactory policies and practices in either
D&T or IT." As a result, new proposals for the National Curriculum
subject of technology are currently being considered (DfE/Welsh Office,
1992).

There is also concern about whether the new curriculum adequately
prepares pupils for the world of work. Comparisons have been made
between the vocational education provided within other parts of

Europe and the general educational policy, which is implicit in the United
Kingdom's National Curriculum (Halsey et al, 1992).

This new curriculum has faced teachers with the problems of developing
new skills and understanding over a wide area. These include
understanding and knowledge of a much broader range of materials and
processes, greater understanding of technological concepts and
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knowledge, the introduction of new technologies such as electronics and
computer aided design and manufacture, and new approaches to
graphic communication.

With the introduction of the new curriculum the role of the teacher
changes from that of a provider of knowledge and expert advice related
to craft-based teaching, to the more generic role implied by the National
Curriculum statements of attainment and programmes of study for design
and technology. Linked to this is the development of subject skills and
teaching methods appropriate for the new curriculum.

The subject area of Design and Technology has evolved without the
research base evident in some other subjects. For example, Science
education has a well-established tradition of research promoted through
organisations such as the Association of Science Education (ASE). The
annual conference of this organisation has for many years provided a
focal point for the delivery of research papers. On the other hand, Design
and Technology, which has had a much lower status within the education
system, has promoted the subject through events such as the
International Exhibition for Design and Technology which is held
annually at the National Exhibition Centre. This event acts mainly as a
trade fair with the purpose of promoting products and curriculum
materials to support Design and Technology education.

However, in recent years there has been an emphasis on lectures and
seminar groups. The annual research conference in Design and
Technology at Loughborough University is also helping to develop a
research base which could inform curriculum decisions in the subject
area. In spite of these recent initiatives, the research base is still rather
limited. This point was highlighted in the interim National Curriculum
report for Design and Technology.
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“Indeed, one interpretation of our task is that of contributing to the

establishment of a tradition and the setting of appropriate standards in this
new curriculum area where there is at present little in the way of a
developed and professionally well-tested body of school experience upon
which to draw. This is not to say that we have not received and been
considerably assisted by valuable evidence from many sources; we have

also benefited from observation of good practice in primary and secondary
schools and from knowledge of relevant curriculum developments

presently taking place. But design and technology lacks a research base
in pupils' understanding and learning such as is available in the cases of
mathematics and science.”

Design and Technology
Interim Report 1988

The comments above relate to research into Design and Technology
education in general terms. The need for research into the relationship
between design methodology and teaching and learning strategies

has been evident for a number of years. Cross (1982) concluded that
further research was needed in this complex area:

“We need more research and enquiry: first into designerly ways of

knowing; second into the scope, limits and nature of innate cognitive
abilities relevant to design; and third into the ways of enhancing and
developing these abilities through education.”

Cross (1982)

What therefore is the motivation for research in this area? The
Assessment of Performance Unit (1987) puts forward a number
questions which are raised by traditional models of design processes :-
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“All these models have been helpful guides to the 'staging posts' in

the activity for many teachers who have been seeking to establish

design and technological activities in schools. However, many teachers
who recognise the central importance of the procedure, have found some
difficulty in fitting the models to what pupils actually do when they get
involved in a project. The neat subdivisions of the procedure present an
attractive but artificial interpretation of the activity. Does the generation of
ideas really precede making - or is making (in model form) one way of
generating ideas? Does research really precede specification - or does the
specification of the problem help one to see what needs to be
researched? Is evaluation concerned with a concluding judgment - or does
it occur constantly throughout the whole project? How could we ever
move forward if we are not constantly evaluating where we are at present?”

Kelly et al (1987)

Thomas and Carroll (1979) suggest that there are two distinct but related
reasons why we are interested in studying design problem-solving. The
first is to understand more fully how people think, and the second is to
understand how to help them to design better. Cross (1990) suggests
that understanding the nature of design ability can better enable design
educators to nurture its development in their students.

Akin (1979), in an architectural context, puts forward three reasons for
exploring the design process. First, it is necessary to understand intuitive-
design to predict the performance criteria useful in developing
appropriate tools for machine-design or design-methods. Second, better
understanding of intuitive-design processes is essential if students of
architecture are to be freed from the esoteric and inefficient methods of
training used in the traditional design studio. Finally, making the design
process more explicit will no doubt influence the way professional
designers design, formulate problems, and evaluate products.

The work of the present author in secondary schools and teacher training
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establishments has also led to the generation of a number of questions
which form the basic motivation to extend research in the area of design
problem solving. The questions evolve from the premise that
understanding the nature of design problem solving will enable design
educators to develop teaching and learning strategies which will help to
nurture its development in students.

The questions can be categorised under three main headings:

1 The process of designing

" What happens mentally when we solve a design problem?
* Is it possible to externalise a large portion of thinking?

* Is it desirable that we should? Could it provide a useful

teaching/learning strategy?

" What is the place of imagery within the design process?

2 Novice v expert design strategies

: Do 'novice' designers use similar strategies to ‘expert’
designers?

* Are current models of expert design realistic? Do they

equally apply to 'novice' designers?
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The impact upon teaching and learning strategies

Are educational models of the design process accurate? Are
the models implicit within examination assessment criteria
also accurate and realistic?

What unique educational experience can be provided
through design problem solving?

Would increased understanding of design problem solving
by teachers enhance the learning experience of pupils?

Given a particular model of the design process, what are the
most suitable teaching strategies?

Should the teaching strategy be linked to the natural
learning strategy of the pupil?

Do pupils solve design problems in spite of the teaching
strategy?

Can problem solving strategies be learned and thus
enhance problem solving capacity/potential?

These questions, based upon the professional experience of the author,
provide the basic motivation for the research project. However, it would
seem to be necessary to focus more accurately upon the underlying

The problem at the heart of this project can perhaps best be summarised
by using a version modified by the present author of the approach
adopted by Mayer (1981). :-

17



HOW

WHAT

WHY

The scientific analysis of human behaviour is central to
cognitive psychology. It is therefore important to build upon
hunches and intuition about the way novice designers solve
problems through the development of scientific methods to
observe mental activity. This will involve the development of
precise analytical tools for breaking down mental activities
into measurable parts.

The object of the study is the mental processes and
structures used by novice designers to solve ill-structured
problems. Mental processes refer to what is going on inside
the mind when a problem is solved. The way knowledge is
stored and used to perform the task relates to mental
structures.

The main goal is to arrive at descriptions of internal
cognitive events which are as clear and accurate as possible
so that human behaviour embodied in solving ill-structured
design problems can be understood and predicted more
accurately. This could help the development of alternative
teaching/learning strategies.

From the foregoing discussion of these issues, it is possible to identify a
number of statements and questions with which the research project will
be concerned and hence which will provide a focus for the investigation:

To what extent and why do novice designers vary in the way
they process information during design problem solving?
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2 Do experienced designers tend to work in different ways
when solving ill-structured design problems? That is to say,
do some, as suggested by Tovey (1986) generate almost
complete solutions either by rapid construction or from past
experience; do other subjects identify sub-problems and
discuss alternative sub-solutions within the problem; will
others develop a number of sub-problems and partial
solutions using a combination of the first two methods?

3 Is it the case that greater knowledge of the ways in which
pupils solve design problems can help in the development
of appropriate learning and teaching strategies? Will the
development of this information help in determining the most
appropriate teaching/learning strategies?

4 Protocol analysis is one research method which has been
used for research into problem solving behaviour. Is this
method applicable to the study of the design process?

5 Which other research methods are appropriate for looking at
the more qualitative aspects of design problem solving?

In design and technology education research needs to take two
directions. First of all, theoretical understanding of the relationship
between design methodology and teaching and learning strategies
needs to be enhanced. And secondly, there is a need to build a
methodical empirical base for this aspect of the subject. However, this is
a complex area for research and potential problems can be identified.
For example, one of the difficulties of undertaking research in this area
was highlighted by Kimbell et al (1991):

19



“The value-laden nature of design and technology required us to

adopt a humanistic approach that respected the value positions and
autonomy of pupils whilst at the same time resulting in reliable and useful

data.”
Kimbell et al (1991)

In the field of professional design, Schon (1988) suggested that there
was a need to understand what professional designers know and how
they reason. He was especially interested in exploring how design rules
and types function in skilled designing.

It therefore appears that within this research project there is a need for a
range of methods for yielding data which will enhance conceptual
understanding of the process of design as well as providing an empirical
base for pedagogical planning and decisions.
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Chapter 2 - Review of Literature

2.0 Introduction

The purpose of this section is to review literature from a range of
apparently diverse subject areas and to draw together common elements
which underpin the project. This will provide a basis to inform and
develop the research.

It seems clear from a survey of the literature that there is little, if any,
research which integrates all of the areas central to this project.
However, there are a large number of existing studies in individual areas
and, to some extent, in limited combinations of these

Relevant studies can be found in several diverse areas. First and
primarily there is the education literature which has to do not only with
the design of curricula but also with methods of teaching and the
management of learning.

Secondly, there are studies which address the design process itself as
practised by experienced and skilled professionals. These focus on the
methods and styles used by practitioners. Little has been done on the
acquisition of such expertise or on the differences between novices and
experts in this field.

A third area which is likely to yield valuable insights is that of
experimental cognitive psychology where there has been much research
activity directed towards elucidation of the mental processes underlying
problem solving in general and in particular domains.

All these have a bearing on the present research project which must
eventually focus on the practical aim of providing a sound theoretical
base for the development of teaching and learning strategies designed to
initiate, develop and enhance the acquisition of design skills and
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knowledge in school pupils.

The review provides an opportunity to focus upon a number of
interrelated issues, for example, the relationship between protocol
analysis and design and technology education, or the way in which these
two elements relate to teaching and learning strategies. The final section
of the chapter attempts to draw together the main strands of the literature
review.

2.1 Design and Technology Education

In reviewing the literature which documents the development of design
and technology education, it is important to concentrate upon evolving
‘models’ of the design processes which have informed design and
technology in the sc