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1. Introduction

The significance of the design process in determining the success or failure of a product in the
market place is becoming increasingly more articulated. Consequently companies are
implementing and developing new techniques and tools to support design more effectively.
Design research is directed at gaining a greater understanding of design, ultimately to better
support it through the development of improved techniques, methods or tools. To facilitate
the research and development of appropriate means to support design the CAD Centre at the
University of Strathclyde has developed an overall research approach that takes the form of a
number of elements that build and relate to each other:

Research mission/vision - reflects the overal objective and motivation behind the area of
research.

Needs Analysis - sets the basis and judtification for carrying out the research. This is
essentially a needs analysis of design practice, identifying key areas for developing better
tools, methodologies or techniques to improve design and highlights various issues for
research and development.

Research Framework - provides an encompassing framework in which to carry out the
research and an overall methodology without pre-defining a particular starting point.
Research Approach - presents a basis for carrying out the research and acts as a template
that is subject to alteration depending upon the nature of the work.

Validation and Evaluation methods - describes and presents different means of assessing
the effectiveness and validity of the research results.

This paper presents the above elements as the research approach developed and adopted at the
CAD Centre, University of Strathclyde (UoS).

2. Research mission/vision

The research mission/vision encapsulates the overall motivation and drive behind the research
work. It embodies the focus area of interest and bounds the research activity. It should reflect
the long term objective of the group/team carrying out the research and be technique
independent. Asan example, the mission of the CAD Centre, UoS, is:

to develop a fully integrated computing environment which supports design
and its management based upon a fundamental understanding of design.
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This mission bounds the research work within the design area and more specifically within
developing a computational environment to support design. It also encapsulates a belief that
such an environment cannot be fully developed without a fundamental understanding, in the
form of theories or models, of the activity or processes that they are devel oped to support.
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Figure 1: An Intelligent Design Assistant (IDA) [1]

Visions of how such a mission may be achieved can also be defined. For example, the
Intelligent Design Assistant (IDA) [2], Figure 1, and the Integrated Design Environment
(IDE), Figure 2, were defined in 1984 and till serve as genera visions for the centre's
computational research work.  Such visions provide a basis to map the research activity and
progress upon. For instance knowledge based techniques to support design activities, design
co-ordination environments to support “ida team management”, product and knowledge
modelling, design reuse techniques and machine learning to support effective reuse of past
design knowledge.
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Figure 2: An Integrated Design Environment (IDE)

3. Needs Analysis - an approach to identifying key research areas

Design is complex, involving many inter-related and complimentary aspects. Within industry it
is natural to support those aspects of design that focus upon developing design tools that are
the most explicit, well understood and manageable. It would seem that companies often focus
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upon and develop tools for the issues that are most evident, incurring clearly apparent costs, or
that vendors are able to present as being the most important. Needs analysis provides a more
thorough basis to identify the need for design research and for these needs to be suitably
prioritised in order to focus effort, resources and identify the type of research and/or
development required.

Figure 3 illustrates an approach to consider and analyse the impact of existing, new or foreseen
means to support actual design development requirements rather than that perceived or the
most noticeable in practice. The approach starts with an analysis of various aspects of design
practice against maximum performance achievable. From this a number of aspects are targeted
to develop models, methods, tools or techniques (means) to improve current performance.
The results can then be fed back directly to industrial practice or the research and/or
development of a computational environment, such as IDA or IDE, before their impact are
assessed. This approach is essentially cyclic in nature as the results of the research impacts
upon design practice and so creates or highlights new areas for further research and
development. It also provides a basis upon which to make more objective judgements and
justify the design research. The audit also acts as a datum to evaluate the effect of research
resultsintroduced at alater date.
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Figure 3: Needsanaysis

3.1 Identifying Key Target Areas

The audit analyses and identifies key target areas for design process improvement and
corresponding research areas. It is conducted in two phases where the first phase analyses the
various aspects of design against stated product and company objectives. The analysis
highlights the difference between the greatest achievable impact (ideal) of various aspects of
design against a company’s current impact. Thus, it provides a basis upon which to identify
key target areas for maximum performance improvement given a degree of required effort.
These target areas are then used as the basis for the second phase of the analysis. The
identified target areas are analysed in a similar manner against current and future techniques,
methods and tools. The result is a set of targeted design technology (e.g. Al techniques) to
achieve maximum performance improvement given the effort involved. Such effort can be a
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combination of “off the shelf” packages or long term research and development projects. An
example of comparing the ideal and current impact of design technology is given below in
Figure 4",
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Figure 4. Impact of current vsidea design support

Taking into account the ease of effort to enhance particular aspects of design provides a star
diagram whereby the return on investment to achieve the greatest impact can be clearly
identified, providing the basis upon which to target appropriate research and areas for
collaboration (Figure 5.
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Figure 5: Return on effort

4. Research Framework

The design process is becoming increasingly and inextricably linked to computational design
tools and data models. A common hypothesis of developing such tools is that computational
environments when integrated with human based activities allow design to be carried out more
effectively. A presumption in this hypothesis is that computer systems can be structured to
provide active support for human limitations without infringing on the fundamental strengths of
human activities. A necessary consequent of thisis that the computer environment will impact
significantly on the normal processes of design and that consequently the use of design
technology will require innovative models of design as well as knowledge of how to deliver
human/computer symbiosis[3].

! To maintain confidentiality agreements the aspects considered have been altered and are not fully illustrated.
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A framework for conducting design research has been established [4] that is based upon the
hypothesis that any developed tools (be they human or computationally based) will make an
impact upon the design process itself when employed (see Figure 6). It should be stressed that
the research work can focus and start on any element of the framework. In genera it is
intended that models are built based upon the “reality” of design (i.e. design practice) and
continually evolved to develop tools to support design. The reality and models would act as
the criteria upon which to base critical and objective evaluations of the consequent models, but
when employed as tools would affect the “redlity” in which design is carried out. Further,
where practical, the models should be evaluated upon “blind” test cases in order to foster a
more objective and scientific approach. Thus, the approach is a continua refinement of our
understanding of engineering design, its evolution, as well as the supporting design technology.
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Figure 6: Research Framework

Descriptive phenomena models are based upon observations and analyses of the “reality” of
design and the use of the tools employed, and hence reflect design practice. Where
appropriate, these models are then developed in more detail as information models and
amilarly as computational models and tools. Such information and computational models can
encompass existing or new techniques, methods or processes in order to support the other
models. At each stage any model can be compared or evaluated against any previous model or
reality in order to enhance our understanding and hence models. Information and/or
computational models can be developed in a similar manner directly from redlity or other
models.

Prescriptive models are based upon an envisaged or foreseen redlity that would be considered
as enhancing design practice. Thus, if employed these models impact upon the way in which
design is carried out, which in turn affects the basis of the “descriptive” models. That is,
prescriptive models could be introduced to alter the design process and their effect may be
evaluated upon the reality and respective models. In this scenario prescriptive models are
considered as ones which have not been based upon, used or adopted within the domain or
process under consideration. These prescriptive models can be a hypothesis, theory or based
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upon an envisaged or postulated design reality and used to alter, test and/or optimise the
design process. For example, a prescriptive design methodology or new computational
technique may be adopted as the phenomena model and used to change the design redlity. The
effect of such an action can be evaluated and used to improve our understanding of the
prescriptive model and to enhance design performance.

This research approach does not only support the development of design tools but ensures a
consistent basis upon which to build and evolve such tools. It presents a sound foundation
upon which to develop design systems and provides a basis upon which to introduce
hypothetical design practice. Design research would normally focus upon prescriptive and
descriptive phenomena models whereas computer supported design such as Al techniques
would normally encompass al the models with arelatively narrower focus.

5. Research Approach

The general research approach acts as an overall guide to conducting the work (see Figure 7).
For the purpose of this paper the approach will not be elaborated upon in details but in general
a hypothesis of how to better support design is proposed based upon an analysis or
understanding of design. This hypothesisis formulated into a research problem within the field
of interest, for example design reuse, machine learning, etc. A solution is then developed,
evauated and the overall results and appropriate documentation generated.
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Figure 7: Overall research methodol ogy

6. Validation and Evaluation methods

A distinction is made here between validation and evaluation. The former focuses upon
ascertaining a degree of truth for a particular hypothesis or result. Thus, if a hypothesis or
result is proven to be true then it is regarded as being validated. Evaluation, according to some
criteria, measures the relation between a result, concept, method, tool, etc. against a datum of
some kind such as a requirements specification, known practice, or performance targets.

6.1 Validation template

In order to provide some evidence of support for the research work any hypothesis, solution,
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etc. must be based and logically argued upon sound theories or models. Figure 8 presents a
validation template whereby any hypothesis or solution should be soundly based upon well
founded theories or models. The theories themselves build upon axioms, literature,
experiments and models. Models are themsalves built and influenced by findings in literature,
experiments, known theories and redlity.
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Figure 8: Evidence for validation

6.2 Evaluation methods

Evaluation focuses upon ascertaining a degree of performance change with respect to a set
criteria. Some of the main problems with carrying out effective evaluation is being able to
sufficiently define the evaluation datum, criteria measures and appropriate means to carry out
the evaluation. Further, within the Al in Design research field the affects from new research
results are not aways immediately apparent or quantifiable. This leads to ambiguity and
uncertainty in the efficiency or effectiveness gainsto design.

Both validation and evaluation use a variety of methods such as:

Case studies - particular instances of design are studied and analysed.

Experiments - predefined criteria and methods of evaluation are established and
artificial scenarios are constructed. Design experiments are artificial in nature
wheresas the other methods are more closely based on actual design practice.

Industrial studies - actual design practice is studied and analysed through a variety of
techniques, e.g. interviews, protocol analysis, methods study, etc.

Protocol analysis - records of design practice or experiments, using audio/video tapes
or other means, are analysed.

Worked examples - similar to case studies, scenarios of particular design problems are
smulated and analysed.
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