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Abstract This paper describes a model of design, which
takes a different perspective in that it emphasises
mechanisms and constraints. The model accommodates
design-related activities from the enterprise level through
to activities of individuals (e.g. decision-making pro-
cesses), and provides a holistic treatment of existing
design methods. It is suggested that the output of a de-
sign stage is not so much the input to the next, as the
provider of constraints. Consequently, the creative
component of design is not concentrated in one task,
with the others being technician tasks: instead each of
the tasks augments the design in a creative way. A de-
gree of commonality was observed across different do-
mains and stages of design, which leads to the proposal
of a generic design activity (GDA), that can be used in
diverse design situations. Sub-activities within the GDA
were identified as the generation of candidate solutions,
solution assessment, solution selection, implementation,
and retrieval of design intent. It is suggested that one of
the limitations of many design tools, especially artificial
intelligence, is the reliance on on complete problem and
constraint specification. In real situations, designers
have to determine constraints from incomplete and
qualitative specifications, using subjective processes.
Furthermore, they subsequently have to negotiate with
others for the relaxation of constraints, as the design
space may be over-constrained. This negotiation in-
volves interaction with others, and adds the
organisational behaviour factors to the design process.
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Decision-making during design needs to be able to
accommodate multiple viewpoints, cope with uncer-
tainty of analysis (incompleteness of knowledge), prop-
agate uncertain variables, and accommodate varying
degrees of information abstraction. Other areas of de-
sign that may benefit for additional research are identi-
fied.
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1 Introduction

Engineering design is a creative activity. Understanding
this complex process, so as to optimise or improve it,
has been difficult. Many representations of the process
have been advanced to identify the key process char-
acteristics and the causality relationships that determine
successful output of the design process. Significant
representations are the simple linear model (Finger and
Dixon 1989a, b; BS7000 1989), functional modelling
(Pahl and Beitz 1988), design science (Hubka 1987
Hubka and Eder 1996), total design (Pugh 1991) and
derivatives (e.g. Raine 1998), business environment
(Hales 1994), network (Crisp 1986), designer’s process
(Candy et al. 1996), communications (Wallace 1987),
phase diagrams (Hales 1994), project management,
design structure matrix (Yassine et al 1999; Yassine and
Falkenburg 1999), and signposting (Clarkson and
Hamilton 2000).

A challenge to understanding design is that creative
process are difficult to model, precisely because crea-
tivity involves seeking alternative solutions, even alter-
native methodologies for seeking solutions. Products
are required to have a high degree of optimisation of
function, wuser-satisfaction, risk, and cost. Conse-
quently, design is increasingly complex and requires
multidisciplinary and concurrent processes. A com-
pounding difficulty is the variety of situations that
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involve design. As Simon (1981) observed, ‘Engineers
are not the only professional designers. Everyone designs
who devises courses of action aimed at changing existing
situations into preferred ones’ (p. 129). We identify three
areas of variety as different domains (e.g. product de-
sign, machine design, etc.), different individual ap-
proaches in the level of structured process used, and
different design activities depending on the time stage
(e.g. concept design, detailed design, etc.), see Fig. 1.
Designers operate in different parts of the space, and
consequently, there are many definitions, models,
methodologies, and personal preferences for design.
‘Design’ is used in the present paper as defined by
Hubka and Eder (1996):

‘The task of designing consists of thinking ahead and
describing a structure, which appears as (potential)
carrier of the desired characteristics (properties, par-
ticularly the functions). One can express this statement
also in process terms: designing is defined as the
transformation of information from the condition of
needs, demands, requirements and constraints (includ-
ing the demanded functions) into the description of a
structure which is capable of fulfilling these demands.
The demands must include the wishes of the customers,
but also all stages and requirements of the life cycle and
all intermediate states that the product must pass
through’ (p. 4).

Many other definitions are possible, some of which are
listed by Hubka and Eder (1996), but the above defini-
tion was selected as it includes the concept of physical
structure being a carrier for function, it acknowledges
the origins of the demands (including those of the cus-
tomer), it pays more attention to constraints than many
other definitions of design, and it incorporates the life-
cycle considerations (viz. different viewpoints).

Fig. 1 Conceptual model for

1.1 Problem definition

Each of the existing models of design takes a particular
perspective, illustrating the perceived ideal design pro-
cess, or serving as a repository for knowledge about that
perspective, or including a methodology by which that
perspective can practically be applied to the design
process. Some of the models, e.g., Candy et al. (1996),
are conceptual rather than detailed, and consequently do
not provide specific processes. Others are systematic, e.g.
Hubka and Eder (1996), but can suffer from being
intimidating and difficult to engage with (Eder 1998;
Frost 1999). The models typically use flowcharts to
represent the design activities, focussing on diagram-
ming the inputs and the outputs of the process. The
models usually show that the design stages influence
each other, but seldom explicitly identify the nature of
the influence or the constraints. Nor are the diverse
methodologies and tools (mechanisms) that support the
design process often made explicit. Consequently, the
models tend to be focussed on particular domains,
stages, or methodologies. Also, it can be difficult to
integrate the models together.

The hypothesis of this paper was that a descriptive
meta-model could be developed, representing the epis-
temology of the methods for performing design in
technical systems. The model should accommodate (1)
multiple dimensions of design complexity (domain, ap-
proach, time stage), (2) all design-related activities from
the enterprise level through to activities of individuals
(especially decision-making processes), and (3) provide a
holistic treatment of existing design methods, especially
to position them relative to each other, and identify
areas weak in supportive methodologies. This is worth
doing because of the potential support it could give to
the design process.
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2 Method

The method was to use a structured, deductive process
to decompose the design process into multiple sub-
processes. For each of these the initiating events, con-
trols, inputs, supporting mechanisms (e.g. design tools)
and outputs were determined. This process was re-
peated as necessary to provide additional detail. The
developing model was inductively reconciled with
existing knowledge about design (Pons 2001). The
resulting model was expressed as a series of flowcharts
using integration definition zero (IDEF0) notation
(FIPS 1993; Addy and Simms 1996). The notation was
likewise used by Court et al. (1996) to explore a related
but different aspect, namely how designers access
information.

With IDEFO0 notation, a block represents an action.
Every inputs, (always on the left of the block) is trans-
formed or even consumed by the function in the block,
to produce one or more outputs (exit to the right).
Controls, which enter above the block, initiate or ensure
that the output is correct. The mechanisms that support
the function enter under the block. The notation there-
fore permits inputs and outputs to be clearly distin-
guished from other factors that influence the activities.
With other flowchart notations the meanings of the ar-
rows is sometimes not explicit, and they generally rep-
resent sequence of activities (or influence). However with
IDEFQO, it is essential to note that arrows convey objects
to activities. Therefore, an activity may begin autono-
mously when its required inputs are available and its
constraints permit. Consequently, the IDEF0 notation
readily provides that multiple activities can be simulta-
neously active, and thus supports the modelling of
concurrent engineering processes. It also supports se-
quenced (serial) activities. Multiple levels of model are
readily permitted.

3 Results: the design mechanism and constraint model

The presentation of the resulting model starts at the
enterprise level, and progresses to further detail includ-
ing that of the decision process.

3.1 Enterprise perspective of design

The enterprise level is shown in Fig. 2. The activities are
numbered and briefly described. The activity ‘Recognise
need to develop new product’ (1) involves a design
manager or product champion initiating the activity
‘Develop product’ (2), in response to a management or
customer stimulus. Working capital is consumed to
produce a product specification. Some key characteris-
tics of the product (identified in the figure) are
potentially apparent after this stage. The activity (2) is
further detailed in a following diagram.
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The ‘Produce product’ (3) activity is initiated by the
upstream product specification, and consumes materials
and labour. Some constraints are internal to the orga-
nisation (e.g. production capability) and others from
external sources (e.g. health and safety legislation). The
projected sales volume also influences the production
activity. Production also generates concurrent engi-
neering constraints for design and other activities. Key
characteristics of the product (e.g. cost, quality, reli-
ability) only become evident as the final product is de-
ployed. The product is sold (4), generating sales volume
and net income.

The strategic activity to set organisational priorities
(6) produces directives which prompt new product
development, and allocates finance for development.
Constraints here include the organisation’s mission and
the shareholder needs. Input finance is provided by
market capital and reserves. This part of the model is
not exhaustive but rather illustrative of the financial
constraints that affect resource allocation (capital
rationing) in product development. Project funding is
thus identified in the model as an important aspect of
managing design, and one over which the design man-
ager may have limited influence.

The customer measures the worth of the product (7),
based on personal values and resource constraints. The
customer’s assessment is a subjective process depending
on perceptions of a number of key characteristics of the
product (e.g. function). Although these key character-
istics may be quantified by the manufacturer, the cus-
tomer usually has only tenuous information, and the
measure of product worth may be influenced primarily
by perception. Likewise, the values held by the cus-
tomer, and the means to satisfy them, are incompletely
known to the manufacturer and form the basis for
market-research activities on product worth, to inform
activity (1).

3.2 Product development

The ‘Develop Product’ activity is elaborated in Fig. 3.
The model is not prescriptive as to the work breakdown
structure in a project, as various activities can simulta-
neously be active as soon as their constraints permit.
Indeed, for quicker time to market it is necessary that
many of the activities occur concurrently. For conve-
nience the explanation begins at activity (1).

Initial concepts at (1), if any, might include market
pressure, bench marking against related products, and
customer feedback. These are used to produce specifi-
cations for the user interface (styling) and engineering
product function, and subsequently a styling design (2).
Engineering details are designed (3), resulting in draw-
ings and computer-aided design (CAD) models, finite
element analysis, etc. Constraints at this stage include
styling design, engineering specification, cost, material
strength, corrosion resistance, reliability, and produc-
tion. The downstream task (4) is to design the manu-
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Fig. 2 Design mechanism and constraint diagram at the top level

facturing processes, to produce tooling and specifica-

Observe in Fig. 3 that the activities are more en-

tions for manufacturing processes from the engineering dowed with constraints than inputs. This is a conse-

drawings.

quence of the modelling approach, which explicitly
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Fig. 3 Design mechanism and constraint diagram for the activity of develop Product

sought to explore the constraints on design. The ‘con- strongly suggests that design is a process of augmented
straints’ perspective is unusual compared to other creativity rather than a professionally isolated creativity.
models. The outcome too is somewhat unusual in that it The figure shows that the output of any one design stage
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is not so much the input as the constraint on the next.
Thus each design stage is not the complete creative ef-
fort, such that downstream activities are merely non-
creative technician tasks. Instead, further creative
activities are necessary by other downstream designers
to complete the overall design. Herbert Simon (1981)
came to a similar conclusion concerning the social
planning aspect of design:

‘The real result of our actions is to establish initial
conditions for the next succeeding stage of action.
What we call “final” goals are in fact criteria for
choosing the initial conditions that we will leave to
our successors’ (p 187)

Each design stage adds a new value to the existing de-
sign. Therefore, the skills of different types of designers
are complementary and necessary to develop a product
to completion. From this perspective, it is clear that the
attitude that some designers have for their downstream
colleagues, whose work they consider inferior and un-
creative, is inappropriate and contrary to the effective-
ness of the overall design process and thus the long-term
well-being of the organisation.

3.3 A Generic Design Activity

The next part of the model is sought to elucidate the
mechanisms available to designers. Design activities oc-
cur in each of the activities represented in Fig. 3, i.c.,
market research, styling design, engineering design, and
manufacturing design (this list is not exhaustive).

A key characteristic that emerged in the analysis was
the high commonality of design mechanisms across
different domains and stages (viz. Fig. 1). This charac-
teristic then was represented by a generic design activity
(GDA). The GDA is a conceptual building block for
design that encapsulates multiple design mechanisms
suitable for deployment at various stages in the design
cycle (including all those of Fig. 3), and at as many
locations as the design occurs, with one or more of its
mechanisms operative. Any number of GDAs may be
connected together to represent the total design process.
The common sub-activities of the GDA are shown in
Fig. 4, and elaborated below.

3.3.1 Generate candidate solution

A primary task is to find a creative design solution to a
problem that is partially defined by some constraints,
and for which some partially developed existing concept
may exist. The designer, whether human or artificial
intelligence, takes the existing concept (if any), and uses
various inventive mechanisms to create a candidate
solution within prescribed constraints on how the solu-
tion should perform. These constraints could originate
from upstream or downstream activities. At styling and
early design, the upstream inventive constraints may be

provided by other mechanisms e.g., voice of the cus-
tomer (Gustafsson 1996), market survey, focus group,
quality function deployment (QFD; e.g. Bergman and
Klefsjo 1994; Martin et al. 1998), or analytical hierarchy
process (AHP; e.g. Gustafsson 1996; Perego and Ran-
gone 1996). If the GDA is deployed at later design stages
(e.g. manufacturing) then the preceding stages (e.g.
styling) provide the constraints.

If the design is an incremental improvement on an
existing design, then a well-defined input concept exists.
In the more general case of innovative design there may
be no existing concept and the solution must be created
from scratch. The inventive mechanisms include human
serendipity, brainstorming, natural analogy, systematic
idea generation (Pahl and Beitz 1988), catalogue meth-
odologies (Kersten 1996), Theory of Inventive Problem
Solving (TIPS/TRIZ; Zlotin and Zusman 1999), mor-
phological analysis (Hague et al. 1996), genetic algo-
rithms (Schmidt and Cagan 1993), grammars
(Andersson 1994), expert systems (Cunningham and
Smart 1993), and neural networks (Noguchi 1998).

The output is a candidate solution. It is possible that
several solutions may be considered simultaneously and
be in various positions within the design activity, and
several design activities in a larger system may all be
active. Therefore, the GDA should not be interpreted as
a set of discrete-state transitions but as a system of
multiple simultaneously active threads.

3.3.2 Assess Solution

The candidate solution is next assessed for validity.
Mechanisms include focus groups (especially at early
styling design), system simulation (throughout engi-
neering design), functional modelling (Hubka and Eder
1988; Oh and Sharpe 1996), bond graphs (Cellier 2001),
feature-based modelling (Fu and De Pennington 1994),
risk assessment (including qualitative, hazard and
operability study, quantitative, fault tree analysis, and
failure mode effects analysis; Ossenbruggen 1994), sen-
sitivity analysis, design of experiments, loss functions
(Box et al. 1988), decision analysis and belief networks
(Clemen 1996), operational research/management sci-
ence (Taylor 1999), Fuzzy Theory (Wood and Antons-
son 1989), Monte Carlo analysis (Vose 1996), and
qualitative simulation (Kuipers 1994).

The assessment constraints may originate from pre-
scribed upstream constraints, e.g., manufacturing design
may receive geometric tolerances from an upstream de-
tailed design. There are also ‘reasonably anticipated
constraints’, which include professional judgement fac-
tors such as safety and liability. Also, the proposed
solution must not violate earlier design intent, especially
for incremental design or where design is reworked in
response to failure.

The primary output from this activity is a solution
concept. This adds value to the original candidate
solution, either by clarifying or adding new information.
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Fig. 4 Generic design activity in the engineering design context

Additional outputs include the preliminary constraints 1999). Although the design has not yet been finalised,
for concurrent engineering, cf. the overlapping concept there will be sufficient information for other upstream
in design structure matrix (Yassine and Falkenburg and downstream activities to begin their processes. If the
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candidate solution fails the assessments, then either a
new solution must be generated or the design must
proceed with an imperfect solution.

3.3.3 Select solution

A decision must be made whether or not to accept the
solution concept. Decision mechanisms include decision-
problem classification (Ullman and D’Ambrosio 1995),
conflict resolution, and risk/decision analysis (Clemen
1996) (including belief networks, influence diagrams, and
decision trees). The activity is constrained by concurrent
engineering requirements from elsewhere in the system
(upstream or downstream). However, it is commonly not
possible to satisfy all the constraints in a system, and a
management decision might be made to give priority to
one activity and require the others to compensate. The
action of selecting a solution freezes part of the design and
imposes constraints on other design activities. The deci-
sion process, and the management of risk in selecting a
solution may be an underdeveloped area of design re-
search (e.g. Thornton et al. 2000).

The activity is further explored in Fig. 5. The core
activity is to make a decision, which is done under man-
agement decision constraints and using various decision
mechanisms (see diagram). Another activity is to adjust
the decision as consequences develop, e.g., the design
selection of plastic rather than sheet metal for a dish-
washer tub may be found to adversely affect thermal
deflection which in turn may necessitate adjustment of the
design. Adjustment may be constrained by uncontrolled
factors and by not knowing which factors are influential.
Controllable factors (‘tuning parameters’; Otto and An-
tonsson 1993) may be available for manipulation even
once the design is complete. Constraints on the decision-
making process are identified as the need to accommo-
date: (1) varying degrees of information abstraction,
being quantitative variables (ratio and interval scales) and
qualitative variables (ordinal and nominal scales), (2)
information that may be uncertain (deterministic, prob-
abilistic, or possibilistic), (3) multiple viewpoints other
than function (e.g. the capability to anticipate other views
and see how a change in one area affects the system per-
formance in another viewpoint), and (4) incompleteness
of knowledge of system performance (mathematically
explicit vs. subjective relationships between variables).

Activities such as generating a candidate solution
(Activity 1, Fig. 4) and making a design decision
(Activity 2, Fig. 5) are cognitive processes. Thus psy-
chological factors, especially personality dimensions and
organisational behaviour affect the design process. Their
elaboration is a possible area of future research.

3.3.4 Implement solution

Here the selected solution is consolidated into a detailed
design, for example, by producing drawings or models.

Implementing the solution creates constraints for other
activities (e.g. production). If at any stage the design
fails then previous activities are re-examined. The
activity is further detailed in Fig. 6, the context being
mechanical product design.

3.3.5 Record and retrieve design intent

The activity here is to record the current design intent,
and subsequently retrieve it and feed it forward as a
constraint to future solution assessment. This prevents
incremental design improvements from unintentionally
violating a requirement that was known to earlier
designers but is not self-evident in the finished artefact.
Recording the rationale for a design is one part of the
task, but it is essential that something initiates the
retrieval process where appropriate. Design intent
seems to be poorly supported by mechanisms. Al-
though the design intent can be recorded in design
documentation, or indeed in some CAD software
applications, the default mechanism is human memory
(Court et al. 1996). Where there is a formal require-
ment to document the design, e.g., for resource con-
sent, internal approval, or legislative purposes, then
there will be documentation of at least the major
features in the design. However, for many other design
cases, such as product design, there is little to no
formal documentation of design intent. In some cases,
the close integration of design and manufacture, as in
computer-aided manufacture, means that there are no
drawings produced either, only direct transfer of data
files. Human memory is thus an important mechanism
for sustaining the design intent into the future, but is
prone to forgetfulness, distorted recall, and loss at staff
turn-over.

A separate design activity could model each designer
or design team in each of the various stages of the design
cycle. The GDA concept is flexible as to the composition
of a team, so it does not matter how the distinctions are
drawn between styling, engineering, and manufacturing
design. The benefits of the GDA approach are the pro-
vision of a classification scheme for design tools, the
identification of areas that may benefit from further re-
search, and the identification of a ‘common creative
activity’ (Simon 1981; p. 158) among different types of
professional designers.

4 Discussion

The model is differentiated from other representations of
the design process by:

(a) The explicit separation of mechanisms, controls,
inputs, and outputs.

(b) Systematic modelling of microscopic and macro-
scopic activities of the organisation

(c) The identification of a recursive nature to the
design process, analogous to the recursion that
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features in Beer’s viable system model for an as are functional modelling (Pahl and Beitz, 1988),
organisation (Beer 1985).The model provides a TRIZ (Zlotin and Zusman 1999) and others,
descriptive perspective that integrates many other though it shows where these methods fit in. During

design methodologies. It is not an inventive method its development the model was reconciled with the
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observations of others on design. At times this in- thetical model of what design should look like, as a
volved redefinition of the model. The model should perspective on the current body of knowledge on
therefore not be considered so much as a hypo- design.



While some other methodologies mandate a formal
and relatively complete problem specification before
design commences (e.g. the Structured Planning ap-
proach of Owen 1993), the present model is not pre-
scriptive about this. Problem definition is implied as
prescribed inventive constraints, concurrent engineering
constraints, prescribed assessment constraints, and rea-
sonably anticipated constraints (professional judge-
ment). Such constraints may arise from an imposed and
premeditated specification, and/or from requirements
that arise during the design process. The model does not
explicitly provide for a degree of compulsion (Owen
1993) against each constraint, though that is not ex-
cluded.

Identifying activities with too few or too many con-
trols or mechanisms may suggest areas of weakness in
design. The problem of too few mechanisms was iden-
tified in connection with recording the design intent. A
case of too few controls appears with solution creation.
It appears that most of the effort that has gone into
automating and supporting the design process, particu-
larly artificial intelligence, has focussed on solution
creation, as opposed to constraint generation. The po-
sition with design tools such as expert systems, genetic
algorithms, TRIZ, qualitative simulation, and optimi-
sation, seems to be that if there is an intractable design
problem, then what is needed is a novel solution.
Alternatively that design impasses are caused by a de-
signer who is ignorant of possible solution principles.
The first difficulty with this premise is that providing the
required explicit specification constraints without
resorting to subjective judgement is a non-trivial
undertaking in many real designs. Designers may have
to determine constraints from incomplete and qualita-
tive specifications, using their professional judgement
and experience. Indeed, Court et al. (1996) established
that designers rely heavily on their memory, knowledge,
and experience. Second, as the above diagrams illustrate,
constraints arise from multiple sources, so that over-
constraint of the design space is a real possibility. To
find a solution it may be necessary to relax some con-
straints, which involves distinguishing the degree of
flexibility in multiple constraints. This too is difficult
since there are different functional perspectives (client,
design, production, service, etc.) each of which may have
multiple members who may agree imperfectly. Thus
relaxing any constraint involves negotiation with others
and engagement with the complexity of organisational
behaviour. These subjective processes are difficult to
automate. Thus a formal specification activity will not
necessarily fully or even sufficiently identify quantitative
constraints prior to commencement of the design.
Automated design mechanisms can usually find a solu-
tion in a given domain, if supplied with complete
problem and constraint definition (usually quantitative).
Consequently, such automated design tools are tightly
focussed on the domains for which constraints can be
specified, and find the terrain difficult where constraints
are qualitative or over-constrained.

&3

Another area of future research on design is sug-
gested to be the accommodation of various uncertain-
ties: multiple viewpoints, uncertainty of analysis
(incompleteness of knowledge), uncertain variables, and
varying degrees of information abstraction. Existing
design methodologies do not operate well with these
uncertainties and generally simplify them to unambigu-
ous relationships, quantitative variables, and determin-
istic variables. As Simon (1981) observed, ‘the heart of
the data problem for design is not forecasting but con-
structing alternative scenarios for the future and ana-
lyzing their sensitivity to errors in the theory and data’
(p. 171). Related work by Pons (2001) sought to further
explore this area.

There is also a need to better understand personality
and organisational behaviour factors, and their influence
on engineering decision-making.

Thus the benefits of the model are the different
perspectives it provides on design, and the identifica-
tion of possible areas for further design research. A
limitation is that the model is complex, and the IDEF0
diagrams might be formidable to non-specialist read-
ers. Another limitation is that the model is dependent
on the subjective opinion of its authors, although in
mitigation, an explicit premise of the IDEF0 modelling
standard (FIPS 1993: p. 14) is that multiple models,
from different perspectives, are generally possible and
valid. The descriptive nature of the model is not nec-
essarily a limitation, for example Simon (1981) ex-
pected that complex systems could be constructed in a
hierarchy of levels, and that each of the subsystems
may be defined by describing the functions of that
subsystem, without detailed specification of its sub-
mechanisms. Furthermore, he believed that a powerful
technique for designing complex systems was to dis-
cover viable ways of decomposing it into semi-inde-
pendent components corresponding to its many
functional parts, although there is no reason to expect
that the decomposition of the complete design into
functional components will be unique (p. 148-149).

5 Conclusions

This paper has demonstrated a descriptive model of the
design process, with special emphasis on the mechanisms
that support design, and the constraints on the process.
The model accommodates multiple dimensions of design
complexity (domain, approach, time stage), enterprise
through to individual design activities, and positions
existing design methods relative to each other. Fur-
thermore, a set of activities are identified as being gen-
eric to design.

From the perspective taken here, design is an aug-
mentative process whereby various mechanisms are used
to add value to the design. The output of one design
activity may be a constraint rather than an input on the
next, so that further creative (as opposed to simply
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technician) activities are necessary to complete the
overall design.

Areas of design that may benefit from additional re-
search are identified and include:

(1) The need to help the designer to anticipate con-
straints from incomplete information, and negotiate
for the selective relaxation of constraints in over-
constrained design spaces. Success here would likely
also enhance the effectiveness of solution-generation
systems, particularly the artificial intelligence tools
which are dependent on explicit prior constraint
formulation.

The need to accommodate multiple viewpoints, cope
with uncertainty of analysis (incompleteness of
knowledge), propagate uncertain variables, and
accommodate varying degrees of information
abstraction.

The lack of robust mechanisms for recording and
retrieving the design intent.

There is a need to better understand personality and
organisational behaviour factors, and their influence
on engineering decision-making.

2)

(€)
(4)

References

Addy EA, Simms LJ (1996) Experience report: the use of functional
flows in IV&V. http://research.ivv.nasa.gov/~eaddy/funcflow

Andersson K (1994) Vocabulary for conceptual design. In: Pro-
ceedings of the IFIP TC5/WGS.2 workshop on formal design
methods for CAD IFIP transactions B: computer applications
in technology B18 p 157- 171

Beer S (1985) Diagnosing the system for organisations. Wiley, New
york

Bergman B, Klefsjo B (1994) Quality: from customer needs to
customer satisfaction. Studentlitteratur, Sweden, ISBN 91-44-
46331-6

Box G, Bisgaard S, Fung C (1988) An explanation and critique of
Taguchi’s contributions to quality engineering. Report No. 28,
center for quality and productivity improvement, University of
Wisconsin-Madison, 610 Walnut ST, Madison WI 53705 USA

BS 7000: Part 1 (1989) Design management systems Guide to
managing product design. British Standards Institution, Lon-
don

Candy L, Edmonds E, Patrick D (1996) Interactive knowledge
support to conceptual design. In: Sharpe J (ed) A I system
support for conceptual design Proceedings of the 1995. Lan-
caster international workshop on engineering design. Springer,
Berlin Heidelberg, New york pp 260-278

Cellier FE (2001) Controllab products — Bond graphs. Http://
www.rt.el.utwente.nl/bnk/bondgraphs/bond.htm accessed on
29 May 2001

Clarkson PJ, Hamilton JR (2000) ‘Signposting’: a parameter-driven
task-based model of the design process. Res Eng Des
2000(12):18-38

Clemen RT (1996) making hard decisions, 2e. Duxbury Press

Court AW, Culley SJ, McMahon CA (1996) Information access
diagrams: a technique for analysing the usage of design infor-
mation. J Eng Des 7(1):55-75

Crisp JDC (1986) Industrial Innovation and engineering education,
parts I to III. Acquiring Sensivity to Innovation, Mechanical
Engineering Transactions of the IEAust, pp 45-49

Cunningham A, Smart R (1993) Computer-aided parts estimation.
Al Mag 14(3):39-49

Eder WE (1998) Design modeling — a design science approach
(and why does industry not use it?). J Eng Des 9(4):355-372
Finger S, Dixon J (1989a) A review of research in mechanical
engineering design Part 1: descriptive, prescriptive, and
computer-based models of design process. Res Eng Des 1:51—

67

Finger S, Dixon J (1989b) A review of research in mechanical
engineering design Part 2: representations, analysis, and design
for the life cycle. Res Eng Des 1:121-137

FIPS (1993) Integration definition for function modeling (IDEFO0).
Federal Information Processing Standards Publications, Na-
tional Institute of Standards and Technology, http://www.itl.-
nist.gov/fipspubs/idef02.doc of 21 Dec 1993, last accessed 12
Aug 2003

Frost RB (1999) Why does industry ignore design science?. J Eng
Des 10(4):297-304

Fu Z, De Pennington A (1994) Geometric reasoning based on graph
grammar parsing. J Mech Des Trans ASME 116(3):763-769

Gustafsson A (1996) Customer focused product development by
conjoint analysis and QFD. Link&ping Studies in Science and
Technology, Dissertation No. 418, Division of Quality Tech-
nology, Department of Mechanical Engineering, Linkoping
University, S-581 83 Linkoping Sweden

Hague M, Taleb-bendiab A, Brandish M (1996) An adaptive ma-
chine learning system for computer supported conceptual
engineering design. In: Sharpe J (ed) A I system support for
conceptual design Proceedings of the 1995 Lancaster interna-
tional workshop on engineering design, Springer, Berlin Hei-
delberg, New york, pp 1-16

Hales C (1994) Managing engineering design. Longman Scientific
& Technical

Hubka V (1987) Principles of engineering design. WDK 1, Heurista,
Zurich, ISBN 3-85693-018-3

Hubka V, Eder WE (1988) Theory of Technical Systems. Springer,
Berlin Heidelberg, ISBN 3-540-17451-6

Hubka V, Eder WE (1996) Design Science. Springer, Berlin Hei-
delberg, ISBN 3-540-19997-7

Kersten T(1996) “MODESSA”, a computer based conceptual de-
sign support system. In: Sharpe J (ed) A I system support for
conceptual design Proceedings of the 1995 Lancaster interna-
tional workshop on engineering design. Springer, Berlin Hei-
delberg Newyork, pp 241-259

Kuipers B (1994) Qualitative reasoning. The MIT Press, Cam-
bridge, ISBN 0-262-11190

Martin MV, Kmenta S, Ishii K (1998) QFD and the designer:
lessons from 200+ houses of quality. World Innovation and
Strategy Conference, Sydney, Australia

Noguchi H (1998) Exploratory study on ‘Cross-Inference Method’
for supporting idea generation process of industrial designers.
In: international conference on knowledge-based intelligent
electronic systems, pp 384-389

Oh V, Sharpe J (1996) Conflict management in an interdisciplinary
design environment. In: Sharpe J (ed) A I system support for
conceptual design Proceedings of the 1995 Lancaster interna-
tional workshop on engineering design. Springer, Berlin Hei-
delberg Newyork, pp 298-318

Ossenbruggen PJ (1994) Fundamental principles of systems anal-
ysis and decision making. Wiley, New York, ISBN 0-471-
52156-6

Otto KN, Antonsson EK (1993) Tuning parameters in engineering
design. J Mech Des Trans ASME 115(1):14-19

Owen CL (ed) (1993) Design for integrity. Insitute of design com-
munications center, Illinois Institute of Technology, Chicago

Pahl G, Beitz W (1988) Engineering design: a systematic approach.
In: Wallace K (ed) Springer, (Berlin Heidelberg, New york) and
The Design Council (London)

Perego A, Rangone A (1996) On integrating tangible and intangible
measures in AHP applications: a reference framework. Proc
IEEE Inter Conf Syst Man Cybern 3:1836-1841

Pons DJ (2001) A methodology for system integrity in design. PhD
Thesis, University of Canterbury



Pugh S (1991) Total design, integrated methods for successful
product engineering. Addison Wesley, Reading

Raine JK (1998) The design process in industry — How good are
our models and management practice? Waves of Change con-
ference, Gladstone Australia 28-30 Sept, pp 301-306

Simon, HA (1981) The sciences of the artificial. The MIT Press,
Massachusetts, ISBN 0-262-19193-8

Schmidt LC, Cagan J (1993) Recursive annealing: a computational
model for machine design. Proceedings of the 5th international
conference on design Theory and Methodology, American
Society of Mechanical Engineers, Des Eng Div (Publication)
DE 53:243-251

Taylor BW (1999) Introduction to management science. 6th edi-
tion, Prentice Hall, New Jersey USA, ISBN 0-13-918103-2

Thornton AC, Donnely S, Erton B (2000) More than just robust
design: why product development organizations still contend
with variation and its impact on quality. Res Eng Des
2000(12):127-143

Ullman D, D’Ambrosio B (1995) A taxonomy for classifying
engineering decision problems and support systems. ASME Des
Eng Div (Publication) DE 83(2 Pt1):627-637

&5

Vose D (1996) Quantitative risk analysis. Wiley, ISBN 0-471-
95803-4

Wallace KM (1987) Studying the engineering design process in
practice. International Congress on planning and design theory,
Boston, USA 17-20 Aug, pp 6

Wood KL, Antonsson EK (1989) Computations with imprecise
parameters in engineering design: background and theory.
J Mech, Trans Automation Des 111(4):616-625

Yassine AA, Falkenburg DR (1999) A framework for design pro-
cess specifications management. J Eng Des 10(3):223-234

Yassine A, Falkenburg D, Chelst K (1999) Engineering design
management: an information structure approach. Int J Prod
Res 37(13):2957-2975

Zlotin B, Zusman A (1999) Managing innovation knowledge: the
ideation approach to the search, Development, and Utilization
of Innovation Knowledge. http://www.ideationtriz.com/
paper_Managing_Innovation.htm last updated 2 Jan 2001 and
accessed on 29 Jan 2001



	Sec1
	Sec2
	Fig1
	Sec3
	Sec4
	Sec5
	Sec6
	Fig2
	Fig3
	Sec7
	Sec8
	Sec9
	Fig4
	Sec10
	Sec11
	Sec12
	Sec13
	Fig5
	Fig6
	Sec14
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR40
	CR41
	CR42
	CR43
	CR44
	CR45
	CR46
	CR47
	CR48
	CR49
	CR50

