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Silent, Robust, Predictable

and other ways of designing

by Colin Clipson

This paper traces the recent emergence of some new design process and methodsissues.
These issues are closely related to contemporary means of production and project
management. The paper speculates upon their impact on traditional methods of

designing.
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HERE HAS LONG BEEN A STRONG ELEMENT of

doubt lurking in the minds of students

and practitioners of design about the di-
vide which exists between how designers are
taught to design in schools and how designers go
about learning to design in practice. One is re-
minded of Peter Drucker’s observations about
the gap between the theories of medicine and the
practice of surgery in the seventeenth century.’
Academy based doctors postulated theories and
methods relying very often on Latin as the pre-
ferred language of communication, while the
practice of surgical intervention was carried out
by barbers on the street with the varying degrees
of skill of their trade. Though the line is not
drawn as dramatically in design today, and there
are certainly cross-overs between theory and
practice, the substance of the divide has fueled
research and speculation by theorists and prac-
titioners (but mostly theorists) about how
designing is and should be done.

Literature on design process and methods began
to appear in profusion in the late 1950s and
1960s. This came from a variety of professional
and disciplinary backgrounds — engineering, ar-
chitecture, industrial design and visual commu-
nications, operations research, and ergonomics.
Encouraged by the activity several international
conferences were held in Britain, the United
States, and Germany and research organizations
were formed such as the Design Methods Group
in the United States and the Design Research
Society in Great Britain, these in turn established
ties with such groups as the Ergonomics Society
and the Human Factors Research Society. Since
that time, research activity and literature on de-
signing has continued to grow subject to the in-
fluences of changing disciplines, emerging tech-
nologies, and funding sources. While most de-
sign education for architects, industrial desig-
ners and graphic designers remains essentially a
learning experience with traditional ‘design by
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drawing’ at the core, and technical subject and
humanities around the core, design methodology
researchers have speculated on the issues of
growing complexity in the world of artefacts and
services, and the inability of the traditional de-
sign approaches to meet the needs of today’s
complex project demand and delivery. The
strengths and weaknesses of various approaches,
traditional and new have been the subject of
much of the research work of the past twenty
years,>* the majority of the work emanating from
arelatively few academic institutions around the
world. During this same time period, design edu-
cation has remained faithful to the traditional
design by drawing core, with some fluctuation in
emphasis in the subject matter around the core.
By contrast, global, economic, technical, politi-
cal and social conditions have changed dramati-
cally with deep and lasting implications for the
practice of design in its various forms, Changes
in the ways of making things have accelerated
the pace and problems of production over the
past decade. Advances in materials technology,
in concert with innovative fabrication and as-
sembly processes have resulted in so called lean
production systems that are forcing producers all
over the world to take stock of how things are
made, Developing and managing these produc-
tion systems has focused attention not only on
how things are made but how they are designed.
Therefore practice of design in architecture, in-
dustrial design, manufacturing engineering, visu-
al communication both electronic and graphic,
are subject to extreme changes in demand, deliv-
ery and technology brought on by market place
conditions; yet both design teachers and prac-
titioners have been slow toreact tothese changes.
Architects in many countries are suffering levels
of unemployment and lack of demand for their
services unprecedented since the Great Depres-
sions of the 1920s and 1930s, industrial desig-
ners are perplexed by the often conflicting de-
mands of designing form and designing for ma-
nufacturing, and traditionally trained graphic
designers, threatened with near extinction by
digital image making and computer generated
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typography and printing have begun to respond
by taking steps toradically alter their approaches
to training and practice. Thus, research on de-
signing, teaching designers, and practicing de-
sign uneasily coexist in this volatile environ-
ment often with only the most tenuous connec-
tions. Indeed, some serious observers of the si-
tuation have pointed to what they see as the in-
creasing autonomy of theory, design, technology,
and practice. Gutman® focuses on the separation
of architectural theories, teaching, and practice
in his recent works, and emphasizes what he
calls design theory grounded in a “rhetoric of
alienation” that appears to relish the inability of
architects to be more effective in dealing with
contemporary building problems.

In most U.S. schools, the careful layering of
design studios, technical courses, professional
practice and design methods, with or without
research activity supporting the educational pro-
gram, almost guarantees research, teaching and
practice will continue in a semi-autonomous
fashion.

None of this is new of course, in the United
States studies supported by the Andrew Mellon
Foundation more than ten years ago documented
the lack of fit between architectural design edu-
cation and the changing demands of practice and
the market place.’® According to these studies,
students in schools of architecture receive con-
tinuous and intensive training in form-making
based on fictional programs which make little or
no pretense at simulating the realities of practice
and real world building, economic, and user
problems,

Design training is seen to be a vehicie for the
advancement of the teachers’ architectural theo-
ries “These involved the manipulation of built
form based on selective ‘high art’ precedents. In
all the examples, to a greater or lesser degree,
this led to the independence of architectural
form from building content. Not a separation but
on unequal coexistence in which each developed
out of separate rules but in which the romantically
deduced formal principles governed.” In the
same studies, practicing architects interviewed



stated that their academic training had not pre-
pared them sufficiently todeal with diverse chal-
lenges of professional practice. Many of them
had graduated without a working knowledge of
construction, materials, building environment
relationships, about how to predict the impact of
a building on its users or about how to manage
even modest sized projects, the network of work-
ing relationships involved, and how to manage
relations with clients and users. In other words
without an appreciation for acomprehensive de-
sign process and supportive methods. In 1987 an
evaluation study’ of British design schools and
their relationship to other disciplines and indu-
stry identified similar problems steraming from
the autonomy of design culture. The report
pointed to the effects of the particular “profes-
sionalization of designers” and the consequent
tendency for them to putboundaries around their
expertise, thus inhibiting expertise from flowing
o and from other parts of the development en-
terprise. One major criticism lay in the lack of
integration of design training with economic,
technical and social disciplines; the marginal
role of engineering disciptines and knowledge of
technologies being seen as a serious weakness.

Since 1970 there has been steady growth of
doctoral programs in architecture in the United
States, and as many as thirty schools claim to
have research programs doing research on a
wide range of topics including design methods,
building and environmental technology, envi-
ronment and behavior, history/theory, and man-
agement issues. However in my view, there is
little to suggest that these recent institutional
developmentsin doctoral education and research
have had any significantimpact on the prevailing
methods of teaching of design in professional
programs. Fuithermore, few schools of indu-
strial or graphic design have research programs
or offer doctoral degrees in design studies, so
that the crucial links between design research,
design education, and design practice are miss-
ing, resulting in seriously disfunctional profes-
sional activity. Research on design processes
and methods is therefore borrowed from other

source disciplines, is sporadic in its availability,
and as a result serious study of designing, and
acknowledging research on the subject as an es-
sential componentoflearning todesign, is lacking
in most schools.

Inrecent years the study of designing has been
receiving muchattention in other quarters, name-
ly business and management schools, manufac-
turing engineering, computer science and cog-
nitive science. The convergence of many issues
— technical, economic, social, has made design-
ing the center of attention in a number of diffe-
rent fields. The result is a fresh set of design
research issues to be considered, and a new
group of researchers and consortia making an
impact on the study of design methods and pro-
cesses. The remaining part of this presentation
will attempt to explain why this has happened
and why it is important to design schools.

Before doing this, I think it is worth mention-
ing that interest in designing has moved off the
pages of design journals and on to the pages of
the business press and even the popular press. To
quote the influential Fortune magazine “The
1970’s were the decade of price reduction, the
1980’s were the decade of quality, the 1990’s
will be the decade of design.”® Fortune, Business
Week, the Harvard Business Review and other
monthlies have begun to pick up on the results of
research and practical industrial application that
designing in one or other of its forms is key to
productinnovation, is critical in developing high
levels of quality and performance, and will be a
major force in differentiating products and
services in highly competitive markets of the
future. Further evidence of this wider appeal of
design can be seen in the best selling popularity
of Donald Norman's The Psychology of Every-
day Things® a serious and entertaining work
about the relationship between people and every-
day objects and the ways we use them. Norman,
acognitive scientist, sees design at the root of all
decisions about making things work for people
and with people. “The designer must develop a
conceptual model that is appropriate for the user,
that captures the tmportance of the operation of
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Figure 1. From Norman 1986. Three Aspects of the
Conceptual Model: the design model, the user’s
model, the system image.

the device, and that is understandable to the user
... three different aspects of the model must be
distinguished: the design model, the user’s model,
and the system image. The design model is the
conceptualization that the designer has in mind,
the user’s model is what the user develops to
explain the operation of the system. Ideally, the
user’s model and the design model are equiva-
lent. However, the user and designer communi-
cate only through the system itself: its physical
appearance, its operation, the way it responds,
and the manuals and instructions that accom-
pany it. Thus the system image is critical: the
designer must ensure that everything about the
product is consistent with and exemplifies the
operation of the proper conceptual model.”"°
Current practices in co-determination, code-
signing, covisioning, serve to emphasize the im-
portance of designing as a ubiquitous activity in
which many actors may play significant roles
and must be considered as sources of expert
knowledge alongside professional designers. The
research of Von Hippel"' documents the role of
users as the originators of many innovations
from household products, tocomputers, tomedi-
cal electronics. Building the user into the design
process has received periodic attention in design
research but has not received the research inte-
gration it deserves in design programs. To many
of us in the United States and Britain, the pro-
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gressive climate for participatory design and de-
cision making in Scandinavia has served as a
model for our more modest efforts at developing
design methods that are both more democratic
and innovative in their incorporation of the user
as designer and innovator,'>"?

During the 1980s there was a massive interna-
tional investment in developing processes and
tools to improve quality, performance and cost
of all types of artefact and services. Initially
inspired by such researchers as Deming and
Juran and culminating in what has been called in
Japan and elsewhere The Quality Movement, the
investment is resulting in the “re-engineering”
of all types of enterprises. Research on the control
of manufacturing and process engineering, iden-
tified design as the cause of over 60% of the
quality defects in manufactured goods; a sig-
nificant attribute whichever way you look at it.
Japanese researchers like Shigeo Shingo' in
collaboration with Japanese manufacturers have
developed new production systems, in which
many types of designing play a crucial and stra-
tegic role.

Multinational corporations like Philips of
Eindhoven, (one of the world’s largest producers
of consumer electronic products) have radically
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Figure 3. Philips, Eindhoven. Design for Assembly Studies, 1988.

“redesigned themselves” (in the words of Phi-
lips managing director of design Robert Blaiche)
to develop a product cycle, and product quality
that is as competitive as Sony and Sharp. Studies
of Philips Design for Manufacturing and Ass-
embly processes (DFM, DFA) demonstrate the
critical importance of using designing as a stra-
tegic tool for improving product quality and
performance. Figure 3 illustrates the manufac-
turing performance before and after DFA.

Redesign at Philips has resulted in reduction
of some product cycles from 14-16 months in
1980 to 7 months in 1988. Much of the research
be-hind these changes is of course proprietal and
we can only speculate on the impact of these
powerful forms of designing on other sectors;
but it is safe to assume, I think, that such
experience will have a profound effect on our
view of design processes and methods in gene-
ral terms.

Business schools and management institutes
throughout the world have begun to pay atten-
tion, and to focus on how designing can be chan-

neled and managed as a business resource. De-
sign management studies and programs are
springing up everywhere; courses, programs and
texts' are being produced in most European
countries, Britain, the United States and of course
countries on the Pacific Rim. I suspect that as
more and more evidence is available on the im-
pact of design on quality, performance, cost to
produce, and customer satisfaction, so business
schools will begin to lead the way in Design
Management research and practice.

The way in which acompany understands and
organizes design can have a profound impact on
its performance and ability toinnovate. Business
researchers are beginning to see special roles for
managers as essential “silent designers” who
have far reaching responsibilities for choosing
and integrating the various types of design and
otherresourcesinto an effective productdevelop-
ment process. Dumas and Mintzberg in “Man-
aging the Form, Function and Fit of Design”
(1991)'¢ outline four models each of which de-
scribes a design process with particular methods
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Figure 4. Dumas and Mintzberg, 1991.

forintegrating and phasing the design activity. In
one of their models — entitled Cooperative De-
sign they spell out the roles for engineering and
industrial designers but also for what they call
‘silent designers’, silent designing being the re-
sponsibility of those who deal with the function
and fit of the whole process from inception of the
idea to the customer. In the view of Dumas and
Mintzberg (and otherresearchers like Peter Gorb)
‘silent designers’ have a responsibility to estab-
lish a design reality which is as important to suc-
cess of the enterprise as the work of industrial
designers, architects and engineers. Thus man-
agers practice ‘silentdesign’ to control the many
decisions taken to integrate all the resources of a
project (no matter how unaware the form desig-
ners may be of their impact). These researchers
point to examples from automobiles to kitchen
products, department stores, museums, and disco-
theques that are developed by ‘silent design” as
the ‘umbrella’ for the other form-making ways
of designing.

Industrial research and industrial experience
of the past decade suggest some major themes
for design research and practice. According to
research by Whitney'” in studies of the manu-
facture of automobile components at General
Motors, 70% of the cost is determined by the
design stage. At Rolls Royce design determines
80% of the final production costs of 2 000 com-
ponents. While managers used to think of 5%
improvements in costs as being good, industry
leaders have goals today for slashing costs by
30% to 50%, and design plays a crucial role
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whether by intention or default. New design
tools like mechanical computer-aided enginee-
ring design systems {MCAE) permit design teams
to simulate and test designs before they are built
so that they can improve quality, reliability, and
performance, through design variations. The key
to this approach is designing for predictability. In
manufacturing terms, a well designed product is
a predictable product, and one that presents no
surprises or problems during fabrication, assemb-
ly, and use. MCAE systems reduce the namber of
design trials and prototypes by reducing the
complexity of the design, reducing the number
of parts, simplifying sub-assemblies, and simpli-
fying types of fasteners and manual finishes.

ITI DESIGN "BACKWARDS" PROCESS
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Backed by expert systems which evaluate the
best solutions from a manufacturing process and
cost viewpoint Design for Predictability will
have a significant influence on all types of archi-
tectural and industrial design where ease of pro-
ducibility is important.

To look at these design tools in terms of archi-
tectural design methods is difficult at the present
time because wedonotknow how many architects
use computer aids for the simulation of concep-
tual design, and use computer models to test the
producibility of their designs, and the environ-
mental/land use impacts of their building forms.
It is more clear that CAD/CAE are being used
widely to detail the lower level design functions
and to detail structural and construction infor-
mation. Given what we know about the use of
expert systems and MCAE in manufacturing,
and the interest of large construction organiza-
tions involved in the application of these to large
scale developments (e. g. Shimizu Corporation)
we can expect that this type of project automa-
tion will begin to have a real impact on the man-
agement of Design-Construction process. Cost
estimating, scheduling, material selection and
control, architectural programmer checks, reduc-
tions of change orders, spec. verifications; all of
which lend themselves tointegration into a project
design database from which project delivery is
managed.

While a great deal has been written about flex-
ible and predictable manufacturing by design,
robust design, or the development of adaptable
product design families has received less atten-
tion, though itis as important from a design pro-
cess and methods viewpoint. Rothwell and Gar-
diner (1985)'"® studied the performance of pro-
ducts and categorized them as ‘robust’ and ‘lean’
designs. Robustdesigns are those which resultin
products that can be continuously modified to
accommodate market changes, and flexibility in
use over a long product life; such products are
described as having a great deal of “stretch.”
Lean designs on the other hand, are less adapt-
able, less able to accommodate new demands,
and thus are less adaptable as subjects for in-

cremental innovation and reuse. Aircraft, cars,
machine tools and many other products may be
categorized as having robust or lean designs, and
this attribute will have an impact on their success
in the marketplace. Robust design may be achie-
ved by developing Product Design Families
which allow design variations of a product to be
developed within an open ended modular con-
cept, with flexible response to changing user re-
quirements or sudden market shifts. Robust de-
sign through product families emphasizes the
need to develop design attributes which afford
adaptable features and assemblies while main-
taining high performance and quality (e. g. Nikon,
Sony). Robustdesign has been muchinevidence
in volatile, highly competitive markets.

Earlier, I argued that traditional schools of
design — architecture, industrial design, visual
communications, have settled for a traditional
design core of ‘design by drawing’ and model
making surrounded by a periphery of technical
and other subjects. In the latter part of this paper
I have suggested that another design core is
emerging, one which includes ‘design by draw-
ing’ but places the traditional design approach in
with an array of production and management
design process techniques, some of them imple-
mented by new types of designers.

Much of what is still being taught about de-
signtoday in schools of architecture and industrial
design may be due to either unawareness of the
new ways of making things, or to the still widely
held belief that designers practice a semi-auto-
nomous art in what clients, markets, and end
users regard as the least autonomous of profes-
sional cultures. Whatever the reason, there is a
critical need to study and evaluate both traditio-
nal and new methods of designing in our field.
Thirty years of research into design methods and
processes has shown that while traditional de-
sign methods may be too simple to handle todays
complex problems, designers are reluctant to
adopt new methods until they are proven suc-
cessful and user friendly. Design researchers
have yet to do much research that satisfies these
last two points.
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In

his texthook on Design Methods (1970)"

Chris Jones asked some crucial questions about
traditional design methods and emerging new
methods, and what are the strengths and weak-
nesses of both.

10.
11.
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What is designing?
In what ways are modern design problems
more complicated than traditional ones?
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