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ABSTRACT

Nealy dl published modes of the desgn process fail to explicitly consder the impact of
desgn being conducted by team members who ae geographicaly dispersed. Such globa
desgn teams ae becoming increesingly common. This paper presents the prdiminary
findings of two in-depth invettigations of the distributed design process in two multinationa
companies. One company is primarily involved in origind desgn whilg the other is involved
in adaptivelvariant design. The paper introduces some decriptive models of the micro and
macro didributive and collaborative design processes observed in the companies. These
descriptive  processes should enable researchers to gain a better understanding of the
distributed design process and thus begin to prescribe processes and associated tools to
support new and improved distributed design processes.

1INTRODUCTION

Previous sudies of distributed design have concentrated on creating tools to support the
design process [1-3]. These approaches assume that existing design processes [4,5] are
satidfactory for didribution However previous research [6] has shown tha there are
sgnificant differences between didtributed and ‘traditiond’ design processes. For example, in
digributed design there are lower levels of awareness of other people and work, fewer
interactions and an increased difficulty in knowledge transfer. The research reported in this
paper is part of a wider project aiming to achieve a greater understanding of distributed design
— processes and fallures — so as to best creaste supporting process structures for increased
digributed desgn performance. This paper presents the prdiminary findings of an eght-
month indugtrid study of two multinational companies, Company A and Company B, who
practice manly variant/adgptive desgn and origind desgn repectivdly. This dlows
comparisons to be made between these two types of design. The paper introduces some
decriptive modds of the micro and macro digtributive and collaborative design processes



observed in the companies. These descriptive processes should enable researchers to gain a
better understanding of the distributed design process and thus begin to prescribe processes
and associated tools to support new and improved distributed design processes. The paper is
dructured as follows — Section 2 introduces the industrid case dudies in terms of the data
collection methods used and gives a brief profile of the two companies studied. Section 3
outlines the research methodology adopted in the work. The main findings of the paper are
presented in Section 4 where main issues and a description of origind and variant/adaptive
design environments are discussed for both micro and macro processes. Section 5 summarises
the main findings and discusses implications for supporting distributed design work. Section 6
concludes the paper and indicates areas where future work is required.

2INDUSTRIAL BACKGROUND

Two four-month studies of distributed desgn were carried out sequentidly in UK indudry.
The work was plit into three areas. an identification of current practices, an understanding of
present problems or chalenges associated with digtributed design; and an invedtigation of
possbhle solutions. Didribution was studied in terms of work organisation, communication
modes and eactivities undertaken. The management of Knowledge, Information and Data
(KID) (with particular emphasis on integration and transfer) was examined within each of the
companies, due to a bdief tha the success of a didtributed desgn process is directly
dtributable to the efficency of KID management. The two case sudies were different in the
types of dedgn involved — one case dudy involved manly origind desgn whilg the other
involved adaptivelvariant design. A variety of data collection methods were used: dally emal
diaries were used to invedigate engineers day-to-day work in the digtributed space
questionnaires were used to chart the current perceptions and activities of the engineers, semi-
dructured interviews helped to detall experiences; while document analyss and direct
observation completed the method set. The data collection methodology was based on the
work of Yin[7] and is described in more detail in [8].

Company A practises manly variant/adeptive desgn. The company is manufacturing/qudity
driven and dthough design processes (based on Pugh's Tota Design [4]) are preached, these
are often ignored when engineers are required to schedule and work backwards from a
contract end date. The design environment is highly technicad and complex with design re-use
predominant. Conventional communication tools are available with the addition of video and
audio conferencing suites. Information and knowledge management tools are sophigticated
and widdly used.

Company B, is a Fast Moving Consumer Goods (FMCG) organisation and is marketing
driven. Dedgn is essentidly a subset of marketing with the design process proceeding through
a st of gaes and olit into three stages — idea, feashility and capability. The dedgns
obsarved in this company were primarily origind desgns The company is required to
innovate continuoudy but the product complexity is low. Communicetion tools are smilar to
Company A but the systems available for storing information/knowledge are poor.

3 RESEARCH METHODOLOGY

Table 1 shows a three-step approach to the overall body of research that is one of description
and precription with pat of the description the focus of this paper. Firdly the exigting



processes are observed and described, and then any percelved failures are mapped to the
exising processes. This then leads to the prescription of a process for supporting distributed
design. This paper only discusses the first phase (describing the process). Future papers will
report on the other two stages.

Table 1 Resear ch methodology

Phase Step Definition

Descriptive (describing) PROCESS Exising multi-level
processes (detailed below)
within industria case studies

Descriptive (describing) FAILURE Failured/problems arisng
from processes above

Prescriptive (prescribing) PROCESS New processes to help
counteract failure modes
identified above

Table 2 Process definitions

L evel Definition

Micro day-to-day working practices of designers in a distributed
environment

Macro longer-term working practices evident from designers work, usualy
within the context of tackling a project

Preached on a macro level but different from above as designers rarely
replicate exactly what is considered policy from the company.
Academic processes from the design field are also considered

The process findings are presented on three levels (as shown in Table 2): micro-processes
detall the day-to-day working practices of dedgners in a didributed environment; macro-
processes detail longer-term work patterns within the context of a project; and presched
processes detail company processes which desgners are expected to follow. An examination
of these levds should indicate the suitability or otherwise of company policy and provide
clues as to what types of processes might be implemented to improve distributed work. An
important point to make is that certain areas of a designer’s work are open to change whereas
other areas are part of natural human behaviour and therefore impossble to change. Both
areas should be acknowledged and catered for in any implemented process.

4 MULTI-LEVEL PROCESS DESCRIPTION AND CROSS CASE ANALYSIS
4.1 Micro-processes

4.1.1 Adaptive/variant design environment

Observations of the working processes of Company A showed the importance of switching or
changing between different types of work in a digtributed design poject. The main work types
were dmple information exchange/searching and collaborative design. Information exchange
is defined as interaction with any digtributed colleague who may be internd or externa to the
organisation and has no interest or stake in the find design, eg. a sub-supplier who provides a
gpecification for a component that may be used in the fina desgn. Collaborative design is
diginguished from information exchange by the fact that, athough the collaborators may



exchange information, they have a common interest in developing the desgn. The engineers
were found to go through a cydic process of long periods of smple information exchange,
and short intense periods of collaborative design. These interactions were found to occur in a
ratio of gpproximaely 5:1. Information exchange was characterised by asynchronous
interaction, primarily through e-mal and often included low levels of problems (with the
notable exception of external collaboration which was fraught with difficulty, espeddly
concerning remote avalability) while collaborative desgn was usudly conducted in a
gynchronous fashion usng any tools a the engineers disposd. Collaborative design was
characterised by a much higher leve of difficulty, induding unachievable design details and
miscommunication of specifications. Didribution appears to exacerbate problems found in
both information exchange and collaborative design in a collocated environment.

At the micro levd, the process of collaborative design can be represented smply as a black
box process where a period of collaborative design trandforms some information into a new
st of, hopefully useful, information. It was observed that a critical mass of informeation is
needed before collaborative design can commence. In some circumstances the collaborative
desgn phese is initiated, due to time congrants, before the criticd mass of information has
been reached. This usudly gives rise to a greater number of problems. The information
produced by a period of collaborative design is then used as input for another period of
collaborative design, shown by the cyclic process moddled a the bottom of Figure 1. It was
evident from the case dudy that tha some levd of common understanding and individud
work is required before collaborative phases can commence.
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Figure 1: IE/CD cyclic model

Another micro-pattern discovered in the adeptivelvariant desgn environment, outlined in
Figure 2, centred on badc information exchange with little or no didributed collaborative
design. The firg stage in this work pattern is the discusson of a work problem or need. This is
usudly caried out synchronoudy and centres on some abdract representation of the
problem/need. At this stage the designers only possess menta models of the work in question.
Through discusson the abdract representations become more concrete and information
exchange becomes asynchronous. Findly, some levd of synchronous review and discusson
takes placein order to clarify or develop the representation.
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4.1.2 Original design environment

Although each of the above micro-processes was discovered initidly in the variant/adeptive
desgn environment the same generd patterns were observed in the origind design
environment of Company B, but with a few key differences. Firdly, a very low amount of
digtributed, collaborative design took place. Although it was observed that a criticd mass of
information was required before collaborative design could take place, the desgn sessons
were often collocated rather than distributed. Collaborators would often travel or key
individuals were collocated for the duration of the project. It is assumed that due to the
decreased complexity of the product (with respect to Company A) the posshility of having dl
necessary interactions in a smal, collocated team is greater. Also current technologies do not
make it easy to trandfer credtive, innovative desgn work between digtributed individuds,
therefore collocated sessons are more effective. The origind desgn environment required
more iterations and a greater percentage of the time actualy spent designing. However, much
of this desgn was done on an individua bass and then shared — there was very little
synchronous, co-operative design. The observed micro-process is shown in Figure 3, which is,
in essence, a combination of the processes shown in Figures 1 and 2.
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Figure 3: Original design process

Ancther defining festure of this environment in Company B was the continua need for
feedback from physicad modes and prototypes. These were used a al stages of the design
process and were vauable in a knowledge trandfer sense but were time-consuming in a
digributed environment to the need for conventiond mail, while the dectronic transfer of
virtua models did not prove as informetive.
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Figure 4: Representation stages

4.1.3 Issues

Obsarvation in Company A indicated a high levd of problems in the collaborative design
phase. This may aso be the case in collocated design — when collaborating, individua work is
open to question more immediately by the rest of the team. However, it is clear tha some of
the problems were exacerbated by didtributive factors — many were related to the concept of
information, having timely transfer and a criticdl mass necessary for collaboration. All could
be linked to the need for having a grester awareness of the different types of people and their
activities a different locations. The origind desgn environment of Company B involved low



levels of digtributed, collaborative design. Smple tools such as shared workspaces may be
able to facilitate higher levels of collaboration. Both companies used well established tools
such as e-mall, teephone and fax to facilitate distributed work. Other tools such as audio and
video conferencing were available but design teams tended not to use them on a daily bads, if
a dl. Greenberg dams the rductance of people to use such tools is due to the dgnificant
extra sart-up effort that is required [9]. It is clear, therefore that a grester examination of
processes and human factors associated with distribution has to be carried out in tandem with
acontinua improvement in tools.

A mgor problem within the origind design environment regards representation. Physica
models are required and used. Studies have shown collocated design work, particularly
questioning, to change dramatically depending on whether concrete or absiract models are
used [10]. Concrete models are shown to facilitate design progress at certain stages. However,
this does not prove easy in digtributed processes. In Company A where large scae, highly
complex products are designed, it is not possble to build physcd prototypes and the
enginears must make do with virtud modds mogt of the time Problems arise in digtribution
when deding with abstract representations and even non-physicd models - collaborators do
not know if the ‘dgnd’ is beng trandered adequatdy, that is is there aufficient
understanding? More concrete representations, earlier in the process may help with these
issues as wdll as an increased awareness of the Situation and others’ actions.

4.2 M acro-processes

4.2.1 Adaptive/variant design environment

Figure 5 modds the observed didributed design process on a generd leve and is linked
closdy with the IE/CD micro patern shown in Figure 1. The Collaborative Design (CD)
‘dream’ is ongoing in terms of the desgn being continudly progressed while Information
Exchange (IE) ‘threads exist. These pursue matters externd to the main design development
and often include others externd to the core design team, but are nevertheless very important
to overdl devdopment, for example, the dectrical connection detals from a sub-supplier and
the name of a person from a sister company who worked on similar projectsin the past.

IE threV\
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Fig. 5 Stream/thread mode

However, the CD dream rardly proves to be without trouble. Frequent bottlenecks usudly
appear & stages of the main CD stream and sometimes only open up when output from one of
the IE threads feeds back into the stream. In a distributed environment there is increased
potentid for these bottlenecks to cause disruption due to increased delay in information
transfer. Engineers dtated the importance of the right levels of congraints and resources at the
beginning of the stream.



Figure 6 gives a graphicd representation of the digtributed design process and product
sructure in Company A. The process starts with a design need and a perceived solution to
that need. In many indances this early stage of the design process is collocated. The overdl
perceived solution is then Folit into sub-systems. These parts of the solution are then tackled
by digtributed groups, according to resources and expertise. Few problems are redised within
these groups but problems arise when atempting to integrate these sub-systems to form the
overdl solution.
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Figure 6: Sub-system model

The physcd sub-systems can be conddered as chunks of knowledge distributed between
different locations and members of the design team. The overriding factor is the need to
achieve aufficent integration of these digparale dements of the find desgn. This view of
digributed design suggests that most distributed work is a collection of collocated teams, in
essence a collocated-centric view of distribution. We propose that for distributed work to
reach its full potentid a disributed-centric view must be developed where the links between
disparate chunks or sub-sysems ae optimised. This will involve optimisng interfaces
between sub-sysems before optimisng the content of those sub-systems. However, Figure 7
illugtrates some of the problems when deding with this. Often stages 2 and 3 of the process
have to be conducted in parale due to the different needs of the distributed collaborators.
These ‘interface’ problems dso exist in collocated design but are exacerbated by distribution.
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Figure 7: Dynamic sub-systems model

One possble solution to the interface problem could be to spend more time on a joint
specification and set out a very accurate solution envelope. However in practice, due to time
condrants, the envelope is usudly defined quickly and briefly after which accuracy is
achieved through iterations.



4.2.2 Original design environment

As with the micro-processes, generd patterns observed in the origind design environment
were gmilar to the variant/adaptive desgn environment. The CD sreanVIE thread modd
(Figure 5) dso gpplies to this environment. However it was observed that collaborations out
with the core desgn team/organisation were more efficient than those within the company.
This incressed efficiency appeared to be due to good rdationships which were evident with
externd suppliers, and can be patly attributed to the lower complexity in product and
therefore  supply chain.  Furthermore, this efficiency emphasses the importance of
relationships and trust in digributed work. Difficulties encountered in the CD stream were
attributed to the broad discipline base, each with a different perspective on the work and
dightly different gods The sub-system modd of Figure 6 was aso gpplicable but there were
fewer sub-systems due to decreased product complexity. Furthermore, a broader discipline
base is evident here resulting in a grester variety of inputs and different disciplines or
organisations a each of the locations. The dynamic sub-sysem mode of Figure 7 was aso
representative but on a smdler scde. The typicd number of interfaces in the origind design
environment product was 2 or 3 but with variant/adaptive environment products the number
of interfaces could be as high as 100.

4.2.3 Issues

The sream/thread model again emphasses the importance of the timeliness and qudity of
information transfer when faced with the prospect of bottlenecks in the main design stream.
Further, it highlights the importance of the extended design team. Problems are evident with
externdl collaborators in the variant/adaptive design environment with its associated complex
supply chan. Although previous dedgns may be reused, aeass of these extended
collaborations may be new, and open to difficulty, partly due to the high volatility of saff
movement in today’s marketplace. Ensuring common gods is a necessty within the extended
desgn team. Conversdy, more problems were evident in the main design stream within the
origind desgn environment; problems were evident due to the presence of different
disciplines and their varying perspectives on the design. Figure 6 highlights the importance of
distributed sub-systems in a product and their integration and interactions. Collaborators need
a clearer idea of the distributed space and how that fits with the product. The origind design
environment is less complex and is less troubled by such chalenges but they remain relevant
patly due to the diversty of disciplines involved, resulting in difficult interactions. The
dynamic sub-system mode tekes the digtribution/product structure theme further. Again, there
is less of an issue in the origind desgn environment but the importance of interfaces on a
physicd, information and * distributed space’ level cannot be underestimated.

5 SUMMARY AND IMPLICATIONS

A desription of multi-level processes in origind and variant design environments has begun
to highlight important factors which must be taken into condderation when cregting new
process support structures. The importance of having a criticad mass of information as well as
timdy trander of it has emerged, while adso vadidating the examindion of knowledge
management in the overal body of research. The importance of representation as a deciding
factor in the success of communication is clear with a focus on the type as opposed to content
which is an ongoing chdlenge in desgn communicetion. The theme of awareness runs
through each of the issues as an important pre-requiste to success and is investigated widdy
within the CSCW domain. Findly the importance of the desgn team and interactions — the
digtributed design ‘space and the product with it's related complexity, scae, sub-systems and



interfaces is crucad and demondrates the dgnificant chalenges of providing support within
this diverse fidd. A didributed desgn ‘ecosysem’ which will describe the overdl
environment and help to define boundary conditions for each case is currently being
developed.

Any new process support has to teke account of existing practices within the organisation.
Problems arise when trying to integrate processes from distributed collaborators/organisations
[11] while too many processes within an organisation are sure to do more harm than good.
Although both case environments described here ded with the design of products the
organisations are vedly different, dthough smilar in that preached processes as covered
briefly in section 2 are rardy used. It is hoped that a description of distributed design, which
has begun to be developed in this paper, may help to establish an understanding of core needs,
and result in supporting processes which may be used in conjunction with existing processes
and modes. In many cases, exiding processes tell us how to desgn but not how to
communicate or collaborate. The ultimate am is to create support structures which may fit
onto exising processes, thereby addressing the problems of process overkill and integration.

Present and future development of this support will centre on the collaboration domain from
CSCW. An awareness and switching framework, based on exising CSCW literature and
developed in light of digributed design has been creasted [12]. This caers for the generd
needs of flexibility and diversty, patly through a trandation of distributed design needs to
address needs related to sub-systems, interactions and interfaces, from the team and product
domains. Awareness is defined here as an up to the moment undersanding of a Stuation that
a desgner is working in. Switching takes account of the different redlities that a designer
changes between such as, synchronous and asynchronous, or individua and co-operdtive
work. Additiondly, existing design processes are being examined in light of the main issues
above and may result in changes in process stages to take account of digtribution, and issues
such as the increased difficulty in achieving common ground, the importance of interfaces as
a dage in their own right and a re-examingtion of the place of the desgn gpecification.
Findly, the metaphors of a didributed design space, in light of the importance of resources
and nteractions, and a digtributed design journey, due to designers awareness and switching
needs and their characteristics will be investigated.

6 CONCLUSIONS AND FUTURE WORK

The paper has introduced a research methodology which ams to address a sgnificant
chdlenge in digributed dedgn — the shear scope and diverdty of the problem. Two case
sudies have been discussed on a multi-process level, showing some of the main issues which
confront engineering designers in day to day digributed work while future development has
been discussed, revolving around a process based approach and the vaue of addressing
variousfiddsinvolved in distributed work.

The case studies dso examined the failure modes apparent in the distributed design processes,
however space condraints have necesstated ther omisson from this paper. A full lising and
classfication of dl falures in the cases is completed and will eventudly feed into an FMEA
exercise to detal their impact on the distributed design process. Vaue in the overal research

a0 lies in the presentation of indugtrid findings as a series of cases or dtories so as to endble
the efficient trandfer of findings
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