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Co-ordinating Joint Design Work:
The Role of Communication and Artefacts

An increasing number of technology developers are orienting their efforts towards
supporting the group work of designers and engineers, yet there are relatively few in-
depth workplace studies of this type of work. To help fill this gap, two case studies of
design work in engineering companies are presented and compared. The findings
suggest that design and engineering is constructed through the interactions of multiple
actors, and that artefacts and representations of the design process have a key function
in the organisation of this work. We note how current design and communication
technologies fail to take these dimensions of work into account, and provide
suggestions about areas where further reflection is needed.

Keywords: case studies, engineering design, collaborative design, computer supported
design, teamwork.



Groupware systems designesise increasingly creating systemswith a view to
supporting the work of design and engineering grolipsial research ébrts included
experiments witlthe use ofmulti-mediatechnologies t@support groups oflistributed
designer&2.3 More recentesearcthas widenedhe rangeof potentialtechnologies,
and the nature of the application areas: fashion dgsigrhitecture, and engineerirfy
The growth of interest in"Concurrent Engineering” as aesearchfield proposes
theoreticaland prescriptive modelf®r managing heterogeneous desiggroups, and
researbers havemade proposals on szifications and architecture®r computer
systems to suppodngineeringdesign. Such @plicationsidentified asfacilitating co-
located ordistributeddesign work iclude:shared screefwhiteboard),shared editor,
designer’'s notepadvideoconferenceintelligent agentsfor conflict detection, issue
based information system (IBIS), work-flow management, people locators and
awarenessystem,and virtualmeeting room. These technologieare developed and
marketed asolutions to whatre perceived to be problem ardas designers. In
short, it wouldappearthat group-based desigand engineering iget anotherform of
work which would benefit from the increaseduse of compter and communication
technologies.

In this paper, we suggest that it is unlikely that a simple technological "fix" will result in
dramaticimprovements irdesign efficiency. Tubstantiate thiglaim, we turn to
methods andresults froma different field of research. Agrowing number of
ethnographiaeportssuggest that desigwork dependson ongoingand sulde social
interactions and on transformatiowork involving design artefacts This evolving,
agonistic proceSsis in our view, not easily improved by némformationtechnology.
Along with other$, we suggest that deeperunderstanding othe limitations of
proposed technology can be gained by examining th&ocial and interactional
dimensions of desigmwork. Failure to dothis could result inthe design of
inappropriate oineffectivetechnologies, othe implementation of counter-productive
procedures and technologies. Whilst it may be possilieetiieintegrateddesign-and-
manufacture process, we cautiothat a richerunderstanding oturrent practices is
required in order to suggest which technologies may support and enable them.

1. Background to the Study

The objective ofthis paper is to highlight and establigiie importance otwo key
dimensions of joint design work: social and organisational interactions, and the ongoing
nature of theknowledge remsentation and transformatiomork that takes place
throughthe use of design artefactsThesetwo intersectingpathswill take us into the

heart ofwhat it is to dodesignwork. Independenbf this research, Roberts®rhas
emphasisedhe importanceof these dimensions indesign, and the casestudies
presented here will furthesupport this observation. Howear, in contrast to



Robertson’seport on aistributeddesign groupthe two casestudiespresentechere
are primarily of co-locategroups,and muchof the communicatiorcritical to their
work is not solely withinthe designateddesign grouptself, but isintra- and inter-
organisational in nature.

The case studies presenggdund andllustrate discussionsabout thetwo dimensions.
Although notentirely novel as a metidological oranalytical approach, fewdirect

comparisondave beertarried out offield or ethnographicstudies of desigmgroups.
As well, the two case studi@svolve design domains #t havereceived relatively tile

attention: mechanicadnd constructiorengineering. The main exceptiorhas been
Bucciarelli's seminabookl0, in which he reports othree fieldstudies ofengineering
projects. Acomparativeapproach igotentiallyfruitful in that it could helpdraw out
features that are common to design groups.

Finally, although this paper is primarily concerned with providing further details on the
contexts ofdesignwork, the study hasimplications for the design of groupware
systems to support design work. These are noted in the conclusion.

1.1. Shaping design work through communication

Previous accounts of design or engineering work point to various ways in which design
work depends orcommunicativeactivityl0,11,12,13,14,15,16,17,18,19 The potential
range of peoplevho may beconsultedduring design isextensive, andhesemay be
external to thedrganisation irwhich the design group i¢ocated(clients,modelusers,
managers otisers orclients, supliers, technicalexperts,otherdesigners), omternal
(productionpersonnel, organisational managersih addition,consumer gyups can
lobby so that certain desigreeds arenet, and “downstreamimanufacturing peonnel
may request oprovide information. Even groups inthe same company as the
designers may pressure the desegm toincorporateparticulartechnologiesalthough
they may not have a formal role in thesignwork20. As well, the resources which
sustain desigmvork (i.e. instruments angersonnéi®.11) may be negotiated between
various actors.

1.2. Artefacts produced for and by design work

The second key dimension of desigork analysedereinvolvesthe use ofartefacts.
Artefacts allow the externalisation and representationbjéctives,constraintsform,
function, assemblymaterials,and so oAl. Examples of artefacts are pen and paper
sketches, tables afata, guidelines;ardboardnodels,and visualisations produced by
CAD applications or virtual reality technology. In engineewiegign,there aredesign
artefacts, suchas plans, models, prototypeand visualisations,and there are
proceduralartefacts, which mawclude forms,changerequestspffice memos|etters,
schedulesand Ganttcharts. Design artefactgepresent thought about @esign,



whereasproceduralartefactsconveythe anticipateddesign procesand help toorient
people to it.

Artefacts are the objectsf interaction; theyhave an important rolasa communicative
resourc8. Objectscan be pointedo, talked about or sketchedn. Artefacts also
become the terrain owhich conflcts and collaboratioroccu?2.23  Agreements are
reified in artéactslO. Design artefacts cafunction as mediators between different
individuals or goups in desig. Sta?4 discusseghe use of ‘boundaryobjects’ as
vehicles for communicationbetween diverse groupwith different interests and
agendas. Henders8ndevelops thisdeawith the notionof “conscription device,”
whereby engineeringdrawings are used asnetwork-organisingdevices, drawing
different people into the design work as the inscriptions reach certain stages.

The communication diension andhe role andransformation ofartefacts indesign
work intersect in that the artefa@se subject taliscussionnegotiation, andlteration.
They are the focii of much ofthe social interaction, as contestedymbols,
objectifications oftemporaryagreements, andymbolic representations of potential
productions.

2. Case studies

Two case studies were carriedt @f independengngineeringdesignprojects. One of
thesewas of a group otonsulting engineerg/orking for the building industry; the

other was of a precision pump manufacturing organisation. The consulting engineers in
the building firm worked dosely with one another to produdeawings ofmechanical
andelectricalhardware. The pump manufacturing compamyas designing aange of
pumps to replace its current line.

Ethnographicayl informed fieldwork was carried out in thetwo organisations.
Fieldwork in bothcases wasoriented towards developing anunderstanding of the
communication structures aadtivitiesaccompanyinglesignwork, and of the role of
artefacts in the design process. Tdéngailedinterviews,observations ofvork, and an

examination of archivedocuments andhrtefactsused bythe designers(hardware,

software,paperdocuments, modelgjesigntools, etc.). In addition, severaldesign

meetings were observed.

The fieldwork used two different approachestfe data collectionOne of theauthors
took a longitudinal approach to the process, with 10 days on site spread rovetts,
whereasthe otherspent a month irthe workplace. Te studies wereconducted
independentlyalthough both researchdnad similar objecties of developing ®etter
understanding of theommunicativeand artefactualdimensions of desigwork. Very
few regarcherdhaveattempt todirectly compare their field obsetions,although we
believethis to be a usefulactic. This islikely to help identify regularitiesacross



organisations,and encourage researchers teflect furher about any observed
differences.

3. Designing a pump

A small manufacturing copany (60 employees), producedlimited batch precision

pump usedas one compomein afood processinghain (pumping products such as
ketchup or yoghurt). Thesenior managemeritad decided that aew pump was
required because of a nefedl increaseckfficiency, and alesire to reducéhe “parts

count” (to reduce inventory and the total cost), and assembly time.

Two graduates were hired to help desiganew pump. Their work wasspecified by

the managers, whalivided it intotwo segments.Onegraduatevould design aotor

and theinside of arotor case (the moving heabat propelsthe liquid), and the other

(whom weshall call the pump integratoryvould designthe body of the pump (shatft,
gearcase, gearing, and housing). A third graduate was employed later to design rigs for
testing prototypes. Thehreewere initially supervised by amxperiencedtechnical
director, and together formed the core design group.

When the study began, the rotor desigitk was largelycompletedanda significantly

new rotor had been developed. However, the overall design concept was criticised by a
steeringcommittee on thdvasis thathe estimatednanufacturingcostwas toohigh.

The rotor designer anitie pump integator thenworked onestablishing costed design
options.

3.1. Patterns of communication

The core design groupere co-locatedabovethe manufacturing sitehop floor, in the
same room as group of draftsmen. Thiareedesign engineersad drect aural and
visual communication, andhe pump integator hadvisual, and “on-demand’aural
communication with the technical directormv@ndow between théwo could be opened
or closed. Thusthe coredesign groupwas continuously aware of each others
activities, andspontaneousomments andjuestions werdrequently observed. In
addition, the core group held regular design review meetings.

It rapidly becameapparent thiathe coredesigners wer@teractingwith peopleoutside
their group, and that thegeople contributed significantly the formulation ofdesign
issues and salitions, aswell as to theorganisation ofthe work. For example,
information about ongoing workhe resultsof tests,and design optionwas provided
to the steering committed.he committeeappraisedhe design specificationsndicated
where more work was needed, and decided among design options.

The technicaldirector (and later aproject manager) managed tesignproject on an
on-going bais. He was athe hub of the communicatiortaking place around the



design work, monitoring, directing, and approving the work of the three designers. He
also provided design éds, defendedthe designers’ productions withersonnel who
were concernedabout theirlack of expemnce, critiquedand appreed planed
prototypes,and helpedliaise between thedesign groupand the manufacturing
engineers.

Both the rotor designer and pump égrator had frequerdommunicationwith shop-
floor personnelparticularly when they were stablishig costs for possibleesigns.
Sketches wereshown to productiorengineers involved irprocurement, andhese
provided information omow costswere establishedlong withcostestimatedor the
parts. Sometimes thalesigners askegotential suppliers forsimilar information.
Eventually this costinformation was synthesisednd collated, and presented to the
steering committee.

Communicationwas notuniquely drivenby the designers. For example,draftsman
was assignetb “draw-up” the pump integrator'sirawings so thaa prototype pump
could bemade. Although theengineers’CAD sketches weresufficient for internal

discussionabout thecost of a part, they weregenerally not suitabléor producing
prototypes or produicin drawings. When therewas insufficient information in a
sketch, and the draftsman would approach oneof the engineers,and askfor

clarification.

To sum up, the design group hedonsiderable number cbmmunicatiorpartners, on
and off site, all of whom contributed to some degrethéalesignwork. Forthe most
part, this was initiated by members of the core design gigetpat times tay could be
solicited by others, and asked to explain, or to bmore preciseabout design
configurations.

3.2. The range and role of artefacts

A variety of devices were uséy the engineers t@id themin their work. This section
identifies these &efacts, notesheir contribution tothe designwork, and highlights
both the transformatiorthat some of hemunderwentand thelimitations experienced
by the designers.

One design tool used frequently waSAD drawing packag. At thetime of the study,
the engineers hadecently installed anew systemAutoCAD. However, they rarely
used thepackage tareate prodction drawings, butrathersketches otherotor, parts
of the pump, or tegtig. The draftsmen, however, useditierent (andincompatible)
application, IBM CAD. Thus when the designers passed sketchestlomdiaftsman,
this was doneby handing oveprint-outs ofthe sketchegsometimesaccompanied by
pencil drawings and oral explanations).



Large scale printedrawingswere frequentlyused to support discussioabout the
design of theparts. Forexample, aiscussion wasbservedoetween thalesigner of
the test rig and the technical directém outline of therig had beerdrawnand printed
on a large paper skt,then taken tdhe technicablirector’'soffice. A discussion took
place over thedrawing, with both participants pointingo parts and writing on it
simultaneously. Pencilled andcoloured annotations were addedthe document (at
times, simultaneouslyby both), and comments andketches weranade in white
spaces. The large size of these dng® should be emphaed (Al brmat;“zoom-ins”
and “zoom-outs” were not required as on a computer screen).

The designerdrequently faxeddrawings to suppliersn order toobtain partquotes.
This frequently entailed the printiraf a drawingon the plotter, going tca photocopier

in anotherroom toshrink it, hen goingback totheir room to faxit. The designers
noted, however, that pertinemfformation available inthe original colour document
(on-screen or paper) was ofteist when itwas faxedand that they sometimes had to
ask the sender to re-send thgioal. Facsimiles received were storedaiders, or in

a shared filing cabinet.

Closer examination ofthe testingprocessalso suggeststhe interplay ofvarious
artefacts,the transformationghat some of tem underwent,and thecommunication
activitiessurroundingtheir use. For exaple, a universityprofessorsuggested that a
realistic liquidshould be used in axtensive sebf comparativetests ofthe current,
new, andcompetitors’pumps. After consultation withtheir Danishsister company, a
recipewas obtained for auitablythick liquid. A test planwas establishedand this
was detailed ina Ganttchart. Foreach of thaests,datawas collected on théest rig
computer, andtransferred bydiskette to another computer and imported into a
spreadsheet. Thestingprocessconsisted ofthe graduatransformation of physical
characteristics int@omparativenumbers andyraphs. These werediscussed by the
design group and entered into decisions on rotor and shaft configurations.

We haveattempted taconvey herehe surprisingnumber andange of artefactthat
were “participants” in the design process. These includedcommon design tools
(pencil, paper,and calculator)drawing tools CAD and plotter), actity and co-
ordination nanagementools (Ganttcharts),information maagementools (common
filing cabinet, large table surfaces), calculation tools (spreadsheet, specialised
applications), communicationtools (telephone,fax, whiteboard, a windowthat
opened) prototypes (cardboarthodel, prototypepump, parts stockpile)and testing
tools (digtal testrig, competitors’pumps, stroboscope, camder, thick liquid). All

of these contributed to the design work.



4. Building design

A parallelstudy wascarried out of the “Building EngineerinGroup”, or BEG (with
around 50employees) of darge internationalengineeringorganisation.Building
engineers transforrthe conceptual specificatis of an architectinto forms that can
withstand stresses pced upon them,and ensure thathe design conforms to
appropriate regulations arstiandards.Fieldwork wascarried out in ainit within the
BEG which was patrticipating in the design ofadfice block. Theitaskwas to design
the mechanicalglectrical and structural aspts of the building. Several other
organisations were also involved, including tient, constructionrcompany architect,
electrical contractors, a piling company, and quantity surveyors.

The work of the BEG was ongoinginitiated about a yeabefore the fieldwork, and

expected tdinish nine monthsafterit. The earlystage oftransformingarchitectural

draftsinto engineeringlrawings wasearingcompletion, andietailing of the “fitting-

out” of the building was beginning,ncluding building servies and non-structural
features. These fit-outelementshad tobe integratedvith the structure toensure its

safety and to facilitate ease of maintenance and comfort for its occupants.

Two teams within théBEG werestudied,the Mechanicahnd Electricalgroup (M&E,
usuallyfour engineers)andthe structural engineeringroup (severengineers). The

two groups worked closely together because M & E features and structural schemes had
to co-exist in the building. Thus th&o groups participated iextensive joinfplanning

and co-ordination activities.

Due to the complexity of their work, the design probleas brokerdown into smaller
parts. These sh-problemsranged fromansweringminor queries, such awhere to
situate electrical sockets, to more substantial decisiomst the location of load bearing
walls and the integration of building contsyistems.Division of labour orthe project
was problem basedyith groups of designers who dispersaace thedesign problem
had beerresolved. Inmany cases,designerswvere involved inmultiple sub-groups
(from more than oneorganisation), and these shrunk ogrew according to
requirements.

4 .1. Patterns of communication

Design tasks werallocated byteamleaders, who allowed @egree ofautonomyonce
the initial work had beerassigned. Teamleaders manageitieir workers loosely, and
often only checked finaldesigns,rather than monitoringrogress. This was partly
because of their participation in multiple projects and full schedules.

Design problems were principally identified from the architects’ drawings.
Occasionally, the architectural designs hableanodified, andhis involvednegotiation



with the architect. As the designs developed, conflicts occurred with other areas of the
design; to resolve theséhe engineers had to baware of thework of the other
designers, and to integrate their own work with that of the others.

Both teams ofengineers irthe BEG wereco-located in ampen planoffice, allowing
themto see,hear andspeak toeach otler. All of the M&E team, whowere situated
within several metres of orenotherwere separated only by partitior{d.25m high).
The structural engineers were distributed over sesées, butthree of their members
(including the senior engineenjorked bgether in theoffice, separated fronthe M&E
team by several partitions. This co-location also alloteadh members tdraw on the
experience ofother engineersaround them,and regular informal meetings and
communicatiortook place wthin and between théwo teams. Ameeting table was
located centrally in the officayhich dlowed discussions to be overheasahd enaled
team members to join the meeting or to shout comments across the room.

Two mainforms of communicationwere observed. Brief communication se@unces
typically involved queries, where an answer waseded to a probler(i.e. awell-
structured problemthatwas understood, bdor which the answer was not known.
These might last as little as a few secondsally took place at desk or in aorridor,
had a highdegree ofclosure,and werefrequent. Longer communication seegnces
typically involved the discussion of a less well understood lpeon (ill-structured
problem29). In these wide rangingliscussionsthe engineersdiscussedvhat they
knew about the problem, ways to solve it, and how chamigist affect therest of the
design. Often, these discussions wouldconclude without a solution, and were
followed up with further discussions, or the exchange of a docunidmdy often took
placeaway from the engineers’desks, and involvedthe use of artefacts, such as
drawings or sketches.

Communicationwas also influenced by the otheorganisationscollaborating on the
design project. The location of these organisations, half an hour away by taxi, was said
to be a major determinant of therm and frequency othe communications. Again,
several forms of communication were observed.

Informal communicatiorbetween people in differemrganisations usually tooglace
through telepone conversations; theseould be combied with afax, which would
thenbe discussed verbally. Faxegere used taransmit spatiainformation, ortables

of written information too complex to be read out aloud. Telephone calls were
generally brief, except when the participants were unalotett (confereree calls were
never ued). These callsvere used todiscover information, or tapdate people on
minor changes; they were alsged toarrange meetings so that more people could
participate in the discussion of complex problems.
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A third form of communicationbetween individuals andrganisationsinvolved the
transfer of design representationsthiaform of artefacts. These generallynvolved
paper documentéiext or dawings), but occasionallfGAD models onfloppy disk
were exchangedThese were aimportant, butseparate component to the interactions
noted above.

4.2. The range and role of artefacts

A range ofdesignartefactswere used inthe designprocessboth withinand between
teams in theBEG, and between differenbrganisations. Design documentsvere
passedetween theengineeringdesignersand then on to tharchitects,contractors,
and otherorganisations. Aarge amount ofincoming documents also had to be
channelled to thappropriate people in tHREG. Who receivedwhat wasdetermined
by each person’s responsibilities, set out in a quality assurancesystem (QA).
Document control was central to the QRocessensuring thabnly current documents
and designs were in circulatiohere was less ctol of theuse ofartefacts between
organisations, leaving scope for misunderstandimtconfusion. Inparticular, out of
date drawings were regularly used in error.

Paperwork forthe projectwas maintained irthe “dayfile”. This cantainedall of the

letters and paperwork relating to the project. It was required reading for the teams, who
had to read andhitial eachday’s contents.This was irtended to increase information
related projectawarenessalthough in reality, itcreated a problem of information
overloading.

The most visible pariof design inthe projectinvolved the construction anduse of
severalhundreddrawings,and these were frequentlypdated. Drawingslittered the
workplace,often several layers deep desks. In conversationthe words “design”
and “drawing” were oftenused interchangeablydenoting the importance of the
drawings to the designers.

Throughoutthe BEG andthe otherorganisationsyarious types ofirawings existed,
which represented/arious stages othe design, and differentkinds of problem
ownership. For examplarchitecturaldrawingswerethe property ofthe architect and
were used tawommunicate the aesthetitesign. Signaturesand stampge.g. “for
comment”, “for construction”) orthe drawings denoted whéo query if problems
arose. Drawings wereoccasionally annotatl with comments abouthe underlying
calculations, or with file references to further information.

The drawingswere frequentlyannotated. Indeedirawings onthe deskswere often
covered in highlighteink, identifying checksand changes that had to Ineade.
Comments at meetingsere occaionally writtendirectly onto the drawings. When it
was not possible thave face to faceneetings,the drawings could be faxed to
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recipients(after being photocopied arréduced). Thesedrawingswere occasionally
annotated and faxed back (with a resultant loss of legibility). Meryelrawings were
difficult to produceduring meetings: they had to bgrepared inadvance and any
updates distributed afterwards.

The wallsof the BEG werecovered in pinned udrawingsand printouts otomputer
generated imagesin meetingsthesewould beconstantly referredo, pointedat, and
compared. They appeared tprovide acommon basis through whictpeople with
different skills and perspectivesuld gain acommonunderstanding othe problems
discussed.

In the office of the client, a&ardboardmodel of the completetbuilding had been
created, and in meetings, speakers waglchsionally point to locations that they were
talking about, moving theihands as if tey were twisting parts othe structure to
different angles, or dragging part of the structure to another location.

Many forms of artefactswere used inthe designprocess, agsids for communication,

and as a means of organising the desigmey included drawing&f variouskinds), a

CAD system, ghysicalscalemodel, a dayfile, a nilang system, dfiling system,
annotation and markingpols, desksand walls topin drawingson, duplication and
shrinking technology(photocopier),and communicationtechnologies (telephone and
fax). Effort was made to cotrol these artefacts, tory to insure that only the
appropriate documentation and design artefacts were in current circulatiorwabhis
major problem in the project, as much time was spent reviewing the circulating material.

2. Discussion

This studydirectly compareswo independent workplacstudies ofdifferent design
situations. lfprovides observationsf day-to-dayengineeringdesign practices, some
of which were specific, whilst others wecemmon toboth situations. The pump
design workprimarily involved asmall group ofengineersvorking onthe design of
around 30 commentparts,whereaghe building engineeringtudyinvolved alarger
group, working on aange of problems in a oplex system of iterrelated sub-
components.In both casesthe coredesign groups were co-located, within speaking
and hearing distance of each other.

Designers in both projects maim@d extensive contactwith peopleoutside oftheir
immediate group. Inthe case of thgump design, links were established and
maintained with externgroups, andor the building designersthis occurred with the
architectsand constructiomompany. Communicationwith external groupsas less
frequent than withnternal personnel, but when ibok place,t was considered to be
highly significant.



A range of informacommunicatiorwas observed iboth projects. Chatsabout the
developingdesign,and thecreation ofsketches “orthe fly,” were observed. The
telephone was also used frequently. Indeed, the amognhohunication takinglace

throughthe telephonend inunscheduled chatsuggests that, iboth projects,there

was a great deal of informal verbal interaction talptage in parallewith the relatively

formal drafting work.

Periodic formal meetingsvith planned agendas wem@bserved inboth projects.
Although these did not necessarily solve a particular dgsigiolem, they reminded the
designers ofnajorissues,brought those present up date with currentissues, and
created aropportunity for discussingco-ordinated approachde problems. In the
building design situationmeetings helped tosure thatactionstaken by onegroup
would notinterferewith those ofanother. lwever,sketches angroposals of new
designideas were also pudbrward inthesemeetings, suggesting that they were as
much an opportunity for proposing new ideas, as for decision-taking.

In both studies, it was apparghat acommonpracticewas to discuspaperdrawings
in a group. Discussion would be accompanied by annotations with coloemed with
highlights of features that need to be attertded/Vhen sendindrawings, itwas usual
to first shrink them o photocopie then to sendhem byfax, althoughdetail (colour
or legibility) was occasionallylost. In both cases, it waspparent thadiscussions
around the drawings contributed to the evolution of the design. In the ctmeemfmp
design, other design artefacts (videos of stroboscoped movement, tatxbespafative
results, etc.were alsadiscussed. Advancement of theesign workdepended on the
circulation and scrutiny of these afacts, and on subsequettiscussion or written
annotations.

The design process was tightly bound up whincreation and modificatioof a variety

of design artefacts (drawings, sketches, prototypes).These werethe public
representations dhe state of thelesign ata given moment intime. Design changes
were publicly signalledto others throughthe modification or generation of a new
artefact. In ton, the productionand modification of the artefactsvere determined
through communicativeactivity. This was most noticeable in meetings, where the
drawings would beaaken ait anddiscussed. Modifications to thedesign were not
made directly on thartefact, but first toolplace inverbal descriptions. Discussions
about the artefacts allowed informatioepresented in thento be highlighted,
problematised,changedprovisionally, and confirmed, atwhich point the artefact
(drawing) could bemodified. Artefacts were thereforea resourcefor discussion,
although they were also generated and modified through these discussions.

In both organisations,the drawings did notencapsulate thdotality of “design
knowledge.” Inthe pump company, knowledge about thetrade-offs between part

12
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configuration and cosivas represented in taldeof options andcosts. In bah
organisations, “design knowledge” alewisted inthe documentation & accompanied
the drawings, such athe specificatns of theconstruction technique® beused, or
the expected costs of manufacture and maintenance.

Other design process artefactsried information about @hnedactivitiesand played a
key role in theco-ordination ofthe design work. For example,initial project
documentsoutlined theroles and responsibilities dhe coredesign teamgexternal
suppliers andconsultants. Minutes of meetings captured managemeetisions
concerning task allotan and projectedvork. In the pump design project, Gantt
charts weraused toproject the activities of thdesigners on aveekly bais. These
provided a visual repsentation ohow the work would (in theory) mesh together at
critical points, such as during the production and testing of prototypes.

In both settings, the design artefatismselves carried informati@tout theircreators,
and their location within the design process. For example, drawings weneitfaksd
by the draughtsmarmnd continued to bmitialed by otherstakeholders. Ithe BEG,
approvalwould literally be stampedonto adrawing, and in the pump company,
drawingshad to banitialed by thetechnicaldirector before prototype parts could be
made. In effectthe productiorprocessand the design managment (thedivision of
labour and document control) were intertwined with the drawings themselves.

The design procesartefacts helped to co-ordinatEesign activities (e.g. task lists,
faxed notes ofork to be done, letrs of intent). Inthis regardthe building design
project had a morextensivecorrespondencéling system tharthe pump company.
This would suggest th#tte variety anchumberof design procesartefacts could be an
indicator ofboth inter-organisationatomplexity, and of a stratedgr formalising the
distribution of information.

Findly, medingswere a central feature of thdesign work inboth studies. The main
function ofthe meetingsvas to helpwith co-ordinationrather than to directlylesign
components. They were alsoreans of conveying information about currstate of
progress and recent design changes.

To summarisethe two studies suggest thatthoughtherewere noable differences
between theorganisations studiefl.e. authorisation and contratructures,and the

range of design organisatioimyolved), therewas also significantoverlap,particularly

in terms ofthe criticalrole of inter-group andextra-organisationatommunication, and
the important role of design and design process artefacts.

6. Conclusion
Early authors whowrote aboutdesign viewed iprimarily as anindividual activity,
conducted alone and with a small number of sifipdds. This is beingchallenged as



an increasing number of researcherghi@ area of computesupportedco-operative
work (CSCW) investigate desifyd1:15.25 This study providesmpirical observations
which tendto reinforce generalconclusionsabout the design procesgroposed by
scial scientistsworking in this field. Design work can nolonger beadequately

conceptualised in terms of individual “intelligence”, nor as a linear process with a set of

designstages, butather as a&ituation inwhich joint, co-ordinated learning angork

practices evolve, and in which artefacts help to mediate and organise communication.

The observationsreported here havenplications for the development otools to
support design work. Many technology developers beliestdesign andengineering
work will be facilitated throughthe developmenand introduction ofgroup oriented
computertools. Thecasestudies andliscussiorhave highlighted three mainsights
which indicate thathis will not necessarily bthe casdor all (or even many)design
settings:

1. Key dimension®f the design procesare the inteactions betweemesigners and
other resource holders, and the way in whiclargety of artefacts andlesign tools are
usedand created. This observation extetfusfindings of desigrtheoristssuch as
Bucciarellit0:13 who hasconcentrated on the role of artefacts (the objemtld), but
under-emphasisedhat of social interaction. It reinforcesthe discussion by
HendersohS, who underlinedthe pivotal role thasocial negotiationscanplay. Much

of this negotiation takes place in face to face settings, and it is not obvious hewill this
be easier or more effective when technologically mediated.

2. In our case studies, severaltlué peoplevho contributed to thelesign effort were
located at a principasite, whilst others werenot. Even “ordinary” design and
engineering projects are likely to include otiesparticipats. Technologies tsupport
the design processust therefore allow differenbrganisations (withtheir different
technicaland organisatnal systems) topassinformation back andorth between
themselves. This will be a majofffaiulty. As well, manydesign grops are likely to
be located in smabrganisationsandthe uptake of computer amegtwork tetinology
among thes@rganisations idikely to be slower han manytechnology developers
appear to anticipate.

3. Artefads form a part ofthe process ofproduct design whilst athe sametime
orienting the participants to the co-operative aspkttteir work. Artefactsoftenreveal
information about their “loation” within theprocess,and who hasacted onthem.
Computer technologieslesigned to falitate the design proceshave so far not
attempted tdink designartefacts to their rolen communicationand co-ordination.
Thus we have CAD systems and e-mail systems, simulation and docuar&agement
tools, rather thamtegratedsuites oftools?’. We suggest thatomputer-based design
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tools need to go beyond the categories of design or communication technologies, and be
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designed asechnologiedlexible enough tosupportboth thesedimensions of design
work.

Finally, in the introduction, we suggestdtt technologicalsolutions” are unlikely to
be a simple remedy which improves desfficiency. Theorganisations observed had
numerousinformal meansfor rich and varied communication, and technology is
unlikely to improvethis directly. The organisations dithave frequentommunication
between on and off-sitparticipants,and appearedatisfied withthe communication
means already #eir disposalmeetingsfax, telephoneand letters). Severalparallel
communication cannels(gesture, voicegazeawarenesspaper or whiteboard) were
used whenartefacts were discussedface to face, and extremely sophisticated
technologywould beneeded beforspatially distributeddiscussionscould be held as
easily (e.g. largedisplays,high quality audo, high bandwidthnetwork connections).
Perhaps a more fruitful developmental approach will keutpment the facilities already
available, by adding “simple” technologittst can be adapteds thefax andtelephone
have proven to be.
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