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Although there has been some research done on colldoorative face-to-
face (FIF) and wvideo-conferencing sessiors imvolving architects, litfle is
krnow clbout the effects these different mediums have on collakorative
design in generdl and collaborative communication and design represer:
tation in particular. In this paper we argue that successful computer-med-
ated collaborative design [CMCD) does not necesscarily mean emulating
close proximity envirorments.  In order to investigate this view, we caried
out experments examining the effect and significance of different com-
munication channels in collaborative sessions between architects. The
experiments were conducted in different emvironments and clcssified into
three categories. The first category is FTF. The second computer mediated
collcborative design sessiors with full communication channels CMCD-a.
The third category was conducted also through computer mediated col-
laborative design sessiors but with limited communication channels
CMCD-b. A custom codingscheme is developed wsing data, external and
theoretically derived coding categories as a base., Examples of how the
croposed coding scheme works are given from dll three cotegories of
experiments. The coding scheme provides the basis for modeling and
understanding communication in collaoorative design.
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Introduction

The idea of colldboration between architects
wsing telecommunication fechnology is not new
and dates back to the fiffies. Back then Weiner,
as cited by Kvon (1997) gave ws anidea of how
architects might use the fax tfechnclogy to serve
design  communication  in the  future.
"Architecture is primarnily doout communication”
(verzijl, 1997, In generdl, architects communi-
cate their theories and idecs through their
achievements in the bult emvironment.  First,
those theories and idecs need 1o lbe communi-
cated to the client(s), their colleaguels) and ot
fimes to the public af large (Scsada, 1995).
According to vWan Bruggen (1998, p. 27), archi-
fects do "whatever they thought would commu-
nicate their concept for the building'.
Collaborative design in architecture is a com-
mon occurrence with architects communicat-
ing their idecs to their peers in the form of werbd
representatiors (voiced or typped) and graphicd
representatiors.

U till now, architects who colldborated with
other colleagues did so mostly FIF. They had o
lbe in the same space [co-located) af the same
fime. Communication was 'sponfanecus’ and
idecs were represented, whether wverbbal or nor-
verbdad, by taking and wsing 'tradifional drawing
fools'. If they were geographicdly dsplaced,
the irferaction was thenspace offected as well
as the probcbility of being time affected. In this
case communication was wsually mediated
through felephone, and graphica representar
fiors were sent by Fax or as posted documents.
Levine (1991) made the observation that tele-
chone-based communication is wsually wery
foet, bbut could dlso lead o seriows communicar
fion breakdowrs, corsidering that two and
three-dimersiond wisual representatiors would
have fo be frarslated info werbal representar
fiors. Itis very hard in a felephone corversation
fo point o part of a drawing in confext unless
both parties hold separate copies and even
then it is very difficult to establish long distance
frames of reference (Bly, 1988).

With recent developmenits in CAD and commu-
nicction technologies, the way we visudlise and
communicate design representatiors is chang-

ing. Some architectural firms harve started wsing
modems and Intermet connectiors fo exchange
information, frarsferring CAD files o5 well s
design information, through E-mail and FTP.
Corsequenrtly real fime remote collalooration in
design bbecame the subject of numerous studies,
resulfing in a diversity of findings [see Maziloglou
et cl, 1994; Olson et al, 1997; vera efal, 1998).

A matter of great interest fo architects, practi-
fioners and researchers dike, is how computer
technology might affect the way they think and
work., The concern is not about the notion of
sucport cone, but about ensuing that com-
puters do not disrupt the design process and
collakorative activity aready going on {Bannon
and Schmidt, 1991). Designing new collalborar
five toolk will then have To lbe guided by abet-
fer understanding of how collaborative work s
accomplished and by understanding what
rescurces the collaborators wse and what hire
drances they encounrter in their work (Firholt ef
al, 1990; Tang, 1921).

We argue that successfiul CMCD does not nec-
essanly mean emulating close proximity ervviron:
ments. Excluding certain communication charr
rels in a CMCD emronment might affect the
flow and quantity of synchronows collaborative
communication, but not necessanly the gudlity
and cortent of mutuclly communicated and
representfed design idecs. We propose that
aJdio and video are not essential communicar
fiorn charrels in CMCD erndrorments. We posit
that architects will collclhorate and cormmuni-
cate  design  representdtiors effectively
dthough with some differences, since those two
charnels might cauwse more inferructions and
successful collaborative sessiors can take place
without them.

Desigring. as a more clostract notfion, is different
than having o business meeting wsing wideo
conferencing. In design it is more important fo
'see’ what is being discussed rather than watchl
the other personi(s) involved in the discussion. I
other wordk the data being conveyed might be
of more importance than the method with
which it is communicated (see Kvan, 1994).
Similary, we believe that by using text irstead of
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audio as a medium for verbal communication,
verba representatiors con then be recorded
along side graphical representatiors for |ater
refrieval and wse.

Hence the main cbjective of this paper remcirs
indeveloping a coding scheme to assist us in fur-
ther imvestigating the possible effects of com-
murication charnels on verodl design represent
tatiors in CMCD sessiors s opposed to FTF col-
laborative design sessiors between architects.
The underlying dim s fo establish a clearer
rofion of the collaborative neeck of architects
wsing computer-mediation os well as attempting
fo model verbal design communication in col-
laborative design.  In turn this has the potentid
in cesisting developers when design new collals-
orafive fools.

In this pcper we present a set of collaborative
design experments that explored three different
communication emdronments. The first is FTF, The
second type of communication wses computer
mediation with full communication channels,
audio-visual deo conferencing) o well a5
shared whitelboard - CMCD-a. The third type
wses computer mediction with limited communi-
cation channels; a text based wrtucl chat (WVC)
and shared whiteboard - CMCD-b. We present
a coding scheme developed to analyse werbd
design communication in order 1o compare FTF
collalorative design with CMCD.

Background
Computer mediated collaboralive design

In order to compare CMCD and FTF collalborar
five sessiors lbbetween architects, we first need fo
look at how architects collckorate in FTF envi-
ronments, the media they employ and the com-
murication charnels they ulilize in order fo corr
wvey design representations fo their partner(s).
When working FTF  architects hawve been
observed fo hold cerdin preferences on the
wory they set their design and creative enviror-
ments andwhat 'fradifional’ focls they choose fo
wse whether desigring done or collaborating
with colleagues (Carter, 1993). Some architects
might prefer to work with thick pencils scribbling
2D sketches on butter paper (Gross, 1994; Kvan,
1994, Cthers might sketch os well s start work-

ing with 30D wolumetry, Sometimes they hastily
croceed to buld 30D massing models, made of
polystyrene or cardooard (Kvan, 1994; Visser,
19%3]. This encibles them to acquire an enriched
‘expenence’ of the space they are working with
and mckes it ecsier to communicate their ided
to other parties involvad in the design.

Howewver the continuows development of com-
puter and felecommunication tfechnologies, has
seen architects increcsingly wsing these medi-
ums for communication cs well as work., Hence
architecture cs a profession is employing com-
puters not only in ways of documenting desigrs,
but clso in the form of representing and com-
muricating design idecs between varows por-
fies, from coleagues o clients to the gererd
puklic.

Honing said this, there is still a lack of formal
resecrch in the cpplication of computer-medi-
ated communication in design processes.
Resecrch into communication channels used in
CMCD envdronments has shown that there islitfle
agreement on whether audic and video charr
nels are essenticl in such ventures o5 well cs
what corstituted the appropriate channels
(Mcziloglow et al, 19946; Clson etal, 1997; vera et
al, 1998). A popular view held by some
resecrchers s that adding audio, video and
graphics is somehow exoected to mcoke the
medium more red" (Sudweeks and Rafceli,
1995].  According to Greenberg ef al (1997
some researchers mdaintain fele-presence s
being the dlternative to FTF collaboration
(Egido, 1988; Joharsen and Bulen, 1984), where
distributed pariciponts in o collaborative werr
fure are given the feeling that they are present
in the same meeting room. Whether or not see-
ing one's partner has an effect on performance
seems to be highly dependent on the type of
performed task (Olson et al, 1997).

Researchers in the Rococo project [see
Mcziloglou et al, 199¢) found it difficult to com-
oare condifiors and draw conclusiors between
FIF and communication impowverished exoer-
ments. According fo Mcriloglou et d (1974) the
impoverishment of the communication ervirorn-
ment, by excluding the audic and video charr
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rels, did not seem 1o perfurlc the product
desigrers who quickly adapted to the new sifu-
aficns thus making it difficult for the researchers
to see any notficeable change. Where as Vera
et al (1998) okserved o slight decredse in |ow-
level design [LLD) o5 opposed to highrlevel
design [HLD) in text-based computer-mediated
experiments compared fo audic and video
computer medicted experiments.

Recent developments in CSCW and GroupiWare
hove seen an increcsed numiber of collaborar
five design fools accomparying the phencome-
nal growth of the Internet. This prompted sewver-
al schools of architecture to setup design stu-
dics based on digital collaborative ervdron:
ments, which aftempted 1o replicate FTF ervd-
ronments (for a brief review of this work see Kvan
et al, 1997). Llikewise more research is being
done info the field of 'shared workspaces'
between designers to facilitate communication
and collchoration (Mcziloglou et al, 1994; Peng,
1993; Saad and Mcher, 1996 ). Computer-med-
ated communication has become animportant
issue and the problem of developing communi-
cation and computer systems that can support
colldoorative design or problem sohving has
become an active research area.

Protocol analysis

The firt report of protoceol studies on design
activity was that of Eastman (1970) where he
studied  architects in the late 1980k,
Architecturd design continues to be arich sulo-
ject area for studies mairly looking at single
designers (Akin, 1986; Foz, 1973; Goldschmidt,
1921; Hamel, 1990). A sigrificant chonge was
made in the 1983k by extending the conver
fional, singlesulbject, method of protocol andly-
sis info of tfeam design activity, [Cross efal, 1994;
Vera et al, 19598).

According fo MNewell (1972), "protocols are
recorcings of subjects problem-sclving lbehan-
iowr which can be suosequently analysed 1o
idertify the invariance in the subject's patterrs
of behandour. Akin (1986) offirms that "a proto-
col is the recorded behandowr of the prolblem-
solver whichiis usuclly represented in the form of
sketches, notes, video or audio recordings'.

The Delft Protocol Andlysis Workshop (Cross efal,
19%6] presented a group of researchers with the
opporturity o examine a two hour long video-
tape of o team of practicing industrial desigrners
developing a preliminany sclution for amountain
Like luggage rack. Through repeated olbservar
fion, andlysis and discussion they were able 1o
develop a better understanding of how profes-
siondl designers do such things cs: cdllaborate,
develop design solutiors, reconciliation of differ-
ences and manage their work.

Since we will be investigating collalborative
communication resulting from the design
crocess between architects, in this poper we
cropose o codng scheme spedifically devel-
oped to code werbd design representatiors in
collalorative design.

Method

Initiclly we cared out nine pilot experiments,
three in each category (FIF CMCD-a and
CMCD-o o described dabowve) which in many
wnys helped us refine the brief, fest the prelimi-
nary coding scheme and further refine and
develop it. Then we conducted a findl series of
ohe-hour experiments divided clso info the three
categories. The sessiors were audic and wideo
taped, trarscrbbed and are being coded of pre-
sent, info the cuwstom dewveloped coding
scheme. Preliminary olservatiors of the video-
fopes provided envidence that there were
roficecble differences between dl three cate-
gories.

Experiments

We conducted twenty-six one-hour experiments
wsing fifty-two 5th and &th yvear architecture stu-
dents. The participants were paired and each
oair participated in only one experiment from
any of the three categories wsing the same borief.
We conducted eight experments in each of the
FIF and CMCD-a categories and fen in the
CMCD-b category. One brief was designed for
dl three categories in order fo reduce the war-
cables and it only differed in the way made awvail-
cble to parficipants. In the FTF category it was
cresented to participants in the form of a three-
oage Ad colour print cut whichincluded alocar
fion mapp, asite plan, a section through the site
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FTF

CMCD-a

CMCD-b

1) Time.

2) Localion.

3) Media.

1) Brief

5) Subjects.

6) Communication.

7) Data Collection.

1 Hour/synchronous.
Participating sulyjccts are
Jocated in sane roo
Faper and peneil.

Saue biiel printed ou
Ad paper in colour.

5™ and Bl year
architeetune students.
Each pair pacticipating
only unce,

Full verbal (audio and
text) and non-verbal.

T stamped video plus
audiotapes,

I Hourfsynehronous.
Participating subjocts ane located
in dilTerent ruoms,

Computer hardware and software,

(SGT Inperson™yNerseapce™)
Sarne briel in hunl Termat
available through a Netscape
winclow.

Sth and 6L year archileclure
students. [aeh pir participating
only ance,

Full verbal (andio and text) and
non-verbal (through video-
conlerencing and whileboard).
Time stamnped video plus
audintapes,

I Hourfsynchronous.
Participating subjects are located
inn dilTerent rooims,

Computer hardware and software,
(SCPInperson™/Netscape V)
Sarne briel in bl Formar
available through a Netscapoe
window.

5 and Bl year archileclure
students. Fach pair participating
only onee,

I imited verbal {fext) and non
verbal (through VO and
whilebowrd).

Tirme stamped video, Text

transcripts from YC.

Figure 1. The fable of variables for the three types of expedment.

FTF

WCR., V. Splittar + TV

CMCD

Figure 2. Environment settings for FTF and CWVCD expedments.
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and four coloured photographs. I both CMCD
categores, the brief was presented to partici-
oanits in the same format as FTF but was acces-
sible through a Netscape™ window.

Variables

To reduce the number of variclkles cs much ¢
oossible, only 5th and &th year students were
wsed o5 opposed to practising architects with
varying degrees of experience. Figure 1 shows O
list of the varables in cll three cotegories. The
major varickhle in the three cafegories was the
tyoe of meda avdilchle fo the designers in order
fo communicate their design idecs through
graphical and verbad representationrs.

Apparatus and media

The eight FTF sessiors were caried out ina room
containing a central fable with pardicipants sit-
fing on either side, as illustrated in figure 2. Each
oair wies given four Al fracing sheets with a pair
of black and blue felt pers in order to account
for the sketches. They were ecach given a copy
of the brief cs well as extra Ad copies of the site
clan and section, which can be wsed to frace
over. A SonyTh Hi-& CamCorder connected fo
WHS in the same room, was placed at an angle
fo capture both wverbd and graphicd interac-
fion between the participants.

Two rooms separated oy a third larger one were
wsed for the eighteen CMCD sessions, illustrated
in figure 2. Each room was equipped with
Silicon Graphics C2TM (SG) Unix workstation.
The two SGs were connected clong with the
observers fermind (in the centrd room) by a
high speed Locd Area Network (LAMN]. Two
SoryThM Hi-8 CamCorders were posifionaed
behind the SGs at aslight angle, in order to cap-
fure the screen activity toking place.  The
CamCorders were cornected fo aideo sglitter,
which in fum out-putted to o WVHS and a 3dinch
TV monitor for the olbsenver.

The CMCD-a sessiors wsed computer-mediated
aucio and video with ashared electronic white-
board (they wsed the InpersonThd). The CMCD-b
sessiors wsed a chatlike envirorment to talk to
each other by typing messages, and o shared
electronic whiteboard (dso wsing InpersonThd).

Brief

A City besed painter recently acquired asite on
fop of a cliff in an inner-west suburo of Sydney.
He stumbled across the location by faking the
wrong furm one-day and ending up in o cul-de-
sac, on fop of a boulder with breath taking
views, figure 3. To the owner, a dwelling repre-
sents more thar o shelter or a place 1o live in.
He prefers fo think of it s o space comprising
certain functiors, some of which are living, work-
ing and entertaining.

Far from being a rowvel idea, the howse o ashel-
fer that combines the working and living ernd-
ronments  dates back o few cenfuries.
Mumerols contemporary architects have rel-
ished such unigue cpportunifies fo investigate
and develop their own architectural thecries.

The brief set out by the cwners dong with their
feenage son (19, and daughter (17), was asim-
cle list. Functiors such as an entertaining area,
a decent sized naturdlly lit workshop and Roof
terrace overlocking the cliff were among the
iterrs included.

The owners require that the design be urique
while reflecting and erhancing the naturcl
attrioutes of the site.

Procedure

Al the experiments were 1 hour long. The par-
ficiponts were briefed 10 minutes before the
start and adhised o5 to what was expected from
them. They were also notified at the fifty-minute
mark in order to start wrapping o their ideas.
The pairs involved in the CMCD categories were
given 10 minutes, after briefing, to fomiliarse
thermselves with the toolks and ervirorment.  All
carticipants were required to fill and sign a 'suls-
ject corsent form', which dears the way for
andlysis and results to lbe published in the future
while presendng their cnorymity.

Both CMCD categeories were pronvided with o
skeleton representation of the site plan and sec-
fion on the first five pages of Inperson's white-
board. This way they did not waste any time
drawving it and proceeded strcight into design
ing. Al experiments were both audic and video
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Figure 3. The sife plan, section (NTS) and photograph (taken from site) showing aspect and views towards city.

taped to help in the frarscribing and in later
andlysis stfages.

Development of the coding scheme

In order to imnvestigate collaborative communi-
catfion within o design session between two
architects, we need to record and analyse wer-
bal utterances in the form of communication
crotocols cccuring naturclly o part of the col-
laborative act. According fo Purcell ef al (1594,
o 225) protocels represent a particular type of
qudlitative data, but are net the actud dataon
which andlysis is performed.  Anclysing these
communication protocols involves the develop-
ment of a coding scheme. A more fradifiond
wry of developing coding schemes was by segr
menting protocols. Subseguently cafegories

were developed dofter carefully rendewing the
segmented protocols and coding ecach segr
ment under asingle category only (Purcell et dl,
19%6]. A more recent method, o cited by
FPurcell et d (1996, o 225), is the potenticlly richr
er cpprocach of wing the 'grounded theory' oy
Gleser ef o (1973], which dlows for mulfiple
coding of the single segments.

The structure of a design representation proto-
col coding scheme can been derved in three
warys: dota generated structure, externally
derived structure and theory derved structure
(for a full reniew on this subject see Purcell et dl,
1996, pp 2252271, Data generated structure in
a coding scheme [or part of a coding scheme)
is generated dffer the ftranscribbed profocols
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Verbal Communication in
Collaborative Design

Communieation Communication Social Design
Control Technology Communication Communication
|I1§EIL;:_‘LEUE': Floar hobding Hemod cywmsr Tooks & Cowi omonesnd IR
| Design idsas | Design scops | Design Task |
E:i:c&.‘u:ﬁ‘.ﬁ;:r.l _1 .t\uzpm E‘L’.-! Fajecton  of Charilics lice: RE";I"I‘E‘T!IEE[ of Evzs-u:h:.n al ) - - L T:s k)
idca o ifca idna af dra inion ifza Hn n Mect | | Schode || s esian

Figure 4. A hierarchical tree of the coding scheme: Verbal Communication in Collaborative Design.

have been parsed, segmented and reviewed.
Externdlly derved structures occur when parts of
an dready established coding scheme are sed
fo develop another one. Theory derived struc-
fure happers when part of a coding scheme is
generated through a padicular theory.  In this
oaperwe propose o coding scheme developed
by weing data, externd and thecry gererated
structures in order fo code verbodl design repre-
sentatiors in collckorative design.

The initicl data derived coding scheme, which
frarspired from the protocols of the pilot expern-
ments was dlowed to evolve during the prelimi-
nary andlysis. Re-examination of the frarscripts
rought to light new data, which did not fit withr
in the predefined categeries (this was clso the
experience of Purcell et al, 19%4). After reniew-
ing literature on both design [Akin, 1984;
Golckchmidt, 1991) and communication proto-
cols (Kvan, 19%94; Okon ef o, 1997; Suchveeks
and Albritton, 1996; “era et al, 1998) it waos
apparent that 'parts’ of these coding structures
could be added o owr coding scheme therely
further erriching it and the ersuing results. The
third and find part of ouwr coding scheme was
derived from our theorefical ews presented
ecarlier. Findly the coding scheme had fo be
related fo all three categories of experiments, in
order fo enable comparison and correlation of
resits.

Coding scheme structure

We corsidered four different coding schemes
from separate research projects. The first, (see
Sudweeks and Albritton, 1998) categorises com-
murication types cs follows: Informda conitral of
communication, formal contfrol of communicar
fion, socic-emotional communication, concep-
tual communication, task communication. The
second coding scheme investigates the amount
of fime spent in computer mediated collalborar
five sessiors 'infroducing new ideas and clarify-
ing those idecs' (see Olsonetal, 1997, The third
coding scheme on the other hand clcssifies
interaction between FIF and Video-conferenc-
ing fechrologies by irvestigating 'Intermuptiors,
overlaps, haond-overs and dominance' (see
O'Connail and Whittaker, 1997).  Part of the
fourth coding scheme investigated 'low level
design’ versws 'high level design’ in computer
mediated design sessiors with full and limited
communication charnels (for more detdils see
Vera et al, 1998).

COur coding scheme classifies commurication in
collalorative design infe four fypes, which in
furn are further broken down into sulb-categornes
cr illustrated in figure 4. The four hyioes are com-
munication contfrol, communication fechnolo-
gy, social commurication, and design commu-
nicction. These types are rnot infended 1o be
exhaustive, but to indicate, through andclysis, the
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Verbal Communication in Collaborative Design

Communication Control

Interruption

Floor Holding

Hand-over

Communication Technology

Tools & Environment

Social Communication

Design Communication
Design Ideas
Iniroduction of idea

Acceptance of ldea
Rejection of idea
Clarification of idea
Relinement ol idea
Evaluation of idea

Design Scope
[.ow-T.evel Design

High Level Design

Design Task
Briel
Schedule
‘lask/Instruction

Code

INT

FLO

HIAN

CTE

SOC

IDE

ACC

RET

CLA

REF

rva

1.14)

LD

BRI

SCH
TAS

Deseription

Interruptions arc associated with simultancous specch (Levinson,
14983).

(ceurs when one speaker (ries 1o take the Moor while the other
alternpls o hold the Hoor while producing ulterances thal do not
contain any information (Jefferson, 1984).

3 indieations of relinquishing floor: a) Use of questions; b) using
slereolyped questions such as "isa Ui?” "Aren 1 they?™ or slalements
as "you know ' ¢) naming the next speaker (Levinson, 1983).

Communicalion in repards 1o use of iools and collaboraiing
envirommeril

“Communication content dealing with interpersonal relationships”
(Sudweeks and Albritlon, 1996).

Description

Verbal (gudio and (ext) design representalions

When participants directly or indirectly (in the Form ol a question)
introduce a ncw idea.

When a parricipant makes it clear to the other participant thar he/she
arcepis a particular idea.

When a participant makes il clear W the olher partcipant (hat hefshe
does not accept a particular idea

When a parricipant clarifies his/her idea 1o the other participant in
eilther question or answer lorms,

When participunts spend Gime relining and further developing an ides,
(Peng. 1994)

When participants spend time evaluaring an idea.

When designers place individual clemoents, discussing colours ofc ..
(Vera. ot al.. 1998)

When designers make broad decisions which affect significant aspects
of their later decisions (Vera, el al,, 1998).

When participants referred back to brief,

When participants worked or referred back to a schedule or program.
When participants handed over specific rasks to the other participant

or Instryctions on how or whal (0 draw by one participant 1o the olher

Figure 5. The coding scheme: Verbal Communication in Collaborative Design.
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Verbal Communicaiion in Collaboradive Design: coded excerpt

well we could go by the contours and it could be
like .. (. ), the house could he like .. sitting maybe ... like in

Mmmm .. (. ) Another way you could do it is i vou think about
it, there s like these two ﬂ'lingﬁ sort of o sit on the hownd ary ..
Tike: qquite thin things, and then () this . sort of pool and also
this sort of heautiful garden it's sort of (. )and (.. ). And mayhe
the: car parks sort of parks in here, and it s Tike a small enfry to the
garden and you have to walk back in, and this is all Tike the Tiving
things .. sothal there s a sdew oul, which can also sart ol gel
these views across this sorl ol thing, and (his is like, kind ol slar
simclure. Yo aclally sorl ol view throngh your Tiving room

Soowhat would we have on the west?

Type Code P Ullerance
I Dhesign Communieation Rl £ 1t's quite a small house.
2 Social Communication HExC A So mavbe ... (laughter)
4 Design Communication VA B It could be more like that.
4 Design Communication M+ A Yeah maybe, ..
& Communication Conr,  ME¢
that dircction.
3 Design Communication J%I :z" +' i
& Commumication Cont. FLo
hieres, which is cpuoile nices.
8 Desipn Commumicalion gi’;f B Mrmrmm....

£ Commumnicalion Conl.

Figure &, Coded franscoifpt excerpt ffom one of the FIF expenments.

relafive amounts of communicationin each cat-
egory when comparng FTF and computer-
mediated collaborative design. We are particu-
larly interested in whether computermediation
irhibits the dbility to discuss design issues (ie,
whether we would see less design communiccr
fion), and whether there cre significant differ-
ences in the way communication control occurs
in the different colldborative environmenis.

Figure 5 eldborates on each type oy summaris-
ing how we decompose them info more precise
categores of commurication.

'‘Communication conirol', includes Infemuptions,
floor holding and hand overs. These theoretficdl-
ly and externdlly derved suo-categories wiil
help identify possible differences, adwvar
tages/disadvantages between the three design
commuricafion mediums (FTR CMCD-a and
CMCD-I) representedin the three categories of
experiments by showing either an increcse or a
decrecse in levels of inferruptiors, floor holding
and explicit hand owvers.

'‘Communication fechnology' o data derived
structure, looks ot discussiors held between par-

ficiponts related to the wse of the fools and the
collaborative environment and whether this
clessification increcses or decreases by diering
the communication channels in the different
colldborative mediums.

‘Social communication, a data and externcily
derived structure, locks at the amount of time
spent discussing socidl talk in the three collakbo-
rative mediums.

‘Design communication', a data, theoratically
and externclly derved structure dsfinguishes
between 'design idecs', 'design scope’ and
‘design task'. Subbcategories of this fourth clossi-
fication are further detailed in figure 5. This clos-
sificafionis infended to show variatiors in design
communication between the three different
mediums and whether it suffers from the loss of
certain communication channels.

Examples and observalions from the transcribed
profocols

We further illstrate the coding scheme through
examples from each cafegory of experiments.
These samples were obtained wsing three frar-
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Verbal Communication in Collaborative Design: coded excerpt

1

Type

Design Communication

# Communication Cont.

Design Communicalion

& Communication Conl.

Design Communication

& Communication Cont.

Design Communication

& Communication Cont.

Design Communication

Design Communication

& Communication Cont.

Design Commumnication

& Communication Cont.

Code
CLA +
HAN
CIA+
INT
ACC =
INT
CLA +
FI.O

REF +

CLA +
HAMN
CrA +
FLO +
LLD

P
A

Utterance

sure, and. how would you fit the sleeping emm ... the sleeping
wing into this?

well Tmean it ok, il this is the Tower part ol the sile and this is the
higher part of the sile (lop)

yeah, yeah (top)

well maybe if we, maybe it could be ... that the studio space, still
trying to talk about what we talked about before .. went emm ..
on this pavilion here . and the .. garage was still an the back
part here with the L
and the bedrooms all along here ... and then there was the living
glass pavilion which joins the two, which was the entertaining
area as well

maybe? What do you think?

cmn

[mean i emm .. iy a bil., diagramemalic, .. cmm, T mem
that's emm ... it's kind of .. strength in that, you know, ... you
can see immediately what ... what the spaces are and you could
read through what they are made of ... through their materials,
you know ...

Figure 7. Coded transcript excempt from one of the CMID-o experiments.

Verbal Communication in Collaborative Design: coded excerpt

1
2

S o L2

Type
Design Communication
Design Communicalion

Communication Tech.
Communication Tech,
Design Communication

Dasign Cornrrmmica (iom.

Design Communication
Desgign Commmnication

D(r.‘iigrl Communicalion

Code
IDE
DK +
LD

(YD)
CTE
EVA

EVA +
HLD

IDE +
HI.D
CIA +
HLD
ClLA +
HAN

P
A

B

Utterance

T1 would make a greal hearth - [ire

do you know ol the Ancher house in Killara (hal is actually buil
on top of a similar sized exposed rock? It kind of perches on it,
and it makes a great footing

sorry started using vellow

['ll go green then

donl know the house bul good idea lor solidity, physically &
muetaphorically

yoesh, and 16 you ook at the Tour photos, the boulder kind of
lurches out over the public pathway: there could be some scope
for long FLWV balconies along it

well what about putting a rooftop pool in then?

are you thinking flat useable roofy

did you gel thal bil aboul the lermace?

Figure 8. Coded transcript excempt from one of the CMID-b experiments.
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scribed profocols out of the twenhysix exoer-
ments. Figures 3, 4 and 5 display excerpts of
coded examples from the FTF and the CMCD
frarscripts respectively.  The following 'codes'
were added o the fext duing frarscription fo
helo in the coding later on:

(TOP] when two particiconts spoke over each
other, interupting each other

(...) incomprehersible utterances
... denotes aslight pause
‘A ond 'B' dencte participants

After reviewing the videotapes and frarscripts,
reliminary  observatiors showed some unex-
pected results between the three categores of
experiments. Communication inthe FTF catego-
ry wos 'sponfanecus’ and sulbjects seemed fo
talk cl the time, mostly design communication
as well cs social communication (see figure &).
Like FTF, communication in CMCD-a was 'sporr
faneows' with sulbjects talking dl the time while
repedting sometfimes the same werod Utter-
ances (see Utterances 4 and 7 infigure 7). The
amount of fime spent discussing design idecs
decrecsed due fo increcsed communication
control, inferruptions and floor halding as well as
communication about the technology and
socicl communication (see figure 7). Moreowver
we observed a slight increcse in LLD in the
CMCD-a sessiors.

Commurication in the CMCD-b category on
the other hand was 'less spontaneous’ then FTF
and CMCD-a. Design idecs and HLD, in design
scope, dominated the communication confent
with lower levels of communication control,
communication fechnology and social commu-
nicction [examples in figure 8). Ancther impor-
tant oleservation is that subjects in the CMCD-b
sessiors were noticed occasiondly scrolling up
through the recorded fext of their conversation.
One explanation could be that they were
searching for clues and wverbal representations
that they or their partner had previowsly stated.
This is harder to achieve in the FTF or CMCD-a
sessiors, since the sulbjects were more spontcr
necls and audio representations were |ost for-
ever soon cfter they were uttered.

These preliminary findings seem 1o agree with
the findings of iera ef af (1998) when locking ot
the ratio of low to highrlevel design concepts
discussed in the three emvirorments. The nature
of collaborative environmenits between archi-
tects does maoke a difference on the style of
communication wsed. What designers need fo
decide then, is when they want socially and cul-
furclly face o face synchronouws communicar
fion, and when they want and need synchro-
NoLE o semi-synchronous remotfe communicar
tion (Mitchell, 1595).

Modelling communicdtion in collabordtive
design

Understanding communication in collaborative
design is essenticl for the effective development
of communications soffware and techrology for
designers. Cur preliminary olbservatiors show
that there are differences in the way people
communicate wsing different communication
channels, but that these differences do not
affect the cbility of the designers to estallish a
collalorative working relatiorship. In fact, scme
of the differences show that computermedicr
fion may in some ccees, be more appropriate
than o face fo face meeting. For example, we
olserved that the fext-bosed communication
experments produced o better record of the
collaborative session than the ful cudio and
\ideo experiments.

We propose that a model of communication in
collalorative design could follow from the cod-
ing scheme presented above. The model would
clcssify communication according to the role it
cloys in the collaoorative design process. Af the
fop level, the model would distinguish between
communication that has the purpose of control-
ling the flow of communication, clarifying the
wse of the technclogy. socidlising. or progressing
the design. Each of these categories has relar
five importance depending on the communicar
fion channels ovailalle.

Freliminary clservatiors alone do not produce
a communication model. However these oloser-
vatiors coupled with more sulbstantial anclyticd
resulfs from owr coding scheme will toke s a
long way towarck developing o communication
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model. Such a communication model provides
the basis for comparnng differences and similan-
fies between FIF collaborative design and
CMCD in the way communication charrels are
wsed in those ventures. This in returm will further
guide developers in producing communication
and computer systems that can betfter support
CMCD.
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