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INTRODUCTION ach ie~wl  in mid- 1990s at universities and large AEC firms 

The Information Revolution. like the Industrial Rccolution 
before it. is not only challenging what me are designing but 
also hou m,e dcsign. With recent advances in computing and 
telecomniunication technologies. participants in the design 
process. who are often in different locations around the 
world. could work on a building design at any place. simul- 
taneously together (synchronous1 ) or separately (asynchro- 
nously). while the latest state o[the design mould al\hays be 
available to all team members. They could collaborate on a 
shared ob,ject and no information m,ould thus bc lost in 
transfer ol' prolect data. 

The technology itself. ho\ve\.er. is not central to remote 
design collaboration. Design involves fi-equcnt making of 
choiccs. and underpinning this process are the values and the 
beliefs ol'the designer or a group ofthcm. To truly conie to 
terms with designing in a global context. issues such as 
social. cultural and ideological differences have to be further 
understood. What makes the geographic, cultural. or ideo- 
logical cross-boundary collaboration dil'ficult and interest- 
ing is the hurnan dimension of tr).ing to w ~ r k  together 
ton ards a common goal. 

Collective design authorship. as well as associated com- 
munication. social. and cultural issues mere central in our 
virtual design studio experiment. Teachers and students in 
Hong Kong and Singapore worked on a common dcsign 
prolcct ("Place?Meet on the Water") using traditional arid 
digital media. a ccntral database. World Wide Web. and 
\ ideo-conferencing. We also addressed ovcr the course of' 
scmestcr the issues ol'teachinp methods and tvhethcr the 
quality of design could he impro\cd in a networked design 
cn\,ironnient based o n  collecti\t. authorship and whether 
ancl how such an environment can affect the nature ol'the 
produced designs. 

such as Norman Forster and Partners and Ove Arup and 
Associates. is now in the reach of small and medium sire firms 
with access to the Internet. 

As ol'fices grow to cope with higzer and more internation- 
ally oriented projects. the need for internal and external 
communication increases. Not only that architects have to 
work with consultants located in other cities or h a x  branches 
elsewhere in the world. they themselves arc increasingly 
moving beyond their local and geographical strongholcls 
and are becoming global and international. 

In structuring a global organimtion. two models are 
commonly used (Lucas ct al 1994). The vertical integration 
model is quite simple and is widely practiced. In this model. 
branch offices are set up and closed as projects conie and go. 
Basically. each of the offices manages its own prqjects and 
offers a complete range of services. The horizontal integra- 
tion model. hov,.ever. is rnorc sophisticatecl. It makes use of 
the geographical. economic and social advantages of differ- 
ent branch offices to maximize their throughput. Of'ices are 
s p ~ i a l i z c d  and the model relies on a concerted eflort of 
almost all the branches to complete a pmject (Popova 1997). 
It requires the support of an excellent and cost el'l'cctive 
communication protocol for collaboration among gcographi- 
cally distributed teams. 

Apart li-om the communication problems. rcscarchers 
have already identified the need to look into the social 
implications and consequences of the horizontal integration 
model (Winter and Taylor 1996). Culture. language. social 
norms. time differences, values and practice are some of the 
issues identified. "Empirical studies 01' design h a w  demon- 
strated that design is a social acti\,ity as much as i t  is an 
individual practice" ( V c r ~ e n n e  1991). Therel'orc. "supper- 
ing the social communication is as important as supporting 
communication about thc design problem." Previous studies 

BACKGROUND 
(Poh and Mycrs 1994. Sasada 1994. Wojtowicr 1995. 
Mitchell wwm. Maher ct al 1996. Cicognani and Maher 

Cornputer supported communication anci collaboration 1997. Schmitt 1998) ha \e  cast some light in this direction. 
arc no longer~iiere possibilities. but. given the will and k n o w  H o ~ ~ c v e r .  Uic f inding  arc I'ar from conclusive. as the intcrac- 
hou of the participating partners. a reality. What m'as first t i ~ e  dynamics arc complex and yet to be fu11~ undcrstood. 
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Last but not least. there is a need to look into issues related 
to the design process iLawson 1980. Sclion and Wiggens 
1992. Sclion 1996). Design is "aprocess which is in continual 
~ I L I X .  mo\.ing bemeen asynchronous and synchronous acti\.- 
ity w here group mcnibership o \ w  the lift-cyclc of the design 
i \  dynamic and transitory" (Rutherford and Maher  1993). 
meaning that a largc number of the constituting pasameters 
are changingduring the development of the design. Differcnt 
people arc in\olved o \ c r  limited periods. In order to f'ollow 
the changes. the design information system has to be sul'fi- 
ciently open to incorporate new participant\. including their 
preferred mean5 of representation. 

Ultimately. questions had to be answered a5 to whether or 
not the hosirontal integration model could yield better 
clesign sen iccs .  Much of the prebious studies on Lirtual 
design s t u d i o  have becn focused on \,arious aspects of 
enabling technolog\.. communication. social dynamic\ and 
design process. but these w e  only means to en end: to client 
and end users. rhcy h a \ c  no tangible values ( M a \ e r  1997). 

YIRTUAL DESIGN STUDIO 

Thc \,irtual design studio (VDS)  described in this paper is 
an experiment in remote design collaboration that explored 
tlie ~ S S L I C  of collective design authorship. Teachen  and 
students in Honp Konp and Singapore worked on a common 
design project ("Placc2Meet on the Water") using tradi- 
tional and digital media. a central database. World Wide 
Web. and video-conferencin~ 

The studio was an attempt to examine some o f  the issucs 
related to the i ~ s e  of  the horizontal integration model in 
design. namely con~munication. social and design issucs. In  
contrast to most of the previous works and \.irtual desipn 
studios. this studio M ~ S  a semesterlong program. with spe- 
cific pedagogical. acatlemic and design agendas. Through- 
out the studio. design issucs were emphasized and ~echnical  
rcq uirements like structure. construction. detailinp. material 
and siting were discussed. The studio tsied to mimic. a s  much 
a possible. the design f lou of an architectural practice 
assuming a horizontal integration model. 

I n  addition. acldressing the shortcomings of' prc\.ious 
virtual studios. the studio was structured to limit possible 
variations and contingencies due to culture. time. language. 
and academic diflkrences of  thc teams. Thc Univcssity of 
Hong Konp and the National University of Singapore made 
an almost ideal pair in that respect. Students ol'both Uni\,er- 
sities are mostl! Chinese in origin and fsom a similar cultural 
bachpround. The) arc in the \ a m  time zone. Both univessi- 
ties use English as a medium of instruction and they ha\,e 
similar acadcniic structure. By relying o n  these similarities. 
the idea u.as to minimire the dis t ract ingclemnts  (the "noise") 
and to concentratc on the feu  identified critical issues. 

In tlic l'irst pirt ol'the studio. which was threc weeks long. 
students were rcquircd to analyze xonie precedents and 
present h c i r  analbscs as ~ e b  pages. They had to stild!. the 
follou ing aspccl\ ol'the selected buildings: design concept. 

structural b e h a ~ i o r .  assembly process. details. building 
materials. building services. and the intepration ofarchitec- 
turd design and technology. Students workcd in teams of 
f i ~ e .  made up of t\vo students from H o n s  Kong and three 
students from Singapore. The! had becn ad\,ised to pay 
attention to and sceh. on their own. cl'l'ici~nt conl~nunicatiun 
and inf'orniation protocol\ to ~ o r h  u i th  each other. 

Fig 1 .  The V I X  databaw (htrp://horne.:ircli.liku.hk/\~ds9~~/) accea- 
sible through a neb bso\i w. The brim wr windon is split into three 
parts tfsnmes). "Buttons" in  the frame along the left edge permit 
\ iewingof the project\ produced in each ph'lse. which are shown i n  
iconic form in the frame alon? the bottarn edpc. The wlected project 
can bc thcn re\ie\\ed i n  the main i'ralne. 

In the second part of the studio. studcnts wcre sequired to 
design a "Place2Meet on the Water" over scvcn weeks in a 
collective. collaborative fashion. The collaboration. h o w  
ever. took a different form in this part ol' the studio. It was 
modeled after previous. m,eeklonp experinients conducted at 
the University of Hong Kong with varioi~s partners around 
the world (Kolarevic et al 1998). The projcct was divided into 
I'i\e phases. each one or  two weeks long. At the end of each 
design phase. students placed their n o r k  into a common 
design database. a "digital pinup board" (Wqjton,icr 1994). 
n,Iiich \vas acccssihlc throi~ph a web browser (Figure I j .  

Then. at tlie beginning of'each phase, students selected the 
best work tlie!, could find in the prcvious phases by brom sing 
through the database. They wcre not allowed to continue 
with thcir ow.n dcsipn. Since in each phase the! had to sclcct 
someone design. they implicitly l'onned teams (Kolarc\,ic ct 
a1 1 W 8 ) .  

The final results n e r c  design pro.jects with \harcd author- 
ship that could be traced back t o  the contributing authors and 
co-authors using the database (Figure 2 ) .  In this process 01' 
"evolutionar!" clesign. the authorship wa not a q ~ ~ c s t i o n .  a \  
the contribution of all students in\,olved in thc design was 
recorded in the database (Kolarevic et al 1998). 
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Fig. 2. Thepencalngy of designs. Note that therearr four identifiable 
"liriiiliea" ofdesipns at thc end of the "evolutionary.. psocw. 

OBSERVATIONS 

T w o  surveys were designed to capture feedback related to 
the key issues that werc investigated in this studio. namely 
modes of communication. collaboration. collective design. 
social processes. and pedagogy. Recognizing that the use ol' 
technology in the design PI-ocess is a matter of critical 
judgment rather than a fact. the questionnaires included 
sections where respondents can explain the rationale behind 
their choices. T w o  general essa) type questions werc also 
included to capture some of the general observations about 
the virtual design studio. Apart from this more structured 
approach. informal inquiries u,ere conducted durins  the 
studio sessions to collect \,iew,s and feedback. We also 
monitored thc d e s i p  progress through the VDS database to 
f'orniulate observations on the collaboration process as ~vell 
as the design evolutions. 

A Socio-technical Perspective 
A socio-technical system perspective has been adopted in 

this stuciio. It is believed that i t  is essential to allow llexihility 
for individuals to seek means to construct their ou,n comniu- 
nication protocols (Winter and Taylor 1996). While i t  has 
a lwals  been assumed that higher bandwidth and resolution 
w,il l  lead to an improvement of communication (Chen and 
Mavcr 1996. Chill 1997)).  our findings indicate o thers  ise. 
The a\,ailability of  technology allows but does not necessary 
change the cstahlishcd behaviors of the u w s :  a t  times. it 
might bc necessary to  "dc-optimize" technology to accom- 
plish the beha\,ior o f  the indibiduals (Yamaguchi W M T ) .  A 
nutiiber of communication niodels or roles were identil'ieil: 

"Philosophers" - The! penel-ally prcfcr slower. simpler 

and more direct communication methods. They use email 

to compose their thoughts and prefer a lag bctwecn 
d~aloguea. They usc web pages to publish their thoughts. 
They participate in synchl-onous exchanges only when i t  
is abwlutely necessar). 
"Misers"- They prcfcr using and maximizing aparticular 
means ofcommunication. T h e  perceive communication 
at  necessary but generally 131-cl'cl- to \I orh and contribute 
cluietly. For thcm. the mcetings should be o ~ c r  quicklq. 
The on15 thin: the> v.mt to acliie\,c i \   hat nccds to be 
done next. 
"Party gocrs"-They like meeting people and being seen. 
Their outgoing characters mean that they also generate 
most ol'the exchanges on t h t  network. The) like expcri- 
menting with various means to communicate. T o  thcm. 
comniunication can sometimes be an end in itself. 
"Fo1loncrs"-They communicate to maximire their own 
nork.  They gaie~-aIly position themselves at the receiv- 
ing end of the communication chain. Thcy like to  be on- 
line to ensure that the) don't miss anything. The) like 
asking questions so that the) could get useful answers and 
information. 
"Initiators"-The! arc the opposite offollowers. The! are 

at the front end of the coniniunication and always wish to 
broadcast thcir ideas and contributions. These would 
often provide help to ensure that e\,crybody in the team 
Gets their message. The) like instant feedback so that the) 
could contribute more. 
"Loners" - These people h a \ e  their agenda somewhere 
and do not normally ~ . i s l i  to be bothered. Comm~micat ion 
has little purpose except to put \,arious "individual" 
cclntrihutions together. For them. high bandwidth and 
resolution is a waste of time and energy. 
The choice ol' technology at any one time of thc design 

process is not entirely a technical decision. ICQ ("real-time 
chat" software) has been the most preferred communication 
protocol among the different user styles (for 83% of the 
s u n  e l  respondents). Two thirds of surveyed students (68% ) 
thought i l  essential for VDS collaboration and communica- 
tion. Students I'ound i t  "the most con\,enient way to commu- 
nicate." "infornial." "fast." "instantaneous" and welconiecl 
its lou system overhead. autosavc and built in file transfer 
features. However its text-based interface poses limits to 
\upport design activities. Whiteboard feature in NetMeeting 
\ \as  used extensively to supplement ICQ for its abilit) to 
share graphical information (Figure 3) .  and morc importantly 
to eschangz sketclics. One third (-3204 ) t h o ~ ~ g h t  that the 
whitehoard is essential for VDS. 

Email was the least prel'crred tcchnology for two thirds of 
s inwyed  students. as i t  u,as percci\etl to he "l'ormal." "only 
good I'or gi\  in? instructions" and "\lo\\ ." Surpisingly.  half 
of the students \vho were surveyed thought that it was barel) 
needed. It \ \as  used mostly 14 hen it was understood that other 
part) was not there. Tlic usc of n e b  technology was. on the 
other hand. enthusiasticall) endol-sed. Sharinz and obtain- 
ing inl'ormation have been the main moti\,es behind its 
support. Bcqontl the technological need to exchange infor- 
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Fig. 3. Whi~eboard 143j uwd toshareimapes,drau inps.and skctchej. 
Students prepared [hell. presentation5 a \  a e h  papei. Images were 
copied from web page\ into the\+ hiteboard 5ohm are ai  underlays for 
ske~chinp. 

mation. the existencc of a common design database some- 
where pro\ided a psqcliologicall~~ comforting proof of the 
existence of the teams. 

The  mixecl feeling expressed in wlietlicr or not it is 
important to "see" the face(s)  ol'tlie party was illuminating. 
Contrary to popular belief. our findings indicate that seeing 
the others is not an essential feature needed for efl'cctiw 
collaboration. According to our survey. only 4R found it 
essential. ~ r h i l e  32% though i t  is not important ( 16% thought 
it was often needed. 78% sometimes. and 20% barely ). There 
are some concerns of pri\-acy here. but the main reason gi\,en 
is that seeing the work is more important than s w i n g  the 
face(s) .  However. at this point. it must be pointed out the 
students "prefer" seeing the face(?) of their tutor(s) during 
tutorial and I-evicw sessions. 

A Design Perspective 
Whether or not design could be improved u it11 the hori- 

zontal integration model mas another inquiry of this studio 
experiment. Design is a response to a situation thus it i i  
difficult to dcvclop ob,jccti\e measurements to quantify its 
quality (Schon 1996). What this stud! investigated instead 
is n,hetIicr or not the horimntal integration model could be 
"perceived" to p r o ~ i d e  a more concluci\,e environment for 
hctter design. 

Design has bcen traditionally seen as  a continuous and 
intcgratcd process (Schon and Wiggens 1992). In an ideal- 
i d  situation. the clcsigncr. Iihe an artist. w ) i ~ l d  \\,is11 to havc 
the control of the entire process. '4 good design has a l ~ v a y s  
been seen as one that has a coherent concept throughout. It 
is thcrefore not tlil'ficult to underrtand that some students 
\vould express disloined feeling of the idea of shared author- 
ship. T w o  thirds of the s u r \ , q c d  students stated that the) 
could accept some "sharing" but not all. For sorne students 

i t  was "difficult to work on others'  idcas while they still had 
their o u n  in mind". i.e.. to "shift fiom one'$ initial dcsign 
l'ramewo~-h into somebod) else's." On the other hand. some 
noted that collecti\e design provides an opportunity to try 
out difl'erent approaches to thc project and to discover 
potentiall! interesting idcas that might not be noted i l '  onc 
\vas worhing alone. 

Discussion ui th the students and surveys rc\caled that 
most of'them tended to choose designs that wcrc "similar" to 
thcirs SOT f'urther development. Only a I'cw of them admitted 
that they chose the tlesign because i t  was different and 
"bcttel-". One aswmption of the shared authorship concept 
is that designs would e\,olve I'or the hctter and that the fittest 
would survive. H o u e \  er. underlining that is another assump- 
tion that the rules and principles o f  what could be considered 
good design have been established and understood. This was 
not the ease in this studio. It would therefore be interested to 
see if the cvolutionar) theory of design holds in a more 
objectivel) defined design situation. 

On the positive sidc. k e d b a c h  on w1iethe1- or not the 
virtual studio could yield a richer and more d i ~ e r s e  tlesign 
and learning environment has been reasonably positi\ e. For 
exaniple. more than t u o  thirds of  the students thought that 
ha\.ing to work on somebody else's idea Lvas a good learning 
experience: one quarter could imagine being t l i o ~ ~ g h t  design 
in that fashion alone. In summary.  an enlarged knoivledge 
pool and the availability of a large database of different ideas 
were seen as valuable learning resources. This obser\,ation is 
in agreement witli Sclimitt's and Hil-scliberg's findings in 
their "Pliase(X)" and "fake.space" experiments (Schmitt 
1998. Hirschberg 1998 ). 

A Teaching Perspective 
The studio also examined the issue of teaching pedagog! . 

During the review sersions. tutors. or thc clients. d o  not 
normally draw (Schon and Wiggens 1992). The way informa- 
tion is transferred is mainlj. through ~ c r b a l  means and facial 
and body expressions. And more  importantly. feedback is 
spontaneous. This means that the bulk of the information 
Ilo\x is intangible. perishable and unrecorded. T o  better 
~~nders tand  this dynamics ofinl'ormaticm f l o w .  four styles 01' 
teachingitutorial were experimented ~ i t l i :  

Real" - tutor\ tutoring physically in a well-experienced 
and understood process. 
Real/\~irtual" - tutors tutoring a team of real and irtual 
students in a single session. 
Virtual" - tutors tutoring virtually over the Internet. 
Reverse Lirtual" - tutor i rom Singapore virtually tutors 
from Hong Kong students in Singapore. 
On thu whole. and as expected. s t i~dents  prcf'erred "real" 

tutors. Some concerns Mere expressed during "rca1/\~irti1al" 
tutorials. The problem is more to  do witli the I'act that \vIiile 
it is not difficult to tutor either virtuall! or physically. it has 
not bcen easy finding ways to  teach both simultaneously. For 
example. lorthe benefit of the virtual tutee. atutormiglit wish 
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