
The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

111 

 
A method to analyse team design activities 

 
 

Jeff W.T. Kan and John S. Gero 
 

Key Centre of Design Computing and Cognition, University of Sydney, Sydney, Australia 
 
 

ABSTRACT: This paper presents an approach to the analysis of the dynamics of team design 
activities. The goal is to contribute to the future development of computer mediated collaborative 
design (CMCD) tools by providing a method to compare face-to-face collaborative design with CMCD. 
This approach is based on empirical techniques using “protocol analyses”. Traditional protocol 
analyses code the protocols - verbal data and other activities, here we propose to code the links 
among the protocols. These links form a linkographical representation which indicates the strength of 
idea generation and the dynamics of design activities. A pilot study based on data obtained from 1994 
Delft Protocol Analysis Workshop is conducted to test the feasibility of this method.  
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INTRODUCTION 
 
Designers need to collaborate because of the complexity 
of the problem, the need for specialized expertise, and 
the involvement of users to identify requirements. 

Increasingly such collaboration occurs at a distance. 
Cross and Cross (1995) observed that team design 
activities are influenced by social factors such as roles 
and relationships, and social skills. There are many tools 
aimed at aiding the designing process and to facilitate 
design collaboration. However, despite the advances in 
computer and information technology, all these tools 
seem to fall short of their goals. Olson and Olson , after 

reviewing over ten years of co-located and non-co-
located synchronous collaboration both in field and 
laboratory settings, concluded that distance still matters. 
In the case study of innovation in engineering design, 
Salter and Gann  found that despite modern information 
and communication technologies, face-to-face interaction 
and the immediacy of sketching are still the most 
important elements for developing new ideas and solving 
problems. In what way will collaboration and new design 

collaboration tools affect designing? There are studies 
that examine team designing (Cross and Cross 1995, 
Goldschmidt 1995 and 1996; Stempfle and Badke-
Schaub 2002, Tang and Leifer 1988) but they concern 
only face-to-face collaboration and do not look into the 
role of tools in the process.  Gabriel and Maher (1999) 
studied the effects of different medium on collaborative 
design but focused mainly in communication. Kvan  

denotes “close coupled” and a “loosely coupled” design 
processes. Face-to-face co-located designing is “close 
coupled” while some collaborative computer-mediated 
collaborative design (CMCD) is considered as “loosely 
coupled”; a common ground is needed to compare these 
two processes. 
 

1. TEAM AND COMMUNICATION 
 
Without communication there is no collaboration; 

effective communication is one of the keys to the 
success of team designing. It bridges the gaps in 
individuals’ thinking processes and may stimulate 
designing. However, effective communication does not 
guarantee successful design collaboration. Research in 

communication and collaboration has been conducted in 
various disciplines including linguistics, social 
psychology, and information theory. The framework for 

studying ranges from purely qualitative to quantitative; 
and the methods used include: interviews, survey, field 
work, video analysis, participant/observation, speech act 
and discourse analysis, and computer simulation. Here 
we consider using concurrent protocol analysis as a 
method to study team designing processes.  
 
1.1. Tools, media, and activates 
One of the early studies of design teams is by Tang and 

Leifer . They observed that the workspace design 
activities of groups and individuals are different. Olson et 
al. (1992) found that in two software design teams, 
despite the difference in organizations and projects, they 
had similar patterns of activity and time use. Activities 
were generally clustered around design or management. 
They suggested that time use and transitions among the 
categories of design activity can be considered as a 

signature of various types of meetings which may be 
used to benchmark the satisfaction or productivity of a 
meeting. Their results showed the importance of effective 
communication. They showed how the teams behave but 
did not go into details of the relationship between the 
transitions among design activity and the media. Bly 
(1988) suggested that in group design situations, the 
activity of creating and using the depictions on the 

drawing surface is as important as the depictions 
themselves. Designers use the drawing surface 
extensively as part of the collaborative process. They 
move between drawing, writing, and gesturing frequently 
within the drawing surface within seconds. Bly and 
Minneman (1990) together with other studies (Gabriel 
2000, Vera et al. 1998) suggested  that with the 
introduction of technology, designers will adapt their 

activities accordingly. This study aims to provide a 
method to compare the collaborative design process in 
terms of idea generation and relationship among design 
content. 
 
1.2. Social process and design 
In studying group engineering design practices, 
Minneman (1991 and 1998) showed how design work 
emerges from interactions as a group is established, 
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maintained, and developed a shared understanding. In 
his view, ambiguity in the design communications, not 

only can provide opportunity for designers to reflect but 
also gives room for negotiations and avoids unnecessary 
conflicts. One definition of ambiguity is that the 
representation is capable of being understood in two or 
more possible ways. It is widely accepted that ambiguity 
of design representation facilitates creativity by enabling 
reinterpretation. He described how social aspects are 
important and what the activities are during designing. 
However, Stacey and Eckert (2003) disagree with the 

notion that ambiguity is beneficial in communication. 
Olson and Olson (2000) decided on four socio-technical 
conditions/concepts that help distance collaboration. 
They are: common ground, coupling of work, 
collaboration readiness, and collaboration technology 
readiness. Zolin et al. (2004) after conducting a 
longitudinal study of a cross-functional, geographically 
distributed construction project concluded that initial 

perceptions of trustworthiness are particularly important 
for collaboration. One objective of this study is to develop 
a protocol analysis method to study these complex 
processes. 
 

2. PROTOCOL ANALYSIS OF TEAMS 
 
Ericsson and Simon (1993) laid the foundations for using 
verbal protocols as quantitative data for studying thought 
processes. Verbal data from thinking aloud are 

intentional selection of thoughts; it reflects part of the 
attended working memory in which the behaviour depend 
upon the context (Dewey 1896). Cross et al. suggested 
that 

The verbal exchanges of members of a team 
engaged in a joint task seem to provide data 

indicative of the cognitive activities that are 
being undertaken by the team member (Cross 
et al (1996:3). 

 
2.1. Delft Protocol 
Data obtained from the Delft Protocol Analysis Workshop 
1994 (Cross, Christiaans and Dorst 1996) is used in this 
paper to produce preliminary results. The task in this 
workshop was to design within two hours a device that 
fastens a given backpack to a mountain bicycle. The 

subjects are identified by fictional names: Ivan, John, and 
Kerry (I, J, and K). They worked in the same product 
design consultancy firm and each had 5-8 years design 
experience in engineering product design. The first 
twenty minutes of protocol is coded with the proposed 
coding scheme presented below, and the results are 
documented. 
 

2.2. Goldschmidt’s linkography coding 
Goldschmidt defines a move in designing as:  

a step, an act, an operation, which transforms the 
design situation relative to the state in which it was prior 
to that move (Goldschmidt 1995:195). 

Links can be established among moves by posing one 
question: is move n related to moves from 1 to n-1? The 
coded data is represented by a linkography. Goldschmidt 
also uses critical design moves (moves with more than 7 
links) to benchmark design productivity. In particular 

those with high number of links (both backwards and 
forwards) are claimed to be indicative of productivity. 

 
3. COMMUNICATION ACT LINKOGRAPHY 
CODING 
 
During team designing, communication/conversation 

usually proceeds in an orderly exchange of turns. 
Communication can be verbal, gestures, sketches, etc. 
After the protocol data are collected, the first step is to 
transcribe the verbal data together with information 
regarding turn-taking communication acts/events. The 
protocol is then coded by discerning whether the 
communication act is related to previous acts. This is 
similar to Goldschmidt’s (1995) design moves. The 
purpose of linkography is to represent the process of 

interaction among designers. Since this pilot study is 
based only on the transcript, each communication act 
contains only the recorded verbal data; a communication 
act is defined by the sequence of conversations. Each 
utterance/statement/remark of individuals is tagged 
sequentially as a communication act, for example in the 
time segment 0:00:04 to 0:00:06 there are three 
communication acts, Table 1. 

 
Table 1: The transcript in the left hand side is being 
tagged as communication act I001, K001, I002, etc. 

I: Let’s start 
(Silent reading) 

K: Buster 
I: Shhhh! (laugh) 
(Silent reading) 

K: what do we need?  I 
guess we should look at their 
existing prototype, huh?  

J: yeah, em, let me 
think we could also just sort of 
like try to quantify the problem 

because what's your 
understanding of the problem 
first of all? 

I001: Let’s start 
K001: Buster 

I002: Shhhh! (laugh) 
K002: what do we need?  I 
guess we should look at their 

existing prototype, huh?  
J002: yeah, em, let me 
think we could also just sort of 

like try to quantify the problem 
because what's your 
understanding of the problem 

first of all? 

 
The next step is to code the links between the acts. For 
example I001 is not linked to K001 because I001 is 
triggered by the examiner’s remark and receive no 
communication response; K001 is triggered by her silent 
reading (this is not a communication act). However, I002 
is linked to K001 because it is a response to K001, so 

there is a link. Figure 1 shows the first 8 minutes of the 
linkography. 
If two events are related, then this is represented by a 
dot and linking lines. If an event is related to more than 
one act, there will be more dots on that line. This shows 
the trend of events building upon previous events. One 
could observe the pattern of communication as the 
session progressed. A shallow linkograph indicates that 

the subsequence processes are not building upon earlier 
events which means ideas are not being developed, or 
ideas keep rolling without deepening. However, if all 
events are inter-related, there will be no new idea being 
introduced in the process. Goldschmidt (1995) use the 
number of links relative to the number of events (moves) 
in a sequence as an indicator of the ‘strength’ of the 
design process. 

 

 
Figure 1: Linkograph of communication acts in the first 8 minutes of the protocol in the Delft Protocol Analysis Workshop 
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4. EXTENDING LINKOGRAPHY CODING 
 

Van der Lugt (2003) not only extended Goldschmidt’s 
linkography to trace the design idea generation process 
but also empirically to verify the correlation between 
creative qualities of ideas and the well-integratedness of 
those ideas. He extended the linkography with link types: 
supplementary, modification, or tangential links 
correspond to small alterations, same direction, or 
different directions association respectively. He found 

that a well-integrated creative process has a large 
network of links, a low level of self-links, and a balance of 
link types. 
Dorst (2004) traced linking behaviour of designers with 
regard to design problems, design solutions and the link 
between the two to reveal the reflective practice of 
designers. 
For the purpose of this study we intend to explore the 

social aspect of design activities as well. If the 
communication is mainly social, it will not contribute 
much to the design. Short, unstructured social 
conversations will not affect the coding but looking at the 
linkography one cannot tell the percentage of social 
events. Also different collaboration media may favour 
different types of discussions. With only audio 
communication designers tend to engage less in meta-
level discussions (Minneman and Bly 1991). Traditional 

linkography only concerns events that are related; a 
further question can be asked — how are these events 
related. 
In the study of human interaction in small groups, 
communication has been classified using different 
schemes. For example in Fisher’s (1970) model of 
decision emergence, there are variables for: asserted, 
seeking, interpretation, substantiation, clarification, 

modification, summary, agreement, favourable toward 
the proposal, unfavourable toward the proposal, 
ambiguous toward the proposal, origin of a decision 
proposal, and reintroduction of a proposal. Most protocol 
studies classify the protocols into different categories; 
here however, links between protocols are classified 
instead. The reason for doing this is to capture the 
dynamics of team process. Inspired by Gabriel and 

Maher’s (1999) communication classification of 
collaborative design, two basic types of linkage are 
considered: social, and design, which has sub-
categories. The sub-categories of design are activities 
planning, content, and clarification, which is derived form 
Olson et al. (1992). The design content is further 
subdivided similar to McNeill et al. (1998), see Figure 2 
for details.  

The two basic types of event links are social or design 
related; they are considered to be mutually exclusive in 
this study. Social event links range from conversation of 
non-design related topics to short utterance like ‘yeah’, 
‘uh’, and ‘huh’. In this research these utterances are 
treated as the social responses of paying attention. 
There are two main types of links under design: planning 
and content. Clarification is used in conjunction with 
these two types of links. The sub-categories of design 

content links are:  
• Is the link connecting the events in terms of 

considering the design as a whole (Global), 
partial (Local), or in details? 

• Is the linking concerned with function (F), 
behaviour (B), or structure (S) of the design? Or 
a combination of F, B and S? 

• Is the connection about proposing, analysing, or 

evaluating the design (in terms of FBS)? 
These three dimensions of design content capture 

different aspect of a team, Figure 2. The Global-Local-
Detail category captures the approach (top-down or 
bottom-up) of a team. The Function-Behaviour-Structure 
category captures the reasoning process of a team. The 

Propose-Analyse-Evaluate category captures the micro 
strategies used by a team. If the team members remain 
unchanged, with the introduction of different collaboration 
technologies we can compare these processes in terms 
of the above coding scheme. 
 

Figure 2: Event link categories 
 
4.1. Examples  
Table 2 shows examples of the three major categories of 
links. 

 
Table 2: Examples of coding the links 

Category Transcript Explanation 

Social K001 Buster  
I002  Shhh! (laught) 

 

Design 
Activities 

Planning 

K002 what do we 
need?  I guess we 

should look at their 
existing prototype, 
huh?  

J002 yeah, em, let 
me think we could also 
just sort of like try to 

quantify the problem 
because what's your 
understanding of the 

problem first of all? 

Kerry (K002) was proposing 
to look at existing 

prototype, John (J001) 
disagreed with this; 
therefore the link is coded 

as design activities 
planning proposal 
disagreement  

Design 
Content 

J003 it it sounds to 
me that what they're 

looking for is not they're 
kinda looking for a an 
interface a thing that 

will allow you to carry 
or or fasten an existing 
backpack to an existing 

mountain bike . 
I004 sorta pops on 

the bike? 

John (J003) was suggesting 
the functional requirment 

(an interface … that will 
allow you to…) of the brief 
and Ivan (I004) was 

proposing or clarifying the 
behaviour of a part (pops 
on…); so the link is coded 

as a Local proposed 
function- behaviour 
clarification 

 

5. RESULTS 
 

By using the method described above, the first twenty 
minutes of Deft protocol was coded. Figures 3(a) and (b) 
show the standard linkograph with all the links. There are 

208 communication event and 385 links. From the 
appearance of the linkograph, the first 8 minutes (events 
1 to 67) are quite different to the rest (events 68 to 208). 
In this first 8 minutes there are 3 isolated linkographs. 
K001 and I002 form the first linkograph, K002 to J017 
form the second linkograph, and I019 to J024 form the 
last linkograph. Within the second linkograph there is a 
disjunction at I008 and J009, however the idea posted in 

K008 was pick up latter. 

Event Link 

Social Design 

Design 

Activities 

Planning 

Design 
Content 

Clarification 

Agreement  
Disagreement 

Global 

Local 

Detail 

 

Function 

Behavior 

Structure 

 

Propose 

Analyze 

Evaluate 

 

 

Clarification category 

co-exists with the 
other 2 categories 

Categories can co-

exist with different 

combination 
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Figure 3(a): First half of the standard linkography of the first 20 minutes 

 
 

Figure 3(b): Second half of the standard linkography of the first 20 minutes 
 

 
Figure 4: Extended linkography with the three major categories 

 
Figure 4 shows the linkography of the major categories 
with the different level of grey dots indicating different 
types of links. Only the first 67 events were further coded 
because one of the objective in this pilot study is to try 
the coding scheme. There are 116 links, 4 of these have 
overlapping categories. 88 links are from the Design 

Content category, 11 links are of Activities Planning 
category, and 21 links are of Social category. The details 
of the sub-categories are not presented here. 
 

4. ANALYSIS 
 
The result is analysed both qualitatively and 
quantitatively. In general if the linkography is very 
shallow with few links then the process is not building 
upon previous acts. If there are deep valleys in the 

linkography and there are many links, we can say the 
process of idea development is rich. The valleys can be 
measured in terms of the intensity of links in a 
communication act.  

 
4.1. Qualitative observations 
In this example we can observe that the linkography of 
the fist 20 minutes contains two distinctive patterns. 
Since it was the beginning of the design, one pattern 
involves events clustered around understanding the 

design problem. A closer look into the transcript indicates 
that the first pattern is concerned mostly with clarifying 
the brief with a small amount of activity concerned with 
planning. In the next 12 minutes, the transcript consists 
of planning, information gathering, proposing design 
solution, and going back to planning. This 12 minutes 
contains richer process than the first 8 minutes. The 
linkography reflects the clustering of acts in the form of 

“V” shaped chunks. However, the standard linkography 
cannot show what kind of activities chunks they are. In 
the extended linkography, Figure 4, we can see that the 
planning activities are mainly clustered at the end, with 
some at the beginning.  
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Coherence: continuation of communication act 
Pavitt and Johnson presented evidence that group 
discussions they had studied were coherent. That is 
“people strive to maintain coherence in their 

conversations... they make their utterances relevant to 
what has been said earlier” 1999:303). Grice also 
suggested in conversation, “Our talk exchange do not 
normally consist of a succession of disconnected 
remarks” 1975:41). This is evident in the protocol, for 
example, John’s response to Kerry’s suggestion, K002, 
of looking at an existing prototype was negative but he 
affirmed with a ‘yeah’ then mumbled before suggesting 

another direction. John’s intention was to start with 
exploring the problem space before working on the 
solution space. In this context, all the participants 
understood what was going on, the utterance of ‘yeah’ is 
a response to K002 which did not mean agree but was 
an effort to maintain the coherence in their discussion.  
 
Conversation disjunction: new idea/topic 

Sometimes themes and intentions were changed without 
acknowledging the intermediate context. It can be 
observed in the linkography in Figure 3 when a 
communication act does not have backward links. The 
disjunction can be a result of re-aligning the goal, for 
example from social orientated actions to activities 
planning like in I002 and K002. It can be caused by a 
sudden discovery of issues, for example in J009 when 

John discovered an issue ‘OK I missed that’ which both 
Ivan and Kerry did not know what that is referring to 
when they were both responding to the issue of ‘…selling 
the external frame backpacks’.  
 
Concurrent protocols: self-linking act 
Individual’s communication acts that are mainly linked to 
his/her own pervious communication act, for example 
J015 to J017, see appendix. Looking at the transcript 

alone, the responses by others do not seem to contribute 
much to the cognitive activities of the individual. This 
resembles concurrent protocols. Van der Lugt (2003) 
hinted that this kind of links do not contribute much to the 
well-integrated creative process. However, we argue that 
those links needed to be examined before making such 
claims; the self-linking acts can be critical evaluation or 
elaboration of pervious acts which are very different 

kinds of linking. It the case of critical evaluation, it 
contributes more than social links in terms of creative 
process; so we need to study the linking acts in its 
context. 
 
4.2. Quantitative measures 
Goldschmidt (1996) uses link index (the number of links 
relative to the number of moves) as an indicator of the 

strength or productivity of the design process. She also 
uses critical moves (moves with intensive links) and 
critical path (sequence of critical moves) to compare 
different design process quantitatively. Table 3 shows 
the overall link index and the link index of the two 
distinctive stages. A higher link index value suggests a 
richer process. Critical moves and path are not used to 
here because of the limited among of data. Table 4 

shows the number of different kinds of links in the first 67 
acts. 
 

Table 3: Comparing link index at different stage 
Communication act 1-67 68-208 1-208 

Number of links 116 269 385 

Link Index 1.731 1.908 1.851 

 
 

Table 4: Number of links in different categories of links 
 Design 

Content 

Design 

Activities 
Planning 

Social 

Number of links 88 11 21 

% 73% 9% 18% 

 

Counting the frequencies of different kinds of links for the 
first 67 communication acts shows that this team’s 
communication focuses mostly on design content 
because over 73% of the links fall in the design content 
category. About 18% of the links are socially related and 
about 9% of the links are activity planning related.  
 

5. DISCUSSIONS AND FUTURE WORK 
 
For standard linkography the only criterion for linking 

events is an examination of the possible connections, 
which sometimes is hard to discern especially when acts 
are like a mini-conclusion of what has been happening 
so far. Understanding the content and context are 
intrinsically important in this kind of study. As the actions 
accumulate, it is not always clear whether the subjects’ 
responses are directly linked to previous communication 
acts or by the current situation. For example in J056 (OK 
you were talking about schedule stuff before do you 

wanna), John nominated Ivan to take care of the 
schedule; it is hard to discern if it should be linked with 
I019 (should we uh prepare a schedule and then just 
sorta stick to it or should we uh just start working?), 
which was 10 minutes ago. In this study the coder 
considered it should not linked because of the immediate 
context, however, after this study we take the approach 
that it should be linked because the idea was originated 

in I019. In order to increase the reliability of the coding, 
inter-coder arbitration is recommended. 
For an extended linkography, as the coding involves 
interpretation, it is essential to have very explicit criteria. 
Also, the coding of this study was based only on the 
transcript, drawing events had not been coded.  
 

CONCLUSION 
 
This paper has outlined a method to analyse team 

design activities. By linking the communication acts, a 
pattern of how the design team is progressing can be 
revealed in terms of a linkography . It shows how “ideas” 
were developed and interconnected. A shallow linear 
linkography indicates that ideas are progressing without 
further development; however, if all acts were linked 
together to form one interconnected “V” shape 
linkography , it would indicate that there is no diversify of 

ideas.  
Looking at the linkography of this pilot study, there are 
four independent chunks, three are in the first 8 minutes. 
Some of the acts in this first 8 minutes may have forward 
links. These chunks, together with those conversation 
disjunctions, can be viewed as units of ideas. The 
linkage of these chunks indicates the strength of idea 
generation. It is likely that social conversations will be 

isolated clusters, like K001 and I001, while useful ideas 
will foster further actions. Qualitative observation 
supports the claim that a higher link index value suggests 
a richer process.  
Traditional linkography ignores social conversations and 
only codes the linkage of moves without discerning how 
they are linked; traditional protocol analyses code the 
fragmented activities and seldom consider the linkage in 

a holistic way. It is expected that by coding how the links 
are established will contribute to an understanding of 
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collaborative designing in another dimension. It can show 
the percentage of engagements with different kinds of 

activities which traditional linkography cannot show. It is 
also expected that this will provide a common ground to 
compare face-to-face collaboration and computer 
mediated collaboration. The pilot study demonstrated the 
feasibility of using this method.  
 

ACKNOWLEDGEMENT  
 
This research is supported by an International 
Postgraduate Research Scholarship, University of 

Sydney. 
 

REFERENCE 
 
Bly, S. A. (1988) A use of drawing surfaces in Different 

collaborative settings In Computer Support Cooperative 
Design, pp. 250-256: Portland, OR 

Bly, S. A., and Minneman, S. L. (1990) Commune: a 
shared drawing surface In Office Information Systems, 
pp. 184-192: Cambridge, Massachusetts 

Cross, N., Christiaans, H., and Dorst, K. (1996) 
Introduction: the Delft protocols workshop In Analysing 
Design Activity (N. Cross, H. Christiaans and K. Dorst, 
eds.), pp. 1-14. John Wily & Son: Chichester. 

Cross, N., and Cross, A. C. (1995) Observations of 
teamwork and social processes in design, Design 
Studies 16, 143-170 

Dewey, J. (1896) The reflex arc concept in psychology, 

Psychology Review 3, 357-370 
Dorst, K. (2004) On the problem fo design problems-

problem solving and design expertise, The Journal of 
Design Research 4 

Ericsson, K. A., and Simon, H. A. (1993). Protocol 
Analysis: Verbal Reports as Data (revised edn) The 
MIT Press: Cambridge, MA 

Fisher, B. A. (1970) Decision Emergence: phases in 
group decision-making, Speech Monographs 37, 53-66 

Gabriel, G. C. (2000). Computer Mediated Collaborative 
Design in Architecture: The Effects of Communication 
Channels in Collaborative Design Communiation [i.e. 
Communication] PhD, University of Sydney, Sydney. 

Gabriel, G. C., and Maher, M. L. (1999) Coding and 
modelling communication in architectural collaborative 
design In ACADIA'99 (O. A. J. Bermudez, ed.), pp. 152-
166 

Goldschmidt, G. (1995) The designer as a team of one, 
Design Issue 16, 189-209 

Goldschmidt, G. (1996) The designer as a team of one In 
Analysing Design Activity (N. Cross, H. Christiaans and 
K. Dorst, eds.), pp. 65-91. John Wily & Son: Chichester. 

Grice, H. P. (1975) Logic and conversation In Syntax and 
Semantics, Volume 3 Speech Acts (P. Cole and J. L. 
Morgan, eds.), Vol. 3, pp. 41-48. New York Academic 

Press. 
Kvan, T. (2000) Collaborative design: what is it?, 

Automation in Construction 9, 409-415 
McNeill, T., Gero, J. S., and Warren, J. (1998) 

Understanding conceptual electronic design using 
protocol analysis, Research in Engineering Design 10, 
129-140 

Minneman, S. L. (1991). The Social Construction of a 

Technical Reality: Empirical Studies of the Social 
Activity of Engineering Design Practice PhD, Stanford 
University, Stanford. 

Minneman, S. L., and Bly, S. A. (1991) Managing a trois: 
A study of a multi-user drawing tool in distributed 
design work In ACM SIGCHI Conference on Human 
Factors in Computing Systems, pp. 217-224 

Olson, G. M., and Olson, J. S. (2000) Distance matters, 
Human -Computer Interaction 15, 130-178 

Oslon, G. M., Oslon, J. S., Carter, M. R., and Storrosten, 
M. (1992) Small group design meetings: an analysis of 
collaboration, Human -Computer Interaction 7, 347-374 

Pavitt, C., and Johnson, K. K. (1999) An examination of 
the coherence of group discussions, Communication 
Research 26, 303-321 

Salter, A., and Gann, D. (2002) Sources of ideas for 
innovation in engineering design, Research Policy 32, 
1309-1324 

Stacey, M., and Eckert, C. (2003) Against ambiguity, 
Computer Supported Cooperative work 12, 153-183 

Stempfle, J., and Badke-Schaub, P. (2002) Thinking in 
design teams - an analysis of team communication, 
Design Studies 23, 473-496 

Tang, J. C., and Leifer, L. J. (1988) A framework for 
understanding the workspace activity of design teams, 
Proceedings of the 1988 ACM conference on 

Computer-supported cooperative work, 244-249 
Van-der-Lugt, R. (2003) Relating the quality of the idea 

generation process to the quality of the resulting design 
ideas In International conference on engineering design 
(ICED): Stockholm, Sweden 

Vera, A. H., Kvan, T., West, R. L., and Lai, S. (1998) 
Expertise and collaborative design In CHI'98, pp. 503-
510: Los Angeles 

 

APPENDIX 
The first seven minutes of the team design protocols. 
 
X001 Before I give you the actual design brief are there any 

questions about the procedure? 
J001 I don't think so 

X002 In that case the session will start now and I will give you 
each a copy of the assignment.   

X003 I remind you that there are two hours maximum uh if you 

are still working I will remind you of the time at thirty 
minutes and fifteen minutes before the end of the session. 

I001 Let's start 

(Silent reading)  
K001 Buster 
I002 Shhhh! (laugh) 

(Silent reading)  
K002 what do we need?  I guess we should look at their existing 

prototype, huh?  

J002 yeah, em, let me think we could also just sort of like try to 
quantify the problem because what's your understanding 
of the problem first of all? 

K003 they uh they want a combination market product this 
backpack mountain bike product and they've made a 
prototype and it hasn't been they're not pleased with it so 

far and the users' tests have some in in fact it would be 
nice if we could see those users' tests to em see what the 
shortcomings were 

J003 it it sounds to me that what they're looking for is not 
they're kinda looking for a an interface a thing that will 
allow you to carry or or fasten an existing backpack to an 

existing mountain bike  
I003 yeah 
J004 is that how you guys interpret it? 

K004 well also they've got this em Batavus Buster that em  
I004 sorta pops on the bike? 
K005 we can make it a special mountain bike so it could have 

the stuff required attached something to it 
J005 OK 
X004 I should point out that the bicycle which we have in the 

room is not the Batavus Buster but it is a typical mountain 
bike but the backpack which we have is actually the 
HiStar backpack which is uh is to be designed for 

J006 OK 
J007 it's an external frame pack is it? 
K006 uh huh 

I005 that's what the memo says? 
K007 that's what they're building 
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I006 it's internal internal frames they're making now 
K008 they're getting busted by the internal frame folks but they 

think they think an advantage would be to make this 
external frame also be mountable to a rack or become a 
rack  

I007 yeah 
K009 and that would be pretty cool too 
J008 they could keep selling the external frame backpacks 

K010 yeah 
I008 right and bicycles 
J009 OK I missed that 

I009 which part did you miss? 
J010 oh the fact that I I thought I picked up that they were going 

to that they were conceiving of making an internal frame 

pack but em  I guess that's not what they're saying you're 
saying that they make external frame packs currently? 

K011 mm hmm they make external  

J011 does it say that they want to stick with that or 
I010 well it doesn't say anything about going uh external or 

internal so that I think that you raised a good point 

K012 they just yeah 
I011 yeah that we have that freedom right now  
J012 OK maybe we could get something that we're gonna 

propose to them that if it has any advantage in this 
application right 

I012 sure 

J013 OK 
K013 but they wanna use it with this external frame backpack it 

looks like  

I013 right with this well let's see 
K014 because the HiStar this this is a best-selling backpack the 

mid-range HiStar  

I014 right and they have their best-selling bike right  
K015 they've decided to develop an excs accessory for the 

HiStar 

I015 yeah 
K016 this is the HiStar backpack the HiStar 

J014 where do you see that?  
I016 at the top here 
K017 very beginning 

J015 yeah here it is on the basis of this marketing report 
HiAdventure has decided to develop an accessory for the 
HiStar and these are the two kinda functional criteria it 

says a special carrying fastening device that would enable 
you to fasten and carry the backpack on mountain bikes 
and then the device would have to fit on most touring and 

mountain bikes so it doesn't sound like it's specific to this 
one 

I017 absolutely you're right 

J016 and fold down it should fold down or at any rate be 
stacked away easily mm by saying folding down they're 
making an assumption that it's not flat to begin with which 

it might be... a quick survey has shown that there is 
nothing like this on the European market OK so we have 
like can fold or store easily it's an accessory... it should fit 

fit most mountain bikes whatever that means other there 
must be whatever characteristics that are common I guess 
to most mountain bikes ... fasten or carry ... and we're 

assuming we're designing for the HiStar pack is that what  
I018 yeah something Hike Star oh HiStar pack 
J017 OK em and that's supposed to be (inaudible)  

I019 should we uh prepare a schedule and then just sorta stick 
to it or should we uh just start working? 

J018 no it's probably a good idea to try to quantify our amount 

of time the kinda time we have left (laugh) 
I020 yeah we've used fifteen minutes so we have  
J019 OK so we have an hour and fortyfive so we need to 

generate some concepts and I guess refine the concepts 
and or whaddaya call  

 


