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Abstract Extreme collaboration [2] is a design techniqud tha
emphasizes work in an electronic and social

This paper presents observations from engineering €nvironment to  maximize communication and
ontology design sessions. We followed the entisigde information flow. Design teams work in war rooms,
process of a group of engineers bu||d|ng an 0ntp|og where all designers are collocated and may inteact
for root cause analysis to be applied to petrolgump needed. In extreme collaboration, participants have
failure diagnosis. The group was composed of dsper access to networked computers and all the necessary
with same background, who work in different locasio information, and a coordinator leads the grouptn i
of the same company. Even though they apparentlyexploration of the design space.
share similar analysis methods, during meetings We have been successfully applying this technique
discrepancies emerged. Although they officiallgag ~ for ontology design for over a year now. In ouriges
to each element, they didn't accept the final Mmeetings, engineers come together to create afoggto
representation whenever the concept was not fully for a given domain and a given purpose. Recentig, o
discussed. Given the problems identified in thalfin Of our designs was poorly accepted, despite hayimg:
design, we look back at the meetings and attempt tothrough the full process and been discussed areedgr
identify what led to these problems. This enabkesou  upon by the different stakeholders. This led usamo
draw a set of guidelines for dealing with desigretirey investigation of possible causes for the acceptance
problems. Our observations point towards a Problem.
relationship between an actor's behavior and future  Despite its importance, collaborative design i sti
artifact acceptance; a set of actions that intetmupr ~ Poorly supported by computational tools. Manipalati
brings back group attention; and a possib'e metac of shared artifaCtS, generation and evaluation of
evaluating group design meetings. We believe our@lternatives and extensive discussion suffer from

findings may guide software developers to tools for distance. With our investigations into the design
Supporting group design_ process, we eXpeCt to generate requirements and

specifications for design support tools, especialiere
K eywords: CSCW, Extreme collaboration, Ontologies, Solution generation and evaluation come into play.

design meetings, Collaborative design, Internet. Face-to-face interactions are very important for
collaborative design: collocated engineers become
1. Introduction immediately aware of specification changes, cacldyi

question or adapt to changing requirements, and can
easily interact with one another whenever necessary
However, distance and travel costs make the
investigation of alternatives to collocated meegiray
necessity.

We are currently engaged in an effort to design a
remote meeting environment to support ontology
6gesign. To that end, we have been conducting &gtivi
theory-based analyses of meetings, to better utaohelrs
what the actions and operations are and how they
team working together, extensive discussions aroundComblne to reach the d?s'red outcomes. Qur ?‘pP“eaCh

to analyze the process in reverse: for a giveristfed)

possible solutions and their evaluation, enumenatit fifact | i ; level dlenab
pros and cons and selection of the most appropriatear fact, we analyze Iis acceptance Ievels andip

alternatives. Because design is an open-endeditactiv I(r)]und ﬁt the I_lnal del|\_/e_ry prer?etntatlop and m;)aekb h
(i.e., there is no right answer, but there are rirexi rough meetings verifying what went wrong for eac

alternatives), this process becomes even moreproble_zmatlc element. . .
important. This paper is organized as follows: in the next

section we discuss ontology construction, follovisgda

Nowadays, organizations must deal with complex
problems, which demand discussion and decision
making by a group of people. These individuals lgua
come together to discuss problems and explore lgessi
solutions, focusing on the best ones.

This also holds true in collaborative design megin
where a group of experts comes together to create
solution to a design problem. Large projects, sasil
platform design or urban planning, frequently regu



description of the methodology used. We present ourownership which helps increase acceptance of the
observations in section 4 and finalize with a déston ontology at a later date.
in section 5.

3. Methodology
2. Ontology Construction as Design
In this section we briefly present activity theayd

The design activity consists of defining a the method used for meeting analysis through video
specification for an artifact that delivers a sketlesired reviews.
functionalities. Both for physical artifacts suck a
building and abstract artifacts such as a domain3.1. Activity Theory
ontology, there is no unique result. Consequently,
different designers may reach different designs  Activity theory is a framework to help describe how
(sometimes multiple designs). Collaborative desigty work is done. The framework takes an individual
lead to better results due to the synergy among the(subject) as the starting point for analysis. Bogject
participants. However, conflicts often emerge dgrin  manipulates arobject using tools to reach a desired
design sessions, which may produce delays. On theputcome In the framework, work is analyzed in three
other hand, conflict can be productive, as disanssi  hierarchical levels: at the topmost level, an dtstiis
promote a broader investigation of the design space motivated by a goal and executed by a community of

Project deadlines frequently constrain the viable people. This activity is broken down into actions,
amount of discussion (and exploration of the dojain executed either by an individual or by a group, tha
while participants’ individual levels of acceptarafehe reach specific goals. Each action is accomplished
group decision expand it. The lower the acceptancethrough operations, which are deeply ingrained into
level, the more discussion and exploration will fhem actors and are executed almost automatically, given
In this fashion, the design process hangs on abalaf certain conditions. They can be either automated by
time versus acceptance levels, which is usuallyaged machine or executed “without thinking” by a human.
by the group’s coordinator or meeting facilitator. Activity theory has been successfully applied in a

An ontology is a description of a domain, number of situations [1]. However, activity thedcet
constructed for a given purpose by a group of studies usually follow the route of observing tloticns
stakeholders that will use it. The ontology consiinn and operations contribute to the execution of the
process is a knowledge creation activity, throudtictv activity. We take the reverse approach: given an
known information is transformed into a final evaluation of the outcome of the activity, we extréhe
representation. It is a group design process, gl problematic points and go back to study what went
several people who bring distinct knowledge and wrong. We expect this line of analysis will shedreno
viewpoints to the process. Given the multiple light on the process, emphasizing the operatioas th
perspectives, this process frequently involves work against the completion of the activity. This,
negotiation of scope, term definition and usagethis turn, should help us design ways to prevent theym fr
setting, the knowledge acquisition activity beconaes happening.
design activity and a knowledge engineer becomes a

facilitator of a group activity. 3.2. Video Reviews and Coding
In extreme collaboration environments, the meeting
coordinator elicits information from experts andbsiits Every design meeting that happens in our facikity i

it to discussion. He or she asks questions thattiezhe  completely videotaped and transcribed. These tapés
introduction of new concepts and challenges the transcripts can be used as a source for analysisust/
concepts introduced. When the ontology is startig  dialogue analysis and coding as our instrumentsryEv
stabilize, the coordinator should steer the grawgatds meeting is being coded according to a number of,tag

decision making. _ _ defined from an initial observation of meeting
Given that experts didn’t have much time to spemd 0 sjtyations.
collocated meetings, we introduced take-home dietsvi Initially, tapes were reviewed to generate a set of

into the equation. Activities that could be isothteere  tags for meeting situations. After verification thhese
isolated and assigned to participants as activtiese  would cover most situations, we started a reviewhef
performed at home. This would help the process yideotapes and transcripts, coding each contributio
progress in between sessions. Therefore, the switdi  the discussion in turn. This allows us to perform
must plan individual activities to keep the spastalin  calculations on tags occurrence and to look for for

touch with the ontology construction activity aneate  correlations between these and events. An ontotggy
engagement with the task. This creates a sense Ofhe tags used can be seen in Figure 1.
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Figure 1: Tag ontology

The ontology describes each participant’s behavior easy to
as focused or unfocused (shift in attention). Unsad discussion

Resolved through

search for key phrases and particular
S.

behavior can be of two natures: unproductive (duoms We have the final products, namely, the ontology
contribute to the ongoing activity) or productivevén (represented as a set of concepts and relationisjhan
though it doesn'’t actively contribute to the dissios, it concept definitions. These are accompanied by afset

is related to the activity and may help at a |atage.) annotated
The indication of unproductive attention shift most final meeti
frequently noticed was lost gaze, or when the gigant number of
stopped directing his vision to the main discussidn  requesting

slides, which were presented to thetdita
ng. During this meeting, clients pointaat a
problems and did not accept the finalges

a number of changes. A list of problems

number of factors causes the shift to an unprodeicti pointed out by the clients is also part of thisdgtuThe

state. Unfocused productive behaviors include wayki  following s
on a separate task, making annotations or branthang 1.
discussion into a different concept.

Focused behaviors generate contributions to the
discussion, which may be explanations of concepts o
ideas or statements of agreement or disagreement. 2.
Interruptions cut the meeting flow and add to the
discussion. Disagreements stem from a lack of
consensus, which causes conflicts that may alsbtea
group partitioning. Partitioning is resolved byegroup,
with members going back to the theme at hand. 3.

3.3. Setup

To conduct this research, we took video recordings
of design meetings for a finished project. The
recordings have been fully transcribed, which makes 4.

teps are being conducted in this redgarc
Identify problem concepts: concepts are
listed, tagged as problematic or non-
problematic and a list of problems noted is
written down next to each one.

Search for discussion of these concepts:
each problematic concept is searched for in
the transcripts (we look for where it was
first discussed and for every discussion
following that event.)

Analyze discussion: once found, each
discussion involving the concept is tagged
according to the ontology shown above. We
seek to identify the conditions that might
have caused the decline in acceptance of the
final ontology.

Analyze non-problematic concepts: once
problematic concepts have been analyzed,



we turn to non-problematic concepts, noting Goals Actions
what was different in their discussions. Increase Generate new solutions and
5. Draw guidelines: given the observations, we | coverage alternatives
will are designing a framework for the | Adjust model | Organize search space, evaluate
conduction of extreme design meetings and alternatives, decide about elements
a guide to avoiding the pitfalls identified. Consider Evaluate alternatives
It should be noted that the analyses are ongoimd), a | elements

that we have thus far analyzed approximately oird th Validate Decide about elements

of the concepts on the ontology (the ones thatepites representation

problems). Meeting data is shown in Figure 2 Table 1: Ontology design activities and

corresponding goals

To measure influences on acceptance levels, lefels
acceptance were qualified as high (complete acoepta
no complaints), medium (partial acceptance, some
complaints and changes requested) or low (nhon-
acceptance) for the final design and at each siitfee
design. Participation was also qualified in threeels,
and measured for each discussion: participative
(participant fully engaged in discussions), passive
attentive (participant participated occasionallyt paid
| attention to the discussion the rest of the tirpaksive-
Figure 2: Meeting data inattentive (participant did not participate, sedme
uninterested.)

4. Meeting Observations
5. Discussion
The initial step in the project was to frame the
ontology design activity in terms of the activityeory The goal of our research is to map conditions that
framework. The activity structure of ontology desig should be avoided in meetings, and to provide
can be seen in Figure 3. Thetivity in this analysis is  guidelines for the meeting coordinator. Our

ontology design, and the ontology is the desired measurement is the level of acceptance of the final
outcome The design process transforms raw knowledge design.

into a structured representation. Theabjectsare the Our initial observations lead us to believe that
experts involved in the meetings and discussions, attentive behavior, group splits with rejoin on tame
including the knowledge engineer. Thbjectis the  topic, the level of discussion and distribution of
experts’ knowledge, including documents and tacit participation have an impact on final design acaege,
knowledge they have at their disposal. These thekw individual satisfaction and rework. At this timeeware

on and transform into the ontology. Theols are  exploring factors that lead to increased acceptarice
flipcharts, shared displays, computers and pens andhe final deliverable.

paper.
Flipcharts; 5.1. Attention and Group Partitioning
paper; pens...
/ ‘\\ We have identified a number of operations that
Participant «—» in%m:;;n :DO“;?(';Q;CB‘ contribute to the outcome, but the neg{:\tive one tha
v appears most frequently is lack of attention. Haavev
Mesting / / we also noticed .that lack of attention can be o tw
N Managers; Experts vs natures: productive or unproductive. While attemtio
protocols... Usars... Facifatarsy shifts are usually bad both for the meeting and the

Figure 3: Structure of the ontology design activity ~ outcomes, productive attention shifts shouldn't
necessarily be avoided. Sometimes, a user wouft shi
Activities are driven by goals. The main goals his/her attention to a different task (such as kimgc
identified involve iteratively expanding and recugi  documentation) and later return to the topic widgwn
the search space. To that end, the group cyclesighr information or argumentation to contribute. An exden
actions involving the generation, organization and iS shown in Figure 4.
evaluation of alternatives and making decisionflda
shows the goals and associated activities.



Figure 4: Example of a productive attention shift.

On the other hand, unproductive attention shifes ar
usually caused by external distractions (phoneimgg
incoming mail or pressing matters external to the
meeting) or by boredom (losing interest). Both
problems could be overcome by creating more engagin
meeting dynamics in order to capture participants’

came in with their own mental models and percegtion
of what the design should be. During the procdssy t
first presented their beliefs (fashioned accordmtheir
mental models), then discussed these beliefs,dardp
find a common ground to construct a joint model tha
represents the perceptions of all participants.

At each challenge an individual mental model could
be altered, though reflection and the introductibnew
information. Throughout the process, would aligairth
models wit the group model. The process inevitably
involved initial resistance to change, but afteteasive
discussion ended with some sort of agreement.

Our observations are that the farther the individua
mental model is from the group model at the end, th
more difficult it will be to gain acceptance at the
deployment stage. While we do not have an infalibl
way to change an individual's mental model, it is
possible to elicit individual mental models by regting
private or anonymous opinions. If the models acefto
apart, more discussion is necessary to reach an

attention. Sometimes attention shifts could lead to acceptable compromise position.

partitioning of the group, and parallel discussiamsild
ensue.

Group partitioning may happen when attention shifts
happen. Partitioning due to unproductive attensibifts
(e.g., side conversations about unrelated topiesyld
be avoided. The normal tendency would be to attempt
rejoin the group immediately, but productive group
divisions are not necessary bad for the group:omes
situations, while part of the group focused on rifregn
topic, a sub-group discussed related issues, @mrglor
part of the design space separately and coming teack
the group with new information that could help the
group in its task. An example of group partitioniisg
shown in Figure 5.
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liigure 5: An exa;nple of girfou‘ffpartitifoning

\d

The tricky issue in both situations is determining
when the subgroup or individual has strayed tocofér
topic and should be steered back. While a certaigl|
of digression is helpful, going too far from thegimal
subject may not be.

5.2. Mental Models

5.3. Change of Heart

One interesting case was that of participant Rs Thi
participant had medium levels of participation
throughout (attentive at least, participative innya
occasions), and agreed with decisions during the
meetings. However, at the final presentation, eetsd
several complaints about the final design, causiog
only acceptance problems, but also discomfort with
other participants, who couldn’t understand why the
sudden change of heart.

In our study, it becomes clear that participantiéR d
not change his/her mental model throughout thega®c
His/her behavior was indicative of “giving up”: afta
short time arguing, he/she lost interest and agrédud
the group in order to dismiss the discussion. Atehd
of the process, he/she stated his real opinion and
disagreed with the end result.

This type of situation could be avoided by
encouraging further discussion, especially from the
particular participant. Formally requesting an éqinor
feedback, especially in between meetings
anonymously might yield the true individual opingon
that didn’t surface during the meeting.

It should be noted that this participant had rdgent
undergone training and had a theoretic backgrobad t
others lacked. Additionally, he/she was more thpe tgf
person who places value on detailed descriptiond, a
wanted to include much more detail in the final
ontology than the rest of the group. However, tbsigh
of an ontology involves the determination of the
appropriate level of abstraction and detail for rtinedel.
Thus, the final construct might not have been &sileel
as participant R would have liked. This type of ftion

or

What we perceived was that the design process washould be elicited and participants should undadsta

in fact a process of mental model alignment. Irdiiails



what he appropriate level of detail is at the beiig of technology, but they should also not work agaihst t

the activity. adoption of the ontology.
Participative members with low acceptance levels
5.4. Requirements and Techniques may become problematic agents at the end of the

project. Any failure during the test period willake to
Given our initial observations, we draw the follogi  the individual abandoning the project and the imtlial

requirements for a support system: may try to work against organizational adoptiont bu
« Increase participation; arguments are weakened by the fact that he/she
«  Monitor discussion, to detect productive or participated in the discussions and made compr@mise
unproductive attention shifts; at that that point. This individual did not aligistmer
«  Check the level of exploration of the design Mental model during discussions, and this shovibisit
space; stage. We have identified one such individual iis th

« Check if the discussion was evenly Project. o _ _
distributed between participants; Passive participants with low acceptance will also

. Check participation levels per participant. avoid usage, and may create problems if usage is
Based on our observations and perceived imposed. Inattentive participants who do not actket

requirements, we are designing a method to evaluatd®chnology will avoid adoption, but may use it thgb

decision quality, using random walk theory [4]. this mp_osition. Thes_e individuals_ may create pr_oblems
technique, we view the discussion as a form ofoand ~ during the adoption phase, resisting usage andimgrk
walk, where every statement is more or less relaged 29ainst the project (we have identified two sucsesan

the previous one. Using this parallel, we can apply thiS Project). _

complex systems analysis methods to analyze if the ~EVen though not yet complete, our studies already
discussion presents persistent or anti-persistentyi€ld some interesting observations, which we belie
behavior, which tells us whether the it is procegdn  these studies will help form a basis for future kvon

the right direction, how far it has moved from the d€Sign meetings. Some new techniques are already
original topic and its tendencies for divergence or P€ing designed based on these findings. Despite the
convergence. At the initial stage, we will apphes existence of other studies that describe factas ldad
methods to the tags assigned to the discussioregntr 0 Production losses in meetings and how to idgntif

However, the method is being designed for appbeati €M (€g., [3]), these did not pertain to the desig
directly to the discussion text. meeting context and there was no cross-referentte wi

acceptance of the final design, which is part of ou

5.5. Design Acceptance study.

Cross-referencing participation levels and accaitan ACknowledgements

models, we can draw a few observations about the ) ) o ]

expected behavior of participants regarding cogora  1hiS project is financially supported by Petrobras.

acceptance. We .also tharjk the engineers for their participatiothe
Participative members who displayed high design meetings.

acceptance of the artifact will function as corpera

champions of the technology, disseminating the new Refer ences

ontology into organizational culture. With these [1] Kuutti, K. Activity Theory as a potential framewofkr

participants, there is a high probability that thesign human computer in_teraction res<_ea_rch. In B. Nardi){ed
will be successfully adopted in the organizatiohe3e Context and Consciousness: Activity Theory and Human
people have their mental models aligned with theugr Computer Interaction, Cambridge: MIT Press, 1995, pp.
model (represented by the ontology). We have ajread 17-44. , o
identified two such cases in our study. [2] Mark, G. Extreme Collaboration. In Communications of

the ACM, 45, 6, ACM Press, (2002), 89-93.
e[3] Westley, F., Waters, J.A., 1988. Group Facilitatiills
for managers. Management Education and Development,
vol. 19, pp. 134-143.
[4] Pemantle, R. A survey of random processes with
reinforcement. Probability Surveys, Vol. 4 (2007r2

Attentive participants with high acceptance alsadle
to good chance of organizational deployment. Thes
individuals have accepted the group model, eveagho
there is no evidence of a change in individual @ent
model.

Inattentive participants who present high acceptanc
will not be champions or seek to propagate the



